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Complication-

“The unfavorable evolution or consequence of a disease, a health condition or a therapy.”

“An unanticipated problem that arises following, and is a result of, a procedure, treatment, or illness. A 
complication is so named because it complicates the situation.”

Surgical procedures of the foot and ankle carry the potential for adverse events and compli-
cations. Dealing with the sequelae of complications and errors that arise in the course of nor-
mal practice is part and parcel of a surgeon’s working life. It is crucial to focus on the needs of 
patients and their families when complications occur. Surgeons must respond to the challenge 
of providing effective patient care and may also need to deal with the reactions of the patient’s 
family, the judgment of colleagues, and, in some cases, with disciplinary or legal action. 
Complications can keep us awake at night, undermine our confidence and ability to function, 
and even affect our enjoyment of life. The ability to manage complications is therefore para-
mount to what we do.

We have witnessed a stunning evolution in the advancement of foot and ankle surgery. The 
volume of research that has resulted in evidence-based medicine, as well as technological 
advancements in our field, has been remarkable. Furthermore, the dissemination of informa-
tion through all sorts of learning vehicles has exploded. This information is at our fingertips 
and can be easily accessed. We have huge volumes of information to assist and guide us in our 
decision-making. Surgeons can develop a plan for virtually any procedure with precision and 
accuracy. However, there is often a paucity of information when it comes to dealing with com-
plications of foot and ankle surgery. It can be difficult to find information to help us deliver 
effective patient care in these situations. Obtaining information to help us deal with complica-
tions often requires cumbersome searches that provide little guidance. This textbook on com-
plications of foot and ankle surgery is the first of its kind and is long overdue. It will serve as 
a resource to help us properly evaluate and institute appropriate therapy for complications.

This textbook by Michael Lee and Jordan Grossmann is a great starting point for those of 
us looking to deal with complications in a practical and effective manner. The text provides 
insight on how complications develop and evolve. It discusses major perioperative complica-
tions such as deep venous thrombosis, nonunions, incisional problems, surgical infections, and 
adverse effects associated with comorbid conditions. The text also reviews complications fol-
lowing specific surgical procedures. The authors in each section discuss evaluation and man-
agement of specific complications, as well as potential pitfalls with each procedure. Drs. Lee 
and Grossman have gathered a diverse group of authors who share their experience and 
techniques.

I am honored and privileged to provide the foreword for this complete, comprehensive and 
timely textbook on complications of foot and ankle surgery. I commend Drs. Lee and Grossman, 
recognized leaders in our profession, as well as my former residents and dear friends, for their 
dedication to this project. This will become an authoritative textbook on complications. Thanks 
for making me proud!

Foreword
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We must dedicate ourselves to deliver responsible, patient-centered care in a safe environ-
ment that includes equitable treatment and full disclosure to all patients. We must address 
surgical complications by providing effective, evidence-based patient care. These principles 
represent the way forward in our specialty and will define how well we are able to truly advance 
our profession. As such, it is imperative that we develop the requisite skills necessary to deal 
with complications. This textbook is a great STARTING point.

Alan Catanzariti

Foreword
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 Introduction

Complications are an inevitable occurrence in the perfor-
mance of foot and ankle surgery. With reference to surgery, a 
variety of definitions have been offered to define the term 
“complication.”

Sokol and Wilson [1] defined a complication as “any 
undesirable, unintended, and direct result of surgery affect-
ing the patient which would not had occurred had the surgery 
gone as well as could reasonably be hoped.” Classification 
systems for evaluation of foot and ankle surgical clinical out-
comes, such as those advocated by the American College of 
Foot and Ankle Surgeons [2] or the American Orthopedic 
Foot and Ankle Society [3], examine postoperative results in 
terms of function, overall health of the patient, quality of life, 
and activity scores. Sink et al. [4] noted that no standard 
exists for reporting complication rates, and as a result, 
reported outcomes of surgical procedures such as surgery are 
incomplete without a standardized, objective, complication 
grading scheme applied concurrently with reporting out-
come studies. As a result, the lack of an established basis for 
grading and reporting complications renders comparisons 
between studies ineffective. As an example, the impact of a 
nonunion following attempted arthrodesis of an interdigital 
joint for hammertoe surgery is considerably different from 
the impact of a nonunion following ankle joint arthrodesis.

Generally, clinical outcome studies describe complica-
tions in subjective terms, such as mild, moderate, or severe, 
without a standardized classification systems or consistency 
in definition.

 Definitions

Surgical complications should be differentiated from other 
postoperative occurrences such as failure of treatment (i.e., 
failure to cure), operative sequela, or surgical error. As an 
example, a patient continuing to demonstrate pain or limited 
range of motion following a cheilectomy or implant arthro-
plasty of the great toe performed for hallux rigidus is a fail-
ure to cure, or a procedure cure, but is not a complication. A 
failure of the operative intervention to provide a satisfactory 
outcome is per se not a complication, but rather a failure of 
the surgical procedure to have produced the desired outcome. 
Conversely, nonunion of a great toe arthrodesis for the cor-
rection of a hallux rigidus deformity is a complication and 
not a “failure to cure.”

Postoperative sequelae are known, generally predictable, 
possible consequences of surgery. For example, the develop-
ment of osteoarthritis of the ankle following subtalar joint 
fusion or triple arthrodesis is a known potential sequela of 
the arthrodesis, and is not a complication. The requirement 
for hardware removal, following ORIF of an ankle fracture, 
is a known potential sequela of the surgical procedure.

Surgical errors, or mistakes, may occur even when care is 
rendered by an outstanding foot or ankle surgeon. Surgical 
error may be associated with medical negligence in some cir-
cumstances. A mistake is negligence only when a reasonably 
careful practitioner would not have made the same mistake 
under similar circumstances [5]. A relationship may exist 
between complications and surgical error. In a review of 
9830 surgical procedures, a complication rate of 3.4% was 
noted which included an identifiable error in 78.3% of those 
patients incurring a complication. The errors included most 
commonly error in surgical technique, judgment error, and 
attention to detail, or an incomplete understanding of the 
patient’s clinical status [6].

mailto:drjacobs0902@sbcglobal.net
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 Complication Classification Systems

At the present time, there is no generally recognized classifi-
cation system for complications following foot and ankle 
surgery. Complications are accepted in the surgical literature 
as an important outcome measure and useful indicator for 
measuring quality. Efforts have been made to classify com-
plications, such as general surgical complications, following 
abdominal surgery, as well as some orthopedic surgical 
procedures.

With reference to general surgery, one of the most com-
monly employed classification systems is that of Clavien- 
Dindo [7]. A modification of this classification system has been 
described for some orthopedic interventions [4], gastroenterol-
ogy surgery [8], urologic surgery [9], and nephrology [10].

Presently, there are no accepted classification systems or 
postoperative complications subsequent to foot and ankle 
surgery. The lack of such classification systems results in 
unreliability when comparing clinical outcomes reported for 
the same or comparative procedures. For example, nonunion 
following first MPJ arthrodesis, or following first metatarsal- 
cuneiform arthrodesis, is frequently associated with little or 
no symptomatology. The nonunion rate reported for the 
Lapidus procedure may be greater than the nonunion rate for 
alternative surgical interventions, such as the Austin or scarf 
procedures utilized in the correction of hallux valgus and 
bunion deformity. However, the clinical impact of a non-
union of a procedure other than the Lapidus employed as an 
alternate procedure may be of greater impact on quality of 
life and may be associated with a greater need for operative 
intervention.

Table 1.1 contains a proposed adaptation of the Clavien- 
Dindo system for the classification of complications follow-
ing foot and ankle surgery.

 Complication and the Surgical Patient

A ubiquity of complications may occur in association with 
foot and ankle surgery. There are virtually no surgical proce-
dures without the potential for complication. Ingrown toenail 
correction, for example, can be associated with persistent 
pain or swelling, chemical burns, contact allergy, primary 
irritant sensitivity, infection, regrowth of the nail, spiculiza-
tion, or acosmetically displeasing result.

Not infrequently, complications may result in a request 
for medical records by the patient and result in an allegation 
of malpractice. It is imperative that all patients have a clear 
understanding of the potential for complications to occur 
even when the best care has been rendered.

In some cases, the evaluation and treatment of complica-
tions following surgery will result in significant unantici-
pated inconvenience to the patient and considerable increased 

cost associated with care, again, unanticipated by the patient. 
These factors are superimposed on what may be a less than 
optimal outcome than had been perceived by the patient.

It is important that the surgeon appropriately recognize 
complications and appropriately treat such complications. It 
is equally important that the surgeon communicate with the 
patient regarding the nature of the complication and potential 
impact of the complication and express to the patient an 

Table 1.1 Classification of complications following foot and ankle 
surgery (Jacobs-Babette)

Grade I
Any deviation from the normal postoperative course without the 
need for additional medical therapy, physical therapy, or surgical 
interventions. Such complications require no treatment and have no 
significant clinical relevance
Examples:
• Nonsymptomatic persistent edema following digital surgery
• Nonpainful hypertrophic scar formation
• Nonsymptomatic limited motion following bunion surgery

Grade II
A deviation from the normal postoperative course requiring 
unplanned physical therapy, or pharmacologic therapy
Examples:
• Symptomatic limited motion following total ankle joint 

replacement requiring physical therapy
• Postoperative infection requiring antibiotic therapy
• Transfer metatarsalgia requiring orthotic or shoe therapy

Grade III
A deviation from the normal postoperative course requiring surgical 
intervention
Examples:
• Postoperative infection requiring incision and drainage
• Osteotomy malalignment requiring revision
• Revision of a symptomatic arthrodesis or osteotomy nonunion
• Symptomatic nerve entrapment requiring operative intervention
A. Not requiring general anesthesia
B. Requiring general anesthesia

Grade IV
A deviation from the normal postoperative course which is limb 
threatening
Examples:
• Necrotizing fascial infection requiring extensive incision and 

debridement
• Acute vascular compromise to the foot or leg
• Compartment syndrome requiring fasciotomies

Grade V
A deviation from the normal postoperative course which is 
threatening to quality of life
Examples:
• Postoperative complex regional pain syndrome
• Significant limb shortening following total ankle joint infection 

and revision

Grade VI
A deviation from the normal postoperative course which is 
potentially life-threatening
Examples:
• DVT ± pulmonary embolism
• Malignant hyperthermia
• Organ failure (e.g., renal failure, cardiac failure)

A.M. Jacobs
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understanding of the effects of additional delay in healing 
and financial burdens.

An acknowledgment of the complication should be made 
by the surgeon to the patient/family. Studies have demon-
strated that a patient is more likely to seek medical-legal action 
against a provider if that physician does not disclose the com-
plication and effectively communicate this information to the 
patient [11]. It should always be recalled that in most instances, 
a complication does not imply negligent care. However, when 
a complication does occur, the question of negligence arises 
when such complications are not recognized in a timely man-
ner and treated in an appropriate manner.

In the case of surgical error or complication, an acknowl-
edgment of the patient’s emotions and increased physical as 
well as financial burden is helpful in maintaining the ability 
to assist the patient in resolving such complications.

In discussing the etiology of malpractice litigation, 
Nisselle discussed three major factors: poor patient rapport, 
unmet expectations, and a “big bill” [12]. Similarly, in a 
review of those factors leading patients to sue their doctors, 
insensitive handling of the incident, poor communication 
following the incident, and a less than satisfactory explana-
tion are the most commonly cited factors [13]. Studies have 
demonstrated that a problematic doctor-patient relationship, 
a sense that the surgeon was abandoning the patient in the 
face of a complication, a devaluation of the patient and fam-
ily views, a poor informational delivery, and a failure of the 
surgeon to understand the perspective of the patient and fam-
ily are recognized as causes a patient with complications to 
seek litigation [14]. It is critical that faced with a complica-
tion, the surgeon communicate with and work closely with 
the patient.

 Complications and Surgical Consent Forms

Because complications, failure to achieve the desired surgi-
cal outcome, or known common sequela may occur follow-
ing any surgical procedure, the process of informed consent 
is required for surgical procedures.

The process of informed consent is more than obtaining a 
signature on a routine consent form. It is a process of com-
munication between the patient and surgeon.

Informed consent should include a verbal or written 
explanation to the patient of the most common possible com-
plications and sequela of surgical procedures. Generally, 
with reference to complications, surgeons rely on a standard 
consent form, frequently not unique or specific to the surgi-
cal procedure to be performed.

The American Medical Association has noted that forms 
which serve mainly to satisfy all legal requirements (e.g., 
“all material risks have been explained to me”) may not pre-
clude a patient from asserting that the actual disclosure did 

not include risks that the patient unfortunately discovered 
after treatment. Consequently, such consent forms may not 
prove to be sufficient in a court of law.

In discussing the potential for complications, the severity 
of potential complications relative to each patient should be 
considered. For example, osteomyelitis as a complication of 
great toe implant arthroplasty may have significantly greater 
impact on a competition ballroom dancer than an individual 
who is sedentary. Another common example is the patient 
who is a runner, or otherwise very athletically active, in 
whom the complication of avascular necrosis following bun-
ionectomy could be much more significant than in a less ath-
letic individual. In discussing complications, reasonable 
information should be provided to any patient given their 
individual circumstances. With regard to complications, 
informed consent disclosure should be tailored to the 
patient’s individual situation thus requiring a combination of 
good judgment and communication skills.

The likelihood of complications occurring should also be 
discussed with the patient. For example, a significant non-
union rate is associated with ankle arthrodesis in the patient 
who smokes. Similarly, elective surgery performed in the 
diabetic patient, particularly in the presence of neuropathy, 
vascular disease, or elevated hemoglobin A1c, is associated 
with a much greater risk of complications. Therefore, the 
need for patient compliance in overall healthcare as well has 
postoperative care to reduce the incidence of complications 
is important to discuss with the patient. Such discussions 
ideally are documented in the patient’s chart. For some pro-
cedures, such as tarsal tunnel surgery, excision of a Morton’s 
neuroma, Lapidus procedure, Austin bunionectomy, and 
ankle arthrodesis, complication rates such as delayed or non-
union are established and should be related to the patient.

Good surgical judgment, together with an integration of 
patient beliefs and values, is critical in avoiding complica-
tions or perceived complications. The specific goals for any 
surgical procedure should be agreed upon by the patient, 
family, and surgeon. For example, reduction of a deformity 
associated with recurring neuropathic ulceration may not 
require as a goal of the surgery a perfectly functioning or 
cosmetic result, but rather elimination of pressure. Surgical 
management of a tarsal coalition may be directed at relief of 
pain as well as increased ambulatory tolerance, but may not 
include as a goal restoration of the “normal arch.” The con-
cept of limited results, and not a perfect end result, should be 
accepted by the patient.

 Reducing the Risk of Complications

There is no certain manner with which the possibility of 
complications may be eliminated. Conversely, there are both 
surgeon and patient factors which can increase the likelihood 

1 “Anatomy” of Complications
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of a complication associated with surgical intervention. The 
surgeon should be competent and knowledgeable with pro-
cedure to be performed. It is important that the surgeon rec-
ognize the limits of his or her professional competence and 
make appropriate referrals when necessary. The surgeon 
must not overestimate his or her ability and demonstrate 
some humility being aware of their individual strengths and 
weaknesses. Cases should be referred to a colleague when 
these are beyond his or her capability.

Prior to surgery, the surgeon should ensure that all needed 
equipment is present and functioning and that the surgeon is 
familiar with the use of the equipment. This is particularly 
important in the utilization of new fixation devices which, 
when mal-applied, can result in an increased risk of 
complications.

It is important that the surgeon continue to update their 
individual knowledge to allow patients to benefit from new 
surgical techniques with improved outcomes and lower com-
plication rates. Thus, continuing professional development 
and maintenance of surgical competence are important fac-
tors in reducing the risks of surgical complications.

 Complications and the Noncompliant Patient

Noncompliance is one of the most common causes for treat-
ment failure. It is largely unrecognized, as patients infre-
quently volunteer that they had failed to comply with the 
directions of the surgeon. The effects of noncompliance 
range from trivial to catastrophic and include a variety of 
behaviors such as failure to take medications prescribed, fail-
ure to offload or remain non-weight-bearing, and failure to 
interdict smoking.

Noncompliance is a common occurrence in the manage-
ment of the medical/surgical patient. For example, Jowett et al. 
have demonstrated that noncompliance with bracing is the 
most common cause of clubfoot relapse following initial cor-
rection [15]. Other common examples are the failure of a 
patient to utilize prophylactic compression stockings to prevent 
DVT [16] or failure of patient to perform prescribed home 
physical therapy for the treatment of Achilles tendinosis [17].

Because noncompliance is so common and may result in 
significant postoperative complications, instructions given to 
patients for postoperative care should be included in the 
medical record. The opportunities to do so include the prog-
ress notes, the operative note, and the discharge summary. In 
addition, discharge instructions to the patient should include 
specifics regarding weight-bearing status, activity level, and 
other significant factors such as medication use. Compliance 
with postoperative orders, or the failure to comply with post-
operative orders, should be included in follow-up notes. The 
surgeon should ask about compliance, document the poten-
tial effects of noncompliance, and alert the patient to the 

increased risks of complications as a result of their noncom-
pliance. The patient should be reinstructed regarding their 
postoperative care when necessary.

When confronted with noncompliance, the surgeon 
should consider whether the patient understands their prob-
lem. An attempt should be made to clarify to the patient the 
purpose of treatment and have the patient understand the 
potential effects and consequences of continued therapy 
noncompliance.

 Smoking and Surgical Complications

It is well established that smoking is associated with increased 
risks of problematic soft tissue healing, increased risk of post-
operative infection, increased risk of delayed union and non-
union, and increased risks of thrombosis, platelet adhesions, 
vasoconstriction, and ischemia [18, 19]. Smoking cessation 
should be discussed with the patient, and a discussion should 
be documented. The potential adverse effects of smoking in 
the perioperative period should also be discussed and docu-
mented. Not infrequently, patients demonstrate poor recall of 
preoperative complication risk discussion and therefore the 
need for good documentation. In one particular study of foot 
surgery patients, 11 potential complications were discussed. 
At which patient recall ranged from zero to a maximum of 
four complications was discussed. [20]

 Summary

Complications may occur following any surgical procedure. 
Most often, complications are not the result of medical neg-
ligence. Complications should be discriminated from failure 
to cure, from medical error, and from sequela that may occur 
following any foot or ankle surgical procedure.
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Venous Thromboembolism Associated 
with Foot and Ankle Surgery

D. Scot Malay

A vast array of information is available to surgeons to aid in 
the prevention and management of venous thromboembo-
lism (VTE) [1–4], and readers are encouraged to use these 
and other sources and to stay abreast of the ever-changing 
body of knowledge related to these conditions. VTE includes 
deep vein thrombophlebitis (DVT) and pulmonary embolism 
(PE), and an appreciation of the clotting cascade can serve as 
a foundation for understanding clot formation and its pre-
vention and treatment (Fig. 2.1). It is also important for foot 
and ankle surgeons to maintain a high index of suspicion for 
VTE, since the condition is prevalent and potentially deadly, 
and even when it is identified and properly treated, the 
sequelae of post-thrombotic syndrome (PTS) (Fig. 2.2a–d), 
which occurs in approximately 30% of VTE patients [5], and 
chronic pulmonary thromboembolic hypertension (CPTH), 
which occurs in approximately 4% of PE patients [6], are 
debilitating. PTS is associated with profound lower extrem-
ity edema, chronic stasis dermatitis, and cutaneous ulcer-
ation in 5–10% patients that suffer with lower extremity 
DVT. Still further, it has been estimated that 45,000–75,000 
patients in the United States die annually as a result of PE 
[7], whereas <10% of patients with PE die if timely treat-
ment is administered [8].

VTE develops in response to a mixture of acquired and 
hereditary exposures that promote hypercoagulability or 
thrombophilia. Virchow’s classic triad of venous stasis, dam-
age to the vein wall, and activation of the clotting cascade 
serve as the foundation for venous thrombosis. Clots that 
develop in veins are composed primarily of red and white 
blood cells combined with platelets and fibrin and are par-
ticularly prone to localize in the stagnant blood in the peri-
valvular segments of the veins of the lower extremity. Venous 
thrombi that remain fixed in the calf or thigh veins eventu-
ally undergo thrombolysis and recanalization, whereas those 

that break free can migrate with the return of venous blood to 
the pulmonary arteries where they occlude blood flow to the 
lungs. Unfortunately, VTE can be difficult to identify, and it 
can be recurrent. Almost 90% of VTE occur in the lower 
extremities, and the more proximal the site of VTE in the 
lower extremity, the greater is the risk of PE. In fact, VTE 
occurring in the femoral or popliteal veins is associated with 
a 50% risk of PE if left untreated, whereas the risk of PE is 
approximately 20–25% for VTE localized to the calf, and, 
overall, about 15–30% of lower extremity VTE result in PE 
[9]. PE, in turn, demands compensatory right ventricle 
inotropism in order to force the blood through the occluded 
pulmonary artery, which leads to pulmonary artery hyperten-
sion and subsequent right heart failure, especially in patients 
with preexisting cardiac and/or lung disease.

The prevalence of VTE has been estimated to be approxi-
mately one million cases per year in the United States [10], 
and approximately 67% of these cases occur in association 
with hospitalization, and about half of these patients die as a 
result of the disease [11]. Risk factors for VTE are present in 
many hospitalized patients and include comorbidities such as 
diabetes mellitus, hypertension, hypercholesterolemia, and 
cigarette smoking, as well as infection, cancer, age >75 years, 
obesity, and a history of previous VTE [12, 13], surgery, or 
trauma (Table 2.1) [14]. Following acute myocardial infarc-
tion and cerebral vascular accident, VTE is the most common 
cardiovascular disease [15]. Hereditary conditions, such as 
protein C and S and antithrombin deficiencies, factor V 
Leiden, and prothrombin gene mutation, also increase the 
likelihood of developing VTE.

 Diagnosis of Venous Thromboembolism

 Clinical Examination

The diagnosis of DVT and/or PE can often be made, or at 
least strongly suggested, based on the results of the historical 
review and clinical examination, and combinations of 

2

D. Scot Malay (*) 
Director Podiatric Education and Staff Surgeon, Penn Presbyterian 
Medical Center, Philadelphia, PA, USA
e-mail: editorjfas@gmail.com

mailto:editorjfas@gmail.com


10

diagnostic criteria have been shown to be more or less 
suggestive of DVT (Table 2.2) [14, 16]. Clinically, DVT of 
the lower extremities is commonly associated with pain 
localized to, and swelling in the extremity distal to, the site 

of the thrombus. The involved extremity can also be warm, 
with cutaneous erythema, and regional varicosities may be 
evident. Homan’s sign, which is pain in the calf upon dorsi-
flexion of the ankle, is commonly thought to be evidence of 

TF:VIIa tissue damage

extrinsic pathway

X Xa X

prothrombin thrombin

XIII

fibrinogen fibrin fibrin clot
XIIIa

common pathway

surface contact

XII XIIa

XI XIa

IX IXa

VII, PL, Ca++

intrinsic
pathway Clotting Cascade

TF = issue factor
PL = platelet
phospholipid
IX = Christmas
factor
XI = plasma
thromboplastin
XII = Hageman
factor
XIII = fibrin
stabilizing factor

Fig. 2.1 The clotting cascade

Fig. 2.2 (a) Chronic right lateral 
lesser saphenous venous stasis 
ulcer in patient with post- 
thrombotic syndrome. (b) 
Chronic post-thrombotic stasis 
dermatitis and scarification right 
lower extremity, lateral view. (c) 
Chronic post-thrombotic stasis 
dermatitis and scarification right 
lower extremity, medial view 
(same patient as viewed in b). (d) 
Bilateral postphlebitic stasis 
dermatitis with post thrombotic 
syndrome
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calf DVT; however, this has been shown to be an unreliable 
 assessment for calf DVT [17]. Multiple thrombosed deep 
and collateral veins in an extremity can result in a severely 
edematous, inflamed extremity known as phlegmasia cerulea 
dolens, which can be limb threatening due to ischemia, and may 
be associated with prothrombotic disorders such as heparin- 
induced thrombocytopenia (HIT), myeloproliferative disease, 

factor V Leiden mutation, polycythemia vera, and paroxysmal 
nocturnal hemoglobinuria (PNH). As for PE, signs and 
symptoms include chest pain; tachypnea and dyspnea, along 
with a sense of impending doom; tachycardia; hyperpyrexia; 
cough; hemoptysis; syncope; and, frequently, evidence of an 
associated DVT. Unfortunately, DVT can be clinically silent 
until the clinical signs of PE become evident.

 Diagnostic Laboratory Tests for Venous 
Thromboembolism

 Coagulation Tests
The partial thromboplastin time (PTT) is a reliable coagulation 
screening test, although it may not be sensitive enough to detect 
subtle coagulopathies. The PTT is also used to monitor heparin 
anticoagulation therapy, although it is not suitable for monitor-
ing factor VII or platelet factors. The normal range for the PTT 
is 25–35 s, and it remains normal in von Willebrand’s disease, 
platelet dysfunction, and thrombocytopenia. The PTT is pro-
longed by defects in clotting factors I, II, V, VIII, IX, X, XI, and 
XII. The prothrombin time (PT) can be used to monitor long-
term warfarin anticoagulation therapy. The normal range for 
the PT is 11–16 s, and it is prolonged with defects in factors I, 
II, V, VII, and X, as well as in vitamin K deficiency, fat malab-
sorption (steatorrhea, colitis, jaundice), salicylate or warfarin 
therapy, and advanced hepatic disease. The bleeding time is a 
simple clinical examination used to assess the overall ability to 
stop bleeding following a cutaneous prick, and it is particularly 
sensitive to platelet defects. The normal range (Duke) for the 
bleeding time is 1–4 minutes, and it is prolonged in thrombocy-
topenia, abnormal platelet function, and von Willebrand’s dis-
ease. The clotting time is a nonspecific, in vitro screening test 
used to determine the presence of a major clotting deficiency. 
The normal range (Lee-White) clotting time is 3–6 min in a 
capillary tube and 6–17 min in a test tube. The international 
normalized ratio (INR) is a test that was established by the 
World Health Organization (WHO) and the International 
Committee on Thrombosis and Hemostasis so that the results 
of blood clotting tests could be reported by any lab by virtue of 
the fact that all of the results are standardized with the inter-
national sensitivity index for the particular thromboplastin 
reagent and instrument combination used to perform the test. 
For warfarin, the usual optimal therapeutic prothrombin time 
is INR = 2–3.

 Platelet Count
The normal range for the platelet count is 140,000–340,000/
mm3, and platelets are commonly diminished in pregnancy, 
leukemia, myelodysplasia, hepatic cirrhosis, aplastic ane-
mia, iron deficiency, vitamin B12 deficiency, HIV/AIDS, 
Epstein-Barr virus infection, chicken pox, and various 
 toxicities (chemotherapy, alcohol, radiation, other chemicals), 

Table 2.1 Risk factors for venous thromboembolism

Inherited risk 
factors

Antithrombin deficiency

Dysfibrinogenemia

Elevated levels of factor VIII

Factor V Leiden mutation

Hyperhomocysteinemia

Protein C or S deficiency

Prothrombin gene mutation

Acquired risk 
factors

Air travel

Antiphospholipid syndrome

Body mass index >30

Cancer or certain cancer treatments

Cardiovascular risk factors (smoking, hypertension, 
hyperlipidemia, diabetes mellitus)

Heparin-induced thrombocytopenia

Immobilizationa

Indwelling central venous catheter or pacemaker

Inflammatory bowel disease

Medical illness (heart failure, chronic obstructive 
pulmonary disease)

Myeloproliferative disorder

Pregnancy, oral contraceptive use, hormone 
replacement therapy

Presence of an inferior vena cava filter

Previous episode of venous thromboembolism

Surgerya

Traumaa

aAcquired risk factors related to most, if not all, foot and ankle surgical 
patients

Table 2.2 The Wells [14, 16] diagnostic criteria suggestive of deep 
vein thrombosisa

Risk factor criteria Points

Active cancer 1

Recently bedridden >3 days or major surgery within 
4 weeks

1

Calf swelling >3 cm compared to contralateral calf 
measured 10 cm distal to tibial tuberosity

1

Presence of collateral non-varicose superficial veins 1

Entire ipsilateral lower extremity (leg) swollen 1

Ipsilateral tenderness localized to deep venous system 1

Pitting edema greater in the symptomatic lower extremity 1

Paralysis, paresis, or recent immobilization of symptomatic 
lower extremity

1

History of previously documented DVT 1

Alternative diagnosis to DVT as or more likely -2
aInterpretation: A score ≥ 2 indicates that the probability of DVT is 
likely, whereas a score < 2 indicates that probability of DVT is unlikely

2 Venous Thromboembolism Associated with Foot and Ankle Surgery
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hypersplenism, autoimmune diseases, septicemia, idiopathic 
or thrombotic thrombocytopenic purpura, hemolytic uremia, 
and disseminated intravascular coagulation. Thrombocytosis, 
which can predispose to VTE, can be caused by acute hemor-
rhage and blood loss, surgery, trauma, burn wounds, allergic 
reactions, cancer, chronic kidney disease, exercise, myocar-
dial infarction, coronary artery bypass, infection, iron defi-
ciency, vitamin deficiency, splenectomy, hemolysis, systemic 
inflammatory disease (rheumatoid arthritis, inflammatory 
bowel disease, celiac disease), pancreatitis, and certain med-
ications, including epinephrine, tretinoin, vincristine sulfate, 
and heparin sodium.

 d-Dimer Test
As a result of fibrinolysis, some of the fibrin in a thrombus 
degrades to form the d-dimer protein, which consists of two 
cross-linked D fragments of fibrin and which is elevated in 
the blood in the presence of VTE, rheumatoid arthritis with 
elevated rheumatoid factor, myeloproliferative disorders, 
infection, hemorrhage, trauma, and surgery. So, the d-dimer 
assay is not very specific for VTE, since it is also elevated in 
several other conditions; nonetheless, when combined with a 
symptomatic leg and even more so a symptomatic leg and 
venous Doppler ultrasound imaging of the involved extrem-
ity, elevation of the d-dimer can be very specific. The normal 
value for d-dimer units is ≤250 ng/mL or ≤0.5 mcg/mL 
fibrinogen equivalent units. As a rule, patient with a low pre-
test probability of DVT or PE with a negative d-dimer test 
should undergo further testing, typically imaging evaluation, 
if VTE is still suspected.

 Imaging Studies for Venous Thromboembolism

 Duplex Doppler Ultrasound (DDUS)
Duplex Doppler ultrasound (DDUS) imaging of the lower 
extremity veins is the mainstay diagnostic imaging examina-
tion used to identify lower extremity DVT. DDUS is noninva-
sive, usually readily available and, in comparison to other 
imaging modalities, relatively inexpensive in terms of the crude 
cost of the study. Venous DDUS is highly sensitive (95%) and 
specific (98%) for the diagnosis of DVT in the symptomatic 
lower extremity, although it is less sensitive in the asymptom-
atic extremity and in very obese patients [18, 19].

 Other Venographic Methods

Contrast, magnetic resonance, and computerized axial tomo-
graphic venography can also be used to identify DVT in the 
lower extremity. The routine use of contrast venography has 
dwindled over the past 20–30 years, due to the potentially 
hazardous nature of invasive contrast media (nephrotoxicity), 
limitations related to inadequate deep vein filling with the 

contrast dye, and the steady improvement and availability of 
noninvasive magnetic resonance venography (MRV) and 
computerized axial tomographic venography (CATV).

 Diagnostic Tests for Pulmonary Embolism
When PE is suspected, either with or without a prior diagnosis 
of DVT, a number of diagnostic laboratory, imaging, and func-
tional tests can be helpful. As previously mentioned above, 
elevation of the d-dimer units present in the blood can be sug-
gestive of VTE and is most useful in terms of specificity. 
Hypoxia secondary to diminished pulmonary perfusion related 
to PE results in an arterial blood gas with a PaO2 ≤ 80 mmHg 
in about 84% of patients with confirmed PE and no previous 
cardiopulmonary disease [20]. Measured levels of urine pro-
thrombin fragment F1 + 2 can also potentially be used to assess 
the individual risk of vascular thrombotic complications, 
including VTE, following total hip arthroplasty and to test for 
noninvasive detection of sustained coagulation activation [21]. 
Right heart failure secondary to PE and pulmonary artery 
hypertension can also lead to elevation of cardiac troponin, as 
well as elevation of brain natriuretic peptide in patients without 
renal failure [22]. Radiographic images of the chest might 
reveal nonspecific signs of atelectasis, consolidation, and pleu-
ral effusion, in association with PE; electrocardiography might 
reveal several findings commonly associated with PE, includ-
ing the S1Q3T3 waveform pattern [23]; and transthoracic as well 
as transesophageal echocardiography can reveal evidence of 
right heart failure as a result of PE. The use of a ventilation- 
perfusion (V-Q) scan, where radiopharmaceutical (a gamma 
ray emitting xenon or technetium compound) is injected and 
lung ventilation and perfusion monitored, can be helpful in 
cases where contrast medium cannot be administered due to 
allergy or kidney disease or in certain obese or pregnant 
patients, and it is strongly suggestive of PE when it is abnormal 
and observed in conjunction with strongly indicative clinical 
findings. Pulmonary angiography, by means of contrast 
medium injection or magnetic resonance angiography (MRA), 
can also be useful, although computerized tomographic pulmo-
nary angiography with contrast, while being expensive and 
invasive in terms of contrast medium and radiation exposure, 
has been shown to be more sensitive for PE than VQ scanning 
[24] and may be more sensitive and more specific than classic 
contrast pulmonary angiography [25].

 Methods of VTE Prophylaxis and Treatment

 Patient Education, Mechanical Prophylaxis, 
and Non-general Anesthesia

Prevention of VTE is a worthwhile and potentially lifesaving 
endeavor. The basic elements of VTE prophylaxis include 
patient education, mechanical methods that promote venous 
blood flow in the extremities, chemoprophylactic measures 
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that inhibit thrombus formation, and variations in anesthesia 
and fluid management. Nurses [26] and surgeons, as well as 
house and office staff, can play an important role in teaching 
patients the basic physiology and warning signs of VTE, 
both DVT and PE, and this can go a long way in regard to 
compliance with prophylactic measures and even early diag-
nosis should a complication develop. As a rule, combined 
prophylactic modalities decrease significantly the incidence 
of VTE, in particular DVT [27]. Of course, lower extremity 
movement, in particular ambulation with active contraction 
and relaxation of the crural musculature and resultant knee 
and ankle motion, is an important deterrent to VTE. In fact, 
most VTE prophylaxis protocols in otherwise healthy indi-
viduals are discontinued once regular knee and ankle motions 
are resumed following foot and ankle surgery. When lower 
extremity range of motion cannot be implemented, such as 
when complete bed rest is a required element of treatment or 
when the extremity is immobilized, then graduated compres-
sion stockings (GCS), and intermittent pneumatic compres-
sion (IPC) devices on one or both extremities can be 
employed (Fig. 2.3). A 2010 review of the literature pertain-
ing to the use of GCS revealed that their use reduced the 
incidence of DVT from 26% to 13% (p < 0.0001) in com-
parison to patients treated without GCS [28]. IPC devices 
applied to any extremity can also provide beneficial fibrino-
lytic activity, as evidenced by elevated blood-borne fibrino-
lytic activity in assays procured from sites distant to the 
location of the IPC device [29, 30], and this could be particu-
larly useful to foot and ankle surgical patients when both 
lower extremities have to be in the surgical field [31]. In gen-
eral, when foot and/or ankle surgery is undertaken on one 
lower extremity, an IPC device is typically applied to the 
contralateral lower extremity during the operative procedure 
and throughout the course of hospitalization.

In regard to anesthesia and its potential adverse influence 
on venous stasis and the development of VTE, it is generally 
considered favorable to avoid cessation of the calf muscle 
pump influence on venous return from the lower extremities, 
and, therefore, avoidance of skeletal muscle paralysis and 
general anesthesia, when possible, is likely to decrease the 
risk of DVT [32–35]. In fact, the American Association of 
Plastic Surgeons has recommended that when possible, the 
use of non-general anesthesia, such as monitored anesthesia 
care, local anesthesia with sedation, or neuraxial anesthesia 
instead of general anesthesia, should be used in order to 
diminish the risk of VTE [31].

 Pharmacological Prophylaxis 
(Chemoprophylaxis) and Treatment of VTE

Naturally occurring, physiologic anticoagulants such as anti-
thrombin III and activated protein C prevent widespread 
thrombosis and localize clot formation to sites of vascular 

injury. The clotting cascade is also balanced by plasmin- 
mediated fibrinolysis, resulting in the formation of d-dimers 
and other fibrin degradation products. When the body’s intrin-
sic anticoagulation system requires bolstering to prevent or 
treat VTE complicating surgery or medical care, a wide range 
of therapeutic agents are available (Table 2.3), including 
unfractionated heparin (UFH), which is typically adminis-
tered subcutaneously (SC) or via intravenous (IV) infusion; 
low-molecular-weight (fractionated) heparins (LMWHs), 
which are administered via subcutaneous injection or IV infu-
sion and include agents such as enoxaparin, dalteparin, and 
tinzaparin; vitamin K antagonists like warfarin, which can be 
administered orally or via IV infusion; factor Xa inhibitors, 
which are administered via subcutaneous injection or IV infu-
sion and include agents such as fondaparinux, rivaroxaban, 
apixaban, and edoxaban; direct thrombin inhibitors like 
dabigatran, which can be administered orally; and combined 
factor Xa and thrombin inhibitors like danaparoid, which can 
be administered via subcutaneous injection or IV infusion. 
The decision to choose one anticoagulant over another varies 
by indication and patient-specific factors, and surgeons are 
always encouraged to use their clinical judgment in order to 
tailor evidence- based guidelines for VTE prophylaxis or treat-
ment to the particular needs of their individual patients. Useful 
guidelines for VTE prophylaxis and treatment are available, 
and readers are encouraged to review these [31, 36–38]. 

Surgeons are also encouraged to read the clinical pharmacology 

Fig. 2.3 Intermittent pneumatic compression (IPC) device on the left 
lower extremity of a patient about to undergo right foot surgery
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Table 2.3 Anticoagulants used for venous thromboembolism prophylaxis and treatment

Category Agent Prophylaxisa, b Treatmenta

Unfractionated 
heparin (UFH)

Heparin 5000 units SC 2 h preoperative 80 u/kg bolus followed by 18 u/kg/hr IV infusion, or 
initial IV bolus of 5000, followed by 17,500 u SC 
twice daily

Low-molecular-
weight heparin 
(LMWH)

Enoxaparin 40 mg SC 2 h preoperative 1.5 mg/kg/day SC once daily or 1 mg/kg SC every 
12 h

Dalteparin 2500 u SC starting 4–8 h after surgery, then 
5000 u daily; or 2500 u SC starting 2 h 
preoperative, then 2500 u SC 4–8 h 
postoperative on the day of surgery, then 5000 
u SC daily; or, 5000 u SC 10–14 h presurgery, 
then 5000 u SC 4–8 h postoperative on the day 
of surgery, then 5000 u SC daily

200 u/kg SC daily or 100 u/kg SC every 12 h

Tinzaparin 50–75 u/kg 2 h preoperative, then 50 u/kg daily 
for 7–10 days, or 75 u/kg daily postoperative 
for 7–10 days

175 units/kg SC for 6–7 days

Factor Xa 
inhibitor

Fondaparinux 2.5 mg SC once daily starting 6–8 h 
postoperative, for 5–32 days after surgery

5 mg (body weight < 50 kg), 7.5 mg (body weight 
50–100 kg), or 10 mg (body weight > 100 kg) SC 
once daily for 5 days and until a therapeutic oral 
anticoagulant effect is established

Rivaroxaban 10 mg orally once daily with or without food The 15 mg and 20 mg tablets are taken with food, 
whereas the 10 mg tablets can be taken with or 
without food. For the treatment of DVT, PE, and 
reduction in the risk of recurrence of DVT and of 
PE, 15 mg orally twice daily for the first 21 days for 
the initial treatment of acute DVT or PE. After the 
initial treatment period, 20 mg orally once daily 
with food for the remaining treatment

Apixaban 2.5 mg orally twice daily 10 mg taken orally twice daily for 7 days, followed 
by 5 mg taken orally twice daily, for treatment of 
DVT and PE, or 2.5 mg taken orally twice daily for 
reduction in the risk of recurrent DVT and PE 
following initial therapy

Edoxaban Not indicated for prophylaxis 60 mg once daily or, if creatinine clearance, 
15–50 mL/min or body weight less than or equal to 
60 kg or who use certain P-glycoprotein inhibitors, 
30 mg once daily

Direct thrombin 
inhibitor

Dabigatran For patients with creatinine clearance >30 mL/
min, 110 mg orally first day, then 220 mg once 
daily

For patients with creatinine clearance >30 mL/min, 
150 mg orally, twice daily after 5–10 days of 
parenteral anticoagulation and for reduction in the 
risk of recurrence of DVT and PE for patients with 
creatinine clearance >30 mL/min, 150 mg orally 
twice daily after previous treatment

Combined factor 
Xa, heparinoid 
thrombin 
inhibitor

Danaparoid For nonvascular surgery, if ≤90 kg, 750 u SC 
1–4 h preoperative repeated ≥6 h postoperative 
then 750 u SC twice daily for 7–10 days 
starting the first postoperative day; and if 
>90 kg, then 750 u SC 1–4 h preoperative 
repeated ≥6 h postoperative then 1250 u SC 
twice daily or 750 u SC three times daily for 
7–10 days starting the first postoperative day. 
In patients with current HIT, body 
weight ≤ 90 kg, 750 u SC two or three times 
daily for 7–10 days, following initial IV bolus 
of 1250 u SC; if >90 kg, then 1250 u SC two or 
three times daily for 7–10 days after an initial. 
In patients with past HITT, ≤90 kg, 750 u SC 
two or three times daily for 7–10 days; and if 
>90 kg then 1250 u SC two or 750 u SC three 
times daily for 7–10 days

For a thrombosis <5 days old and weight ≤ 55 kg, 
1250–1500 u IV bolus then 400 u/h next 4 h then 
300 u/h next 4 h then 150–200 u/h for 5–7 days or 
maintenance of 1500 u SC twice daily for 4–7 days; 
if weight 55–90 kg, 2250–2500 u IV bolus then 
400 u/h next 4 h then 300 u/h next 4 h then 
150–200 u/h for 5–7 days or maintenance of 2000 u 
SC twice daily for 4–7 days; and if weight > 90 kg, 
then 3750–2500 u IV bolus then 400 u/h next 4 h 
then 300 u/h next 4 h then 150–200 u/h for 5–7 days 
or maintenance of 1750 u SC twice daily for 
4–7 days. For thrombosis ≥5 days old and 
weight ≤ 90 kg, 1250 u IV bolus the 750 u SC two 
or three times daily; if >90 kg, then 1250 u IV bolus 
then 750 u SC three times daily or 1250 u SC two or 
three times daily

(continued)
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information contained in the package insert specific to each 
of these medications in order to review the details related to 
their proper use for VTE prophylaxis, treatment, and reversal 
(which is beyond the scope of this text). Surgeons are also 
encouraged to recruit the medical expertise of other experi-
enced clinicians in the management of acute DVT and/or PE, 
since the care of such patients can be complicated and requires 
a wide range of expertise and intervention. Although the pri-
mary adverse effect of anticoagulant pharmacological agents 
is hemorrhage, parenteral administration and patient and sur-
geon nonadherence to treatment and guidelines are important 
limitations of their use [39].

Prophylaxis is generally continued until the risk factors are 
such that VTE is not likely, and this is typically at a time when 
lower extremity immobilization is discontinued and surgeons 
need to individualize the duration of prophylaxis based on the 
needs of each individual patient. The duration of treatment for 
confirmed DVT and/or PT depends to a large degree on the 
risk of recurrence. Patients at a high risk for recurrence include 
those with idiopathic DVT or PE, malignancy, antiphospho-
lipid syndrome, an inferior vena cava filter, obesity, the elderly, 
and males. As always, the risk of prolonged anticoagulation is 
hemorrhage.

Anticoagulants that are commonly used for VTE prophy-
laxis include unfractionated heparin, fractionated heparins 

such as dalteparin and enoxaparin, the factor Xa inhibitor 
fondaparinux, and the heparinoid danaparoid, which is 
particularly useful in patients with a history of heparin-
induced thrombocytopenia (HIT). Aspirin can also play a 
role in prophylaxis [40], although it is not considered to be a 
sole method of prophylaxis. Warfarin can also be used and is 
often initiated after surgery using a bridging protocol that 
also employs heparin or another anticoagulant.

The main goals of treatment for DVT include prevention 
of PE, postphlebitic syndrome, and recurrent thrombosis. 
Once VTE is suspected, anticoagulation should be started 
immediately unless there is a contraindication. In their 
review of the treatment of VTE, Wells et al. [4] divided ther-
apies into acute (first 5–10 days), long-term (from the end of 
acute to 3–6 months), and extended (beyond 3–6 months) 
phases. And, despite the potentially lethal and acutely mor-
bid nature of DVT and PE, they found that low-molecular- 
weight heparin (LMWH) along with vitamin K antagonists 
or the use of two oral agents without LMWH, along with 
ambulation and other physical measures, allows for outpa-
tient management of most cases of DVT and some cases of 
PE, in the acute phase. Unless there is a specific contraindi-
cation, anticoagulation should be initiated as soon as VTE is 
diagnosed. Beyond the use of LMWH and/or oral therapies 
combined with physical measures, the use of thrombectomy 

Table 2.3 (continued)

Category Agent Prophylaxisa, b Treatmenta

Vitamin K 
antagonist

Warfarin Warfarin is available as scored tablets of 1, 2, 
2.5, 3, 4, 5, 6, 7.5, or 10 mg and as a vial of 
5 mg of reconstituted lyophilized powder for 
injection. Individualized dosing of warfarin is 
administered orally (or IV) when heparin or 
heparinoid therapy is already in effect, and it 
can usually begin (or be resumed if a 5-day 
overlap, bridging protocol is in effect) on the 
night of surgery, after which therapy is guided 
by the INR for at least 10 days and continued 
up to 4–6 weeks depending on patient-specific 
factors. Patients that have discontinued their 
maintenance warfarin therapy preoperatively 
can typically resume their usual dose beginning 
the night of surgery or the first postoperative 
day

After initiation of oral (or IV) administration, 
aiming for an INR of 2–3, warfarin is usually 
continued for 3–6 months

Cyclooxygenase 
inhibitor

Aspirin 
(acetylsalicylic 
acid)

325 mg daily for 4–6 weeks, starting the night 
of surgery, always in combination with 
physical measures such as GCS and ICD, as 
well as patient education and avoidance of GA 
whenever possible

Not indicated for treatment

Abbreviations: GA general anesthesia; GCS gradient compression stockings; ICD intermittent compression device; IV intravenous; SC subcutaneous, 
u international units
aDuration of prophylaxis is usually continued until the involved extremity is mobilized and the duration of treatment is typically 3–6 months post 
identification of the clot
bProphylaxis entails chemoprophylaxis combined with patient education, mechanical methods, and avoidance of general anesthesia when possible; 
surgeons and anesthesiologists need to use caution if neuraxial (spinal, epidural) anesthesia is to be used since the risk of spinal or epidural hematoma 
increases with VTE prophylaxis; and dosage recommendations are based primarily or VTE prophylaxis associated with hip and/or knee surgery or 
general medical patient care
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is reserved for severe VTE threatening limb loss or stroke, 
and retrievable inferior vena cava (IVC) filters are indicated 
when anticoagulation is contraindicated. Typically, adequate 
treatment of DVT and PE entails 3 months of use of antico-
agulants, such as single or combinations of LMWH, vitamin 
K antagonists, or direct factor Xa or factor IIa inhibitors, 
after which additional therapy used over the long-term and 
extended phases of VTE is based on the risk of recurrence, 
cause of the initial thrombus, and the risk of a serious bleeding 
event over time.

Although prevention of the development of VTE is gener-
ally considered a worthwhile aspect of foot and ankle surgery, 
hemorrhage, particularly bleeding related to methods of anti-
coagulation and clot prevention, can be problematic and lead 
to wound as well as systemic complications. Patients with a 
platelet count <100,000/mm3; those with active or a history of 
heparin-induced thrombocytopenia; those taking aspirin, 
clopidogrel, or nonsteroidal anti-inflammatory drugs; and 
those with renal or hepatic disease may not be satisfactory 
candidates for VTE chemoprophylaxis. In such patients, non-
pharmacologic methods of prophylaxis, including GCS and 
ICDs, early active motion with activation of the calf muscle 
venous pump, and avoidance of general anesthesia if possible 
are likely to be the mainstays of VTE prophylaxis.

 Unfractionated Heparin (UFH) and Low- 
Molecular- Weight Heparin (LMWH)

Unfractionated heparin (UFH) occurs naturally and is con-
tained in mast cell granules and released via degranulation in 
response to numerous stimuli, including hypersensitivity and 
tissue injury, in particular blood vessel disruption. Fractionated 
heparins (enoxaparin, dalteparin, tinzaparin), which are 
derived from depolymerization of long-chain polysaccha-
ride heparin, are categorized as low molecular weight and 
useful as anticoagulants if their molecular weights aver-
age ≤ 8000 Daltons. The clotting cascade (Fig. 2.1), via 
sequential protease activity, amplifies conversion of soluble 
fibrinogen to insoluble strands of fibrin that combine with 
platelets to form a thrombus. Antithrombin is a serine protease 
inhibitor that disrupts the clotting cascade and, as such, serves 
as the key plasma inhibitor of coagulation. Heparins bind to 
antithrombin and inhibit factor Xa (activated factor X), thereby 
impeding the clotting cascade. Interestingly, LMWHs can 
only bind to and inhibit antithrombin, whereas heparin can 
bind to antithrombin and inhibit both antithrombin and 
thrombin. UFH also binds other plasma proteins, whereas 
LMWH is limited in its binding activity, and as such LMWH 
is associated with a more consistent dose-response and fewer 
non-hemorrhagic adverse effects. Heparins can be neutralized 
by protamine if problematic hemorrhage develops. Moreover, 
immune- mediated heparin-induced thrombocytopenia 

(HIT)) can develop in response to administration of heparin, 
and this can lead to devastating thrombosis. The incidence of 
HIT in patients that have been heparinized for more than 
7 days is approximately 1% [41], and the 30-day incidence of 
mortality associated with HIT is 16.6% [42].

 Factor Xa Inhibitors, Direct Thrombin 
Inhibitors, and Heparinoids

A number of factor Xa inhibitors can be used for VTE pro-
phylaxis and/or treatment, including fondaparinux, rivaroxa-
ban, apixaban, and edoxaban. Although specific indications 
may be more broadly defined than just prophylaxis or treat-
ment of DVT and/or PE, all of these agents can potentially 
be used in the realm of foot and ankle surgery. Fondaparinux 
is indicated for VTE prevention in patients undergoing hip 
fracture surgery, hip replacement surgery, knee replacement 
surgery, and abdominal surgery and for the treatment of 
acute DVT and/or PE when administered in conjunction with 
warfarin. Rivaroxaban is indicated to reduce the risk of 
stroke and systemic embolism in patients with nonvalvular 
atrial fibrillation, for the treatment of DVT and PE, for the 
reduction in the risk of recurrence of DVT and of PE, and for 
the prophylaxis of DVT, which may lead to PE in patients 
undergoing knee or hip replacement surgery. Apixaban is 
indicated to reduce the risk of stroke and systemic embolism 
in patients with nonvalvular atrial fibrillation, for the pro-
phylaxis of DVT, which may lead to PE, in patients who 
have undergone hip or knee replacement surgery, for the 
treatment of DVT and PE, and for the reduction in the risk of 
recurrent DVT and PE following initial therapy. Edoxaban is 
indicated to reduce the risk of stroke and systemic embolism 
(SE) in patients with nonvalvular atrial fibrillation and for 
the treatment of DVT and PE following 5–10 days of initial 
therapy with a parenteral anticoagulant. The direct thrombin 
inhibitor dabigatran is indicated to reduce the risk of stroke 
and systemic embolism in patients with nonvalvular atrial 
fibrillation, for the treatment of DVT and PE in patients who 
have been treated with a parenteral anticoagulant for 
5–10 days, to reduce the risk of recurrence of DVT and PE in 
patients who have been previously treated, and for the pro-
phylaxis of DVT and PE in patients who have undergone hip 
replacement surgery. The combined factor Xa-thrombin 
inhibitor danaparoid, a heparinoid, is indicated for the treat-
ment of patients with an acute episode of heparin-induced 
thrombocytopenia (HIT) and for prophylaxis in patients with 
a history of HIT.

 Warfarin
Warfarin remains a very prevalent anticoagulant in the clini-
cal realm, and foot and ankle surgeons routinely encounter 
patients that use this drug. Warfarin inhibits the synthesis of 
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vitamin K-dependent clotting factors, including factors II, 
VII, IX, and X, and proteins C and S, which naturally pre-
vent coagulation. Anticoagulation generally occurs within 
24 h, and peak antithrombotic effects occur 72–96 h after 
administration of warfarin. As a rule, the antithrombotic 
effects of warfarin multiply over time, and regular monitor-
ing of coagulation using the INR or the prothrombin time is 
required. The pharmacokinetics of warfarin are influenced 
by a wide range of physiologic conditions (malnutrition, 
dehydration, old age) and the effects of concomitantly 
administered medications, in particular certain antibiotics. 
Generally, the use of warfarin can begin on the night of sur-
gery and guided thereafter by the INR. Patients previously 
on chronic warfarin therapy prior to their surgery can resume 
their regular dosage the night of the operation. An INR > 3 
warrants cessation of warfarin administration, and 1 mg of 
vitamin K should be administered orally or SC for an INR 
>6 in the absence of active hemorrhage, and even higher 
doses may be used in the presence of bleeding. Fresh frozen 
plasma can also be administered if active bleeding occurs. 
Importantly, warfarin should not be administered in conjunc-
tion with aspirin or COX-1 inhibiting nonsteroidal anti- 
inflammatory drugs, although concomitant use of COX-2 
inhibitors like celecoxib can be used if needed. For VTE pro-
phylaxis, warfarin should be administered from 10 days to 
4–6 weeks, depending on patient-specific factors, whereas, 
for the treatment of VTE, warfarin is generally administered 
for 3–6 months, aiming for an INR 2–3.

 Aspirin
Historically, aspirin seems to be a prevalent method of VTE 
prophylaxis in bone and joint surgery, although its efficacy 
has been questioned by many clinicians due to a limitation of 
quality evidence. Over the 7–10 day lifespan of a platelet, 
aspirin (acetylsalicylic acid) irreversibly inactivates cycloox-
ygenase (COX) by means of acetylation, thereby preventing 
catalytic oxygenation of arachidonic acid to prostaglandin G2 
and the formation of thromboxane A2, a mediator of platelet 
aggregation and vasoconstriction. Although aspirin is not 
recommended as a sole option for the prevention of VTE, in 
patients undergoing elective TKR or who have a contraindi-
cation to pharmacologic prophylaxis and undergo a THR or 
hip fracture surgery, aspirin in conjunction with compression 
devices as part of a multimodal approach can be acceptable; 
and existing evidence does not support the hypothesis that 
aspirin is less likely to cause adverse bleeding events than 
other anticoagulants [40]. Patients who have given aspirin as 
postoperative VTE prophylaxis typically receive 325 mg 
daily for 4–6 weeks, starting the night of surgery, and this is 
combined with physical measures such as GCS and IPC, as 
well as patient education and avoidance of general anesthesia 
when indicated. Surgeons also need to keep in mind that 
platelet inhibition diminishes the cytoprotective function of 

prostaglandin in the stomach, thereby predisposing to gastritis, 
peptic ulcer, and gastrointestinal bleeding, so surgeons 
employing aspirin for VTE prophylaxis need to take these 
potential complications into consideration.

 Thrombolytic Therapy
Therapeutic thrombolysis, either by means of systemic admin-
istration or catheter-directed infusion of the thrombolytic agent, 
can be used in certain patients, although the risk of bleeding, 
including intracranial hemorrhage, is higher with thrombolytic 
therapy than it is with generalized anticoagulation. Two agents, 
namely, streptokinase (250,000 units infused as a loading does, 
then 100,000 units/h over the ensuing 24 h) and recombinant 
tissue plasminogen activator (TPA, 100 mg infused over 2 h), 
are commonly used for clot lysis. Thrombolysis, in particular 
catheter-directed infusion aimed at the clot, may diminish the 
risk of PTS, so it may be a preferred approach in patients with 
a severe proximal clot or multiple clots, or a previous history of 
DVT or PTS, and those at risk for limb gangrene but at low risk 
for hemorrhage [43]. Thrombolytic therapy may also be bene-
ficial for patients with hemodynamically unstable PE with right 
heart failure.

 Pulmonary Embolectomy
In patients with severe PE, who fail to respond favorably to 
anticoagulation and supportive therapies, including throm-
bolytic therapy, pulmonary embolectomy may be indicated. 
The incidence of mortality associated with pulmonary embo-
lectomy is approximately 20% [44].

 Inferior Vena Cava (IVC) Filter
There are a number of indications for IVC interruption, 
including severe PE, thrombosis in the iliac veins or the distal 
vena cava, inability to adequately anticoagulate or complica-
tions related to anticoagulation, and DVT in the presence 
of preexisting cardiac or pulmonary disease. Alone, an IVC 
filter is not an adequate therapy for DVT or prevention of PE, 
so anticoagulation is generally used in conjunction with the 
filter, if it is not contraindicated. IVC filters can be perma-
nent or retrievable devices, the selection of which is based on 
the expected duration of use.

 Risk Stratification Schemes for VTE 
Prophylaxis

Long ago, Thomas Bayes pointed out the importance of the 
baseline probability of a condition (the prevalence of a con-
dition in a specific population) as it relates to the probability 
of a test being positive for that condition [45]. Since Bayes’ 
famous essay was written, clinical decision rules based on 
pretest probability have been developed for many diagnostic 
tests, including those used to identify the presence of 
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VTE. Such clinical decision rules can be used to classify 
individuals into high-, medium-, and low-risk categories for 
the probability of DVT [46–49]. Since the clinical examina-
tion of DVT can be unreliable in and of itself, risk stratifica-
tion of patients based on clinical decision rules that combine 
clinical and laboratory and imaging tests can increase the 
accuracy of a diagnosis. In fact, the use of the Wells rules 
(Table 2.2) [14, 16], combined with the use of the d-dimer 
test [47], can help surgeons decide when noninvasive imag-
ing of the lower extremity veins is indicated and increases 
the likelihood of an accurate diagnosis of lower extremity 
VTE [48]. The Wells criteria [49] for the diagnosis of DVT 
were determined based on analysis of 1096 outpatients sus-
pected of having DVT. The use of the d-dimer test imparts a 
negative predictive value (NPV, the probability that the indi-
vidual does not have the disease of interest if the test result is 
negative) of 99.1% (95% confidence interval 96.7, 99.9) in 
patients with a low pretest probability of DVT (a Wells crite-
ria score < 2). In patients with a high pretest probability of 
DVT (a Wells criteria score ≥ 2), the NPV of the d-dimer test 
was 89.0% (95% confidence interval 80.7, 94.6).

Overall, it is understood that all patients admitted to the 
hospital, including those undergoing inpatient or outpatient 
surgery, are at risk of developing VTE. Of the 38 million 
hospital discharges in the United States in 2003, 20% were 
surgical inpatients, and using the American College of Chest 
Physicians’ guidelines for risk stratification [50], it was esti-
mated that 15%, 24%, and 17% were at moderate, high, or 
very high risk for VTE [51]. Interestingly, PE has been 
described as the most common cause of preventable hospital 
death [52–56] and accounts for approximately 150,000–
200,000 deaths per year in the United States [57, 58]. Since 
DVT often precedes PE, its prevention and treatment, once it 
has been diagnosed, are important aspects of the care of foot 
and ankle surgical patients, and effective and safe prophylac-
tic measures are available for most high-risk patients [59–
62]. Furthermore, numerous evidence-based guidelines have 
been published for the prevention of VTE in general medical 
[63, 64] and cancer [65] patients.

 VTE Prophylaxis in Hospitalized Patients

One risk stratification scheme that has been found to be 
useful in the management of a wide range of patients is the 
Padua Prediction Score, which was developed based on a 
prospective cohort study that involved 1180 consecutive 
hospitalized patients who were followed for 90 days follow-
ing their admission [66]. The Padua Prediction Score was 
based on the summation of risk factor scores, and a score ≥4 
was considered to indicate a high risk for venous thrombo-
embolism (VTE), whereas a score <4 was considered to 

indicate a low risk for VTE (Table 2.4). Of the patients, 469 
(39.7%) were labeled as being at a high risk for thrombosis, 
and VTE developed in 4 (2.2%) of 186 who received throm-
boprophylaxis and 31 (11%) of 283 who did not (HR of 
VTE = 0.13; 95% CI, 0.04–0.40). Furthermore, VTE devel-
oped in 2 (0.3%) of 711 low-risk patients (HR of VTE in 
high-risk patients without prophylaxis as compared with 
low-risk patients, 32.0; 95% CI, 4.1–251.0), and bleeding 
occurred in 3 (1.6%) of 186 high-risk patients who had 
thromboprophylaxis. The authors concluded that their risk 
assessment model (the Padua Prediction Score) discrimi-
nated between medical patients at high and low risk of VTE 
and that adequate thromboprophylaxis in high-risk patients 
during hospitalization could result in long-standing (up to 
90 days) protection against thromboembolic events with a 
low risk of bleeding.

 VTE Prophylaxis in Non-orthopedic Surgical 
and Nonsurgical Patients

Also in 2001, Caprini and colleagues published a risk strati-
fication scheme for VTE in surgical (non-orthopedic) and 
nonsurgical patients [67], and later in 2010, Caprini and col-
leagues published a review of VTE risk assessment scoring 
systems and the results of a validation study of a risk assess-
ment tool for VTE prophylaxis in non-orthopedic surgical 
patients [68]. In these reports, various risk factors for VTE 
were categorized and weighted with point values (Table 2.5). 
In order to determine an individual patient’s risk stratum, 

Table 2.4 Padua [66] prediction score for VTE risk assessment in 
hospitalized patientsa

Risk factor Score

Active cancer (patients with local or distant metastases  
and/or in whom chemotherapy or radiotherapy had been 
performed in the previous 6 months)

3

Previous VTE (excluding superficial vein thrombosis) 3

Reduced mobility (bedrest with bathroom privileges, either 
due to patient’s limitations or on physicians order, for at 
least 3 days)

3

Known thrombophilia (carrier of defects of antithrombin, 
protein C or S, factor V Leiden, G20210A prothrombin 
mutation, antiphospholipid syndrome)

3

Recent (≤1 month) trauma and/or surgery 2

Elderly age (≥70 years) 1

Heart and/or respiratory failure 1

Acute myocardial infarction or ischemic stroke 1

Acute infection and/or rheumatologic disorder 1

Obesity (BMI ≥30) 1

Ongoing hormonal therapy 1
aA score ≥ 4 indicates a high risk for venous thromboembolism (VTE), 
whereas a score < 4 is considered a low risk for VTE
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the various risk factor points were added to arrive at the 
patient’s Caprini score. It should be pointed out that the 
Caprini score, as compared to the Wells criteria (Table 2.2), 
focuses on risk stratification and not the likelihood of a diag-
nosis of VTE. Based on prospective risk factor modeling in a 
large cohort of patients, the Caprini score can be used to 
determine a patient’s risk for VTE, which is used to guide the 
approach to thrombosis prophylaxis (Table 2.6).

 VTE Prophylaxis in Hip, Knee, and Orthopedic 
Trauma Surgery

In regard to hip replacement surgery, which carries a high 
risk of VTE, LMWHs, namely, enoxaparin, tinzaparin, and 
reviparin, can be used as prophylaxis. These agents behave 
as separate, noninterchangeable compounds that cannot be 
therapeutically substituted based upon anti-factor Xa levels, 
and the choice of LMWH used should be based on clinical 
experience with each agent [69]. The occurrence of pulmo-
nary embolism and deep venous thrombosis within 30 days 
after elective primary total hip or knee arthroplasty was more 
frequent in patients with a body mass index >30 kg/m2 and in 
patients with moderate or severe systemic disease resulting 
in some functional limitation as defined by an American 
Society of Anesthesiologists (ASA) physical status classifi-
cation ≥3 [70]. Interestingly, a systematic review of throm-
boprophylaxis in trauma patients, published in 2013, 
concluded that there was only weak evidence to recommend 
the use of DVT prophylaxis for people with severe trauma, 
that there was some evidence that thromboprophylaxis pre-
vents DVT, and that there was no quality evidence that 
thromboprophylaxis actually reduced PE or mortality related 
to trauma [71]. Still further, in a multicenter, non-inferiority 
design randomized controlled trial, the report for which was 
published in 2013 [72], the authors concluded that extended 
prophylaxis for 28 days with aspirin was non-inferior to and 
as safe as dalteparin for the prevention of VTE after THR in 
patients who initially received dalteparin for 10 days, and 
they further speculated that aspirin’s low cost and greater 
convenience could make it a reasonable alternative for 
extended thromboprophylaxis after THR.

Table 2.5 Caprini [67, 68] score risk factors and point values

Risk factor Score

Age 41–60 years 1

Current swollen leg 1

Varicose veins 1

Obesity (BMI > 25) 1

Minor surgery planned 1

Sepsis (<1 month) 1

Acute myocardial infarction 1

Congestive heart failure (<1 month) 1

Medical patient currently at bed rest 1

History of inflammatory bowel disease 1

History of prior major surgery (<1 month) 1

Abnormal pulmonary function (COPD) 1

Serious lung disease, pneumonia (<1 month) 1

Oral contraceptive or hormone replacement therapy 1

Pregnancy or postpartum (<1 month) 1

History of unexplained stillborn infant, recurrent 
spontaneous abortion (≥3), premature birth with toxemia or 
growth-restricted infant

1

Other risk factor 1

Age 61–74 years 2

Central venous catheter 2

Arthroscopic surgery 2

Major surgery (>45 minutes) 2

Malignancy (present or previous) 2

Laparoscopic surgery (>45 minutes) 2

Patient confined to bed (>72 h) 2

Immobilizing plaster cast (<1 month) 2

Age ≥ 75 years 3

Family history of thrombosis (this is most frequently missed 
risk factor)

3

History of DVT or PE 3

Positive prothrombin 20210A 3

Positive factor V Leiden 3

Positive lupus anticoagulant 3

Elevated serum homocysteine 3

Heparin-induced thrombocytopenia (HIT) 3

Elevated anticardiolipin antibodies 3

Other congenital or acquired thrombophilia (if yes, type 
should be specified)

3

Stroke (<1 month) 5

Multiple trauma (<1 month) 5

Elective major lower extremity arthroplasty 5

Hip, pelvis, or leg fracture (<1 month) 5

Acute spinal cord injury (paralysis, <1 month) 5

Table 2.6 Recommended prophylaxis for non-orthopedic (not hip or 
knee arthroplasty) general and abdominal pelvic surgery including 
gastrointestinal, genitourinary, bariatric, vascular, reconstructive, car-
diothoracic, and gynecologic surgery hospitalized surgical patients

VTE risk scorea Low risk of bleeding High risk of bleeding

0 (very low risk) Early ambulation Early ambulation

1–2 (low risk) Intermittent pneumatic 
compression

Intermittent pneumatic 
compression

3–4 (moderate 
risk)

Low-molecular-weight 
heparin or low-dose 
unfractionated heparin 
or intermittent 
pneumatic compression

Intermittent pneumatic 
compression

≥5 (high risk) Low-molecular-weight 
heparin or low-dose 
unfractionated heparin 
and intermittent 
pneumatic compression

Intermittent pneumatic 
compression until risk 
of bleeding diminishes, 
the chemoprophylaxis

aBased on the Caprini score [67, 68]
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In regard to hip and knee surgery, the American Academy 
of Orthopaedic Surgeons’ expert opinion clinical guideline 
entitled Preventing Venous Thromboembolic Disease in 
Patients Undergoing Elective Hip and Knee Arthroplasty: 
Evidence-Based Guideline and Evidence Report, published 
in 2011 by the American Academy of Orthopaedic Surgeons 
[73], makes the following ten recommendations for surgeons 
performing hip or knee arthroplasty:

 1. We recommend against routine postoperative duplex 
ultrasonography screening of patients who undergo 
elective hip or knee arthroplasty.

 2. Patients undergoing elective hip or knee arthroplasty 
are already at high risk for venous thromboembolism. 
The practitioner might further assess the risk of venous 
thromboembolism by determining whether these patients 
had a previous venous thromboembolism.

 3. Patients undergoing elective hip or knee arthroplasty are 
at risk for bleeding and bleeding-associated complica-
tions. In the absence of reliable evidence, it is the opinion 
of this work group that patients be assessed for known 
bleeding disorders like hemophilia and for the presence of 
active liver disease which further increase the risk for 
bleeding and bleeding-associated complications.

 4. We suggest that patients discontinue antiplatelet agents 
(e.g., aspirin, clopidogrel) before undergoing elective 
hip or knee arthroplasty.

 5. We suggest the use of pharmacologic agents and/or 
mechanical compressive devices for the prevention of 
venous thromboembolism in patients undergoing elective 
hip or knee arthroplasty and who are not at elevated risk 
beyond that of the surgery itself for venous thromboem-
bolism or bleeding.

 6. In the absence of reliable evidence, it is the opinion of 
this work group that patients undergoing elective hip or 
knee arthroplasty, and who have also had a previous 
venous thromboembolism, receive pharmacologic pro-
phylaxis and mechanical compressive devices.

 7. In the absence of reliable evidence, it is the opinion of 
this work group that patients undergoing elective hip or 
knee arthroplasty, and who also have a known bleeding 
disorder (e.g., hemophilia) and/or active liver disease, 
use mechanical compressive devices for preventing 
venous thromboembolism.

 8. In the absence of reliable evidence, it is the opinion of 
this work group that patients undergo early mobilization 
following elective hip and knee arthroplasty. Early 
mobilization is of low cost, minimal risk to the patient, 
and consistent with current practice.

 9. We suggest the use of neuraxial (such as intrathecal, 
epidural, and spinal) anesthesia for patients undergo-
ing elective hip or knee arthroplasty to help limit blood 
loss, even though evidence suggests that neuraxial 

anesthesia does not affect the occurrence of venous 
thromboembolic disease.

 10. Current evidence does not provide clear guidance about 
whether inferior vena cava (IVC) filters prevent pulmo-
nary embolism in patients undergoing elective hip and 
knee arthroplasty who also have a contraindication to che-
moprophylaxis and/or known residual venous thrombo-
embolic disease. Therefore, we are unable to recommend 
for or against the use of such filters.

 VTE Prophylaxis in Foot and Ankle Surgery

For the purposes of this chapter, foot and ankle surgical 
patients include any and all inpatients and outpatients man-
aged by surgeons, including patients that undergo surgery 
localized to the forefoot and toes, mid- and hindfoot, ankle 
and leg distal to the tibial tuberosity, regardless of whether or 
not the surgery is undertaken for elective reconstructive inter-
ventions, emergent or planned operations, limb salvage or 
wound care, amputations, and the repair of traumatic injuries. 
Since immobilization, bed rest, and surgery, as well as trauma, 
are common elements of many foot and ankle surgical 
patients, the presence of clinical findings suggestive of DVT 
in conjunction with just two of these risk factors, according to 
the Wells criteria [16] (Table 2.2), is highly likely to be asso-
ciated with the presence of DVT (and possibly PE). 
Unfortunately for foot and ankle surgeons, in comparison to 
VTE in association with knee and hip surgery, rigorous study 
of its association with foot and ankle surgery has not been as 
thoroughly documented in the peer-reviewed scientific litera-
ture. As such, there remains considerable debate as to the rou-
tine need for VTE prophylaxis in association with foot and 
ankle surgery, and definitive methods, in terms of the agents 
and methods used, dosages, and duration of intervention, 
have yet to be clearly defined in regard specifically to foot and 
ankle surgery. Foot and ankle surgeons are encouraged to 
become familiar with the existing literature, their hospital’s 
institutional protocols, to carefully consider each patient on an 
individual basis in regard to the risk of developing VTE, and to 
use the methods that, based on one’s experience and under-
standing of the evidence, prevent the development of VTE. 
What follows, is a review of the literature related to VTE pro-
phylaxis in foot and ankle surgery.

In a prospective multicenter study published in 1998, Mizel 
et al. aimed to identify patients with symptomatic thromboem-
bolic disease and to evaluate potential risk factors for VTE in 
2733 foot and/or ankle surgery patients [74]. They observed 
that six (0.22%) patients with clinically significant VTE were 
identified, four (0.15%) nonfatal pulmonary emboli were 
identified, and significant risk factor covariates included non-
weight bearing and immobilization after surgery. Based on their 
observations, the investigators concluded that routine prophy-
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laxis for thromboembolic disease after foot and ankle surgery 
probably was not warranted. Then, in 2002, Solis and Saxby 
[75] undertook a prospective study to establish the incidence 
of DVT in patients who had undergone foot and/or ankle sur-
gery, by performing bilateral calf duplex ultrasound examina-
tions at the first postoperative visit. Of 201 consecutive 
patients, deep calf clots were found in seven (3.5%) patients, 
but none of these showed progression on follow-up ultrasound 
or extension proximal to the calf. By the authors’ criteria, none 
of the studied patients required treatment, and they concluded 
that the rate and progression of DVT after foot and ankle sur-
gery were low and did not require routine prophylaxis. They 
also noted that risk factors associated with DVT formation 
were postoperative immobilization, hindfoot surgery, tourni-
quet use, and advancing age. Also in 2002, Lassen et al. [76] 
published the results of a prospective, double-blind, placebo-
controlled trial to evaluate the efficacy and safety of subcuta-
neous reviparin (1750 anti-Xa units given once daily during 
the course of immobilization) in 371 patients who required 
immobilization in a plaster cast or brace for at least 5 weeks 
after a leg fracture or rupture of the Achilles tendon, and they 
performed venography of the injured leg within 1 week after 
removal of the plaster cast or brace, or earlier if there were 
symptoms suggesting deep vein thrombosis. They observed 
that DVT was diagnosed in 17 (9.3%) of the 183 patients 
randomly assigned to receive reviparin and 35 (18.7%) of 
188 patients randomly assigned to receive placebo (odds 
ratio = 0.45; 95% confidence interval, 0.24–0.82). Most of 
the thromboses that they observed were distal (14 in the 
reviparin group and 25 in the placebo group), and there were 
two (1.1%) cases of PE in the placebo group who also had 
proximal DVT. There were no differences between the two 
groups with respect to bleeding or other adverse events. 
Based on these findings, the authors concluded that DVT was 
common in persons with leg injury requiring prolonged 
 immobilization and that reviparin given once daily was effec-
tive and safe in reducing the risk of VTE.

In 2003, Slaybaugh, Beasley, and Massa [77] published a 
clinical protocol, a risk assessment tool based on their modi-
fication of the previously published Caprini risk stratification 
tool [67], and prophylaxis and treatment guidelines for DVT 
and PE that occur in association with foot and ankle surgery. 
Interestingly, the Slaybaugh, Beasley, and Massey (SBD) risk 
stratification system for VTE prophylaxis (Tables 2.7 and 2.8) 
is a system that the authors developed based on their inter-
pretation of the Caprini score as it would, in theory, relate to 
patients undergoing foot and ankle surgery. Although the 
SBD foot and ankle risk stratification system has not been 
validated by means of prospective factor analysis or reliabil-
ity testing and the precise rationale for their modification of 
the Caprini risk factor point system was not explicitly defined 
in the published report, the system has face validity (in this 
author’s opinion).

In a 2006 retrospective analysis of 602 foot and ankle 
surgical patients from two separate practices, 24 (4% incidence) 
patients experienced a postoperative VTE complication, 
the risk factors for which were rheumatoid arthritis, a recent 

Table 2.7 SBMa venous thromboembolism point system for risk 
stratification in foot and ankle surgeryb

Risk factor Points

Clinical situation OR time > 105 min 1

Tourniquet time > 90 min 1

Rearfoot or ankle sugary 1

Immobilization in a BK or AK cast 
>1 week

2

Medical or surgical patients 
confined to bed for >72 h

2

Central venous access 2

Congestive heart failure 3

Sever sepsis/infection 3

Ankle, pilon, or tibial fracture 3

Multiple trauma 5

Acute spinal cord injury 5

Medical 
condition

Clinical 
status

40–60 years of age 1

Pregnancy or postpartum 1

Varicose veins 1

Obesity defined as >20 pounds > 
ideal body weight

1

Diabetes mellitus 1

Hypertension 1

Hyperlipidemia 1

Smoker 1

Polycystic ovary syndrome 1

>60 years of age 2

Oral contraceptive or receiving 
hormone replacement therapy

2

Inflammatory bowel disease 2

Currently treated or history of 
malignancy

2

History of deep venous thrombosis 
or pulmonary embolism

5

Inherited Factor V Leiden/activated protein 
C resistance

3

Antithrombin III deficiency 3

Protein S and C deficiency 3

Dysfibrinogenemia 3

Homocysteinemia 3

20210A prothrombin mutation 3

Acquired Lupus anticoagulant 3

Antiphospholipid antibodies 3

Myeloproliferative disorders 3

Disorders of plasminogen and 
plasmin activation

3

Heparin-induced 
thrombocytopenia

3

Hyperviscosity syndromes 3

Homocysteinemia 3
aSBM = Slaybaugh-Beasely-Massa [77]
bRisk factor points are added to determine risk stratum, which is used to 
guide prophylaxis (see Table 2.8)
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history of air travel, previous DVT or PE, and limb immobi-
lization [78]. The authors of that study concluded that the 
incidence of symptomatic VTE complications could be higher 
than what had been previously reported (prior to 2006) and 
that further scientific investigation was needed in order to 
guide clinical practice.

In a 2007 report of the results of an e-mail-based survey 
aimed at determining current trends in VTE prophylaxis 
among 142 American and British foot and ankle surgeons, 27 
(19%) of the surgeons indicated that they routinely used 
VTE prophylaxis in both elective and trauma foot and ankle 
surgery [79]. The surveyed surgeons in that report indicated 
that the most common situation in which VTE prophylaxis 
was used involved postoperative immobilization of the lower 
extremity, or when postoperative non-weight-bearing ambu-
lation was employed. The respondents also indicated that the 
most common reasons for not using VTE prophylaxis on a 
routine basis were the known low incidence of VTE follow-
ing foot and ankle surgery and the lack of published evidence 
indicating that it was beneficial. The investigators concluded 
that further clinical research was required in order to ade-
quately guide practice.

In 2008, Wukich and Waters [80] reviewed a cohort of 
1000 patients that had been treated over a 1.5-year period, 
and identified 4 (0.4%) cases of DVT and 3 (0.3%) cases of 
nonfatal PE. They also observed that the patients who devel-
oped DVT had ≥2 identifiable risk factors. Based on the 
<1% incidence of VTE following foot and ankle surgery, 
Wukich and Waters concluded that routine prophylaxis in 
association with foot and ankle surgery was not supported by 
their evidence.

In a 2010 survey focusing on VTE prophylaxis practices in 
elective foot and ankle surgery amongst 159 members of the 
British Orthopaedic Foot and Ankle Society (BOFAS), 84 
(53%) respondents, accounting for 33,500 foot and ankle oper-
ations per annum, estimated the incidence of DVT, PE and fatal 
PE to be 0.6%, 0.1% and 0.02, respectively [81]. Furthermore, 
and despite recognized biases, they concluded that 10,000 
patients would have to be treated (number needed to treat) in 
order to prevent a single fatal PE and, based on their observa-
tions, they questioned guidelines that called for routine VTE 
chemoprophylaxis in elective foot and ankle surgery.

In a retrospective cohort study of English National Health 
Service patients, published in 2011, symptomatic VTE, PE, and 
mortality within 90 days following fixation of an ankle fracture 
(45,949 patients), first metatarsal osteotomy (33,626 patients), 
hindfoot fusion (7033 patients), and total ankle replacement 
(TAR, 1633 patients), observed over a 42-month period, 
revealed the following incidences of DVT, PE, and mortality, 
respectively: after fixation of an ankle fracture—0.12%, 0.17% 
and 0.37%; after first metatarsal osteotomy—0.01%, 0.02% 
and 0.04%; after hindfoot fusion—0.03%, 0.11% and 0.11%; 
and after TAR—0, 0.06%, and 0. The risk factors that were 
significantly associated with VTE were older age and multi-
ple comorbidities following ankle fracture repair [82]. Based 
on these national data, the investigators concluded that VTE, 
PE, and death following foot and ankle surgery were extremely 
rare, and although the fracture subset was at a higher risk, 
there was no evidence that VTE prophylaxis reduced the risk 
and, for most patients, prophylaxis was not required.

In a review of the incidence of VTE and PE following 
surgical repair of acute Achilles tendon rupture in 88 patients 

Table 2.8 SBMa pharmacologic venous thromboembolism prophylaxis recommendations by risk stratum for foot and ankle surgeryb

Patient status 
and duration 
of prophylaxis

Risk stratumc

Low (0–1 risk 
factor points) Medium (2 risk factor points) High (3–4 risk factor points)

Very high (≥5 risk factor 
points)

Inpatient No prophylaxis Beginning first day postoperative 
and continue throughout 
hospitalization: enteric coated 
ASA 325–650 mg orally every 
12 h, if ASA contraindicated, then 
UFH 5000 u SC every 12 h

Beginning first day postoperative and 
continue throughout hospitalization: 
enteric coated ASA 325–650 mg 
orally every 12 h, if ASA 
contraindicated, then UFH 5000 u SC 
every 12 h or LMWH SC daily

Beginning preoperative or 
within 12 h postoperative, 
UFH 5000 u SC every 8 h, or 
LMWH SC daily

Outpatient 
surgery or 
upon 
discharge

No prophylaxis Enteric-coated ASA 325–650 mg 
orally every 12 h, if ASA 
contraindicated, then no 
pharmacologic prophylaxis

Enteric-coated ASA 325–650 mg 
orally every 12 h or UFH or LMWH 
preoperative or immediately 
postoperative, or LMWH beginning 
the first postoperative day

LMWH SC daily or 
immediate total or partial 
weight bearing with ankle 
range of motion and ASA 
325–650 mg orally every 12 h

Duration No prophylaxis While hospitalized up to first 
postoperative visit, then decide 
whether to extend 7–14 days

While hospitalized up to 7–14 days 
postoperative, then reassess

While hospitalized up to 
10–14 days postoperative, 
continued while immobilized

Abbreviations: ASA acetylsalicylic acid, LMWH low-molecular-weight heparin, SC subcutaneous, UFH unfractionated heparin
aSBM = Slaybaugh-Beasely-Massa [77]
bEarly range of motion and mechanical methods (venous compression stockings and intermittent pressure devices) are recommended in conjunc-
tion with pharmacological methods
cRisk stratum determined based on the sum of risk factor points described in Table 2.7
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who underwent surgery without VTE prophylaxis, 5 (5.7%) 
cases of VTE and 1 (1.1%) case of PE were identified [83]. 
Based on their retrospective observations, the authors recom-
mended routine VTE prophylaxis for patients undergoing 
acute repair of a ruptured Achilles tendon.

Using the 2007–2009 National Trauma Data Bank, 
Shibuya et al. [84] showed that the incidence of VTE and PE 
associated with foot and ankle trauma was 0.28% and 0.21%, 
respectively. They also observed that older age (DVT, odds 
ratio [OR] 1.02, 95% confidence interval [CI] 1.01–1.03; PE, 
OR 1.02, 95% CI 1.01–1.03), obesity (DVT, OR 2.35, 95% 
CI 1.33–4.14; PE, OR 3.06, 95% CI 1.68–5.59), and higher 
injury severity score (DVT, OR 1.22, 95% CI 1.16–1.28; PE, 
OR 1.21, 95% CI 1.14–1.29) were statistically and clinically 
significant risk factors for DVT and PE following foot and 
ankle trauma. Based on the observed low incidence of DVT 
and/or PE, the authors concluded that routine pharmacologic 
thromboprophylaxis might be contraindicated in foot and 
ankle trauma, and clinicians were encouraged to undertake 
careful, individualized assessment of the risk factors associ-
ated with DVT/PE in order to decide when chemoprophylaxis 
was indicated.

In a retrospective study that focussed on the incidence of 
symptomatic VTE complications observed in a consecutive 
series of 2654 patients that underwent elective foot and ankle 
surgery, of whom 1078 (40.62%) received 75 mg aspirin as 
VTE prophylaxis between 2003 and 2006 and 1576 (59.38%) 
patients received no form of chemical thromboprophylaxis 
between 2007 and 2010, the overall incidence of VTE was 
0.42% (DVT, 0.27%; PE, 0.15%) and 27 (1.01%) patients 
were lost to follow-up [85] Assuming that those lost to fol-
low up developed VTE, the overall incidence of VTE was 
1.43%. Based on this worst-case scenario incidence of VTE 
of 1.43%, the authors concluded that routine VTE chemo-
prophylaxis was not indicated for foot and ankle surgery 
unless the patient was categorized at high risk for VTE.

Interestingly, in regard to major lower extremity amputation, 
the authors of a systematic review concluded that there was 
insufficient evidence to make any meaningful conclusions 
regarding VTE prophylaxis [86].

In a comparison of 130 patients that underwent foot and/or 
ankle surgery and treated with a below-the-knee cast for 
4 weeks and non-weight-bearing ambulation for up to 6 weeks 
to 88 patients that underwent hallux surgery and treated with-
out a cast or non-weight bearing, none of whom were admin-
istered any form of VTE prophylaxis, and all of whom 
underwent venous compression ultrasonography between 2 
and 6 weeks postoperative; the overall incidence of VTE was 
5.09% and that of PE was 0.9% [87]. Since none of the cases 
of VTE or PE in this particular study occurred in the hallux 
surgery group, the incidence of VTE or PE was 8.46% in the 
cast/non-weight-bearing group. Interestingly, 90.9% of 
patients in the VTE group had a total risk factor score of ≥5, 

and 73.7% of patients in the non-VTE group had a total risk 
factor score of ≥5, and the mean time to the diagnosis of VTE 
was 33.1 days. Based on their findings, the investigators rec-
ommended that VTE prophylaxis be routinely used for patients 
that undergo foot and/or ankle surgery requiring the use of a 
short-leg cast and non-weight bearing and that it should be 
carried out until weight bearing is resumed either with or with-
out immobilization or until immobilization is discontinued 
whether with or without non- weight bearing, between 28 and 
42 days following the surgery.

Even though it is generally known that the incidence of 
venous thromboembolism (VTE) is lower following foot and 
ankle surgery, in comparison to hip or knee surgery, it is 
important to consider the potential complications secondary 
to VTE, including pulmonary embolism (PE), in comparison 
to the costs, risks, and effectiveness of venous thromboem-
bolism (VTE) prophylaxis. An e-mail-based survey of 100 
active American Orthopaedic Foot and Ankle Society 
(AOFAS) committee members (80% of which responded) 
inquired as to the use, type, and duration of VTE prophylaxis 
following elective ankle fusion surgery in three different 
clinical scenarios, including a 50-year-old female with no 
risk factors, a 50-year-old female with a history of PE, and a 
35-year-old female on birth control pills [88]. In response to 
the first scenario, 45 (57%) of the respondents said that no 
prophylaxis was required, and in response to the second sce-
nario, 78 (97.5%) said that prophylaxis was required, 
whereas in response to the third scenario, 49 (61.3%) said 
that they would employ some form of prophylaxis. Among 
the respondents, the most common forms of prophylaxis 
were aspirin, 49% (24/49), and LMWH, 47% (23/49); and 
the recommended duration of VTE prophylaxis ranged from 
1 day to more than 6 weeks. These investigators concluded 
that wide variation existed in regard to VTE following foot 
and ankle surgery, and further research was needed in order 
to more precisely define guidelines for VTE following foot 
and ankle surgery.

As noted earlier, in comparison to VTE in association 
with knee and hip surgery, rigorous study of its association 
with foot and ankle surgery has not been as thoroughly docu-
mented in the peer-reviewed scientific literature. As such, 
there is considerable debate as to the routine need for VTE in 
association with foot and ankle surgery, and definitive meth-
ods, in terms of the agents and methods used, dosages, and 
duration of intervention, have yet to be clearly determined. 
In still another systematic review of English language litera-
ture, up to 2012, the overall incidence of symptomatic VTE 
associated with foot and ankle surgery was ≤0.55%, and 
there was an increased incidence in foot and ankle trauma 
patients with the highest incidence reported in tendo- Achilles 
surgery [89]. In that review, moreover, the reported risk 
factors included previous history of VTE, immobilization, 
high BMI, age, comorbidities, contraceptive pill, and air travel, 
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and there was a cumulative effect resulting in higher risk 
when two or more risk factors are present.

Finally, in an analysis of 200 consecutive patients 
treated with plaster cast immobilization for ankle fracture, 
wherein oral anticoagulant therapy was administered for 
prevention of venous thromboembolism in those patients 
that were deemed to be at high risk for thrombosis, only 
one (0.5%) patient developed a DVT [90]. Based on this 
observation, they concluded that oral anticoagulation 
prophylaxis was suitable for ambulatory trauma patients 
temporarily immobilized for the nonsurgical treatment of 
an ankle fracture.

Since 2008, ten reports [78, 80–85, 87, 88, 90], describing 
results based on 211,067 foot and ankle surgical patients, 
observed the incidence of DVT to range from 0.01% to 
8.46%, the incidence of PE to range from 0.02% to 0.9%, 
and the incidence of mortality to be 0.02–0.37% (the inci-
dence of mortality based on observations in 88,241 patients). 
Of note, the highest incidences of DVT were 8.46% and 
5.7%, observed in patients that were immobilized in a below- 
the- knee cast for 4–6 weeks non-weight bearing [87] and 
those that underwent acute surgical repair of Achilles tendon 
rupture, respectively. It is also interesting to note that 61.3% 
of orthopedic surgeons responding to a survey indicated that 
they would use VTE prophylaxis in a 35-year-old female on 
birth control pills who was undergoing elective ankle 
arthrodesis and that aspirin was the chemoprophylaxis of 
choice in 49% of these surgeons [88]. Unfortunately, further 
research is required in order for surgeons to be able to know 
for sure whether or not routine VTE prophylaxis is truly ben-
eficial in foot and ankle surgery. In fact, in their position 
statement approved July 9, 2013 [91], the American 
Orthopaedic Foot and Ankle Society said “There is currently 
insufficient data for the American Orthopaedic Foot & Ankle 
Society (AOFAS) to recommend for or against routine 
VTED [venous thromboembolic disease] prophylaxis for 
patients undergoing foot and ankle surgery. Further research 
in this field is necessary and is encouraged.” Still further, in 
their clinical consensus statement [92], the American College 
of Foot and Ankle Surgeons claimed “The decision to pre-
scribe chemical prophylaxis during nonoperative or opera-
tive management of foot and ankle disorders should be based 
on each patient’s unique risk benefit-analysis. This involves 
weighing the risks and consequences of bleeding against 
those of developing VTED. Exactly what constitutes suffi-
cient risk to warrant chemical prophylaxis is not clear. 
Factors associated with the greatest risk include a personal 
history of VTED, active or recent cancer, a hypercoagulable 
state, and prolonged lower extremity immobilization.” As such, 
surgeons are encouraged to pursue VTE prophylaxis based 
on the recommendations that they believe are meaningful, in 
conjunction with their own experience and knowledge of 
their individual patient’s needs.

In conclusion, VTE is prevalent in surgical patients, and it 
can result in substantial morbidity as well as mortality. There 
are well-established risk assessment models that can be used 
to stratify the risk of VTE in hospitalized patients and others 
that focus on patients undergoing total hip or total knee 
arthroplasty. And even though there have been numerous 
peer-reviewed publications that focus on VTE in association 
with foot and ankle surgery, to date, a specific foot and ankle 
surgical VTE risk assessment model has not been validated. 
As such, foot and ankle surgeons are in the position of 
having to extrapolate the information in general medical and 
hip and knee VTE prophylaxis guidelines and combine this 
with their knowledge of their individual patient’s needs in 
order to determine how to minimize the risk of VTE.
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 Introduction

The concern related to complications can consume a sub-
stantial amount of healthcare providers’ time and thought. In 
surgical disciplines, seemingly minor complications can 
invoke major frustration and anxiety for both the practitioner 
and patient. At the core of the near-constant impetus to 
improve surgical technologies and techniques are the quality 
of patient care and the goal of reducing complications. The 
successful management of surgical complications requires a 
thorough understanding of the pathology in question and the 
aptitude to instill confidence in the patient regarding the 
practitioner’s ability to deliver effective treatment. Surgeons 
can manage their fears of complications and begin to better 
understand the subtle nuances that are unique to successful 
complication management by developing a comprehensive 
knowledge base. Nonunion is a complex surgical complica-
tion that results in an absence of healing across two opposing 
bony surfaces. Various anatomic locations in the lower 
extremities have been identified as having relatively high 
propensities for nonunion. Nonunion of tibial shaft fractures 
can occur in 10–60% of cases [1–4]. Hindfoot and ankle 
arthrodeses are associated with a nonunion rate of approxi-
mately 10%, although rates ranging from 6–33% have also 
been reported for triple arthrodesis [5–8]. The first metatar-
sophalangeal joint (first MTP) and first tarsometatarsal joint 
(first TMT) arthrodeses have nonunion rates below 10% [9–14]. 
Surgical nonunion is not uncommon in the foot and ankle. 
Thus, surgeons should have a relatively high index of suspicion, 
particularly in situations in which there is a predisposition to 
nonunion.

This chapter will focus on the complex facets that are 
integral to nonunion management in the foot and ankle with 

a special emphasis on nonunion in elective surgical patients, 
i.e., those individuals who have undergone previous osteot-
omy and/or arthrodesis for the purpose of surgical reconstruc-
tion and have developed a nonunion. Despite the focus on 
nonunion in elective surgical patients, the general principles 
and management techniques discussed can also be applied to 
the treatment of nonunions with traumatic etiology.

Nonunion is a chronic condition that is capable of causing 
significant pain, deformity, and instability in lower extremi-
ties. Nonunion can arise when a bone sustains injury in the 
form of a fracture, osteotomy, or resection for joint arthrod-
esis. Osteotomies, arthrodesis procedures, and fractures are 
considered to have progressed to nonunion when the bio-
logic mechanisms of bone healing cease to function appro-
priately [15]. A plethora of time lines and variability in the 
descriptions of nonunion exist, and surveys have revealed 
significant inconsistencies regarding the definition of the 
onset of nonunion [16]. Previous reports have described 
nonunion as a fracture that is unable to heal within 
6–8 months of observation [17–19]. Currently, the Federal 
Drug Administration (FDA) characterizes nonunion as 
“established when a minimum of 9 months has elapsed since 
injury, and the fracture site shows no visibly progressive 
signs of healing for a minimum of 3 months” [15, 20]. For 
the purpose of this discussion, we describe nonunion as a 
multifactorial disease state that is rooted in the body’s inability 
to heal two opposing bony surfaces. Ultimately, these cases 
necessitate interventions from external sources, either via 
surgical or nonsurgical means, to facilitate osseous union. 
Although a preset time frame of 9 months might be helpful 
in certain situations, we by no means feel that it is necessary 
to delay treatment until this time frame has passed.

In their 1976 report, Weber and Cech classified fracture 
nonunion by correlating radiographic findings with biologic 
healing efforts [21]. These authors subdivided nonunion types 
into hypertrophic, oligotrophic, and atrophic. Hypertrophic 
nonunions promote callus formation, maintain sufficient 
vascularity and biologic activity for healing, and normally 
only require improved stability to facilitate union. 
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Oligotrophic nonunions exhibit only a minute amount of 
callus radiographically, and although they do not completely 
lack biologic activity, they are much less active than desired. 
Finally, atrophic nonunions are considered to be nearly 
devoid of biologic activity and are deemed nonviable. This 
classification system is based on radiological appraisals and 
has limited value for prognosis and treatment due to the 
advent of advanced imaging.

Furthermore, it is not possible to discuss nonunion with-
out also establishing a framework for defining delayed union. 
Unfortunately, the differentiation of delayed union and non-
union can be nebulous. For the purpose of this discussion, 
we define delayed union as a prolonged time to bone healing 
compared to the average, “normal” course. The same factors 
that predispose a patient to nonunion can certainly contribute 
to delayed union. However, the absence of biologic activity 
that is encountered in nonunion does not exist to the same 
degree in delayed union.

 Basic Science of Bone Healing

The bony skeleton is the structural framework that serves as 
the attachment sites of the body’s various ligaments, mus-
cles, and tendons. This framework affords protection to some 
of the most vital organs in the human body and is a store-
house for physiologically crucial nutrient deposits [22]. The 
bone is one of the few tissues in the human body with full 
regenerative capacity that is also capable of healing without 
scar formation [22–24].

Despite its perceived rigidity, the bone has the ability to 
withstand substantial deformation under tensile, torsional, 
and compressive stresses. When external forces exceed a 
bone’s capacity to deform, a fracture occurs. Purposeful 
“fractures” can occur in the forms of osteotomy or joint 
resection for arthrodesis, and surgeons can capitalize on the 
regenerative capacity of the bone to provide reconstructive 
correction.

Almost instantaneously after a traumatic insult occurs, 
the involved segments of the damaged bone undergo a repar-
ative process via a highly regulated series of events [22–26]. 
The initial induction and inflammatory phases promote the 
recruitment of phagocytic cell lines, bone-forming pluripo-
tent mesenchymal cells, and growth factors. The swelling 
that occurs around the site soon after injury facilitates physi-
ologic splinting of the opposing surfaces. The adjacent bone 
margins then begin to unite by one of the two distinct healing 
models that are commonly referred as primary (direct) and 
secondary (indirect) healing.

The large majority of osseous injuries (which are fre-
quently treated nonoperatively) undergo secondary healing. 
This healing is characterized by the presence of exuberant 
bony callus, initial widening of fracture gap due to resorption 

of the damaged ends, and an overall lack of stable fixation 
[22, 23, 27]. Within 2–3 weeks of the injury, the fracture site 
is partially stabilized and gradually bridged by soft, cartilagi-
nous callus [23]. The newly formed collagenous substrate 
subsequently undergoes ossification that results in a stable 
bony segment.

In contrast, for the majority of elective surgical recon-
structions that involve osteotomy or arthrodesis, primary 
osseous repair is typically the desired method of healing. 
This repair is characterized by an absence of callus around 
the site and a lack of widening of the fracture line. There are 
a few critical prerequisites to achieving this outcome that has 
been described by Danis as soudure autogene or the autolo-
gous weld [28]. First, close anatomic reduction of the adjoin-
ing segments and direct contact of the surfaces should be 
obtained. In regions in which direct bone-to-bone contact is 
not present, the gaps must be limited to approximately 1 mm 
of space between the segments [15, 29, 30]. Secondly, stable 
fixation that is capable of resisting deforming forces and 
facilitating adequate compression across the fracture site 
must be delivered. When these criteria are met, the opposing 
damaged surfaces are recanalized via new Haversian sys-
tems instead of being resorbed [31]. Cutting cones will facil-
itate the ingrowth of new vasculature and the delivery of 
bone-forming cells and thereby lead to the development of a 
functionally “bridged” bony segment. Following the union 
of the damaged segments, the newly formed bone will begin 
a remodeling phase according to Wolff’s law [32].

 Etiology of Nonunion

Successful bone healing requires the orchestration of numer-
ous complex mechanisms and factors. At the most basic level, 
the bone must have adequate vascularity, have sufficient con-
tact with the opposing surface, and be provided with stability 
around the surgical site to facilitate union. A patient can be 
predisposed to nonunion when a deviation exists at any level 
of the elaborate bone healing cascade or when the basic 
factors of vascularity, surface contact, and stability are lacking. 
To successfully manage nonunion, surgeons must determine 
the etiology behind the occurrence and then provide interven-
tion directed at the areas of deficiency. Ultimately, therapeutic 
interventions for management of nonunion should be directed 
toward improving the mechanical and biological environment 
at the nonunion site.

The factors that contribute to nonunion can be subdivided 
into local factors and host factors (Table 3.1). Local factors 
can be considered to be any abnormalities that occur at the 
nonunion site and are frequently correlated with technical 
error. For example, excessive periosteal stripping or thermal 
necrosis at the surgical site during bony resection can lead to 
an avascular local environment, and there is an established 
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relationship between local soft tissue injury and an increased 
incidence of nonunion [33–35]. Moreover, inadequate bone 
surface contact or malalignment can create gaps that cannot 
be bridged by normal physiologic processes. Malalignment 
can also generate abnormal stress across the arthrodesis or 
osteotomy site during the phases of healing. Poor surgical 
site preparation due to insufficient removal of the joint carti-
lage, inadequate penetration of the subchondral plate, or 
interposed soft tissues can serve as a direct barrier to bony 
bridging in arthrodesis procedures. Furthermore, inadequate 
or inappropriate fixation that fails to stabilize the arthrodesis 
or osteotomy site can lead to excessive surgical site motion. 
Although micromotion at the bone-to-bone interface has 
been shown to positively affect healing, gross instability due 
to insufficient fixation can be detrimental to achieving suc-
cessful union [23, 36–40].

While not solely a technical error, surgical site infection 
can be a local factor that also contributes to nonunion. 
Infection of the local soft tissues can lead to necrosis and a 
dysvascular environment. Overt bacterial infection of the 
bone weakens its structural integrity and can cause failure of 
the fixation construct that leads to instability of the surgical 
site. Diseased fibrous tissue and interposed necrotic bone 
segments can be barriers to the ingrowth of healthy vascular 
channels and can inhibit the delivery of growth factors.

There are numerous preexisting medical conditions that 
are capable of contributing to the incidence of surgical non-
union. While not directly affecting the surgical site in the 
same manner as the previously described local factors, certain 
medical conditions can have adverse effects on the bone heal-
ing cascade. For the purpose of this discussion, the authors 
refer to these patient conditions as host factors. One host 
factor that is often cited as a cause of nonunion is tobacco use 
[15, 41–44]. Nicotine has been shown to uncouple the tightly 
regulated angiogenesis and osteogenesis pathways that are 
formed during normal bone healing [45]. Prolonged use of 
tobacco leads to a reduced oxygen-carrying capacity and 
results in generalized tissue hypoxia. The proliferation and 
activity of bone-forming osteoblasts are significantly diminished 

in subjects exposed to nicotine [46–48]. Moreover, the overall 
bone mineral density of smokers can be significantly less than 
that of individuals who do not use tobacco products, and this 
difference is further exacerbated in elderly and postmeno-
pausal patients [49–52]. These combined effects lead to an 
increase risk of nonunion in smokers that has been reported to 
be 2–16-fold higher in hindfoot arthrodesis and to a significant 
increase in overall complications such as wound dehiscence 
and infection [43, 44, 52].

Endocrine and metabolic irregularities have also been 
shown to contribute to nonunion. Specifically, vitamin D defi-
ciency, diabetes mellitus, parathyroid disease, thyroid dys-
function, hypogonadism, and malnutrition can have significant 
implications in the bone healing cascade [53–55]. One spe-
cific report of nonunion patients by Brinker and colleagues 
showed that 31 of 37 (84%) individuals who met their screen-
ing criteria suffered underlying metabolic or endocrine abnor-
malities [55].

The prolonged use of pharmaceuticals, such as nonsteroi-
dal anti-inflammatory drugs (NSAIDs), chemotherapy agents, 
anticoagulants, antibiotics, and advanced biologic antirheu-
matic drugs, has been hypothesized to contribute to nonunion 
[24, 56–70]. Although no absolute agreement exists regarding 
the roles of medications in elective foot and ankle surgical 
nonunion, causal links between diminished bone healing and 
certain pharmacological regimens have been reported in both 
clinical and laboratory models [24, 56–70]. For example, 
Jeffcoach and colleagues found a significant increase in com-
plications in patients receiving NSAIDs after suffering trau-
matic long bone fracture [63]. Various animal model studies 
have shown significant implications of NSAID use on bone 
healing due to abnormalities in prostaglandin production at the 
fracture site [24, 64–67]. The long-term use of corticosteroids 
can predispose patients to osteopenia by inhibiting osteoblas-
togenesis and has been cited as one of the most common 
causes of secondary osteoporosis [24, 61, 62]. The cytotoxic 
and antiproliferative properties of chemotherapeutic drugs 
have been shown to inhibit healing in arthrodesis subjects 
[59, 60]. Furthermore, antibiotics, specifically fluoroquino-
lones, have been alleged to adversely affect bone healing by 
altering endochondral ossification and inducing chondrocyte 
death [68–70].

 Patient Evaluation

To formulate a comprehensive treatment plan for a nonunion 
patient, one must begin by obtaining a thorough history and 
physical examination. Details of the initial surgery, including 
time lines before and after the intervention, the pathology 
that leads to the original operation, previous treatments, and 
other complications throughout the treatment course, should 
be reviewed. A complete analysis of the patient’s past  medical 

Table 3.1 Summary of factors associated with impaired bone healing

Local factors Host factors

Infection Tobacco use

Insufficient fixation Vitamin D deficiency/
insufficiency

Poor reduction/gapping Thyroid dysfunction

Malalignment Parathyroid dysfunction

Poor site preparation/debridement Diabetes mellitus

Thermal necrosis Premature weight bearing

Soft tissue interposition Malnutrition

Soft tissue/periosteal stripping Arterial insufficiency

Pharmaceuticals (NSAIDs, 
steroids)
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and social histories is essential. Particular emphasis should 
be placed on comorbidities that are known to adversely affect 
bone healing, such as diabetes mellitus, peripheral vascular 
disease, vitamin D deficiency, thyroid dysfunction, malab-
sorption syndromes, autoimmune disease, and tobacco use. 
Pharmaceuticals linked to aberrations in bone metabolism, 
such as immunosuppressive agents, NSAIDs, and high-
potency steroids, should also be noted.

A thorough appraisal of the previous clinical, surgical, 
and inpatient hospital records should be conducted prior to 
revision surgery. Obtaining a complete copy of the patient’s 
external records is particularly important if complications, 
such as surgical site infections, wound healing issues, or 
venous thrombotic events, transpired during the postopera-
tive course. Patients should understand the importance of 
such records and be encouraged to bring reports and film 
copies of diagnostic imaging when available.

Furthermore, in-depth understandings of the patient’s cur-
rent pain, disability status, and future treatment goals should 
be acquired. For example, a patient might seem to be a surgi-
cal candidate from an objective standpoint. However, certain 
medical or social issues might limit or preclude the option of 
additional surgery. A patient might be unable to proceed with 
further surgical intervention due to an inability to withdraw 
from social responsibilities or due to concurrent medical con-
ditions. The provider might be relegated to employing nonop-
erative care in lieu of surgical therapy. These situations are 
best elucidated early in the planned treatment course.

Physical examination of the involved lower limb requires 
a comparison to the contralateral extremity. Disparities of 
temperature, edema, and erythema should be noted. 
Inspection of the soft tissue envelope for signs of open 
lesions, drainage, or skin atrophy should also be performed. 
Baseline neuromotor and vascular statuses as assessed by 
palpation of pulses, capillary refill times, and manual muscle 
testing should be examined and documented.

The suspected or confirmed nonunion site(s) should be 
palpated for tenderness, and manual stress should be applied 
to assess apparent gross instability. The ranges of motion of 
the contiguous joints of the nonunion should be evaluated for 
crepitation or limitation. Close attention should be given to 
the presence of tenderness, malalignment, diminished range 
of motion, and additional signs of degenerative changes at 
these neighboring joints. Such findings may be useful guides 
for future treatment. For example, when malalignment exists 
at a nonunion site, secondary angulation through compensa-
tion might occur at the adjacent joints. Such situations can 
arise when a severe varus deformity exists at a tibiotalar 
arthrodesis nonunion. Long-standing compensatory eversion 
at the subtalar joint (STJ) to achieve a plantigrade foot can 
result in arthrosis that might require realignment arthrodesis 
during the ankle revision. Revision of the tibiotalar arthrode-
sis without addressing the subsequent STJ deformity can cre-
ate a continued source of pain even if ankle union is achieved.

Laboratory testing can be beneficial when evaluating and 
formulating a treatment plan for a nonunion patient. Updated 
chemistry and hematology (CMP, CBC) panels should be 
obtained and reviewed for all patients, especially when a sur-
gical intervention is planned. When a patient’s nutritional 
status is in question, evaluations of the albumin, prealbumin, 
total lymphocyte count, and transferrin levels can be useful 
to ascertain the healing potential [71, 72]. Furthermore, due 
to the roles that vitamin D and calcium abnormalities play in 
nonunion, blood levels should be obtained for the majority 
of patients undergoing treatment. Vitamin D levels below 
20 ng/mL typically warrant repletion therapy in the majority 
of cases [73–75].

In situations in which an underlying infectious etiology of 
the nonunion is suspected, acute phase reactant testing, includ-
ing erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP) tests, can be helpful aids for diagnosis. Acute phase 
reactants have high sensitivity and specificity in the diagnosis 
of osteomyelitis [76, 77]. A 2013 report by Stucken et al. com-
pared the utilities of ESR and CRP in the diagnosis of infec-
tion in nonunion patients. The authors determined that the 
combination of ESR and CRP is a significantly accurate pre-
dictor of infection in such cases [78]. If suspicions of infection 
are accompanied by increases in CRP and ESR values, a 
biopsy of the nonunion site for gram staining, culture and sen-
sitivity, and histologic review should be performed.

Numerous imaging modalities are available to evaluate 
foot and ankle nonunion including radiographs, radionucleo-
tide scans, linear and computerized tomography (CT scan-
ning), and magnetic resonance imaging (MRI). Depending 
on the specific nature of a nonunion, one or a combination of 
these techniques can be employed for evaluation, treatment 
guidance, and progress monitoring.

Plain film radiographs have become a mainstay tool in 
the assessment of bone healing after fracture, osteotomy, 
and arthrodesis. Bone union or arthrodesis is traditionally 
deemed to have occurred when orthogonal X-rays show tra-
becular bridging across three of four cortices, and patient 
complaints of pain and swelling have begun to subside 
[79, 80] (Fig. 3.1). Standard radiographs have proven to be 
a particularly valuable tool in the assessment of nonunion. 
Findings on serial radiographs frequently serve as the first 
indication that union is delayed or has failed to occur fol-
lowing surgery.

Serial X-rays should be evaluated in a chronological man-
ner. Multiplane projections consisting of the dorsoplantar 
(DP) and oblique (MO) foot and anteroposterior (AP) and 
mortise ankle and lateral foot and ankle should be assessed 
for healing, bone quality, and residual or recurrent deformity. 
Additional specialized alignment radiographs, such as 
Saltzman and Harris-Beath views, can be useful to better assess 
the relationship of the foot/ankle to the lower leg [81, 82] 
(Fig. 3.2). Disuse osteopenia, sclerosis, bone callus, and pro-
gression of radiolucent lines at the suspected nonunion site 
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should be noted and quantified. The presence of hardware 
loosening, breakage, and/or migration is indicative of exces-
sive surgical site motion and warrants further investigation. 
The concern about an infectious component should also be 
heightened when sinus tracks or radiograph signs of infec-
tion are present [83, 84].

Despite the role of plain film X-rays, two-dimensional 
X-rays cannot adequately or thoroughly discern bony union 
in all cases. Visualizing trabeculation across an arthrodesis 
or osteotomy site can be difficult when internal fixation, a 
bone graft, or bone graft substitute has been utilized. Patients 
complaining of continued postoperative pain and swelling 
even after apparent radiographic union has occurred often 
warrant further investigation beyond standard X-rays. In 
such instances, three-dimensional imaging modalities, such 
as CT scanning, have proven to be exceedingly useful. 
Hindfoot joints exhibit a nonplanar orientation, and the sig-
nificant superimposition that is present throughout the mid-
foot can make standard radiographs appear equivocal when 
evaluating nonunion. The nonplanar and compact natures of 
these joints can be better evaluated with helical CT scans 
than with standard films (Fig. 3.3). A 2006 report by Coughlin 
prospectively compared standard radiographs to CT scans in 
the evaluation of union in hindfoot arthrodesis. The study 

reported a significant difference in the reliabilities of the 
detection of true bone union between CT scans and radio-
graphs [85]. The evaluation of CT scans allows radiologists 
and surgeons to quantify the percentage of fusion mass, 
which is difficult with plain radiographs in most instances 
(Fig. 3.4). It is recommended that a measurement of 50% or 
more bridging at an arthrodesis site be achieved before it is 
considered a successful union [86]. Furthermore, a thorough 
analysis of the adjacent joints can be performed when CT 
scanning is used for nonunion. When adjacent arthritis is 
present, the decision to incorporate these joints into the 
fusion mass during revision surgery might be considered.

If the viability, vascularity, or suspected infection of the 
nonunion site or adjacent bone is in question, MRI and bone 
scintigraphy scans have been demonstrated to be useful 
[87–90]. The sensitivity of MRI in the detection of avascular 
necrosis (AVN) in the foot and ankle is nearly 100% [87, 91]. 

Fig. 3.1 AP, oblique and lateral radiographs demonstrating bridging 
across 3 of 4 cortices

Fig. 3.2 (a) Bilateral 
calcaneal axial radiographs 
(b) Bilateral hindfoot 
alignment radiographs
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Fig. 3.3 (a) Lateral radiograph with fractured screw (inferior-medial 
to superior-lateral) across talonavicular joint 6-months following 
selected hindfoot arthrodesis for end-stage adult acquired flatfoot. This 
view fails to demonstrate evidence of joint consolidation. (b) 3-months 
status post axial and lateral CT scans showing absence of consolida-

tion at both the talonavicular and subtalar joints. (c) 6-months status 
post CT scan with continued absence of consolidation. (d) 9-months 
status post CT scan clearly demonstrating nonunion following an 
extended course of immobilization, nonweightbearing and electrical 
stimulation

Fig. 3.4 CT scan 
demonstrating near complete 
consolidation after subtalar 
joint arthrodesis
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Adjacent articular surfaces remote to the site of nonunion 
can also be thoroughly assessed for degenerative changes, 
which can help to guide future surgical planning. However, the 
use of MRI after surgical reconstruction can be problematic 
due to artifacts and scatter if ferromagnetic implants have 
been utilized. In such circumstances, nuclear bone scintigra-
phy scans (technicium-99m MDP) have been shown to 
adequately detect both unifocal and multifocal AVNs at 
acceptable rates and are not hindered by retained hardware. 
Furthermore, white blood cell-labeled nuclear scans 
(indium-111) can be utilized in conjunction with traditional 
scanning techniques to detect underlying infection at the 
nonunion site. Combining Tc-99m MDP and indium-111 
scans increases the accuracy, specificity, and sensitivity of 
the diagnoses of concomitant bone infections in nonunion 
patients to greater than 90% [87, 92].

In patients for whom a suspicion of underlying osteopenia 
or osteoporosis is present, bone densitometry scanning can 
be a valuable tool. The healthcare community recommends 
bone density testing (via dual-energy X-ray absorptiometry 
(DEXA)) for postmenopausal women at the age of 65 and 
for male and female patients with risk factors such as tobacco 
use, alcoholism, chronic steroid use, and endocrine disorders 
that contribute to osteoporosis prior to age 65 [93–95]. When 
a bone mass deficiency is present in a nonunion patient, the 
patient might benefit from the utilization of additional ortho-
biologics or fixation methods, such as locked plating con-
structs and/or external fixation, which have proven successful 
in the osteoporotic/osteopenic bone.

 Nonunion Management/Treatment Strategies

Treatment strategies should obviously be focused on healing 
the nonunion. However, nonunions in the foot and ankle are 
often associated with malunions and deformities. 
Additionally, the joints in close proximity might be stiff, 
malaligned, and painful due to compensation, particularly in 
cases of long-standing nonunions. Therefore, one should 
employ a global approach that accounts for the entire foot, 
ankle, and lower leg. The ultimate goal is a well-aligned, 
painless, and functional foot and ankle. Obtaining this goal 
can be challenging and is certainly not possible for every 
patient. Nonetheless, some degree of pain relief and improved 
function should be expected. The surgeon needs to develop a 
treatment plan and then determine a realistic prognosis, and 
the plan and prognosis should be thoroughly communicated 
to the patient. Patients should understand that the treatment 
process will be long and cumbersome and will often require 
multiple surgical sessions. While some nonunions heal rather 
easily, others require a long period of time to heal.

Patient goals typically include pain relief and normal func-
tion. The primary goals for the surgeon include union, normal 

architecture/alignment, resolution of symptoms, and function-

ality. The goals must be kept realistic and attainable. Obviously, 
these goals will vary based on the patient’s unique situation 
and circumstances. Factors such as medical history, prior sur-
gery, anatomic site, compliance, etc. will directly affect the 
patient’s prognosis and should be the starting point of any 
discussion between the patient and surgeon. The surgeon 
should provide reasonable options and associated outcomes 
based on his/her experience and the current literature. 
Furthermore, the surgeon and patient should agree on the defi-
nition of an acceptable outcome. The patient’s motivation, dis-
ability, social problems, litigation issues, mental status, and 
desires should be considered before a revision is undertaken.

Revision surgery to address nonunion often requires much 
thought, thorough planning, patient education, patient optimi-
zation, appropriate technology and resources, extended con-
valescence, advanced imaging, further surgery, and long-term 
follow-up. Patients should have clear understandings of their 
problems. Surgical consultation and informed consent should 
provide clarity and understanding regarding each patient’s 
unique situation. This process might require several visits and 
various types of educational media for the patient to thor-
oughly comprehend his or her situation and develop realistic 
expectations. Such patients and their families should under-
stand the uncertainties associated with nonunion healing, the 
extended course of treatment, and that multiple surgical inter-
ventions might be required.

Appropriate consultation with other services is important 
prior to surgery. Any issues that might adversely affect 
patient outcomes should be addressed by the appropriate 
specialist before surgical intervention.

If preoperative noninvasive lower limb arterial studies 
demonstrate poor perfusion, a vascular surgery consultation 
is recommended. These tests might indicate that the pro-
posed surgery might not heal. A vascular intervention can be 
performed to increase arterial perfusion or might indicate 
that the patient is not a surgical candidate.

If incision placement is necessary in an area that is predis-
posed to dehiscence or if soft tissue deficits are anticipated 
following realignment, a plastic surgery consultation is rec-
ommended. A plastic surgeon might suggest an optimal site 
for incision placement or perform soft tissue reconstruction 
concomitantly during revision for the nonunion.

Unfortunately, patients with long-standing nonunions 
might be dependent on oral narcotics. Referral to pain man-
agement is helpful both during the course of treatment and 
ultimately for the detoxification and weaning of the patient 
off of all narcotic medications [96–98].

Obtaining a preoperative physical therapy consultation is 
particularly important in situations in which premature 
weight bearing was a contributing factor to nonunion. A 
physical therapist can provide gait training that accounts for 
the postoperative activity expectations and the use of assis-
tive or adaptive devices. Furthermore, such training provides 

an opportunity for the patient to develop a relationship with 
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a physical therapist who will work with him or her following 
surgery. Rehabilitation will be necessary following surgery 
for independent transfer and ambulation. Ultimately, physi-
cal therapy will be necessary to address the strengths and 
ranges of motion of the surrounding joints.

A nutritionist consultation should be considered for 
patients who are malnourished or obese. It has been clearly 
established that poor dietary intakes of proteins, particularly 
albumin, and vitamins can contribute to delayed union or 
nonunion. Furthermore, a nutritionist can help a severely 
obese patient reduce his or her weight. Obesity obviously 
makes the offloading of the surgical site technically very dif-
ficult [53, 99–101].

Endocrinology consultations are beneficial for patients 
with diabetes, particularly those patients with elevated HgA1c 
levels. Hoogwerf et al. have demonstrated a linear relationship 
between the incidence of complications and elevated HgA1c 
levels in patients with diabetes mellitus [102].

Therefore, tight glucose control should be a part of patient 
optimization when diabetes mellitus is present. Furthermore, 
in a 2007 report by Brinker et al., the investigators strongly 
recommended endocrinology referrals for patients with non-
union when technical errors have been excluded [55], i.e., 
the patient’s failure to heal was not caused by underutiliza-
tion of fixation, fixation failure, or infection. Endocrinology 
can isolate the metabolic deficiency that contributed to the 
nonunion and treat the abnormality to optimize the patient 
throughout their treatment course. These treatments can 
include the repletion of low vitamin D levels, thyroid hor-
mone, and the optimization of blood glucose.

Depression is not uncommon in patients with chronic med-
ical conditions; thus, patients with nonunions often exhibit 
signs of clinical depression. Referral to their primary care phy-
sician or psychiatrist might be beneficial [103–106].

Although the majority of revision procedures to address 
nonunion can be performed in one surgical setting, there are 
situations in which multiple surgeries are required. Factors 
that influence this decision include prior operative proce-
dures, fixation that necessitates removal, the fixation that 
will be utilized for the revision, the necessity of harvesting 
an autogenous bone graft, and the times anticipated for the 
various parts of the surgery. It is important to anticipate tech-
nical difficulties and unforeseen challenges that might 
develop during surgery. Unfortunately, technical difficulties 
occur even under ideal circumstances and with the best of 
plans. Maintaining a surgical schedule that provides a mar-
gin to accommodate these unanticipated problems is 
recommended.

Procedures as simple as removing hardware can be rather 
difficult even when the appropriate instrumentation and image 
intensification are available. Such procedures can require a 
significant amount of time and effort that might be better utilized 
to address other, more important aspects of the procedure. 
Therefore, it might be better to stage the surgery so that the 

fixation can be removed during the initial surgical session and 
debridement, realignment, fixation, etc. can be performed in 
the next surgical session. Additionally, if intramedullary nails, 
large diameter screws, or other types of devices with large 
diameters are removed, the patient can be permitted a period 
of time to allow these bony deficits to fill in or consolidate. 
These processes can be expedited via the use of adjuvant non-
surgical therapies, such as pulsed electromagnetic field and 
ultrasonic therapies. The goal is to improve bone quality, 
which might enhance the effectiveness of the fixation that will 
be used in subsequent procedures.

In situations in which osteomyelitis is suspected, staged 
procedures are recommended. Although preoperative 
advanced imaging is helpful in the diagnosis of osteomyeli-
tis, a definitive diagnosis can only be made with bone cul-
tures and biopsy. Because infection will adversely affect 
bony union, it is imperative that the organisms are identified 
and appropriate antibiotics are administered if osteomyelitis 
is present. The primary surgical session can be used to obtain 
a bone biopsy and cultures to rule out or treat osteomyelitis. 
Additionally, hardware can also be removed during this ini-
tial surgical session.

Staging provides time for the patients to contemplate their 
upcoming procedures and develop a thorough understanding 
of their situation. Staging also provides an opportunity to 
address metabolic deficiencies or issues such as elevated 
HgA1c or hypovitaminosis D. Additionally, staging can pro-
vide time for a patient to implement smoking cessation pro-
gram if necessary.

Lastly, the staging of procedures gives the surgeon an 
opportunity to ascertain the patient’s ability to comply and to 
determine whether there are socioeconomic, psychological, 
family, or other factors that require attention.

 Deformity Assessment
Deformity is invariably associated with nonunion in the foot 
and ankle. In addition to addressing nonunion, surgeries must 
also address any existing deformity (Fig. 3.5). Deformity, 
whether secondary to inadequate reduction during the index 
procedure or due to gradual development following a failed 
union, must be completely reduced. One of the major surgical 
goals is to obtain complete realignment. Any residual defor-
mity will result in stress or an unevenly distributed axial load 
on the nonunion site and increase the risk of failure following 
revision. Residual deformities can further result in compensa-
tory gaits that predispose surrounding joints to degenerative 
processes. Thus, deformity assessments must be thorough and 
comprehensive. Evaluations should include clinical examina-
tion, radiographs, and advanced imaging.

Clinical examination should include both static and 
dynamic assessments. Frontal, transverse, and sagittal plane 
deformities should be evaluated in both open and closed 
kinetic chains. Open kinetic chain evaluations of both the 

nonunion site and the surrounding joints are important. 
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Compensatory deformities can often develop in adjacent 
joints. A long-standing nonunion of the subtalar joint (STJ) 
following arthrodesis for stage III adult-acquired flatfoot 
with residual valgus deformity might develop ankle valgus 
(Fig. 3.6). Revision surgery of the STJ nonunion should also 
address the ankle valgus to obtain complete realignment. 

Furthermore, one must ascertain whether the ankle valgus is 
fixed or reducible. An attempt should be made to passively 
manipulate the deformity into realignment. This determina-
tion can be made during open kinetic chain assessment. 
Closed kinetic chain or weight-bearing assessment is also 
very important. The level of deformity and the areas of 

Fig. 3.5 (a) AP radiograph showing nonunion following a first meta-
tarsal base osteotomy for hallux valgus reconstruction resulting in 
severe shortening. (b) Lateral radiograph demonstrating significant first 
ray elevation. (c) Skeletal deficit following resection of the nonunion. 

(d) Defect filled with a structural autogenous bone graft and secured 
with plate fixation. (e, f) AP and lateral radiographs demonstrating res-
toration of length and sagittal plane realignment

Fig. 3.6 (a) Lateral 
radiograph of late-stage 
adult-acquired flat foot with 
significant angular deformity. 
(b) Preoperative and 
postoperative radiograph 
following triple arthrodesis. 
Note the undercorrection of 
transverse plane deformity 
with inadequate talar head 
coverage by the navicular.  
(c) 6-months status post 
lateral and axial radiographs 
demonstrating nonunion.  
(d) AP radiograph of the 
ankle showing valgus 
deformity
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compensation can be determined. The patient should be able 
to place the foot and ankle into a corrected position during 
weight bearing. If this cannot be accomplished, then the 
deformity is fixed. If the patient cannot place the ankle joint 
into a position that parallels the subtalar deformity at the 
nonunion site, the joint deformity is fixed and requires cor-
rection. If the patient can achieve the corrected position, the 
joint deformity might resolve with realignment of the non-
union. Reducible valgus deformities of the ankle can be 
managed with joint-sparing procedures, such as deltoid liga-
ment repair and periarticular osteotomies. However, a fixed 
deformity might require ankle arthrodesis or total ankle 
replacement to obtain complete realignment. Another example 
is the compensatory forefoot supinatus/varus that develops 
due to an ankle or hindfoot nonunion in valgus deformity. 
The supinatus/varus might require correction during surgical 
management of the nonunion. Such deformities will be 
exposed and magnified following ankle or hindfoot realign-
ment. A fixed supinatus/varus requires surgery. However, a 
reducible deformity might resolve without intervention fol-
lowing ankle or hindfoot realignment [107].

Plain radiographs are an important part of deformity assess-
ment because they can fully characterize all other deformities 
associated with the nonunion. Radiographs can be used to 
evaluate length, angulation, rotation, and translation. It is occa-
sionally important to obtain weight-bearing radiographs of the 
contralateral extremity as well as the involved extremity. Stress 
radiology can be helpful in the evaluation of the competence of 
the collateral ligaments of the ankle.

Shortening is not uncommon with nonunion. One must 
ascertain the degree of shortening that is acceptable from a 
functional standpoint. It is important to anticipate the quantity 
of bony resection that will be necessary to develop a healthy 
cancellous substrate at the nonunion site. This  quantity will 
have implications in terms of the type and size of bone graft 
that will be required. Furthermore, this quantity will also influ-
ence the type of fixation that is necessary and whether adja-
cent joints will need to be included in the arthrodesis.

Angular deformities, particularly in the frontal and sagittal 
planes, can be thoroughly reviewed with plain radiographs. 
Nonunion following STJ or ankle joint arthrodesis can often 
be associated with a severe frontal plane deformity. Plain 
radiographs will demonstrate the extent of the deformity so 
that plans can be made for realignment during revision surgery 
of the nonunion. Templates can be helpful when planning 
realignments for frontal plane deformities. One can determine 
whether complete realignment is possible based on the extent 
of the deformity. There are situations in which a complete 
reduction of a severe deformity can place a compromised soft 
tissue envelope at risk for wound problems. In such situations, 
one must accept incomplete realignment or consider shorten-
ing the bony segment. Otherwise, one should prepare for 
possible soft tissue reconstruction.

Nonunions following arthrodeses of the tarsometatarsal, 
midfoot, and midtarsal articulations are often associated 
with sagittal plane deformities. Axial loads will invariably 
result in dorsiflexion deformities. Plain radiographs will 
demonstrate the degree of deformity so that the surgeon can 
plan accordingly.

Therefore, plain radiographs are very important for 
planning deformity corrections during revision nonunion 
surgeries. These evaluations should be comprehensive, and 
all appropriate views should be obtained. Radiographs 
should be obtained with the patient in a full weight-bearing 
position and should be performed bilaterally, particularly 
when significant deformities involving the hindfoot and 
ankle are present.

Although advanced imaging can be quite helpful in the 
evaluation of nonunion, such imaging has limited utility in 
terms of deformity assessment. CT scans can be helpful in 
evaluations of transverse plane deformities, particularly 
rotational and translational problems. These deformities can 
be clinically and radiographically difficult to evaluate. A CT 
scan can provide information regarding the magnitude and 
direction of the deformity, particularly in cases involving the 
STJ and ankle joints.

 Principles and Techniques for Revision Surgeries 
of Nonunions
Full-thickness incisions down to the bone should be utilized 
in virtually all cases. Undermining should be avoided or kept 
to a minimum to facilitate retraction. The goal is to avoid 
disrupting the blood supply at the incision site. However, one 
must be cognizant of the vital structures located in a particu-
lar area, particularly nerves and tendons, to avoid damaging 
them. In situations involving severe deformities that require 
significant realignment, incisions should be placed opposite 
the tension side of the soft tissue envelope. Such location 
might be in areas that are remote from the original incision, 
which is certainly acceptable. Otherwise, placing an incision 
on the tension side of the soft tissue envelope can result in 
wound problems.

Thorough dissection and evacuation of scar tissue is 
important because it will permit direct access to the nonunion 
site, which is essential for adequate debridement and joint 
preparation. Additionally, the removal of scar tissue that 
contributes to joint contracture allows for manipulation so 
that alignment can be restored.

The nonunion must be identified and thoroughly evacu-
ated. All devitalized and necrotic tissue should be completely 
removed. Joint access is very important, and having appro-
priate instrumentation to facilitate access is helpful. Various 
types of distracters are available to provide and maintain 
access to the nonunion site. Following debridement, the host 
tissue can be prepared with a combination of fenestration 
and fish scaling. Depending on the specific anatomic site, 
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sharp drill bits should be advanced under constant irrigation 
into the deep subchondral tissues to create vascular channels. 
The goal is for blood to enter the nonunion site and deliver 
cells, bone marrow, growth factors, etc. Following fenestra-
tion, the host tissue should be further developed into a 
healthy cancellous substrate via the use of small, sharp 
osteotomes. This procedure should be performed aggres-
sively, but care should be taken to preserve the cortical and 
subchondral bone at the perimeter of the nonunion site so 
that the structural integrity is maintained. This structural 
integrity of perimeter bone will be important to facilitate 
realignment and support a stiff fixation construct. Although 
many such cases will involve bone grafts or bone graft 
substitutes, bone grafts cannot manifest biologic activity 
without an adequate blood supply. Therefore, meticulous 
attention to preparation of host tissues is important for 
enhancing union.

The primary goal of fixation is to provide a stable construct 

that eliminates motion. Motion during healing impedes the 
consolidation of bony surfaces and the incorporation of bone 
grafts. Although a firm surgical plan is required in these cases, 
one must respond to intraoperative findings and developments 

that require alternative forms of fixation. The surgeon should 
plan for “alternative” forms of fixation and have these devices 
readily available. As these revision nonunion cases evolve, 
adaptability is critically important to achieving the primary 
goal of stability.

The choice of fixation is often affected by factors such as 
osteopenia, the location of the nonunion, proximity to sur-
rounding joints, previous fixation, patient compliance, the 
amount of bone loss following debridement, the patient’s 
ability to tolerate non-weight bearing, the surgeon’s techni-
cal acumen with specific techniques and devices, and indus-
try/technical support. Situations involving severe osteopenia 
or bone loss might require super constructs or the sacrifice of 
nearby joints (Fig. 3.7).

Recent advances in technology have provided many 
excellent options for fixation. Screws should purchase corti-
ces or compact subchondral bone whenever possible. 
Locking plate technology is an excellent option for patients 

with osteopenia or poor quality bone (Fig. 3.8). Alternatively, 
supplemental external fixators that neutralize the nonunion 
site are a reasonable option in this same patient population 
(Fig. 3.9).

Fig. 3.7 (a) Intraoperative AP image following debridement of midtarsal nonunion. (b, c) Revision of nonunion showing super-construct fixation 
with a locking plate that extends distally to include the medial cuneiform

Fig. 3.8 (a, b) Nonunion following naviculocuneiform arthrodesis. (c, d) Revision with locking plate that extends distally to the 1st tarsometatar-
sal articulation which was included in the fusion mass
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Fig. 3.9 (a) AP and lateral radiograph demonstrating severe ankle and 
subtalar arthritis (b–e) Plain film radiographs and serial CT scans dem-
onstrating no consolidation across arthrodesis sites (f, g) Revision tib-

iotalocalcaneal arthrodesis with intramedullary nail, external fixation 
and implantable bone growth stimulator (h) AP and lateral radiograph 
demonstrating consolidation of revision tibiotalocalcaneal arthrodesis
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 Surgical Revision Techniques: Specific  
Anatomic Sites

First Metatarsophalangeal (MTP) Joint
The incidence of nonunion following the first MTP arthrod-
esis is relatively low. The incidences are higher in patients 
with hallux rigidus who develop subsequent end-stage 
arthrosis and patients with posttraumatic arthritis than in 
patients with diagnoses of hallux valgus. End-stage arthro-
sis, whether secondary to hallux rigidus or posttraumatic 
arthritis, is often associated with a thicker subchondral plate 
that can be sclerotic and avascular. These patients have a 
higher predisposition to nonunion than patients with hallux 
valgus. Therefore, joint preparation must be thorough and 
adequate such that the subchondral plates are penetrated and 
methodically broken to enhance blood flow. Some of the 
reaming systems used for joint debridement might be inade-
quate in these cases or should be supplemented with drilling 

techniques and fish scaling rather than used alone.
Patients who have undergone a distal first metatarsal oste-

otomy for hallux rigidus are also at risk for avascular necro-
sis (AVN). Advanced imaging to evaluate or rule out AVN 
can be helpful in this group of patients. One can then plan for 
appropriate debridement techniques and the use of bone 
grafts or orthobiologics to augment arthrodesis.

Positioning the hallux in plantar flexion will result in a 
significant axial load during the propulsive phase of the gait. 
These patients can develop nonunion, particularly if they 
begin weight bearing prior to the complete consolidation of 
the arthrodesis site. One of the reasons that the first MTP 
arthrodesis has such a low incidence of nonunion is that the 
hallux is typically positioned in dorsiflexion which offloads 
the arthrodesis site during weight bearing.

Revision surgery should be based on the reasons for non-
union. Regardless of the factors involved, revision should 
include thorough debridement and joint preparation, autoge-
nous cancellous bone and/or orthobiologics, appropriate posi-
tioning, and a stable fixation construct. A structural bone graft 
is rarely necessary, and some shortening is certainly accept-
able in this situation. The calcaneus or distal tibial metaphysis 
provides regional sources of autogenous cancellous bone. 

The authors typically use 6-mm or 8-mm trephines in a per-
cutaneous manner to harvest the bone for first MTP nonunion 
revisions. Fixation constructs should extend to cortical bone 
remote from the arthrodesis site via either long screws or a 
long plate (Fig. 3.10). Although the authors typically permit 
immediate weight bearing following first MTP arthrodesis, a 
6-week period of non-weight bearing is recommended fol-
lowing revision for nonunion.

Tarsometatarsal (TMT) Joint(s)
The first TMT arthrodesis (the modified Lapidus procedure) 
is a common procedure for hallux valgus reconstruction. 
Additionally, this joint is often included when global TMT 
arthrodesis is performed for posttraumatic arthritis and 
deformity. Nonunions of the TMT joints and all of the mid-
foot articulations are vertically oriented nonunions that have 
some shear component in which the osseous segments slide 
past each other when subjected to axial load. Nonunion of 

the first TMT joint is often associated with first ray elevation 
secondary to axial loading. Additionally, shortening is not 
uncommon with this particular nonunion, particularly in 
long-standing cases (Fig. 3.11). Therefore, revision goals 
should include union, sagittal plane realignment, and resto-
ration of length. A structural bone graft might be necessary 
when shortening is significant (Figs. 3.12 and 3.13). 
However, the majority of these cases do not require a struc-
tural bone graft, particularly when sagittal and transverse 
realignments are easily achieved. Debridement of nonviable 
bone and scar tissue, the development of a healthy host envi-
ronment, autogenous cancellous bone grafts, the use of 
orthobiologics, and stable fixation are often sufficient to 
address nonunion of the first TMT joint. Locking plate tech-
nology lends itself well to this situation.

Arthrodesis of the lesser TMT joints (second and third) 
might be required for posttraumatic arthritis or deformity 
involving the TMT complex. Nonunion of the lesser TMT 
joints might develop following global arthrodesis (joints 1–3). 
Fortunately, nonunion following lesser TMT arthrodesis is 
rarely associated with malalignment. Revision typically 
requires thorough debridement, host preparation, bone 
grafting/orthobiologics, and stable fixation.

Fig. 3.10 (a, b) Nonunion status post 1st MPJ arthrodesis (c, d) Revision with a long locking plate that extends far beyond the arthrodesis site. 
The goals are to engage quality cortical bone and disperse axial loading over a relatively large implant
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Tritarsal Complex
Nonunion is not uncommon following isolated, selected, 
or triple arthrodeses. Revision surgery should address not 
only the nonunion but also other associated problems. 

These might include undercorrection, malunion, ankle valgus 
or varus with associated collateral ligament attenuation, 
medical column instability not recognized during the initial 
surgery, soft tissue contractures that were not adequately 
released during the initial surgery, and unrecognized supra-
structural issues. The goals of revision surgery are union, 
restoration of a plantigrade foot, and the preservation of 
function. Preoperative considerations should include spe-
cialized radiographs to evaluate alignment, appropriate 
advanced imaging, and patient optimization. Intraoperative 
goals include the development of a healthy cancellous 
substrate at the nonunion site and realignment. Specialized 
 technology, appropriate instrumentation, bone grafts, ortho-
biologics, and image intensification help to accomplish these 
goals. In addition to revision of the nonunion, procedures 
should include osteotomies, the release of soft tissue contrac-
tures, superconstructs, and extended arthrodesis to include 
other joints whenever necessary.

Nonunion following isolated arthrodesis of the STJ can 
be surgically managed with isolated revision of the STJ or 
conversion into a triple arthrodesis. The highest incidence 
of nonunion following STJ arthrodesis occurs in patients 
with posttraumatic arthritis following calcaneal fractures. 
The authors prefer isolated revision of the STJ nonunion in 
the absence of malalignment and when degenerative 
changes are absent from the talonavicular (TNJ) and calca-
neocuboid (CCJ) joints. This judgment is often based on 

Fig. 3.11 (a) First ray shortening and elevation following 1st tarso-
metatarsal arthrodesis. (b) Revision with autogenous structural bone 
graft and plate. Note restoration of length and sagittal plane alignment

Fig. 3.12 (a) Status post 1st tarsometatarsal nonunion with significant shortening. (b) Skeletal defect following debridement. (c) Structural autog-
enous bone graft with plate fixation. (d) Restoration of length and alignment
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clinical assessment and preoperative imaging. The fixation 
construct typically includes large diameter compression 
screws (Fig. 3.14). The authors prefer multiple screws that 
engage the cortices or subchondral areas. However, when 
malalignment is present or there are factors that will 
adversely affect the fixation construct, we prefer to convert 
the STJ nonunion into a triple arthrodesis (Fig. 3.15). This 
procedure enhances the stiffness of the entire tritarsal com-
plex following fixation and provides multiple options for 
fixation.

The rate of nonunion following TNJ arthrodesis has been 
reported to be relatively high [108, 109]. Isolated revision is 
difficult even when the alignment is good. The authors 
invariably convert nonunions of the TNJ into triple arthrod-
eses (Fig. 3.16). CCJ arthrodesis enhances the compression 
of the TNJ and allows easier realignment when deformity is 
present. Additionally, incorporation of the STJ into the 
fusion mass adds further stiffness to the entire construct. 
Complete elimination of all tritarsal motion will enhance the 
possibility of union during revision TNJ surgery. Our fixa-
tion construct of the talonavicular joint typically includes 
lateral compression screws and a medial locking plate. 
However, we have also used multiple compression screws 

that are strategically placed to deliver even compression 
throughout the arthrodesis site (Fig. 3.18d and e).

Selected arthrodesis for stage III or IV adult-acquired 
flatfoot has become a common procedure. Although the inci-
dence of nonunion has not been reported, the authors have 
observed a higher rate relative to triple arthrodesis, particu-
larly at the TN joint [110]. Our preference is to convert non-
unions of either the STJ or TNJ into triple arthrodeses 
(Fig. 3.17).

Nonunion of any or all of the tritarsal joints is possible 
following triple arthrodesis (Fig. 3.18). The principles of 
addressing nonunion remain the same. Debridement, joint 
preparation, realignment, bone graft/orthobiologics, and 
enhanced fixation are required. A static neutralization exter-
nal fixator is occasionally used to augment the internal fixa-
tion construct if osteopenia is severe or there are concerns 
about premature weight bearing.

Ankle Joint
Nonunion following ankle arthrodesis is most common in 
patients who have developed posttraumatic arthritis follow-
ing pilon and Weber C fractures [111]. Ankle nonunions 
involve large, transversely oriented adjacent surfaces with 

Fig. 3.13 (a) Nonunion 
following 1st tarsometatarsal 
joint arthrodesis (b) Revision 
1st TMT arthrodesis with 
structural graft, locking plate, 
implantable bone growth 
stimulator
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good bony apposition that are generally stable to axial 
compression and should proceed to union. The revision of 
ankle joint nonunion depends on the original surgical 
approach and fixation. The majority of surgical approaches 
are either anterior or lateral, and we recommend using the 
same approach for revision. However, in cases in which a 

poor soft tissue envelope places the patient at risk for wound 
problems, an alternative approach should be considered 
(Fig. 3.19). A  posterior approach is a reasonable alternative 
in these situations.

Debridement of ankle nonunion resulting in substantial 
bone loss can be difficult to manage. One must determine if 

Fig. 3.14 (a) Nonunion status post isolated subtalar joint arthrodesis. 
(b) Intraoperative image-intensification confirming nonunion location. 
Distraction provides access to allow adequate debridement and prepa-

ration. (c) Fixation construct using compression screws engaging corti-
cal and compact subchondral bone to enhance screw purchase and 
construct stiffness. Note electrical bone growth stimulator
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Fig. 3.15 (a) Nonunion following subtalar joint arthrodesis. (b) Intraoperative identification of nonunion. (c) Conversion into triple arthrodesis

Fig. 3.16 (a) Nonunion following talonavicular arthrodesis. (b) Intraoperative identification of nonunion and conversion into a triple arthrodesis. 
Fixation accomplished with a combination of screws and locking plates. (c) Intraoperative images of final construct. (d) 3-months status post surgery
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there will be adequate bone to support an isolated revision 
of the ankle nonunion following debridement. Obtaining a 
solid fixation construct without sacrificing the STJ can be 
challenging with extensive bony debridement, particularly 

during a second or third revision. Alternatives include tibio-
talocalcaneal or tibiocalcaneal arthrodeses (Fig. 3.20).

Although some shortening can be tolerated, excessive 
shortening can result in significant gait disturbances and 

Fig. 3.17 (a, b) Status post 
selected hindfoot arthrodesis 
for end-stage adult acquired 
flatfoot. Implants traversing 
the talonavicular joint are 
short and located along the 
medial aspect of the joint with 
virtually no lateral 
compression. (c) CT scan 
confirms absence of 
consolidation at the 
talonavicular joint.  
(d) Conversion into triple 
arthrodesis. Fixation with 
screws and locking plates

A. Catanzariti and K. Moore



47

compensatory issues in the suprastructural skeleton. 
Additionally, acute shortening of the ankle can result in com-
plications such as venous congestion, wound bunching with 
subsequent breakdown, edema, and tissue necrosis. 
Autogenous bone grafts or engineered bone might be consid-
ered in these cases [112]). Another option is a large segmen-
tal allograft, which has no limits in volume. However, large 
allografts do not always completely incorporate and can be 
predisposed to fracture. Distraction osteogenesis of the tibia 
is another option for maintaining length. The advantages of 
this technique include early weight bearing, stimulation of 
regional blood flow, and management of large defects (up to 
10 cm.). This technique requires technical expertise and 
patient compliance [113].

The anatomy of the ankle lends itself well to multiple 
fixation options following nonunion revision. Screws, plates 
(standard and locking), intramedullary devices, and external 
fixators provide a range of good options for securing a stiff 
construct to support revision surgery.

 Postoperative Management

Biologic responses are influenced by load and stability. 
Revisional nonunion surgeries invariably require extended 
periods of immobilization and non-weight bearing. Physical 
therapy consultations that provide instructions for non- weight 
bearing are recommended, especially if the patient is unable 
to comply prior to surgery. Devices such as knee walkers, 
wheelchairs, etc. can be helpful for these patients. Patients 
who lack family support are good candidates for placement 
into subacute nursing facilities. Deep venous thrombosis 
prophylaxis is recommended and dictated by risk factors. 
Patients should resume preoperative supplementation if indi-
cated for any previously diagnosed deficiencies. The use of 
electrical stimulation or ultrasound might be considered to 
augment healing following surgery. Progress to union should 
be monitored with serial radiographs and advanced imaging. 
The authors typically confirm consolidation with CT scans 
prior to weight bearing.

Fig. 3.18 (a, b) Radiographs demonstrating nonunion of all tritarsal joints following triple arthrodesis. (c) CT scan confirmation of nonunion. 
(d, e) Status post revisional triple arthrodesis. Note 2-point fixation of all tritarsal joints. (f) CT scan confirmation of consolidation
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Fig. 3.19 (a) Nonunion status post ankle arthrodesis through anterior 
approach. (b) Revision through lateral approach. Removal of hardware 
and osteotomy of fibula. (c) Resection of nonunion. (d) Intraoperative 
images following debridement. (e) Harvest of cancellous bone graft 

from ipsilateral iliac crest. (f) Drilling of subchondral plate and packing 
of bone graft. Note fixation construct using screws that engage cortices 
and subchondral bone. (g) 3-months status post radiographs demon-
strating consolidation. (h) CT scan confirmation of consolidation
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Fig. 3.19 (continued)
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 Conclusion

Surgical nonunion is a complex condition encountered by 
foot and ankle surgeons. The successful management of non-
unions requires an understanding of bone healing, an aware-
ness of medical conditions that contribute to abnormalities of 
bone metabolism, knowledge of technical issues that predis-
pose patients to nonunion, and a thorough comprehension of 
fixation principles. Many cases benefit from a multidisci-
plinary team approach, and recruiting the assistance of other 
medical/surgical specialists and allied health professionals is 
encouraged to achieve successful outcomes.
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As surgeons, our incision is one of the most important steps 
during the surgical procedure. Not only does it allow us 
access to the anatomy below, but it is a representation to the 
patient of our work. Although much of incision healing is 
based on patient factors such as underlying medical comor-
bidities and a patient’s collagen, we as surgeons can optimize 
many factors of incision wound healing. Taking care not to 
skive our incision, minimizing tension with retraction, ensur-
ing adequate return of vascularity, and appropriate hemosta-
sis are a few examples of ways we can contribute to optimal 
incision healing. However, when incisions have complica-
tions and do not heal optimally, we, too, are responsible 
again for managing the wound and optimizing its healing 
potential.

Skin and wound healing is a regulated process of cellular 
and molecular mechanism. An incision made through the 
skin or wounds from an injury results in a loss of the normal 
physiological function. The body responds to this insult by 
both regeneration and repair. Regeneration involves replac-
ing or substitution of the tissue, while repair results in scar 
and fibrotic formation. The majority of wound healing pro-
cesses in surgery focus on repair as scar and fibrosis are 
formed after an incision is made. The goal of wound healing 
in surgery is to minimize scar formation and implement tech-
niques to facilitate or promote wound healing. This chapter 
will focus on these various techniques, but in order to fully 
understand the repair or regenerative process of wounds or 
incision(s), we must focus on the physiology and histology 
of wound healing.

 Histology and Physiology

The layered histology of the skin includes three main layers: 
epidermis, dermis, and hypodermis. The epidermis has five 
layers from superficial to deep: stratum corneum, stratum 
luciduim, stratum granulosum, stratum spinosum, and 
stratum basale. Keratinocytes make up the majority of the 
epidermis and are generated in the stratum basale layer. 
During wound healing, the keratinocytes are responsible for 
the epidermal growth by replicating and pushing older cells 
to the surface. These older cells that are pushed to the surface 
take on a more flattened appearance resulting in stratified 
squamous keratinized epithelium and are replenished every 
48 h. The epidermal layer stratum basale projects and 
communicates with the dermal layer through “rete ridges.” 
The epidermis also contains hair follicles, sebaceous glands, 
eccrine sweat glands, and apocrine glands. The rete ridges 
and sebaceous glands contain epithelial stem cells that are 
able to generate into basal keratinocytes and are essential to 
the wound epithelial regeneration process. When physical 
abrasions such as burns affect the deeper layers and destroy 
the epithelial stem cells, this results in a decrease in pro-
duction of keratinocytes and improper healing and eventual 
scarring.

The dermal layer is the layer deep to the epidermis. The 
dermis is made up of two layers: superficial or papillary der-
mis and deeper layer or reticular dermis. The dermal layer 
functions to provide blood supply to the skin and contains 
the dermal appendages such as apocrine glands, eccrine 
glands, and hair follicles. Damage to the dermis with exten-
sion to the reticular dermal layer most likely results in 
scarring.

The epidermis and dermis play an important role in the 
histological process of wound healing. The physiological 
process involved in wound healing can be separated into four 
overlapping phases:
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 1. Hemostasis
 2. Inflammation
 3. Proliferation/repair
 4. Maturation/remodeling

Hemostasis is the first stage of physiological wound heal-
ing. This phase occurs immediately after injury to the soft 
tissue has occurred and lasts for some hours. During the 
hemostasis phase, the body initiates inflammation, which 
causes recruitment of cells and factors to assist in the healing 
process. The insult to the epidermal layer provides initial 
removal of antigens and microorganisms. This process then 
promotes the clotting cascade to promote initial hemostasis 
and causes the release of cytokines and hormones to set off 
the next phase of healing. Concurrently the body initiates a 
short period of platelet-induced vasoconstriction, which fills 
the gap with clot material comprised of growth factors and 
cytokines. The clot also consists of fibrin molecules which 
serve as a scaffold or bridge for migration of leukocytes, 
keratinocytes, growth factors, etc. After the short period of 
vasoconstriction, the body responds with a period of vasodi-
lation. The platelet cells cause the leukocytes to release che-
motactic and growth factors to initiate the inflammatory 
response and collagen synthesis and assist in the reepithelial-
ization process.

Inflammation is the second stage of physiological wound 
healing. As described in the previous section, during the 
coagulation period, the inflammatory phase becomes active. 
The inflammatory phase is divided into two main phases: 
The initial phase involves recruitment of neutrophils during 
the first 24 h, and the later phase includes appearance and 
maturation of monocytes. The initial phase involving the 
neutrophils lasts for about 3–5 days. Neutrophils are of vital 
importance as they undergo a phagocytotic process destroy-
ing bacteria and degrading necrotic tissue. The neutrophils 
also play a part in recruitment of other cells during the 
inflammatory process. After 3 days, macrophages enter the 
zone of injury and begin to eliminate pathogens and cell 
debris. They (macrophages) are also involved in secretion of 
cytokines to promote the next stage of wound healing and 
possess immunologic functions, angiogenesis, tissue forma-
tion, and wound contracture. The inflammatory phase is vital 
in the tissue regeneration/repair process and has been shown 
the inhibition of this phase results in chronic wound, delayed 
healing, and long-term scarring. The factors that could 
inhibit this process would include high bacterial load, 
trauma, foreign material, etc.

Proliferation/repair phase occurs 3–10 days after the 
injury. The main focus of the proliferation phase is by filling 
in the wound defect, formation of granulation tissue, and to 
reinstate the vascular network. After the inflammatory pro-
cess has debrided the wound of necrotic and bacterial tissue, 
the influx of keratinocytes layers to fill the deficit occurs. 

The stem cells from the apocrine and follicles differentiate 
into keratinocytes, which repopulate and migrate over the 
edge of the wound bridging the deficit. When the keratino-
cytes encounter the extracellular matrix, they lay down a new 
basement membrane and subsequently lay down layers on 
top of the previous epithelial layer filling the deficit. These 
cells migrate and replicate until they come into physical con-
tact from the other side which then stops the replicating pro-
cess. Angiogenesis or repair of the vascular network begins 
as vessels bud from arterial vessels surrounding the wound. 
Growth factors are responsible for the early phase of angio-
genesis as they bind to specific receptors causing destruction 
of the basement membrane allowing cells to enter the wound 
and repair the vascular network. The last step of the prolif-
eration phase is formation of granulation tissue. Granulation 
tissue is composed of fibroblasts, granulocytes, macro-
phages, and collagen bundles. The key component during the 
formation of granulation tissue is characterized by the fibro-
blasts. The fibroblasts’ main function is to generate or pro-
duce collagen and extracellular matrix substances. This 
function generates the provisional wound matrix in which 
cell organization takes place.

Remodeling is the last phase of wound healing which 
occurs from day 21 to 1 year. The granulation tissue forma-
tion ceases through the apoptosis of the cell. During the 
remodeling stage, the components of the extracellular matrix 
undergo a transformation specifically the collagen type 
III. During the remodeling process, the collagen type III is 
replaced by the stronger collagen type I. With the incorpora-
tion of the collagen type I, the strength of the wound dra-
matically increases. Thus, it is wise to inform patients that 
scar remodeling occurs for up to a year.

 Surgical Wounds

Surgical incisions are considered acute wounds if they heal 
in the expected time frame and without complications. The 
major goal in caring for surgical patients is prevention of 
complications such as surgical site infections (SSIs) and 
wound healing failure by way of careful monitoring and 
appropriate interventions. Interventions include reducing 
modifiable risk factors associated with healing complica-
tions and providing systemic support to facilitate healing. 
Factors impeding wound healing include excessive bleed-
ing, hematoma/seroma, allergic reactions, infection or 
increased bioburden, dehiscence, tissue necrosis, mechani-
cal factors and tension, excessive granulation tissue, sys-
temic conditions (i.e., diabetes mellitus, obesity, 
malnutrition), external agents (i.e., tobacco, drugs), and 
hypertrophic scar formation. It is important to consider all 
of these things before, during, and after surgery to maximize 
healing potential.
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 Bleeding Complications

Surgical complications from bleeding may occur as an acute 
bleed during surgery, immediate postoperative bleeding in 
the first few hours postoperatively, or late postoperative 
bleeding several days after surgery. For all of these issues, 
there are intrinsic and extrinsic factors that need to be con-
sidered. It is important for the surgeon to understand the 
physiology behind bleeding vessels and address them appro-
priately both as a clinician and a technician. As a clinician, 
one should consider the patient and any medical disorders or 
medications that may affect the clotting cascade, which is 
twofold: platelet mediated and fibrin mediated. The details 
of these two mechanisms will not be discussed here. For sur-
geons using epinephrine at the surgical site for better visual-
ization, masked bleeding can be unveiled when the 
epinephrine wears off. This can cause hyperemia and exces-
sive swelling and hematoma formation. Tourniquet use can 
also have similar consequences if the tourniquet is not 
deflated prior to wound closure. Thus, all potential areas of 
bleeding should be explored prior to wound closure to avoid 
these complications.

When acute intraoperative bleeding is present, it is typi-
cally due to transecting or partial vessel injury. The surgeon 
must achieve hemostasis via cautery, and/or ligatures should 
be used to tie off both segments of the transected vessel. 
Arterial injury should be addressed almost always by repair-
ing the vessel with sutures or tying off the artery with liga-
tures. Cautery for arterial injury is often not adequate due to 
the nature of the vessel and its function.

Hematoma/seroma formation can cause increased ten-
sion on a wound site and incision. It can also serve as a nutri-
tion source for microbes. An increase in the incidence of 
hematomas is mostly due to the clinical use of anticoagulants 
as well as the now recommended prophylactic standards for 
the prevention of deep vein thrombosis (DVT). When a 
hematoma or seroma occurs, intervention is required. 
Aspiration of the hematoma or seroma should be performed 
via needle aspiration if there is incomplete coagulation of the 
fluid collection. However, if a fluid collection has coagulated 
and cannot be needle aspirated, removing a suture or staple 
can be performed and manual expression used to remove the 
fluid collection or coagulation (Figs. 4.1 and 4.2).

Allergic reactions can be type I anaphylaxis or type IV 
contact sensitivity. Reactions can occur to any substance or 
medication used during the surgical procedure. Thus, it is 
imperative to obtain an accurate history of your surgical 
patient to minimize potential reactions. Local anesthetics, 
skin preparation agents, topical antibiotics, and adhesives are 
among some of the most common offenders.

Local anesthetics are injected often preemptively for 
intraoperative analgesia and to reduce the amount of general 

anesthetics required. Local anesthetics fall into one of the 
two major groups: ester- or amide-type anesthetics. The 
esters cross-react with para-aminobenzoic acid (PABA) 
esters and other related compounds and thus have been 
associated with a higher incidence of allergic reactions. The 
amide anesthetics which include lidocaine, bupivacaine, 
etidocaine, and prilocaine are most commonly used in foot 
and ankle surgery. There have been much fewer incidences 
of allergic reactions to these drugs.

Skin preparation agents such as povidone-iodine have 
been shown to cause an acute contact dermatitis in sensitized 
patients. The iodophor compound slowly releases the iodine. 
The contact dermatitis consisting of vesicle formation and 
weeping may develop in the area of the surgical incision and 
thus predispose the patient to a secondary infection. 
Treatment typically consists of application of wet dressing 
and topical steroids. If severe, systemic steroids may be 
required to treat the adverse reaction. Chlorhexidine gluco-
nate tends to cause little skin irritation and has a very weak 
sensitizing potential while providing a prolonged bacteri-
cidal effect.

Fig. 4.1 A 34-year-old male presented to the clinic with chronic ankle 
pain from numerous inversion ankle injuries. Radiographs revealed a 
large osseous fragment (figure) over the anterior medial aspect of the 
ankle. After several months of conservative therapy, it was decided that 
the patient would undergo arthroscopic debridement of the ankle and 
removal of loose body. The ankle was debrided arthroscopically, but it 
was decided during the surgery to remove the fragment via medial 
ankle arthrotomy. The fragment was removed, and patient was 
instructed to be non-weight bearing. He presented to the clinic 1 week 
later ambulating on the affected extremity. A hematoma was present 
over the medial aspect of the ankle. There was minimal erythema/
edema over the hematoma. It was decided to treat in a conservative 
fashion. For 1 week, he was placed in a posterior splint and instructed 
to place warm compresses over the dressings. At 1 week, there was 
increased erythema/edema, and patient was taken to the OR for incision 
and drainage (Fig. 4.2). Deep cultures were positive for E. coli. One 
month following surgery, patient was healed with casting and 2 weeks 
of oral antibiotics
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Topical antibiotics can produce contact sensitivity. The 
most common sensitizer is neomycin which causes sensitiv-
ity reaction in 6–8% of patients. Bacitracin is often found in 
many over-the-counter products with neomycin, but alone, it 
does not appear to be a potent sensitizer. When examining 
patients with a contact dermatitis, one may mistake it for an 
infection. It is important to look for vesicle formation and 
involvement of the skin up to the incision. Typically, a dress-
ing reaction or tape reaction will not involve the incision.

Adhesive allergy can cause severe reaction in many 
patients. Reactions can include rapid severe blistering or 
more chronic erythema with skin irritation. It is best to avoid 
adhesives all together including steri-strips and adhesive 
products such as Mastisol and Benzoin tincture and hold 
bandages in place with elastic wraps instead (Fig. 4.3).

Surgical site infections (SSIs) are a serious impediment 
to surgical incision healing. According to the Centers for 
Disease Control (CDC), approximately 300,000 are reported 
each year and have associated costs both economically and 
in terms of mortality and morbidity [1]. SSIs occur within 
30 days of surgery or within 1 year if an implant is used and 
the infection involves that site. SSIs are classified into super-
ficial and deep. Superficial incision infection involves only 
the skin and subcutaneous tissue at the incision. Deep inci-
sion infection involves the deep tissues including the muscle 
and fascia (Fig. 4.4). Factors have been identified for both 
categories of infection in multiple studies. Superficial infec-
tions are most commonly seen in patients with previous 
operations, prolonged duration of surgery, low albumin, and 
chronic obstructive pulmonary disease, whereas deep infec-
tions have been most common in patients with low albumin 
and previous operations.

The most common pathogen in SSI per CDC is 
Staphylococcus aureus, which accounts for 30% of infec-
tions. This is followed by coagulase-negative Staphylococcus 
at 13.7%, Enterococcus spp. at 11.2%, E. col at 9.6%, and 
Pseudomonas aeruginosa at 5.6% [2]. It is important to iden-
tify the pathogen if possible in treating an SSI in order to 
administer appropriate antibiotic therapy. It is also important 
to choose the appropriate prophylactic antibiotic and admin-
ister it consistently with the Surgical Infection Prevention 

Fig. 4.2 Seroma. A 61-year-old male underwent arthroscopic ankle sta-
bilization. Against medical advice, patient took off his splint and began 
ambulating. At his 2-week postoperative appointment, he developed a 
small seroma (a) over the medial portal. Treatment included Betadine 
dressing with posterior splint for 1 week. One week following his 
Betadine dressing, there was still small amount of fluid originating from 

the seroma. The surrounding area had no erythema/edema or purulence. 
The seroma was treated by placement of full-thickness 3-0 nylon sutures 
without any debridement (b). The patient was placed in a cast, and this 
was changed on a weekly basis (total of 3 weeks). The incision healed 
and the sutures removed. The patient started his physical therapy regi-
men and has had no further complications

Fig. 4.3 (a) and (b) Allergic reaction to Steri-Strip adhesive after 
bunion surgery. Patient was treated with topical corticosteroids and dry 
dressings for seepage until symptoms resolved in about 7 days
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Collaborative and the Surgical Care Improvement Project to 
minimize the surgical wound infection and bacterial load at 
the surgical site prior to incision.

The guidelines currently state antibiotic administration 
should be within 60 min prior to injection or incision. The 
typical prophylactic antibiotic choice in orthopedic surgery 
is 1 g IV cephalexin and 2 g IV if over 80 kg. In patients with 
a known allergy to cephalosporins, either 600 or 900 mg of 
clindamycin can be administered. In patients with previous 
methicillin-resistant Staphylococcus aureus (MRSA) or 
 sensitivity to clindamycin, 1 g IV vancomycin should be 
administered over 60 min prior to surgical incision. 
Intraoperatively, antibiotic should be readministered in any 
surgical case lasting over 3 h.

Risk factors for SSI can be broken into intrinsic and 
extrinsic, and several studies have identified both [3–6]. 
Intrinsic risks are inherent to the patient such as systemic 
disease, whereas extrinsic risks are due to surgeon, tech-
nique, and perioperative issues such as greater blood loss, 
hypothermia, use of blood products, and surgery time 
over 2 h.

Understanding which risk factors we can mediate and 
minimize will help decrease the incidence of SSIs and subse-
quent incision morbidity. Thus, thorough patient evaluation 
is vital and proper patient selection important.

Wound dehiscence is almost always related to another 
complicating issue with the most common being hematoma, 
wound infection, or premature suture removal. Healing may 
be affected by wound tension, external trauma, underlying 
medical comorbidities, and external factors such as smoking. 
Issues such as hematoma aspiration and early suture removal 
for infection drainage or hematoma/seroma aspiration can 
also lead to wound failure (Fig. 4.5).

Management of the dehisced wound depends on the 
cause. Typically, wound dehiscence can be treated by local 
wound care and allowing healing by secondary intention. 
However, some surgeons may choose to be more aggressive 
depending on the state of the wound, the patient, and the 
type of surgery that was performed. If a soft tissue procedure 
was performed and a superficial wound dehiscence is now 
present, often with local debridement in the office and ongoing 
wound care, the wound will heal. Often, one must limit motion 
of the affected area as well to minimize wound disruption. 

Fig. 4.4 A 27-year-old female sustained Weber C ankle fracture. The 
first image (a) shows the patient 3 weeks following surgery when 
patient presented with increased pain and edema on the medial incision. 
There was a small area of incision dehiscence and clinical signs of 
infection. Patient started on IV antibiotics, and after 48 h of minimal 

improvement, patient was taken to the operating room. (b) Patient had 
two sequential debridements in the operating room 48 h apart. Hardware 
was retained until union was achieved as confirmed with CT. Upon 
union, the hardware was removed and a wound VAC was placed. Patient 
healed over the next 4 weeks via secondary intention

Fig. 4.5 Anterior ankle incision with proximal wound dehiscence. 
Note fibrotic tissue in the wound. This required serial debridement and 
local wound care and went on to heal by secondary intention
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It is important to minimize excessive fibrous tissue formation 
along the edges of the incision. This can often require serial, 
weekly debridements in the office. If a wound dehiscence 
occurs over an area with retained hardware, typically, it is 
in the patient’s best interest to address these surgically due to 
the underlying risk of infection and sequelae of contamina-
tion of exposed hardware.

A wound that opens and is recognized within 24 h may be 
able to be repaired primarily unless there is nonviable mate-
rial at the base or margins of the incision. The wound should 
be closed under aseptic technique using the least traumatic 
suture material (e.g., monofilament nylon). The use of 
prophylactic antibiotics is controversial and is left to the 
surgeon’s discretion.

Necrosis of a wound is almost always the result of another 
complication such as hematoma/seroma, increased tension, 
infection, or inadequate vascularity. Any of these complica-
tions can cause full-thickness tissue loss and require further 
intervention and repair. When using tissue flaps, necrosis can 
occur if the dimensions of the flap are not appropriate 
(i.e., flaps should be no more than three times the width of its 
base 3:1 length-to-base ratio). Inadvertent cutting, cautery 
use, or ligation of arterial feeders can also compromise tissue 
blood flow and viability. Wound tension can lead to ischemia 
and subsequent necrosis as well. Tobacco use may cause tis-
sue hypoxemia and lead to tissue necrosis. When necrosis 
occurs, early debridement should be performed only if there 
is evidence of infection; otherwise, the necrosis should be 
allowed to fully demarcate prior to debridement (Fig. 4.6).

Tension can cause both wound dehiscence and necrosis 
of tissue. It may account for early postoperative pain and 
lead to scar widening. If suture closure was excessively 
tight, one may develop “railroad track” scarring. It is neces-
sary during wound closure to take appropriate measures to 
correct for excessive tension. There are various surgical 
techniques that can be used. One technique is creating a 
relaxing incision parallel to the primary incision approxi-
mately 2–3 cm from the wound edge. The initial wound is 
closed, and the secondary wound is then fully undermined 
and closed. This is a tension-sharing method. A second tech-
nique is to perform tissue expansion. This may be done with 
formal tissue expanders or other plastic surgery techniques 
that will not be discussed here. A third acceptable method of 
tension reduction is partial closure of the wound. This tech-
nique creates both primary wound healing with the approxi-
mated part of the wound and secondary wound healing of the 
defect (Fig. 4.7).

Excessive granulation tissue is an excessive over-
growth of “proud flesh.” It consists of an overgrowth of 
fibroblasts and endothelial cells. This tissue often bleeds 
easily and is prone to infection due to its friable nature. It 
most often is present in wounds allowed to heal by second-
ary intention. If granulation tissue extends above the skin 
surface in a primarily closed incision, it prevents reepithe-
lialization, and without its removal, the wound will not 
heal. This tissue can be removed in an anesthetized wound 
by curettage and hemostasis with cautery, or silver nitrate 
can be used to treat the tissue and does not require 
anesthesia.

 Incision Closure

There are numerous techniques and materials available for 
closing surgical incisions. Guidelines state that the type of 
suture material used does not matter as long as the primary 
repair is anatomic and perfused [7]. Typically, a layered clo-
sure is used; however, the choice of suture technique depends 
on the type and anatomic location of the wound, the skin 
thickness, and degree of tension. In foot and ankle surgery, 
absorbable sutures are used to close tissues deeper than the 
epidermis and to provide tissue support, relieve skin tension, 
and reduce wound dead space [8]. Current evidence indicates 
that external or internal retention sutures do not prevent 
dehiscence and that dehiscence is more likely associated 
with other factors such as trauma and wound contamination. 
Staples can be used to close the epidermis with no increase 
in infection [8].

Removal of sutures or staples typically is performed 
within 10–14 days of their placement. Sutures left in too long 
can lead to suture scar marks and local tissue reaction. 
However, sutures removed prematurely can lead to wound 

Fig. 4.6 Necrosis along the transmetatarsal amputation incision indi-
cated by the black dusky skin. Patient was followed closely with inci-
sion checks every 4–5 days. No debridements were performed. Sutures 
were removed after 4 weeks and necrosis resolved without further 
intervention
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opening. Absorbable suture reactions do occur. In these 
instances, when the suture is causing a small abscess or 
inflammatory reaction, it is best to remove the suture to 
facilitate wound healing (Fig. 4.8).

Tissue adhesives can also be used to facilitate incision 
closure. A Cochrane review of eight randomized trials 
including 630 patients compared adhesive to suture used 
for incision closure and identified no difference in rates of 

Fig. 4.7 Tension along the closure indicated by blanching of the skin (a) often times can lead to necrosis of tissue (b). This went on to heal without 
debridement (c)

Fig. 4.8 (a) Suture abscess with distal wound dehiscence on an ORIF fibula with retained Vicryl suture. Suture abscess was debrided and Vicryl 
suture removed (b). Local wound care allowed healing without further complication
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dehiscence or infection [9]. However, adhesives are not 
recommended for use with complex lacerations, wounds 
with increased tension, or incision edges that are difficult to 
approximate. Adhesives slough off 5–10 days after applica-
tion and thus may not be ideal for foot and ankle surgery 
where most incisions require maintenance of closure mate-
rial for 10–14 days.

Adhesive tapes, also known as Steri-Strips, are reinforced 
microporous surgical adhesive tapes that can serve as an 
adjunct to wound closure. However, if a patient has skin sen-
sitivity to adhesives, these should be avoided due to potential 
excessive inflammatory reaction, which then can lead to inci-
sion breakdown. Steri-Strips alone typically cannot suffice 
for wound closure; however, in certain instances, they can 
replace skin sutures and supplement subcuticular running 
suture closure.

 Systemic Conditions

Numerous systemic conditions and medications can affect 
surgical outcomes and tissue healing. Medications that 
affect wound healing include glucocorticoids, chemothera-
peutic agents, cyclosporine, penicillamine, metronidazole, 
and B-aminopropionitrile. Circulatory conditions that most 
likely will affect wound healing include diabetes, coronary 
insufficiency, congestive heart failure, and hypertension. 
Pulmonary disease may decrease oxygen saturation. 
Immunosuppression and chronic disease can predispose 
patient to secondary infection, and coagulopathies predis-
pose patients to hematoma formation which can lead to fur-
ther wound healing issues.

Hyperglycemia is defined as whole blood glucose level 
greater than 200 mg/dl and is associated with diminished 
wound strength and significant reduction in the phagocytic 
ability of neutrophils in 48 h postoperatively. Tight glyce-
mic control with blood glucose levels from 80–180 mg/dl is 
optimal for patient wound healing [10]. Consistent careful 
monitoring and glucose control are important well into the 
postoperative period.

Obesity is a growing concern and is an independent predic-
tor of SSI [11]. Increased body mass index and subcutaneous 
fat are significantly associated surgery-related complications 
including wound infection [11–12]. Regardless of surgical 
procedure, the incidence of postsurgical wound complications 
in patients who are obese compared to normal weight is high 
with reported rates of 15 to 22% [13]. In patients with obesity, 
perfusion and oxygenation of the surgical wound are more 
likely to be compromised. Intraoperative measures such as 
increased perioperative FiO2 and systemic warming to main-
tain normothermia are important. The standard dose of pro-

phylactic antibiotics should be doubled if a patient’s weight is 
over 220 lb or BMI is greater than 35.

 Incision Care

To optimize incision healing, topical incision care should 
follow some basic principles:

• Incisions should be kept dry without prolonged moisture 
exposure including topical antibiotics.

• Original postoperative dressing should be maintained for 
48–72 h.

Dressings provide initial protection, exudate absorption, 
and thermal insulation for acute wounds. Use of topical anti-
biotics on closed surgical incisions is not supported by cur-
rent evidence and is not recommended by recent guidelines 
[10, 14]. In a comparison trial of no ointment, paraffin, and 
mupirocin ointment on excised and sutured skin lesions 
(n = 562 wounds), there was no difference reported in wound 
infection rate and significantly fewer scar complications in 
the patients treated without any ointment [15].

 Hypertrophic Scarring and Keloids

Hypertrophic scars are thickened and raised scar tissue at the 
incision site. Often times they are symptomatic. They differ 
from keloids in that they do not extend beyond the margins 
of the wound. The greatest predictor of hypertrophic scarring 
is a patient history of similar scars with other surgical 
procedures.

Widened scars however are a result of increased tension 
force, and more than 80% of widening occurs in the first 
6 months postoperatively [16]. Suturing techniques can 
sometimes help prevent this by using buried suture that will 
retain its tensile strength as long as possible. Prevention is 
the best treatment for this type of scar. Typically, more active 
people tend to be at higher risk to scar widening due to 
long- term stresses and collagen remodeling at greater levels. 
It is important to inform patients that scars may widen for a 
full year after surgery.

With hypertrophic scarring, it is important to recognize 
this complication early and initiate treatment typically with 
high-potency topical steroids or intralesional steroid injec-
tions. Both should decrease symptoms and help flatten the 
scar; however, the scar will always be wide and irregular 
texture. Thus, it is important to counsel patients on this risk 
preoperatively.
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Keloids are excessive scar that exceeds its margins and 
the original site of trauma or surgery. These are often pain-
ful scars and occur most commonly in blacks and people of 
Mediterranean descent. Treatment of keloids is difficult. 
Steroid injections can be tried and allow acceptable con-
tainment of the keloid for some patients, but in many, there 
is insignificant impact on the keloid. Surgical excision 
often puts the patient at high risk for development of another 
keloid and one that is larger than the original keloid. Sutures 
may act as a catalyst for keloid formation. Carbon dioxide 
laser treatment of keloids has shown some success, although 
varied.

 Conclusion: Managing Incision 
Complications

When a patient presents postoperatively with signs of inci-
sion breakdown or delayed healing, it is important to be 
aggressive in management. Initially, examining the wound is 
an imperative first step. Questions the surgeon should ask 
him or herself include:

• What is the extent of incision breakdown (i.e., superficial, 
deep, suture reaction)?

• What are the clinical signs surrounding the incision—ery-
thema, edema, serous drainage, purulent drainage, 
warmth, and fibrotic tissue?

• Is a culture necessary, and will it improve and better guide 
treatment?

• How can I better manage this patient systemically?
• Do I need to consult another specialist to optimize this 

patient for healing?

Debridement of nonviable tissue including any foreign 
body such as suture should be performed upon initial presen-
tation of incision breakdown. Typically, if the incision is 
void of any clinical signs of infection, culture typically is not 
necessary. However, if subsequent visits with the patient 
reveal increasing signs of erythema, serous or purulent drain-
age, and nonviable tissue, wound culture should be per-
formed to help guide antibiosis. With superficial wounds, 
continue serial wound debridements typically weekly or 
more often as necessary. Immobilization of the limb and 
minimizing motion at the area of the incision will also facili-
tate healing. Optimizing comorbidities such as strict blood 
glucose control is imperative for patient wound healing. 
With positive cultures, it can be beneficial to consult infec-
tious disease especially if the wound appears to have deep 
extension and possible tracking to the bone. Typically, if 
weekly visits are not showing decreased surface area over a 
period of 3 to 4 weeks, it may be wise to consider surgical 

excision of the dehisced portion of the wound with primary 
closure in a clean wound.

Incisional complications can vary in degree of morbidity 
for the patient. It is important as the surgeon that you are 
proactive in managing these complications. From aspirating 
a hematoma to wound excision with delayed primary closure 
to addressing the hypertrophic scar, your patient has enlisted 
you as the expert in caring for them.

 Incision Complication Case Examples

Case #1 Bunion incision complication—a 62-year-old 
male underwent bunion surgery, fell, and had displacement 
of the capital fragment at 2 weeks post-op. Patient was 
taken back to the operating room and revision surgery was 
performed. After revision and suture removal, patient 
returned 2.5 weeks later with incision area appearing as in 
image (a). Debridement in the operating room was per-
formed and culture taken positive for Serratia marcescens. 
Antibiotics started and wound VAC placement with granu-
lar wound bed (b). Extensor hallucis longus tendon noted in 
wound. With VAC removal, wound and tendon showed 
necrosis (c). Plastic surgery consulted and vascular flap 
created for wound coverage with excision of EHL (d–f). 
Final appearance of the foot at 16 weeks post-graft cover-
age (g).

, 
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, 

, 

Case #2 This is a 56-year-old female with history of multi-
ple unsuccessful foot surgeries where reconstructive surgery 
was attempted after calcaneal fracture and subtalar joint 
arthrodesis. These procedures ended up failing, and an exten-
sive interposition graft of the calcaneus malunion with 
Achilles reconstruction and fixation was performed to restore 
the rearfoot. The patient then was noncompliant with her 
postoperative follow-up due to her living situation.
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Here the patient’s incision 3 weeks post-op from interpo-
sition graft of the calcaneal malunion with Achilles recon-
struction shows dehiscence of the wound due to patient 
noncompliance on a lateral extensile incision type. The 
wound does not probe to the bone but shows ecchymotic 
changes with incisional blistering. The wound was exten-
sively debrided, and wound cultures were taken. The area 
was then cleaned with Hibiclens and then placed in a short 
leg non-weight-bearing cast for 1 week with wound checks 
and light debridements weekly after that. Patient went on to 
heal without further issue.

Case #3 A 19-year-old female treated at an outside facility 
with arthroplasty of the fourth digit. She presented with 
wound dehiscence and underlying infection (A). She was 
immediately taken to the operating room for incision and 
drainage

.

(B) Debridement was taken down to the level of the extensor 
tendon

.

Extreme care was taken to ensure that vascular supply was not 
disrupted. (C and D) After four operative debridements and IV 
antibiotics, patient was started on negative pressure therapy
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.

(E) Six weeks following initial treatment, patient is shown 
with healed wound. The digit was functional and patient was 
able to return to college

.
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 Introduction

The risk of postoperative infection after foot and ankle surgery 
has been reported as low as 0.5% and as high as 6.5% [1] and 
tends to be higher than other parts of the body [2]. Infection 
prevention, timely recognition of infection, and choosing the 
most prudent course of treatment are critical and can make 
the difference between a salvageable outcome versus unde-
sirable results including major reconstruction, amputation, 
loss of function and quality of life, significantly increased 
healthcare costs, and even death.

 Prevention

 Patient Selection

The foundation of a successful outcome in elective surgery is 
proper patient selection, particularly in procedures with a higher 
risk of infection such as repair of open fracture, use of external 
fixation, or prosthetic joint implantation [2, 3]. When consider-
ing surgical intervention, special attention should be directed to 
intrinsic risk factors. These include factors such as advanced 
age or poor nutrition status; use of tobacco or recreational drugs; 
concurrent remote infections or history of previous infections; 
inflammatory conditions such as crystalline arthropathies and 
rheumatoid arthritis; immunocompromised states including 
diabetes mellitus, HIV, and immunosuppressant therapies; and 
other comorbidities which may impair healing such as periph-
eral arterial disease, peripheral neuropathy, and Charcot neuro-
arthropathy. Many of these risk factors may be modified by 

optimization of the underlying condition such as blood glucose 
control in diabetic patients and smoking cessation.

 Glucose Control in Diabetes Mellitus

Risk stratification and early recognition is especially important 
in diabetic patients, who often present with special surgical 
considerations in combination with a higher overall risk of 
developing postoperative infections [4–7]. In 2010, Wukich 
et al. conducted a 1000-patient retrospective review which 
demonstrated that the presence of diabetes-related peripheral 
vascular disease, peripheral neuropathy, Charcot neuroarthrop-
athy, or a history of diabetic ulcers was associated with a ten-
fold increase in incidence of postoperative infection, including 
a fivefold increase in the incidence of severe complicated 
infections which ultimately required hospitalization, when 
compared to both nondiabetic patients and diabetic patients 
who had none of these complications [4]. As diabetic manage-
ment advances, more emphasis is being placed upon HgA1C 
levels, which provide a better long-term snapshot of patients’ 
glucose levels and treatment adherence. Jupiter et al. demon-
strated a significant relationship between HgA1C greater than 
7.0% and increased incidence of postoperative infection risk—
a correlation which steepened when HgA1C surpassed 7.3% 
[8]. Humphers et al. reported a 1.59 relative risk increase of 
postoperative infection following foot and ankle surgery, for 
every 1% increase of HgA1C above 7.0% [9].

To mitigate these risks, tight glucose control should be an 
essential prerequisite for elective surgeries, as glucose levels of 
even 150–175 ml/dl have been shown to negate the inherent 
immunity needed to prevent infection [10]. Of course, non-elec-
tive emergent cases warrant surgical treatment regardless of the 
patient’s glucose compliance. The risks of uncontrolled diabetes 
and the strategy of reducing infection risk through tight glucose 
control should be explained to the patient. This patient educa-
tion regarding long-term implementation of structured diabetic 
control, particularly through diet and exercise, cannot be under-
estimated as it can profoundly affect the surgical outcome.
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 Smoking Cessation

Several recent studies have shown the detrimental effects 
that smoking can have on postsurgical infections [11–16]. 
Specifically, current smokers have a greater than fourfold 
increased risk of infection, compared to patients who have 
never smoked. Even former smokers who quit smoking an 
average of 17 years prior to intervention demonstrated a 
nearly twofold increased risk of complications compared to 
those who had never smoked [17] . Fortunately, smoking 
cessation at least 4 weeks prior to surgery has been shown to 
decrease the risk of postoperative infections, through a pro-
posed mechanism of reversing the impairment of the immune 
response to peripheral tissues [18]. In order to maximize 
compliance, patients should be educated about the benefits 
of preoperative smoking cessation on immunological 
response and surgical outcome. Research shows that smok-
ers are typically unaware of the significant negative risks that 
smoking can have on surgical outcomes and are inclined to 
quit with adequate instruction [19].

 Prophylactic Antibiotics

Many healthcare systems have adopted preoperative prophy-
lactic antibiotic protocols supplied by the Surgical Care 
Improvement Project (SCIP) or The Joint Commission, while 
other institutions have devised their own individual mandates 
and protocols. The American College of Foot and Ankle 
Surgeons recently published a commentary noting the lack of 
compelling evidence to demonstrate the benefit of prophylac-
tic antibiotics for foot and ankle surgery and the need for 
future high-level evidence to legitimize their use [20]. Based 
on available research from multiple other specialties, the con-
sensus panel devised the following recommendations:

• Prophylactic antibiotics are appropriate in surgery involv-
ing bone, hardware and prosthetic joints, and any pro-
longed surgical cases. The use of antibiotics in soft tissue 
procedures is according to surgeon preference on a case- 
by- case basis.

• Prophylactic antibiotics should be used in patient popula-
tions with inherent increased risk (i.e., diabetics, immu-
nocompromised patients), regardless of the type of 
surgical procedure.

• When used, prophylactic antibiotics should be narrow in 
spectrum and cover only the most commonly identified 
organism in postoperative infections, Staphylococcus 
aureus. Neither routine, preoperative nasal swabbing for 
MRSA colonization nor prophylactic MRSA coverage for 
positive nasal colonization was recommended.

• When administered, prophylactic antibiotics should be 
given 60 min before surgery (before tourniquet inflation) 

and discontinued within 24 h of the operation.

For first-line prophylactic agent, the Infectious Diseases 
Society of America recommends cefazolin 2 g (3 g for 
patients over 120 kg). For patients with a beta-lactam 
allergy, clindamycin 900 mg or vancomycin 15 mg/kg can 
be substituted [21].

 Surgical Site Preparation

Lowering the exogenous bacterial load via proper preparation 
of the surgical site is another way in which the surgeon can 
reduce the risk of infection. Presurgical disinfectant prepara-
tions have many forms, with the two main categories being 
povidone-iodine and chlorhexidine—both of which have 
been shown to be more efficacious in an alcohol-based form 
[22, 23]. Several studies have shown that chlorhexidine is 
superior in decreasing bacterial burden and is the best choice 
[23–26]. Furthermore, Keblish et al. showed that application 
of the solution with bristled brush compared to a soft sponge 
technique yielded higher rates of skin decontamination [27]. 
In addition to presurgical scrubs with high yield decontami-
nates, Ng et al. showed the efficacy of 4% chlorhexidine foot 
baths 20 min prior to the normal presurgical prophylactic 
scrub technique [28]. This method could be useful especially 
in patients with high-risk infection potential. In addition, ster-
ile gown and glove technique, as well as shaving of hair in the 
surgical field, are standards of care.

Surgeons should also take care to minimize the risk of 
postoperative infections arising from locations other than the 
surgical site. For example, incentive spirometry, deep breath-
ing exercises, directed coughing, and early ambulation 
should be used to prevent postoperative pulmonary illnesses 
such as atelectasis and pneumonia [29]. In addition, Foley 
catheters should be used only when indicated and only for as 
long as necessary, to reduce the risk of catheter-associated 
urinary tract infections [30, 31]. Other factors, such as length 
of surgery, length of hospital stay, and hypothermia, should 
be considered and reduced whenever possible [32–34].

 Evaluation

 Triage of Systemic Infections

Postoperative fever can be an indicator for systemic infection. 
The timing of fever in the postoperative phase can give insight 
to the causative factor. Fever within the first 24 h is typically a 
result of postanesthetic overshoot or atelectasis. Fever within 
the first 24–48 h may be caused by  thrombophlebitis and pul-
monary embolism, or it may just be benign. Fever developing 
within 3–4 days postoperatively may be due to a urinary tract 
infection or a wound infection.

Systemic inflammatory response syndrome or “SIRS” is a 

clinical indicator of a systemic inflammatory state which can 
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reflect a variety of underlying conditions including, but not 
limited to, systemic infection. Patients with positive SIRS 
criteria (listed below), or systemic signs and symptoms such 
as nausea, vomiting, abdominal pain, diarrhea, fever, chills, 
and night sweats, may be suffering from systemic infection 
and therefore need rapid antibacterial, supportive, and 
potential surgical interventions. A complete set of vital 
signs (with complete blood count when it is available) is 
essential in screening for SIRS, which is classified by two or 
more of the following:

• Body temperature <36°C (96.8°F) or >38°C (100.4°F)
• Heart rate >90 beats per minute
• Tachypnea of >20 breaths per minute or PaCO2 < 4.3 kPa 

(32 mmHg)
• White blood cell count <4000 cells/mm3 (4 × 109 cells/L) 

or >12,000 cells/mm3 (12 × 109 cells/L) or the presence of 
greater than 10% immature granulocytes

Though it would not be within the scope of a foot and 
ankle surgeon to manage this spectrum of conditions alone, it 
is important to be familiar with the definitions, pathogenesis, 
and course of the systemic infectious syndromes ranging 
from SIRS to septic shock. Sepsis is defined by positive SIRS 
criteria plus the presence of a known or suspected source of 
infection. Severe sepsis is defined by sepsis plus the presence 
of at least one sign of end-organ dysfunction (oliguria or 
other signs of acute kidney injury, altered mental status, 
increased liver enzyme abnormalities, metabolic acidosis, or 
respiratory distress). Septic shock is defined by sepsis plus 
the presence of hypotension (systolic blood pressure of 
<90 mmHg or a >40 mmHg decrease from patient’s baseline) 
which does not resolve with initial attempts at fluid resuscita-
tion. Any of these clinical presentations should trigger early 
and aggressive treatment by a well-qualified multidisciplinary 
team who is familiar with the management of sepsis and criti-
cally ill patients, which typically includes hospital admission 
and parenteral empiric antibiotic therapy as well as fluids and 
blood pressure support where indicated.

 History and Physical Exam

In the absence of signs for systemic infection, the initial 
postoperative visit should begin with consideration of the 
patient’s medical history and risk factors, as well as the 
course of events since the operation was performed. In situ-
ations where a patient presents to a physician other than the 
one who performed the surgery, medical records should be 
acquired in order to properly evaluate the patient for possible 
complications specific to both the patient and the interven-
tion they received. Suspicion of infection and consideration 

of broad-spectrum antimicrobial treatments should have a 
lower threshold if the history contains patient risk factors 
such as poorly controlled diabetes, smoking, or high-risk 
procedures such as open fracture fixation [3, 35, 36].

Patient history should include ascertaining the timing of 
infectious symptom onset. Acute postoperative infections 
occur any time within the first 4 weeks of surgical interven-
tion, most often presenting within the first 2 weeks [37]. 
Patients who are ultimately diagnosed with infection may 
complain of worsening rather than improving symptoms or 
of a “double-peak” effect, whereby symptoms initially 
improve but then regress into a worsening state. An excep-
tion to this timeline are infections caused by Streptococcus 
pyogenes (group A β-hemolytic streptococcus) or Clostridium 
perfringens, rare but debilitating organisms which arise as 
early as 24–36 h after introduction and present with a more 
rapid course, with manifestations including erythema, bacte-
remia, and necrotizing fasciitis. Due to scarcity of this type 
of infection, suspicions should be tempered by considering 
indications for infection and worsening symptoms over a 
rapid period of time soon after surgery [37].

Alternatively, chronic postsurgical infections persist 
beyond initial management attempts or present several 
weeks after the intervention—up to 1 year if hardware is 
present [38]. For these patients, historical information about 
prior interventions including debridements, aspirations, 
washouts, and culture results must be evaluated and weighed 
against the evolving clinical presentation [39].

On examination, the local cardinal signs of infection 
including increased pain (dolar), redness (rubor), swelling 
(tumor), heat (calor), and loss of function (function lasso) are 
often the first clues that an infection is present; however, they 
can also be normal postoperative findings. Although these 
findings can be present in both a postoperative infection and 
the normal healing process, the intensity of these findings are 
often greater in the presence of infection and can be used as a 
differentiating factor (Fig. 5.1). An intimate understanding of 
normal foot and ankle anatomy and a thorough physical eval-
uation, including dermatological, vascular, neurological, and 
musculoskeletal components, are therefore necessary to dif-
ferentiate infection from normal postoperative features as 
early as possible. Exam findings which should raise suspicion 
of infection include purulent drainage expressed from a 
wound or surgical site, malodor, induration, fluctuance, ery-
thema which extends beyond 5 cm from the surgical site, 
sinus tract formation, cessation of healing, and continued or 
increased pain [40, 41] (Fig. 5.2). Special consideration 
should be given if there is suspicion of joint infection. Pain 
out of proportion upon motion of the affected joint is 100% 
sensitive for septic arthritis and should be correlated with 
other findings including the classic signs of inflammation, 
axial load pain, and evidence of joint effusion [42].
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 Laboratory Studies

When the history and physical findings are suspicious for 
infection, it is helpful to order laboratory studies for further 
evaluation, including a complete blood count with differential 

and inflammatory markers such as erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP). This data can be 
helpful in demonstrating a heightened inflammatory state 
and can be trended over time to gauge responsiveness to the 
selected treatment. However, these are nonspecific markers 
of inflammation which can occur in the setting of infection 
or as a natural response to trauma and surgery itself. In the 
absence of obvious signs of infection such as a draining sinus 
tract, an increased white blood cell (WBC) count combined 
with an increased ESR and CRP has shown 100% sensitivity 
but 24% specificity for detecting the presence of infection 
[43]. While an abnormal WBC count (outside the range of 
4–10 × 103 leucocytes/ul) indicates an ongoing acute inflam-
matory response in the body, an increased immature granulo-
cyte percentage can be more indicative of bacterial infection 
in particular. ESR represents greater migration of erythro-
cytes in the blood and changes in fibrinogen in response to 
inflammation. When it is elevated above its normal baseline 
level of less than 20 mm/hr, it has been shown to be highly 
sensitive for osteomyelitis but much less sensitive for infec-
tion in general [44, 45]. Therefore, a single increased postop-
erative WBC count or ESR value has poor diagnostic and 
prognostic value by itself and should be clinically correlated 
with history and physical findings, as well as trends over 
time [46].

CRP is produced by the liver during times of acute inflam-
mation and does not normally occur in the body. It is indica-
tive of some acute inflammatory change at any increase 
above 0.6 mg/dl. Under normal circumstances, CRP levels 
can be expected to rise and equilibrate at 24–72 h after surgi-
cal intervention, followed by a gradual but consistent 
decrease with resolution to normal levels after 7 days. When 
correlated with other signs and symptoms, infection should 

Fig. 5.1 Clinical presentation 3 days post-op. Notice the significant 
intensity and extent of the erythema and edema. There is no drainage, 
but with these cardinal signs of infection, one should be concerned 
about a deep abscess

Fig. 5.2 (a) Purulent drainage from the interdigital space post hammer-
toe repair. This requires incision and drainage for adequate decompres-
sion. (b) Postoperative infection with notable erythema and edema. 

There is also the start of wound dehiscence and incisional serous drainage. 
Patient will need to be monitored closely for deep infection. If no response 
to antibiotic therapy, incision and drainage may be warranted

M. Butterworth and T. Payne



73

be suspected when CRP continues to increase after this time 
frame or undergoes a “second rise” to levels of 100 mg/mL 
or above, after the initial decrease [47]. The location of surgical 
intervention can also have an impact on the postsurgical CRP 
value. For example, Neumaier showed that the average CRP 
levels at 2 days after open reduction and internal fixation 
(ORIF) of femoral fractures was 136 mg/L, compared to 
46 mg/L at 2 days after ORIF of ankle fractures [48]. While 
the initial increase was proportional to the amount of injury 
and amount of subsequent dissection performed, levels 
which remained higher than 100 mg/L after 4 days were 
associated with infection in both groups [49]. Proper utiliza-
tion of CRP as a correlation to postoperative infection has 
shown a sensitivity of 85–92% and specificity of 86–93% 
[48, 50]. In pediatric patients, Laporta et al. showed that CRP 
levels over 11 mg/DL at 48 h had a sensitivity of 87% and 
specificity of 89% for postoperative infection [51].

Other infectious markers, such as CD64, TNF-α, and 
IL-6, have been proposed and are being studied, but require 
further research before recommendations can be made 
regarding their diagnostic or prognostic clinical use [52–55]. 
Procalcitonin has shown some promise as a diagnostic 
marker for sepsis and severe sepsis in critically ill postsurgi-
cal ICU patients who are unable to communicate their his-
tory and symptoms [53]. However, there is not enough 
evidence to support its utilization in foot and ankle postop-
erative infections.

Other laboratory values such a metabolic panel, albumin, 
and pre-albumin, while not helpful in the diagnosis of infec-
tion, provide an overall look at the patient’s general health 
and nutritional status and, therefore, may be indirectly prog-
nostic of a patient’s ability to ward off and recover from infec-
tion. Finally, studies such as blood lactate levels [56] are 
important prognostic markers in the management of sepsis.

 Imaging Studies

Imaging techniques can be very helpful in evaluating infec-
tion. There are many imaging techniques available including 
plain radiographs, ultrasonography, various types of scintig-
raphy, CT scans, and magnetic resonance imaging (MRI). 
The important thing to remember is that the imaging study 
alone is just an aid and should not be relied upon to make the 
diagnosis of infection. The physician must utilize a combina-
tion of imaging studies, laboratory values, and clinical eval-
uation to make an accurate diagnosis and devise a proper 
treatment plan.

At the first suspicion of infection, plain radiographs 
should be ordered to look for early signs of hardware failure, 
migration of hardware or prostheses, changes in bone den-
sity and joint space margins, or other alarm signs such as gas 
in the tissues, which can result from aggressive infectious 

agents including Clostridia species [57] (Fig. 5.3). Although 
their specificity and sensitivity are low during the acute 
phase of infection versus normal postoperative changes, they 
should be the first imaging study obtained to evaluate possi-
ble infection. They can act as a baseline for comparison and 
are useful for serial evaluations of changes over time. The 
classic radiographic findings of osteomyelitis are well known 
and include soft tissue swelling, periosteal reaction, cortical 
erosion, and osteolysis and destruction (Fig. 5.4). The radio-
graphic manifestations of osteomyelitis, however, appear 
after the destruction of bone and may take up to 4 weeks for 
the osseous changes to actually be visualized on plain films. 
Because of this delay, plain film radiographs should not be 
relied upon for the diagnosis of osteomyelitis [58].

Ultrasonography is a viable option for the detection of 
fluid collections including abscesses and joint effusions as 
small as 1–2 mL and is particularly useful for guiding proce-
dures in real time, such as needle aspiration of a fluid collec-
tion for fluid culture sampling [59]. Limitations include 
inability to assess bone stock as sound waves are not able to 
penetrate the hard outer cortical layer [60, 61].

Advanced imaging selections should be based on the type 
and location of the suspected infection and other related fac-
tors. For example, computed tomography (CT) provides 
some detail about bone quality and integrity, by detecting 
erosions, sclerosis, and other bony abnormalities [62]. To 
investigate suspected septic arthritis, however, MRI should 
be selected as it is superior in both sensitivity (100%) and 
specificity (75%) [63] and can better evaluate septic arthritis 
by analyzing soft tissue in addition to pertinent osseous 
structures. Imaging features which may suggest septic arthri-
tis include evidence of joint effusion, chondral destruction, 
adjacent decreased bone density, soft tissue inflammation, or 
abscesses.

Fig. 5.3 (a) Clinical presentation 3 weeks post-op Akin osteotomy. 
Notice localized edema and discoloration around the location of the 
screw head. (b) Obvious loosening of the screw and failure of the inter-
nal fixation. Infection is part of the differential diagnosis
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These advanced imaging techniques are very useful for 
evaluating inflammatory changes when there is no hardware; 
but when hardware is present, artifact effects significantly 
reduce their utility [64]. For suspected prosthetic joint infec-
tions, advanced imaging is not recommended due to lack of 
visualization, low specificity for infection, and high cost. An 
exception is titanium hardware, which permits better visual-
ization of soft tissue in the same viewing field when evalu-
ated by MRI, although some artifact effects will still be 
present [65] (Fig. 5.5).

Scintigraphy or bone scans are very common imaging 
modalities utilized in evaluating infections, but they are not 
reliable during the acute phase of the postoperative course. 
There are many different scintigraphy modalities available. 
The technetium (99mTc MDP) study is the most basic and 
common bone scan but is the least specific for infection. In 
an attempt to increase the specificity for infection, white 
blood cell-labeled bone scans of various kinds have been 
developed, but still have limitations. They are all markers 
of metabolic activity so are very sensitive to any inflamma-
tory process, including infection and normal postoperative 
healing. Although bone scans are sensitive, they are non-
specific for infection and should have limited use postop-
eratively since they can both produce false-positive results 
and misguide the physician’s treatment plan (Fig. 5.6). 
Palestro et al. compared the sensitivity and specificity of 
three different types of bone scans for their accuracy in 
diagnosing osteomyelitis. The 99mTc MDP scan had a speci-
ficity of only 27%, while the indium-labeled white blood 
cell scan (111In-WBC) had the same specificity as the mono-
clonal antigranulocyte antibody (Moab) in vivo white blood 
cell-labeled scan, but was still only 67% specific [66]. 
Although WBC-labeled bone scans are more specific than 
technetium scans, their use in the acute postoperative phase 
is still limited, and they are more useful in detecting chronic 

or late-presenting infections. Recent evidence has suggested 
that bone scans combining 111In-WBC and 99mTc-sulfur 
colloid single-photon emission computed tomography 
(SPECT) could diagnose prosthetic joint infections with a 
reported accuracy of 95–97%; however, further testing is 
needed to determine how to utilize this modality in a cost-
effective way [67].

Fig. 5.4 (a) Osteolysis with 
obvious cortical destruction of 
the hallux. Findings are 
consistent with osteomyelitis. 
(b) Two weeks later 
significant osseous 
destruction is noted with rapid 
continuance and extension of 
the osteomyelitis. The distal 
portion of the proximal 
phalanx is practically absent

Fig. 5.5 Decreased signal intensity on this MRI represents artifact sec-
ondary to the titanium screws utilized. This is the typical void made by 
internal fixation and will obscure the surrounding anatomic area
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The other drawback of bone scans in evaluating infec-
tions is the inability to readily distinguish structures indi-
vidually. Results are often generalized to a large relative 
area around the infection, due to superimposed focal uptake 
in all tissue layers such as bone, tissue, and joint areas. 
Anatomic structures are poorly visualized making evaluation 
difficult (Fig. 5.7).

MRI has been described as the imaging modality of 
choice for the evaluation of postoperative infection. It offers 
superior visualization of anatomic structures and can differ-
entiate between soft tissue and osseous infection (Fig. 5.8). 
It can also be utilized for preoperative planning to determine 
the extent of infection and the level of debridement needed. 
Additionally, it can be utilized to look for other sources of 

infection, such as a deep abscess, if the patient is not responding 
adequately to the treatment protocol. Finally, it can also be 
utilized to monitor an infection and the response to treatment 
(Fig. 5.9). A meta-analysis was performed over a 40-year 
time frame comparing MRI with plain radiographs, bone 
scans, and white blood cell-labeled studies for diagnosing 
osteomyelitis. They concluded that MRI was a strong test to 
aid in both confirming and excluding osteomyelitis of the 
foot and that a positive MRI results in an 84% chance of having 
the diagnosis of osteomyelitis and other exam findings such 
as substantial wound depth and probing to bone cinch the 
diagnosis. They also stated that the use of technetium bone 
scanning in the diagnosis of osteomyelitis of the foot should 
be limited and the lack of adequate specificity creates many 
false-positive results [68] (Fig. 5.10). Another study added 
the probe to bone test and compared it with radiographs, bone 
scans, white blood cell-labeled scans, and MRI for the diag-
nosis of osteomyelitis. The probe to bone test was actually 
more specific than any imaging modality, and MRI was the 
second most specific test. Radiographs and white blood 
cell-labeled scans were equal in specificity, and bone scans 
were the least specific [69].

 Microbiology Studies

Microbiology studies such as gram stains, cultures, and sen-
sitivities are an exceptionally important part of the diagnos-
tic process and should be used to guide antibiotic selections 
whenever possible. Ideally, cultures should be taken prior to 
administration of antibiotics to reduce the risk of a false- 
negative result. However, in life-threatening situations such 
as suspected sepsis, or when cultures cannot be taken in a 
timely fashion, antibiotic treatment should not be delayed for 
the sake of acquiring more accurate cultures. In such cases, 
treatment should be administered, with cultures at the earliest 
opportunity.

Fig. 5.6 (a) Patient is status 
post heel surgery with a 
wound dehiscence. This 
technetium bone scan was 
read as positive for 
osteomyelitis of the 
calcaneus. This is a false-
positive result confirming the 
high sensitivity but low 
specificity for diagnosing 
infection. (b) A plain film 
radiograph and clinical exam 
of the same patient reveal a 
superficial, healthy plantar 
ulceration with no probing to 
bone, no clinical signs of 
infection, and no radiographic 
evidence of osteomyelitis

Fig. 5.7 This is an indium white blood cell-labeled scan. It was read as 
positive for osteomyelitis; however, it is very difficult to visualize the 
anatomic structures and differentiate soft tissues from osseous 
structures
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When obtaining wound cultures, it is important to understand 
that superficial ulcerations and tissues are poor specimens 
which are contaminated with normal skin flora and are not 
recommended for attempting to identify pathogens respon-
sible for deeper infections [70]. Whenever possible, deep 
wound cultures should be taken as they are more reliable for 
the accurate detection of offending pathogens [71]. If possi-
ble, augmentation of deep cultures with both purulent fluid 
cultures and deep tissue specimens can enhance the accuracy 
and precision of the resulting pathogenic profile [72]. Prior 
to deep culture acquisition, contamination should be pre-
vented by reducing the superficial bacterial load overlying 
the infection site, via sterile water or normal saline lavage, 
debridement, and scrubbing with an iodine or chlorhexidine 
alcohol-based cleanser.

When bone infection is suspected, bone biopsy and cul-
tures are predictive of responsiveness to targeted antibiotics 

[70] and should always be obtained when accessible or 
exposed through surgical site dehiscence. If a bone culture is 
not accessible, consider obtaining deep sinus tract cultures, 
as this has been shown to correlate well with potential 
 osseous infections when properly executed and when the 
swab probes to bone [71].

When bacteremia or sepsis is suspected, due to abnormal 
vital signs or the presence of systemic symptoms such as 
nausea or vomiting and chills, blood cultures should be 
obtained as quickly as possible [64, 73]. March et al. have 
shown that a full antibacterial susceptibility panel can be 
produced within 120 min when taken from positive blood 
culture samples [74]. Blood cultures should be procured 
from two separate venous sites with 20 min in between, to 
avoid false-negative results, as patients with even severe 
sepsis can demonstrate rare or discontinuous bacteria in cir-
culation at any one time.

Fig. 5.8 (a) Patient is status post phenol and alcohol procedure with 
persistent erythema, edema, and drainage. (b) and (c) These 
T2-weighted magnetic resonance images show increased signal inten-

sity of the entire hallux consistent with osteomyelitis. MRI provides 
great anatomic visualization and unfortunately shows that the infection 
has extended through the soft tissue boundaries invading bone

Fig. 5.9 (a) Patient had an 
open fibula fracture resulting 
in osteomyelitis evidenced by 
the increased signal intensity. 
(b) After 6 weeks of 
intravenous antibiotics, this 
MRI shows successful 
treatment and eradication of 
the infection
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Ideally, multiple culture samples should be taken from 
any tissues with suspected infection and with two or more 
cultures positive for the same species being highly indica-
tive that infection is present and the identified pathogen is 
responsible [57]. Depending on the type of suspected 
infection, this may include sterilely acquired aspirate of 
any fluid collection, direct fluid sampling from a sinus 
tract to its terminal recess, tissue specimens from surgical 
debridement, and blood cultures. When hardware infection 
is suspected, it is recommended that five to six cultures be 
taken to adequately represent the infected area about the 
hardware.

The most common organisms responsible for postopera-
tive infections are gram-positive agents including 
Staphylococci and Streptococci species, followed by the 
gram-negative organisms such as Escherichia coli. 
Postsurgical tissue infected with colonized Staphylococcus 
becomes intensely erythematous, edematous, and tender. 
Abscesses may then form consisting of either a thick, 
creamy, yellow purulence commonly seen with S. aureus 
or a white- colored purulence if S. epidermidis is present. 

The gas- forming gram-positive species, Clostridium per-
fringens, is a less common but potentially devastating 
organism which can cause gas gangrene or necrotizing fas-
ciitis and should therefore be treated with extreme prudence. 
In rare cases, necrotizing fasciitis can also be caused by par-
ticularly virulent strains of Streptococcus pyogenes or 
Staphylococcus aureus (Fig. 5.11). Gram-positive cocci 
remain the most common bacteria associated with postop-
erative osteomyelitis [75]. S. aureus, S. epidermidis, and 
Streptococcal species account for up to 73% of the osteo-
myelitis following musculoskeletal surgery [76].

When prostheses or other hardware is involved, biofilms 
can present other unique challenges. Biofilms are formed 
when bacteria colonize implanted synthetic material, bind 
host fibrinogen and fibronectin, and produce barriers of pro-
tein complexes. These biofilm barriers impair both antibiot-
ics and components of the host immune system and therefore 
complicate management of the infection [77, 78]. In pros-
thetic joint infections, the most common biofilm-producing 
agents include staphylococcal species such as S. aureus and 
S. epidermidis [79.

Fig. 5.10 (a) Patient is status 
post 4 weeks bilateral 
bunionectomy. She presented 
with localized erythema and 
edema and increased pain. 
This technetium bone scan 
was read as positive for 
osteomyelitis. (b) and (c) An 
MRI was performed on the 
same patient showing an 
increased signal intensity of 
the soft tissues surrounding 
the first metatarsophalangeal 
joint but no extension into the 
bone. This proves that the 
bone scan was a false-positive 
result and should not be 
utilized in the postoperative 
phase
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 Arthrocentesis and Joint Fluid Analysis

Arthrocentesis is a critically important diagnostic procedure 
which is used to analyze and culture the joint space fluid in 
cases of suspected septic arthritis [80, 81]. Many physicians 
are hesitant to proceed with arthrocentesis due to the possi-
bility of iatrogenic contamination or “seeding the joint,” but 
the evidence shows that this is not a common occurrence. In 
a retrospective study by Geirsson et al., incidence of iatro-
genic infection during joint fluid aspiration was only 0.037% 
[82]. Relative contraindications include anticoagulation or 
overlying infection, but this should be weighed against the 
indication of the procedure for diagnosing septic arthritis. 
The aspiration should be done in an aseptic manner and may 
be facilitated by ultrasound guidance. The collected fluid 
sample should be sent for gram stain, cytology, crystal analysis 
under polarized light, and culture with sensitivities. The 
Infectious Diseases Society of America recommends that 
antibiotics be stopped 2 weeks before the recovery of joint 
fluid whenever possible, in order to maximize the chances of 
a positive culture [40]. In cases where this is not feasible, 
Von Essen et al. showed that blood agar bottles can be utilized 

in place of traditional agar plates to grow aspirated samples 
with high dependability. This method was able to more accu-
rately isolate organisms in patients receiving antibiotic 
therapy, compared to samples which had previously yielded 
negative results using conventional methods [83].

A typical septic joint will have a turbid appearance and a 
WBC count >50,000 mm−3. It does however need to be cor-
related with other elements of the patient’s presentation. Van 
der Bruggen et al. showed that a synovial fluid sample con-
taining a WBC >9000/μl, in combination with an elevated 
ESR and CRP, had a 100% positive predictive value and 
98% accuracy for detecting prosthetic joint infection [67]. 
Recently, molecular testing has become more commonplace 
in the diagnosis of acute infection. A wide array of PCR tech-
niques have been developed for rapid diagnosis of pathologi-
cal presence. However, simply having the DNA of 
pathologies in a sample can still result from contamination. 
At this time, PCR is recommended for those cases when 
infection is highly suspected but cultures have produced a 
negative result. The PCR should be calibrated to include 
staphylococcal and streptococcal species as well as any other 
common organisms found in a regional antibiogram.

A different profile of pathogens should be considered 
when septic arthritis is suspected. While MSSA is still the 
most common causative organism present in over one-third of 
reported cases, and up to 70% of pediatric cases [39, 84–86], 
there has been a recent increase in the proportion of cases 
caused by MRSA, such that it is now attributed to approxi-
mately 25% of all cases [39, 84, 86]. Other causative agents in 
order of frequency include Streptococcus species and gram-
negative cocci such as Escherichia coli, Proteus mirabilis, 
Klebsiella, and Enterobacter, which are involved in about 
20% of septic arthritis cases [64]. Additionally, anaerobic and 
biofilm-forming microorganisms should be considered when 
hardware or prostheses are present [87].

 Types of Infections

Surgical site infections are classified by the level of tissue that 
they affect and include superficial incisional, deep  incisional, 
and organ/space infections [38]. Superficial incisional infec-
tions involve only the skin and subcutaneous structures and 
are diagnosed within 30 days of the initial surgical interven-
tion by the presence of any one of the following criteria: (1) 
purulent drainage from the surgical site; (2) microorganisms 
aseptically obtained from the superficial incisional site; (3) 
clinical findings of erythema, pain, or edema at the incision 
site and a positive culture after intentional opening of the inci-
sion site by a surgeon; and (4) clinical diagnosis by a surgeon 
or physician based on experience.

Deep incisional infections involve deeper layers of the 
incision, such as muscle and facial layers, and present up to 

Fig. 5.11 Patient with severe infection, necrotizing fasciitis, and status 
post lateral ankle surgery
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1 year after surgical placement of implanted devices or 
hardware or within 30 days of most other types of surgery. 
The findings associated with this infection are the same as 
for superficial incisional infections, with addition of clinical 
signs of abscess formation, imaging results that suggest deep 
involvement, or spontaneous dehiscence of the incision.

Organ/space infections involve deep intra-compartmen-
tal tissues and structures which were surgically manipulated 
at the time of the intervention. In the realm of foot and ankle 
surgery, some examples include joint infections, osteomy-
elitis, and orthopedic hardware or prosthesis infections. 
Like deep incisional infections, organ/space infections also 
present up to 1 year after surgical placement of implanted 
devices or hardware, or within 30 days of most other types 
of surgery [38].

 Management

 Initial Approach

Suspicion of infection should prompt the surgeon to consider 
appropriate antibiotic and surgical management options and 
hospital admission options for serious infections requiring 
parenteral administration or interdisciplinary approaches. 
Antibiotic selections will be discussed, as will surgical con-
siderations for special circumstances such as osteomyelitis, 
hardware infections, and septic arthritis. Patients should be 
informed about the nature and expected course of their infec-
tion, risks and benefits of available management options 
including any expected patient responsibilities, and the pos-
sibility that multiple-staged interventions may be necessary 
to achieve full resolution.

 Antibiotic Management

According to the Infectious Diseases Society of America’s 
guidelines on surgical site infections, a patient presenting 
after a clean orthopedic procedure with a temperature 
>38.5°C, heart rate >110 bpm, or erythema extending 
beyond the wound margins for >5 cm should be started on a 
short course of intravenous antibiotic therapy targeted against 
Staphylococcus aureus and Staphylococcus epidermidis. A 
first-generation cephalosporin or any agent which is effective 
against methicillin-susceptible Staphylococcus aureus (MSSA) 
is acceptable [41].

Coverage for methicillin-resistant Staphylococcus aureus 
(MRSA) is not routinely recommended and should only be uti-
lized when specific risk factors are present—these include 
positive nasal colonization for MRSA, a prior MRSA infec-
tion, recent hospitalization, or recent antibiotic treatment 
[88, 89]. When indicated, coverage for MRSA can be achieved 

with vancomycin, daptomycin, linezolid, or ceftaroline. The 
addition of piperacillin-tazobactam, a carbapenem, or ceftri-
axone and metronidazole may sometimes be warranted to 
cover for gram-negative and anaerobic infections, such as in 
cases where the surgical wound has been complicated by 
exposure to the exogenous environment or contaminated 
bodily fluids [41]. The addition of these antibiotics may also be 
preferable for immunocompromised patients, including those 
with diabetes mellitus, in order to provide broader coverage 
until culture and sensitivity results have been obtained.

Septic arthritis is an exception to many of these general 
guidelines. While there are conflicting guidelines on this 
topic, it is the author’s belief that septic arthritis should be 
initially treated with broad-spectrum antibiotics to cover 
both MRSA and gram-negative agents, due to the higher 
prevalence of these organisms in joint infections as previ-
ously discussed.

When biofilms are likely, such as in the presence of hard-
ware or prostheses, the minimum inhibitory concentration 
(MIC) may be increased by factors of 10–1000. This is due 
to antagonism of antibiotic mechanisms by biofilm proteins, 
rather than a lack of penetration as is commonly believed 
[90]. Such cases may require prolonged use of oral antimi-
crobial agents and combination therapy in order to achieve 
long-term suppression of biofilm-producing organisms [40]. 
Additionally, agents such as rifampin may be used as an 
adjunct, resulting in biofilm penetration and superior bacteri-
cidal effects against staphylococcal species when used with 
agents such as cephalosporins, linezolid, daptomycin, and 
vancomycin [91].

As culture results become available, the antimicrobial 
regimen should be adapted as needed to target the identified 
pathogens. Responsiveness to the selected treatment regi-
men should be gauged by frequent reevaluations of the 
patient’s clinical course, as well as trends in WBC count/
differential and inflammatory markers. Antibiotics are con-
tinued until there has been satisfactory resolution of the clin-
ical signs of infection, imaging studies do not show any 
further evidence of soft tissue or osseous infection, and 
 laboratory values are within an acceptable range. This can be 
several weeks for soft tissue infections and up to 6 weeks for 
osteomyelitis. For high-risk patients or those who do not 
respond to initial treatments as expected, it is recommended 
that the treatment team include an infectious disease special-
ist moving forward.

 Surgical Management

Abscess formation, osteomyelitis, and infected retained 
hardware should be part of the differential diagnosis if the 
patient has not responded adequately to antibiotic therapy and/
or local wound care measures when treating a postoperative 

5 Surgical Infections



80

infection. The surgeon should perform any necessary labora-
tory studies and imaging to help aid in a working diagnosis 
and plan on surgical intervention.

 Management of Abscesses and Soft Tissue 
Infections

When a postoperative abscess or deep soft tissue infection 
is present, incision and drainage is necessary. Complete 
release of tension and expression of all drainage is cru-
cial. The incision should continue until the wound has 
been adequately decompressed. Infections often track 
along tendon sheaths so special attention should be made 
to inspect these structures and ensure satisfactory drain-
age (Fig. 5.12). While multiple debridements are usually 
needed to contain infection, the initial procedure should 
include decompression, acquisition of deep tissue cul-
tures, and debridement of all necrotic and nonviable tis-
sue, leaving only healthy tissue with viable borders. It is 
recommended to leave vital structures such as neurovas-
cular tissue whenever possible, due to its important role in 
future healing.

In order to adequately reduce the bacterial burden in the 
tissues, copious lavage with several liters of normal saline 
should be performed twice, once prior to taking deep cul-
tures and again after debridement prior to concluding the 
procedure. The quantity of the solution is more important 
than the type of solution for irrigation. Antibiotic- 
impregnated irrigation is not necessary and has little advan-
tage over normal saline solution because the antibiotic is not 
in contact with the soft tissues for any sufficient amount of 
time. The irrigation solution should also be delivered under 
high pressure providing mechanical debridement of the site. 
This is best accomplished with a Pulsed Lavage apparatus, 
but if unavailable an 18-gauge needle and 20–50 cc syringe 
can be utilized.

Any foreign material must be removed, and an open pas-
sage must remain in the wound to allow for continued drain-
age and resolution of the infection. The wound is usually 
packed open with gauze-type material, and daily dressing 
changes and wound care are performed. Once the wound 
appearance is satisfactory, it may be closed by delayed pri-
mary repair or allowed to close through secondary intention. 
The wound should show no signs of necrosis, purulence, or 
erythema prior to closure (Fig. 5.13). Mild edema and 
serous-type drainage secondary to the inflammatory process 
are acceptable for wound closure.

 Management of Osteomyelitis

When the infection has progressed beyond the soft tissue 
level and osseous involvement has occurred, debridement of 
necrotic and nonviable bone is mandated. Debridement of 
bone should be carried out until there is evidence of healthy, 
bleeding osseous surfaces (Fig. 5.14). Simpson et al. recom-
mends excision of bone with a 5 mm clear border to ensure 

Fig. 5.12 (a) Incision of the 
peroneal tendon sheath 
expressed significant purulent 
drainage. (b) MRI with 
increased signal intensity 
confirming infection along the 
peroneal tendon sheath

Fig. 5.13 Patient is status post 5 days incision and drainage of abscess 
following neuroma excision. The wound now displays healthy, red 
granulation tissue, no drainage, and resolved cellulitis and is now ready 
for delayed primary closure
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eradication of the osteomyelitis and minimize the risk of 
recurrence [92]. The bone should also be explored for a 
 medullary or subperiosteal abscess. The periosteal tissue can 
be incised, any medullary abscess drained, and any areas of 
devitalized or detached bone excised. Failure to remove any 
areas of infection or necrotic tissue may result in a delayed 
response or poor outcome. It may take several debridements 
to adequately resect all infected and nonviable bone.

When large portions of bone are removed due to infec-
tion, parenteral antibiotic treatment can be augmented with 
antibiotic-impregnated cement beads or spacers such as 
polymethyl methacrylate, placed within the tissue and bone 
void in between debridement margins (Fig. 5.15). The incor-
porated antibiotic should be heat liable, such as tobramycin 
and vancomycin. After confirmation that the wound has been 
cleared of infection, a late-staged fusion with autogenous 
bone graft and spanning internal fixation is a viable option 
[93]. Alternatively, if the patient is unable to undergo a har-
vest procedure, several allografts can be used. In this case, 
auto-populating the allograft with bone marrow aspirate 
from the calcaneus or distal tibia can increase the healing 
potential and help avoid a nonunion, especially in cases 
involving large-spanning defects.

 Management of Hardware Infections

When hardware is involved, infection at any point prior to 
osseous union may contribute to morbidity and negatively 
affect long-term function. The question of whether to remove 
or retain hardware should depend on the integrity of the con-
tiguous bone, the hardware function, and the time frame of 
the infection (Fig. 5.16). For acute infections occurring 
within 6 weeks of the primary procedure, where hardware is 
stabilizing a healing fracture, fusion, or osteotomy site which 
has not yet incorporated, it is recommended to temporarily 
retain the hardware. There is relative confidence that the 
infection can be managed and suppressed with parenteral 
antibiotics and aggressive serial debridements as needed [2, 3, 
57, 94–96]. Once the bone has fully healed, as evidenced by 
callus crossbridging and pain-free weight-bearing, it is rec-
ommended that hardware be removed, as retention beyond 
this point has been linked to a very high rate of recurrent 

infections [94, 97–99].
In cases involving gross instability of the bony interphase or 

gapping osteomyelitis, hardware should be removed and the site 
secured with external fixation whenever possible [97]. At this 
point, treatment should focus on the eradication of infection, 
with the goal of reconstructive salvage at a later point.

 Management of Septic Arthritis

Septic arthritis is characterized by bacterial infection within 
the joint space, leading to joint effusion which increases 
intra-articular pressure. When intra-articular pressure sur-
passes local arterial pressures, the cartilage becomes under- 
perfused, resulting in cell death and subsequent synovium 
breakdown [64, 100, 101]. Postoperative joint infections are 
serious complications which can be life-altering due to their 
ability to destroy normal joint anatomy and function and life- 
threatening due to the potential of conversion to systemic 
infection. Inpatient mortality rates associated with septic 
joints can reach 15%, with increased chances of deleterious 
outcomes correlated to a delay in either diagnosis or treat-
ment [102–104]. Therefore, detection and management of 
septic arthritis require keen clinical judgment and rapid 
deployment of appropriate management strategies.

Postoperative septic arthritis can be caused by iatrogenic 
contamination during the surgical procedure [100] which 
usually occurs through a break in sterile technique or by 
transfer of bacteria from superficial tissues into the joint 
space during an otherwise sterile procedure. Alternatively, 
it can be caused by contiguous spread from a nearby infec-
tion or hematogenous spread from a remote infection, due 
to a lack of a basement membrane at the cartilage-joint 
interface [73].

Fig. 5.14 Radiograph displaying successful resection of osteomyelitis 
of the proximal phalanx of the hallux. Well-delineated osseous border 
remains with no further evidence of cortical erosion or osteolysis
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When septic arthritis is suspected, an arthrocentesis should 
be performed to confirm the diagnosis and identify the patho-
gen, as previously discussed. Prompt intervention should be 
undertaken with a three-pronged approach: administration of 

parenteral antibiotics, evacuation of purulent material, and 
debridement of nonviable tissue (Fig. 5.17). In the ankle 
joint, arthroscopic lavage should be performed with at least 
three liters of normal saline. Other joints, however, are best 

Fig. 5.15 (a) and (b) Patient status post bunionectomy with purulent 
drainage, unstable fixation, and obvious extensive infection. (c) and (d) 
Incision and drainage was performed, and all nonviable tissue and 

unstable internal fixation was removed. The wound was packed with 
antibiotic- impregnated PMMA beads, and osseous structure and integ-
rity was maintained with external fixation
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evaluated utilizing an open method. When attempted 
arthroscopically, complications which warrant immediate con-
version to open debridement include concurrent observed artic-
ular damage and osteomyelitis [105]. Furthermore, aspiration 
is not recommended as a primary means of treatment for post-
surgical septic arthritis, as visualization and inspection of the 
joint surfaces is strongly  encouraged in order to evaluate and 
debride any damaged cartilage and surrounding soft tissue.

 Management of Prosthetic Joint Infections

Management of septic joints becomes more complicated when 
a prosthesis is involved. For patients with suspected prosthetic 
joint infection (PJI), it is critical to take a team- based approach, 
using the services and expertise of surgeons, infectious disease 
specialists, radiologists, and plastic surgeons, in order to 
obtain optimal outcomes.

Fig. 5.16 (a) and (b) Patient had wound dehiscence 3 weeks status 
post bunionectomy. Oral antibiotics and local wound care were per-
formed. The internal fixation (screw head) can be visualized in the 
wound. Fixation was maintained initially but then became loose and 
unstable over the ensuing weeks. (c)and (d) Patient was taken to the OR 

6 weeks after the initial surgery. The screws were removed, and a per-
cutaneous K-wire was placed to aid in stability until complete osseous 
union was achieved. (e) The wound was excised, and delayed primary 
closure was obtained with reduction of tension along the wound edges
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Open surgical debridement is the standard of care and 
should ideally include 3–6 culture samples. These cul-
tures should be taken directly around multiple peripros-
thetic tissue sites and from the prosthetic itself to ensure 
optimal comparison to presurgical arthrocentesis results. 
The least invasive method for addressing PJI is debride-
ment, antibiotics, and implant retention (DAIR), which is 
a reasonable strategy in patients who present with a fixed 
implant without migration or sinus tract, within 30 days 
of initial implantation and less than 3 weeks from onset of 
symptoms [40].

More aggressive treatment consists of single- or double- 
stage revisions. Single-stage revisions are best suited to 
cases in which there is good bone stock, adequate soft tissue 
coverage, and a pathogenic organism which has been identi-
fied preoperatively and is susceptible to orally bioavailable 
antibiotics. In addition, the exchanged implant should con-
tain antibiotic-impregnated bone cement. In contrast, a two- 
stage revision is indicated in circumstances where there is 
poor soft tissue coverage or there are resistant organisms, in 
which no prior two-stage revision has been attempted, reim-
plantation of new prosthetic over a prolonged period of time 
is viable, and there is a functionally good outcome antici-
pated [40].

In some patients, permanent resection of the joint area is 
indicated. This is reasonable in patients who are nonambula-
tory, with poor soft tissue coverage and pathogens which are 
highly resistant to antibacterial therapy. Patients who are 
unable to proceed with the obligatory multiple surgical 
exchange, or those who have previously failed an attempted 
two-stage revision, are also better suited to this strategy due 
to a high risk of reinfection [40].

 Continued Wound Management

Sometimes, adequate debridement will result in a significant 
wound defect in which deep tissues are open to the outside 
environment. These wounds, as with any infections, should 
not be closed primarily but allowed to drain during the initial 
healing process, with regular dressing changes to promote 
declaration of viable tissues. If enough soft tissue is present 
at the resolution of infection, delayed primary closure can be 
utilized to ultimately cover the wound and reduce the risk of 
reinfection. This is preferable to delayed secondary intention 
closure methods, in which the superficial skin is left open 
indefinitely while healing occurs from the wound margins 
inward. However, delayed primary closure should not be 
used when it would cause high tension at the wound margins, 
as this correlates to a high risk of tissue breakdown and can 
lead to recurrent infection. Instead, if there is not enough 
native tissue to close the defect, negative-pressure wound 

care therapy should be employed to provide coverage of the 
wound site and promote new, healthy granular tissue. After 
suitable granulation tissue has formed, definitive coverage 
with a split-thickness skin graft is recommended [106–110]. 
In addition to these considerations, large defects can result in 
vascular compromise and may require a pedicle free flap 
with intact and independent blood supply. Amputation can 
unfortunately, ultimately result but should be a last resort 
after other strategies have failed.

Once definitive surgical intervention has been completed, 
antibiotics are typically continued over the ensuing weeks 
until infectious signs and symptoms including erythema, 
edema, drainage, and pain have subsided. The patient should 
also be monitored for signs of infection recurrence. This 
should include trending of vital signs and laboratory values, 
which should show a steady normalization of any previously 
evident inflammatory changes (such as increased WBC 
count, ESR, and CRP), repeat imaging studies as necessary, 
and reevaluation of the postoperative sight. Patients should 
have increased range of motion with reduced pain, over a 
time frame of days to weeks. Early physical therapy can 
 provide better postoperative outcomes, and the patient should 
slowly progress back to normal function.

 Conclusion

Postoperative infections pose a variety of challenges to the 
foot and ankle surgeon. With a proactive approach of careful 
patient selection, modification of risk factors such as blood 
glucose control and smoking cessation, and implementation 
of presurgical protocols, these incidences can be minimized. 
Successful management of this complication is hinged on the 
practitioner’s ability to identify the infection quickly, using 
appropriate laboratory, imaging, and culturing modalities. 

Fig. 5.17 Septic arthritis of the ankle on MRI. Infection occurred after 
hardware removal following talocalcaneal arthrodesis. Noted osseous 
changes of the tibia and talus as well as increased signal intensity in the 
tibiotalar joint
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Multimodal management strategies, including multispecialty 
teams, timely antibiotic implementation, and surgical inter-
vention, are paramount to a favorable outcome.
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 Introduction

Complications after surgery are unfortunately unavoidable. 
Fortunately, most complications are mild, but in a few, they 
can have a high mortality. Foot and ankle surgical proce-
dures commonly have a higher risk of surgical site infection 
in comparison to other orthopedic surgical sites because of 
the colonization of bacteria [1]. There is evidence that after 
proper aseptic technique of the foot, a significant amount of 
bacteria can still be found [1]. When combining these risk 
factors with a patient’s comorbidities, the risk of complica-
tions can increase significantly. This chapter will help the 
foot and ankle surgeon recognize potential risks involving 
patients with comorbidities.

This chapter will break down comorbid conditions into 
systemic and autoimmune diseases, chronic infectious disor-
ders, and substance abuse. Many patients undergoing foot 
and ankle surgery will have multiple comorbid conditions, 
leading to more risk of complications.

 Diabetes

Patients with diabetes are well known to the foot and ankle 
surgeon. A significant amount of time and effort has been 
dedicated to efforts to determine the pathomechanics of dia-
betes in relation to surgery. Even though there is more 
research to do, the data we have supports that patients with 
diabetes have a much higher risk of complications, including 
surgical site infection, in comparison to nondiabetics.

Patients with diabetes whose blood glucose levels regularly 
average above 200 mg/dl have a higher risk of surgical site 
infection [2]. In one study looking at cardiac surgery patients, 
they were able to control other comorbid conditions and con-
cluded that blood glucose levels above 200 mg/dl had a signifi-
cant risk of infection compared to patients with blood glucose 
levels below [2]. It is well known that poorly controlled diabe-
tes leads to decreased phagocytosis and bactericidal activity of 
neutrophils. It has been shown that the threshold of proper neu-
trophil function is a blood glucose of less than 200 mg/dl [3].

There has been little research looking at surgical site infec-
tion in patients who have undergone foot and ankle surgery. 
One retrospective study looking at 1000 patients showed 2.8% 
of nondiabetic patients undergoing foot and ankle surgery 
developed infection compared to 13.2% in patients with dia-
betes [4]. Also in that study, the author concluded neuropathy 
as a factor in patients with diabetes developing an infection 
[4]. This finding is consistent with other research. Patients 
who do not have neuropathy likely do not have any more risk 
of infection than a nondiabetic patient [5].

It is our opinion that these patients also have other factors 
that are difficult to stratify. Oftentimes these patients are non-
compliant with taking their medications, thus leading them 
down a path that includes neuropathy and other comorbid 
conditions associated with diabetes. If these patients are not 
compliant with managing their diabetes, one may question 
their ability to be compliant with instructions after surgery.

 Renal Disease

Renal disease is a condition that is often times associated 
with other comorbidities, such as diabetes, malnutrition, 
congestive heart failure, anemia, and coronary artery dis-
ease. These patients are inherently at risk of complications 
because they do not properly excrete toxins within the body, 
often times leading to an impaired immune response. Patients 
with renal disease are at significant risk of developing renal 
osteodystrophy, especially in those who are on dialysis. 
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Renal osteodystrophy, also known as chronic kidney 
disease- mineral and bone disorder (CKD-MBD), causes 
 malabsorption of calcium and phosphorous which leads to 
thinning of the bone and an increased risk of fracture [6]. It 
is known that patients with renal disease often times develop 
calcification of their arteries [7]. Because of this, the risk of 
wound healing complications significantly rises and makes it 
challenging for the foot and ankle or orthopedic surgeon to 
be able to properly manage these musculoskeletal problems 
in these patients [7]. Other potential causes of increased 
mortality and morbidity are elevated plasma homocysteine, 
enhanced coagulability, excess arterial calcification, and 
endothelial dysfunction [8].

Review of the literature demonstrates no available 
research looking at foot and ankle surgery and patients with 
chronic kidney disease. There is research looking at total 
knee and hip arthroplasty and chronic renal disease. All of 
these studies are consistent with an increased risk of morbid-
ity/mortality [9]. In a study looking at more than 500 patients 
with chronic renal disease undergoing elective total joint 
procedures, there was found to be a significant increase in 
morbidity after surgery [10].

Current recommendations state that patients who are 
undergoing elective surgery and have chronic renal disease 
should receive hemodialysis the day before in order to mini-
mize the adverse effects of fluid and electrolyte abnormali-
ties [11]. The surgeon should weigh the risk of surgery when 
evaluating these patients.

 Obesity

One in five Americans are clinically obese [12]. Obesity is 
defined as a person with a BMI greater than or equal to 30. 
It has been reported that obesity will continue to significantly 
rise over the next 15 years [12]. Most surgeons would con-
clude that obese patients have a higher risk of complications. 
This idea, however, is not very well supported in the litera-
ture. It is thought that because obese patients have larger 
amounts of adipose tissue, there is a risk of loss of adherence 
of the skin to the underlying subcutaneous tissue and this 
could lead to an increased risk of wound dehiscence and risk 
of infection [13]. Most obese patients have other comorbid 
conditions such as diabetes, congestive heart failure, and 
coronary artery disease. It is because of these additional 
comorbid conditions that obese patients may have a higher 
risk of surgical complications.

There are few studies evaluating obesity and foot and ankle 
surgery. Most studies have looked at obesity and ankle frac-
tures. Many have concluded that obese patients have a higher 
risk of a more severe fracture [14, 15]. One study compared 
patients with a BMI less than 30 and a BMI above or equal to 
30 and determined that obese patients do not have a higher risk 
of infection or development of nonunions [15]. Therefore, the 

current literature does not necessarily support obesity alone as 
a risk factor for increased surgical complications.

 Malnutrition

Patients with protein and vitamin deficiencies are known to 
have increased risk of surgical complications [16]. It is 
believed that 50% of hospital patients are malnourished [16, 
17]. Key laboratory markers include serum albumin, total 
lymphocyte count, and transferrin. Transferrin assists in 
decreasing inflammation as well as in impeding bacterial 
survival [18]. It has been shown that a transferrin of <226 mg/
dL increases the rate of wound complications [19]. 
Lymphocytes are key to the body’s humoral and cell- 
mediated immunity. A decrease in total lymphocyte count 
below 1500/mm3 (1.5…109/L) increases the rate of infection 
[19]. Protein deficiency interferes with wound healing and 
humoral and cell-mediated immunity, thus lowering the host 
resistance and increasing risk of surgical site infection [20]. 
Serum albumin is one of the key markers used in assessment 
of nutritional status. Serum albumin of <3.5 g/dL indicates a 
nutritional deficiency and an increased risk of complications 
[16, 19]. Albumin, even though a good nutritional marker, 
also has limitations. It has a long half-life; therefore, it can 
take time to see the effects of any changes in diet [21]. 
Prealbumin is a better marker in identifying acute changes in 
protein because it reaches its peak at 2 days [21]. When eval-
uating the malnourished patient, a combination of all these 
markers should be utilized, and a proper consultation with a 
dietitian should be considered.

 Osteoporosis

It is well know that osteoporosis leads to an increased incidence 
of fractures [22]. It is not well known if osteoporosis increases 
the risk of surgical complications [22]. Osteoporosis leads to 
thinning of the cortex and weakening of the bone. After surgi-
cal fixation of fractures or in patients undergoing elective 
orthopedic procedures such as osteotomies and arthrodesis, 
there is concern that there may be failure of fixation due to the 
compromised bone. There have been many biomechanical 
studies showing evidence that screw and plate fixation has an 
increased incidence of failure in compromised bone [22]. It 
has been more difficult to stratify this in real-world studies. 
The likely reasoning behind this is due to the significant 
amount of variables. These variables include poor testing or 
definition of osteoporosis, surgical technique (i.e., type of 
hardware), postoperative management, age, and additional 
comorbidities [22]. Thus, currently, there is no excellent lit-
erature that shows osteoporosis leads to  complications, but 
one should be highly suspicious that it may be one of many 
factors that cause them.
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 Chronic Conditions

Many patients undergoing surgery may be treated for multiple 
chronic conditions such as cardiovascular disease, hyperten-
sion, congestive heart failure, and chronic obstructive pul-
monary disease. Most will have multiple comorbid conditions 
including diabetes and obesity. Patients with these condi-
tions will oftentimes need preoperative workup such as basic 
lab work, CBC with differential, BMP, and INR. Additional 
studies such as chest X-ray, EKG, and stress test may need to 
be ordered, and the patient may need a referral to a specialist 
for surgical clearance. Most hospitals and surgery centers 
have set guidelines for preadmission testing that guide the 
evaluation of the patient and aid in determination of the 
appropriate tests and referrals.

Little research has been published looking at chronic con-
ditions and their association with complications in regard to 
foot and ankle surgery. One study, looking at general ortho-
pedics and the rate of mortality in inpatients, showed a 0.92% 
mortality [23]. Seventy-seven percent of all deaths occurred 
in patients more than 70 years old, and 50% of all deaths 
occurred in patients undergoing surgical management of hip 
fractures [23]. Medical risk factors associated with death 
included chronic renal failure, congestive heart failure, 
metastasis of the bone, atrial fibrillation, chronic obstructive 
pulmonary disease, and osteomyelitis [23]. Risk factors of 
diabetes, coronary artery disease, peripheral vascular dis-
ease, septic arthritis, and rheumatoid arthritis did not achieve 
significance [23]. In our opinion, even though there is little 
research in regard to chronic conditions and foot and ankle 
surgery, it is still important to be aware of your patient’s 
medical conditions and risk of problems. When appropriate, 
consult with other medical professionals so that these 
patients receive optimal medical management and the risk of 
surgical complications can be minimized.

 Autoimmune Diseases

 Rheumatoid Arthritis

Patients with autoimmune diseases, particularly rheumatoid 
arthritis (RA), have been reported to have an increased inci-
dence of postoperative complications, though the existing 
literature is inconsistent. These complications include surgi-
cal site infections (SSI), wound healing, delayed or nonunion 
of arthrodesis procedures, deep venous thrombosis (DVT), 
and RA disease flare. The potential for an increased risk of 
postoperative complications is multifactorial, due in part to 
the disease process and potentially accentuated by the medical 
treatment of the disease. The disease process in patients with 
rheumatoid and other forms of reactive arthritis results in 
changes in steroidogenesis, leading to low levels of cortisol 
and other adrenal hormones. The effect of this hormonal 

alteration is perpetuation of inflammation and other immu-
nomodulating effects [24]. Alternative research suggests the 
possibility of inherited collagen variants that could predis-
pose to osteoporosis and impaired wound healing [25]. 
Agents used in the treatment and modulation of the RA such 
as steroids, methotrexate, and tumor necrosis factor-alpha 
(TNF-alpha) inhibitory agents have immunosuppressive 
effects and have been thought to increase the risk of infec-
tions and healing complications in those patients under active 
treatment [26–28]. Additionally, patients with RA often 
present with polyarticular foot and ankle deformities that 
require multiple procedures in order to achieve an improved 
function and to allow the patient to maintain ambulation 
without significant pain. Approximately 90% of adults with 
chronic RA will have forefoot degeneration and/or defor-
mity, 58–72% will have hindfoot involvement, and many 
will have ankle involvement [29].

It has been noted by many that patients with RA have a 
higher baseline risk for surgical complications [28, 30]. In a 
population-based, age- and sex-matched retrospective review 
of 609 RA and 609 non-RA subjects over a 39-year time 
frame from 1955 to 1994, Doran et al. [28] found that surgical 
patients with RA are at twice the risk of developing an infec-
tion, an infection compared to non-RA surgical patients. They 
found the sites of infection with the highest risk ratio were 
bone, joints, skin, and soft tissues. However, there are many 
case series showing minimal or modest surgical risks associ-
ated with RA and the drugs used to treat the disease.

Grennan et al. [25] performed a prospective randomized 
study of patients with RA undergoing elective orthopedic sur-
gery to determine the incidence of postoperative infection and 
surgical complications within 1 year of surgery. Three hun-
dred eighty-eight patients were divided into three cohorts: the 
first is consisting of 88 patients who were receiving metho-
trexate and continued this in the perioperative period, the sec-
ond group of 72 patients had been receiving methotrexate but 
discontinued this 2 weeks prior to surgery until 2 weeks 
postoperative, and these were compared to the third group of 
288 patients with RA who were not receiving methotrexate. 
The results showed that patients receiving methotrexate did 
not have an increased risk of infection or complications after 
elective orthopedic surgery. Other researchers have found 
similar results with no significant increase in complications 
with perioperative continuation of methotrexate in orthopedic 
surgery [30–33].

Another group of RA medications that are becoming 
more commonly seen are the biologic antitumor necrosis 
factor class of disease-modifying drugs. Several researchers 
have evaluated the incidence of postoperative complications 
in orthopedic surgery when anti-TNF-alpha agents were 
continued perioperatively. One foot and ankle-specific study 
[34] found that if looking at infection and healing complica-
tions independently, the TNF-alpha inhibition group did not 
have a significant increase compared to the group that was 
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not receiving treatment. However, the TNF-alpha inhibition 
group did show a statistically higher overall complication 
rate (p = 0.33). Others [35–37] have found that continuation 
of anti-TNF-alpha agents did not result in a significant 
increase in postoperative infection rates overall. However, 
there is also work to support that hypothesis that continua-
tion of anti-TNF-alpha agents does increase the incidence of 
postoperative infections in orthopedic surgery [38].

A systematic review and meta-analysis [39] of the litera-
ture on the perioperative management of RA treatment with 
respect to medication continuation or discontinuation that 
included 27 studies, with 5268 patients and 7933 surgeries, 
found that the most studied drug was methotrexate. Their 
recommendation was that methotrexate should be continued 
in the perioperative period in the absence of other risk factors 
that would increase the likelihood of complications (level of 
evidence 1c, grade D recommendation) and that biological 
DMARDs such as anti-TNF-alpha agents should be tempo-
rarily suspended or the surgery should be scheduled as far as 
possible from the last dose (level of evidence 2c, grade D 
recommendation).

Research has shown an increased incidence of DVT post-
operatively in orthopedic surgical patients continuing anti- 
TNF- alpha agents perioperatively [40]. There also appears to 
be a link between patient age and disease duration [37, 40] and 
history of previous skin or wound infection [27, 36].

While there is some conflicting data, most of the research 
specific to the foot and ankle shows that the common antirheu-
matic medication methotrexate does not need to be discontin-
ued in the perioperative period because there is not a significant 
increase in the infection or complication. Consideration may be 
given to discontinuing TNF-alpha inhibitory agents in the peri-
operative period, though the evidence for foot and ankle sur-
gery is unclear with respect to this. There is also research to 
support that there may actually be potential detriment in dis-
continuation of these medications in the form of increased RA 
flares in the immediate postoperative period [25].

Surgeons must consider many aspects of the rheumatic 
patient’s history with making perioperative decisions, includ-
ing age, disease duration, vascular status, additional comor-
bidities such as diabetes and hypertension, prednisone dose, 
and previous SSI, all of which may play a greater role in the 
risk of surgical infections and complications. Surgeons must 
also take into account the potential risk of RA disease flare and 
increased pain associated with the discontinuation of RA medi-
cations including methotrexate and anti TNF-alpha agents.

Preoperative planning is very important, and medical 
clearance in RA patients is imperative, especially for those 
undergoing general anesthesia and a major reconstructive 
procedure. Part of this preoperative assessment is obtaining 
cervical spine lateral flexion-extension radiographs. C-spine 
disease and atlantoaxial subluxation associated with the RA 
must be recognized if present and the appropriate neurological 

evaluation performed prior to the administration of general 
anesthesia.

Glucocorticoids, such as prednisolone, are the main immu-
nosuppressants used in the treatment of RA and other autoim-
mune conditions such as SLE. Extended use of glucocorticoids 
results in suppression of adrenal function, which can be poten-
tially detrimental to the surgical patient who is exposed to 
surgical stress, particularly in the first 48 h postoperatively. The 
evidence is unclear on the need for stress dosing with hydrocor-
tisone during the perioperative period for patients undergoing 
foot and ankle surgery [41, 42]. Consideration for stress dosing 
needs to be done on a case- by- case basis taking each individual 
patient’s situation into account, including dose and length of 
steroid use and the stress that will be encountered during the 
surgical procedure.

 Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a multisystem 
immune complex-mediated autoimmune condition. This dis-
ease most commonly affects women ages 15–45. Patients 
with SLE are at increased risk of fragility fracture; avascular 
necrosis; infection, including osteomyelitis and septic arthri-
tis; tenosynovitis; and tendon ruptures. The risk of AVN is 
the highest in SLE compared to all rheumatic diseases.

Preoperative assessment should include a cardiovascular 
workup due to the increased incidence of cardiovascular 
disease in this population as well as a chest radiograph. 
Laboratory workup should include liver and kidney function 
as this may affect the anesthetic plan. Additionally, patients 
with SLE are at increased risk of thrombosis and thus deep 
venous thrombosis (DVT) and pulmonary embolism (PE). 
Conversely, in certain instances, SLE patients may present 
with severe thrombocytopenia that can lead to excessive 
bleeding in invasive procedure. The foot and ankle surgeon 
must be aware of these two possible states and work with the 
patient’s internist and/or rheumatologist to determine if either 
state exists in order to address appropriately in the periopera-
tive period. The postoperative care of SLE patients must 
include constant and thorough monitoring for DVT. 
Consideration must be given to mechanical and medical DVT 
prophylaxis [42]. As noted previously, surgeons must also 
consider stress dosing of hydrocortisone if the patient has 
been on extended glucocorticoid treatment.

 Human Immunodeficiency Virus (HIV) 
and Acquired Immunodeficiency Syndrome

Surgeons have two categories of concern with respect to 
complications when performing surgery on the HIV-positive 
patient. These include risk to the patient and risk to the 
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healthcare team involved in the procedure. Surgical compli-
cations can be broken down into early postoperative infec-
tions and wound healing and late infections of hematogenous 
origin [43]. Due to the immunosuppression with HIV and 
AIDS, these patients are potentially more susceptible to both 
routine orthopedic pathogens and opportunistic organisms, 
such as Mycobacterium.

There are several clinical studies looking at the inci-
dence of early postoperative infections in asymptomatic 
HIV- positive patients compared to the HIV-negative 
patients; however, these are largely retrospective and use 
historical controls rather than matched cohorts [44, 45]. 
These studies tended to show that that is not a significant 
difference in the postoperative infection rate between these 
two groups. Similarly there are studies looking at the inci-
dence of infection and complications in HIV-positive 
patients compared to patients with AIDS [46–48]; compli-
cation rates and infection tended to be higher in those 
patients with AIDS.

Several authors [49, 50] have found that the most signifi-
cant risk factor for postoperative infection in orthopedic sur-
gery is a CD4 count ≤200/mm3. Hemophilia associated with 
HIV may also lead to an increase in postoperative infection, 
particularly late joint infection [43].

Late joint infection appears to be the most significant con-
cern in the HIV/AIDS patient. In order to decrease the inci-
dence of this disastrous complication, close follow-up, 
prophylactic preoperative antibiotics, and early evaluation 
and intervention are essential. Surgeons must be aware of the 
patient’s medical status, including CD4 levels, serum albu-
min, nutritional state, and general overall health, in order to 
minimize serious complications [43]. While being HIV posi-
tive is not a risk factor alone, the level of immunosuppression 
and presence of confounding factors such as steroid use, age, 
and malnutrition are host risk factors that need to be closely 
monitored [51].

 Smoking

Cigarette smoking has well been shown to have an adverse 
effect on tissue oxygenation and vasoconstriction from the 
nicotine. At the cellular level, the resultant hypoxic environ-
ment and the inhibition of oxidative metabolism of hydrogen 
cyanide (HCN) have been shown to affect the healing process 
[52, 53]. This can result in increased risk of early postopera-
tive infection, delayed wound healing, and increased inci-
dence of delayed and nonunion. Thevendran [52] reviewed 
several level 3 and 4 clinical case studies, which showed sup-
port for the role of smoking as a risk factor for nonunion in 
orthopedic surgery. Additionally, there is reasonable animal 
model research supporting the role of smoking in bone healing 
as well [54, 55].

The evidence also supports that smoking is a significant 
risk factor for wound complications and increased early 
postoperative, especially in high-risk incisions such as calca-
neal fractures [56–60]. There is also decreased healing of 
skin flaps in the presence of smoking [53].

There is enough evidence on the deleterious effects of 
smoking on the outcomes of foot and ankle surgery that cessa-
tion should be encourage preoperatively, especially if the 
patient is undergoing a procedure that is already considered 
high risk and/or if the patient has other medical comorbidities 
increasing their postoperative risk of healing complications.

 Alcohol Abuse

Research has shown the connection between chronic alcohol 
consumption and osteopenia as well as an increase rate of 
fracture with chronic alcohol consumption [61]. The mecha-
nism of alcohol-induced osteopenia occurs through the sup-
pression of new bone formation and antiosteoblastic function 
[61]. There has been little evidence or clinical studies show-
ing an increase in healing complications directly related to 
alcohol consumption [52]. There are confounding variables 
associated with alcoholism that may increase the incidence 
of healing complications, however, including impaired nutri-
tional status and organ damage.
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 Introduction

Lesser toe deformities can occur independently or be linked 
with deformities of the hindfoot, midfoot, or forefoot. In 
addition, they can be dynamic or static in nature. The most 
common cause of lesser toe deformities is credited to ill- 
fitting footwear, but neuromuscular and congenital origins 
have also been documented and should be considered [1–5].

Classically, lesser toe deformities can be characterized as a 
mallet toe, hammertoe, claw toe, curly toe, or crossover toe. A 
mallet toe deformity involves a neutral metatarsophalangeal 
joint (MPJ) and proximal interphalangeal joint (PIPJ) with a 
plantarflexed distal interphalangeal joint (DIPJ). Whereas, a 
hammertoe demonstrates a dorsiflexed or neutral position at 
the MPJ with a plantarflexed PIPJ and a dorsiflexed, neutral, 
or plantarflexed DIPJ. A claw toe is defined as dorsiflexion at 
the MPJ and plantarflexion at the PIPJ and DIPJ. A curly toe 
is described as neutral or plantarflexed at the MPJ with plan-
tarflexion at the PIPJ and DIPJ. Lastly, a crossover toe con-
sists of medial or lateral deviation at the MPJ and is neutral 
or plantarflexed at the PIPJ with plantarflexion, dorsiflexion, 
or neutral at the DIPJ [6] (Fig. 7.1).

When nonsurgical management fails, then surgery may be 
indicated. There is a wide array of surgical interventions 
described for lesser toe deformities which include soft tissue 
releases, tendon transfers, arthroplasty, arthrodesis, metatarsal 
osteotomies, or a combination of these procedures [7]. 
Furthermore, a lesser toe deformity may be rigid, semiflexible, or 
flexible at the PIPJ and/or DIPJ. If the toe can be passively cor-
rected to a neutral position at the interphalangeal joints, then the 

deformity is classified as flexible. However, if the toe cannot 
be passively corrected to a neutral position at the DIPJ or 
PIPJ, then the deformity is considered rigid. The concomitant 
MPJ must also be assessed [1, 2, 4, 8–10]. The Kelikian push-
up test loads the metatarsal head to ascertain if there is a defor-
mity at the MPJ. In the operating room, the toe should return to 
a rectus position if the deformities are corrected [11].

 Soft Tissue Procedures

 Flexor Tenotomy

A flexor tenotomy is a soft tissue release that is indicated only 
in flexible toe deformities [12]. It is rarely performed as an 
isolated procedure in the adult except in patients with diabe-
tes and peripheral neuropathy that have flexible toe deformi-
ties with or without ulceration. However, it has been supported 
after a PIPJ arthrodesis has been performed and a subsequent 
flexible DIPJ contracture occurs [13]. Nevertheless, it has 
been advocated in children or the elderly where larger surgi-
cal procedures cannot be performed [11, 14–16]. In a case 
study by Ross et al., he performed a flexor tenotomy on 188 
curly or hammertoes in 62 pediatric patients with a 95% suc-
cess rate. He concluded that in pediatric patients with solely a 
flexion contracture as the cause of the hammertoe, a flexor 
tenotomy is an effective procedure [14].

Moreover, a systematic review from Scott et al. in the 
Journal of Foot and Ankle Research in 2016 examined the 
effectiveness of percutaneous flexor tenotomies for the man-
agement and prevention of recurrence in diabetic toe ulcers. 
The only documented literature was case series designs with 
a total of 250 flexor tenotomies performed in 163 patients. 
They found good healing rates at 92–100% with recurrence 
rates ranging from 0 to 18% at 2 months follow-up. The authors 
concluded that better level of evidence is needed to confirm if 
a flexor tenotomy is a reliable procedure to prevent and/or 
heal distal toe ulcerations with flexible soft tissue contrac-
tures. The current evidence does show low recurrence 
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rates and postoperative complications with reasonably high 
healing rates [16].

A flexor tenotomy is performed through a small medial, 
lateral, or plantar percutaneous or open digital incision; the 
flexor digitorum longus (FDL) tendon is released at the DIPJ 
or the PIPJ depending on the location of the contracture [17]. 
Some surgeons advocate transecting the flexor digitorum 

brevis (FDB) tendon as well [18]. The release of the flexor 
tendon contracture allows the toe to assume a more neutral 
position decreasing pressure at the distal aspect of the toe 
[16] (Fig. 7.2).

As with other foot and ankle surgeries, absolute contrain-
dications include acute or chronic infection and vascular 
compromise. Relative contraindications for a flexor tenotomy 

Fig. 7.1 Showing the different lesser toe deformities

Fig. 7.2 Showing the flexor tenotomy of the 2nd toe
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include the nondiabetic adult patient and rigid deformities 
without ancillary procedures being performed [11].

Also, there is a loading phenomenon created when a tenot-
omy is performed which causes the load to transfer to a 
neighboring tendon which can cause increased pressure to 
adjacent digits. This is because the four long flexors and 
extensors to the lesser digits start from a shared muscle belly. 
Thus, when one tendon is transected, each of the residual ten-
dons will have one-third greater power. To decrease the load-
ing phenomenon, perform a tendon lengthening or tenotomy 
on the remaining digits to prevent transfer lesions [11].

 Flexor to Extensor Tendon Transfer

A flexor to extensor tendon transfer is rarely performed as an 
isolated procedure but rather an adjunct to a broader flexible 
hammertoe correction. This includes sequential releases 
beginning with the dorsal skin incision, then an extensor tenot-
omy or lengthening, dorsal capsulotomy, and collateral liga-
ment release. If additional stabilization and correction are 
required, then a flexor to extensor transfer could be added to 
achieve further plantarflexory influence at the MPJ. Conversely, 
a flexor to extensor tendon transfer could be added to a rigid 
deformity after a PIPJ arthroplasty/arthrodesis with or without 
a shortening metatarsal osteotomy to help stabilize the MPJ 
[19]. The transfer of the FDL to the extensor tendons theoreti-
cally changes the FDL into an intrinsic muscle which causes 
dorsiflexion of the DIPJ/PIPJ with plantarflexion at the MPJ 
[6]. Transfer of the FDL and FDB tendons into the dorsal 
expansion of the extensor tendons was first described by 
Girdlestone in 1947 [20]. Taylor, in 1951, also performed the 

same surgery in 68 patients. He reported 86% of the patients 
had good results [21]. There are many different techniques 
reported for the flexor to extensor tendon transfer, but the 
author prefers a technique recently described by Easley. They 
perform the operation with two separate plantar transverse 
incisions and one dorsal longitudinal incision. The more prox-
imal plantar incision is placed along the proximal skin crease 
and the more distal plantar incision at the DIPJ. The FDL ten-
don is identified in between the slips of the FDB tendon and 
held under traction with a hemostat. Through the second more 
distal incision, the FDL tendon is released from its insertion 
into the distal phalanx. Next, the FDL tendon is dissected out 
of the more proximal incision and split longitudinally into two 
slips. A central longitudinal dorsal incision over the PIPJ is 
created. The incision is normally already extended over the 
MPJ as a release of the MPJ is usually previously been per-
formed. A hemostat is passed from dorsal to plantar through 
the slips of the FDB tendon, and the corresponding slips of the 
FDL tendon are transferred dorsally to the proximal phalanx. 
The slips are then sutured over the proximal phalanx within 
the extensor tendons [19] (Fig. 7.3).

The most recent meta-analysis in 2012 examined 17 arti-
cles which included 515 FDL tendon transfers with a 
mean ± SD follow-up of 54.21 ± 20.64 months. The total 
overall patient satisfaction after FDL tendon transfer was 
86.7% (95% confidence interval, 81.7%–90.5%) [22].

As with any foot and ankle surgeries, absolute contrain-
dications include acute or chronic infection and vascular 
compromise. Relative contraindications for a flexor to 
extensor tendon transfer consist of an FDL tendon transfer 
as the principal procedure of a rigid lesser toe deformity 
[6, 11].

Fig. 7.3 Showing a flexor to extensor tendon transfer for hammertoe correction

7 Digital Surgery



102

 Flexor to Extensor Transfer Complications

PIPJ stiffness has reported to be the highest complication 
when performing a flexor to extensor tendon transfer with 
one study reporting up to 60% of the cases had residual stiff-
ness [23]. Furthermore, stiffness in patients with flexible 
hammertoe deformities is one of the chief causes for com-
plaints postoperatively [24]. It is imperative to discuss with 
patients preoperatively that the operated lesser toe will not 
curl postoperatively and will feel stiff, but the deformity 
should be resolved. Recurrence of the lesser toe deformity 
has been described as high as 20% [19]. Swelling and numb-
ness can also occur but usually resolve over time [2].

Recurrence of the deformity is relatively low after flexor 
to extensor tendon transfer but can be due to many different 
factors including but not limited to failure of the transfer, 
preoperative stiffness not sufficiently assessed, neurologic 
conditions, undue dorsal soft tissue scarring, or insufficient 

tautness of the transfer [19]. To help prevent recurrence and/
or a floating toe when performing the FDL transfer, the toe 
should be held down at 20° of plantarflexion at the MPJ and 
the ankle at 90°. Moreover, if the FDL transfer is being uti-
lized for stabilization of the MPJ, then perform the transfer 
toward the base of the proximal phalanx to achieve addi-
tional plantarflexory control over the MPJ. Conversely, if 
the FDL transfer is being performed to better stabilize the 
PIPJ, then the FDL tendons should be sutured toward the 
head of the proximal phalanx to attain added plantarflexion 
of the PIPJ.

Loss of blood supply to the toe can occur due to traction 
of the neurovascular bundle or compression due to the 
transfer. Deflation of the tourniquet before closure can 
help assess blood flow to the toe and allow much easier 
dissection to confirm the neurovascular bundle is not com-
pressed if this is required. Other measures to help increase 
blood flow to a toe that may be compromised include 
applying warm gauze; removing, bending, or adjusting the 
K-wire; lowering the patient’s leg; dorsiflexing the toe at 
the MPJ; injecting lidocaine around the neurovascular 
bundle; applying of nitropaste and heat lamps; or simply 
waiting [7, 19].

 Osseous Procedures

Common surgical lesser toe deformity procedures include an 
interphalangeal joint arthroplasty or arthrodesis. Often, these 
are also combined with concomitant procedures, such as 
MPJ releases, tendon transfers, and metatarsal osteotomies. 
Fixation for a digital arthrodesis or arthroplasty can range 
from Kirschner wires, cerclage wire, intramedullary screws, 
resorbable pins, and many newer hammertoe-specific 
implant devices [25].

 Complications of Osseous Procedures

 Flail or Floppy Toe
One common complication following a digital arthroplasty 
or arthrodesis is a flail or floppy toe. This occurs with a non-
union of the interphalangeal joint following an arthrodesis 
or with instability of the joint and shortening of the toe fol-
lowing an arthroplasty, which ranges from 0 to 35% in the 
literature [26]. Patients with a floppy toe often complain of 
the lack of fine motor control in the toe and stability to 
maintain toe purchase to the ground, creating what Solan 
and Davies describe as the “toe cripple” [13] (Fig. 7.4). 
Surgical correction for flail or floppy toes is difficult and 
oftentimes can still lead patients with a sense of dissatisfac-
tion. Preoperative discussion about the complications of 
lesser toe deformity surgery is imperative for good out-
comes. Patient expectations should be clearly outlined to 
minimize complications. Often, there are patients who will 

never be happy with the outcome of surgery, and being able 
to identify these patients and avoid surgery is a crucial skill 
a surgeon should obtain.

If the cause of the flail toe is from a shortened PIPJ arthro-
plasty, then surgical PIPJ arthrodesis may be an option to stabi-
lize the digit. However, proper patient expectations must be 
explained that the toe will always be shorter than the neighbor-
ing toes. If revision of a PIPJ arthrodesis is to be performed, the 

Fig. 7.4 Showing a flail/floppy 4th toe after over-aggressive digital 
arthroplasty
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authors advocate for the use of a permanent implantable device 
to maintain the stability and fusion of the interphalangeal joint 
(Fig. 7.5). These permanent interphalangeal devices are 
reported to have a high rate of bony fusion [27]. Infrequently, a 
second surgical option for a shortened and flail toe is to regain 
length with the use of a bone block graft and transfixation wire 
[28]. Before considering this option, the surgeon may also be 
able to improve the appearance of the foot by shortening the 
other toes through a middle phalangeal diaphyseal shortening 
osteotomy or through a DIPJ excision arthroplasty [13]. In 
some cases with significant bony loss, syndactylization to an 
adjacent toe is warranted. As a last resort, surgical amputation 
of the flail toe may also be a viable option.

The best way to elude a flail toe in the first place is to 
avoid excessive bone resection during the arthroplasty or 
arthrodesis procedure. In particular, excess shortening can 
often result from too much resection of the head of the proxi-
mal phalanx, compared to resection of the base of the middle 
phalanx. Additionally, the use of fixation for at least 
4–6 weeks can also reduce the risk of flail toes in order to 
stabilize the interphalangeal joint with increased bony or 
fibrous consolidation. The authors commonly utilize 
Kirschner wires for fixation; however, when patients are hes-
itant to have fixation with these protruding wires, internal 
medullary devices may also be utilized.

 Floating Toe
One of the most common complications following a PIPJ fusion 
with central metatarsal osteotomy (Weil) is a floating toe defor-
mity [29]. The floating toe is a deformity in the sagittal plane in 
which the toe fails to purchase the ground in static stance 
(Fig. 7.6). Floating toes are often caused by lesser metatarsal 
osteotomies, but can also be present concomitantly in a lesser 
toe deformity with MPJ subluxation or dislocation. 
Biomechanically, floating toes have a tear or strain of the MPJ 
plantar plate. If the plantar plate tear and floating toe are present 
prior to the initial surgical procedure, it is important that this 
deforming force is properly repaired. Furthermore, following a 
Weil osteotomy, the MPJ axis is shortened and directed more 
plantar, which can overload the plantar plate and also cause the 
intrinsic muscles to act as dorsiflexors of the toe.

The incidence of a floating toe following a Weil osteot-
omy is reported anywhere from 15% to 33% [30–33]. 
Pinning the toe in plantarflexion with a Kirschner wire 
through the MPJ will allow temporary stabilization and scar 
tissue to form to maintain the position of the toe. Additionally, 
a flexor tendon transfer has also become a common proce-
dure to plantarflex the toe and prevent a floating toe. An 
interphalangeal joint fusion must also be performed in 
 conjunction with a flexor tendon transfer to avoid a hyperex-
tension deformity in the toe.

Fig. 7.5 A one-piece intramedullary fixation device for interphalan-
geal joint arthrodesis

Fig. 7.6 Floating second toe that occurred postoperatively following a 
second metatarsal Weil osteotomy
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If a postoperative floating toe occurs, common conservative 
treatment measures should first be employed before revision 
surgery. Crossover taping of the toe or a prefabricated toe 
splint can stabilize the toe and provide purchase to the 
ground. Oral anti-inflammatory medications, topical pain 
and scar creams, and a custom orthotic with a metatarsal pad 
can also be used with success.

Surgical intervention for a postoperative floating toe should 
be reserved as a last resort measure as patient satisfaction is 
often difficult. Again, a flexor tendon transfer may be performed 
to stabilize the MPJ in a plantarflexion direction. A direct or 
indirect plantar plate repair may also be used as new techniques 
and instrumentation are now being performed (Fig. 7.7)

 Malaligned Toe
Malaligned toes can also occur in the frontal plane. Kilmartin 
et al. in 2007 described a closing base wedge osteotomy of 
the proximal phalanx for a valgus deformity of the hammer-
toe. He noted 73% of the patients were completely satisfied 
with the end result, 27% were satisfied with reservations, and 
0% were dissatisfied. Furthermore, 96% regarded their toe to 
be better than before the surgery [34]. However, correct bone 
resection from a previous failed arthroplasty with appropri-
ate soft tissue releases is sometimes all that is required to 

correct the malaligned toe [13]. Additionally, Hadad et al. 
reported on extensor brevis tendon transfers and flexor to 
extensor tendon transfers in patients with a varus toe defor-
mity. The overall recurrence rate for both procedures was 
15%. He concluded that extensor brevis tendon transfers can 
be adequately be performed in flexible varus toe deformities, 
and flexor to extensor tendon transfers should be reserved for 
rigid varus toe deformities. As discussed earlier, stiffness 
was a common complaint in the flexor to extensor tendon 
transfers that were performed [35].

Other salvage options for a malaligned lesser toe defor-
mity include a syndactylization or a toe amputation [36–38]. 
The authors advocate an elective toe amputation in the elderly 
where a singular hammertoe is problematic but do caution 
that drifting of the other toes will most likely occur.

 Conclusion

Lesser toe surgery is complicated with increasing difficulty 
in revisional hammertoe surgery. It is imperative to properly 
diagnose hammertoes preoperatively and to execute correct 
surgical technique to avoid postoperative complications. 
Furthermore, it is essential that the patient understands the 
anticipated surgical results preoperatively to avoid postop-
erative dissatisfaction. Lastly, new high-quality evidence- 
based medicine studies need to be performed to help advance 
our knowledge in complications of lesser toe surgery.
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 Introduction

Metatarsalgia is defined as pain in the metatarsal region. 
Surgical correction of metatarsalgia can be very difficult. 
Historically, a high rate of complications has been associated 
with procedures performed for the treatment of metatarsal-
gia. A plethora of different types of procedures have been 
described for the surgical management of metatarsalgia.

Surgical procedures may be classified by the region of the 
metatarsal bone where they are performed. Procedures can 
be done at the head [1–6], the neck [7–10], the shaft, or the 
base of the lesser metatarsal. Resectional procedures [3] of 
the metatarsal head or ray and implant procedures [11] have 
also been described. When you review what these proce-
dures ultimately accomplish, one will find that the bone can 
be either shortened or elevated. Very few procedures 
described can both of these functions.

Early papers on surgical procedures for forefoot problems 
report success [1, 7, 12]. However, many subsequent papers 
discuss complications such as floating toes [13] and transfer 
metatarsalgia [14, 15]. This further illustrates the point that 
historically these procedures have been wrought with com-
plications [13].

 Technique Pearls and Pitfalls: To Avoid 
Complications (Central Rays)

The lesser MTP joint is composed of the lesser metatarsal 
head, the base of the proximal phalanx, the intracapsular 
supporting structures (collateral ligaments), the capsular 
supporting structures (including the plantar plate), the intrinsic 

musculature of the foot, and the extrinsic musculature of the 
foot (Fig. 8.1) [16–18].

The metatarsal head has a medial and lateral tubercle upon 
which the collateral ligaments originate. These structures are 
important not only in the stability of the joint but also in 
marking an anatomic location for the main blood vessels that 
provide arterial flow to the metatarsal head [19] (Fig. 8.2). 
Dissection of the metatarsal head should aim to avoid detach-
ing the collateral ligaments from the metatarsal head for two 
distinct reasons. First, the collateral ligaments are important 
sagittal plane-stabilizing structures for the lesser MTP joint 
[2, 18, 20]. Second, severance of the collateral ligaments may 
also cause damage to the blood vessels and could, potentially, 
increase the risk of avascular necrosis and delayed healing to 
the metatarsal osteotomy site [19].

The Weil metatarsal osteotomy was originally described 
as an intra-articular osteotomy that is created as close to par-
allel to the weight-bearing surface of the foot as possible. 
Surgically, this means that the osteotomy is started within the 
cartilage of the metatarsal head [21]. Proper angulation of 
the osteotomy (typically 15°) will lead to direct proximal 
translation with minimal plantar translation of the capital 
fragment [22]. Improper angulation of the osteotomy will 
lead to plantarization of the capital fragment and could 
potentially result in continued forefoot pain postoperatively 
(Fig. 8.3). It is also important to avoid over-penetration of 
the plantar cortex of the metatarsal with the saw blade. There 
is a nutrient artery that enters the metatarsal plantarly that 
may be at risk if this occurs [19].

The Weil metatarsal osteotomy was described to shorten the 
metatarsal 1–3 mm in length in order to avoid plantarization 
of the capital fragment [1]. When the osteotomy is performed 
at the prescribed 15° angle, there will not be plantar transla-
tion if the bone is shortened less than 3 mm [22]. If the meta-
tarsal is to be shortened more than 3 mm in length, a second 
parallel osteotomy must be created in order to avoid planta-
rization of the capital fragment. When a review of the litera-
ture regarding this osteotomy is undertaken, it should be 
noted that many studies report a shortening of 4–10 mm with 
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this osteotomy and a rate of postoperative floating toes as 
high as 36% [13, 15, 22, 23]. It should be noted that this oste-
otomy was not originally designed to shorten the metatarsal in 
that capacity and that the rate of postoperative floating toes 
may be related to the amount of shortening performed.

Aggressive shortening can lead to transfer metatarsalgia as 
the corrected metatarsal could take on a length that overloads 
the adjacent metatarsal(s). If there is a concern about the 

postoperative length of the second or the adjacent metatarsals, 
correcting this at the initial procedure, rather than waiting 
until problems develop later, may be beneficial [22].

Fixation for the Weil osteotomy should follow basic AO 
principles. This will assure primary bone healing and 
decrease the rate of nonunions that occur. As noted above, 
maintenance of the blood supply to the metatarsal will also 
decrease the incidence of this complication.

Fig. 8.1 (a) A cadaveric (left) and MRI (right) view of a midsection 
through the second metatarsal at the level of the metatarsal head. P 
base of the proximal phalanx, M metatarsal head, PP plantar plate, F 
flexor tendon. (b) A frontal image at the level of the metatarsal head. 

M metatarsal head, PP plantar plate, F flexor tendons, DTML deep 
transverse metatarsal ligament, CL collateral ligaments, PF deep 
slips of the plantar fascia
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As with any procedure, postoperative care is important 
and can vary from surgeon to surgeon. The postoperative 
regimen utilized in our institution [21] includes the patient 
being in a bandage and a surgical shoe for 7–10 days. At that 
time, the patients are instructed to return to athletic shoes 
with guarded weight bearing and aggressive physical therapy 
commences. Physical therapy focuses on strengthening of 
the intrinsic muscles of the foot and restoring the muscle bal-
ance to the MTP joint. There is a significant emphasis placed 
on the strength of the plantarflexory muscles and mobility in 
that direction. Additionally, the patient is instructed to utiliz-
ing nighttime bracing with the toe strapped in a plantarflexed 
position. This will decrease the amount of dorsal scar tissue 
that forms, theoretically decreasing the rate of floating toes 
that occur.

Recently, there has been a considerable emphasis on the 
correct diagnosis of the causative factor of metatarsalgia. 
Traditionally, it has been thought that the long metatarsal or 
“unharmonious parabola” [24] is the sole problem. However, 

more recent literature [18, 25–28] focuses on the plantar 
plate as a cause of deformity and pain in the forefoot with 
particular emphasis on differentiating plantar plate pain from 
neuroma pain [25, 28].

The plantar plate is the main stabilizer of the lesser MTP 
joint, particularly in the direction of plantarflexion [2, 18, 28]. 
This structure is approximately 2 cm in length and 1 cm in 
width and can vary in thickness from 2 to 5 mm [16, 17, 29]. 
The plantar plate is composed of a combination of type 1 (75%) 
and type 2 (21%) collagen that is woven together to create a 
fibrocartilaginous structure. The dorsal fibers of the plantar 
plate are longitudinally orientated, while the plantar aspect of 
the plantar plate has horizontally orientated fibers that are con-
tinuous with the deep transverse intermetatarsal ligament [18]. 
The lateral edges of the plantar plate serve as the attachment of 
the accessory collateral ligament and the deep slips of the 
plantar fascia. The plantar fascia has the additional role of pro-
viding the pulley-like structure that allows the flexor tendons 
to provide plantarflexion to the MTP joint (Fig. 8.4) [17].

Fig. 8.2 (a) A cadaveric specimen of the lesser MTP joint. The proximity of the blood vessels (BV) to the collateral ligament insertion (CLI) can 
be seen. (b) The same specimen with the collateral ligaments reflected. (c) The same specimen with the proximal phalanx removed
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Fig. 8.3 (a) A cross section of a cadaver with a Weil metatarsal osteot-
omy performed that is angulated correctly. As the osteotomy is translated 
proximally, it will follow the course of the thick black arrow, and planta-
rization will not occur if the metatarsal is shortened less than 3 mm. (b) 
The intraoperative angle needed to achieve an osteotomy that is parallel 

to the weight-bearing surface of the foot. (c) A cross section of a cadaver 
with a Weil metatarsal osteotomy performed that is angulated incorrectly. 
As the osteotomy is translated proximally, it will follow the course of the 
thick black arrow and plantarization will occur

Fig. 8.4 (a) The plantar plate as it appears approaching it from the 
dorsum with longitudinal fibers in place. In this particular cadaveric 
specimen, the plantar plate attaches in two bundles. (b) The plantar 
aspect of the plantar plate with the transversely orientated fibers. (c) 

The slips of the plantar fascia are still attached to the plantar plate in 
this cadaveric specimen. This is a great illustration of the pulley system 
that allows plantar flexion at the MTP joint
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With understanding of the anatomy of the lesser MTP 
joint, it is clear that the plantar plate may have a role in lesser 
MTP joint pain. Mann et al. [30] described a monoarticular 
synovitis of the lesser MTP joint capsule in 1985 and thought 
that this may be a new diagnosis. Now, however, it is recognized 
that the inflamed capsule and synovitis of the joint may 
actually be a prodrome to a plantar plate tear [30, 31]. If this 
problem is underdiagnosed or missed, an underlying osseous 
deformity [32] may lead to pathology in the plantar plate, 
collateral ligaments, or both. Ninety-five percent of patients 
with plantar plate pathology can be diagnosed clinically [25–
27] with the symptoms of pain, edema, and a positive drawer 
sign. When you have a patient with a positive drawer sign 
and an increased lateral deviation of the third MTP joint on 
AP radiographs, this should alert the astute clinician to the 
potential presence of plantar plate pathology [26].

 Management of Specific Complications

 Transverse Plane Deformities

Transverse plane deformities need to be properly diagnosed as 
a transverse plane deviation at the MTP joint and may represent 
a partial lateral tear of the plantar plate, a tear of the collateral 
ligament, or a large interdigital neuroma (Fig. 8.5). The combi-
nation of a positive drawer test on clinical exam coupled with 
transverse plane deviation of the MTP joint >15° has been 
shown to be associated with plantar plate injuries [26]. 
Advanced imaging can also be useful. Both ultrasound [33, 34] 
and MRI [35, 36] have been shown to be useful to the diagnosis 
of plantar plate pathology with MRI being more useful in 
imaging of the collateral ligament structures [36].

Fig. 8.5 Weight-bearing radiographs, clinical weight-bearing pre- and postoperative photographs, and intraoperative view of a patient that dem-
onstrates transverse plane deviation of the digit. This patient was found to have both plantar plate and collateral ligament pathology
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The management of the transverse plane deformity at the 
MTP joint is dependent on what is causing this deviation to 
occur. If the plantar plate is torn, surgical correction can be 
undertaken from the dorsal approach to repair this problem 
[21, 37]. Similarly, the collateral ligaments can be surgically 
repaired through the same approach. A repair of the plantar 
plate can be augmented with capsule/tendon balancing pro-
cedure or tendon transfer.

The authors of this chapter and others have been using a 
combined dorsal approach Weil osteotomy and plantar plate 
repair since 2007 with consistent results [21]. Specifically 
designed instrumentation has aided in the success of this 
approach to repair which avoids the problematic plantar inci-
sion, allows direct visualization of the plantar plate  pathology, 
and provides precise correction of the metatarsal position 
with excellent tensioning of the plantar plate.

 Floating Toes

It is important to remember that central metatarsal osteoto-
mies (the Weil osteotomy, in particular) will alter the axis of 
the lesser MTP joint [23]. In proximally translating the meta-
tarsal head, the joint axis is moved proximally. This will allow 
the intrinsic muscles to act more as dorsiflexors than plan-
tarflexors [22, 24]. This may explain a part of the floating toe 
problem. Interestingly, there is also a report in the literature 
that a PIPJ arthrodesis combined with an osteotomy may have 

a higher incidence of floating toes than when these two proce-
dures are not combined [22].

There are three distinct causes of floating toes. The first 
cause of the floating toe is excessive shortening of the meta-
tarsal and/or incorrect angulation of the osteotomy. As the 
capital fragment of the metatarsal is proximally translated, 
the axis of the joint is altered allowing the extensors to have 
a mechanical advantage over the weak, indirect attachment 
of the flexor tendons. If the soft tissues around the joint (spe-
cifically the extensor tendons and the plantar plate) are not 
addressed properly, floating toes can occur.

The second cause of the floating toe is the presence of 
plantar plate pathology that is not addressed at the same time 
as the Weil osteotomy. As the plantar plate is the primary 
stabilizing structure of the lesser MTP joint, if this structure 
is damaged, there will be instability of the MTP joint and 
decreased plantarflexory strength of the MTP joint. This, 
again, will allow the extensors a mechanical advantage as 
stated above. The easiest way to correct this problem is to 
correct the pathology at the plantar plate.

Third, floating toes can be caused by dorsal scar tissue and 
adhesions that occur postoperatively. This scar tissue may be 
able to be prevented by aggressive postoperative brace and 
physical therapy. If this does occur, however, an aggressive 
tenotomy and capsulotomy of the scar tissue at the dorsal aspect 
of the MTP joint with aggressive manipulation of the toe in the 
direction of plantarflexion performed 6–12 months postopera-
tively can be helpful to treat this problem [22] (Fig. 8.6).

Fig. 8.6 (a) This patient is 
12 weeks s/p plantar plate repair, 
and the toe is slightly elevated 
when the foot is loaded. (b) A 
percutaneous tenotomy and 
capsulotomy of the MTP joint. (c) 
Plantarflexory manipulation of the 
joint. (d) Toe purchase is obtained
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 Transfer Metatarsalgia

Transfer metatarsalgia typically occurs from overshortening 
or overelevation of the metatarsal at the time of surgery and 
has been cited by almost all procedural-type articles on this 
subject. If concerns about shortening exist during the index 
procedure, it may be advisable to shorten the adjacent meta-
tarsals at that time [22].

Nonsurgical treatment of this problem can include 
offloading the affected metatarsal head that is prominent. 
However, if this fails to alleviate pain and symptoms, one 
may be faced with the challenge of restoring the “harmoni-
ous parabola” [24]. To do this, a critical evaluation of AP and 
axial radiographs as well as a computerized footprint pres-
sure analysis (if available) must be undertaken. Once the 
apex of the deformity (i.e., the unharmonious metatarsal) is 
identified, that metatarsal must be surgically altered in a way 
that will restore the metatarsal parabola [51]. This may 
require one or more osteotomies of the adjacent metatarsals. 
All previous discussion of the orientation and limitations of 
the metatarsal osteotomy apply.

 Nonunion/Malunion

This is a rare complication if this procedure is performed 
properly. Preservation of the blood supply to the metatarsal 
head (particularly maintaining the collateral ligament attach-
ment to the metatarsal head) has been discussed. It is also 
important to avoid over-penetration of the plantar cortex of 
the bone with the sagittal saw. There is a blood vessel that 
enters the bone plantarly. Although this artery is not the 
major source of blood flow to the distal aspect of the bone, it 
is important to avoid damaging it.

Fixation of the osteotomy should follow AO principles. 
This should prevent nonunion of the osteotomy. Observing 
the osteotomy closing intraoperatively is important. In order 
to achieve this, plantarflexion of the toe with dorsal pressure 
of the phalanx on the plantar aspect of the metatarsal head 
creates compression while fixation is performed. 
Alternatively, one can use their thumb on the plantar surface 
of the foot and provide dorsal compression of the osteotomy 
site while the screw is being inserted. Additionally, the sur-
geon at the foot of the table can utilize a sesamoid or phalan-
geal clamp to gently grasp the capital fragment and provide 
dorsal force, while the surgeon at the side of the table inserts 
the screw. If one point of fixation is not adequate, a second 
point of fixation can be utilized. If a nonunion does occur, 
one can consider many of the modalities discussed in the 
nonunion chapter of this text.

In cases of malunion, one may consider a revisional oste-
otomy with fixation that adheres to the AO guidelines. This 
has not been specifically described for an elective osteotomy 

of the lesser metatarsals. However, it has been described with 
promising results for lesser metatarsal fractures that were not 
fixated initially [38]. Occasionally, patients may present with 
a hypertrophic process that produces prominence and pain 
on the dorsum of the foot. This can be treated with resection 
of the hypertrophic tissue.

 Bunionette/Tailor’s Bunions

There are a plethora of surgical procedures aimed at correcting 
deformities of the fifth ray. Head [39], neck [40, 41], shaft [42–
46], base, and resectional procedures have all been described. 
Percutaneous [47, 48] and MIS procedures [49] have been 
described as well [50]. There is a classification system [43] that 
the Tailor’s bunion deformity can be (a) an enlarged lateral 
prominence, (b) a metaphyseal-diaphyseal flare/deviation, or (c) 
a widened 4–5 IM angle. The literature related to the description 
of surgical procedures for this deformity are limited in nature, 
and many of these articles do not describe true complications of 
this procedure. Therefore, principles from other portions of the 
foot must be applied to this area.

 Under-Correction

One of the limitations of the ability of a procedure to correct 
a larger 4–5 intermetatarsal angle or a larger lateral deviation 
angle is the width of the fifth metatarsal. This can lead to 
under-correcting the deformity with the index procedure. 
Larger deformities may require either a more proximal pro-
cedure or a procedure with a longer lever arm and more post- 
osteotomy osseous contact. If under-correction occurs and 
nonsurgical treatment does not alleviate the patient’s post-
procedural symptoms, a reevaluation of the root of the prob-
lem needs to occur.

If the recurrent problem is prominence of the metatarsal 
head, a lateral or plantar condylectomy (depending on the 
location of the problem) would likely be sufficient. However, 
if one has under-corrected IM and/or lateral deviation angle, 
a secondary osteotomy may be necessary. It may also be nec-
essary to perform a more proximal osteotomy that has more 
ability to correct the remaining IM and/or lateral deviation 
angles. Proximal osteotomies, however, may require a pro-
longed healing time as the blood flow at the base of the fifth 
metatarsal is notoriously poor.

 Shortened Ray

Creating osteotomies of the fifth metatarsal will lead to 
shortening of the bone in some capacity. Osteotomies that 
require removal of a segment of the bone shorten the fifth ray 
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more than ones that do not. Therefore, if it is suspected that 
that fifth ray is shortened initially, avoiding these procedures 
helps limit this complication.

If the fifth ray remains shortened and this is causing sig-
nificant pain to the patient, there are surgical options. First, one 
may consider treating this problem as one would treat a 
brachymetatarsia – with either a single-stage bone block 
lengthening procedure or with a corticotomy and callus distrac-
tion procedure. Second, one can consider shortening the fourth 
metatarsal in order to harmonize the parabola.

 Nonunion and Malunion

Non- and malunions are not reported in the current medical 
literature in association with surgical procedures to correct 
bunionettes. However, these complications can occur with 
any surgical procedure that requires an osteotomy. If a non-
union does occur, one can consider many of the modalities 
discussed in the nonunion chapter of this text.

Malunion of the bone can also occur. If this does occur, an 
evaluation of the apex of the resultant deformity needs to be 
undertaken. If the problem is prominence of the metatarsal 
head, a lateral or plantar condylectomy (depending on the 
location of the problem) would likely be sufficient. If there is 
hypertrophy of any part of the bone resulting in a subcutane-
ous prominence, this can be removed with care being taken 
to remove a bit more the bone than might look immediately 
necessary. This will allow for osseous regrowth but hope-
fully prevent the subcutaneous prominence that was there 
previously.

 Conclusion

The lesser metatarsals present surgical challenges to the 
astute physician. There are many complications that can 
occur with these procedures, particularly on metatarsals 2–4. 
Many of these complications can be avoided by tedious oper-
ative technique, correct procedure selection, and knowledge 
of the local anatomy.
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 Introduction

Cortisone is still the first line of treatment for nerve entrap-
ment pain. This is commonly seen in primary neuromas, 
recurrent neuromas, as well as post-traumatic neuromas [1–
3]. The benefits and side effects of cortisone are well under-
stood, and repetitive injections with cortisone to the same 
area should be avoided. There has been a significant interest 
in sclerosing agents such as 4% medical ethyl alcohol to kill 
the nerve and take away the consistent burning pain from 
these injured nerves. Dockery has published 89% success for 
intermetatarsal neuromas and this has revolutionized the 
treatment for these chronic problems [2]. Others have stated 
mixed results. We have utilized the same approach for super-
ficial cutaneous nerves of the foot and ankle which have 
post-traumatic or chronic pain syndromes, and the success is 
also worth noting. The recommendation is to do a minimum 
of three weekly injections up to a maximum of seven. After 
seven injections, symptoms are usually dramatically 
improved. Regardless of the percentage of relief noted, stud-
ies have shown that there is no statistical benefit to doing 
more than seven injections. When injected around the nerve, 
the alcohol has an affinity to nerve tissue and does not appear 
to cause any damage to other soft tissues in the area. From 
anecdotal observation, we have seen that when nerves which 
have been injected with the alcohol treatment are later surgi-
cally removed, the nerve appeared to be thinner as the alco-
hol must have some denaturing effect on them.

Thicker incisions can be painful with gentle palpation or 
stimulation due to sensory or deeper nerve adhesions. 
Silicone gel sheeting has been used for many of these thicker 
incisions with much success. Although the mechanism of 
action is not clear, there is consistent softening of the inci-

sion and ultimately, the deeper soft tissues soften and this 
serves to release scar tissue along these cutaneous nerve 
branches. The gel sheets are used for up to 3 months for 
maximum success.

 Resection of Recurrent Neuromas

The most common location of recurrent neuromas is in the 
metatarsal interspaces after primary resection. There are sev-
eral reasons for recurrence in these situations. Some sur-
geons will make a small incision at the level of the sulcus 
and try and find the nerve in the distal interspace. In this 
scenario, the initial resection may be inadequate, and the 
remaining end of the intermetatarsal nerve gets scarred down 
and often adheres within the capsular tissues of the metatarsal- 
phalangeal joint, causing recurrent pain. Also, there are often 
small branches of this main nerve that will give off branches 
which travel to the metatarsal head and the joint capsule. 
When surgeons pull distally on the nerve and attempt to 
resect the nerve as proximal as possible, the hope is the nerve 
will then retract a moderate amount proximally and lie 
within the intrinsic muscles (Fig. 9.1). What often happens is 
the nerve will actually be tethered by these small nerve 
fibers. These adjacent branches will often prevent it from 
retracting proximally (Fig. 9.2). This remaining distal posi-
tion of the nerve will again be scarred down along the cap-
sule of the adjacent tissue as well. During the evaluation 
process, a diagnostic injection of the amputation neuroma in 
the proximal interspace is important to confirm that relief is 
predictable after a possible revisional nerve resection.

We have also seen a dramatic increase of amputation neu-
romas within the second interspace as well. Many patients 
who present with second metatarsal stress syndrome, pre- 
dislocation syndrome, or central metatarsal overload are 
diagnosed with second interspace neuroma. There may 
be some neuroma symptoms as swelling from the joint cap-
sule may often irritate or put pressure on the nerves. Some of 
these patients are diagnosed with both second and third 
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interspace neuromas and treated by removal using two dor-
sal incisions. Since the second metatarsal base is locked 
securely within the proximal articulations at Lisfranc joint, it 
is difficult to separate the second interspace for an adequate 
proximal resection. Due to this anatomy, these will often 
result in secondary amputation neuromas arising after nerve 
resection at the distal metatarsal level.

The best approach in resolving the chronic recurrent 
nerve syndrome is to resect the nerve more proximally and 
most likely implant it into a muscle or bone. Nerves exhibit 
a property called “neurotropism.” When a nerve is cut, there 
are chemotactic factors which are transmitted from the cut 
end in an attempt for the nerve fibers to find its other end and 
repair itself. As the nerve does so, it forms a mass of randomly 
directed nerve tissue, and hence an “amputation neuroma” is 
born. The importance of nerve implantation is the ability for 
the nerve to calm down and not attempt to reconnect to its 

other end. If the nerve can be placed within richly innervated 
tissues, like a skeletal muscle or bone, then this will serve to 
turn off these chemotactic factors, suppress the regeneration 
potential of the transected nerve, and increase the chances of 
a successful outcome [4–7]. It is best to approach this revi-
sion with surgery through a plantar incision. The incision can 
either be longitudinal or in a curvilinear fashion. A curvilin-
ear incision may be better to minimize scarring within the 
plantar aspect of the foot since this incision is oblique to the 
relaxed skin tension lines versus the longitudinal incision 
being perpendicular to these lines. In clinical practice, there 
is no clear difference in how these two different incisions 
heal, as long as they are protected non- weightbearing for 
3–4 weeks. If dealing with multiple interspaces with ampu-
tation neuromas, then a curvilinear approach will offer bet-
ter medial to lateral visualization for adjacent interspaces. 
After the skin incision is made, it is important to dissect 
down to and find the deep fascia, which is the plantar fascia 
in this area of the foot. It is important to keep the retracted 
skin full thickness, keeping the subcutaneous tissues attached 
to the skin. There will be natural septations within the distal 
plantar fascia which will divide out and insert at each meta-
tarsal-phalangeal joint. There is a separation between the 
bands of the plantar fascia that can easily be found, and this 
separation can be extended more proximally, and the nerve is 
often visualized immediately underneath the plantar fascia. If 
there is any difficulty finding the nerve in question, look more 
superficially than deeply. The nerve may even be found 
adhered to the underside of the plantar fascia. In the third 
interspace, it is important to look for nerve branches from 
both the medial and lateral plantar nerves as they will both 
contribute into this interspace (Figs. 9.3, 9.4, 9.5, 9.6, 9.7, 
9.8, 9.9, 9.10, 9.11, and 9.12).

The goal of revision is to transect this nerve as proximally 
as possible so it will lie within the intrinsic soft tissues of the 
plantar muscles of the foot. If there is adequate surrounding 
muscle, then this nerve can just be transected and allowed to 
sit within an area of the intrinsic muscle [1, 3–5, 7–10]. 
Other techniques involve performing an epineuroplasty and 
then transposing and anchoring the nerve into either skeletal 
bone or an adjacent muscle to make sure the regeneration 
potential of the nerve is suppressed. With the epineural 
approach, it is possible to use 6-0 Prolene to tag the cuff of 
thin wispy tissue and use this to mobilize the nerve and also 
to anchor the nerve into the muscle effectively. The skeletal 
bone is also richly innervated and can serve to suppress the 
regeneration tendency of the nerve [5, 6].

When the nerve is implanted into the muscle, several prin-
ciples exist. First, sutures which are used to help mobilize the 
nerve should not pierce the nerve itself. The sutures should only 
purchase the epineural tissue to assist in nerve mobilization. 
Secondly, the nerves should be anchored under minimal to 
no tension. This will prevent further irritation to the nerve 

Fig. 9.1 Third interspace nerve being pulled distally in efforts to allow 

Fig. 9.2 Small nerve branches may tether the distal nerve to adjacent 
soft tissue and prevent retraction of the nerve more proximal upon 
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branch with movement of the foot and ankle and during 
ambulation. Resect the nerve as distally as possible and then 
loop the nerve proximally to minimize tension during 
implantation. And third, authors have also stated that it is ideal 

to place the nerve into a muscle that has the least amount of 
excursion [11]. On the plantar aspect of the foot, this is the 
transverse head of the adductor hallucis. For  plantar approaches 

Fig. 9.3 Curvilinear incision oblique to RSTL to allow a wider field of 
vision and exposure. This approach is preferred for access to multiple 

Fig. 9.4 Full-thickness skin flaps with dissection to help maintain vas-

Fig. 9.5 Once the deep fascia is exposed, there are natural septations 
which divide to the separate MPJ’s. This is helpful to help guide the 

Fig. 9.6 A typical entrapped nerve found directly upon dissection 
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into the bottom of the foot, the intrinsic muscles are readily 
available, and there is no clear benefit to finding the adductor 
when the other muscles are all present. In the posterior 
ankle/leg area, this is the soleus muscle.

This approach for intermetatarsal nerve entrapment can 
also be used for the lateral dorsal cutaneous nerve (sural) and 
IDCN and MDCN entrapments after traumatic crush injuries 
or iatrogenic nerve damage to the dorsum of the foot. This is 

Fig. 9.7 Example of the nerve contributions from both the medial and 

Fig. 9.8 Gentle scraping of the epineural sheath with a #15 blade to 
form a cuff of epineural tissue for anchoring the suture for muscle 

Fig. 9.9 Example of the epineural cuff tagged with two knots of 6-0 
Prolene. This cuff of tissue is thin and wispy in appearance, but strong 

Fig. 9.10 Preparation of a tunnel within a nearby muscle for anchoring 
of the resected nerve. Implantation of the nerve into this richly innervated 
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also seen with sural nerve entrapments, as these are fairly 
common after lateral ankle or lower limb surgery. Often there 
are situations of nerve entrapment after flatfoot surgery or cal-
caneal fracture repair, where incisions are made on the lateral 
hindfoot (Fig. 9.13). In chronic cases of suspected sural nerve 
entrapment pain, a diagnostic injection can be very helpful to 
confirm and isolate the nerve pain and then discuss removing 
the painful sensation of nerve entrapment. If the initial injec-
tion works well, then usually we can often duplicate this relief 

to try and guarantee an improved situation for the patient. A 
diagnostic injection can easily be done with 3 mL of local 
anesthesia on the posterior distal one third of the leg and then 
resection and implantation is done with a slightly more proxi-
mal oblique incision. Once the nerve if safely found, scar tis-
sue can be removed and then the nerve mobilized and placed 
into the soleus muscle (Fig. 9.14). The soleus muscle is known 
to have the least excursion of the extrinsic muscles in the 
lower leg and is an ideal choice for sural nerve implantation. 
The lateral fibula can also be used for nerve implantation if 
desired, and this can be done through a simple drill hole in the 
posterior lateral portion of the fibula. A comparison study 
between muscle placement and fibular burial shows better 
relief of pain after bone burial of the sural nerve [5].

Fig. 9.11 The nerve anchored successfully into adjacent muscle tissue. 
The nerve is dragged with the sutures into the tunnel created within the 

Fig. 9.12 Post-op incisions which heal very well on the plantar aspect 
of the foot. Three week non-weightbearing is essential to allow the soft 

Fig. 9.13 Example of a sural nerve neuroma status post prior triple 

Fig. 9.14 Resection of the sural nerve with epineuroplasty and muscle 
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There are also situations in the anterior aspect of the ankle 
where the superficial and deep nerves can be involved chron-
ically. Crush injuries to the top of the foot can result in 
chronic nerve injuries to the medial and intermediate dorsal 
cutaneous nerves. The nerves can again be diagnostically 
injected and isolated and then placed in a muscle in the distal 
leg through an incision through the deep fascia covering the 
anterior muscle group. There is not a preferred muscle choice 
with this approach, but the nerve will often calm down when 
resected and allowed to lie within the anterior musculature. 
One example is pain seen at the proximal aspect of the bun-
ion incision. Chronic proximal incision pain after bunion 
surgery at the level of the first metatarsal cuneiform joint 
may be secondary to damage to the medial dorsal cutaneous 
nerve (MDCN). If this pain is relieved with a superficial 
wheal of local anesthesia placed at this site, then the diagno-
sis of MDCN damage is made. The nerve can be resected 
with burial of the end into the medial cuneiform or resected 
locally at this level [6]. Since there is not abundant skeletal 
muscle at the dorsal aspect of the foot, bone implantation in 
this area is a good alternative. Although more aggressive, the 
MDCN can be resected at the distal aspect of the lower leg 
and buried into the anterior leg musculature. This is also a 
good approach to chronic injuries to the IDCN. Deep pero-
neal nerve entrapment is also seen at times on the anterior 
dorsal aspect of the foot. The best way to isolate the deep 
peroneal nerve diagnostically is to place 1–2 cc of local anes-
thesia between the EHL and EDL at the distal tibia. Inject 
through the skin, contact the distal tibia, withdraw the needle 
a few millimeters, and then aspirate before injecting.

If you are in the right location, this should provide anes-
thesia from this level out to the first interspace dorsally. If the 
entrapment is at the level of the dorsal foot, then surgically 
this can be released by resecting the EHB at the level of 

Lisfranc joint (Fig. 9.15). The release of pressure can free up 
adhesions on the nerve similar to a carpal tunnel release or 
EDIN procedure. Another approach would be to resect the 
nerve at the anterior compartment of the leg and leave the 
nerve end to lie deep within this compartment. The nerve 
resected from this area of the distal leg will not result in any 
motor weakness of the ankle as the motor nerve branches 
come off more proximal. I have found it is not necessary to 
perform muscle implantation at this level as the nerve will 
naturally be surrounded by the skeletal muscles of the ante-
rior muscle group.

A difficult problem in nerve complications is a recurrent 
nerve entrapment to the tarsal tunnel area. There is varied suc-
cess in performing a revisional tarsal tunnel release, yet it may 
often depend on the technique used for the primary release. 
Dellon et al. have described the importance of an aggressive 
distal release of the calcaneal tunnels of the terminal branches 
of the tibial nerve under the abductor hallucis muscle belly 
[12, 13]. If the initial release was essentially a limited release 
of only the retro-malleolar area and not extending distally 
under the muscle, then a revisional release with attention to the 
calcaneal tunnels will often result in improvement for the 
patient. These tunnels include the medial and lateral plantar 
nerve tunnels as well as the infracalcaneal nerve (aka Baxter’s 
nerve). This nerve is the first muscular branch off the lateral 
plantar nerve and will often dive deep to the abductor hallucis 
muscle proximally to the lateral plantar nerve (Fig. 9.16). 
Proper release of the separate tunnels starts off with a longitu-
dinal release of the superficial fascia of the abductor hallucis 
muscle. The muscle is now reflected off the deep fascial cover-
ing, and the muscle can be mobilized both dorsally and plan-
tarly to visualize the deep fascia or the fascia covering the 
backside of this muscle. This deeper fascial layer is much 
thicker than the superficial fascial layer of this muscle and is a 

Fig. 9.15 Surgical release of the deep peroneal nerve over the medial 
metatarsal cuneiform joints with resection of the EHB muscle/tendon 

Fig. 9.16 Nerve branches to be familiar with in surgical dissection of 
the tarsal tunnel area. The medial and lateral plantar nerves are depicted. 
The first muscular branch of the lateral plantar nerve is the infracalca-
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dense tissue which has been shown to put pressure onto the 
distal tarsal tunnel. This layer is the roof of the separate nerve 
tunnels, with the medial wall of the calcaneus being the floor 
of the tunnel compartment (Fig. 9.17). The nerves should be 
followed from proximal and seen to dive deep to this thick 
layer of tissue. Careful release of this deep layer is now per-
formed along the whole course of the nerve as it enters the 
plantar medial vault of the foot [13]. The muscle should be 
retracted as plantarly as possible and this deep fascial layer is 
released as distal as possible. For a more complete release, the 
muscle can then be retracted upward, and the remainder of this 
layer can now be released from the bottom upward. If there is 
scar tissue surrounding the main portion of the tibial nerve, 
there are anatomic nerve barriers which may be helpful such 
as nerve wraps. Amniotic tissue has also been used recently to 
help minimize adhesions along the nerves during the healing 
period [14].

It is not recommended to resect the tibial nerve at the ankle 
level in cases of chronic tibial nerve entrapment. This will 
destroy the motor function to the plantar foot and serve to 
denervate all of the intrinsic musculature. Implantable nerve 
stimulators have been used for purposes of blunting the nerve 
pains from these chronic situations. More commonly, the 
stimulators are implanted at the level of the spinal cord and 
can be adjusted when needed for maximal effect. There are 
also smaller stimulators which may be implanted along the 
tibial nerve for the same purposes (Figs. 9.18 and 9.19). 
Ideally due to their size, they are usually placed along the 
distal thigh, yet placing them along the tibial nerve just proxi-
mally to the ankle has also been described [11, 15]. Schon 
et al. has presented acceptable outcomes with this approach in 
the end stage chronic nerve entrapment patients [11, 15].

At times, patients may also exhibit pain along the tarsal 
tunnel incision, especially when the incision is placed 

slightly more proximal or anterior in the retro-malleolar 
region. There is a recurrent articular branch of the saphenous 
nerve which has been shown to become entrapped in inci-
sions around the medial malleolus [16]. If this can be con-
firmed by a diagnostic injection along the posterior aspect of 
the saphenous nerve, this nerve can be resected, transposed, 
and implanted into the soleus muscle to alleviate the pain 
from this entrapment. The soleus muscle is usually the mus-
cle of choice for implantation in the lower leg.

Over the years, there have been several natural barriers 
explored in an attempt to assist in blocking nerve regenera-
tion. Cryoprecipitate and calcium chloride and thrombin 

Fig. 9.17 The dense tissue shown is the deep fascial covering of the 
abductor hallucis muscle. This tissue is the roof of all the calcaneal 

Fig. 9.18 Surgical placement of the neuro-stimulator along the poste-

Fig. 9.19 X-ray image of the neuro-stimulator in place at the posterior 
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have been mixed together to form a drop of glue which will 
harden once placed in contact with each other within the 
epineural sleeve. The sleeve is then sutured closed in an 
effort to entrap the nerve and prevent regeneration. Studies 
have shown that although some of the biological barriers have 
some success, the best outcomes consistently occur when 
the chemotactic factors of the nerve are turned off by placing 
the nerve into the skeletal muscle or bone tissue [4, 7].
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 The First Metatarsal and First 
Metatarsophalangeal Joint

The first metatarsal is considerably wider and stronger than 
the lesser metatarsals. It is thought that one third of the body 
weight is transferred through the first metatarsophalangeal 
joint during gait [1]. The first metatarsal has cartilage sur-
faces both proximally and distally. The proximal aspect is 
reniform, or kidney-shaped, and articulates with the first 
cuneiform. The distal aspect articulates with the base of the 
proximal phalanx and the sesamoid complex. The distal 
aspect is round to allow for sagittal plane motion of the first 
metatarsophalangeal joint. The first metatarsophalangeal 
joint has a vertical and transverse axis. The vertical axis 
allows for abduction and adduction while the transverse axis 
allows for dorsiflexion and plantar flexion. During propul-
sion, approximately 65° of dorsiflexion is needed at the first 
metatarsophalangeal joint [1, 2]. The sesamoid complex is 
held in position by the medial and lateral flexor hallucis 
brevis muscles. The two heads of the abductor hallucis are 
attached on the lateral side of the fibular sesamoid. A portion 
of the adductor hallucis inserts on the medial side of the tib-
ial sesamoid. The deep transverse intermetatarsal ligament 
also contributes to sesamoid stabilization and helps to main-
tain the sesamoids relationship to the lesser metatarsals. This 
unique anatomic relationship makes minimal displacement 
of the sesamoid complex intolerable. The topic of turf toe 
injuries will not be discussed in this chapter. However, the 
authors believe a brief review of first metatarsophalangeal 
joint biomechanics is important in order understand recon-
struction of complications of metatarsal fractures.

Injuries to the first metatarsophalangeal joint are typically 
caused by direct trauma. The majority of trauma involving the 

first metatarsophalangeal joint occurs from hyperdorsiflexion 
mechanisms [2, 3]. These mechanisms can create disloca-
tions with or without an osseous component.

Osteochondral fractures can occur at the base of the head of 
the first metatarsal secondary to trauma. However, few 
descriptions of osteochondral fracture of the first metatarso-
phalangeal joint have been reported. All of the previously 
described lesions have been localized to the first metatarsal 
head, rather than the phalangeal base. A review of the litera-
ture failed to reveal any fractures occurring at the base of the 
proximal phalanx of the hallux [2].

Malunion of a first metatarsal fracture can result in angular, 
rotational, or shortening of the metatarsal. Dorsiflexory mal-
unions can be caused by poor intraoperative fixation, loss of 
fixation postoperatively due to premature weight bearing, or 
catastrophic failure. There is a paucity of literature on the rate 
and incidence of malunions following first metatarsal frac-
tures treated either operatively or nonoperatively. The treat-
ment course for a malunion depends upon patient’s symptoms, 
which may include pain, difficulty with ambulation, and 
transfer metatarsalgia [4].

 Central Metatarsal Fractures

The central metatarsals consist of the second, third, and 
fourth metatarsals. Each metatarsal consists of a head, neck, 
shaft, and base. The head of each metatarsal articulates with 
the base of the corresponding proximal phalanx. The neck 
serves as the junction of the epiphysis and the diaphysis. The 
diaphysis is the largest segment of the metatarsal. The bases 
of the second and third metatarsals articulate with the middle 
and lateral cuneiform respectively. The fourth metatarsal 
articulates with the medial articular surface of the cuboid.

There are differing opinions on the importance of open 
reduction and internal fixation for lesser metatarsal fractures. 
There is little emphasis placed on performing open reduction 
and internal fixation of displaced central metatarsal fractures. 
There are a variety of fracture patterns which affect the 
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central metatarsals, but the majority of fractures involving 
the metatarsal head or neck are treated nonoperatively. The 
plane of deformity is paramount in making this decision. 
Patients with significant transverse plane deformity can have 
satisfactory results with nonsurgical care. However, sagittal 
plane displacement is less acceptable. Rockwood and Green’s 
reported greater than 3–4 mm of displacement or 10° of sagit-
tal plane deformity should be treated aggressively to avoid a 
painful plantar keratosis and metatarsalgia [5, 6] (Fig. 10.1).

Complication of these injuries can result in osteochondral 
defects, avascular necrosis, or more commonly sagittal plane 
malunion. Osteochondral injuries are often caused by axial 
load, and the cartilage surface sustains a shear-type injury. 
The majority of the literature pertains to reconstruction of 
avascular necrosis. However, several authors have described 
a variety of applicable treatments for osteochondral defects 
of the metatarsal head [2, 7–10]. These treatments include 
debridement, excision, synovectomy, and dorsal closing- 
wedge osteotomy. The treatment depends on the size of the 
fragment. If the fragment is small, simple excision is suffi-
cient treatment. If the articular insult is large, excision is not 
recommended and more advance reconstructive techniques 
should be considered. Rotational dorsal wedge osteotomies 
have shown to be an excellent option. These osteotomies use 
the viable and uninjured plantar cartilage to interface with 
the base of the proximal phalanx. A dorsal wedge is removed 
from the metatarsal head, and the viable plantar cartilage is 
rotated dorsally (Fig. 10.2).

Fixation of osteochondral fractures and these reparative 
osteotomies present another challenge to the surgeon. If the 
fixation is inadequate, the potential for avascular necrosis and 
subchondral fatigue fracture increases [7, 11]. Absorbable pin 
fixation has improved the surgeon’s ability to achieve mechan-
ical stabilization of these injuries. Two crossed absorbable 
pins provide excellent stability for these revision osteotomies 

[7, 9]. Zhongguo et al. reported complete union in all subjects 
who underwent revision dorsal wedge osteotomy with absorb-
able fixation [9] (Figs. 10.3, 10.4, and 10.5).

Central metatarsal head malunions and intra-articular 
metatarsal head fractures are rare. Retroversion of the 
fracture segment is more uncommon but has been described 
by Atik [10].

Fig. 10.1 AP radiograph demonstrates central metatarsal fractures that 
exceed the acceptable criteria for non surgical treatment

Fig. 10.2 This image is an intraopertaive depiction of a dorsally based 
wedge. This wedge is removed in to allow the metatarsal head to rotate 
cephalad to improved the articulation with the proximal phalgeal base

Fig. 10.3 These illustrations show the dorsally based wedge osteotomy 
in the metatarsal head. This osteotomy allows for dorsal rotation of the 
articular surface. The second illustration depicts the use of absorbable 
fixation to stabilize the osteotomy. This illustration shows the dorsally 
based wedge osteotomy in the metatarsal. This osteotomy allows for 
dorsal rotation of the articular surface
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Corrective osteotomies for metatarsal fractures have been 
described in Avian literature [12]; however, this author 
does not see the clinical relevance in including their findings 
in this text.

Complications of central metatarsal fractures are usually 
a result of failure to realign the metatarsal heads and the 
metatarsal parabola [6]. Corrective realignment osteotomies 
are used in cases of symptomatic metatarsalgia from mal-
union. The surgeon should focus on restoration of anatomic 
alignment for resolution of pain and disability [13]. The sur-
geon must realize that despite the diligence of restoring the 
metatarsal parabola, this does not always result in asymp-
tomatic gait.

Fractures of the central metatarsal diaphysis are often 
treated nonsurgically as well. Certain fracture patterns of 

the metatarsal shafts are more appropriately treated with 
surgical stabilization. When the fracture is displaced and 
surgical treatment is being considered, the pattern of the 
fracture helps determine the most appropriate fixation. A 
vertical oriented fracture can be treated in with a 0.062 in. 
or 0.045 in. retrograde Kirschner wire. Spiral fractures 
should be stabilized with interfragmentary fixation. The 
perpendicular placement of this screw is challenging due to 
inference of the adjacent metatarsals. Because of this, addi-
tional dorsal plating is recommended for neutralization. 
Deviation from this technique can lead to healing compli-
cations including nonunion and malunion. Bridge plating 
works well for comminuted metatarsal shaft fractures. 
Bridge plating allows the surgeon to “bridge or span” the 
comminuted segment while concurrently receiving osseous 
stability from the bone proximal and distal to the area of 
comminution. This provides stabilization of the fracture 
without disrupting the biology around the fracture. Another 
option for stabilizing these fractures is external fixation. 
This technique is most useful in highly comminuted or 
open fractures. The surgeon should pay close attention to 
the metatarsal declination angle when using external fixa-
tion. The external fixation bars should be oriented parallel 
to the long axis of the metatarsal. This will prevent sagittal 
plane malposition of the metatarsal. Much like metatarsal 
head malunions, a sagittal plane malunion of the shaft is 
corrected with realignment osteotomies. When there is a 
dorsiflexory sagittal plane malunion, the patient will pres-
ent with symptomatic metatarsalgia juxtaposition to the 
malunited metatarsal. The treating physician may be 
tempted to address the symptomatic metatarsal; however, 
correcting the malunited metatarsal is more prudent. Highly 
comminuted or segmental fractures of the metatarsal diaph-
ysis can result in painful nonunion. Several techniques 
have been described to revise these nonunions. The pre-
ferred method of revision treatment is intercalary autoge-
nous bone grafting and dorsal plating.

 Stress Fractures of the Central Metatarsals

Stress fractures rarely occur due to acute trauma. In most 
cases the patient has an underlying foot deformity that is 
aggravated by recurrent and repetitive activity. Other 
underlying biological issues should be considered as pro-
dromal. These include osteoporosis, vitamin D deficiency, 
menopause, and obesity. Patients with forefoot pain and 
stress fracture should also be evaluated for equinus. A tight 
heel cord can increase the forefoot pressures resulting in 
stress fracture. This concept is often overlooked as a cause 
of metatarsal stress fractures. Most stress fractures can be 
treated nonoperatively. Typically 4–6 weeks in an orthope-
dic walking boot is sufficient. In some cases, these develop 

Fig. 10.4 Intraoperative image of fixation technique. The absorbable 
pins should be placed in a converging orientation. The use of predrill is 
recommended to simplify the insertion of the absorbable pin. Both 
steps are shown in this image

Fig. 10.5 A small tamp is used to recess the pin below the cartilage
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into nonunion and are treated with bone grafting and dorsal 
plating.

 Fifth Metatarsal Fractures

Fractures of the fifth metatarsal are common injuries. Studies 
have shown that greater than 50% of all metatarsal fractures 
occur in the fifth metatarsal [14–16]. The majority of these 
fractures involve the base of the fifth metatarsal, but distal 
fifth metatarsal fractures involving the head, neck, and 
diaphysis occur regularly. The decision to operate or treat 
nonsurgically depends upon the fracture location, angular 
deformity, and displacement. A moderate amount of transverse 
plane angulation of the distal fragment is acceptable, but 
again sagittal plane position of the distal fragment should be 
carefully scrutinized on the lateral radiograph.

Isolated fractures of the metatarsal head usually occur 

secondary to a direct trauma. These injuries are typically 
treated conservatively unless significant sagittal displace-
ment of the head is present. The patient is immobilized in a 
below-knee cast or fracture boot for 4–6 weeks. If the frac-
ture fails to unite or subsequently displaces enough to 
become symptomatic, a resection of the fifth metatarsal head 
can be considered. However, this is not suggested as a pri-
mary treatment.

Diaphyseal fractures of the fifth metatarsal are usually a 
short oblique and oriented proximal- dorsal to distal-plantar 
[5, 14, 17]. This fracture is commonly referred to as a danc-
er’s fracture. The fracture occurs as a result of ground reac-
tive forces acting distally against a stable proximal metatarsal 
base. This is often associated with a moderate degree of dis-
placement and shortening due to the obliquity of the fracture. 
This fracture pattern is more unstable than transverse frac-
tures in the same location. Conservative treatment with short 
leg casting may be considered if the fracture is well aligned. 
Open reduction with internal fixation may also be accom-
plished with the use of small cortical screws or small plating 
systems (Figs. 10.6 and 10.7).

Comminuted fractures of the fifth metatarsal may also 
respond well to nonsurgical treatment. In the presence of 
heavy comminution, achieving mechanical stability of the 
fracture is often difficult. Bridge plating is very useful in 
situations of comminution. There are several plating systems 
available that offer versatile screw orientation.

Fractures of the proximal diaphyseal portion of the fifth 
metatarsal are often referred to as a “Jones fracture.” These 
are typically caused by an inversion force, creating an avul-
sion at the base of the fifth metatarsal. A true “Jones fracture” 
is an acute fracture at the proximal portion of the shaft near 
the metadiaphyseal junction. If the fracture is treated nonop-
eratively, reports show up to 66–93% chance of healing [14, 
15]. It is important to note that these fractures should be non-

displaced. Non-displaced or unicortical fractures should be 
treated for 6 weeks in a non-weight bearing short leg cast 
with gradual transition to weight bearing in an orthopedic 
walking boot.

Traditionally, surgical treatment has been reserved for 
high performance athletes. However, fractures of the base of 

Fig. 10.6 5th metatarsal diaphyseal fracture showing significant 
displacement

Fig. 10.7 This picture shows the use of a small cortical interfragm-
etary screw with a neutralization plate
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the fifth metatarsal should be given careful consideration to 
all patients due to its limited vascular supply. Because of 
this, operative management in these fractures may be per-
formed despite significant deformity or displacement. 
Intramedullary solid screw fixation is recommended. 
Cannulated screws can be used but do not offer equivocal 
strength to solid screws. Cannulated screws are less techni-
cally demanding. This author recommends using cannulated 
instrumentation but inserting a solid screw. This is generally 
achieved by using a standard cannulated guide wire followed 
by the appropriate cannulated drill bit. After countersinking 
and measuring, the cannulated guide wire is removed and 
the appropriate size solid screw is inserted. Since there are 
minimal discrepancies in drill bit size and outer diameter of 
the screw, this technique allows the surgeon to use cannulated 
instrumentation for a solid screw. No statistically significant 
differences have been reported between titanium and stain-
less steel.

Smaller avulsion fractures can be treated with tension 
band wiring. When fracture fragments are too small to 
accommodate a standard screw, the tension band technique 
is the best option. The tension band technique is achieved by 
placing two parallel K wires through the avulsion fracture. 
Next a pilot hole is drilled in the diaphysis of the fifth meta-
tarsal. An 18- or 20-gauge surgical wire is then used to pro-
vide compression and neutralization to the fracture. The use 
of three small wires to fixate a fifth metatarsal fracture has 
also been described [17]. This technique allows for a more 
minimally invasive approach while still providing adequate 
stabilization. If this technique is used, the surgeon should be 
conscientious of the orientation of the wires. The wires 
should be in multiple planes to optimize neutralization.

Fractures of the proximal fifth metatarsal metaphysis (i.e., 
the Jones fracture) can be problematic because of a high inci-
dence of nonunion and recurrence with nonoperative treat-
ment. In some cases, mainly athletes, reinjury or nonunion 
can occur despite operative stabilization. This is often attrib-
utable to hardware of insufficient strength, aggressive post-
operative rehabilitation, or biologic insufficiency at the 
fracture site (Figs. 10.8 and 10.9).

Hunt et al. recommend revision fixation with a large, solid 
screw (5.5 mm or larger) with autogenous bone grafting [16]. 
Additional investigation remains necessary to determine 

Fig. 10.8 T1 weighted MRI (sagittial and transverse) shows nonunited 
Jones fracture

Fig. 10.9 T1 weighted MRI (Tranverse Plane) showing same non-
united Jones Fracture

Fig. 10.10 1 year post operative AP foot xrays healed left 5th metatar-
sal shown previously as non united
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whether bone marrow aspirate with demineralized bone 
matrix is an effective substitute for cancellous autograft [16] 
(Fig. 10.10).

If nonsurgical treatment results in nonunion and further dis-
placement of the fragment, the treating surgeon may consider 
autogenous bone grafting. This technique resembles the one 
previously described in the central metatarsal fracture section. 
The appropriate size intercalary graft may be harvested from 
the calcaneus or other locations depending on the defect. The 
proximal and distal aspects of the bone are debrided to viable 
margins, and the defect is filled with the autogenous graft. A 
bridge plate construct is suitable to provide necessary 
mechanical stabilization [18] (Figs. 10.11, 10.12, and 10.13).

Finally, the exigencies of the athletic and leg-based 
working population require prompt return to play or work. 
This need can be met by providing intramedullary fixation 
as primary treatment. This practice of avoiding the complication 
of nonunion in this cohort may remain the most prudent 
treatment of fifth metatarsal metadiaphyseal fractures as it 
provides better, quicker, and more reliable recovery for the 
patient [14–16, 18]

 Technique Pearls and Pitfalls

Although cannulated instrumentation makes operative treat-
ment of a fifth metatarsal fracture easier for the surgeon, the 
cannulated design of the screw is weaker than a solid screw. 

This author supports cannulated screws if the screw is larger 
than 5.5 mm in diameter. If the screw is less than 5 mm in 
diameter, a solid screw should be used. Cannulated guide 
wires, drill bits, and depth gauges can be used if smaller screws 
are required. However, if the cannulated instrumentation is 
used, a solid screw should be placed.

Fig. 10.11 AP radiographof the left foot shows nonunited 5th metatar-
sal with increased fracture gap

Fig. 10.12 Post operative radiographs show internal fixation with 
autogenous bone graft

Fig. 10.13 1 year follow up showing complete osseous consolidation 
of autogenous bone graft
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 Conclusion

In general, complications of metatarsal fractures are 
unusual. However, given the dynamic mechanical require-
ment of the first metatarsophalangeal joint, functional 
need for well- maintained metatarsal parabola, and bio-
logic factors, metatarsal fractures can create challenging 
clinical scenarios. Since the peer-reviewed literature does 
not offer a great deal of direction for metatarsal fracture 
complications, the surgeon should rely on sound surgical 
principles and an understanding of pedal biomechanics for 
guidance.
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Complications of Hallux Valgus Surgery
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Hallux valgus deformity is one of the most common patholo-
gies seen by a foot and ankle surgeon, with an estimated inci-
dence of 23% in adults aged 18–65 years and 35.7% in 
patients over 65 years [1]. With such a high prevalence of 
hallux valgus deformity, surgical correction is commonplace 
for foot and ankle surgeons. With a large volume of proce-
dures being performed, minor and major complications can 
arise. The complication rate throughout the literature has a 
wide range extending from 1% to 55% following hallux val-
gus surgery in general [2–4]. There are a multitude of factors 
that contribute including physician experience, procedural 
selection, and patient selection. Meticulous attention to detail 
in the preoperative, intraoperative, and postoperative setting 
can reduce the incidence of complications. Prevention of 
complications begins with a thorough history and physical 
examination and detailed radiographic evaluation. It is imper-
ative that the surgeon assesses concomitant deformities such 
as pes planovalgus deformity, hypermobility of the first ray, 
metatarsus adductus, equinus, second metatarsal pathology 
with instability, and evidence of other biomechanical factors 
such as plantar callosities, as the presence of any of these 
plays a role in procedure selection and is directly attributed to 
postoperative success. Intraoperative assessment of position-
ing, careful attention to fixation techniques, and emphasizing 
postoperative compliance is essential. Defining a complica-
tion or operative failure is also important, because what 
appears corrected to the surgeon clinically and radiographi-
cally can still be deemed a failure if the patient is not satisfied. 
A discussion of the postoperative plan, expectations, and pos-
sible long-term complications is paramount in the preopera-
tive setting. Knowing the patient’s, the procedure, and the 
surgeon’s limitations is vital in limiting complications.

With over 150 different techniques documented since the 
first surgical correction of a hallux valgus deformity by 
Gernet in 1826, we will generalize them into three different 

categories for the scope of this chapter: metatarsal head, 
metatarsal shaft, and metatarsal base procedures (first tarso-
metatarsal joint arthrodesis will be discussed in a later chap-
ter) [1].

Certain osteotomies are inherently more stable than oth-
ers. Stable osteotomies allow for direct transfer of weight 
from the capital fragment to the stable fragment simply by 
the nature of the osteotomy. Unstable osteotomies, on the 
other hand, have limited resistance implemented by the 
boney construct and rely on internal fixation for stability. 
The Chevron osteotomy is more stable than other distal 
metatarsal procedures and as it was first described does not 
require fixation due to the stable construct. Although it does 
not require fixation, this is not common practice today due to 
the increased incidence of malunion and dorsal displacement 
of the capital fragment without fixation. When compared 
with other metatarsal head procedures, the Mitchell osteot-
omy was found to have the highest incidence of dorsal insta-
bility, shortening, as well as increased rates of malunion and 
nonunion (Fig. 11.1a, b) [2, 5–7].

On the other hand, base procedures are inherently less 
stable than head procedures secondary to biomechanical fac-
tors. The metatarsals are the only long bones in the body that 
support a significant amount of the body weight perpendicu-
lar to the longitudinal axis of the bone; therefore, base oste-
otomies are subjected to greater forces and have increased 
rate of malunion, persistent pain at the osteotomy site, and 
nonunion. The Mau osteotomy is documented to be the most 
intrinsically stable of the proximal osteotomies [8]. Lagaay 
et al. looked at 270 Chevron osteotomies compared to 34 
closing base wedge osteotomies and documented reopera-
tion rate for Chevron osteotomies to be 5.56% compared to 
closing base wedge osteotomy 8.82% [9].

Regardless of the location, shape, or construct of the oste-
otomy complications such as avascular necrosis, shortened 
first ray and first ray insufficiency can be encountered. Each 
of these may present with similar biomechanical findings 
derived from varying etiologies. Transfer lesions and 
 metatarsalgia are common complications after first ray sur-
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gery. Studies have documented that approximately 6% of 
patients have transfer lesion and 7% have metatarsalgia fol-
lowing distal first metatarsal osteotomies. The metatarsal 
parabola and the length of the first ray need to be assessed in 
the preoperative setting. With 64% of the total ground reac-
tive forces being transferred through the first and second 
metatarsophalangeal joint during push off, minor alteration 
to the weight-bearing surface can be the difference between 
a successful outcome and an unsatisfied patient. The second 
metatarsal head is approximately half the size of the first 
metatarsal, leading to increased load and increasing callus 
formation or stress fracture secondary to the transfer of 
weight [5, 10]. The presence of sub-lesser metatarsal head 
hyperkeratosis with pain on palpation may be indicative of 
insufficiency and must be evaluated preoperatively. If a 
lesion is present, and radiographic signs of a short first meta-
tarsal or long second metatarsal are noted, one may opt for 
lesser metatarsal osteotomy to balance the forefoot.

 First Ray Shortening

Inevitably with any osteotomy, the surgeon will experience 
some aspect of shortening typically one to two millimeters of 
shortening with each pass of the saw blade. As a result, 
meticulous surgical technique is imperative to minimize iat-
rogenic shortening. Additionally, different osteotomies 
inherently result in various amounts of shortening. The lit-
erature reports shortening as little as 2.0–2.5 mm following a 
Chevron bunionectomy and up to 3–7 mm of shortening in 
the Mitchell bunionectomy [3, 4]. Banks et al. documented 
1.1–2.5 mm of shortening following closing base wedge 
bunionectomy [11]. Patients with a wider metatarsal will 

expect to get increase shortening with a closing base wedge 
bunionectomy. When comparing the angulation of the cut 
with respect to the long axis, the obliquity does not influence 
the amount of shortening [11]. Opening base wedge bunio-
nectomy, on the other hand, theoretically may maintain 
metatarsal length. Budny et al. reported an increase in length 
following an opening base wedge bunionectomy of 0.47–
1.35 mm depending on the size of the graft inserted from 2 to 
6 mm [12].

Patients with an iatrogenic shortened first metatarsal can 
be asymptomatic; however, common symptoms often 
include transfer metatarsalgia especially with barefoot 
walking, elevated hallux with pain on range of motion of 
the first metatarsophalangeal joint, and the discomfort can 
be to a point which inhibits the patient from enjoying the 
same lifestyle and performing daily activities prior to sur-
gery (Fig. 11.2a–c). In these cases, standard dorsoplantar 
and lateral radiographs should be obtained to compare to 
preoperative radiographs. In the instance that the surgeon 
does not have access to preoperative radiograph, utilization 
of contralateral films is used for comparison. Once the sur-
geon has identified the patient’s specific symptoms, they 
may address the causative agent both conservatively and 
surgically. Oral anti-inflammatory medications along with 
shoe modification and orthotic management may be imple-
mented. A rigid sole shoe with a rocker bottom will off-
load the forefoot during push off. Orthotic management 
with medial posting or the addition of a Morton’s extension 
may be utilized. If conservative treatment is unsuccessful 
or not compatible with the patient’s lifestyle, surgical man-
agement may be required. Prior to initiating surgery, a 
patient must be well informed that they may not return to 
all previous activities.

Fig. 11.1 (a, b) Comparison of inherent shortening of the Chevrons vs. Mitchell verse osteotomy
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Surgical correction of a shortened first metatarsal can be 
performed utilizing a lengthening osteotomy, callus distrac-
tion, or functional lengthening with a first metatarsophalan-
geal joint arthrodesis. Single-stage lengthening with a bone 
graft or callus distraction can be implemented but correlates 
with higher rates of stiffness of the first metatarsophalangeal 
joint depending on the amount of lengthening required. It is 
recommended that single-stage procedures be performed 
when less than 15 mm of length is required [4, 5, 13, 14]. If 
subsecond metatarsal pain is the primary complaint, restora-
tion of the metatarsal parabola with a second metatarsal 
shortening osteotomy can address the deformity.

Goldberg et al. described a step cut first metatarsal oste-
otomy, where a Scarf-type osteotomy is performed and trans-
lated distally and fixated. When performing this procedure, 
the Scarf type of osteotomy must be made with the long arm 
of the metatarsal parallel with the long axis of the bone and 
not parallel with the weight-bearing surface, to avoid eleva-
tion of the metatarsal head. Gudipati et al. documented early-
onset arthritis of the first metatarsal phalangeal joint following 
Scarf lengthening osteotomy, which required arthrodesis 
within 2 years following the procedure [5, 15]. With length-
ening procedures, one must not neglect the soft tissues; tissue 
advancements and extensor hallucis longus tendon lengthen-
ing may be necessary. Even after corrective procedures to 
address the short first metatarsal, patients still may require 
shoe modifications and other conservative managements. 
Singh and Dudkiewicz found following Scarf lengthening 
procedure that only 6 out of 16 patients had good pain relief 
following the procedure and 4 no longer required orthotic 
management. Following the study they concluded that 
patients with less than 10 mm of length had poor outcomes. 
Less than 50% success rate was noted with lengthening less 
than 8 mm [16].

Callus distraction is a viable option if a large amount of 
lengthening is required or there are significant soft tissue 
contractures or compromise. A single plane monorail exter-
nal fixator can be placed along the medial border of the first 
metatarsal. Then a small longitudinal incision is made on the 
dorsal aspect of the first metatarsal, and a corticotomy is per-
formed. A 7- to 14-day latency period is observed, and then 
distraction at a rate of 1 mm/day is performed until the 
desired length is achieved; the monorail is left in place an 
additional 2–4 weeks to allow consolidation. Although cal-
lus distraction can be utilized, commonly we encounter 
increased first metatarsophalangeal joint stiffness and symp-
toms following these lengthening techniques; therefore, it is 
the author’s preference to address shortening with functional 
lengthening via an end-to-end arthrodesis or interpositional 
bone block arthrodesis. We have found that, in most cases, 
enough length is available to achieve the desired correction 
with an arthrodesis. Once the fusion has consolidated, the 
functional length of the first metatarsal extends to the inter-
phalangeal joint of the hallux.

When the deformity has been present for a prolonged 
amount of time, contractures, joint stiffness, or degenerative 
changes can be seen to the first metatarsophalangeal joint. At 
this point, an arthrodesis is the preferred method of treat-
ment. Typically, we find that a primary end-to-end first meta-
tarsophalangeal joint arthrodesis can be performed, thus 
increasing the functional lever arm of the first metatarsal to 
the interphalangeal joint. In instances with excessive short-
ening, interpositional bone block arthrodesis should be per-
formed, which will be discussed later in this chapter. Primary 
first metatarsophalangeal joint arthrodesis is performed 
through a standard dorsal medial incision; limited medial 
and lateral dissection is required at this point. Once the 
extensor hallucis longus has been identified, sharp dissection 

Fig. 11.2 (a–c) Iatrogenic shortening of the first ray following early weight bearing and malunion of a distal metatarsal osteotomy
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is utilized to create a single soft tissue layer dissected off of 
the osseous structure. Any previously applied hardware 
should be removed, and periosteal elevator can by utilized to 
free plantar adhesions, to allow the surgeon to better access 
the joint. Preparation of the arthrodesis site can be performed 
with the use of curettage, reaming, or saw resection. It is the 
authors’ preference to utilize curettage or reaming to decrease 
shortening and increase ability to position the arthrodesis 
site in the appropriate position. Following resection, the 
articular cartilage of the head of the first metatarsal and base 
of the proximal phalanx the joint is irrigated to remove any 
cartilaginous or soft tissue debride within the joint. 
Subchondral drilling is performed with a 1.5 mm drill bit, 
and the autogenous cancellous graft from the drill bit is left 
within the arthrodesis site (Fig. 11.3). The ideal positional of 
the arthrodesis is variable throughout the literature and is 
patient dependent, with the most widely accepted angles 
being 10–15° of dorsiflexion, 10–15° of abduction, and neu-
tral in the frontal plane. In the intraoperative setting, simu-
lated weight bearing is performed by evenly loading the 
forefoot on a lid from a hardware tray and positioning the 
hallux parallel to a rectus second digit and slightly elevated 
on off of the platform (Fig. 11.4). A periosteal elevator can 
be utilized to elevate the hallux just off the weight-bearing 
surface to allow an appropriate amount of plantar clearance 
upon ambulation. Temporary fixation is applied from the 
proximal phalanx into the metatarsal and positioned out of 
the way of planned definitive fixation. Fluoroscopy is uti-
lized intraoperatively to confirm satisfactory alignment of 
the hallux and arthrodesis site, and an interfragmentary 3.5 
solid sore or cannulated screw is applied from the medial 
aspect of the metatarsal to the lateral aspect of the proximal 
phalanx utilizing lag technique. The ideal starting point for 
the screw is just proximal to the previously resected medial 
eminence (Fig. 11.5). After good interfragmentary compres-
sion is achieved, a low-profile dorsal plate is applied. 

Multiple hardware configurations from Kirschner wires, 
Steinmann pins, screw fixation, screw and plate fixation, 
plate fixation alone, multiple stacked plates, staples, external 
fixation, and combinations of the above have been described 
in the literature with similar fusion rates ranging from 87% 
to 100%, with most consensus of 95% fusion rate [10]. When 
evaluating the various configurations for fixation of the first 
metatarsophalangeal joint, an interfragmentary screw with 
dorsal plate was found to be the strongest construct by Politi 
et al. when they compared to crossed Kirschner wires, inter-
fragmentary screws, and dorsal compression plate without 
interfragmentary screws. An interfragmentary screw with 
dorsal compression plate is our preferred construct especially 
in revisional surgery [17].

 Avascular Necrosis

Avascular necrosis (AVN) is bone death secondary to 
impaired circulation and can be seen in any bone in the body. 
It can be the result of iatrogenic causes, traumatic injury, or 
systemic issues, such as metabolic disorders, hemoglobin-
opathies, tobacco abuse, alcohol abuse, and systemic or 
injectable corticosteroid use. AVN can be seen associated 
with or independent of a nonunion. The incidence in the lit-
erature varies from 0% to 76% depending on surgical tech-
nique and amount of periosteal stripping [3, 4]. The vascular 
supply to the first metatarsal is an intricate network of ves-
sels that anastomose with one another along the entire course 
of the first metatarsal. Along with the nutrient artery, a peri-
osteal capillary network and metaphyseal capital vessels 
contribute to the blood supply. These vessels all stem from 
the first dorsal metatarsal artery, first plantar metatarsal 
artery, and superficial branches of the medial plantar artery 

Fig. 11.3 Preparation for fusion at the first metatarsal head via sub-
chondral drilling

Fig. 11.4 Intraoperative positioning of first MTPJ arthrodesis using 
the hardware tray lid to simulate weight bearing
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[6, 8, 18]. Every osteotomy can potentially cause AVN, as it 
is disrupting the blood supply, but distal metatarsal head 
osteotomies have a higher prevalence due to the location of 
the nutrient artery of the first metatarsal, which enters 
through the dorsolateral aspect of the distal two thirds of the 
first metatarsal. The nutrient artery of the first metatarsal 
branches into a proximal and distal segment. It then anasto-
moses with the metaphyseal capital vessels at the junction of 
the head and neck of the first metatarsal. The capital frag-
ment also has periosteal vessels attaching around the attach-
ment of the capsule, and capsular vessels penetrate the head 
segmentally [4, 7, 8, 18, 19].

During early investigation, authors recommended limit-
ing the lateral release during a distal first metatarsal osteot-
omy, as it was thought to be the only remaining blood supply 
to the capital fragment. Recent anatomic studies contradict 
the previous allegations and states that lateral release can be 
performed without causing significant vascular insult. Kuhn 
and Lippert performed a study where intraoperative intraos-
seous blood flow was measured after medial capsulotomy, 
adductor tenotomy, lateral release, and Chevron osteotomy. 
There was significant difference in blood flow at each por-
tion of the procedure; the most notable insult was after 
medial capsulotomy with average decrease of 45% of base-
line, lateral release another 13% decrease (58% total), and 
osteotomy another 13%. Even with this documented amount 
of vascular insult, all 20 patients healed without complica-
tion postoperatively [18]. There is no doubt that the blood 
supply to the first metatarsal is disrupted; the real questions 
are as follows: Is the vascular insult permanent or can it be 

reversed? And if this is the case, what are the different factors 
that make a patient more susceptible to this complication?

Since the intraosseous blood supply is compromised dur-
ing a metatarsal osteotomy, special care should be taken in 
all aspects of the surgical procedure in order to limit the 
potential of AVN. The metatarsal has a significant capacity 
to withstand and compensate for the vascular insult, but lim-
ited capsular and periosteal stripping to preserve extraosse-
ous and capsular vascular supply should be implemented. 
Care should be made to not allow the saw blade to plunge 
through the lateral cortex into the intermetatarsal space when 
performing the osteotomy. When dissecting the medial cap-
sule, limiting trauma and cauterization of the plantar vascu-
lature is important. It has been previously reported that when 
performing the osteotomy thermal necrosis to the bone can 
be seen if temperatures of 50°C maintained for 1 min or lon-
ger. The addition of saline irrigation to the saw bone inter-
face has been suggested to limit temperatures. Hall et al. 

reviewed 112 first metatarsal osteotomies in cadaver bones 
and found that the addition of saline irrigation while the oste-
otomy was being performed resulted in a mean decrease in 
cutting temperature of 2.96 ± 7.32°C. However, tempera-
tures with or without saline did not approach a level that 
would be consistent with thermal damage. The greatest 
change from base temperatures in the study was 43.7°C. The 
average peak temperature demonstrated in the study was 
30.47° [19, 20]. As a result, we feel that it is really surgeon’s 
preference as to whether one should use saline while per-
forming the osteotomy.

Avascular necrosis to the capital fragment of the first 
metatarsal can be minor without collapse or major with 
collapse following a bunionectomy. The patient’s clinical 
presentation may vary. Diagnosis in the early postoperative 
period is difficult, as the symptoms resemble those similar to 
postoperative healing process, with edema, erythema, irrita-
bility, and increased tenderness surrounding the joint. This 
reaction is a result of the body attempting to repair the devas-
cularized bone. As with clinical diagnosis, radiographic 
evaluation in the immediate postoperative period is also dif-
ficult. In the early stages of AVN, the metatarsal may demon-
strate subchondral radiolucency and focal cystic changes and 
may appear mottled; these radiographic changes can be seen 
on average within the first 2 months of surgery (Fig. 11.6). 
As the pathology progresses, degeneration of the capital 
fragment, subchondral collapse, and joint space narrowing is 
noted (Fig. 11.7). Magnetic resonance imaging (MRI) is the 
most sensitive modality with a 90–100% sensitivity for diag-
nosing AVN. Due to this sensitivity, the MRI can have high 
false-positive findings in the early postoperative period. 
Common appearance on MRI consists of decreased signal 
intensity on T1-weighted images, secondary to decreased 
cancellous bone content and increased T2 signal intensity 
due to hyperemia and edema. The double-line sign on a 

Fig. 11.5 Ideal positioning of the interfragmentary screw from the 
medial head of the first metatarsal to proximal phalanx of the hallux
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T2-weighted image is diagnostic and is seen on the periphery 
of the boney infarct. This consists of a line of increased sig-
nal intensity surrounded by an outer line of decreased signal 
intensity (Fig. 11.8a, b). Osteochondral fragmentation and 
degenerative changes are also noted in the later stages. 
Technetium-99m bone scintigraphy can be used in the post-
operative period but is only 85% sensitive and is nonspecific. 
Scintigraphy will demonstrate changes in response to the ini-
tial osteotomy, so it is recommended that the surgeon wait a 
minimum of 4 weeks prior to imaging in order to be able to 
better differentiate between the initial vascular insult and 
AVN [6, 8, 19]. Wallace et al. performed a review of 13,952 
patients who underwent first metatarsal head osteotomies, 
and 15 (0.11%) developed avascular necrosis. Thirteen out 

of fifteen (87%) had Chevron bunionectomy; two (13%) had 
Scarf procedure. On average, AVN was documented 4 
months postoperatively. There was no increased incidence 
noted with respect to fixation type. All 15 patients responded 
to conservative treatment consisting of non-weight bearing 
in a cast and nonsteroidal anti-inflammatory medication [8].

Conservative treatment should start with off-loading and 
limiting the stresses on the first metatarsal phalangeal joint 
with orthotic management or shoe modifications. Partial or 
complete non-weight bearing may be beneficial in the initial 
stages. The majority of patients respond to conservative 
treatment, but those that do not may require surgical inter-
vention. If the osseous integrity is still preserved and col-
lapse of the capital fragment has not resulted secondary to 

Fig. 11.6 Early radiographic signs of AVN with cystic changes to the 
first metatarsal head

Fig. 11.7 Late-stage AVN with complete collapse of the first metatar-
sal head

Fig. 11.8 (a, b) MRI of AVN of the first metatarsal showing a decrease signal intensity on T1 image and a corresponding increased signal intensity 
on double on T2-weighted image with a double-line sign
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the AVN, the patient’s symptoms may resolve with synovec-
tomy and subchondral drilling. Moderate to severe cases will 
require first metatarsophalangeal joint arthrodesis with or 
without interpositional grafting [19]. When determining if 
the use of interpositional graft is necessary, the overall bone 
stock, viability, and length of the first metatarsal need to be 
taken into account. If after resection greater than 1 cm of 
bone loss is noted or cosmetic appearance of the shortened 
first ray is not favorable, an interpositional graft should be 
utilized. With an end-to-end first metatarsophalangeal joint 
arthrodesis, the overall functional length of the metatarsal is 
extended to the level of the interphalangeal joint.

There are multiple locations for harvest of an autogenous 
corticocancellous graft including the lateral wall of the cal-
caneus, middle third of the fibular shaft, or the iliac crest. 
Multiple allografts are available on the market today. The 
most commonly utilized allografts consist of the iliac crest, 
patellar wedge, or femoral head. In revisional cases, autoge-
nous graft is preferable as it not only supplies the osteocon-
duction or scaffolding properties that allografts provide but 
also has the benefit of osteogenesis and osteoinduction by 
transporting living cells to the area and transporting bone 
morphogenic protein (BMP) and other growth factors to the 
arthrodesis site [13, 17, 21–26]. Mankovecky et al. per-
formed a systematic review of the incidence of nonunion of 
the first metatarsophalangeal joint arthrodesis with the 
autogenous iliac crest after failed Keller-Brandes arthro-
plasty and found a 4.8% nonunion rate. On the other hand, 
Myerson et al. performed a similar study and demonstrated a 
high 21.9% nonunion rate when performing an interposi-
tional arthrodesis for salvage of failed Keller arthroplasty, 
failed replacement arthroplasty, and previous osteotomy [13, 
25]. The previously documented high donor site morbidity 

following iliac crest graft harvest is not supported by recent 
literature; similar postoperative morbidity is noted at other 
autogenous graft sites, the calcaneus, tibia, and iliac crest.

Primary arthrodesis in patients with minimal comorbidi-
ties has shown similar fusion rates with the use of allogenic 
bone graft verse autogenous graft. Anderson et al. compared 
primary first metatarsophalangeal joint end-to-end arthrode-
sis rates with local autogenous graft versus mesenchymal 
stem cell (MSC) impregnated allograft and found no signifi-
cant difference in fusion rate and patient satisfaction. They 
concluded that autograft and allogenic bone graft with MSC 
are both viable options for the foot and ankle surgeon to use 
when a bone void deficit is noted [21]. In the setting of AVN 
or other revisional cases, autogenous graft is utilized due to 
its additional properties to promote healing. Autogenous 
grafts have been shown to consolidate at a more rapid pace 
and elicit higher union rates due to the lack of immunogenic-
ity. Allografts, however, have the benefit of decrease opera-
tive time and donor site morbidity. When using allogenic 
bone graft to augment arthrodesis, it is important to maintain 
as large of a host to graft interface. If thick allografts are 
utilized, the possibility of a large avascular aspect of the graft 
is increased as consolidation takes place primarily at the 
host-graft interface. Bone grafts can be utilized to maintain 
and restore length, provide angular correction, and augment 
and promote osseous consolidation [13, 17, 21–26].

Autogenous corticocancellous grafts can be taken from 
the dorsal lateral wall of the calcaneus, middle third of the 
fibular shaft, or iliac crest. The location preferred by the 
authors is the dorsal lateral wall of the calcaneus in which a 
bicortical structural bone graft can be easily harvested from 
the superior lateral aspect of the calcaneus. In addition, after 
removal of the corticocancellous graft, further cancellous 

Fig. 11.9 (a, b) Fluoroscopic guidance and incision placement for calcaneal bone graft harvest
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graft can be harvested from the calcaneal body. Surgical 
technique includes a 3–4 cm oblique incision extending from 
just proximal to the superior aspect of the calcaneus, cen-
tered between the posterior facet and the posterior tuberosity 
of the calcaneus (Fig. 11.9a, b). The use of fluoroscopy can 
be utilized to confirm location intraoperatively. Blunt dissec-
tion through the subcutaneous tissue to the lateral wall of the 
calcaneus is utilized to limit trauma to the sural nerve. The 
periosteum is elevated from the superior lateral aspect of the 
calcaneus, and two Kirschner wires can be utilized to mark 
the inferior border of the donor site. These wires are placed 
1.5 cm inferior to the superior border and 1 cm from poste-
rior to anterior. The depth of the graft is approximately 1 cm 
from lateral to medial. Next, with the use of a sagittal saw 
and osteotomes, the lateral half of the calcaneus is osteoto-
mized. A curved osteotome can be utilized from the superior 
aspect of the calcaneus to remove the bone from the superior 
lateral aspect of the calcaneus (Fig. 11.10a–c). Upon removal 
of the graft, further cancellous bone can be harvest from the 
body of the calcaneus. It is the author’s preference to backfill 
the donor site with allogenic or synthetic bone graft substi-
tute; however, this is not required (Fig. 11.11a–e).

 Interpositional First Metatarsophalangeal 
Joint Arthrodesis Technique

A standard dorsal longitudinal incision is made over the first 
metatarsal phalangeal joint. When planning the incision, the 
previous surgical incision site may be utilized, but due to the 
increased need for hardware, it is beneficial to extend the 
previous incision at least a centimeter in both the proximal 
and distal aspect of the incision. Myerson et al. did not utilize 
a tourniquet as to be able to appreciate the aspect of bleeding 
healthy bone margin intraoperatively, and if in a case with 

overdistraction, blanching of the skin was noted and could 
be addressed [13]. It is the surgeon’s preference to utilize a 
 tourniquet to assist in visualization and limit operating time. 
After dissection is performed and previous hardware is 
removed, the tourniquet is deflated to assess resected mar-
gins. As with any revisional surgical procedure, a large 
amount of scar tissue will be noted. Limiting superficial dis-
section is imperative to limit devascularization of the cutane-
ous tissue to help decrease postoperative wound 
complications. Once the extensor hallucis longus is identi-
fied, a single soft tissue layer should be reflected off of the 
first metatarsophalangeal joint. On inspection of the first 
metatarsal head, any nonviable soft tissue and bone must be 
resected to the level of healthy bleeding tissue, along with a 
synovectomy. Resection is most commonly performed with 
the use of a saw or osteotomes in a “flat cut fashion” to ease 
graft application. Whalen proposed the use of conical ream-
ers to prepare the arthrodesis and graft interface. If this tech-
nique is to be implemented, special care should be taken as 
the reamer can be aggressive, and if poor bone stock is evi-
dent, overaggressive resection can be a possibility. After 
resection to a level of healthy osseous tissue, subchondral 
drilling should be performed with a 1.5 mm drill bit. It is the 
author’s preference to subchondral drill utilizing a drill rather 
than a Kirschner wire to assist in decreasing thermal injury 
and to also assist in bringing autogenous bone graft to the 
arthrodesis site. A smooth laminar spreader can be inserted 
into the arthrodesis site to distract the first ray out to the 
desired length, and then measurement of the required graft 
size is performed. In the author’s experience, 10–15 mm is 
the average size graft utilized. Myerson et al. had an average 
graft size of 22 mm ranging from 11 to 35 mm; however, 
secondary to resected margins, the radiographic evaluation 
of increased length was not proportionate with the mean 
average of additional length postoperative, which was 13 mm 

Fig. 11.10 (a–c) Harvest of bicortical calcaneal bone graft from the dorsolateral wall
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ranging from 0 to 29 mm [13]. The surgeon can now cut the 
graft to size and place it within the arthrodesis site. The graft 
is temporary fixated with the use of a Kirschner wire to 
ensure good restoration of length and proper alignment 
(Fig. 11.12). The recommendation of 10–15° of dorsiflexion, 
10–15° of valgus, and neutral frontal plane alignment has 
been discussed previously in the literature. The appropriate 
amount of dorsiflexion at the first metatarsophalangeal 
arthrodesis sight has been debated in the literature with 
authors recommending a range of dorsiflexion from 10° to 
40°. It is standard protocol for the author to load the forefoot 
with the lid from a hardware tray and position the hallux 
parallel to second digit and slightly elevated (Figs. 11.4 and 
11.13). Too little valgus may predispose the interphalangeal 
joint to early degenerative change and dorsal hallux irritation 
secondary to shoe gear. Fixation of this arthrodesis may be 
performed with a variety of constructs from threaded 

Steinmann pins, screws, staples, dorsal plate, and any 
 combination thereof, but it is recommended that a dorsal 
plate be used to augment any fixation. Depending on bone 
quality, it is the authors’ preference to use one or two inter-

Fig. 11.11 (a, b) Backfilling the calcaneal graft harvest site with synthetic bone graft. (c, d) Synthetic graft incorporation at the harvest site at 2, 
3, and 7 months

Fig. 11.12 Intraoperative placement and temporary fixation of the 
interpositional bone graft
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fragmentary screws with a low-profile dorsal locking plate. 
However, static manual compression with plate to graft fixa-
tion is adequate in select cases. The construct of a dorsal 
plate and interfragmentary screw has been documented in 
the literature to be the most stable construct for in situ 
arthrodesis. When determining the appropriate plate for fixa-
tion, the remaining length of the proximal phalanx after 
resection must be taken into account to not cause jamming of 
the interphalangeal joint with dorsiflexion. With distraction 
and previously incised hypertrophic scar tissue, wound com-
plications can be of concern postoperatively, so overall bulk 
of the dorsal plate has to be accounted for to ensure there will 
be adequate soft tissue coverage. Even with distraction 
arthrodesis, the lesser metatarsals may need to be addressed 
with shortening osteotomies depending on the overall meta-
tarsal parabola and biomechanical accommodation and 
adaptation (Figs. 11.14 and 11.15).

Bhosale et al. demonstrated 8/10 patients were satisfied 
with their outcome following first metatarsophalangeal joint 
interpositional arthrodesis. The two dissatisfied patients had 
prominent hardware or hardware failure. Four patients 
required removal of implants. Due to extent of distraction 
and soft tissue contractures, Z lengthening of the extensor 
hallucis longus (EHL) tendon or sectioning of the extensor 
hallucis brevis may be necessary. Myerson et al. documented 
that 18/24 of his patients required EHL tendon lengthening. 
Postoperatively patients remained strictly non-weight bear-
ing in a short-leg cast for 4 weeks. Dorsoplantar and lateral 
radiographs were obtained at 4-week intervals. Progressive 
weight bearing was allowed in a cast or walking boot when 
clinical and early radiographic union was evident. Brodsky 

et al. documented an 11-/12-fusion rate at an average of 12 
weeks, with the AOFAS score 3 excellent, 4 good, 4 fair, and 
1 poor post-op outcome. None of the patients were com-
pletely pain-free postoperatively, but all but one had mild 
occasional discomfort. Patients were not limited in activity 
of daily living, and the majority of patients were able to 
return to recreational activity. Three postoperative complica-
tions were noted with two wound complications and one 
nonunion. The literature reports successful primary arthrod-
esis rates range from 77% to 100% with various techniques. 
The average length of time to radiographic union reported is 
2–4 months, with an average of 2.5 months.

Some surgeons prefer a resection arthroplasty with syno-
vectomy. Though this procedure can help to alleviate pain, 
however it does not yield a stable, load-bearing, functional 
great toe. Patients have decreased overall walking velocity, 
longer stance phase, and shorter single-limb stance phase of 
gait. Conversely, a normal loading pattern under the lesser 
metatarsal heads and toes is seen with arthrodesis of the first 
metatarsophalangeal joint. Arthrodesis has favorable out-
comes and allows for resection of the nonviable bone and 
also creates a stable platform [13, 27, 28].

 Hallux Varus

Iatrogenic hallux varus is a surgical complication often 
resulting from overcorrection of a bunion deformity. McBride 
first described hallux varus following his initial procedure 
with resection of the medial eminence, medial capsulorrha-
phy, and fibular sesamoidectomy; he documented an inci-
dence of 5%. Now with the addition of first metatarsal 
osteotomies for correction of hallux valgus deformities and 
the large amount of research that has been published on hal-
lux varus, the incidence in the literature ranges from 2% to 
17% and can result from an imbalance in osseous, tendon, 
capsule, or ligamentous structures [29, 30]. Although there 
are multiple causes of hallux varus deformity, we are going 
to focus on the iatrogenic hallux varus and its correction. To 
properly correct a hallux varus deformity, one must under-
stand the pathogenesis of the deformity. Hallux varus can 
result when one “pushes the limits” of a procedure when a 
more powerful procedure is indicated. More common etiolo-
gies include overaggressive resection of the medial eminence 
(staking of the first metatarsal head) and overcorrection of 
the intermetatarsal angle (negative IM angle). Soft tissue 
imbalance can also be a causative agent resulting in hallux 
varus including an overaggressive lateral release, medial 
capsulorrhaphy, postoperative bandage, resection of the 
medial head of the flexor hallucis brevis, resection of the 
conjoined adductor tendon, and fibular sesamoidectomy. 
Once the deviation of the hallux progresses past midline, the 
long extensor and flexor tendons become a progressive force 

Fig. 11.13 Postoperative alignment of the hallux parallel to the second 
digit
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Fig. 11.14 (a, b) Various fixation options for interpositional first metatarsophalangeal joint arthrodesis

Fig. 11.15 (a–c) Interpositional graft with fixation showing immediate postoperative images, 2 months postoperative and 7 months postoperative 
images
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to increase the varus deformity. Hallux varus deformity is 
usually multifactorial and a result of a combination of these 
etiologies. Most commonly this is a triplane deformity with 
medial deviation of the hallux with hammering at the inter-
phalangeal joint and supination of the digit (Fig. 11.16).

Physical examination should consist of a weight-bearing 
and non-weight-bearing assessment to evaluate if the defor-
mity is reducible or rigid and to appreciate if there is a 
dynamic aspect or progression with the presence of the pull 
of the long flexor and extensor tendon with weight bearing. 
The first metatarsophalangeal joint should be taken through 
range of motion and assess for pain or crepitus on range of 
motion present. Radiographic evaluation with standard dor-
soplantar and lateral and medial oblique radiographs should 
be taken to assess the presence of staking of the head of the 
first metatarsal, overcorrected intermetatarsal angle, sesa-
moid position, and the presence of degenerative joint disease 
and bone quality. The authors also recommend the addition 
of contralateral radiographs when assessing the varus defor-
mity. Most patients are asymptomatic if there is <10° of 

medial deviation of the digit; however, a maligned joint will 
increase the progression of degenerative joint disease and 
should be assessed. Patients that are symptomatic experience 
joint pain on palpation, pain on range of motion, pain with 
shoe gear, unacceptable cosmetic appearance, instability, 
and weakness with push off [31].

Once a hallux varus deformity is identified, prompt man-
agement of the deformity is imperative. Although many 
patients will tolerate a slight varus deformity, the probability 
of progression of the deformity if left untreated is high, due to 
the previous mentioned muscular imbalance. Management of 
hallux varus in the initial 4 weeks postoperatively can be 
treated nonoperatively with a moderate success rate depend-
ing on the causative agent of the varus deformity. However, a 
low threshold of surgical intervention is prudent as the defor-
mity progresses and becomes more stiff and rigid. Initial 
treatment with splinting and taping of the hallux in a valgus 
position should be implemented. If edema is controlled and 
patient can tolerate and can be safely placed in normal shoe 
gear, a tennis shoe will help to apply lateral forces to the digit. 

Fig. 11.16 (a) Triplane deformity of hallux varus following overcorrection. (b, c) Development of joint degeneration following unaddressed hal-
lux varus
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If the patient does not respond to taping and night splints after 
6 weeks, a return to the operating room is warranted. Even if 
the patient is not currently symptomatic and if progression of 
the deformity is noted, surgical intervention is necessary to 
correct the deformity to help decrease the progression of 
degenerative joint disease. If a flexible deformity is still noted 
and soft tissue in nature, correction can be performed with 
minimal downtime to the patient, and this should be explained 
to the patient preoperatively. Once progression to a rigid 
deformity is noted with or without the presence of arthritis, 
the corrective procedures are more extensive and will require 
osseous correction and significant postoperative recovery in 
some cases [29, 32]. Determining the appropriate corrective 
procedure is imperative as one does not want to compound 
the failure with another failure. Determining the etiology of 
the varus deformity is paramount when making the decision 
between conservative, soft tissue, and osseous correction.

In the presence of a flexible deformity with a normal inter-
metatarsal angle without the presence of degenerative joint 
disease, soft tissue corrective procedures with capsular 
release, tendon transfer, tenodesis, direct repair with ligamen-
tous balancing, or supplementation can be used. Many tendon 
transfers have been described in the literature, with transfer of 
the abductor hallucis tendon to the lateral side of the proximal 
phalanx, routing it deep to the deep transverse intermetatarsal 
ligament. Detachment of the first dorsal interosseous tendon 
from the second proximal phalanx and routing it through a 
drill hole in the lateral aspect of the first proximal phalanx has 
also been described, but the size of this tendon is a deterring 
factor. The extensor hallucis longus tendon transfer was first 
described with detachment of the entire extensor hallucis lon-
gus and transfer under the deep transverse intermetatarsal 
ligament to the lateral aspect of the proximal phalanx, but this 
resulted in an unopposed pull from the long flexor hallucis, 
resulting in a mallet deformity. Therefore, this procedure has 
been adjusted to a split extensor hallucis longus tendon trans-
fer, where only the lateral aspect of the extensor hallucis lon-
gus is transferred in a similar fashion. The use of a right angle 
hemostat can be used to assist in transferring the distal lateral 
aspect of the tendon proximally deep to the intermetatarsal 
ligament. Then a 4 mm bone tunnel is made 1.5 cm proximal 
to the metatarsophalangeal joint and oriented oblique from 
dorsal medial to plantar distal lateral. The deformity is cor-
rected and the tendon tensioned and secured by suturing it to 
the proximal aspect of the extensor hallucis longus. This soft 
tissue adjustment to the procedure is preferable compared to 
performing a proximal interphalangeal joint arthrodesis to 
address the mallet toe deformity. If these soft tissue proce-
dures fail to correct the deformity, joint destructive procedure 
with first metatarsophalangeal joint arthrodesis is always a 
salvage procedure. With that being said, first metatarsopha-
langeal joint arthrodesis is better tolerated if the interphalan-
geal joint is still available to compensate [4, 29, 32].

The extensor hallucis brevis transfer has also been described 
as detaching from its insertion and reinserting through a lateral 
to medial bone tunnel in the proximal phalanx (Fig. 11.17). 
Lateral ligament augmentation and repair can be implemented 
with primary repair of the lateral structures and medial capsu-
lorrhaphy. However, if after the previous surgical intervention 
the lateral structures are not suitable for repair, augmentation 
with allograft or synthetic graft can be implemented. A suture 
button technique was first described by Pappas and Anderson 
and has been described multiple times in the literature with 
positive outcomes. In this procedure a medial capsular release 
is performed, and then a bone tunnel is performed parallel 
with the weight- bearing surface in the proximal phalanx from 
distal medial to proximal lateral and a second bone tunnel is 
made in the metatarsal neck from proximal medial to distal 
lateral. A 1.6 mm Kirschner wire with intraoperative fluoros-
copy can be utilized to ensure placement, followed by a 
2.7 mm cannulated drill bit to create the bone tunnels. The 
suture button is passed through the bone tunnels, and the digit 
is held in a corrected position while the suture button is tight-
ened and secured in place (Fig. 11.18) [33].

If radiographic evaluation demonstrates staking of the 
metatarsal head or a negative intermetatarsal angle, soft tis-
sue correction will not be sufficient and osseous alignment 
must be addressed with a realignment osteotomy or first 
metatarsophalangeal joint arthrodesis. Rochwerger et al. 
proposed an osseous buttress with recreation of the medial 
aspect of the first metatarsal head with iliac crest bone graft 
`that is fixated in place, but this is not common practice for 
the authors. Of all of the osseous procedures that can be per-
formed for reduction of an intermetatarsal angle, the reverse 

Fig. 11.17 Extensor hallucis longus tendon transfer deep to the trans-
verse intermetatarsal ligament
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can be done to increase the intermetatarsal angle. Reverse 
Chevron osteotomy in conjunction with a medial capsular 
release is the most documented of these osteotomies in the 
literature [30]. If a negative distal articular set angle is identi-
fied, a lateral closing reverse Reverdin osteotomy may be 
beneficial. As described previously the first metatarsal length 
must be assessed preoperatively; however, decompression of 
the joint in some instances is beneficial, particularly if a stiff 
joint is noted secondary to the varus deformity. Additionally, 
a reverse Akin osteotomy can be employed to further align 
the great toe and improve overall function.

If the varus deformity has been present for a prolonged 
amount of time and is non-reducible with joint stiffness or 
degenerative changes are noted radiographically and clini-
cally, successful outcomes even after realignment of the joint 
are relatively low (Fig. 11.19). In this instance, arthrodesis of 
the first metatarsophalangeal should be considered. Resection 
arthroplasty, although not preferred, can be beneficial in older 
very low-demand patients. After prolong varus deformity of 
the hallux is noted, the lesser digits start to deviate in a similar 
direction; therefore, assessment with shortening osteotomies 
or metatarsal head resections may be necessary in conjunc-
tion with correction of the first metatarsophalangeal joint.

 Conclusion

Given the high incidence of hallux valgus corrections per-
formed by foot and ankle surgeons, complications are bound 
to arise. Possible complications should be discussed with 
patients preoperatively and never hidden after the fact. 
Complications such as first ray insufficiency, hallux varus, 
and avascular necrosis are some of the most challenging 
complications seen. Taking proactive preventative measures 

in the preoperative setting is key to avoiding negative out-
comes. A thorough and individualized presurgical examina-
tion is paramount to selecting the proper patient and 
procedure. Determining the etiology of the complication is 
necessary in order to make an appropriate decision between 
conservative care, soft tissue correction, and osseous correc-
tion. Surgical technique and proper procedure selection is 
imperative to ensure favorable outcomes. When the inappro-
priate procedure is selected and there is an attempt to force 
correction, complications commonly arise. When looking to 
address complications, the surgeon must take into account 
patient’s activity level, chief complaint, and expectations to 
help produce the most favorable outcome.

Occasionally the undesirable result can be rectified conser-
vatively, but often an additional surgical procedure is needed. A 
joint-sparing procedure with correctional  osteotomies or ten-
don transfers can often be utilized, but if the deformity is rigid 
or degenerative changes are present, then joint destruction pro-
cedures such as first metatarsophalangeal joint arthrodesis may 
be necessary and result in a more predictable outcome.
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Recurrent Hallux Valgus

Luke D. Cicchinelli and David Granger

Obtaining effective long-term results for the surgical correc-
tion of hallux valgus perhaps epitomizes most of any defor-
mity within the foot and ankle, the adage that surgery is both 
art and science. The effective long-term correction of recur-
rent hallux valgus therefore adds levels of complexity and 
challenges both technically for the surgeon as well as expec-
tation wise for the patient. Patients electing to undergo sur-
gery for the correction of their painful bunion deformity 
have fairly basic desires. They would like the correction to 
look good, feel good, and be lasting with minimal disruption 
to their everyday life. By its very presence, the outcome of 
an index surgery that later necessitates a second intervention 
has failed all those patient desires. This heightens tremen-
dously the importance of effective surgeon-patient commu-
nication and realistic appraisals by the surgeon as to their 
own personal skill set, knowledge base, and specifically 
those patient’s expectations. A viable outcome formula char-
acterizing the interplay between these variables may be con-
sidered as outcome = surgeon knowledge multiplied by 
surgical execution divided by patient expectations. Clinical 
experience by the author has led to the additional surgical 
adages of a prudent reconstructive effort that seeks “to do the 
least possible and yet the most necessary” and the realization 
that “almost everything can work—incompletely, and almost 
nothing works—completely.”

This chapter does not seek to repeat nor simply reiterate 
previously published material on this topic. The reader is 
referred to two excellent background resources for a general 
and specific overview on this: Complications in Hallux 
Abducto Valgus Surgery by Molly Judge in the fourth edi-
tion of McGlamry’s Comprehensive Textbook of Foot and 

Ankle Surgery and Recurrent Hallux Valgus: Treatment 
Considerations by Michael Lyons et al. in the 2009 Update 
of The Podiatry Institute [1, 2]. Rather this chapter seeks to 
clinically and radiographically illustrate the authors’ and 
several other seasoned clinicians’ experiences and results in 
addressing this challenging deformity while expounding on 
in case format style the variety of technical and patient- 
specific considerations that lead to the only thing a patient 
cares about—a satisfying and lasting result. To avoid dupli-
cation of material to be covered in other chapters of this text 
and complete clarity on the specific clinical contribution the 
authors wish to share, the authors have made several assump-
tions. The cases discussed deal only with under-corrected 
metatarsal osteotomies in which the bone healing was 
uneventful with no failure of internal fixation or nonunions, 
or avascular necrosis, or infectious processes. Recurrent hal-
lux valgus specific to the use of the Lapidus procedure as the 
initial choice of the index correction is similarly excluded 
although the Lapidus will be discussed as a frequently viable 
definitive solution to the recurrent deformity of under- 
corrected intermetatarsal angles in general. As well, compli-
cations of hallux valgus surgery primarily causing elevation 
and shortening of the first ray and insufficiency issues that 
require plantarflexory osteotomies or callus distraction type 
approaches are excluded. Those deformities are necessarily 
included when there has been an under-corrected osteotomy 
or intermetatarsal angle or unrecognized hypermobility that 
may even require additional surgery beyond the first ray.

The cases will specifically go beyond the X-rays and con-
sider in detail the importance of the true chief complaint of a 
patient now dealing with a failure of a previous surgery as 
the author has found this to be perhaps the single most 
important factor in ensuring a successful outcome and patient 
satisfaction. This includes as well the consideration as to 
whether the original surgeon is performing the revisional 
surgery or a new surgeon is taking on the revisional case due 
to patient dissatisfaction. This can factor tremendously into 
effective solutions for these cases and procedural selection. 
For example, a patient may be more amenable to the original 
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surgeon “tweaking” or “redoing” a portion of the previous 
surgery such as adding in a phalangeal osteotomy as a sec-
ond intervention due to under-correction, whereas an upset 
and dissatisfied patient seeking a new provider may be much 
more demanding toward a complete overhaul or redo of the 
original surgery. Many years of clinical practice with high 
volumes of hallux valgus surgery have taught that both 
approaches can work. This underlies the continued impor-
tance of awareness to the previously mentioned outcome for-
mula and in particular to the denominator which is patient 
expectations. The higher they are, as a denominator, the 
more difficult is a highly positive outcome. The lower they 
are, a higher positive outcome is more likely.

Recurrent hallux valgus and residual hallux valgus are 
essentially interchangeable terms. The patient expected a 
definitive resolution of their bunion deformity and did not 
receive one. Clearly the critical step of assessment for the 
revisional surgery is why didn’t they? Anatomically and 
radiographically this requires an inventory approach to 
what the patient started out with, what they presently have, 
and how will what was done allow or not allow an effective 
second surgery. Initially the surgeon should contemplate 
whether the original procedure ever had a chance of work-
ing or rather was there insufficient attention to the interplay 
between dynamic soft tissue forces and structural first ray 
issues. The lack of a structural repair such as an under-shift 
of an osteotomy typically will recur more quickly, while 
the lack of accurate soft tissue balancing may produce a 
more delayed recurrence. Which component, the soft tissue 
or the structural component, has the dominant residual 
effect on the recurrence? There has been substantial debate 
over the last several years as to whether lateral soft tissue 
releases are necessary in the surgical correction of hallux 
valgus. It bears emphasis that this debate is more pertinent 
to the initial surgery and that in revisional cases there is 
almost always a necessity for releases of deforming soft 
tissue forces. Inappropriate procedural selection for a 
deformity just too severe for what was done and poor exe-
cution of a reasonable procedure are factors to entertain as 
well. For example, if there was adequate procedural selec-
tion but inadequate correction obtained, is it possible that 
the same procedure may simply be redone? These preop-
erative queries require thoughtful consideration of whether 
it is better to avoid a redo surgery through the zone of a 
previous osteotomy which may also increase the likelihood 
of more scar tissue and joint contractures or bone healing 
issues or is it preferable to choose a completely new proce-
dure for the revision. The surgeon should do a careful 
assessment of the presence of systemic factors un- or 
underappreciated at the time of the original surgery such as 
spasticity, undiagnosed arthritides, suprastructural biome-
chanical forces such as torsional issues and pes valgo pla-
nus, and unstable hindfeet or even pregnancy and 
ligamentous laxity. Was there unrecognized hypermobility 

of the first ray segment? There may be very specific unrec-
ognized deformities or factors purely within the foot seg-
ment such as metatarsus adductus, a long hallux, flatfoot 
deformity, and PASA or distal articular set angle deviations 
that are harbingers for recurrence (Figs. 12.1, 12.2, 12.3, 
12.4, 12.5, 12.6, 12.7, and 12.8).

The exam of the patient considering reoperation for recur-
rent hallux valgus mirrors the exam of an initial surgery 
patient with the addition of heightened thoroughness and 
inspection as to whether anything has changed or developed 
since the initial surgery. Within the PMH for example, has 
the patient become a diabetic or developed rheumatoid 
arthritis since the initial surgery? Of primary and utmost 
importance is the elicitation by the clinician of what exactly 
is the patient’s chief complaint. This should be obtained now, 
at the beginning of the overall exam, and then repeated at the 
end for comparison and confirmation by the clinician that 
they are focused squarely on resolving the issue at hand and 
physical limitation from the patient’s perspective and not 
myopically treating the X-rays solely or their own subjective 
and conditioned tendencies with hallux valgus surgery. The 
margin of error for a successful and pleasing result for the 
patient is much slimmer than an initial surgery. Is the chief 
complaint recurrence of the prominence of the first metatar-
sal head? Pressure and pain on the medial aspect of the sec-
ond toe due to persistent hallux abductus? Is there 
metatarsal-sesamoid pain? Is hallux limitus or rigidus the 
primary complaint?

A full standing exam follows with careful evaluation for 
any torsional or suprastructural postural forces that may be 
impacting the foot. Does the patient have a valgus knee that 
may increase pronatory forces on the foot segment or have 
they had a proximal joint replacement from the ankle up that 
may affect favorably or negatively their mobility and func-
tional demand? The standing foot-specific exam must iden-
tify the presence or absence of hindfoot and midfoot forces 
and dynamics that may have been undertreated or unrecog-
nized with the initial surgery. Does the patient have a hind-
foot valgus or adult-acquired flatfoot? Is there bowstringing 
of the extensor halluces tendon? Is there significant flexor 
substitution which may contribute to deforming pronatory 
and flexor forces? Is there metatarsus adductus present that 
contributes to lateralizing compensatory musculotendinous 
forces? The seated exam may begin distally at the foot seg-
ment and specifically the hallux. Is the hallux abnormally 
long relative to the second toe? This has been implicated as 
a causative factor in recurrent hallux valgus due to shoe pres-
sure medially and may increase the vector forces of EHL and 
FHL on the first mtp joint in a lateral direction. Progressing 
proximally is evaluation of the first mtp joint and not only 
the quantity of range of motion but also the quality. 
Frequently the quantity is emphasized over the quality when 
in reality a lower yet painless total range of motion may be 
more tolerable by a patient versus larger yet painful excur-
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sions of the joint. Is there metatarsal-sesamoid pain along the 
medial plantar joint line signifying osteoarthritic changes as 
a part of the chief complaint? An overall assessment of the 
mobility of the first ray and reducibility of the deformity is 
critical here and determines the role of the first tarsometatar-
sal joint in later procedural correction. Was underlying 
hypermobility missed during the initial surgery? The reduc-
ibility or lack thereof of the deformity assists in determining 

if the residual effect of soft tissue deforming forces is primary 
or is it more the latent structural deformity of persistent 
metatarsus primus varus.

The X-rays must be studied thoroughly and correlated 
with the physical exam with an eye now toward procedural 
selection. It is an error to study the X-rays too early in the 
exam prior to a complete overview of the patient and the 
determination exactly of what is their chief complaint. 

Fig. 12.1 (a) Case courtesy of 
Margo Jimenez preoperative 
X-ray of HAV deformity. (b) 
Five days post-op with good 
reduction of the intermetatarsal 
angle, the metatarsal head well 
aligned on top of the sesamoids 
and a congruous mtp joint. (c) At 
6 weeks post-op, the beginning 
of recurrence is noted by opening 
of the IM angle and early lateral 
drift of the hallux. (d) At 
3 months postoperatively the 
patient has a definitive prompt 
recurrence of the hallux abducto 
valgus deformity

12 Recurrent Hallux Valgus



154

A global view of the state of the first mtp joint is critical. 
Is the joint congruous, deviated, or subluxed? As the base of 
the phalanx deviates, do the sesamoids deviate as well? Are 
they grossly subluxed signifying resultant or recurrent soft 
tissue forces that must be neutralized? Again, is the proximal 
phalanx relatively longer than normal, and was there a pre-
vious phalangeal osteotomy performed that may have left an 

osseous deformity within the phalanx? Are there clear 
degenerative or erosive changes? Has the metatarsal head 
been excessively staked which may factor into the practical-
ity of revisional osseous procedures. A rudimentary assess-
ment of any articular set deviation of the metatarsal head 
cartilage is important with recognition that this must later be 
substantiated via intraoperative inspection. Next the metatarsal 

Fig. 12.2 (a–c) In this adolescent hallux valgus case, in spite of excel-
lent initial alignment via a base wedge osteotomy, 1 year later there is a 
clear recurrence as well. This may be due to lack of recognition of 

deforming forces such as an overlying flatfoot and faulty hindfoot 
mechanics or an untreated equinus deformity

Fig. 12.3 (a, b) It is well 
recognized and recommendable 
in a modern approach to 
adolescent hallux valgus to 
include a distal articular set 
realignment procedure in 
addition to a proximal osteotomy 
of choice to discourage late 
recurrence of the deformity
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segment is studied. In the case of a previously performed 
metatarsal osteotomy, is there an identifiable apex of the 
recurrent deformity? Is there retained hardware that will 
need to be retrieved thereby affecting the consideration of 
revisional first metatarsal osteotomies? It is always wise to 
obtain either an MRI or a CT scan of the first mtp joint as 
part of the revisional surgery planning to ascertain the state 
of the cartilage of the metatarsal phalangeal joint as well as 
the metatarsal-sesamoid joint.

Procedural planning and procedural selection are best 
approached via an inventory checklist method that culls any 
findings from the physical and radiographic exam into a 
workable and viable suggested surgical approach that will 
effectively resolve the patient’s chief complaint. The inven-
tory list of pertinent clinical and radiographic findings is now 
collated and assessed directly against a revisitation of the 
patient’s explicit chief complaint. Only now may procedural 
selection begin. The goal of revisional surgery in a general 
sense is similar to initial hallux valgus surgery, that is, a 
well-aligned first ray with reduction of metatarsus primus 
varus, a congruous first mtp joint, the metatarsal head dis-
placed back directly over the sesamoids, and an aesthetically 
pleasing and functional alignment of the great toe in relation 
to the lesser toes. The surgeon must also play a social worker 
role during procedural selection to the extent that although 
some patients may be eager and desirous of complying com-
pletely with postoperative requirements, they may be situa-

tionally noncompliant in the sense that their living and daily 
arrangements and responsibilities simply do not allow them 
to comply with certain postoperative instructions.

The overriding goal of the procedural selection phase of 
the revisional surgical treatment is to err on the side of being 
aggressive and definitive. A one-stage lasting correction and 
an end to the frequently frustrating saga are the goal for the 
surgeon and the patient alike. A simple starting point is the 
determination of whether the first mtp joint can be saved or 
not. In the spirit of definitive treatment, if it cannot, a fusion 
may be considered immediately, and it is clearly understood 
that the first mtp fusion reliably corrects the intermetatarsal 
angle as well. If the first mtp joint can be saved, a definitive 
structural correction of the first ray deviation, intermetatarsal 
angle recurrence, and unrecognized hypermobility via the 

Fig. 12.4 (a, b) In this minimal incision surgical approach to hallux 
valgus surgery, a percutaneous Akin osteotomy was performed with a 
medial eminence exostectomy of the first metatarsal. Four years and 
3 months later, there is tremendous recurrence and in fact worsening 
from the preoperative condition due to the osseous angular deformity 
created in the proximal phalanx which has affected the vectors of pull 
of the extrinsic muscles and the weakening of the medial capsule

Fig. 12.5 (a) Recurrence of the intermetatarsal angle may come from 
with performance of a distal osteotomy and perhaps inadequate release 
of soft tissue contractures or (b) and (c) with diaphyseal osteotomies 

and phalangeal and proximal osteotomies that have not accounted 
sufficiently for stabilization of the first ray segment or considerations of 
hypermobility of the first ray and first TMT joint
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Lapidus fusion may be considered. An intermediary option 
between a fusion at the mtp joint or TMT joint is the perfor-
mance of a first metatarsal osteotomy and especially if none 
was performed previously or a proximally based one if a distal 
one was performed previously. Lastly, deformities of the 

midfoot or hindfoot and even recessions of the gastrocnemius 
should be corrected when deemed influential in the cause of 
the recurrence. Although it may be attractive to go straight to 
the Lapidus as the treatment of choice for all recurrent cases, 
the author cautions that the principle of N = 1 dictates that 

Fig. 12.6 The performance of a distal metatarsal osteotomy and the 
unappreciated underlying deformity of metatarsus adductus have led 
predictably here to a recurrent deformity

Fig. 12.7 Bilateral recurrent hallux valgus deformity secondary to 
poor surgical execution where scarf diaphyseal osteotomies were per-
formed but never translated laterally and therefor never reducing the 
intermetatarsal angle

Fig. 12.8 Recurrent deformity 
due to the failure of the internal 
fixation choice, in this case an 
endobutton and suture construct, 
whose use has provoked a stress 
fracture in the neck of the second 
metatarsal and reopening of the 
intermetatarsal angle
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factors such as surgeon skill, surgeon experience, technical 
execution, and patient desires and expectations allow for 
other creative and effective ways to resolve the recurrent 
hallux valgus dilemma for patients. The remainder of the 
chapter will illustrate all these options via case presenta-
tions and in several specific categories.

The first category is the non-salvageable first mtp joint 
addressed via first mtp joint fusion (Figs. 12.9, 12.10, and 
12.11). The second is the salvageable first mtp joint addressed 
via a Lapidus fusion (Figs. 12.12, 12.13, and 12.14). The third 
is the use of basal osteotomies, either opening or closing 
wedge types for effective recurrent intermetatarsal angle 
correction, and occasionally a distal osteotomy (Figs. 12.15, 

12.16, 12.17, 12.18, 12.19, 12.20, 12.21, and 12.22). Fourth is 
the manipulations of the scarf or Z-type diaphyseal osteotomy 
that allow more case-specific corrections of recurrent hallux 
valgus to be entertained (Figs. 12.23, 12.24, 12.25, 12.26, and 
12.27). The fifth category is illustration of examples of cases 
where a pivotal portion of the revisional correction was the 
correction of a concomitant midfoot or hindfoot deformity or 
unrecognized structural issue (Figs. 12.28 and 12.29). Lastly, 
the sixth and final category embraces the concept of N = 1 and 
demonstrates cases in which careful analysis of all elements 
and variables in the outcome formula described at the outset of 
this chapter has allowed for very patient-specific procedural 
selection and combinations of traditional and less traditional 

Fig. 12.9 First mtp fusion for 
non-salvageable first mtp joints is 
a definitive and reliable method 
to resolve permanently the 
deformity of recurrent hallux 
valgus. Note the reduction in the 
IM angle via the fusion and 
neutralization of the reverse 
buckling forces on the first ray. 
This fusion was performed with 
staple, K-wire, and absorbable 
pin fixation, and, as is frequently 
the case in revisional bunion 
surgery, other forefoot 
procedures were required as well. 
Multiple Weil osteotomies were 
performed on the second, third, 
and fourth rays to harmonize and 
decompress the parabola

Fig. 12.10 This case of bilateral recurrent hallux valgus was resolved with first mtp fusions with plate and screws on one foot and crossed multiple 
K-wires on the other
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approaches to still solve their chief complaint (Figs. 12.30, 
12.31, 12.32, 12.33, 12.34, and 12.35).

In summary, the authors find it interesting that patients 
with recurrent hallux abductus with satisfactory reduction of 
the IM angle are still fairly satisfied. To a lesser extent, 
patients are seen as well with recurrent IM malalignment 
who have no pain. It is possible they have had some compro-
mise of the medial dorsal cutaneous nerve or redundant scar 
tissue in the medial capsule, but sometimes they do not have 
pain. In those cases, our preference is not to intervene. In 
practices that see a fair amount of second opinions, we are 

not likely to attempt heroics with a second/third/fourth sur-
gery if there is not significant pain just to make a radiograph 
look better.

Although there has been for year the thought of the Akin 
osteotomy as a “cheater Akin,” we find it very valuable as an 
adjunct. It serves to realign the center of rotation of angula-
tion (CORA) of the great toe joint and realign the pull of the 
EHL and FHL tendons to discourage abduction.

PASA and articular set deviations also have an under-
stated difficulty in both rotational and translational osteot-
omy work. When this is not corrected, testing range of 

Fig. 12.11 (a, b) Case courtesy 
of Craig Camasta. Severe 
subluxation and recurrent hallux 
abducto valgus after a failed 
basilar procedure that was 
effectively corrected with a 
crossed screw fixation of the first 
mtp. (c, d) Preop and post-op 
clinical photos of the patient
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Fig. 12.12 (a, b) Case courtesy 
of David Granger. Recurrent 
hallux valgus deformity by 
attempted distal osteotomy. First 
ray hypermobility was unrecog-
nized in the initial surgery and 
corrected by a Lapidus fusion 
incorporating intermetatarsal 
base fixation as well

Fig. 12.13 (a) Juvenile hallux valgus surgery via poor surgical selec-
tion of a distal osteotomy and unrecognized first ray hypermobility of 
the first tmt joint. (b) Correction by revisional surgery and a Lapidus 
fusion with absorbable screw fixation. (c, d) The contralateral foot of 

the same patient with the same presentation and revisional correction 
via Lapidus fusion with absorbable fixation and distal Reverdin 
osteotomy
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Fig. 12.14 (a) Case courtesy of Michael McGlamry. Recurrent hallux 
valgus with untreated first ray hypermobility and use of a Silastic hemi- 
implant that cannot provide any structural alignment to the first mtp 
joint. (b) Intraoperative view of failed Silastic hemi-implant. (c) 
Interpositional bone block Lapidus fusion to gain length to the first ray 

and stabilize the medial column. (d) Interfragmentary and plate fixation 
of the first tmt joint. (e) Radiographic view of consolidation bone block 
Lapidus fusion with removal of Silastic implant and conversion to a 
Keller resectional arthroplasty of the first mtp joint

Fig. 12.15 (a–c) Case courtesy of William Fishco. Prompt recurrence 
of an intermetatarsal angle after distal osteotomy where relocation of 
the metatarsal head over the sesamoids was not achieved and inade-

quate soft tissue rebalancing. (d) Revisional surgery via retrieval of 
hardware, complete interspace release, and conversion to a proximal 
base wedge osteotomy

L.D. Cicchinelli and D. Granger



161

Fig. 12.16 (a, b) Case 
courtesy of Annette 
Filiatrault. Recurrent hallux 
valgus after distal osteotomy 
revised via a closing base 
wedge osteotomy where 
clinically it was not deemed 
that first ray insufficiency was 
clinically relevant

Fig. 12.17 (a, b) Recurrent 
hallux valgus from a previous 
distal metatarsal osteotomy. 
Although a first mtp joint 
fusion would have been a 
reasonable choice here, this 
case was addressed via 
resectional arthroplasty of the 
first mtp joint and closing 
base wedge osteotomy

Fig. 12.18 An example of an 
opening wedge plate for basilar 
osteotomies that can be 
particularly helpful in revisional 
surgery and specifically in the 
case of a recurrent IM angle or 
previous first metatarsal 
osteotomy that has resulted in a 
short first ray
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Fig. 12.19 (a, b) Case courtesy 
of Brad Castellano. Revisional 
surgery after a failed distal first 
metatarsal osteotomy via an 
opening wedge base osteotomy 
that allows for preservation of 
first metatarsal length and closure 
of the IM angle. Notice in this 
case ancillary procedures were 
required as well in the form of 
partial metatarsal head resections 
of rays 2 and 3

Fig. 12.20 (a, b) Case courtesy 
of David Granger. Recurrent 
hallux valgus after a distal 
osteotomy that left an 
incongruous first mtp joint and a 
persistent IM angle. Correction 
via an opening wedge proximal 
osteotomy that has clearly 
regained metatarsal length while 
closing the IM angle. 
Decompressive osteotomies of 
the second and third were also 
required. This case may have 
benefited from a phalangeal 
osteotomy as well for more 
rectus alignment of the hallux

Fig. 12.21 (a, b) Case courtesy 
of David Granger. Recurrent 
deformity after a distal first 
metatarsal osteotomy revised via 
a proximal opening wedge 
osteotomy and shortening 
osteotomy of the second ray
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Fig. 12.22 (a, b) Case courtesy 
of Craig Camasta. Recurrent 
deformity after a proximal 
osteotomy. Inadequate soft tissue 
release was performed initially, 
and there was sufficient 
flexibility of the intermetatarsal 
angle to allow revision via a 
more complete soft tissue release 
and distal osteotomy. This is a 
much less common option but 
demonstrates the importance of 
continued intraoperative 
assessment and evaluation of the 
reducibility of the deformity after 
the soft tissue release

Fig. 12.23 (a, b) Recurrent 
hallux valgus after simple 
exostectomy and no attempt to 
reduce the IM angle. A full-
length scarf osteotomy with 
absorbable fixation was utilized 
and also swiveled proximally to 
allow for distal articular set 
correction of the PASA 
deformity. The scarf diaphyseal 
cut allows for translation laterally 
of the first ray and realignment 
over the intrinsic musculature of 
the medial column
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Fig. 12.24 The scarf cut may be 
manipulated to allow for 
lengthening of the first ray as 
well

Fig. 12.25 (a, b) By removing a 
section of bone from the 
mid-diaphyseal region, recurrent 
IM angle may be reduced while 
simultaneously lengthening the 
first ray. Here the residual 
osseous deformity in the 
proximal phalanx from previous 
osteotomy and the compressive 
effect of lengthening of the first 
ray are addressed via Keller 
resectional arthroplasty

Fig. 12.26 (a, b) In a similar 
fashion to case 25, here a 
midshaft manipulation of the 
scarf osteotomy is used to reduce 
the IM angle and plantarflex the 
first ray. No Keller resectional 
arthroplasty was required
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Fig. 12.27 (a, b) Case courtesy of John Ruch. Clinical photos of recur-
rent hallux valgus and residual IM angle increase in spite of previous 
surgery. (c) Residual IM increase secondary to swiveling of the capital 

osteotomy. (d, e) The first step in revising this case was a complete 
identification and release of the abductor tendon. (f) Planning with axis 
guides for a midshaft scarf osteotomy. (g) The scarf osteotomy is cut 
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Fig. 12.27 (continued) and initial manipulation and distraction begun. 
(h, i) The pins are placed for a mini distractor to assist in manipulations 
of the scarf osteotomy to allow for reduction of the residual IM angle as 
well as lengthening of the first ray. (j) The osteotomy is clamped and 
fixated with standard AO technique. (k, l) Careful measurements are 
taken determining the amount of interpositional bone graft required to 

fill the gaps created by the lengthening. (m, n) Bone graft in place both 
proximally and distally on AP and lateral views. (o, p) Preoperative 
X-rays with comparison to postoperative X-rays after consolidation of 
the bone graft. (q–s) Multiple clinical pictures at the 7 month mark 
postoperatively
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motion of the joint can feel similar to a soft tissue limita-
tion, and yet an appropriate radiograph will reveal the 
deformity is osseous. This is one of the preferences for the 
scarf osteotomy by one author as PASA corrections and 
swiveling are much easier than with chevron-type cuts. The 
thoroughness of the lateral soft tissue release including the 
lateral head of flexor halluces brevis is very important, but 
PASA must be corrected simultaneously. Fibular sesamoid-
ectomy is considered more readily in revisional surgery as 
well and allows the surgeon to more easily gauge the digital 

correction of the hallux abductus when performing osteot-
omy work. Lastly, the use of fluoroscopy is emphasized as 
critical during revisional surgery and can be misleading. 
It is not unusual for the foot to be supinated during fluoros-
copy shots and be misleading as to the actual correction of 
the IM angle.

Recurrent hallux valgus deformities require, both in their 
evaluation and considerations for correction via revisional 
surgery, a sensible, practical, and empathic mixture of pru-
dence, surgical skill and experience, and attention to detail.

Fig. 12.28 (a) Failed epiphysiodesis in a juvenile patient with the 
resultant residual/recurrent hallux valgus deformity. (b) Complete revi-
sion of the failed case with attention to an unstable midfoot as a primary 

deforming force that was not addressed during the initial surgery. A 
navicular cuneiform fusion was performed with a closing base wedge 
osteotomy and distal Reverdin capital osteotomy
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Fig. 12.29 (a) Case courtesy of 
Alan Catanzariti. Recurrent 
hallux valgus with attempt at 
Lapidus fusion and proximal 
endobutton technique that was 
insufficient to control the 
deforming forces of the hindfoot. 
(b–d) Revisional Lapidus fusion 
with fixation between the bases 
of the metatarsals and correction 
of the unstable hindfoot 
pronatory forces via medial 
displacement calcaneal 
osteotomy
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Fig. 12.30 (a, b) In the case, the 
patient’s specific complaint was 
pressure between the first and 
second toe, and she had learned 
to live with the resultant recurrent 
prominence of the bunion. By 
focusing squarely on the patient’s 
chief complaint, this case was 
satisfactorily resolved by a 
simple Akin osteotomy fixed 
with absorbable pins. The b 
photo is 3 years postoperative. In 
this case the forefoot was 
narrowed sufficiently by the 
performance of a fifth metatarsal 
osteotomy for tailor bunion 
correction and was accepting of 
her residual prominence of the 
first metatarsal head, and 
therefore it was not addressed
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Fig. 12.31 (a–c) Case courtesy of Molly Judge. (a) Recurrent hallux 
valgus after base wedge osteotomy. Note the flexor power on the adja-
cent toes. (b) Radiograph of excellent IM angle correction although 
the patient still has c substantial hallux abductus. (d–f) The perfor-
mance of an Akin osteotomy and the clinical photo 2 years later. 

In this case specific attention was paid to the patient’s chief complaint 
of the deviation of the great toe due in part to its unnaturally length. 
This also allowed for the avoidance of a first metatarsal osteotomy on 
a well-aligned and reduced IM angle and a faster rehab and resolution 
of the real concern

Fig. 12.32 (a, b) This recurrent 
deformity was corrected with a 
shortening scarf osteotomy and a 
Regnauld decompressive 
proximal phalangeal osteotomy. 
This patient was not interested in 
a first mtp joint fusion which also 
would have been a viable option
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Fig. 12.33 (a) Recurrent hallux valgus deformity with severe staking 
of the metatarsal heads. There is little bone to work with essentially 
eliminating the possibility of a distal metatarsal osteotomy. (b, c) This 
patient was not a candidate for any non-weightbearing procedures nor a 
first mtp fusion and had low functional demand. She was a high-BMI 

individual. Her primary complaint was irritation between the first and 
second toes from the severe hallux abductus. An effective and lasting 
correction, c, which is 3 years post-op, was achieved via proximal 
endobutton repositional correction combined with an Akin and a sec-
ond metatarsal decompressive osteotomy

Fig. 12.34 (a–c) Failure and recurrence of the intermetatarsal angle 
after a double row suture and endobutton repair where the suture 
broke. The patient was highly accepting of the revisional correction via 
scarf osteotomy as no osteotomy had been performed on the first ray 

prior as well as the original surgeon did the revisional surgery as well. 
Strong patient-doctor communication and confidence can have a pro-
found effect on procedural selection
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Fig. 12.35 (a, b) This patient 
had a recurrence of her hallux 
valgus deformity after an attempt 
at distal McBride and opening 
medial wedge osteotomy of the 
medial cuneiform. Similar to the 
case 34, this patient was highly 
amenable to reoperation which 
included a scarf osteotomy of the 
first ray, proximal phalangeal 
osteotomy, and decompressive 
Weil osteotomy of the second 
metatarsal. Again, additional 
procedures within the forefoot 
are frequently required in 
revisional hallux valgus surgery. 
In this case the patient was 
unhappy with the previous 
surgeon and therefore more 
agreeable to the additionally 
required procedures
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First metatarsophalangeal joint (MTPJ) arthrodesis has long 
been established as an effective surgical procedure for treat-
ment of many different pathologies. These commonly 
include severe hallux valgus, chronic joint instability, neuro-
muscular disease, avascular necrosis, and arthritic condi-
tions such as hallux rigidus, post-traumatic osteoarthritis, 
infective arthritis, gouty arthritis, and rheumatoid arthritis 
[1–25]. First MTPJ arthrodesis has also been indicated for 
failed procedures of the first ray including previous hallux 
valgus osteotomies, hallux varus deformity, and salvage of 
replacement and resectional arthroplasties [20, 26–38]. As 
with any surgical procedure, complications of first MTPJ 
arthrodesis may arise postoperatively, which may include 
infection, wound dehiscence, osteomyelitis, ischemic limb, 
nerve entrapment hematoma, seroma, failed hardware, 
delayed union, nonunion, malunion, and hallux interphalan-
geal joint (HIPJ) arthritis [4, 5, 13, 14, 19, 39–44]. 
Amputation or loss of limb may be a catastrophic sequelae as 
a result of one of the aforementioned complications.

Complications can often be avoided with thorough  history 
and physical exam, proper screening of surgical candidates, 
and thoughtful surgical planning. Although most postopera-
tive complications of the first MTPJ are considered mild to 
moderate, management can often be challenging for the sur-
geon. The intent of this chapter is to provide helpful insight 
for the prevention and management of first MTPJ arthrodesis 
complications, namely malunion and nonunion.

Preventing first MTPJ arthrodesis complications 
involves taking the necessary steps to reduce potential risk 
in obtaining a satisfactory outcome for the patient. There 
are two principles in avoiding risk. The first principle is  
to minimize risk exposure. One must recognize the 

 patient-dependent risk factors and select only those 
patients who have factors favorable for a successful out-
come. The second principle is to embrace risk in accor-
dance with one’s capacity and skill level as a surgeon. He 
or she must adhere to procedural indications and not veer 
from them. Complications tend to occur when risk expo-
sure does not match risk capacity.

Evaluating risk factors that lead to postoperative first 
MTPJ arthrodesis complications breaks down into two cate-
gories: patient-dependent risk factors and surgeon- dependent 
risk factors. As complications arise, we tend to blame the 
patient-dependent factors. It is, however, the surgeon’s 
responsibility to identify the patient-dependent risk factors 
when electing to operate on an individual. It is also the sur-
geon’s responsibility to critically evaluate the surgeon- 
dependent risk factors that may have contributed to a 
complication. This may illuminate a flaw of the surgeon in 
question.

There are different categories of patient-dependent risk 
factors. The systemic dependent risk factors include obesity, 
diabetes, rheumatoid arthritis, vascular disease, neuromus-
cular disease, and nutritional deficiencies. The social patient- 
dependent risk factors include smoking, alcohol, and illicit 
drug use. The educational level, hygiene, home support net-
work, job requirements, and socioeconomic status of patients 
can also be factors that influence surgical success. One may 
also consider a patient’s expectations as a patient-dependent 
risk factor. If the patient and surgeon’s expectations do not 
coincide, then a complication is probable.

A major focus of this chapter will be the surgeon- 
dependent risk factors that lead to complications. The proce-
dure should be based on the patient’s risk capacity and the 
surgeon’s capacity level. The procedural execution should 
match the surgeon’s risk capacity. Critical decision making 
in the preoperative, intraoperative, and/or postoperative 
course can ultimately lead to a negative outcome. It is the 
author’s belief that problems begin to develop more com-
monly with poor decisions made during the preoperative and 
intraoperative settings.
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 Malunion

A malaligned first MTPJ arthrodesis and its sequelae can be 
more frustrating for the surgeon and patient than the preop-
erative pathology. In our experience, a malunion occurs due 
to one of two reasons: poor surgical execution or the patient’s 
inability to comply with postoperative protocol. Positioning 
of the hallux is critical to obtain optimal shoe fit and foot 
function. A malunion can occur in one or more combinations 
of the sagittal, frontal, and transverse planes (Fig. 13.1). 
Sagittal plane malalignment can be either in a plantar or dor-
siflexed position. Excessive dorsiflexion is poorly tolerated 
by the patient due to increased plantar pressure at the MTPJ, 
sesamoiditis, pain over the dorsal HIPJ, pain with shoegear, 
and HIPJ contracture with resultant arthritis (Fig. 13.2)  
[45–48]. Biomechanically, lack of hallux purchase requires 
excessive pronation at the subtalar joint which leads to inter-
nal rotation of the leg, causing patellar malalignment and 
medial knee pain.

A plantar flexed arthrodesis can place increased pressures 
on the plantar hallux during step-off in gait resulting in plantar 
hallux ulceration, difficulty with step-off during ambulation, 
and increases stress at the HIPJ possibly leading to HIPJ 
degenerative changes (Fig. 13.3) [45, 47, 48]. It is not uncom-
mon for the patient to experience lesser metatarsal pain, in par-
ticular the fifth metatarsal, caused by compensatory forefoot 
varus. The plantar flexed fusion leads to dysfunctional gait pat-
terns including functional equinus, lack of dorsiflexion at the 
ankle during push-off, and resultant genu recurvatum.

Frontal plane rotation of the hallux can leave a patient 
with painful medial or lateral callosities as well as painful 
nail deformities. Transverse abduction or “valgus” malunion 
of the joint can crowd the lesser digits, cause painful inter-
digital rubbing, and even over or underlapping of the hallux 
with the second toe. Failure to recognize hallux interpha-
langeus when positioning interoperatively may lead to a 
painful and cosmetically unsatisfactory result with abutment 
against the medial second toe (Fig. 13.4). In transverse 
adduction or “varus” malunion, the most common complaint 

Fig. 13.1 (a, b) Radiographs of multi-planar nonunion

Fig. 13.2 (a, b) Clinical example of a dorsiflexed malunion. (c) Lateral radiograph of a dorsiflexed malunion
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is fitting into shoegear, with irritation of the distal and medial 
portions of the hallux.

Significant shortening of the first ray following attempted 
arthrodesis is, in the mind of the authors, a malunion compli-
cation, regardless of any associated planar deformity. 
Excessive shortening is almost always associated with lack 
of hallux purchase, an abnormal push-off gait, abnormal 
shoe fit, and lack of patient satisfaction secondary to cos-
metic appearance.

Positioning of the hallux intraoperatively is the single 
most important factor in avoiding malunion. Unfortunately, 
many of the anatomic plating systems for first MTPJ fusion 
are designed with what we believe is an excessive amount of 

dorsiflexion. The resulting dorsiflexed malunion complication 
may not be detected until well into the postoperative course. 
There is a growing popularity among experienced surgeons 
today to utilize plating systems that have gone away from the 
8–10 degrees of dorsiflexion to a more rectus position of 4–5 
degrees. It has been suggested that the ideal position of the 
hallux is in 10–15 degrees of valgus and 15–30 degrees of 
dorsiflexion relative to the first metatarsal [1, 3, 4, 19, 28, 46, 
47, 49–57]. Clinical dorsiflexion has also been recommended 
to be less than 15 degrees relative to the weight bearing sur-
face (Fig. 13.5) [47, 58]. However, with these reported 
angles, patient function and specific foot type are not taken 
into account. In a study of 39 first MTPJ fusions, Aas et al. 
[45] measured arthrodesis positions  radiographically and 
clinically along with the distribution of pressure under the 
foot using insoles with pressure sensors. While an increase 
in local pressure was observed under the pulp of the great toe 
in all patients, clinical measurements of 10 degrees of plantar 
flexion to 15 degrees of extension revealed a weak correla-
tion between position and clinical outcome. In the author’s 
opinion, the hallux should be positioned parallel to the sec-
ond toe in the transverse plane without any frontal plane 
rotation and light hallux purchase on the ground while weight 
bearing. The unrecognized complication when fusing the 
hallux off of the weight bearing surface is that the fixed posi-
tion of the sesamoids following arthrodesis elevates the 
entire first ray, leading to lack of hallux purchase and ulti-
mately a painful HIPJ flexion contracture.

Treatment of HIPJ flexion contracture may require flexor 
hallucis longus tenotomy, HIPJ arthroplasty, or fusion. 
Treatment of a dorsiflexed HIPJ complication may require 

Fig. 13.3 Lateral radiograph of a symptomatic plantarflexed malunion

Fig. 13.4 Radiograph demonstrating symptomatic malunion with 
unaddressed interphalangeus

Fig. 13.5 Intraoperative maneuver simulating weight bearing, appro-
priate positioning of hallux
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extensor hallucis longus tenotomy, HIPJ arthroplasty, or 
fusion (Figs. 13.6 and 13.7). Patient variants of first metatar-
sal declination angle should discourage the surgeon from 
basing their fusion off of radiographic angles, but rather 
clinical positioning of the hallux. When utilizing minimal 
fixation constructs for attempted fusion, such as crossing 
K-wires, staples, or cannulated screws, patient noncompli-
ance, specifically early weight bearing, may contribute to 
malunion as well.

Conservative treatment for a malunion should include 
accommodative shoegear, orthotics, toe spacers, and routine 
callus care (Fig. 13.8). When conservative measures fail, 

 surgical intervention should be considered. In a systematic 
review, Roukis [14] reported a 6.1% (39 of 640) malunion 
rate with dorsal malalignment accounting for a majority 
87.1% and valgus malunion occurring in the remaining 
instances. No mention was made as to the number of symp-
tomatic malunions or the need for revision.

Revisional first MTPJ arthrodesis secondary to malunion 
is scarcely reported and researched. Sagittal plane malunions 
can be revised utilizing a plantar wedge osteotomy, crescen-
tic osteotomy [59], dorsal opening wedge osteotomy [48], or 
trapezoid osteotomy. All of these techniques are extremely 
technical and require thoughtful surgical consideration. 
Quite often, these malunions are multi-planar in nature.

A truly dorsiflexed malunion will require a plantarly 
based wedge osteotomy from a medial to lateral approach, 
with care to maintain a dorsal hinge. The surgeon should 
begin with minimal wedge resection to prevent excessive 
plantarflexion. Reciprocal planning will allow for final posi-
tioning of the hallux. Hesitation during execution of the oste-
otomy may lead to thermal necrosis of an already high-risk 
fusion site, leading to further complication.

Multi-planar malunions often require a through-and- 
through osteotomy to achieve correct anatomical position-
ing. Execution of this osteotomy requires thoughtful planning 
as to prevent excessive shortening of the toe.

However, rare, bone grafting may be necessary in a mal-
union complication where the initial attempt at fusion was 
performed via saw resection with residual shortening of the 
first ray where the patient is left with a multi-planar residual 
hallux valgus deformity. In such cases, bone grafting may be 
required to (1) restore length, (2) re-establish anatomical 
alignment, and (3) to accommodate secure plate fixation 
when minimal proximal phalanx is available. The advan-
tages of utilizing a structural bone graft for restoring length 
of the first ray will be discussed later in this chapter.  
When re-establishing first ray length in a patient with a 

Fig. 13.6 (a) Clinical post first MTPJ arthrodesis with hallux extensus. (b, c) Intraoperative extensor hallucis longus tenotomy

Fig. 13.7 Radiograph demonstrating HIPJ arthroplasty with first 
MTPJ arthrodesis
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 long- standing malunion, adaptive soft tissue changes may 
lead to flexion or extensor contracture at the level of the 
HIPJ. Prophylactic soft tissue balancing and possibly HIPJ 
arthroplasty or fusion should be considered.

It goes without saying that a well-planned, secure fixation 
construct designed to prevent rotation and provide compres-
sion at the arthrodesis site is paramount in any revision.

 Nonunion

Nonunion of a first MTPJ arthrodesis is a potential complica-
tion encountered postoperatively. While rates of nonunion 
have been documented between 0 and 23% [31–33, 60–62], 
the most commonly reported and accepted nonunion rate is 
approximately 10% [14, 19, 20, 29, 30, 46, 54, 58, 63–72]. 
With advancements in surgical technique and fixation 
devises, the rate of nonunion has decreased [14]. In a 
 systematic review performed by Roukis [14], 2818 first 
MTPJ arthrodesis procedures were evaluated to determine if 
nonunion rates were different than the historical value of 
10%. Inclusion criteria included studies utilizing modern 
osteosynthesis techniques that had a minimum of 30 ft. 

Exclusion criteria involved studies involving only patients 
with rheumatoid arthritis or use of structural bone graft [14]. 
He found lower incidence of nonunion at 5.4% when utiliz-
ing modern osteosynthesis techniques, concluding that the 
historical rate of 10% is inaccurate.

Even with advancements in surgical fixation devises, 
higher incidence of nonunion can occur without proper joint 
preparation. Numerous joint preparation techniques such as 
conical reamers, high-speed burrs, flat cuts, and curettage 
have been described (Fig. 13.9) [58, 73, 74]. It has been 
hypothesized that increased bone temperature caused by 
high levels of friction created by saws, high-speed burrs, and 
conical reamers may lead to aseptic thermal necrosis and 
decrease the odds of successful fusion (A16) [75–78]. The 
use of saline water irrigation, reamer-irrigator-aspirator sys-
tems, and even subaquatic reaming has all been shown to 
dissipate heat to prevent thermal necrosis of bone [75, 79, 80]. 
Iatrogenic shortening of the first ray from overzealous joint 
resection can also be a consequence of powered instrumenta-
tion. The author’s preferred techniques include manual 
curettage or cortical reaming without power to a level of raw 
bleeding bone surface. Further preparation by fish-scaling 
and drilling of the bone surfaces with a 1.5 mm drill is 

Fig. 13.8 (a, b) Conservative affect of heel lift for a dorsiflexed malunion of the first MTPJ

Fig. 13.9 (a) Joint preparation with conical reamers. (b) Joint preparation with curettage
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 suggested (Fig. 13.10). While a K-wire is commonly used 
for fenestration of the joint surface, we believe that thermal 
necrosis may be induced utilizing this method [81–83]. 
Likewise, the act of K-wire fenestration may produce a 
 sterile subchondral plug preventing the intent of active bleed-
ing. By using a drill, the fluted tip allows churning of the 
cancellous bone below the subchondral plate allowing for 
release of cancellous bone and pluripotent stem cells into the 
fusion site, believed to aid in the arthrodesis process.

During the process of joint preparation, attention to the 
position and abnormal anatomy of the sesamoids should be 
considered. Quite often, the sesamoids are degenerative, 
hypertrophic, and at times adhered to the first metatarsal 
head. This pathological condition can prevent adequate bone 
apposition plantarly, leading to a nonunion of the plantar 
one-third of the joint or a dorsiflexed malunion of the hallux. 
Debridement, mobilization, planning, and even removal of 
the sesamoid may be needed in this situation.

Fixation failure is another important factor when under-

standing nonunions. Often, we may ask ourselves if the non-
union was caused by hardware failure or hardware failure 
from the nonunion. To this, we suggest that hardware does 
not fail on its own, but must have deforming forces driving 
the process. Motion at the arthrodesis site is the most plau-
sible force causing hardware deformation and ultimately 
leading to its failure (Figs. 13.11 and 13.12). Therefore, the 
hardware used to strengthen and protect the surgical site 
must be able to withstand these forces.

Mini-external fixation has long been accepted as a possi-
ble fixation construct for first MTPJ arthrodesis. Caution 
should be exercised when using this approach due to the high 
incidence of malunion and nonunion. In the author’s opin-
ion, proper positioning of the half-pins is paramount for a 
successful outcome. Due to the complex nature of the joint 
anatomy, compression at the fusion site can lead to abnormal 

anatomical alignment of the hallux if perfect positioning of 
the half-pins has not been achieved. The technical difficulty 
of placing half-pins correctly, while at the same time visual-
izing the three dimensional spacial orientation of the first 
MTPJ during compression through the fixator is what we 
believe leads to a high malunion and nonunion rate (Fig. 13.13).

Certain plate constructs such as a non-conformed plate 
are not anatomic and require bending prior to placement. 
When bending of the plate is needed, the required location of 
this bend is most commonly found at the fusion interface. 
This is the site where motion is most likely to occur postop-
eratively. Likewise, this area is undergoing bone remodeling 
and revascularization and is most vulnerable to deforming 

forces. The authors have seen this fixation type fail most 
commonly at the bend site and it has even been reported in 
the literature (Fig. 13.14) [70]. Pre-conformed anatomical 
plates allow for a rigid construct that can disperse these 
deforming forces better than other forms of fixation.

As the trend for early to immediate weight bearing con-
tinues, a solid fixation construct, such as pre-conformed ana-
tomical plates, is an important consideration in avoiding 
complications [68]. The ideal plate construct should provide 
the following: (1) mechanically generated cross joint com-
pression through the plate, (2) lobe contour and screw posi-
tioning that resists rotation in all four planes, (3) the ability 
for a locking component, and (4) length sufficient to dissi-
pate the weight bearing load off of the fusion site to more 
proximal and distal uninjured bone (Fig. 13.15). Plating that 
incorporates these four components will provide a fixation 
construct stable enough to protect the fusion site during the 

Fig. 13.10 Drill fenestration with a 1.5 mm drill bit

Fig. 13.11 Improper AO technique with hardware failure due to 
motion at the first MTPJ
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Fig. 13.12 (a–c) Nonunion of the first MTPJ as a result of premature K-wire removal destabilizing the fixation construct

Fig. 13.13 (a–c) External fixator attempt at first MTPJ fusion with plantar gapping and ultimately resulting in nonunion
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initial phases of bone healing while allowing immediate 
postoperative weight bearing. We believe that immediate 
weight bearing decreases the risk of deep venous thrombosis 
and increases micro-motion at the fusion site promoting the 
neovascularization necessary for bony union. In patients 
where the bone quality is poor, osteoporotic, or incapable of 
accepting screw and plate fixation such as in a patient with 
rheumatoid arthritis, a 3 crossing K-wire or Steinman pin 
fixation construct may be a necessary and acceptable fixation 
method [46, 53, 55, 84, 85].

Other co-morbidities such as diabetes, deformity type, 
nicotine use, endocrine disorders, vitaminosis D, and other 
nutritional deficiencies may lead to nonunion. In a study 
evaluating 76 diabetic patients who underwent first MTPJ 
arthrodesis by Anderson et al. [86], those with peripheral 

neuropathy were found to be at higher risk for complication. 
In total, 80% of neuropathic patients resulted in nonunion 
and concluded that although first MTPJ arthrodesis is an 
effective and beneficial procedure in patients with diabetes, 
caution must be exercised in this population. Shibuya and 
colleagues [87] evaluated factors in diabetic patients leading 
to nonunion, delayed union, and malunion and reported that 
surgical duration, peripheral neuropathy, and hemoglobin 
A1c levels greater than seven were all contributors. They 
noted that peripheral neuropathy had the strongest associa-
tion with bone healing complications.

Metabolic and endocrine abnormalities should be consid-
ered when evaluating patients with a nonunion. Vitamin D 
has been shown to play an essential role in fracture healing, 
specifically mineralization, which is a key component during 

Fig. 13.14 (a) Painful 
nonunion with broken 
one-third tubular plate. (b) 
Revisional fusion with iliac 
crest interpositional bone 
autograft with spanning 
revisional anatomical locking 
plate

Fig. 13.15 (a, b) Plating 
construct demonstrating 
stabilizing first MTPJ fusion  
in all four planes
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hard callus formation and bone remodeling. Although not 
specific to nonunions of first MTPJ arthrodesis, vitaminosis 
D has been associated with bony nonunions [88–92].

Brinker et al. [92] evaluated a series of patients who expe-
rienced an unexplained nonunion without technical error, 
poor reduction, or other obvious etiology. They found that of 
the 37 patients that met their criteria, 31 of them had one or 
more newly diagnosed metabolic or endocrine abnormali-
ties. Vitaminosis D was present in 68% of these patients. 
Other diagnosed abnormalities included central hypogonad-
ism, thyroid disorders, calcium imbalances, and parathyroid 
hormone disorders. Of these patients, eight went on to 
achieve bony union with medical treatment alone. We rec-
ommend routine screening and coordinated care with an 
endocrinologist in this patient population. We have also 
observed that regional factors such as areas with less day-
light may be a contributing factor in vitaminosis D.

The effects of smoking on musculoskeletal healing  
are well documented. Postoperative complications including 
wound healing, increased infections, delayed unions and 
nonunions have been shown to be associated with smoking 
[93–97]. Smoking cessation of 3–4 weeks prior to surgery 
has been shown to effectively reduce the overall postopera-
tive complication rate substantially [96, 97].

Effect of underlying first MTPJ pathology has also been 
discussed as a possible influence on union rates. Korim and 
Allen [67] observed an 8.2% nonunion rate in 134 patients. 
100% of the nonunions reported were found in patients with 
hallux valgus. They suggested that fixation may have diffi-
culty resisting the deforming forces of the adductor hallucis, 
flexor hallucis brevis, and extensor hallucis longus. They 
also noted that bone in patients with hallux rigidus is often 
more sclerotic and may offer a stronger fixation construct 
and screw purchase. Grimes and Coughlin [30] reported a 
12% nonunion rate for first MTPJ arthrodesis for failed 
 hallux valgus surgery. Of the four nonunions, only one was 
symptomatic and underwent successful revision.

Severity of the hallux valgus deformity provides for dif-
ficult rectus positioning with increased strain on the fixation 
due to soft tissue adaptation. Significant deformity often 
requires resection of bone versus curettage. By doing so, 
stable fixation becomes more difficult due to the amount of 
hard subchondral bone resected which is required for ade-
quate screw purchase. This may be less of a concern when 
plating is utilized as opposed to crossed screw fixation.

Ruling out underlying osteomyelitis is important before 
considering revision (Fig. 13.16). There should always be a 
high suspicion of such an underlying process. Radiographic 
evidence of lucency and erosions at the nonunion site cou-
pled with clinical suspicion requires appropriate lab work 
and ultimately a bone biopsy. Computer assisted tomography 
and white blood cell labeled bone scans can assist in  
the diagnosis. If osteomyelitis is found, antibiotic therapy, 

hyperbaric oxygen therapy, resection of infected bone, or 
amputation may be indicated.

Nonunion of the first MTPJ can either present as being 
symptomatic or asymptomatic. The authors encounter 
asymptomatic nonunions more often than symptomatic. This 
clinical observation is also documented by others in the lit-
erature. In a systematic review, 50 out of 153 (32.7%) non-
unions were reported as symptomatic [14]. A pseudoarthrosis 
formation of the first MTPJ and breakage of internal fixation 
is sometimes well tolerated without further intervention 
needed (Fig. 13.17) [46, 70]. When symptomatic, conserva-
tive measures such as prolonged immobilization and the use 
of a bone stimulator are limited. These patients ultimately 
will require revisional surgery. The patient’s activity level, 
job demands, and expectations are all factors that need care-
ful consideration when choosing a procedure. One of the 
most difficult decisions for a surgeon in managing a non-
union is determining when to surgically revise. Sometimes 
just a little time and patient education is all it may take for 
bony union to occur.

Identifying the underlying factors which led to a nonunion 
of the first MTPJ is imperative when determining  revision 
surgical options for these patients. Identifiable co-morbidi-
ties such as a history of smoking, uncontrolled diabetes, 
peripheral neuropathy, nutritional deficiencies, and chronic 
steroid use have an increased likelihood to fail a revisional 
arthrodesis. This population may benefit more from removal 
of hardware and joint debridement with or without implant 
arthroplasty. Hope and colleagues [98] reviewed their treat-
ment of 12 symptomatic nonunions. Eleven of twelve patients 
elected to undergo removal of hardware and joint debride-
ment. Four of these patients went onto painful pseudoarthro-
sis and required either revision fusion or first MTPJ 
replacement. They concluded that removal of hardware and 
joint debridement alone is a reasonable option to offer as a 

Fig. 13.16 Radiograph of a nonunion with suspicion for osteomyelitis
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relatively minor procedure following failed arthrodesis.  
It is important to discuss preoperatively with the patient that 
this surgical procedure often leaves a short, non-functional, 
floppy toe, with the primary goal being relief of pain 
(Fig. 13.18).

In a retrospective chart review performed by Thun and 
colleagues [99], 77 consecutive first MTPJ arthrodesis pro-
cedures were divided into two groups consisting of 34 K-wire 

and 43 modern osteosynthesis fixation techniques with a 
minimum follow-up of 10 months. Modern osteosynthesis 
was defined as compression screws, dorsal plating, or dorsal 
plate with compression screw fixation. All other fixation 
methods were excluded from this study. They hypothesized 
that the nonunion rate would be lower in fusions utilizing 
modern osteosynthesis techniques. The overall nonunion 
rate was 6.5%. The K-wire group nonunion and delayed 

Fig. 13.17 (a–c) Example of 
an asymptomatic nonunion 
with hardware failure

Fig. 13.18 (a, b) Example of 
a rheumatoid nonunion with 
painful hardware revised with 
hardware removal and 
debridement resolving pain
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union rate was 11.76% and 5.88%, respectively. Modern 
osteosynthesis nonunion and delayed union rates were both 
2.33%. Co-morbidities identified prior to surgery were dia-
betes mellitus (14.2%), smoking (10.4%), and previous sur-
gery (13%). Of the five nonunions, two (40%) were smokers 
and three (60%) were diabetic with peripheral neuropathy. 
One of the patients was both a smoker and diabetic. Fusion 
was achieved in all patients with a previous surgery. Two of 
the five (40%) nonunions were symptomatic requiring a sec-
ond surgery (one revisional first MTPJ fusion with autogenic 
bone graft and one hardware removal with debridement) 
resulting in resolution of pain. Of interesting note, 75% of 
the nonunions found in the K-wire group were asymptomatic 
(Fig. 13.19). This may be in part due to the fact that these 
patients did not have any retained hardware postoperatively. 
As a failed arthrodesis results in pseudoarthrosis, motion at 
the first MTPJ occurs. These patients often experience irrita-
tion provoked by the retained hardware. Similar to Hope’s 
[98] findings, it should come as no surprise that removal of 
hardware and debridement alone may be a reasonable solu-
tion for some patients where relief of pain is the primary 
goal. There was only one nonunion within the modern osteo-
synthesis group. This nonunion was painful and required 
removal of hardware and debridement. Resolution of pain 
was achieved postoperatively (Fig. 13.20).

Revisional arthrodesis is usually reserved for a symptom-
atic nonunion in an active, healthy individual where an iatro-
genic cause or poor postoperative adherence is identified. 
Examples of iatrogenic causes include poor surgical tech-
nique or fixation failure. With this knowledge, the surgeon 

can attempt revision with more confidence. Takacs and 
Swierstra [100] described the use of a turnaround inlay graft 
for first MTPJ pseudoarthrosis with union occurring in 23 of 
25 patients. This technique negates the need for joint debride-
ment or use of autogenous grafting in the presence of 
 shortening. Although these authors had an overall successful 
outcome with this revisional technique, our preferred 
approach includes resection of the symptomatic nonunion 
with interpositional structural autograft.

A standard dorsal incisional approach is performed to the 
nonunion site (Fig. 13.21). This allows adequate visualiza-
tion of the nonunion and the most advantageous approach for 
hardware removal (Fig. 13.22). After removal of hardware 
and resection of the nonunion, a 1–3 cm deficit is usually 
noted (Figs. 13.23a–d). There are conflicting opinions with 
regards to the advantage of deflating the tourniquet at this 
point. The obvious advantage of deflation is to observe the 
nonunion site and evaluate for healthy, bleeding bone. The 
disadvantage is creating a bloody field, delay in procedure, 
and possible difficulty in soft tissue closure over plate fixa-
tion due to swelling within the tissues. Shortening of the first 
ray is a common issue encountered by the surgeon in the 
presence of a nonunion and can be restored by interposing a 
structural bone graft (Fig. 13.24). The authors recommend 
the use of autogenous graft either harvested from the iliac 
crest or posterior calcaneus (Figs. 13.23e, f and 13.25). 
Harvest from these sites has been described with success, 
low surgical complication, and minimal morbidity [101–112]. 
While not specific for revisional first MTPJ arthrodesis, 
many articles have reported the successful use of tricortical 
autogenous bone graft in restoring length of the first ray with 
favorable fusion rates [26, 27, 29–32].

Once the autogenous graft has been properly fashioned 
into the surgical site, temporary fixation is placed across the 
graft for stabilization (Fig. 13.23g–i). Again, positioning of 
the hallux is vital in avoiding a painful malunion (Fig. 13.23j). 
Spanning the graft with a locking anatomic reconstruction 
plate is the author’s preferred fixation method (Figs. 13.23k–
n and 13.26). A locking screw through the plate and into the 
graft prevents displacement and eliminates the need for 
transfixation techniques, which often results in splitting of 
the graft. Although structural allografts are commonly used 
in fusions and even some revisional arthrodesis procedures 
of the foot and ankle, we do not recommend it for use in first 
MTPJ revisional arthrodesis. In the author’s opinion, the use 
of cadaveric bone in an already failed fusion of the first 
MTPJ is at high risk for repeated nonunion and should be 
avoided. Should allograft be used, we highly recommend 
combination with biologics that incorporate osteoinductive 
and conductive properties. Another acceptable option for 
revisional arthrodesis when a structural graft is needed is the 
use of a mini-external fixator. It is important to utilize a 
 fixator that has the ability to compress and manipulate in 

Fig. 13.19 Asymptomatic nonunion after K-wire removal for first 
MTPJ arthrodesis
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multiple planes in order to accomplish proper positioning of 
the hallux. If a fixed, uniplanar mono-rail system is used, 
position of the hallux is compromised when compression is 
achieved (Fig. 13.27).

In acute cases where hardware failure is observed with 
the need for intervention, shortening of the first ray may be 
avoided, thus negating the need for structural graft. In this 
situation, removal of hardware, minimal debridement of the 
joint, and a spanning anatomical plate fixation may be all 
that is needed (Fig. 13.28). Autogenous cancellous bone or 
bone marrow aspirate may be used in the revisional surgery 
and can be easily harvested from the distal tibia or calcaneus 
(Fig. 13.29).

In any revisional first MTPJ arthrodesis, the surgeon will 
likely encounter questions regarding fixation options. 
Commonly, removal of previous hardware will leave large 
bone deficits where screws were used. To avoid complica-
tions associated with this, the need for spanning plate fixa-
tion into previously untouched bone is necessary in providing 
a stable revisional construct by transferring the deforming 

Fig. 13.20 (a, b) Painful nonunion, smoker, rheumatoid arthritis. (c, d) Resolvement of pain with hardware removal and debridement

Fig. 13.21 Standard dorsal revisional approach
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forces away from the fusion site. In a revision where bone 
quality is poor or compromised due to previous surgical pro-
cedures and a structural graft is not incorporated, the use of 
K-wire fixation may be a necessary and acceptable fixation 
method. Strict non-weight bearing with cast immobilization 
for 6–8 weeks is recommended with progression into a post-
operative boot for an additional 4 weeks. Utilization of a 
bone stimulator should be considered as an adjunct treatment 
starting immediately after surgery (Fig. 13.30) [113–123].

Failure of a revisional first MTPJ arthrodesis leaves lim-
ited treatment options for the surgeon and patient. Again, 
identifying the factors leading to another nonunion is key in 
directing the surgeon towards further intervention. Revisional 
arthrodesis of an already failed fusion is rarely seen and has 
little to no mention in current literature but may be reason-
able for certain patients where hardware failure or poor 
 surgical technique has been demonstrated. Other surgical 
options include removal of hardware and conversion to a 
joint arthroplasty with implant (Fig. 13.31) [124]. Conversion 
to a true Keller arthroplasty with pinning is not an option 
because the head of the first metatarsal has previously been 
resected. While these options are less than ideal, at this point 
the goal of treatment should be focused on resolution of pain 
with salvage of the toe. In some patients, amputation of the 
hallux or first ray is a reasonable option (Fig. 13.32).

 Conclusion

Complications of first MTPJ arthrodesis can be devastating 
to the patient and the surgeon. The high demand required of 
the hallux for normal foot function makes the first MTPJ  

a vital part of one’s overall lifestyle and well-being.  
Proper biomechanical function of the hallux that leads to a 
normal pain free gait should trump cosmesis regardless  
of the patient’s age, activity level, or desire for certain 
shoegear.

We cannot overstate the preoperative assessment of risk 
factors, both patient-dependent and surgeon-dependent. 
Patient education appears to be overrated in that the literature 
supports the fact that our patients only comprehend 25% of 
what we tell them [125].

Avoid the temptation to perform a high-risk procedure in 
a high-risk patient. Patients with multiple risk factors that 
require multiple procedures will have inherent biomechani-
cal risk, which will increase the likelihood of complications 
exponentially. Furthermore, these types of patients and 
 complications are a nightmare to fix when things go bad. 
Remember that in managing first MTPJ nonunions, you can 
drill them, you can graft them, you can attempt stimulation, 
you can plate them or triple plate them, but if the patient 
lacks the biological requirements to heal on a cellular level, 
the joint will never fuse.

Eliminate risk by evaluating your patient properly. Select 
your procedure with risk capacity and risk exposure in mind. 
Execute the procedure perfectly and follow the basic princi-
ples. Conceptualize your fixation construct and keep things 
simple.

Managing complications of first MTPJ arthrodesis prove 
difficult and challenging. However, through a thorough 
 evaluation and systematic approach, many of these compli-
cations can be managed with acceptable outcomes. Sound 
surgical techniques and principles can provide the patient 
with their desired outcome.

Fig. 13.22 (a, b) Approach allowing direct visualization of hardware and nonunion site
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Fig. 13.23 (a–d) Resection of nonunion resulting in a shortened first 
ray. (e, f) Harvest of structural autograft from the posterior calcaneus. 
(g–i) Placement of the structural autograft with temporary fixation and 
packed with bone marrow aspirate. (j) Intraoperative positioning of the 

hallux. (k, l) Placement of graft spanning anatomic reconstruction 
 locking plate. Note the placement of a screw from the plate to the graft. 
(m, n) Six month postoperative radiographs of revision
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Fig. 13.24 (a–c) Intraoperative pictures demonstrating shortening of the first ray after resection of nonunion. (d, e) Placement of iliac crest interpositional 
autogenous bone graft with graft spanning reconstruction plate to restore length to the first ray

Fig. 13.24 (continued)
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Fig. 13.26 (a–c) Example of a graft spanning locking anatomic reconstruction plate with locking screw through plate into graft

Fig. 13.25 Harvest of iliac crest 
for autograft
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Fig. 13.27 (a–d) 
Preoperative and 
postoperative radiographs  
of an interpositional bone 
graft malunion as a result of 
utilizing  
a uniplanar external fixation
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Fig. 13.28 (a, b) Ten weeks post-attempted first MTPJ arthrodesis 
with failed hardware, pain and motion. (c, d) Intraoperative view of 
broken plate. (e) Intraoperative view of bone destruction where length 
of the first ray was not compromised. (f, g) Joint debridement and 

 packing with bone graft substitute and bone marrow aspirate. Spanning 
revisional locking plate. Note the plantarflexed bend in plate to allow 
for hallux purchase. (h, i) Ten weeks post-revision. (j, k) Clinical 
weight bearing position of hallux
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Fig. 13.29 (a, b) Bone 
marrow aspirate from the 
distal tibia and its use in 
revisional first MTPJ 
arthrodesis

Fig. 13.28 (continued)
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 Introduction

Arthroplasty (joint replacement) of the first metatarsophalan-
geal joint (first MTPJ) is employed to address both deformity 
and arthritic conditions. Over the last 30 years, techniques and 
implants have evolved. Unfortunately there is a paucity of well-
designed studies with adequate numbers and external validity 
from which to glean guidance on whether arthroplasty really is 
as valuable as one would like to believe [1, 2]. In fact, a recent 
review of the literature suggests the highest level of evidence 
for the treatment of hallux rigidus is around first MTPJ arthrod-
esis [3]. Gibson et al. present the only randomized controlled 
study of arthroplasty vs. arthrodesis. At 2 years follow-up, 
there was an overall 82% improvement with arthrodesis vs. 
45% improvement with arthroplasty [1]. Nonetheless, certain 
trends can be appreciated and form the basis of this chapter.

 Indications and Types of Implants

The goals of arthroplasty are to achieve pain relief, restore 
joint stability, and improve function. Further, the results should 
be durable and long lasting. Generally reserved for patients 
with lower functional demands, problems may arise when 
joint replacement is used in younger patients, those with 
greater functional expectations or demands and those with 
pronounced deformity. The quality of the surrounding soft tis-
sues and bone also play a crucial role in the success or failure 
of these procedures [4]. Arthroplasty is a joint destructive pro-
cedure from which there is no going back and the implants 
themselves will have a finite life span.

The type of implant and the salvage upon failure should be 
taken into preoperative consideration. The implant should be 
convertible to a different implant or an arthrodesis. Because 
of the amount of the bone removed at the initial surgery, bipo-
lar or total joint replacements will result in the greatest bone 
deficit and thus are more difficult to reconstruct.

Unipolar or hemi-arthroplasties have become more popu-
lar. Several case reports document the salvage of a failed 
phalangeal hemi-arthroplasty [5, 6]. Over the last 10 years, 
metatarsal head hemi-arthroplasties have been more widely 
used. Both of these options supposedly limit the amount of 
bone resection and thus the amount of bone loss to be 
replaced should failure occur, making salvage technically 
easier and potentially more successful.

 Modes of Failure

Failure is defined by a loss of function due to pain, joint 
instability, or disturbance of the metatarsal weight-bearing 
parabola. There are times when surgeon bias or the impres-
sive nature of radiographic changes may prompt the patient 
to believe there is a failure, although the three criteria above 
have not been met. This is an important point. Salvage of a 
failed first MTPJ arthroplasty is a challenging procedure and 
should be approached with sound judgement, advanced sur-
gical skill, and realistic expectations [7].

The type of implant material plays a crucial role in the 
mode of failure. Silicone of the past presented with varying 
degrees of detritic synovitis and cystic changes in the bone 
due to shards of silicone breaking loose over time [8, 9] 
(Fig. 14.1). Contemporary silicone implants hold up better 
and reports of such failure have diminished. In addition, the 
introduction of titanium grommets also improved the situa-
tion [10, 11]. There can still be bone erosion secondary to the 
movement of the implant within the bone (Fig. 14.2).

Metallic implants may still present with a similar detritic 
reaction, but more often peri-implant lysis and secondary 
loosening of the implant. Subsidence of the implant can occur 
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in hemi- and total implants. This will often have significant 
bony destruction. Even in the case of a  hemi- arthroplasty, 
bone loss can be significant enough that revision requires the 
use of a structural bone graft to restore normal metatarsal 
weight-bearing parabola [5, 12, 13] (Figs. 14.3 and 14.4).

As with any arthroplasty, the dreaded complication is 
infection. The literature specifically on the incidence of 
infection with first MTPJ arthroplasty is scant, but the per-
centages in the available case reports suggest it is quite low 
[14]. Furthermore, there is no evidence-based algorithmic 
approach to addressing infection, and protocols have been 
extrapolated from the hip and knee literature.

 Workup

A thorough history will often guide the surgeon as to why the 
implant may have failed. Most patients will present with 
pain. This may be in the first MTPJ or elsewhere, for exam-

ple, with sub-second metatarsal pain. A thorough under-
standing of the subjective issues must be complimented with 
an appreciation of the patient’s expectations.

Signs and symptoms of infection (local and systemic) 
should be noted and addressed appropriately. History of a 
draining sinus tract over the joint is ominous and should 
heighten concerns that an infection, either fulminant or 
occult, is present.

 Clinical Evaluation

The first step is to evaluate for signs of infection. The cardi-
nal signs of inflammation may represent infection but may 

Fig. 14.1 Detritic synovitis from a silicone implant

Fig. 14.2 Erosion of the plantar aspect of the proximal phalanx (red arrow)

Fig. 14.3 Loosening and subsidence of a hemi-implant

Fig. 14.4 Loosening of the implant in the head of the metatarsal and 
subsidence of the implant into the base of the proximal phalanx
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also be due simply to implant loosening or reactive synovitis 
or inflammation from the implant material. Any evidence of 
an open wound or draining sinus tract should be fully 
inspected and in and of itself is an indication for surgical 
exploration [15].

Once the likelihood of infection has been addressed, the 
next step is to assess for contributing proximal pathology. 
Ankle equinus and clinically significant hindfoot or midfoot 
deformity or instability may both contribute to the implant’s 
failure. These should be fully evaluated and addressed at the 
time of revision [16].

Deformity and functional derangement of the first ray 
must be evaluated. First ray hypermobility should be taken 
into consideration and addressed. Deformity in the first 
MTPJ may present as hallux valgus and/or hallux malleus. 
Flexibility of these deformities will determine the optimal 
procedure(s).

Lesser MTPJ pain may be the chief complaint. Evaluation 
for MTPJ instability (plantar plate and/or collateral liga-
ments) and the existence of digital deformities should be 
considered and addressed appropriately.

 Imaging

Weight-bearing plain films are evaluated for the presence of 
peri-implant lucency (Fig. 14.4). This likely suggests insta-
bility but should also be considered as a sign of infection if 
coupled with other clinical evidence. An inventory of bone 
loss and disturbance of the weight-bearing parabola is taken 
and severity determined. This is an essential component of 
the evaluation as this will have a profound impact on the 
reconstructive plan. With defects of >1 cm, serious consider-
ation should be given for a staged reconstruction. Acute cor-
rection of defects of this size or larger may result in vascular 
and/or neural injury.

In the case of hallux valgus, standard radiographic evalu-
ation is undertaken noting severity and apex of deformity. As 
first MTPJ arthrodesis is the most common salvage proce-
dure, one can anticipate between 5 and 8° of IM correction 
[17]. The hallux interphalangeal joint (HIPJ) is evaluated for 
deformity in all three planes as well as for arthritis.

 Laboratory Data

If an infection is suspected, an aspiration of the joint is recom-
mended. The presence of purulence is not diagnostic of infec-
tion. In the case of metal on metal (MoM) implants, it may be 
indicative of a foreign body reaction. Fluid is evaluated for 
cultures (aerobic, anaerobic, fungal, AFB) and sensitivities. 
WBC and differential is evaluated as well. A synovial WBC 
>3000/mL and polymorphonuclear cells (PMNs) >80% have 

the highest accuracy and sensitivity for infection [18].

Evaluation of the erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) are also in order. ESR of 
>30 mm/h and CRP > 10 mg/dL are highly suggestive of 
infection. Taken together, the sensitivity for infection is esti-
mated to be 93% and warrants further investigation [15]. In 
this instance, surgery is usually indicated to get synovial cul-
ture and biopsy. A negative culture doesn’t rule out infection. 
In addition, an elevated synovial CRP has been reported to 
have an accuracy of 91% [15]. In addition to a positive cul-
ture, this can be the impetus to start an infected implant treat-
ment protocol.

 Procedures

There are four options for treatment for failed implants of the 
first metatarsal phalangeal joint: maintain the implant, 
removal of the implant and reimplantation at a later date, 
removal of implant, or arthrodesis. The decision of which 
option to choose will be determined by the diagnosis, quality 
of the soft tissues and bone, and whether there is an infec-
tion. An arthrodesis is the most definitive of these procedures 
but can be a challenging surgery. Hecht et al. [19] showed 
that arthrodesis of a failed silicone implant improved 
patient’s average walking tolerance, ability to wear shoes, 
and overall level of satisfaction. Garras et al. [5] followed 18 
patients that were converted from a failed hemi-arthroplasty 
to a fusion. They showed that the VAS pain score went from 
0.75 to 7.8 out of 10.

The surgeon should attain adequate intraoperative range 
of motion during implant surgery of the first metatarsal pha-
langeal joint. It is essential to make sure that enough bone 
has been removed, the implant is well placed, and the sesa-
moids are gliding. There are times when the postoperative 
motion is significantly reduced even when good surgical 
technique has been followed. Patients should be educated on 
range of motion exercises preoperatively and instructed to do 
range of motion exercises in the immediate postoperative 
period to prevent arthrofibrosis and limitation of joint range 
of motion. Conservative measures should be attempted as 
soon as loss of motion becomes evident. Physical therapy for 
range of motion exercises combined with ultrasound may be 
used in conjunction with cortisone injections. When corti-
sone injections are used, injectables that do not contain crys-
tals are recommended; crystals can be destructive to the 
implant. When there is no improvement in the range of 
motion or continued loss of motion, closed manipulation of 
the joint under anesthesia can be attempted. Doing a local 
block and attempting this in the office are not advised as this 
can be painful and the patient will guard preventing the 
motion from being attained. An open arthrotomy with 
debridement of the fibrosis can be used, but the authors have 
not found this to be very  successful. There are times when 
inadequate bone resection is preventing motion (Fig. 14.5).
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These cases will require revision surgery with adequate 
debridement to allow for improved range of motion. If there 
is continued loss of motion, but no pain, the patient may opt 
to live with the implant and limited range of motion. For 
those patients that have pain along with the loss of motion, 
arthrodesis is usually the best option. Patients that have had 
a hemi-implant can be converted to a total implant. The 
authors have found that there is often a significant loss of 
joint space in failed hemi-implants (Figs. 14.6 and 14.7). 
This may prevent successful conversion to a total implant 
and necessitate an arthrodesis.

Postoperative hematoma can occur in implant surgery and 
should be addressed sooner than later. The hematoma can lead 

to dehiscence, fibrosis with limited range of motion, and 
infection. It is advisable to perform an incision and drainage if 
the hematoma does not resolve quickly. During the procedure 
a thorough lavage along with a culture and sensitivity should 
be performed (Fig. 14.8). If there is no infection, the implant 
can be left in place. In cases where there is a postoperative 
infection, the implant should be removed.

Postoperative infection is another complication that can 
occur and will need to be treated by thorough debridement and 
lavage along with appropriate antibiotic coverage. Consideration 
should be given to a prolonged course of antibiotics. The infec-
tion will need to be completely eliminated prior to doing the 
revision surgery. It is recommended to wait for several weeks 
before proceeding with the revision whether it is reimplantation 
or arthrodesis to ensure there is no recurrence of infection. A 
spacer made of antibiotic- loaded bone cement should be used to 
help maintain the position and joint space between the metatar-
sal head and the base of the proximal phalanx especially if reim-

Fig. 14.5 Arrows demonstrating inadequate bone resection, prevent-
ing range of motion

Fig. 14.6 There is no joint space after insertion of hemi-implant

Fig. 14.7 Loss of joint space after insertion of hemi-implant

Fig. 14.8 Postoperative hematoma
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plantation is being considered (Figs. 14.9 and 14.10). This will 
also provide increased local antibiotic delivery.

Subsidence, bone over growth, or implant failure can 
occur over time. These can be handled by either excisional 
implant arthroplasty or conversion to an arthrodesis. 
Excisional implant arthroplasty will give the patient a short 
toe and will most likely not be a stable platform for propul-
sion (Figs. 14.11 and 14.12).

Arthrodesis can be a technically challenging procedure 
but will allow the surgeon to maintain length and provide 
stability to the hallux, which will aid in propulsion. Once the 
decision to remove the implant and convert to an arthrodesis 
has been made, the surgeon will need to decide whether the 
patient will need a bone block graft to maintain length or 
whether an end to end fusion is possible. Even if an 
 end-to- end fusion is planned, it is advised to be prepared to 
have grafting material available to fill in the bone defects 

from the implant removal. Garras et al. [5] required bone 
graft in all 18 fusions. Both Garras [5] and Gross [20] 
showed there was a longer time to fusion than a primary 
arthrodesis. Gross [20] also had a 58% reoperation rate in 
their study. Fusions, after implant failure, should follow the 
same basic surgical principles as any other fusion. The sur-
geon must debride to healthy bleeding bone and fixate the 
fusion. The debridement will often remove more bone than 
anticipated. In cases where a bone block graft is used, the 
fusion should be fixated with a plate (Figs. 14.13, 14.14, 
14.15, 14.16, and 14.17).

In conclusion complications of implants in the first meta-
tarsal phalangeal joint can and do occur. It is important to get 
the appropriate testing to make the correct diagnoses and be 
sure the surgeon understands the extent of the bone damage. 
The surgeon will have several choices on what procedure to 
perform. Revision surgery of a failed first metatarsal phalan-

Fig. 14.9 Antibiotic cement 
spacer after removal of an infected 
total implant in the first metatarsal 
phalangeal joint

Fig. 14.10 Antibiotic cement 
spacer after removal of an 
infected total implant in the first 
metatarsal phalangeal joint
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Fig. 14.11 Failed implant of 
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joint
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geal implant can be a challenging procedure; careful preop-
erative planning is essential to the outcome.
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 Introduction

The Lapidus procedure was first described in 1911 by Dr. 
Albrecht and then popularized by Paul Lapidus in 1934 [1, 
2]. From 1934 to 1976, there were a number of authors that 
advocated this procedure in extreme cases, but the procedure 
was not a “mainstream” technique until it became repopular-
ized by Clark, Veith, and Hansen in Seattle in 1987 [3]. They 
reported on a long-term retrospective review of 32 ft. They 
had a high recurrence rate, which led to some modifications 
in the technique [3]. In 1989, Sangeorzan and Hansen 
reported retrospectively on 40 ft with additional technique 
modifications. They felt that this procedure was indicated for 
revision and when there was significant “hypermobility” of 
the first ray [4]. In the past decade or two, the Lapidus has 
become a popular revisional as well as an index procedure 
for hallux valgus surgery because of its versatility and low 
complication profile [5–8]. Nevertheless, complications do 
occur when performing a Lapidus, and this chapter will 
emphasize how to manage the most common complications 
attributed to this procedure.

Complications when performing the Lapidus procedure 
are generally not considered catastrophic, and revision tech-
niques can be extremely successful. The most common com-
plication is nonunion, which has been reported at 3–12% 
[5–8]. Elevation and shortening of the first ray has also been 
described as complications of the Lapidus procedure [4–6]. 
Undercorrection and overcorrection can also be problematic 
when performing the Lapidus or any hallux valgus procedure 
[9–11].

 Indications

The primary indication for performing a Lapidus is first ray 
insufficiency (hypermobility). There is no specific way to 
measure or quantify first ray insufficiency, and the surgeon 
must rely on a continuum of clinical and radiographic param-
eters to assess a patient for this condition (Table 15.1).

This has been described best as a syndrome and is a col-
lection of signs and symptoms that occur clinically and are 
caused by dynamic imbalance between the first and second 
metatarsal segments to transmit body weight [12–15]. 
Failure to recognize the importance of first ray function can 
result in postoperative complications or recurrence. Probably 
the most reliable clinical indicator to test first ray insuffi-
ciency is the windlass activation test [16] (Figs. 15.1, 15.2, 
15.3, and 15.4). The windlass mechanism has been shown to 
directly affect stability of the first ray, and this dynamic test 
can elucidate the presence of insufficiency of the first ray 
[17, 18].

Patients who have benign hypermobile joint syndrome or 
any mixed connective tissue disease are also prime candi-
dates for this procedure (Figs. 15.5 and 15.6). Juvenile hal-
lux valgus patients with physeal plate closure do well with 
this technique. In addition, patients with hallux valgus and 
residual metatarsus adductus do extremely well with a 
Lapidus procedure (Figs. 15.7 and 15.8).

 Contraindications/Limitations

The foot and ankle surgeon today cannot consider any fusion 
procedure without a high index of suspicion for metabolic 
bone disorders or in the management and cessation of smok-
ing. The effects of nicotine on bone healing have been well 
established, and in recent years greater attention has been 
placed on vitamin D deficiency, thyroid problems, and the 
effect of medications on bone healing. Correction of these 
disorders prior to performing the index Lapidus procedure is 
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Table 15.1 Clinical and radiographic parameters for hypermobility

Clinical findings Radiographic findings

Hypermobility first ray (benign 
hypermobile joint syndrome)

Increased obliquity of the first 
metatarsal cuneiform joint

Diffuse callus sub-second Intercuneiform split

Metatarsalgia Thickening of cortex second 
metatarsal

Plantar plate insufficiency 
(Lachman test positive)

Plantar gapping at the first 
metatarsal cuneiform joint

Second digital deformity (sagittal 
or frontal plane)

Second metatarsal stress fracture

Fig. 15.1 Windlass activation test. Traditional first ray examination 
showing elevation of the first ray

Fig. 15.2 Windlass activation test. Traditional first ray examination 
showing plantarflexion

Fig. 15.3 Windlass activation test showing elevation of the first ray 
with the hallux dorsiflexed to engage the windlass mechanism

Fig. 15.4 Windlass activation test showing plantarflexion of the first 
ray with dorsiflexion of the hallux to engage the windlass mechanism

Fig. 15.5 Testing for Benign hypermobile joint syndrome

B. Hutchinson
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critical to avoid some of the complications that will be dis-
cussed in this chapter.

 Technique Pearls and Pitfalls

Although there is regional variation in the performance of 
the Lapidus arthrodesis, there are some universal technique 
pearls that can help to minimize complications and pitfalls in 
performing the procedure. Placement of the incision more 
dorsal medial can help to avoid nerve entrapment and can 
increase visualization of the entire dorsal to plantar dimen-
sions of the joint (Fig. 15.9). This can help in resection of 
bone along the long axis of the metatarsal so as not to elevate 

the first metatarsal by not resecting enough bone from the 
plantar aspect of the joint. Adequate joint exposure and 
mobility are extremely important to be able to reduce the 
deformity in all three planes, and utilization of a small osteo-
tome to free the plantar ligament structures can assist in 
obtaining this exposure and mobility of the bony segments 
for reduction.

Bony resection needs to be perpendicular to the long axis 
of the first metatarsal and the cuneiform to avoid excessive 
shortening and elevation of the first metatarsal, which are 
frequent complications reported with this procedure [20, 27]. 
In addition, nonunion of the Lapidus can occur because of 
poor joint preparation. Often, there is sclerosis of the sub-
chondral plate, and poor preparation of the fusion site can be 

Fig. 15.6 Testing for Benign hypermobile 
joint syndrome

Fig. 15.7 Hallux valgus with metatarsus adductus
Fig. 15.8 Hallux valgus with Metatarsus adductus
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a major factor in the development of a nonunion. Resection 
of this sclerotic subchondral plate is key in helping to pre-
vent nonunion of the fusion site [19, 20] (Figs. 15.10 and 
15.11). Curettage techniques for joint preparation are still 
popular, but the author prefers bony resection in most cases 
to ensure good bleeding surfaces instead of the risk that a 
sclerotic subchondral plate has been “fish scaled” or fenes-
trated with lack of adequate blood supply for bony union. 
Some have argued that by leaving the subchondral plate 
intact, it provides more stability at the fusion site. This may 
be true with the crossed screw technique, but with recent 
advancements in plate fixation constructs, stability is excel-
lent without preservation of the subchondral plate.

Correction of the intermetatarsal angle is usually accom-
plished by removing more bone on the lateral aspect of the 
articular surface of the cuneiform (Fig. 15.12). When there is 
difficulty with reduction of the IM angle, one easy technique 
is to resect a small portion of bone off of the lateral flare of 
the first metatarsal base to help “morits” the arthrodesis site 
(Fig. 15.13).

There are a couple of key points regarding alignment of 
the fusion site to consider. Certainly reduction of the inter-
metatarsal angle is the primary consideration, but rotation 
and translation of the metatarsal head are equally important 
and often overlooked. Using a small K-wire as a “joystick” 
can help in relocation of the sesamoids underneath the first 
metatarsal head by rotating the metatarsal out of valgus 
malalignment [21, 22] (Fig. 15.14). In addition, the entire 
metatarsal segment can be translated in a plantar direction a 
few millimeters to make up for some shortening of the meta-
tarsal during the cartilage resection. Small K-wires can be 
used on either side of the first metatarsal base to temporarily 

stabilize the fusion and to check under fluoroscopy prior to 
final fixation (Fig. 15.14).

Traditional stacked screw fixation is still widely utilized, 
but interfragmentary screw and plate fixation has gained 
popularity in recent years [23, 24]. Delivery of one interfrag-
mentary screw and plate supplementation on the plantar 
medial aspect of the fusion is an extremely stable construct 
and allows for early loading of the extremity [25, 26] 
(Fig. 15.15). The anterior tibial tendon attachment is 
extremely broad in this area, and the plate can be put just 
under the attachment by elevating a small flap and in some 
cases directly over the tendon attachment without compro-
mise to the tendon.

Fig. 15.9 The dorsal medial incision on 
the left helps to avoid nerve entrapments 
that are more common with the traditional 
dorsal approach shown on the right

Fig. 15.10 Demonstrating the resection of the subchondral bone plate 
with excellent dorsal to plantar exposure. Minimal bone resection is 
performed on the metatarsal side of the joint
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 Nonunion

Nonunion is the most frequent complication reported in the 
performance of a Lapidus arthrodesis [4–7, 27]. The non-
union rate has been estimated to be between 5.3 and 12% 
[4–7, 27]. As was previously outlined, this particular compli-
cation has a number of etiological factors that can contribute 
to its occurrence. Correction of any metabolic causes prior to 

Fig. 15.11 The entire cartilaginous surface has been removed from the 
first metatarsal base with a small amount of subchondral bone espe-
cially at the periphery of the saddle-shaped joint

Fig. 15.12 The resection of the cuneiform involves taking more bone lat-
erally to correct the IM angle and reduce the deformity. Note that some of 
the medial cartilage is left so as not to remove too much subchondral bone. 
This medial cartilage can then be removed with a small curette

Fig. 15.14 The K-wire traversing the metatarsal is used to derotate the 
first metatarsal. The K-wire is moved in a cephalad direction until the 
metatarsal is brought directly under the sesamoids. The other K-wires are 
used to temporarily maintain this position prior to definitive fixation

Fig. 15.13 Resection of a small amount of the lateral flare at the base 
of the metatarsal can help to reduce the IM angle and to “mortis” the 
medial cuneiform, first metatarsal and second metatarsal base

Fig. 15.15 This figure demonstrates the typical construct with one 
interfragmentary screw from dorsal distal to plantar proximal across the 
fusion site and then placement of a plate along the plantar medial aspect 
of the fusion site. Note that this is placed under the expansions of the 
anterior tibial tendon
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surgery is recommended. There are several considerations in 
the management of a nonunion of the Lapidus procedure. 
Determination of the type of nonunion is extremely impor-
tant. Certain characteristics surrounding the nonunion have 
to be considered as well.

Typically, there will be a specific pattern of swelling 
around the midfoot that generally is persistent with increased 
weight bearing. Pain is consistent on a daily basis with any 
loading activities and can be described as constant, throb-
bing, and aching. Plain radiographs will show loose or bro-
ken hardware most of the time, and an area of radiolucency 
will be seen with some ectopic bone formation surrounding 
the fusion site. In the presence of a hypovascular nonunion, 
there will be a space between the bony segments indicating a 
poor biologic response for healing.

Advanced imaging is helpful to identify the type of non-
union and the quality of the bone. The circumstances will 

dictate which imaging study is the best for that particular 
situation. The author has found that utilization of a CT scan 
tends to be the best study for most situations. Certainly if 
there are concerns about the quality of the surrounding tis-
sues or the potential for an infected nonunion, then there are 
more appropriate studies to help in preoperative planning in 
those situations followed by a bone biopsy if indicated.

 Nonunion Without Deformity

The majority of nonunions at this location are primarily 
hypervascular. This can generally be determined with plane 
radiographs. As previously mentioned, advanced imaging 
such as a CT scan, SPECT CT, or MRI can help in diagnosis 
and planning [28–30]. When deformity is not present, then 
the goal of the revisional surgery is to improve the biological 
response at the nonunion site. This typically involves remov-
ing the previous fixation and preserving as much viable tissue 
around the bone to preserve vascularity and then removing 
the fibrous elements within the nonunion to replace this inter-
face with healthy bone graft and matrix to mount a biologic 
response toward solid bony fusion (Figs. 15.16, 15.17, and 
15.18). All too often, surgeons dissect periarticular tissues to 
“mobilize” the corresponding bony structures that results in 
further devascularization of the area compromising the ability 
of the soft tissue to aid in a successful fusion. Typically, 
osteoconduction, osteoinduction, and in certain circum-
stances osteogenesis are necessary to aid in this biologic 
response. In elderly patients or immunocompromised 
patients, osteogenesis becomes a critical component in fusion 
success, and the use of mesenchymal stem cells may be con-
sidered. The osteoinductive and conductive properties in a 
cancellous bone graft is usually enough to obtain success in 
most cases. Both allograft and autograft have been recom-

Fig. 15.16 This demonstrates the typical appearance of a hypervascu-
lar Lapidus nonunion. Note the ectopic bone formation around the 
arthrodesis site

Fig. 15.17 This demonstrates the removal of the fibrous tissue in the 
center of the nonunion preserving the peripheral soft tissues, which pro-
vide vascularity to the bony segments. There was good correction of the 
deformity in this patient, but the patient developed a hypervascular 
nonunion

Fig. 15.18 An autogenous calcaneal bone graft was placed in the 
resection area, and then a medial plate was used to stabilize the graft 
and the nonunion repair
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mended with success [31–34]. The author prefers autograft in 
these revisional situations because it provides all three prop-
erties previously outlined osteoconduction, osteoinduction, 
and osteogenesis. The most popular donor sites are the calca-
neus or tibia. Both of these sites have a low complication pro-
file and provide the necessary volume needed in revisional 
situations involving the Lapidus procedure.

Fixation is typically designed to stabilize and prevent 
excessive motion at the fusion site instead of an emphasis on 
compression. Changing fixation is sometimes necessary to 
achieve solid fusion, and this is usually a surgeon preference. 
This may require redirection of screws or application of spe-
cific plates and/or external fixation in some circumstances. 
Attempting to place the same exact fixation should be 
discouraged.

In rare situations, hypovascular nonunions or infected 
nonunions can occur with the Lapidus procedure. Again, 
advanced imaging will help define the existence of these rare 
types of nonunion. When a hypovascular nonunion exists, 
the surgeon has to consider increasing the biologic response 
with the use of intercalary autogenous bone grafts in combi-
nation with other orthobiologics to improve success rates 
(Figs. 15.19, 15.20, 15.21, 15.22, and 15.23). The need for 
incorporation of the graft extends the rehabilitation time for 
the patient. When an infected nonunion exists, then infection 
management principles become a priority. Removal of 
implants and adequate resection of involved bone and tissues 
is paramount. Initially obtaining definitive cultures, place-
ment of antibiotic spacers, IV antibiotics, and segmental sta-
bilization with external fixation are vital to eradicate the 

infection. Reconstructive options can then be discussed. 
Septic fusion, Masquelet grafting, or amputation are all via-
ble options depending on the clinical situation [35, 36].

 Nonunion with Deformity

This is a more complicated situation because it involves hav-
ing to correct the deformity, which can only be done by 
mobilizing the bony segments, and this will compromise 
some of the vascularity around the fusion site. There is a 
greater emphasis placed on providing some structural sup-
port with this type of nonunion than when deformity is 
absent. Structural bone grafts are more important to maintain 

Fig. 15.19 Anteroposterior radiograph of bone graft dissolution and 
development of a hypovascular nonunion

Fig. 15.20 Lateral radiograph demonstrating dissolution of previous 
bone graft and development of a hypovascular nonunion

Fig. 15.21 Intraoperative photograph of the autogenous bone graft in 
the nonunion site and employment of a different fixation construct
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correction and provide the support needed in these scenarios. 
Autogenous corticocancellous bone grafts can provide sup-
port, osteoinduction, osteoconduction, and osteogenesis. 
Supplementation may again be needed in the elderly and 
immunocompromised patients.

 Elevated First Ray

Elevation of the first ray needs to be corrected in a timely 
fashion to prevent fairly rapid degeneration of the first meta-
tarsal phalangeal joint. Fortunately, this is a fairly benign 
complication in terms of surgical correction if addressed 
early on after recognition. When this is not addressed or rec-
ognized, then invariably it involves joint destructive proce-
dures at the first metatarsal phalangeal joint to alleviate 
symptoms. If there is a solid union in the presence of eleva-
tion, then procedures designed to plantarflex the first ray are 
extremely powerful. The surgeon can remove existing hard-
ware and perform an opening wedge procedure on either side 
of the fusion site making sure this is as close as possible to 
the fusion site since that is the apex of the deformity 
(Figs. 15.24 and 15.25). The cancellous nature of the bone 
within the cuneiform makes it an ideal place for this type of 

Fig. 15.22 Anteroposterior radiograph showing incorporation of the 
revisional bone graft for the hypovascular nonunion

Fig. 15.23 Lateral radiograph demonstrating the interposition autoge-
nous bone graft and fixation construct for hypovascular nonunion

Fig. 15.24 Preoperative radiograph showing crossed screw fixation 
with a dorsally malunited first metatarsal segment following a Lapidus 
procedure

Fig. 15.25 Intraoperative photograph, demonstrating a dorsally posi-
tioned bone graft to plantarflex the first metatarsal segment
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osteotomy and is performed routinely as a cotton procedure 
in many other reconstructive scenarios.

 Short First Ray

It has been the author’s experience that this complication 
may or may not need to be addressed depending on whether 
or not these patients develop lateral overload to the second 
metatarsal. Development of pain under the second metatarsal 
does not always occur and can simply be monitored over 
time and treated with orthotics. If the patients develop pre- 
dislocation syndrome or frank plantar plate insufficiency, 
then in my opinion this is a more immediate situation for 
surgical management.

Surgical management of a short first ray provides another 
complex challenge for the foot and ankle surgeon. 
Lengthening of the bony segment will tend to jamb the first 
metatarsal phalangeal joint depending on the length needed 
to restore a functional parabola. The additional problem is 
the incorporation of the bone graft over time. Although inter-
positional bone grafts are widely used for segmental defects, 
they are not without problems [37, 38].

When the segmental defect is small (0.5 cm), then it is 
reasonable to use an interpositional bone graft with no dis-
traction of the first MPJ. When the length necessary is 
upward of a centimeter or more, then consideration should 
be given to distraction osteogenesis. When a large bone graft 
is used or distraction osteogenesis is performed, distraction 
of the first MPJ should be done at the same time to prevent 
jamming of the joint (Figs. 15.26 and 15.27).

 Undercorrected First Ray

Undercorrection can occur with any hallux valgus procedure, 
but with the Lapidus there are some specific causes. Failure to 
take into account the amount of medial cuneiform obliquity is 
probably the most common reason for undercorrection. The 
lateral flare of the first metatarsal base can prevent reduction 
when there is a severe increase in the intermetatarsal angle. 
Failure to recognize an intercuneiform split can also lead to 
undercorrection and recurrence especially in a supple hyper-
mobile foot. Finally, inadequate reduction of the sesamoids 
can cause undercorrection or recurrence of a hallux valgus 
deformity especially in severe cases.

First metatarsal cuneiform obliquity is a common finding 
in moderate to severe hallux valgus deformities and, when 
present, can lead to inadequate reduction of the first metatar-
sal during surgery (Figs. 15.28, 15.29, 15.30, 15.31, 15.32, 
15.33, and 15.34). When the joint does not have this obliq-
uity, reduction of the intermetatarsal angle is less difficult, 
and manipulation is easier without much bony resection. The 
presence of this obliquity requires some resection of bone on 
the lateral aspect of the medial cuneiform to accomplish 
reduction of the intermetatarsal angle.

The lateral flare at the base of the first metatarsal can also 
make it difficult to reduce the intermetatarsal angle because 
of abutment of the flare against the intermediate cuneiform 
during reduction. This occurs commonly after resection of 
the medial cuneiform previously described. Resection of the 
lateral flare of the first metatarsal creates a “mortis” between 
the medial cuneiform and the second cuneiform to aid in 
reduction of the intermetatarsal angle.

Fig. 15.26 Intraoperative photograph, showing dorsal plate fixation 
over the interpositional bone graft

Fig. 15.27 Intraoperative photograph of the placement of an interposi-
tional bone graft after bone resection for a hypovascular nonunion. In 
this case, a monolateral mini-external fixator was used instead of a plate
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 Recurrence

The most common factor in recurrence of a hallux valgus 
deformity when a Lapidus procedure has been performed is 
failure to recognize an “intercuneiform split” between the 
medial and intermediate cuneiforms (Fig. 15.35). This is not 
to suggest that every intercuneiform split leads to a recurrent 

hallux valgus, but when this intercuneiform split is mobile 
under fluoroscopy intraoperatively, then it can lead to recur-
rence unless one addresses this in the operating room. 
Preparation of the corresponding surfaces by denuding carti-
lage and then applying one or two interfragmentary com-
pression screws across the split can help to prevent this 
complication from occurring.

Fig. 15.28 Radiographic representation of first metatarsal obliquity

Fig. 15.29 Preoperative radiograph, demonstrating the healed Lapidus 
procedure with shortening and undercorrection of the deformity. Note 
the adaptive changes at the first metatarsal phalangeal joint

Fig. 15.30 Preoperative appearance of the foot showing the recurrence 
and undercorrection of the hallux valgus condition

Fig. 15.31 Acute correction of the intermetatarsal angle, at the proxi-
mal corticotomy site. The gradual correction will be for lengthening of 
the metatarsal
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Fig. 15.32 Intraoperative photograph of proximal corticotomy and 
distal metatarsal osteotomy to correct the articular cartilage of the first 
metatarsal

Fig. 15.33 Closure of the surgical site, with placement of the two 
mini-rail external fixators, for first metatarsal distraction osteogenesis 
and first MPJ joint distraction. Note that the second half pin proximally 
was used to fixate the distal metatarsal osteotomy

Fig. 15.34 Radiograph demonstrating distraction osteogenesis at the 
first metatarsal base and an additional fixator to provide joint distraction 
during the lengthening process

Fig. 15.35 Final X-ray of correction, showing restoration of metatar-
sal length through distraction osteogenesis and maintenance of first 
MPJ joint space with joint distraction
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 Introduction

The term “Lisfranc” was coined by Jacques Lisfranc, a field 
surgeon of Napoleon’s army, whose original description 
referred to an amputation at the tarsometatarsal joint (TMTJ) 
level secondary to vascular injury. Today, this term is used 
mainly in reference to a ligamentous or frank, fracture dislo-
cation at the Lisfranc joint. These injuries can result from 
low- to high-energy incidents [1]. Low-energy injuries may 
occur indirectly with bending stress or twisting motion [2]. 
Higher-energy injuries occur more directly from crush inju-
ries [3] or motor vehicle accidents. Lisfranc injuries are said 
to occur in 1 per 55,000 people in the United States annually 
which represents about 0.2% of all fractures. Due to the sub-
tle nature of some injury patterns, a missed or delayed diag-
nosis is not uncommon. Reports show this may occur up to 
20% of the time [4]. Because of a delayed diagnosis, misdi-
agnosis, or complications of a treated Lisfranc injury, arthri-
tis of the midtarsal and tarsometatarsal joints (midfoot) has 
emerged as a challenging problem leading to high potential 
for chronic foot pain and functional disability. To truly 
understand the injury patterns, one must have a thorough 
knowledge of the anatomy. The joint complex consists of 
articulations between the bases of the metatarsals with the 
cuneiforms and cuboid as well as the intermetatarsal articu-
lations. The medial column articulation consists of the first 
metatarsal and medial cuneiform; the central column con-
sists of the second and third metatarsals and their articulation 
with the intermediate and lateral cuneiforms, respectively; 
and the lateral column consists of the fourth and fifth meta-

tarsal articulations with the cuboid [5]. The joint configura-
tion forms an arch, sometimes referred to as a “Roman” arch, 
which is inherently stable (Fig. 16.1). Tarsometatarsal 
(TMT) pathologic change is a debilitating condition charac-
terized by midfoot malalignment, severe functional impair-
ment, and pain. When faced with this challenging problem, 
the primary aim of treatment is to balance the foot and pro-
vide pain relief by enhancing midfoot stability. Treatment 
should be attempted initially through non-operative manage-
ment such as orthoses and bracing followed by surgery.

 Functional Midfoot Pathomechanics

A neglected and/or a poorly treated Lisfranc injury can lead 
to midfoot instability and significant secondary malalign-
ment. A lack of midfoot stability during mid stance phase of 
gait will have an impact on the patient’s lower extremity 
structurally and functionally. Based on the extent of the pri-
mary injury and the time of the revision surgery, the extent of 
involvement can vary significantly. The lack of stability in 
the midfoot often results in excessive motion at the Lisfranc 
joint leading to degenerative joints to varying degrees. The 
forefoot is often affected by the changes with forefoot over-
load and secondary contractors at the metatarsal phalangeal 
joints. If severe enough, the lack of stability can lead to 
severe disabling soft tissue changes secondary to the bony 
malalignment. In addition arthritic conditions of the diseased 
joints may develop. Osteophytes can progress and create 
increased pressure on the tendons and soft tissues that are 
worsened with shoes and/or weight bearing. The loss of the 
midfoot stability eventually will have a consequence of sec-
ondary functional changes which may lead to the inability to 
position the foot effectively during mid stance or for push- 
off in the gait cycle. The loss of midfoot stability is indica-
tive in patient’s complaints and symptoms during stance, 
ambulation, and activities. Also, as the midfoot loses stabil-
ity, the foot develops an abnormal foot posture. These 
changes are consistent with the collapsing of the arch and 
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increased stress to the plantar soft tissue and osseous 
 structures as the foot is loaded, resulting in foot and ankle 
pain (Fig. 16.2) [6]. These architectural changes of the foot 
typically lead to greater demands on muscular and ligamen-
tous structures, resulting in fatigue and pain in the foot and 
ankle. It has been the author’s experience that degenerative 
arthritis along with abnormal foot postures and/or gait pat-
terns makes the foot more susceptible to foot and ankle pain 
due to mechanical overloading. The changes in alignment 
lead to abnormal mechanical forces which in turn have a 
direct effect causing an increase of stress on the soft tissues. 
As a consequence of the injury, patients with a compromised 
sensory system may experience a breakdown in their soft tis-
sues with the focused abnormal pressures (Fig. 16.3).

 Indications of Procedure

Following complex trauma in the foot, oftentimes there is a 
loss of mechanical integrity that leads to structural break-
down and secondary soft tissue changes. Injuries that may 
cause the pain and breakdown of the Lisfranc joint consist of 
unsuccessful ligamentous repair, severe articular fractures, 
failed open reductions and internal fixation, chronic neglected/
misdiagnosed Lisfranc injury, deformity at the tarsal metatar-
sal joint, posttraumatic osteoarthritis, and Charcot arthropa-
thy/neuropathic midfoot. These injuries may cause pain, 
malalignment, atrophy, impairment of the soft tissue enve-
lope, contractures, soft tissue loss, joint adhesions, malunion, 

Fig. 16.1 A cross section of the cuneiforms and cuboid similar to a 
“Roman Arch.” Note the natural occurring arch and how the cuneiforms 
and cuboid are anatomically wedged together. The middle cuneiform is 
most superiorly positioned relative to the medial and lateral cuneiform. 
The base of the cuneiforms are situated dorsally and the apex is plane-
tary, which provides for the naturally occurring support in the frontal 
plane Fig. 16.2 A patient who underwent an unsuccessful open reduction 

and internal fixation of a Lisfranc injury. Subsequently the patient expe-
rienced failed pathomechanics of the midfoot leading to abnormal 
alignment and pain with a deformity. Note the abduction of the fore-
foot, the prominent medial bone, and significant alignment relative to 
the tibia

Fig. 16.3 A plantar view of a patient with a previously attempted 
Lisfranc repair with malalignment. Note the large callus tissue at the 
first metatarsal phalangeal joint because of the pathomechanics
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nonunion, dystrophic changes, and neurologic and/or vascu-
lar injury. When the index procedure has been misdiagnosed, 
mistreated, or ineffective, the proposed revision procedure 
must take into consideration the length of time since the origi-
nal disability and the quality of the soft tissue envelop. 
Expectations on functional activities following a revision pro-
cedure are directly related to the individual patient’s given 
condition. In patients with residual deformity, the extent of 
the arthrodesis depended on the number of affected joints and 
the severity of deformity. Selecting the appropriate proce-
dures is key to providing realignment and stability to the foot.

 In Situ Arthrodesis

Patients that present with a failed or mistreated Lisfranc 
injury and are in need of a revision Lisfranc arthrodesis with-
out significant malalignment can proceed with an in situ 

arthrodesis. An in situ arthrodesis is indicated for those 
patients with a condition that is limited to the medial or mid-
dle column and/or both and without malalignment. The sur-
geon needs to evaluate the entire lower extremity with a 
focus at the Lisfranc joint. The patient should be evaluated 
weight bearing and nonweight bearing. A Silfverskiold test 
should be performed to assess if there is a contracture of the 
posterior muscle group [7]. It has been the experience of the 
authors with revision surgery at the Lisfranc joint that the 
adaptive changes in this patient population typically exhibit 
a tight posterior muscle group and are in most instances in 
need of lengthening the posterior muscle group. The results 
of the Silfverskiold test will dictate the indication of an 
Achilles tendon lengthening or a gastrocnemius recession. 
When indicated, it has been the author’s choice to perform 
the Achilles tendon lengthening percutaneous or the gastroc-
nemius release through endoscopic technique [8, 9].

A single curvilinear incision is made over between the 
first and second tarsal metatarsal joint. The incision is made 
with care to identify and protect the superficial and deep 
peroneal nerves, dorsalis pedis artery, and vein. A full- 
thickness flap is created exposing the deformity. All soft tis-
sue retraction is performed with either double-pronged skin 
hooks or mini Hohmann retractors in best efforts to protect 
the soft tissue envelop. If previous hardware is present, it is 
removed. If the hardware is fractured and can be easily 
obtainable, it is removed. Attention is directed to the involved 
joints and is exposed and checked under fluoroscopy. 
Typically there is a great deal of fibrous and capsular tissue 
in the involved joints. An extended period of time should be 
spent resecting this tissue and mobilizing the joints. This will 
expose the involved joints very well, will allow for mobiliza-
tion, and also by removing this fibrous tissue and debris will 
prevent an unsatisfactory reduction in attempt to prevent a 
failed bony union. Next, manipulation of the forefoot from 

the midfoot is done with an osteotome and mallet and inser-
tion of a laminar spreader (Fig. 16.4). The adjacent joints are 
checked for instability or malalignment. If the adjacent joints 
are involved, then attention is directed to the necessary joints, 
and debridement with joint preparation is performed. The 
cartilage and subchondral bone are removed with an osteo-
tome and mallet to the intended joints. It is important to 
resect the plantar aspect of the joint in order to prevent dorsal 
angulation and malunion. A significant amount of time 
should be spent debriding and preparing the necessary joints. 
The authors typically utilize an osteotome, mallet, 2.0 drill 
bits, pics, and curettage technique to be sure extensive sub-
chondral bone is debrided while maintaining the osseous 
integrity. Once all the required joints are adequately prepared 
for arthrodesis, a laminar spreader is inserted to each joint to 
inspect for loose fragments, and to be certain, the joint is 
prepared adequately.

The Lisfranc joint is deep and has a large surface area, and 
special attention is focused plantarly. In reducing the defor-
mity, the aim is to restore alignment of the medial aspect of the 
base of the first metatarsal with the medial edge of the first 
cuneiform. Next, restoring alignment of the medial aspect of 
the base of the second metatarsal with the medial edge of the 
second cuneiform in the transverse plane is necessary. 
Alignment of the long axis of the talus with the long axis of the 
first metatarsal in both the sagittal and transverse planes is 
required to restore anatomical alignment (Fig. 16.5).

This is facilitated by initially correcting the position of 
the first metatarsal. This is performed by grasping the great 
toe, dorsiflexing the great toe joint, and rotating the first 
metatarsal into a neutral position (varus direction-out of val-
gus), while the base of the first metatarsal is pushed firmly 
against a stable well-aligned midfoot [10]. If there is noted 

Fig. 16.4 An intraoperative AP view demonstrating a lamina spreader 
being utilized to help enable the surgeon to view the joints
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instability of the proximal tarsal bones, medial, and/or lateral 
cuneiforms of the midfoot, these joints are debrided, aligned, 
and temporary stabilized prior to reducing the first tarsal 
metatarsal joint. Stabilization should occur from proximal to 
distal. Following reduction of the first metatarsal to a stable 
proximal midfoot, it is temporarily secured with a 2.0 
Kirschner wire and is inserted from the first metatarsal proxi-
mally into the medial cuneiform while maintaining align-
ment. Next, the base of the second metatarsal is positioned 
appropriately followed by the third tarsal metatarsal. A large 
bone-reduction Weber clamp and/or Kirschner wire is placed 
obliquely to close the gap between the base of the second 
metatarsal and the medial cuneiform. A Kirschner wire is 
inserted from the proximal medial cuneiform aiming distally 
toward the base of the second metatarsal. If the third tarsal 
metatarsal joint is involved, this is reduced, and a 2.0 
Kirschner wire is inserted from the proximal shaft of the 
third metatarsal into the respected cuneiform. If the fourth 
and fifth metatarsal tarsal joints are involved, it has been the 
author’s experience that once the first three tarsal metatarsal 
joints are positioned, the fourth and fifth metatarsal tarsal 
joints will be reduced anatomically [11]. The second and the 
third metatarsal are secured with additional Kirschner wires 
used in multiple planes stabilizing the metatarsals into the 
respective cuneiforms. Anteroposterior, medial oblique, and 
lateral fluoroscopic images are made to confirm the corrected 
alignment (Figs. 16.6 and 16.7).

Fixation is achieved using a lag technique involving solid 
3.5 or 4.0 solid cortical screws and/or plating techniques. If 
there is noted proximal joint involvement, the proximal joints 
need to be fixated first to provide a stable midfoot in order to 
successfully align and fixate the Lisfranc joint [11]. A screw 
hole technique as described by Manoli and Hansen [12] 
allows for a difficult angulation, and the first screw is inserted 

from the first metatarsal to the medial cuneiform creating 
inter-fragmentary compression. The next screw is inserted 
from the stable superior proximal medial cuneiform obliquely 
oriented into the second metatarsal base. It is important that 
the surgeon understands the anatomy as the base of the sec-
ond metatarsal is elevated or is at the peak of the “Roman 
Arch.” When inserting this screw, the surgeon should be aim-
ing slightly superior so that the base of the second metatarsal 
is fixated adequately. This screw also employs inter-fragmen-
tary compression. Additional screws can be inserted from the 
proximal metatarsal base into the cuneiform and from the 
base of the first metatarsal into the base of the second and/or 
third metatarsal. A high-speed burr is then used to debride the 
edges of the involved joints, and bone voids are then packed 
with autogenous or allogenic cancellous bone graft for a shear 
strain relief graft as described by Perren [13]. The gaps are 
filled with local bone graft which can be harvested from the 
calcaneus, and if additional bone graft is needed, allogenic 
bone or a bone graft substitute can be utilized [14]. Typical 
soft tissue and skin closure is performed.

Postoperatively, the patient is placed in a dorsally slotted 
non-weight-bearing plaster cast for 2 weeks [15]. Provided 
there are no wound problems and the reduction and construct 
is stable, a fiberglass below the knee cast is applied for an 
additional 4–6 weeks and until radiographic consolidation is 
evident. Full weight bearing in a fracture boot with physical 
therapy is then prescribed for 4 weeks.

 Realignment Arthrodesis

Patients who present with malalignment and deformity of 
the forefoot require a realignment arthrodesis of the Lisfranc 
joint. Oftentimes, a severe or progressed failed Lisfranc 

Fig. 16.5 (a) An intraoperative 
view demonstrating appropriate 
alignment of the talus with the long 
axis of the first metatarsal in the 
sagittal plane. (b) A postoperative 
AP radiograph demonstrating 
appropriate alignment of the talus 
with the first metatarsal in the 
transverse plane

L.A. Di Domenico and F.A. Luckino



223

joint will require additional procedures in order to reduce 
the foot into an anatomical position. There are varying 
degrees of deformity based on the initial injury, the original 
treatment, the type of treatment, and the secondary bony and 
soft tissue pathological changes to the adjacent joints. The 
medial and middle column arthrodesis requires fixation of 
the first, second, and sometimes the third tarsal metatarsal 
joints along with their intercuneiform joints. The naviculo-
cuneiform and other adjacent joints may need to be included 

in this fusion if found to be unstable. In addition, the sum-
mation of time from the index injury and original treatment 
will have a secondary effect on the pathological bone and 
soft tissue changes. Patients needing a realignment arthrod-
esis  typically present with an abduction of the forefoot and 
lateral translation and dorsiflexion of the metatarsals 
(Fig. 16.8).

A valgus deformity may present with medial soft tissues 
that may be stressed and the lateral soft tissues maybe contracted. 

Fig. 16.6 (a) A preoperative AP radiograph with fractured hardware. 
Note the fracture of the screw is at the run out portion of the cannulated 
screw. This patient presented with continued pain following the index 
procedure which consisted of an open reduction and internal fixation 
and of Lisfranc injury. (b) An intraoperative view during a revision in 
situ Lisfranc arthrodesis. The original injury consisted of an open 
reduction and internal fixation. While preparing for an in situ arthrod-
esis, an osteotome and mallet were used preparing the intercuneiform 
joint in preparation for arthrodesis and the use of autogenous bone graft 

for an in situ arthrodesis revision arthrodesis. (c) An intraoperative AP 
fluoroscopic image while performing a revision surgery for a Lisfranc 
injury. A long 3.5 mm fully threaded “home run screw” is inserted from 
the distal first metatarsal into the plantar most proximal cuneiform. A 
large Weber clamp is used to assist with temporary intercuneiform com-
pression while preparing to apply a medial base locking plate. (d) An 
intraoperative AP fluoroscopic image of an in situ revision arthrodesis 
with a stable rigid internal fixation construct for an intercuneiform and 
Lisfranc arthrodesis prior to inserting a shear strain relief graft
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In most cases, these patients present with a differing degree 
a flatfoot deformity along with a collapsing arch in associa-
tion with abduction of the forefoot, lateral translation and 
dorsiflexion of the metatarsals, and a potentially progressed 
hindfoot valgus. The surgeon needs to evaluate the entire 
lower extremity. The patient should be evaluated weight 
bearing and nonweight bearing. A Silfverskiold test needs to 
be performed to assess if there is a contracture of the poste-
rior muscle group [7]. It has been the experience of the 

authors that this patient population exhibits a tight posterior 
muscle group and is in need of lengthening the Achilles ten-
don or gastrocnemius. It is the author’s choice to most com-
monly perform the indicated Achilles tendon lengthening 
percutaneous or the gastrocnemius release through endo-
scopic technique [8, 9].

Incision planning is based on the quality of the soft tissue, 
the extent and the degree of deformity, and the previous his-
tory of the injury and treatment (Fig. 16.9).

Fig. 16.7 (a) An attempted open reduction with K-wire fixation for an 
original Lisfranc injury. (b and c) Advanced imaging demonstrating 
failure of adequate reduction and malalignment following open reduc-

tion with K-wire fixation from the original Lisfranc injury. (d) An in 
situ arthrodesis was performed with long fully threaded solid cortical 
screws repairing the failed K-wire reduction at the Lisfranc joint
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The soft tissue envelope needs to be taken in to consider-
ation. In some instances, there may have been previous inci-
sions, there may be soft tissue changes as a result of the 
initial trauma, and/or the attenuation of the soft tissues 
changes from malalignment. The incisions are planned 
according to the deformity. For a severe deformity, two lon-
ger incisions are made: one dorsal medial over the first meta-

tarsal and one over the third metatarsal. In some instances, 
the authors have been able to utilize one large curvilinear 
incision over the second tarsal metatarsal joint. If planned 
appropriately, the first, second, and third tarsal metatarsal 
joints as well as adjacent joints can be exposed appropriately. 
Regardless of the incision, the incision needs to be full thick-
ness, and care must be taken to avoid the neuromuscular 
bundles of the dorsal aspect of the Lisfranc joint (Figs. 16.10, 
16.11, and 16.12).

In reducing the deformity, the aim is to restore alignment 
of the medial aspect of the base of the first metatarsal with 
the medial edge of the first cuneiform. Next, restoring align-
ment of the medial aspect of the base of the second metatar-
sal with the medial edge of the second cuneiform in the 
transverse plane is needed. Next, alignment of the long axis 
of the talus with the long axis of the first metatarsal in both 
the sagittal and transverse planes is needed to restore ana-
tomical alignment.

In patients who present with significant abduction of the 
forefoot, the surgeon must assess the stability or lack of sta-
bility of the lesser tarsal metatarsal joints and the lateral col-
umn and investigate the hindfoot for malalignment. Based 
on Lisfranc reduction, as well as clinical and radiographic 
findings, the surgeon may need to supplement the lateral col-
umn and hindfoot for stability. It is possible that the peroneus 
brevis tendon and other lateral soft tissues are contracted and 
may need to be lengthened. If the contracture is severe, an 
external fixator may need to be used intraoperatively to assist 
with the reduction [16].

An osteotome and a mallet are used to identify and deter-
mine which joints are pathologic. These joints are mobilized, 
and aggressive resection of scar tissue, fibrous tissue, and 
debris is removed allowing mobilization of the pathologic 
joints into a more normal alignment. Once the extent of the 
joint involvement is identified, the osteotome is utilized to 
denude the cartilage of the joint with little bone resection 
attempting to maintain the osseous integrity. A significant 
amount of time is spent at this junction of the surgery ensur-
ing that the joints are appropriately prepared and plantar 
ossicles are removed. It is important to remove the plantar 
aspect of the joint in order to prevent dorsal angulation and 
malunion. This is facilitated by initial correction of the posi-
tion of the first metatarsal. In most instances, the forefoot is 
adducted, plantar flexed, and de-rotated into a varus direc-
tion. When dealing with a large deformity, the surgeon must 
be cautious not to overcorrect or realign in adduction, in 
plantar flexion, or in the frontal plane. This is performed by 
grasping the great toe, dorsiflexing the great toe joint, and 
rotating the first metatarsal into a neutral position (varus 
direction), while the base of the first metatarsal is pushed 
against a stable aligned midfoot [10, 11]. If there is noted 
instability of the proximal tarsals of the midfoot, these joints 
are debrided, aligned, and temporary stabilized prior to 

Fig. 16.8 A patient who presents following a failed Lisfranc treatment 
who now is experiencing an abducted forefoot and dorsiflexion of the 
metatarsals

Fig. 16.9 This patient was a poly trauma patient who experienced a 
failed reduction of the Lisfranc joint and experienced soft tissue injuries 
from the initial trauma
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reducing the first tarsal metatarsal joint. The first metatarsal 
is then temporary fixated with a 2.0 Kirchner wire and is 
inserted from the dorsal surface of the metatarsal proximally 
into the medial cuneiform while maintaining alignment. 
Next, the base of the second metatarsal is positioned appro-
priately followed by the third tarsal metatarsal. If the fourth 
and fifth metatarsal tarsal joints are involved, it has been the 
author’s experience that once the first three tarsal metatarsal 
joints are positioned anatomically, the fourth and fifth meta-
tarsal tarsal joints will be reduced anatomically similar to the 
vassal principle of an ankle fracture reduction [11]. A large 
bone-reduction clamp is placed obliquely to close the gap 
between the base of the second metatarsal and the medial 
cuneiform. Both the second and the third metatarsal are 
secured with multiple 2.0 Kirschner fixation through their 
respective cuneiforms in multiple planes. A 2.0 Kirschner 
wire is inserted from the medial cuneiform proximally 

toward the base of the second metatarsal. Anteroposterior, 
medial oblique and lateral fluoroscopic images are made to 
confirm the corrected alignment.

The reduction is held temporarily with multiple Kirschner 
wires, and radiographs are made to confirm the anatomical 
reduction. The authors prefer the use of 3.5 or 4.0 long, fully 
threaded solid cortical screws in a lag fashion with or without 
plating. In cases that involved extended proximal joints and 
significant deformity, the authors have employed inter- 
fragmentary screw compression, screw fixation, and an appli-
cation of a plantar plate to the tension side of the foot [17]. 
The initial lag screw is inserted from the distal first metatarsal 
into the medial cuneiform. To avoid splitting of the dorsal 
cortex of the first metatarsal, the hole must be burred so that 
the screw can be countersunk carefully. A screw hole tech-
nique as described by Manoli and Hansen [12] allows for a 
difficult angulation, and the first screw is inserted from the 

Fig. 16.10 (a and b) A anterior-posterior and lateral radiograph pro-
jection demonstrating a failed open reduction and internal fixation of a 
Lisfranc injury. Note that the failed reduction in the sagittal plane 
resulting in an elevatus, subsequently resulting in significant malalign-
ment and pathological changes at the tarsal metatarsal joint, first meta-

tarsal phalangeal joint, and the interphalangeal joint. (c and d) 
Postoperative radiograph following an realignment arthrodesis of the 
Lisfranc joint and arthrodesis of the first metatarsal phalangeal joint and 
percutaneous K-wire fixation (and removal) of the interphalangeal joint
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first metatarsal to the medial cuneiform creating inter frag-
mentary compression. If there is noted proximal joint involve-
ment, the proximal joints need to be fixated first to provide a 
stable midfoot in order to successfully align and fixate the 
Lisfranc joint. The next screw is an inter-fragmentary com-

pression screw inserted from the stable superior proximal 
medial cuneiform obliquely oriented into the second metatar-
sal base. Understanding the anatomy of the Lisfranc joint in 
the frontal plane is required in order to successfully fixate the 
lesser metatarsal and lateral cuneiforms. Additional screws 

Fig. 16.11 (a and b) Intraoperative AP and lateral fluoroscopic images 
following a endoscopic gastrocnemius recession, a percutaneous medial 
calcaneal slide osteotomy, and a realignment arthrodesis with a large 
wedge resection at the Lisfranc joint. The base of the wedge resection 
was medial and plantar, and the apex was lateral and dorsal allowing for 
adduction, plantar flexion, and derotation in the frontal plane placing 
the Lisfranc joint into anatomic alignment. Fixation consisted of a 3.5 

recon plate with independent long fully threaded solid cortical screws. 
This anatomically reduced the significant forefoot abduction, dorsally 
translated metatarsals and the forefoot values deformity, and realigned 
the hindfoot under the long axis of the tibia. Adjacent joint arthrodesis 
was additionally needed to control and realign the foot. Note the align-
ment of the talus first metatarsal alignment on the lateral and AP 
radiographs

Fig. 16.12 (a and b) AP and lateral X-rays demonstrating an inter- 
fragmentary compression fixation coupled by a plantar plate on the ten-
sion side of the Lisfranc joint. Preoperatively the patient suffered a 
failed Lisfranc reduction and had an abducted forefoot, hindfoot values, 
and an unstable midfoot. The surgery consisted of an endoscopic gas-

trocnemius recession to address the equinus contracture, the percutane-
ous calcaneal slide osteotomy addressed the hind foot valgus, an Evans 
lateral column lengthening addressed the unstable mid foot, and a 
Lisfranc arthrodesis with adjacent joint fusions addressed the patho-
logic midfoot
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can be inserted from the proximal metatarsal base into the 
respected cuneiform and from the base of the first metatarsal 
into the base of the lesser metatarsals and/or lesser cunei-
forms. A high-speed burr and rongeur is then used to debride 
the edges of the involved joints, and all bone voids are packed 
with autogenous or allogenic cancellous bone graft for a shear 
strain relief graft as described by Perren [13]. The gaps are 
preferably filled with local bone graft which can be harvested 
from the calcaneus [14], and if additional bone graft is needed, 
allogenic bone or a bone graft substitute can be utilized. It has 
been our experience that despite substantial radiographic 
changes, usually there is no symptomatic clinical pain in the 
joints between the fourth and fifth metatarsals and the tarsal 
bones, postoperatively, provided that the alignment has been 
corrected. If the fourth and fifth metatarsals are displaced, 
once anatomically reduced, 2.0 K-wire fixation can be used to 
maintain the position. Typical soft tissue and skin closure is 
performed. Postoperatively, the patient is placed in a dorsally 
slotted non-weight-bearing plaster cast for 2 weeks and is to 
keep the extremity elevated [15]. Provided there are no wound 
problems and the reduction and construct is stable, a fiber-
glass below the knee cast is applied for an additional 
4–6 weeks and until radiographic consolidation is evident. 
Full weight bearing in a fracture boot with physical therapy is 
then prescribed for 4 weeks [11].

 Neuropathic Arthrodesis

Lisfranc joint dislocation secondary to injury and/or Charcot 
arthropathy is a debilitating condition that can result with an 
ulceration and/or infection. After conservative care fails, 
treatment may be limited to realignment arthrodesis of the 
Lisfranc joint or amputation. Charcot neuroarthropathy is 
characterized by episodes of active and inactive periods. In 
the active phase, an edematous, erythematous, warm foot 
can show progressive destruction and dislocation. In the 
chronic phase, the foot can reveal a stiff malaligned, rocker 
bottom foot with soft tissue contractures and compromised 
skin integrity.

In a patient with a neuropathic Lisfranc joint, attention is 
directed to the posterior muscle where a Silfverskiold test is 
performed [7]. Based on the results, an Achilles tendon 
lengthening or a gastrocnemius recession is performed. 
Next, a straight incision is made, beginning at the talonavic-
ular joint and extending to the distal one-third of the first 
metatarsal shaft. The incision is deepened, and a full- 
thickness flap is retracted superiorly and inferiorly off the 
tarsometatarsal joints. If previous hardware was utilized, it is 
removed. Attention is directed toward the base of the tarsal 
metatarsal articulation. Typically there is significant sublux-
ation/dislocation with significant bony changes. An osteo-
tome is used to resect this bone in order to identify the first 

tarsal metatarsal joint. Intraoperative fluoroscopic imaging is 
needed to assist in identifying the first tarsal metatarsal joint. 
Evaluation of the extent of the fracture/subluxation/disloca-
tion proximal and lateral is necessary. The authors often uti-
lize a 2.0 Kirschner wire inserted from medial to lateral for 
the most distal portion of the healthy tarsal bones and to the 
most proximal portion of the healthiest bone at base of the 
metatarsals. This acts as a rail system for the surgeon and 
provides a guide for an aggressive bone resection that can 
correct the deformity in all three planes. Based on the extent 
of involvement, the bone across the Lisfranc joint is resected 
to good, healthy, bleeding bone. The resection is typically 
performed as a wedge resection which allows for a tri-planar 
correction. The base of the wedge is medial and the apex 
lateral in the transverse plane. In the sagittal plane, the base 
is plantar, and the apex is dorsal. This allows the forefoot to 
be corrected by adducting and plantar flexing and rotated 
into a neutral position. Based on the extent of the lateral 
involvement of the Lisfranc joint, a second incision can be 
made on the lateral aspect of the foot between the fourth and 
fifth metatarsals; however, in most scenarios, the authors 
have been able to perform this through one large medial util-
ity incision. If a lateral incision needed, it is deepened down 
to the base of the fourth and fifth metatarsals and cuboid. All 
diseased bone from medial to the lateral is removed. 
Depending on the extension of the Charcot destruction, bone 
resection may need to be performed through the naviculocu-
neiform, talonavicular joints, or other adjacent joint in order 
to restore the medial arch of the foot. If the more proximal 
joints are destabilized, they must be realigned and stabilized 
first starting proximally. The Lisfranc joint is adducted, 
rotated, and held in a plantar-flexed position with multiple 
2.0 Kirschner wires. The first metatarsal, fifth metatarsal, 
and calcaneus must be on the same plane creating a tripod 
effect with the foot loaded. With the foot loaded, the ankle 
joint motion is checked to demonstrate that the equinus con-
tracture is no longer present allowing the ankle to get into a 
neutral position. Alignment is checked using fluoroscopic 
imaging to ensure the talus first metatarsal angle in the trans-
verse and sagittal plane is aligned. Next, a plate is eccentri-
cally loaded plate is applied to the plantar aspect of the first 
metatarsal, medial cuneiform, and navicular.

A 3.5 cm or 4.0 solid cortical screw is placed outside the 
plate in an oblique fashion, beginning on the medial wall of 
the first metatarsal and aiming at the lateral edge of the 
navicular. A second cortical screw is inserted from the medial 
cuneiform or navicular into the second or third metatarsal 
base. The fourth and fifth metatarsals reduce to an anatomic 
position as the soft tissue and muscular attachments maintain 
consistency with anatomic reduction of the first and second 
tarsal metatarsals. Again, typically no fixation is used on the 
fourth and fifth rays. Autogenous or allogenic cancellous 
bone is used to back fill any voids at the arthrodesis site [11].
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Typical soft tissue and skin closure is performed. 
Postoperatively, the patient is placed in a dorsally slotted 
non-weight-bearing plaster cast for 2 weeks and is to keep 
the extremity elevated [15]. Provided there are no wound 
problems and the reduction and construct is stable, a fiber-
glass below the knee cast is applied for an additional 
6–8 weeks and/or until radiographic consolidation is evident. 
Partial weight bearing in a fracture boot with physical ther-
apy is then prescribed for four additional weeks followed by 
full protective weight bearing. The postoperative course 
included serial radiographs every 3 weeks until radiographic 
evidence of consolidation is noted.

 Contraindications/Limitations

An absolute contraindication for correcting a Lisfranc defor-
mity is a dysvascular limb or a patient who is afflicted with a 
medical conditions prohibiting surgery. Also if a patient has 
an open wound and an active infection, the infection and 
wound management must be treated and stabilized prior to 
attempt at surgical corrections. Relative contraindications 
included altered bone quality, advanced age, tobacco use, 
patients who suffer from chronic regional pain syndrome, 
wound problems, ischemia due to peripheral vascular dis-
ease, osteomyelitis, and infections.

Prior to embarking on a revision reconstruction surgery, 
consideration must be given to the soft tissue envelop and 
assessing the vascular status of the patient. Given the history 
of the index injury and the previous failed treatment, the soft 
tissues must be closely examined. It is imperative that the 
soft tissue have the ability to respond to the proposed sur-
gery. Obtaining vascular studies is often needed to predict 
the healing ability.

Due to the extent of the presenting deformity, some 
patients may present with chronic open wounds. It is essen-
tial for the surgeon to evaluate these patients thoroughly, use 
appropriate testing, and consult with the proper and needed 
specialties to manage these complex problems to determine 
if and when the best time is to address the deformity. Patients 
with a diagnosis of osteomyelitis from a previous infection 
or secondary to an ulcer deformity must be managed appro-
priately before, during, and after the surgery. If an active 
osteomyelitis is present, then the infection must be addressed 
first. In cases of a chronic osteomyelitis, a bony resection to 
clean margins and arthrodesis can be performed along with 
the appropriate comanagement of the chronic osteomyelitis. 
The bony resection serves as a function of a surgical treat-
ment by removing the infected bone. The bony resection of 
infected bone to clean, heathy margins coupled with treat-
ment of intravenous antibiotics has been a successful combi-
nation for the authors. Fixation provisions may be impacted 
based on the circumstances. In cases with a chronic osteo-

myelitis, resection of the infected bone serves as a surgical 
treatment; however, this may affect the quantity of bone and 
alter the fixation needed to reduce the deformity.

Given the magnitude of the deformity, in some cases, the 
foot may be shortened (medial column). The patient should 
understand that the operative foot may change the size of the 
foot compared to the preoperation size and compared to the 
contralateral side. As described earlier, if the hindfoot is 
unstable, the surgeon must be prepared to perform additional 
surgical procedures that most likely will need additional 
hardware and/or bone graft. With large deformities, the sur-
geon needs to be prepared to employ the use of an external 
fixator to assist in the reduction of the deformity.

 Technique Pearls and Pitfalls to Avoid 
Complications

The recommended incision should be curvilinear over the 
first tarsometatarsal. This provides excellent exposure to the 
first, second, and third tarsometatarsal joints while avoiding 
the deep peroneal nerve and dorsalis pedis artery. Additionally, 
this prevents unnecessary traction on the skin and neurovas-
cular structures. If a second incision is needed, it should be 
over the fourth metatarsal shaft. It should be noted that the 
soft tissue island between the incisions needs to be adequate 
in size to prevent tissue necrosis. If only the medial tarso-
metatarsal joints are involved, it has been the experience of 
the authors to make a large dorsal curvilinear incision starting 
at the dorsal lateral first metatarsal and extending to the 
naviculocuneiform joint. Care should be taken not to under-
mine/separate the tissues in order to prevent soft tissue injury. 
The exposure must be adequate once the incision is made; the 
tissues should be reflected off the bony structures as a full-
thickness flap. Preferred retraction is accomplished with 
small fine tooth double prong retractors and/or mini Hohmann 
retractors to reduce trauma to the tissues and to avoid trauma 
to the neuromuscular structures [11].

The goal of the treatment is a stable, painless, plantigrade 
foot. The goal is achieved by anatomical reduction, align-
ment, and stable fixation. Preparation of the joints to ensure 
adequate consolidation is essential. Joint distraction can be 
achieved with tarsal distractors or a laminar spreader. The 
use of drills, osteotomes, picks, curettes, and rongeurs is uti-
lized to prepare the joint(s) for arthrodesis. Debridement is 
performed down the level of healthy, bleeding bone with the 
goal of maintaining normal articular surfaces as much as 
possible. Specific attention should be made to the plantar tar-
sal metatarsal joints during preparation to confirm there is no 
residual bone/cartilage remaining which could predispose 
the reduction to dorsal angulation and malunion. Excellent 
reduction must be accomplished. An AO (Arbeitsgemeinschaft 
für Osteosynthesefragen) pointed reduction forcep may be 
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used to aid in reduction. The use of intraoperative fluoro-
scopic imaging is extremely helpful in ensuring appropriate 
and anatomic alignment.

Prior to fixation of the Lisfranc joint, the surgeon needs to 
assess the proximal and adjacent joints. If the nearby joints 
are unstable and overlooked, the surgery may result with 
complications.

The fixation construct is extremely important to the suc-
cess of the surgery. Solid fully threaded screws are recom-
mended. A stable solid fixation construct is necessary and 
should be designed specifically for each particular case with 
a great deal of thought. When inserting the fixation specifi-
cally from the metatarsal into the cuneiforms, a burr hole 
technique as described by Manoli and Hansen [12] is 
extremely helpful for drilling the difficult angles and insert-
ing the screws from distal to proximal. Additionally, the burr 
hole allows the screw to be recessed so it is not proud and 
palpable. Lastly it prevents stress risers in the cortical bone 
of the metatarsals and prevents fracturing of the bone.

To avoid inefficient fixation, while inserting screws from 
the medial cuneiform or first metatarsal into the base of the 
respective second metatarsal and intermediate cuneiform, 
the screw should be directed more superiorly to successfully 
obtain a good purchase. The anatomy of the midfoot in the 
frontal plane mimics a “Roman Arch”; thus, the base of the 
second metatarsal and intermediate cuneiform is positioned 
more superiorly than the base of the first metatarsal and the 
medial cuneiform.

Bone to bone contact while maintaining anatomic align-
ment is a key to a successful outcome and bony union when 
attempting an arthrodesis at the Lisfranc joint. Due to the 
challenges of Lisfranc joint configuration, preoperative 
malalignment, the given number of joints involved following 
articular cartilage, and bone debridement, it can be difficult 
to appropriately anatomically align multiple aspects of each 
joint while trying to maintain as much bone to bone contact. 
Because anatomic alignment is paramount, in situations 
where dorsal gaps are noted in order to preserve anatomic 
alignment while attempting to have as much bone to bone 
contact (usually the plantar edges of the joints), a shear strain 
relief bone graft is used to backfill the voided areas of the 
joints [11]. For example, when revising the first tarsal meta-
tarsal joint, it is critical to align the first metatarsal appropri-
ately with the long axis of the talus in the sagittal plane. In 
order to appropriately align the joint with bone to bone con-
tact, the first metatarsal may need to be plantar flexed rela-
tive to the cuneiform in order to maintain the talus first 
metatarsal angle in the sagittal plane. The result oftentimes 
will leave the first metatarsal cuneiform joint with nice bone 
to bone contact at the plantar edges of the joint and gapped at 
the dorsal surface. This is a perfect scenario where tightly 

backfilling of a joint with bone graft while maintaining align-
ment without sacrificing position.

Lastly in order to prevent increased stress across the tarsal 
metatarsal joint, equinus contractures should be appropri-
ately managed intraoperatively. This is important to reducing 
load and weight-bearing forces through the forefoot and 
midfoot, thus, increasing the rate of union and chance for a 
successful outcome.

 Management of Specific Complications

 Malunion

Anatomic reduction is the goal of any Lisfranc injury. 
However, the type and extent of the injury as well as the 
previous treatment may prove to make revision surgery dif-
ficult. Patient comorbidities may also play a role. A malunion 
may ensue leading to arch collapse, arthritis, and lesser 
metatarsalgia. Malunion of the second TMTJ has been 
reported to be the most common with displacement in a dor-
solateral direction [27]. Typically, Lisfranc injuries involve 
multidirectional instability so all planes need to be addressed 
and reduced appropriately. For example, if the first ray is 
inadequately reduced, particularly in the sagittal plane, an 
elevatus may ensue. This could alter the joint mechanics of 
the hallux at the more distal metatarsophalangeal and inter-
phalangeal joint (see Fig. 8a, b) and predispose the patient to 
lesser metatarsal overload. Gross malalignment or the neuro-
pathic foot may require a medial- and plantar-based wedge 
arthrodesis at the Lisfranc joint [17, 18].

Brunet reported on the long-term sequela of Lisfranc frac-
ture dislocations at an average follow-up of 15 years for 33 
patients. The purpose of their paper was to determine the 
anatomical, functional, and radiographic results at over a 
10-year follow-up. Even though the large majority of patients 
had Hardcastle type B injuries, most patients were treated 
with closed reduction and immobilization, closed reduction 
with immobilization and pinning, or no reduction with a cast. 
Open reduction was performed in only one patient. Foot pain 
was attributed to malunion of metatarsal fractures in three 
patients, sesamoiditis in four patients, and adjacent joint 
arthritis in six patients. Hallux rigidus was common in three 
patients. Posttraumatic arthritis on radiographs did not cor-
relate to functional outcomes as most patients returned to full 
work-and non-work-related activities despite the presence of 
severe to mild arthritis. This study stresses the importance of 
anatomic reduction as malalignment will alter mechanics 
through the forefoot [19].

Basic principles consisting of excellent joint debride-
ment, precise anatomic alignment, and a stable, solid fixation 

L.A. Di Domenico and F.A. Luckino



231

construct are essential in order to avoid a malunion. Most of 
the time spent during the surgical procedure should be iden-
tifying the appropriate joints involved, joint preparation in 
cases requiring arthrodesis, and building the fixation con-
struct. Attention to detail with these principles will help pre-
vent malunion.

Revising a malunion of the Lisfranc joint typically con-
sists of hardware removal and aggressive joint resection to 
healthy bleeding bone. Wedge resection is often needed in 
order to align the malunion joint, and bone graft is often 
needed in gapped areas in order to retain anatomic 
alignment.

 Lesser Metatarsalgia

Lesser metatarsalgia can develop in case where malalign-
ment exist and the foot is not balanced appropriately. If there 
is gross angulation of the lesser metatarsals particularly in 
the sagittal plane, the patient may present with pain and/or 
calluses of the adjacent lesser metatarsals. When performing 
revision arthrodesis, the key suggestions to prevent lesser 
metatarsalgia from developing is to be sure the talar first 
metatarsal angle in both the transverse and sagittal plane are 
aligned well. Focused attention to the medial tarsal metatar-
sal joint ensures the joints are aligned appropriately and that 
weight bearing will be restored through the first ray. Once 
reduction of the medial (dominant segment) tarsal metatarsal 
is successfully reduced, the remaining lesser tarsal metatar-
sal joint will become anatomically aligned. It has been the 
author’s experience that once the first three tarsometatarsal 
joints are positioned, the fourth and fifth metatarsal tarsal 
joints will be reduced anatomically [11]. The fixation uti-
lized should be long and begin as far distal in the metatarsals 
to provide a cantilever effect which in turn will help to pre-
vent ground reactive forces from causing dorsal drifting of 
the metatarsals. Also the forefoot pressures are reduced by 
addressing the tight posterior muscle group through an 
Achilles tendon lengthening or a gastrocnemius recession. In 
unfortunate cases which an isolated metatarsal is maligned, 
an isolated lesser metatarsal osteotomy can be performed to 
address the malalignment. Lesser metatarsal osteotomies 
should be limited to cases of only isolated metatarsal defor-
mity or isolated malalignment. Lesser osteotomies applied to 
cases of global metatarsal deformity or malalignment often 
will not resolve the issue and can provide transfer lesions 
and metatarsal pathology.

Komenda et al. reported on 32 patients who underwent 
arthrodesis following traumatic Lisfranc injuries. 
Metatarsalgia was a complaint postoperatively in two 
patients secondary to malunion. Both patients were treated 
with a dorsal-based wedge osteotomy [20]. Mann et al. 
reported on five patients with prominent metatarsal heads 
following tarsometatarsal arthrodesis.

 Arthrosis of the Fourth and Fifth 
Tarsometatarsal Joints

Based on the author’s experience, fusion of the fourth and 
fifth tarsal metatarsal joints in the non-neuropathic patient is 
rarely indicated if appropriate alignment is maintained. 
When arthritis is present in the fourth and fifth tarsal meta-
tarsal joints, it has been the experience of the authors that 
excellent reduction and anatomic alignment with stable fixa-
tion of the medial column coupled with anatomic alignment 
of the fourth and fifth tarsal metatarsal joints creates a pre-
dictable satisfactory outcome. In the neuropathic patient 
population, arthrodesis of the fourth and fifth tarsal metatar-
sal is well tolerated and provides stability provided it is well 
aligned. Management strategies for lateral column arthritis 
are varied and controversial. Because the lateral column is 
more mobile compared with the other columns, attempt is 
made to preserve the motion. Despite the fact that arthritis 
may be present, it is usually asymptomatic [18, 20]. There is 
a concern that fusing the lateral column could cause stiffness 
and increase the chances for a stress fracture [21]. As dis-
cussed previously, the motion through the lateral column is 
the greatest as compared to the medial and central columns 
[22], and therefore these joints should typically be preserved. 
With this increased motion, there is also a greater risk for 
nonunion [21] if an arthrodesis is attempted.

Raikin and Shon in 2003 retrospectively reviewed 23 
patients (28 feet) who had undergone a complete midfoot 
arthrodesis. The large majority had neuroarthropathy, 22 
patients, with the other six patients being sensate. Clinical 
and radiographic fusion was achieved in 26/28 patients. The 
overall AOFAS scores improved from 35.3 points preopera-
tively to 77.7 points postoperatively. Average pain scores 
overall also decreased from 5.1 points preoperatively to 1.3 
points postoperatively. Lateral column stiffness was reported 
postoperatively in 13 patients; however, it did appear to alter 
their function according to the study. They concluded that 
lateral column arthrodesis may be indicated for patients with 
lateral column collapse, a rocker bottom deformity, or sig-
nificant arthritis not amenable to conservative care [23].

Berlet et al. in 2002 retrospectively reviewed 12 patients 
who underwent tendon, interpositional arthroplasty for arthri-
tis of the fourth and/or fifth tarsometatarsal joints. At an aver-
age of 25 months of follow-up, the mean AOFAS midfoot 
rating scale was 64.5. They noted that patients that scored 
higher postoperatively typically had preoperative pain relief 
with a diagnostic, intra-articular injection. They recom-
mended an injection preoperatively as both a therapeutic and 
prognostic indicator for patients one may consider for surgi-
cal intervention [24].

Viens et al. reported on five patients who underwent ceramic 
interpositional arthroplasty for fourth and fifth TMTJ arthritis. 
The mean clinical and radiographic follow- up was 18 months. 
All patients reported subjective improvement in pain. There 
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was complete resolution of pain in three patients. Two patients 
experienced complications postoperatively consisting of 
wound dehiscence and delayed healing, respectively. No scor-
ing systems were evaluated before or after the surgery [25].

Shawen et al. also reported on interpositional arthroplasty 
via a ceramic implant in 2007. They reported on 13 patients 
who underwent this procedure after failing non-operative care. 
Eleven patients were available for follow-up at an average of 
34 months. Their results showed an average midfoot AOFAS 
score of 52.5 which was an 87% overall increase compared to 
preoperative values. The VAS pain scores improved on aver-
age by 42%. A large majority of patients (11/13) reported that 
they would have the procedure performed again [26].
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Calcaneal Fractures

James Thomas

 Introduction

Treatment of calcaneal fractures has evolved over the last 
25 years from primarily nonoperative care to a more aggres
sive approach involving open reduction and internal fixation, 
with a recent rejuvenation of limited exposure and percuta
neous fixation in select fractures. Many of the treatment 
 recommendations have evolved from the type and rate of 
complications that have been seen as the result of various 
treatments of calcaneal fractures, both operative and nonop
erative. Complications range from wound problems to mal
union, whether treated open or closed [1–3], (Tables 17.1 
and 17.2).

Anatomy certainly plays a significant role in predisposing 
the patient with a calcaneal fracture to possible complica
tion. When the complex and variable arrangement of the 
articular facets of the subtalar joint is combined with the lim
ited soft tissue envelope of the hind foot and ankle, as well as 
the surrounding tendon and neurovascular structures cours
ing medially and laterally along the calcaneus, it is easy to 
appreciate why an array of complications can occur regard
ing the treatment of calcaneal fractures (Fig. 17.1a, b). Frac
tures of the calcaneus may also involve the calcaneocuboid 
joint, and posttraumatic arthritis of this joint may also be 
seen. Resultant gait abnormalities are not uncommon.

Possibly the most frequent and significant complication 
of calcaneal fractures is malunion, which can lead to its own 
subset of problems. Wound complications, primarily from 
open treatment of calcaneal fractures, present unique chal
lenges of their own. Advanced diagnostic imaging, in addi
tion to plain radiographs, is necessary for proper fracture 
evaluation especially in the case of intraarticular fractures 
[4, 5]. Complications from calcaneal fractures can be arbi
trarily divided into nonoperative and operative complica
tions, although certainly some overlap does occur.

 Nonoperative Complications

Nonoperative complications primarily are a result of mal
union of displaced calcaneal fractures. Fracture malunion 
may produce an array of problems. Nonunion, although 
extremely rare, can occur, but if present, it is usually associ
ated with a degree of malunion. Direct complications from 
malunion may include heel shortening, loss of heel height, 
varus deformity of the hind foot, and displacement of the 
lateral calcaneal wall which can produce peroneal tendon 
impingement, sural neuritis, fibular impingement, and incre
ased heel width with resultant shoe fit problems [4]. Chronic 
edema, tendinopathy (including peroneal, flexor hallucis, 
and flexor digitorum longus), peroneal subluxation/ 
dislocation, posterior heel pain (especially with tongue or 
avulsion fractures), Achilles tendon dysfunction, and even 
compartment syndrome with resultant toe flexion deformi
ties may occur [6–8]. Intraarticular stepoff may lead to 
both subtalar and calcaneocuboid joint arthritis [1]. Failure 
to recognize and timely reduce displaced tonguetype or 
avulsion fractures with tenting of the posterior soft tissues 
can result in significant skin necrosis and breakdown [9, 10], 
(Fig. 17.2a, b). Neurovascular injury may occur from dis
placed sharp osseous fragments and, if left untreated, may 
result in permanent nerve impairment. The sustentaculum 
tali area is of most concern regarding displaced fracture frag
ments due to its close proximity to the medial neurovascular 
bundle [11] (Fig. 17.3).

 Operative Complications

One of the most frequent complications following operative 
treatment of calcaneal fractures is wound healing problems 
involving the incisional approach. These may result from ill 
timing of surgical intervention, inappropriate placement or 
performance of lateral flap development if using a lateral 
extensile approach, or other patient issues such as a history 
of smoking [12–15]. Wound breakdown runs the full 
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 spectrum from superficial only to deep wounds with  hardware 
exposure and possible associated infection, including calca
neal osteomyelitis (Figs. 17.4, 17.5). Fracture blisters and 
their sequelae should be allowed to resolve and skin wrinkles 
observed before surgical intervention is undertaken to help in 

prevention of postoperative wound breakdown (Fig. 17.6a, b). 
Placing hardware along and under incision lines or subtalar 
joint penetration of hardware (socalled inoutin of the pos
terior facet) must be avoided (Fig. 17.7). Medial neurovascu
lar and tendon injury can also result from inappropriately 
long screws or drill bit penetration into the medial soft tis
sues during internal fixation maneuvers [16]. Mal reduction 
of operatively treated calcaneal fractures can lead to all of 
the same issues as described for malunion of nonoperatively 
treated calcaneal fractures, including post traumatic arthri
tis. Sural nerve injury, including neuroma, paresthesia, and 
permanent impairment, as well as peroneal tendon injury can 
occur during surgical exposure of the lateral calcaneal wall 
[17–20]. Side to side plantar pressure mismatch has been 
reported 2 years after open reduction of calcaneal fractures, 
even with improvement of Bohler’s angle [21].

 Management of Complications

Management of complications stemming from calcaneal 
fractures ranges from fairly straightforward treatments to 
more complex surgical procedures. In the acute setting, one 
must be observant for compartment syndrome which has 
been reported in up to 10% of cases [22–24]. If fasciotomy is 
indicated, release should be performed emergently of the 
affected compartments to prevent permanent neuromuscular 
impairment and its resultant toe contractures as well as pos
sible resultant chronic pain issues. Posttraumatic arthritis 
and its subsequent symptom complex is often an end result 
of calcaneal fractures [1]. If the fracture is well reduced, and 
little to no deformity is present, bracing, orthotic control, 
shoe modifications, corticosteroid injections, and medical 
management may be sufficient to control symptoms associ
ated with arthritis. If nonoperative treatment is unsuccessful, 
in situ arthrodesis of the subtalar joint in the wellaligned 

Table 17.1 Potential complications of nonoperative treatment of 
 calcaneal fractures

Malunion Chronic edema

Nonunion Tendonopathy (peroneal and flexor 
tendons)

Heel shortening Peroneal dislocation

Decreased heel height Posterior heel pain

Varus deformity Achilles tendon dysfunction

Lateral calcaneal 
displacement

Compartment syndrome

Peroneal tendon 
impingement

Toe flexion deformities

Sural nerve neuritis Arthritis

Fibular impingement Anterior ankle impingement

Increased heel width Wound complications (open and tongue/
avulsion fractures)

Shoe fit problems Neurovascular damage

Table 17.2 Potential complications of operatively treated calcaneal 
fractures

Wound (incision) complications Malreduction (may 
result in all of the 
problems listed in 
Table 17.1)

Osteomyelitis

Hardware complications (loosening, soft 
tissue/joint impingement, soft tissue injury 
from drill bits, etc.)

Sural nerve injury

Peroneal tendon injury

Medial neurovascular/tendon injury

Fig. 17.1 (a) Medial view of CT 
reconstruction of a calcaneal 
fracture with tendon outline 
overlay demonstrating close 
proximity of flexor tendons to 
fracture lines and subsequent 
vulnerability to injury. (b) Lateral 
view of same demonstrating 
vulnerability of peroneal tendons 
to injury, especially in the area of 
the peroneal tubercle

J. Thomas



235

fracture may be performed (Fig. 17.8a, b). If peroneal tendon 
or sural nerve pathology is present, this may be addressed 
simultaneously. If calcaneocuboid joint arthritis is also pres
ent, extended hind foot arthrodesis may be required. 
However, in many cases of posttraumatic arthritis following 
intraarticular fractures of the calcaneus, alignment is less 
than satisfactory and varying degrees of malunion may be 
present making in situ arthrodesis not an option. Malunion 
can be found both in the nonoperatively unreduced fracture 
and with malreduction in the operatively treated fracture 
(Figs. 17.9 and 17.10). Malunion results in a variety of prob
lems that may produce symptoms. Some of the most disabling 
of these problems include arthritis, loss of heel height, 
increased heel width, shortening, varus deformity, peroneal 
tendon/fibular impingement, and anterior ankle  impingement 

Fig. 17.2 (a) Radiograph of 
avulsiontype calcaneal fracture 
producing impingement of the 
posterior soft tissues. Emergent 
reduction of this fracture type 
may be necessary to prevent 
tissue breakdown secondary to 
skin tenting. (b) Intraoperative 
image of reduction of the same 
fracture before fixation. Note 
decompression of posterior soft 
tissues

Fig. 17.3 CT scan example of sharp, osseous bone fragment in the area 
of the medial neurovascular bundle which may result in vascular injury 
and/or nerve impingement

Fig. 17.4 Early postoperative superficial breakdown of the posterior 
vertical arm of the lateral extensile approach. Appropriate wound treat
ment is indicated to prevent deeper wound breakdown

Fig. 17.5 Breakdown of the vertical arm of the lateral extensile approach 
with exposed hardware and Achilles tendon involvement. Deep wound 
breakdown may be associated with calcaneal osteomyelitis, and aggres
sive wound treatment is indicated. Partial or complete hardware removal 
may be required (Photo courtesy of Randy Clements, DPM)
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[25] (Fig. 17.11a, b). Diagnostic imaging workup is 
 absolutely necessary in determining type and degree of 
deformity and condition of the articular surfaces. Bohler’s 
angle is determined from standard lateral views and com
parison views to the uninjured contralateral side help estab
lish the normal value for the patient and assist in preoperative 
planning to determine the amount of correction which may 

be necessary [26]. In addition to standard radiographic views 
and CT imaging of the hind foot and ankle, calcaneal axial 
and long leg axial as well as hind foot alignment views may 
be beneficial in evaluating the patient with late complica
tions of calcaneal fractures [4]. MRI may be helpful in cases 
of suspected associated soft tissue pathology.

In cases of fracture malunion, posterior bone block 
arthrodesis is a very effective way of addressing all of the 
abovementioned pathology, as it can restore height; resolve 
impingement of the fibula, peroneal tendons, and anterior 
ankle; and treat the symptoms associated with posttraumatic 
osteoarthritis [25, 27–29]. The lateral extensile incision 
commonly employed in open reduction of calcaneal frac
tures may be utilized for posterior bone block arthrodesis, 
although this incision may at times be difficult to close at the 
posterior apex if significant correction is required and if the 
deformity is longstanding in nature (Fig. 17.12). After inci
sion placement, a fullthickness flap can then be developed 
off of the lateral calcaneal wall and a thorough debulking of 
the lateral calcaneus can then be undertaken (Fig. 17.13). 
Care must be taken to protect the sural nerve and peroneal 
tendons. Bone removed can be saved for use as bone graft in 
the arthrodesis site if needed. Debulking of the lateral calca
neal wall should effectively decompress the peroneal ten
dons and sural nerve and its branches. However the peroneal 
tendons should still be inspected for tears or subluxation 
with appropriate repair of any pathology present, and neu
rolysis of the sural nerve can be performed if entrapment is 
found. Alternatively the incision may be modified by elon
gating the vertical posterior arm and making the distal hori
zontal arm somewhat more oblique and shorter (Fig. 17.14a, b). 
This modification results in a more posterior approach to the 

Fig. 17.6 (a) Lateral fracture blisters following closed calcaneal fracture. (b) Medial fracture blisters in the same patient. These must be addressed, 
edema reduced, and allowance for soft tissue recovery accomplished before surgical intervention is under taken

Fig. 17.7 Example of intraarticular penetration of the subtalar joint 
by Kirschner wire fixation. Note malreduction of posterior facet also
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Fig. 17.8 (a) Preoperative radiograph of old intraarticular calcaneal 
fracture with subtalar arthritis but normal height and alignment of the 
calcaneus. (b) Intraoperative fluoroscopic image of the same patient 

after in situ subtalar joint arthrodesis. Bone graft is usually not neces
sary as calcaneal height is maintained

Fig. 17.9 Lateral radiograph of 8monthold joint depressiontype 
 calcaneal fracture with subsequent malunion, but prior to complete col
lapse of the talus into the calcaneus

Fig. 17.10 Lateral radiograph of a malreduced, operatively treated 
joint depression calcaneal fracture. Note loss of calcaneal height, sub
sidence of the talus into the calcaneus, and hardware impingement 
along the lateral subtalar joint

Fig. 17.11 (a) Preoperative 
lateral radiograph of 
nonoperatively treated joint 
depression calcaneal fracture. 
Note significant anterior ankle 
impingement and loss of height 
of the calcaneus with subsidence 
of the talus into the calcaneus. 
(b) Ankle mortise radiograph of 
the same patient demonstrating 
subfibular impingement of 
displaced lateral calcaneal wall
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subtalar joint. A straight vertical posterior incisional 
approach (either just lateral to or through the Achilles ten
don) may also be utilized, but if lateral calcaneal wall deb
ulking is required, access to this area may be difficult with 
this approach. After debulking of the lateral calcaneal wall, 
the subtalar joint can then be addressed and its respective 
surfaces are then denuded to bleeding cancellous bone sur
faces in preparation for arthrodesis. At times, fluoroscopic 

imaging may be necessary before joint debridement to prop
erly identify the location of the subtalar joint, especially in 
cases of longstanding deformity and significant subsidence 
of the talus into the calcaneus. To restore height and relieve 
anterior ankle impingement, distraction of the subtalar joint 
is necessary. This can be accomplished by a lamina spreader 
inserted into the joint or by other distraction devices 
(Fig. 17.15). Distraction is performed under fluoroscopic 
guidance to confirm restoration of calcaneal height and 
 normalization of the lateral talofirst metatarsal angle 
(Fig. 17.16). Care must be taken not to overdistract or to 
produce a varus deformity. The void created by distraction is 
then filled by allograft or autograft. Femoral head allograft 
provides more than adequate bone graft volume as well as 
strong cortical struts to maintain height [28, 29] (Figs.17.17 
and 17.18a, b). Release of distraction should allow for a 
“press fit” of the graft. Fixation can then be obtained by 
either Steinmann pins, fully threaded screws, or partially 
threaded screws with threads crossing the calcaneus, graft, 
and talus to minimize compression across the graft site to 
prevent graft collapse (Figs. 17.19a–c and 17.20). If pin fixa
tion is utilized, they may be left percutaneous for easy future 
removal. This can be beneficial to eliminate artifact if 
advanced diagnostic imaging (CT or MRI) is employed post
operatively for monitoring of healing and union at the host/
graft interface areas. A period of 8–10 weeks of nonweight 
bearing is employed postoperatively.

Occasionally, osteotomy of the calcaneal body may be 
necessary if significant shortening or varus malunion is pres
ent. Various osteotomies have been described, from simple 
oblique osteotomies to multiplane osteotomies, with and 
without subtalar arthrodesis, to assist in deformity correction 
[30–32] (Fig. 17.21). Distraction osteogenesis may also be 
employed and can be helpful in deformity correction in cas
es’s of malunion or in previous failed reconstructions of mal 
united calcaneal fractures [33] (Figs. 17.22 and 17.23a–d). 
Achilles tendon lengthening may also be necessary as an 
adjunct in both osteotomy and arthrodesis procedures.

Wound healing problems with the lateral extensile 
approach to calcaneal fractures have been reported [12–15] 
(Figs. 17.4 and 17.5). Proper reduction of the deformity, 
avoiding placing hardware under incision lines (placing the 
vertical arm of the lateral extensile incision more posterior 
helps in avoiding this), and proper tissue handling including 
a “no touch” technique in handling the soft tissue flap all 
help in minimizing wound complications. Dynamic flap 
retraction as opposed to static wire retraction and preopera
tive Doppler ultrasound evaluation of arterial supply to the 
flap may be beneficial in avoiding wound breakdown [34]. A 
more limited sinus tarsi approach when performing open 
reduction and internal fixation of calcaneal fractures, with or 
without arthroscopic assistance, combined with percutane
ous reduction and screw and/or pin fixation only, may be an 

Fig. 17.12 Intraoperative exposure using lateral extensile incisional 
approach of the same patient as seen in Fig. 17.11a, b. Note excellent 
exposure of the displaced lateral calcaneal wall, the fibular impinge
ment that is present, and the significant joint depression and subsidence 
of the talus into the calcaneus

Fig. 17.13 Demonstration of complete debulking of the lateral calca
neal wall of the same patient seen in Fig. 17.12, with resolution of fibu
lar impingement and good access to the subtalar joint. Lamina spreader 
allows for distraction
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alternative in some cases in an attempt to avoid the wound 
healing problems reported with the extended lateral approach 
[35, 36] (Fig. 17.24). If wound complications occur, one 
must monitor for possible osteomyelitis and consideration 
should be given to hardware removal if necessary (partial or 
complete). Superficial or deep infection should be aggres
sively treated to minimize postinfection sequelae. Large soft 
tissue defects, which may occur in cases of significant wound 
breakdown, may require flap rotation for coverage [37] 
(Figs. 17.25 and 17.26a–c).

Various hardware problems may be encountered after 
open reduction and internal fixation of calcaneal fractures. 
Plate irritation of soft tissue, loosening of screws, as well as 
improper length of screws may be encountered (Fig. 17.26). 
In particular, screw length must be exact in the area of the 
sustentaculum tali to prevent inadvertent damage to medial 
neurovascular and tendon structures. As well as the proper 
placement and length of screw fixation constructs, inadver
tent damage to medial soft tissue structures can be avoi
ded by the judicious use of drills during hardware insertion. 

Fig. 17.14 (a) Alternative 
incision to conventional lateral 
extensile approach. The vertical 
arm is elongated and the 
horizontal portion is shorter and 
more oblique (photo courtesy of 
Michael S. Lee, DPM). (b) 
Exposure afforded by more 
vertical incisional approach 
(Photo courtesy of Michael 
S. Lee, DPM)

Fig. 17.15 Another example of distraction of the subtalar joint accom
plished by lamina spreader insertion between talus and calcaneus after 
joint preparation has been performed. This allows for restoration of 
height and resolution of anterior ankle impingement. Note small vessel 
loop around sural nerve after neurolysis was performed

Fig. 17.16 Fluoroscopic imaging is utilized to determine proper 
amount of distraction required for deformity correction
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Even hardware removal after open reduction and internal 
fixation of intra articular calcaneal fractures using an  
lateral extensile approach has been reported to result in a 
10% wound complication rate [16]. Screws which do not 
purchase well during initial open reduction and internal fixa
tion should not be allowed to remain as these will lead to 

later loosening and soft tissue irritation. As described earlier, 
if at all  possible, hardware should not be placed under inci
sion lines.

 Summary

Complications following fractures of the calcaneus are not 
uncommon. One must assure minimal to no displacement of 
any intraarticular component, normal calcaneal height and 
varus alignment, and no soft tissue impingement if one is to 
avoid complications in the nonoperative treatment of calca
neal fractures.

In regard to operative treatment of calcaneal fractures, proper 
timing of surgery is the first factor to consider. Allowance for 
soft tissue recovery (resolution of fracture blisters, edema, etc.) 
must be accomplished to avoid unnecessary wound complica
tions. Soft tissue flaps may be required in cases of significant 
would breakdown following open reduction and internal fixation 
of calcaneal fractures. All components of fracture deformity 
(joint displacement, shortening, varus malalignment, etc.) must 
be addressed to prevent malunion and minimize posttraumatic 
arthritis of the subtalar and calcaneocuboid joints. Posterior 
bone block arthrodesis is an especially useful procedure in 
addressing the late complications of calcaneal fractures.

Fig. 17.17 Example of typical size of femoral head allograft utilized 
for posterior bone block distraction arthrodesis (Photo courtesy of 
Michael S. Lee, DPM)

Fig. 17.18 (a) Intraoperative view of femoral head allograft in place with “press fit.” (b) Intraoperative fluoroscopic view of the same patient with 
allograft in place before fixation
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Fig. 17.19 (a) Intraoperative view of Steinmann pin fixation of posterior 
bone block arthrodesis of the same patient as seen in Fig. 17.13. Note 
restoration of height and correction of anterior ankle impingement. (b) 
Intraoperative fluoroscopic imaging of the same patient seen in Fig. 17.9 

demonstrating Steinmann pin fixation for posterior bone block distraction 
arthrodesis. (c) Eight weeks postop of the same patient following pin 
removal in clinic. Leaving pins superficial allows for easy postop removal 
and unencumbered CT or MRI monitoring for host/graft interface union

Fig. 17.20 Alternatively screw fixation with threads crossing the cal
caneus, graft, and talus to minimize compression forces across the graft 
site to reduce risk of graft collapse may also be used for fixation (Photo 
courtesy of Michael S. Lee, DPM)

Fig. 17.21 Lateral view of old joint depression calcaneal fracture 
treated with triple arthrodesis and Dwyertype calcaneal osteotomy. 
Note severe shortening of the calcaneal body and residual hind foot 
varus with resultant forefoot varus. Achilles tendon was quite dysfunc
tional secondary to shortened fulcrum
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Fig. 17.22 a) Lateral view demonstrating calcaneal osteotomy with 
Taylor Spatial Frame application and distraction osteogenesis pro
cess started, to restore calcaneal length and bring hind foot out of 
varus. (b) Clinical photo of frame placement prior to deformity 
 correction. Note varus deformity. (c) Calcaneal axial following oste
otomy and frame placement. Note placement of olive wire medially 

to assist with varus correction. (d) Lateral view after correction. Note 
restoration of calcaneal length to restore normal Achilles tendon 
function, as well as varus correction of the hind foot and forefoot. 
This patient later required posterior bone block graft through old 
subtalar arthrodesis site to restore height and relieve anterior ankle 
impingement

Fig. 17.23 Lateral radiograph of screw fixation only of joint depression 
calcaneal fracture delivered through limited sinus tarsi approach and 
percutaneous screw delivery in attempt to limit wound complication

Fig. 17.24 Chronic nonhealing, draining wound involving posterior 
incision line from surgically treated tonguetype fracture
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Fig. 17.25 (a) The same patient as seen in Fig. 17.24. Planned reverse sural artery flap for wound closure after debridement of chronic wound. 
(b) Completed rotation of reverse sural artery flap. (c) Three months postoperative with successful wound coverage

Fig. 17.26 Example of poor hardware placement resulting in postop
erative hardware problems. Note improper screw length with medial 
soft tissue penetration, loosening of screws laterally, and improper jux
taposition of the plate to the lateral calcaneal wall (Photo courtesy of 
Randy Clements DPM)

17 Calcaneal Fractures



244

References

 1. Myerson M, Quill GE. Late complications of fractures of the calca
neus. J Bone Jt Surg AM. 1993;75(3):331–41.

 2. Spranger M, Rubenseifuer L. Late sequelae of calcaneal fractures. 
Orthop Ihren Grenzgeb. 1975;113(4):686–8.

 3. Clare MP, Lee WE, Saunders RW. Intermediate to long term results 
of a treatment protocol for calcaneal fracture malunions. J Bone Jt 
Surg AM. 2005;87(5):963–7.

 4. Stapleton JJ, Balczyk R, Zgonis T. Surgical treatment of calcaneal 
fracture malunions and post traumatic deformities. Clin Podiatr 
Med Surg. 2009;26(1):79–90.

 5. Sanders R, Vaupel ZM, Erdogan M, et al. Operative treatment of 
displaced intraarticular calcaneal fractures: longterm (10–20 years) 
results in 108 fractures using a prognostic CT classification. 
J Orthop Trauma. 2014;28(10):551–63.

 6. Romash MM. Fracture of the calcaneus: an unusual fracture pattern 
with subtalar joint interposition of the flexor hallucis longus.  
A report of two cases. Foot Ankle. 1992;13(1):32–41.

 7. Wright DG, Sangeorzan BJ. Calcaneal fracture with peroneal 
impingement and tendon dysfunction. Foot Anke Int. 1996;17(10): 
650.

 8. Walter JH, Rockett MS, Goss LR. Complications of intra articular 
fractures of the calcaneus. J Am Podiatr Med Assoc. 
2004;94(4):382–8.

 9. Chhabra N, Sherman SC, Szatkowski JP. Tonguetype calcaneus 
fractures: a threat to skin. Am J Emerg Med. 2013;31(7):1151.

 10. Yu GR, Pang QJ, Yu X, et al. Surgical management for avulsion frac
ture of the calcaneal tuberosity. Orthop Surg. 2013;5(3):196–202.

 11. Edwards P, Kurth L. Posterior tibial pseudoaneurysm after calca
neus fracture: a case report. Foot Ankle. 14:411–3.

 12. Wu K, Wang C, Wang Q, et al. Regression analysis of controllable 
factors of surgical incision complication in closed calcaneal frac
tures. J Res Med Sci. 2014;19(6):495–501.

 13. Soni A, Vollans S, Malhotra K, Mann C. Association between 
smoking and wound infection rates following calcaneal fracture 
fixation. Foot Ankle. 2014;7(4):266–70.

 14. Benirschke SK, Kramer PA. Wound healing complications in 
closed and open calcaneal fractures. J Orthop Trauma. 2004;18(1): 
1–6.

 15. Gupta A, Ghalambor N, Nihal A, Trepman E. The modified Palmer 
lateral approach for calcaneal fractures: wound healing and postop
erative computed tomographic evaluation of fracture reduction. 
Foot Ankle Int. 2003;24(10):744–53.

 16. Backes M, Schep NWL, Luitse JSK, Goslings JC, Schepers T. 
Indications for implant removal following intraarticular calcaneal 
fractures and subsequent complications. Foot Ankle Int. 2013; 
34(11):1521–5.

 17. Haugsdal J, Dawson J, Phisitkul P. Nerve injury and pain after oper
ative repair of calcaneal fractures: a literature review. Iowa Orthop 
J. 2013;33:202–7.

 18. Bahari Kashani M, Kachooei AR, Ebrahimi H, Peivandi MT, 
Amelfarzad S, Bekhradianpoor N, Azami M, Fatehi A, Bahari 
Kashani G. Comparative study of peroneal tenosynovitis as the 
complication of intraarticular calcaneal fracture in surgically and 
nonsurgically treated patients. Iran Red Crescent Med J. 2013; 
15(10):1–3.15.

 19. Sanders R.. Radiological evaluation and CT classification of 
 calcaneal fractures. In: Jahss M editor. Disorders of the foot and 
ankle. Philadelphia: WB Saunders; 1990.

 20. Benirschke SK, Sangeorzan BJ. Extensive intraarticular fractures 
of the foot: surgical management of calcaneal fractures. Clin 
Orthop. 1993;291:128–34.

 21. Hetsroni I, BenSira D, Nyska M, Ayalon M. Plantar pressure 
anomalies after open reduction with internal fixation of highgrade 
calcaneal fractures. Foot Ankle Int. 2014;35(7):712–8.

 22. Mittlmeier T, Machler G, Lob G. Compartment syndrome of the 
foot after intraarticular calcaneal fracture. Clin Orthop. 1991;269: 
241–8.

 23. Myerson M, Manoli A. Compartment syndrome of the foot after 
calcaneal fractures. Clin Orthop. 1993;290:142–50.

 24. Saxby T, Myerson M, Schon L. Compartment syndrome of the foot 
following calcaneal fracture. Foot. 1992;2:157–61.

 25. Carr J, Hansen S, Benirschke S. Subtalar distraction bone block 
fusion for late complications of os calcis fractures. Foot Ankle. 
1988;9:81–6.

 26. Thomas JL, Kunkel MW, Lopez R, Sparks D. Radiographic values 
of the adult foot in a standardized population. J Foot Ankle Surg. 
2006;45(1):3–12.

 27. Chung HJ, Bae SY, Choo JW. Midterm follow up results of subta
lar distraction arthrodesis using a double boneblock for calcaneal 
malunion. Yonsei Med J. 2014;55(4):1087–94.

 28. Lee MS, Tallerico V. Distraction arthrodesis of the subtalar joint 
using allogenic bone graft. A review of 15 cases. J Foot Ankle Surg. 
2010;49(4):369–74.

 29. Schepers T. The subtalar distraction bone block arthrodesis follow
ing the late complications of calcaneal fractures: a systematic 
review. Foot (Edinib). 2013;23(1):39–44.

 30. Romash MM. Reconstructive osteotomy of the calcaneous with 
subtalar arthrodesis for malunited calcaneal fractures. Clin Orthop 
Relat Res. 1993;290:157–67.

 31. Yu GR, Hu SJ, Yang HM, Zhang SM. Reconstruction of calcaneal 
fracture malunion with osteotomy and subtalar joint salvage: tech
nique and outcomes. Foot Ankle Int. 2013;34(5):726–33.

 32. Young KW, Lee KT, Lee YK, Jang MK, Yoon JH, Kim JH. Calcaneal 
reconstruction for the late complication of calcaneus fracture. 
Orthopedics. 2011;34(10):634–8.

 33. Fan WL, Sun HZ, Wu SY, Wang AM. Subtalar distraction osteo
genesis for posttraumatic arthritis following intraarticular calca
neal fractures. Foot Ankle Int. 2013;34(3):398–402.

 34. Bibbo C, Ehrlich DA, Nguyen HM, et al. Low wound complication 
rates for the lateral extensile approach for calcaneal ORIF when the 
lateral calcaneal artery is patent. Foot Ankle Int. 2014;35(7): 
650–6.

 35. Popescu ER, Panaitescu C, Circota G, Cirstoiu M, Cirstoiu C. Low 
complications after minimally invasive fixation of calcaneus frac
ture. J Med Life. 2013;6(1):80–3.

 36. DeWall M, Henderson CE, McKinley TO, Phelps T, Dolan L, 
Marsh JL. Percutaneous reduction and fixation of displaced 
 intra articular calcaneus fractures. J Orthop Trauma. 2010;24(8): 
466–72.

 37. Kose R, Mordeniz C, Sanli C. Use of expanded reverse sural artery 
flap in lower extremity reconstruction. J Foot Ankle Surg. 2011; 
50(6):695–8.

J. Thomas



245© Springer International Publishing AG 2017
M.S. Lee, J.P. Grossman (eds.), Complications in Foot and Ankle Surgery, DOI 10.1007/978-3-319-53686-6_18

Talar Fractures: The Injury, 
the Management, and the Aftermath

Justin J. Fleming, Kwasi Y. Kwaadu,  
and Michael W. Downey

18

 Osseous Anatomy

The talus is a complex bone with multiple articulations. 
Approximately 60 % of its surface is articular. As a result, 
fractures of the talus are rarely extra-articular. The implica-
tion of this concept lends additional credence to the morbid-
ity associated with this injury. The talus articulates with the 
tibia superiorly, the fibula laterally, the calcaneus inferiorly, 
and the navicular distally. Sagittal plane motion at the tibio-
talar articulation is converted by the talus into pronatory and 
supinatory motion at the talocalcaneal articulation and the 
subtalar and talonavicular joints [1].

The talus is composed of a head, a neck, and a body 
(Fig. 18.1). The head of the talus, which is convex in all direc-
tions and almost entirely articular, articulates with the con-
cave navicular distally, the acetabular pedis. The head of the 
talus also rests on the anterior and middle facets of the calca-
neus proximally and inferiorly. Directly inferiorly, the talar 
head rests on the calcaneonavicular (spring) ligaments [2].

The talar neck, unlike the head, is conversely entirely non-
articular. It courses anteromedially from the body. It is bor-
dered anteriorly by the articular head and posteriorly by the 

articular body. The superior surface of the talar neck serves 
as the insertion for the respective capsules of the tibiotalar 
and talonavicular joints and as the entry point for the nutrient 
branches of the anterior tibial and dorsalis pedal arteries. The 
inferior aspect of the neck forms the roof of the tarsal canal. 
The lateral surface of the neck serves as part of the insertion 
of the anterior talofibular ligament [2] (Fig. 18.1).

The talar body boasting a highly complex architecture is 
almost entirely articular. On its superior surface, or the troch-
lea, it is convex in the both the frontal plane and sagittal planes, 
with a central groove in the sagittal plane that corresponds to 
an articulating but subtle protrusion of the distal tibial plafond. 
The trochlea is wider anteriorly than posteriorly. The lateral 
aspect of this trochlea is larger and has a wider radius of cur-
vature in the sagittal plane than the medial aspect. The triangu-
lar lateral surface of the body extending from the lateral 
trochlea articulates with the fibular. The lateral surface contin-
ues inferiorly and laterally into a projection named the lateral 
talar process. The medial surface of the trochlea superiorly 
boasts a comma-shaped facet that articulates with the medial 
malleolus (Fig. 18.1). The inferior aspect of the medial surface 
is nonarticular and serves as the insertion for the deep deltoid 
ligament. This ligament serves as the entrance site for the del-
toid artery. The inferior surface of the trochlea serves as the 
superior half of the posterior subtalar joint, articulating with 
the posterior calcaneal facet (Fig. 18.1). This facet is concave 
in both the sagittal and frontal planes. The distal extent of the 
facet lies just posterior to the tarsal canal. Just anterior to this 
facet are the cervical and interosseous talocalcaneal ligaments 
through which branches that supply the body from the arteries 
within the tarsal canal course. The posterior aspect of the talar 
body is characterized by a smaller posteromedial tubercle and 
a larger posterolateral tubercle. The flexor halluces longus ten-
don courses between these two tubercles. The larger postero-
lateral tubercle may ossify independently, articulating 
separately to the talar body through a fibrous articulation. This 
accessory ossicle is called an os trigonum [2].
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 Arterial Supply

The blood supply to the talus is rich and extensive, but delicate 
(Fig. 18.2). It has been studied extensively as a result of the 
incidence of avascular necrosis that may occur with varying 
degrees of vascular disruption associated with certain fracture 
types [3–6]. Different cadaveric studies have described some 
differences in the arterial supply resulting in perhaps a lower 
incidence of avascular necrosis that have been described in 
earlier studies [6–8]. The main sources are the posterior tibial 
artery and the dorsalis pedal arteries (Fig. 18.2). The pero-
neal artery provides some arterial supply but to a much lesser 
degree than the aforementioned arteries [8, 9].

The posterior tubercle branches from the posterior tibial 
artery branch to supply the posterior tubercle before the pos-
terior tibial artery enters the flexor retinaculum. After enter-
ing the flexor retinaculum, the posterior tibial artery gives off 

the artery of the tarsal canal approximately a centimeter 
proximal to the distal bifurcation of the posterior tibial artery 
[9, 10] (Fig. 18.2). The deltoid artery originates from the 
artery of the tarsal canal or at times directly from the poste-
rior tibial artery at the level inferior to the medial malleolus. 
The deltoid artery at this level supplies the medial 1/3 of the 
talar body [9] (Fig. 18.2).

The artery of the tarsal canal courses distally and laterally 
into the tarsal canal. Within the tarsal canal, it anastomosis 
with the artery of the sinus tarsi, which itself originates 
either from the anterior lateral malleolar branches of the per-
forating peroneal artery, from the lateral tarsal artery of the 
dorsalis pedis, or from an anastomosis of both. The artery of 
the sinus tarsi supplies the lateral aspect of the talar body and 
the lateral talar process [7].

The anastomosis of the arteries of the sinus tarsi and the 
tarsal canal within the tarsal canal has been described to pro-
vide retrograde perfusion to the majority of the talar body [7]. 

Fig. 18.1 (a) Dorsal view of the talus. (b) Lateral view of the talus. (c) Medial view of the talus. (d) Plantar view of the talus
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Fig. 18.2 From Mulfinger GL, Trueta J. The blood supply of the talus. 
J Bone Joint Surg Br. 2011 Feb;52(1): 160–167. (a) Sagittal plane arte-
riography of the talar blood supply. (b) Coronal plane arteriography of 

the talar blood supply. (c) Sagittal plane schematic of the talar blood 
supply. (d) Coronal plane schematic of the talar blood supply

As a result, fracture/dislocations of the neck of the talus have 
historically been associated with varying degrees of avascular 
necrosis depending on the severity and initial fracture dis-
placement [10]. Recent studies however have describe antero-
grade vascularity into the talar body entering posteriorly, 
potentially explaining the relatively lower incidence of talar 
body avascular necrosis than expected following fracture/dis-
locations of the neck [8].

The dorsalis pedis provides branches directly into the 
superior aspect of the neck of the talus through small nutrient 
foramina, providing anterograde perfusion for the neck and 
head. The lateral head receives perfusion from the artery of 
the sinus tarsi. The medial head is supplied to a degree by 
distal extensions of the deltoid branch. A portion of the 
 inferior head is supplied by the branches from the anastomo-
sis within the tarsal canal [7].

18 Talar Fractures: The Injury, the Management, and the Aftermath



248

 Fractures of the Talus

 Head Fractures

Intra-articular fractures of the head are uncommon, due to its 
inherent anatomy. Nestled snuggly within the acetabular 
pedis, it is protected by the navicular and the strong sur-
rounding capsular and ligamentous structures [11]. However, 
ankle sprains and shearing injuries can result in periarticular 
avulsions by these same ligaments and strong capsular inser-
tions. These avulsion injuries respond well to immobiliza-
tion and protected weight bearing and rarely require 
radiographic follow-up. When intra-articular, direct reduc-
tion via open means is important to reduce disability from 
late posttraumatic arthrosis. As seen with most midfoot and 
hindfoot fractures because of the complex architecture, com-
puted tomography can yield significant information in frac-
ture geography facilitating decision making [12].

Articular realignment is the goal, so displaced fractures 
should be anatomically reduced because these missed 
 injuries and subtle malalignments can result in accelerated 
posttraumatic arthritis [13]. If discovered prior to symptom-
atic arthritis, realignment osteotomies are recommended. 
A misaligned and healed head fracture, which usually is 

malaligned in varus and adduction, may be approached 
through a medial incision extending toward the naviculocu-
neiform joint between the tibialis anterior and tibialis poste-
rior tendons (Fig. 18.3). A sagittal saw is then used to 
osteotomize the head just proximal to the cartilage [14]. A 
lamina spreader is inserted into the osteotomy site and opened 
until the first metatarsal talar head angle is parallel on the 
dorsoplantar fluoroscopic projection. The defect can be filled 
with autogenous corticocancellous structural graft. The iliac 
crest serves as an excellent donor site, but typically the defects 
are small, and in lieu of the iliac crest, proximal or distal tibia, 
or even a calcaneal graft, can be harvested. The length of the 
bone graft should match the maximum length of the defect. 
The remaining defect can be filled with autogenous cancel-
lous bone from the donor site. The lamina spreader is 
removed, and the osteotomy site is fixated with a small mini-
fragment buttress plate with positional screw fixation within 
the plate on either side of the osteotomy site. Care must be 
employed to confirm that the distal screw orientation is not 
within the talonavicular joint. Acute or missed compression 
fractures of the head should be disimpacted and backfilled 
with bone graft as described above. Temporary augmented 
external fixation helps to allow consolidation of the head by 
neutralizing compressive forces to the site. A delta frame con-

Fig. 18.3 (a and b) Medial incisional approach to the neck bounded by the tibialis anterior tendon superiorly and the posterior tibial tendon infe-
riorly. (c and d). Lateral incisional approach to the neck. (e) Dorsoplantar fluoroscopy of lateral plate

J.J. Fleming et al.



249

struct can be placed with Schanz pins within the distal tibia 
metaphysis, the calcaneus, and the cuneiforms (Fig. 18.4).

Hindfoot stiffness can be debilitating, and as a result early 
mobilization with passive range of motion exercises 
 postoperatively may reduce the incidence of postoperative 
arthrofibrosis and are initiated immediately after suture 

removal. The duration of non-weight bearing nonetheless 
remains 12 weeks or until clinical and radiographic union is 
confirmed. These reconstructions are last ditch efforts, and 
as such early weight bearing can potentially compromise the 
reconstruction leading to delayed or nonunion.

Fig. 18.4 (a and b) Coronal- and axial-oriented computed tomographic image demonstrating impaction of the medial talar head. (c and d) 
Postoperative dorsoplantar radiographic projection of head disimpaction with plate fixation before and after external fixator removal
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Primary talonavicular arthrodesis should be reserved for 
severe fractures of the head that are not reconstructible and 
are approached with standard arthrodesis techniques [15, 16] 
(Fig. 18.5).

 Neck Fractures

Fractures of the talar neck have been the subject of exten-
sive discussion and scientific publications. The mechanism 
has historically been described as a hyperdorsiflexion injury 
where the hard talar neck is cleaved on impact by the distal 
tibial plafond. The absence of routine distal tibial injury 
with this injury calls into question the legitimacy of this 
proposed mechanism [11]. A reproducible mechanism was 
described as sudden and significant vertically oriented force 
directed caudally at the forefoot on a locked and stable 
hindfoot. At injury, while the talar body compressed 
between the calcaneus and the tibia, a dorsally directed 
force applied to the plantar forefoot distal to the tibial pla-
fond results in cantilever bending at the talar neck, cleaving 
off the neck resulting in the fracture. Immediately follow-
ing the fracture, with continued application of force, the 
posterior ankle capsule is opened and the talar body is 
pinched outward and posteriorly as seen in Hawkins II and 
III fractures [17]. Describing this injury as a hyperdorsiflex-
ion injury may not be entirely incorrect but may inaccu-
rately presume that the ankle goes through range of motion 
during the injury.

Hawkins in 1970 provided the current classification sys-
tem most commonly relied upon to describe these injuries 
[18]. Hawkins further sought to correlate the rate of avascular 

necrosis with associated periarticular dislocation in addition 
to the neck fracture. The Hawkins type I injury describes an 
isolated talar neck fracture with absent to minimal fracture 
displacement without periarticular subluxation/dislocation. 
The type II fracture involves concomitant neck fracture with 
subtalar joint subluxation/dislocation with posterior and 
medial dislocation of the body on the intact deltoid ligament. 
The type III fracture involves subluxation/dislocation of both 
the subtalar and tibiotalar articulation in the presence of the 
neck fracture. In this injury, the deltoid ligament along with 
the deltoid artery is disrupted. Kelly and Canale described the 
type IV fracture which describes pantalar subluxation/dislo-
cation with the neck fracture [19]. This injury is even more 
rare and not necessarily the final progression of the Hawkins 
classification.

Hawkins classically described avascular necrosis rates in 
zero of six type I fractures, in 10 of 24 type II fractures, and 
in 25 of 27 type III fractures corresponding to 0 %, 42 %, and 
91 %, respectively. The cumulative vascular disruption with 
each progressive articular discontinuity he theorized was the 
reason behind the progression of AVN rates with each respec-
tive fracture/dislocation type.

Talar neck fractures are typically high-energy injuries, 
and as a result there is little diagnostic ambiguity [10, 20]. 
Patients routinely report catastrophic mechanisms with 
severe and generalized ankle and hindfoot pain. The physical 
exam and the lateral radiographic foot or ankle projection are 
useful. The anteroposterior ankle radiographic projection is 
helpful when isolating the type II form the type III injury. 
Because they are high-energy injuries, concomitant injuries 
are not uncommon and computed tomographic evaluation is 
critical [4, 10].

Fig. 18.5 (a) Preoperative CT of a severe fracture dislocation with lost 
inherent soft tissue stability. (b) Postoperative dorsoplantar radio-
graphic projection of primary talonavicular arthrodesis, with concurrent 

cuboid reconstruction, medial malleolar ORIF, and temporary external 
fixation. (c) Lateral radiographic projection
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Initial closed reduction is crucial to relieve stress on intact 
vascular supply. This typically involves longitudinal distrac-
tion in line with the longitudinal orientation of the native 
talus and casting/splinting with the foot plantarflexion. 
Casting with the ankle in neutral is intuitive but unfortu-
nately with these injuries will result in re-displacement of the 
neck fracture (Fig. 18.6). If closed reduction is unsuccessful, 
urgent operative reduction is critical and must not be delayed. 
Repeated attempts at closed reduction should be avoided 
unless in rare cases when the operating room staff are preoc-
cupied with other life-threatening emergencies. Operative 
reduction may involve reduction via small open approaches 
with temporary external fixation. Definitive open reduction 
with internal fixation may be performed at a later date fol-
lowing meticulous computed tomographic evaluation after 
the surrounding soft tissue is supportive for the iatrogenic 
insult of surgery. Urgent open reduction of these injuries has 
been reported to reduce the incidence of avascular necrosis; 
not only has this been unsubstantiated, but recent literature 
report that this may actually be an incorrect belief [10].

Nondisplaced type I injuries may be treated non- 
operatively with non-weight-bearing immobilization. If dis-
placed, open reduction with internal fixation is indicated. 
Unlike most fractures, even minimal displacement with these 
injuries may have profound effects on late arthrosis and 
hindfoot stiffness [21]. Thus, the threshold for open reduc-
tion should be low. The surgical approaches and fixation con-
cepts for type I–III fractures are virtually identical. Because 
type IV injuries are inherently unique, the same approaches 
may not fully support the fracture orientation, and as such, 
these should be approached on a case by case basis following 
extensive computed tomographic evaluation and preopera-
tive surgical planning.

The postoperative course for operatively treated type I–IV 
injuries typically involves non-weight bearing for 12 weeks 
or until radiographic union occurs. However, non- weight- 
bearing passive range of motion exercises is initiated as soon 
as the incisions are healed in 2 weeks. Full cast immobiliza-
tion of operatively treated fractures should be avoided to 
limit postoperative stiffness.

For operative type I–III fractures, dual anteromedial and 
anterolateral approaches are recommended to reduce varus 
malalignment in the frontal plane that may occur with the 
isolate anteromedial incisional approach [6, 22]. The con-
cern for the additional soft tissue dissection of the dual 
approach has been theorized to further compromise vascular 
supply but has not been substantiated to further disrupt vas-
cular supply significantly enough to increase risk of avascu-
lar necrosis [6]. Both incisions are centered along the 
bisection of the neck. The lateral incision runs adjacent the 
lateral branch of the intermediate dorsocutaneous nerve and 
the extensor digitorum longus (Fig. 18.3). The medial inci-
sion runs just medial and inferior to the course of the tibialis 
anterior tendon and superior to the posterior tibial tendon 
(Fig. 18.3). This allows for excellent visualization of both 
the fracture and the subtalar joint where evacuation of frac-
ture debris may help reduce posttraumatic of the subtalar 
joint, a common postoperative complication (Fig. 18.7). The 
medial incision may course proximally, turning upward in 
line with the central orientation of the medial malleolus, in 
instances where a medial malleolar osteotomy is needed to 
facilitate reduction. A small transversely oriented Schanz pin 
placed into the head of the talus is helpful in controlling fron-
tal plane rotation and fracture reduction. Small wire fixation 
helps to temporarily maintain the reduction prior to delivery 
of definitive fixation. These wires are placed from both surgi-

Fig. 18.6 (a) Hawkins II fracture. (b) Closed reduction with foot incorrectly splinted in neutral. (c) Closed reduction with foot correctly splinted 
in plantarflexion
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cal sites oriented into the body from entry points distal to the 
neck fracture, adjacent to the talar head (Fig. 18.7). When 
possible, mini fragment plate fixation contoured adjacent to 
the lateral neck near the insertion of the anterior talofibular 
ligament facilitates delivery of stable fixation in a fan-like 
orientation with two screws on either side of the fracture 
(Fig. 18.3). Along the medial aspect of the talus, the area for 
plate fixation is further limited and is located just inferior to 
the comma-shaped facet and just distal to the deep deltoid 
ligament (Fig. 18.8). In lieu of plate fixation medially, mini 
or small fragment screws may be delivered with the same 
retrograde orientation as the temporary wires countersunk 
below the articular cartilage of the medial talar head. In the 
absence of significant comminution and good cortical frac-
ture interdigitation, lag screw fixation may be employed 
(Fig. 18.3). In the presence of comminution, lag screw fixa-
tion may promote varus malreduction, and as such, bridge 
plating and positional screw fixation are preferred. 

Anterograde screw fixation may also be employed but 
requires significant skill (Fig. 18.9). The heads of these 
screws may also be prominent at the posterior aspect of the 
tibiotalar articulation, blocking normal sagittal plane ankle 
kinematics. Countersinking the screws below the chondral 
surface may avoid this. Following fracture reduction intraop-
eratively and postoperatively, standard anteroposterior and 
lateral ankle radiographic projection, standard dorsoplantar 
and medial oblique foot radiographic projections, and the 
Canale radiographic projection are helpful in confirming 
anatomic reduction [23]. This radiographic projection is also 
helpful in assessing radiographic avascular necrosis because 
the lateral ankle radiographic projection superimposes the 
medial and lateral talar domes and the medial and lateral 
malleoli, potentially resulting in a falsely positive diagnosis. 
Utilization of titanium fixation may be useful in cases where 
evaluation of avascular necrosis may warrant magnetic reso-
nance imaging.

Fig. 18.7 (a) Exposure of the subtalar joint with the Weinraub retractor to facilitate extraction of fracture debris. (b and c) Temporary fracture 
fixation with Kirschner wires on the dorsoplantar and lateral fluoroscopic projection

Fig. 18.8 Intraoperative placement of a medial plate for talar neck 
fracture Fig. 18.9 Anterograde cannulated partially threaded screw counter-

sunk into the body of the talus
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The dual incisional approach may also be employed for 
the type IV fracture. These incisions may require further dis-
tal extension to incorporate talonavicular reconstruction or 
arthrodesis when indicated.

Though avascular necrosis is an extensively described 
and devastating complication, posttraumatic arthritis of the 
subtalar joint is the most common postoperative complica-
tion [24, 25]. Overall, the complication rate correlates with 
the initial fracture severity and anatomic reduction. As one 
would imply from Wolfe’s law, the disuse osteopenia that 
occurs during the non-weight-bearing period of recovery 
with an intact vascular architecture in bone may be visible in 
the talus just below the subchondral plate of the talar troch-
lea. This disuse osteopenia described as the Hawkins’ sign 
foretells intact vasculature and is classically described as an 
excellent prognostic finding seen approximately 6–8 weeks 
following injury but may be visualized even later at 12 weeks 
[4]. The presence of this sign usually precludes impending 
avascular necrosis and collapse. However, its absence may 
not always result in catastrophe [4]. Not all patients with 
avascular necrosis ultimately experience collapse of the talar 
body. More importantly avascular necrosis may not always 
affect the entire talar body; thus, collapse may not always be 
global. Collapse may occur subtly deforming the talar body 
without further collapse. Even in light of avascular necrosis, 
late revascularization has been reported occurring at differ-
ent rates in different patients [26].

The entire process and exact mechanism and physiology 
governing avascular necrosis are unknown [27]. Nevertheless, 
when avascular necrosis is suspected, offloading devices 
like patellar tendon-bearing braces may be employed to the 
patient’s tolerance. This again is not a global recommendation 
as not all patients with avascular necrosis undergo collapse [4]. 

Furthermore, collapse has been reported even with the utiliza-
tion with these offloading devices.

Core decompression has been described with surgical 
management of avascular necrosis [28]. This involves retro-
grade drilling of the area of concern and removal of necrotic 
bone with the hope that revascularization will more likely 
occur in less dense bone (Fig. 18.10). Most lesions can be 
approached from and area just anterior to the lateral talar 
process. An appropriately sized guide wire be inserted in ret-
rograde fashion. The cannulated drill bit is then passed over 
the guide wire. Ankle arthroscopy may be of assistance to 
confirm that the overlying cartilage is not violated by the 
guide wire or drill. Though outcomes are less than uniform, 
this is a procedure that burns few bridges in case a more 
complex reconstruction is warranted.

Rates of nonunion of talar neck fractures following open 
reduction and internal fixation have been reported from 5 % 
to 12% [10, 29]. Fracture nonunions are typically treated 
symptomatically; however, because they are uncommon, 
nonunions of the talar neck should be investigated to rule out 
a septic origin because of its proximity to the ankle joint and 
the relatively limited interventions available for treatment of 
fulminant talar osteomyelitis. Bone biopsy, computed tomo-
graphic evaluation, complete blood count, inflammatory 
markers, and adjunctive laboratory studies may yield useful 
information. In the presence of a confirmed symptomatic 
aseptic nonunion, we recommend revision with autogenous 
structural bone grafting through the same anteromedial and 
anterolateral incisional approaches, solid minifragment fixa-
tion, and bone stimulation with non-weight bearing for 
12 weeks or until radiographic and clinical union is con-
firmed. In the presence of a suspected septic nonunion, bone 
biopsies and bone cultures should be sent for microscopic 

Fig. 18.10 (a and b) Talar body 
retrograde guide wire insertion 
with cannulated drilling from a 
lateral approach
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analysis. If positive, staged debridement and sterilization 
with local and intravenous antibiotics tailored to the cultured 
organism or empiric to the most likely organisms according 
to the recommendations of the consulted infectious disease 
specialist are indicated. After 6–8 weeks of the intravenous 
antibiotic and normalized laboratory findings, we recom-
mend aggressive debridement and revision in the same man-
ner as the aseptic nonunion following removal of the 
antibiotic beads (Fig. 18.11). If this fails and the patient 
remains symptomatic, a formal talectomy with tibiocalca-
neal arthrodesis may be indicated.

Malunion of the talar neck fracture usually occurs intra-
operatively and relates directly to visualization and the dif-
ficulty in obtaining anatomic reduction [22]. Malunion and 
malalignment reported at 32 % in some cases have been 
associated with nonoperatively treated injuries, suboptimal 
visualization specifically with fractures approached through 
a single medial incision, and initial fracture comminution or 
displacement reducing the surgeon’s ability to utilize cortical 
interdigitation to facilitate reduction [29]. Inadvertent impac-
tion of the medial neck through this isolated approach with 
lag screw fixation adducts the forefoot, placing the longitudi-
nal bisection of the talus lateral to the longitudinal bisection 
of the first metatarsal, as well as reduces the talocalcaneal 

angle on the dorsoplantar radiographic projections. The 
effects of varus malunion and malalignment have been docu-
mented and associated with hindfoot varus, forefoot varus, 
and adduction, resulting in rigidly locked and unadaptable 
hindfoot. This malposition has also been associated with 
altered contact mechanics and accelerated rates of adjacent 
articular degeneration particularly of the subtalar joint [13, 
21]. When confirmed clinically and on plain films and com-
puted tomography, realignment osteotomies with bone graft-
ing and internal fixation are indicated [30, 31]. The same 
surgical approach as described earlier with the malaligned 
head fracture may be employed. Distal screw fixation in this 
case has a lower chance of violating the talonavicular joint.

Posttraumatic arthritis, when symptomatic, is treated with 
bracing and injections as dictated by the patient’s clinical 
findings. When indicated, arthrodesis of affected joints is 
preferred via techniques no different from arthrosis of any 
etiology, with the caveat that areas of avascular necrosis may 
benefit from aggressive debridement and autogenous bone 
grafting [28]. Primary utilization of bone stimulation may 
demonstrate utility as an adjunct to the procedure.

In the setting of a largely avascular body, total excision of 
the body with tibiocalcaneal arthrodesis and arthrodesis of 
the talar head to the decorticated anterior distal tibia may be 

Fig. 18.11 (a) Lateral radiograph following initial fracture ORIF with con-
comitant navicular ORIF and primary subtalar joint arthrodesis. (b) Lateral 
radiograph demonstrating nonunion of the talar neck fracture. (c) Axial CT 

demonstrating nonunion. (d) Sagittal CT demonstrating nonunion. (e) 
Lateral radiograph following interval hardware removal with debride-
ment of the talar nonunion with placement of antibiotic cement beads
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a salvage even in light of the significant loss in limb length 
and height. External braces with built-in height fillers may 
help compensate for this. This procedure may be approached 
through a lateral incision centered over the lateral aspect of 
the ankle over the fibula. The fibula is resected just superior 
to the tibiotalar articulation and even further depending on 
the proposed fixation method of choice. The resected distal 
fibula may be utilized for autogenous structural graft or mor-
selized to backfill any defects. The talar neck is cut with a 
sagittal saw. Extraction of the body may be facilitated by 
drilling a 5 or 6 mm Schanz pin into the body to use as a 
joystick while releasing the soft tissue structures about the 
body. Removal of the talar body in a single total piece is dif-
ficult and is at times easier to extract in multiple pieces. 
A large sagittal saw is utilized to decorticate the tibial pla-
fond, the superior calcaneus, and the anterior distal tibial cor-
tex. The foot and the posterior aspect of the talar head is then 
posteriorly translated onto the tibia then the plantar foot, and 

calcaneus is axially compressed manually to the tibia and 
provisionally pinned with large Steinman pins. Any defects 
may be backfilled with the autogenous fibula bone graft. 
Fixation may be employed with large fragment lag screws 
augmented with plates. The tibiocalcaneal arthrodesis instead 
can be fixated with a retrograde intramedullary nail.

Symptomatic partial avascular necrosis with or without 
collapse can be treated in the same fashion as the large and 
cystic osteochondral lesions described by Raikin with large 
bulk allograft cutdown and replacement [32] (Fig. 18.12).

Isolated talectomy as a treatment for primary fracture or 
for delayed treatment has yielded unpredictable results. 
Outcomes have involved a relatively unstable hindfoot that at 
best, but rarely, is pain free. As a result, even in the setting of 
a talectomy, stabilization via arthrodesis of the tibial to 
the hindfoot is preferentially performed. Blair originally 
described a fusion technique in which the talar body was 
resected and a sliding anterior cortical tibial graft was docked 

Fig. 18.12 (a) Intraoperative approach to talar en bloc resection. (b) Intraoperative view after resection. (c) Fluoroscopy after resection. (d) 
Intraoperative view after replacement with donor allograft cut to size. (e) Postoperative anteroposterior view. (f). Postoperative lateral
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into the remaining talar head and allowed to heal. This served 
primarily to maintain limb length while maintaining some 
hindfoot motion. Because of the size of the inlay graft, frac-
ture of the graft can be of concern [11].

 Body Fractures

Because of the innate strength of the talus, fractures of the 
body are, like neck fractures, the result of high-energy mech-
anisms [1]. The true mechanisms however are unknown and 
not reproducible, but there is speculation that because of the 
frontal or sagittal plane foot position at the time of injury, the 
large compressive axial force results in fracture of the body 
of the talus in lieu of the more common joint depression cal-
caneal fracture or the tibial plafond fracture. Nonetheless, 
concurrent ipsilateral fractures of these areas have been 
described [4]. As with neck fractures, these are not occult 
injuries and not easily missed. Standard anteroposterior, 

mortise, and lateral projections of ankle radiographs are 
helpful [23]. Computed tomography is routinely indicated 
for fracture planning.

Violation of the body occurs either with extensive com-
minution with very high-energy injuries or with dislocation 
and larger fracture fragments with comparably lower-energy 
injuries [4, 33]. Because these fractures are universally 
intraarticular, nonoperative treatment is rarely indicated. 
Reducing the incidence of tibiotalar arthrosis is crucial and 
takes priority over the subtalar joint if the fracture involves 
both joints. As with the neck fracture, closed reduction may 
be attempted, but the threshold for operative reduction 
should be low even if temporary. Urgent and full open opera-
tive reduction should be deferred to allow soft tissue resusci-
tation and to reduce postoperative wound complications 
(Fig. 18.13).

Total extrusion of the talar body has been described 
 without operative fractures. Initial relocation is indicated 
with percutaneous pinning or external fixation (Fig. 18.14). 

Fig. 18.13 (a) Soft tissue edema following talar fracture. (b and c) 
Lateral clinical view of soft tissue edema following talar fracture after 
temporary fixation and soft tissue resuscitation 10 days after external 
fixation. (d and e). Anterior clinical view of soft tissue edema following 

talar fracture after temporary fixation and soft tissue resuscitation 
10 days after external fixation. A small dorsal foot incision was initially 
performed to facilitate reduction of concurrent talonavicular fracture/
dislocation
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Fig. 18.14 (a) Total talar extrusion. (b) Closed reduction with external 
fixator application. (c) Postoperative AP ankle radiograph following 
external fixator removal. (d) Postoperative AP ankle radiograph 
30 weeks following external fixator removal. (e) Postoperative AP ankle 
radiograph 1 year following external fixator removal. (f) Postoperative 

AP ankle radiograph 2 years following external fixator removal.  
(g and h). Postoperative AP and lateral ankle radiograph following trans-
fibular tibiotalar calcaneal arthrodesis with intramedullary fixation with 
implantable bone stimulator
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These cases are at particular risk for avascular necrosis and 
posttraumatic arthritis [34, 35]. The treatment strategies and 
goals of these even rarer injuries in light of late complica-
tions like avascular necrosis and posttraumatic arthritis are 
treated with traditional arthrodesis techniques [36]. Avascular 
necrosis in these injuries along with the body fractures has 
not been described as extensively as neck fractures but has 
been reported and should be monitored for during the post-
operative period [4].

Because the trochlea when anatomic is intimately congru-
ent within the ankle mortise, surgical access can be difficult 
and malleolar osteotomies or temporary lateral ligamentous 
releases may facilitate visualization. Traditional incisional 
approaches are not as uniform as with neck fractures, but the 
anteromedial approach with the medial malleolar osteotomy 
is useful. A dry 2.7 mm 30 % wrist arthroscopic instrumenta-
tion may assist with reduction of the articular surface. 
Temporary small wire fixation is helpful prior to hardware 
delivery. As these fractures are whole articular, plate fixation 
is never indicated even with comminuted fractures. Small 
mini fragment screws countersunk below the chondral sur-
face are preferred. Stable fixation is preferred, but absorb-
able wires may be useful in stabilizing small chondral 
fractures without attached underlying bone.

Depending on the extent of comminution, definitive recon-
struction may not always be feasible. Under these conditions, 
initial morphological reconstruction with symptomatic treat-
ment of posttraumatic arthritis at a later date should be the 
goal. Primary ankle arthrodesis should be avoided if possible 
for a host of reasons ranging from logistical difficulty and in 
candidates where total ankle replacement may be a more via-
ble procedure than ankle arthrodesis. Under these conditions, 
reconstructing the overall talar morphology should be the pri-
ority. Indications of primary ankle arthrodesis are non recon-
structible fractures with severe and irreparable chondral 
injury where concern for postoperative noncompliance, the 
medical facts, and the patient’s body habitus may preclude 
staged arthroplasty. If the incisional approach incorporated a 
medial malleolar osteotomy, a supplementary anterior or 
anterolateral pilon fracture incision may facilitate visualiza-
tion of the lateral talar trochlea and joint preparation. Joint 
preparation and fixation may be performed in standard tech-
nique. Intramedullary fixation for primary tibiotalocalcaneal 
arthrodesis in light of the severely comminuted talar body 
fracture may result in fracture scattering during nail insertion 
and should be deferred for screw and plate fixation.

Isolated subtalar arthrodesis either in the primary setting 
or for late treatment of arthrosis is approached via a sinus 
tarsi incision from the inferior aspect of the fibula headed 
toward the fourth metatarsal base. Joint preparation and 
fixation may be performed in standard technique. 
Tibiotalocalcaneal arthrodesis may be approached with a 
single isolated lateral transfibular approach. Alternatively, a 
sinus tarsi approach may be employed for the sinus tarsi 

with an anterior ankle incision for the tibiotalar joint. An 
isolated posterior trans-Achilles approach allows for visual-
ization of both the ankle and subtalar joints (Fig. 18.15).

The postoperative course for revisional reconstruction is the 
same as described for malaligned head. However, if primary 
arthrodesis is undertaken, the postoperative course involves 
full and circumferential cast immobilization for 8–12 weeks 
until clinical and radiographic union is confirmed.

 Posterior Tubercle Fractures

Fractures or rather injury of the posterior tubercles is not 
uncommon. Because of their anatomic location and sur-
rounding and attaching soft tissue structures, these tubercles 
are at particular risk during extreme dorsiflexion and plan-
tarflexion position of the ankle. This is commonly seen with 
sporting activities with a high incidence of ankle sprains but 
has been specifically associated with ballet dancers and the 
en pointe position [37].

The os trigonum is a secondary ossicle that is sometimes 
found in association to the posterolateral tubercle. When 
present it may be attached to the posterolateral process 
through fibrous connections. These connections may become 
injured during the same extreme sagittal plane mechanisms, 
resulting in acute symptoms. This is generally treated with 
protected weight-bearing immobilization for 4–6 weeks. On 
the lateral radiographic projection, a smooth or sclerotic 
interface between the suspected os trigonum and the remain-
ing posterolateral process may rule out a true fracture. 
Alternatively, a radiolucent jagged line may be more indica-
tive of an acute fracture. Computed tomography can better 

Fig. 18.15 Tibiotalocalcaneal arthrodesis through posterior incisional 
approach
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assess fracture extent and when indicated, reduced under 
direct visualization through a posterolateral incision adjacent 
to the Achilles tendon. In some instances, hallux dorsiflexion 
may exacerbate the symptoms clinically as the flexor hallu-
cis longus tendon courses adjacent to the fracture. The pos-
teromedial tubercle is rarely injured due to its size compared 
to the posterolateral tubercle, but the same qualifications 
apply pertaining to treatment depending on size and com-
puted tomographic findings [25].

CeDell first described the fracture of the posteromedial 
tubercle of the talus [38]. Because of its location, this injury 
can be easily missed even on standard lateral radiographic 
projection. The true mechanism is unknown and may present 
occultly. Computed tomography may be of assistance when 
suspicious, but because of the occult presentation, it is not 
routinely ordered. This may result in delayed diagnosis and 
protracted convalescence.

If small and nondisplaced, nonoperative cast immobiliza-
tion is indicated for 4–6 weeks. But because of its intraarticu-
lar extent, operative treatment is indicated even with mild 
displacement. This involves a posteromedial incision over the 
tarsal tunnel. The landmarks here are the posterior aspect of 
tibial nerve and the flexor hallucis longus tendon as it courses 
deep to the posteromedial tubercle. Direct visualization with 
mini fragment compression screw fixation is preferred with 
the screw head countersunk below the chondral surface. In 
the setting of a delayed diagnosis, smaller fractures may be 
preferentially excised through the same incisional approach.

Managing malunions or delayed diagnosis of either tuber-
cle has received little attention in the literature. Thus, man-
agement takes on a more practical approach. Large 
symptomatic malunions and delayed unions involving a sig-
nificant portion of the subtalar joint confirmed with com-
puted tomography are treated with subtalar arthrodesis [11]. 
Small symptomatic malunions or delayed unions may be 
excised. Unfortunately outcomes are not uniform and some 
authors defer to primary subtalar joint arthrodesis [11]. A 
subtalar joint diagnostic injection and computed tomo-
graphic study may help with discerning the clinical picture.

Excision is approached through the same incisional 
approaches for the initial respective fractures. An ancillary 
lateral sinus tarsi incision may be used to address the subtalar 
joint arthrodesis. If the patient’s body habitus does not pre-
clude the prone operative position, excision of the posterolat-
eral fragment and concurrent subtalar arthrodesis can be 
approached through a single posterior longitudinal incision 
lateral to the Achilles tendon like the posterior approach for 
the tibiotalocalcaneal arthrodesis. Following subcutaneous 
dissection, the Achilles is retracted laterally. Kager’s fat pad 
is dissected in the same linear orientation as the original skin 
incision. A similarly oriented longitudinal incision is made 
within the posterior crural fascia. The anatomic landmark 
here is the muscle belly and tendon of the flexor hallucis lon-
gus. The posterolateral tubercle lies just lateral to the tendon. 

With medial retraction and plantar flexion, the posterior sub-
talar joint is easily visualized and prepared. Two large frag-
ment lag screws are delivered from the calcaneal tuber into 
the talar body and the talar neck for fixation of either arthrod-
esis approaches.

The postoperative course for simple fracture excision 
involves immobilization until wound healing. Following 
this, protected weight bearing and physical therapy are 
aggressively initiated for 4 weeks to reduce arthrosis. When 
subtalar arthrodesis is performed, the patient is cast immobi-
lized for 6–8 weeks until clinical and radiographic union is 
confirmed.

 Lateral Talar Process Fractures

Fractures of the lateral talar process, though rare, can result 
from various mechanism but have historically and classically 
been described in snowboarders. These fractures have thus 
earned the moniker, snowboarders fracture [39]. It has been 
described as a hyperdorsiflexion injury on an inverted foot 
[40]. Patients sometimes describe what sounds like an ankle 
sprain, and as a result, these fractures can be easily missed. 
Ankle anteroposterior and mortise radiographic projection 
with the foot in neutral may isolate the lateral process enough 
to visualize the presence of fracture. If suspicious and plain 
radiographs are inconclusive, computed tomography is indi-
cated and will provide crucial information relating to the true 
size and articular extent. Fractures when larger and extend-
ing into the subtalar joint are initially treated with direct 
visual open reduction with internal fixation through a lateral 
subtalar arthrotomy (Fig. 18.16). Smaller fractures can be 
treated nonoperatively or with excision.

Management principles of lateral process malunions, 
nonunions, or late and missed injuries are approached in the 
same practical manner as the posterior tubercle injuries. 
Small fragments are excised [41]. Larger fragments are oste-
otomized and reconstructed. Minifragment lag screw fixa-
tion is employed. If the subtalar joint is arthritic, and 
confirmed with diagnostic injected and computed tomogra-
phy, arthrodesis is indicated. The sinus tarsi incision pro-
vides excellent visualization in both settings.
Postoperatively, simple fracture excision is immobilization 
until suture removal. Following this, protected weight bear-
ing and physical therapy are aggressively initiated for 
4 weeks to reduce arthrosis. If the fracture is osteotomized 
and reconstruction is performed, the patient is immobilized 
until suture removal. Aggressive passive range of motion 
exercises is initiated for 4 weeks while the patient remains 
non-weight bearing and immobilized. Following clinical and 
radiographic union, protected weight bearing is initiated. 
When subtalar arthrodesis is performed, the patient is cast 
immobilized for 6–8 weeks until clinical and radiographic 
union is confirmed.

18 Talar Fractures: The Injury, the Management, and the Aftermath
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Posterior Heel Complications

Eric A. Barp and Rachael Poore

 Introduction

Surgical treatment of the posterior heel has become a mainstay 
of foot and ankle surgery due to its highly successful outcomes. 
Pathology of the posterior heel remains narrow, typically with 
an origin rooted in inflammation or structural deformity. 
Differential diagnoses include Haglund’s deformity, Achilles 
tendinosis/insertional calcification, and retrocalcaneal bursitis. 
Many patients develop symptoms as their activity increases or 
when donning new shoes that irritate the deformity.

When evaluating the patient population with Haglund’s 
triad [1], those most affected by it are athletes, specifically 
those who participate in middle- and long-distance running, 
orienteering, track and field, tennis, badminton, volleyball, 
and soccer [2]. The pain associated worsens with activity, and 
in a population that relies on the Achilles tendon for perfor-
mance, this can be a debilitating condition. Older athletes are 
affected more often than younger and they are predominantly 
male [2]. When considering the nonathletic population, the 
insertional Achilles tendinopathy presents more often in 
females who are middle aged, sedentary, and overweight and 
will often times have other medical conditions [3].

In addition to pursuing surgical options in the patient with 
posterior heel pathology, it is important to enlist a team of 
therapist to evaluate and treat any training errors in the ath-
letic patient. Correction of these errors preoperatively and 
guided therapy postoperatively will ensure an optimal out-
come. In all patients, lower extremity malalignment and/or 
limb length discrepancies should be assessed.

 Procedures

A variety of surgical procedures have been described as 
treatment for posterior heel pathology. They all serve to 
accomplish the same goal: to eliminate strain on the poste-
rior calcaneus caused by a tightened and partially diseased 
Achilles tendon. Haglund’s resection involves exostec-
tomy of the posterior superior calcaneal tuber with or 
without Achilles tendon detachment. The Keck and Kelly 
is a dorsal closing wedge of posterior superior calcaneus. 
A simple bursectomy involves removal of inflamed bursal 
sac; however, this is rarely performed as an isolated proce-
dure, except when infected. An Achilles tendon debride-
ment involves detachment and reattachment with bone 
anchor(s) and in cases of extensive debridement is accom-
panied by an FHL transfer to adjunct the remaining 
Achilles tendon. FHL transfer can also be used in cases of 
a partial Achilles tendon rupture to restore strength. 
Finally, arthroscopic posterior heel surgery is known as 
endoscopic calcaneoplasty. This is an arthroscopic debride-
ment of inflamed retrocalcaneal bursa and the posterior 
superior calcaneal tuber.

 Indications of Procedure

 Haglund’s Deformity/Retrocalcaneal Exostosis

Also known as the “pump bump,” Haglund’s deformity is 
defined as a posterolateral prominence of the superior calca-
neal tuberosity (Fig. 19.1). Its presence will cause pain when 
compressed by shoe gear resulting in “sandwiching” of the 
Achilles tendon and its bursal sac. Irritation of the bursal sac 
can lead to retrocalcaneal bursitis as well. Due to its postero-
lateral location, this can be difficult to visualize on radio-
graphs and is best documented clinically.
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 Insertional Achilles Tendinopathy

Pain at the insertion of the Achilles tendon is indicative of 
insertional tendinopathy. As the disease progresses, the 
Achilles tendon will attempt to remodel. The remodeling 
however is inadequate and results in unequal and irregular 
crimping of collagen which can eventually be replaced by 
calcification. This intratendinous calcification is easily visu-
alized on routine radiographs (Fig. 19.2). The calcification 
can appear as one or many spurs off the posterior heel; how-
ever, it is important to remember that this is intratendinous. 
Any swelling or convex changes to the posterior heel will be 
located directly posterior (as opposed to the lateral and more 
superior Haglund’s deformity). On occasion, swelling of the 
tendon may be present due to the intratendinous inflamma-
tion and remodeling.

 Bursitis

There are two bursa in the posterior heel which act to protect 
the Achilles tendon from external forces (i.e., shoe gear) and 
internal forces (i.e., calcaneal tuberosity). The deeper of the 
two is named the bursa tendinis calcanei (or retrocalcaneal 
bursa) and the superficial bursa named bursa subcutanea cal-
canea (superficial calcaneal bursa) [4]. It is common for bur-
sitis to present in conjunction to insertional Achilles 
tendinopathy and Haglund’s deformity (i.e., Haglund’s triad) 
[2]. If primarily involved, likely causes include infection or 
inflammation due to an arthropathy, both of which are best 
treated conservatively with oral medications.

 Failed Conservative Therapies

Prior to performing surgery on any patient with posterior 

heel pain, a conservative treatment algorithm should be in 
place. In no specific order, the patient should fail conserva-
tive options with use of heel lifts/pads, stretching, NSAIDs, 
immobilization, and physical therapy. Physical therapy inter-
vention is especially useful preoperatively as it can help 
retrain poor mechanics in athletes. Physical therapists are 
also a valuable member of the treatment postoperatively for 
recovery and return to activities.

 Contraindications/Limitations

Elective surgery should be performed through the skin that 
has been thoroughly cleaned, is free of infection, and is well 
perfused. The amount of soft tissue coverage available over 
the Achilles tendon in the posterior heel is minimal, and any 
local infection must be treated and resolved prior to surgical 
intervention to avoid infection of the Achilles tendon. In 
addition, the presence of peripheral vascular disease war-
rants an appropriate workup and optimization before per-
forming surgery. The skin to the posterior heel is supplied by 
calcaneal branches of the posterior tibial and peroneal arter-
ies [5]. If either vessel is diseased, this can lead to poor 
wound healing or wound dehiscence, infection of soft tissue, 
and potentially infection of the calcaneus.

 Technique Pearls and Pitfalls to Avoid 
Complications

 Incision Placement and Tissue Handling

Many incisional approaches have been reported for posterior 
heel surgery with some studies specifically observing out-
comes related to this alone. To better understand placement 

Fig. 19.1 The subtle posterior heel bump can be visualized. In this 
particular patient, the bump was present directly posterior to the 
Achilles tendon insertion due to calcification here and bursitis which 
can be seen in Fig. 19.2

Fig. 19.2 Insertional Achilles calcification. Calcification appearing as 
spurring is present along this patient’s posterior heel. As the calcifications 
worsen and become larger, the bump on the posterior heel becomes more 
prominent. This leads to rubbing on shoes and inflammation of the bursal 
sac all while the Achilles tendon is remodeling and becoming tighter
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of the incision, one must understand the angiosomes of the 
posterior heel.

There are two angiosomes to consider on the posterior 
heel. The division between these two lies directly central on 
the heel with each supplying 50 % and significant overlap 
exists between the two. On the medial side, calcaneal 
branches of the posterior tibial artery provide perfusion and 
calcaneal branches of the peroneal artery perfuse the lateral 
side. The plantar heel is also supplied by the calcaneal 
branches peroneal artery. With this in mind, incisions are 
best made midline over the Achilles tendon [5] (Figs. 19.3 
and 19.4). This will fulfill the four principles set forth by 
Attinger [5] when considering incision placement:

 1. Incision must provide adequate exposure for the planned 
procedure.

 2. There must be adequate blood supply on either side to 
optimize healing.

 3. Incision should spare sensory and motor nerves.
 4. Incision should not be perpendicular to a joint.

In the event that exposure is needed to continue into the heel 
pad, it is suggested that the incision curve laterally to follow 
the distal angiosome boundary and avoid damage to the 
medial calcaneal neurovascular structures [6]. In a system-
atic review performed in 2011 by Highlander and 
Greenhagen, the incidence of wound complications related 
to incision placement was recorded [7]. Their findings 
revealed an overall complication rate of 7 % for posterior 

Fig. 19.3 Angiosomes of the posterior heel. The blue area, laterally, is 
supplied by the calcaneal arteries from the peroneal artery. The red area 
is supplied by the calcaneal arteries from the posterior tibial artery. 
There exists some overlap between these two distally; however, they 
predominantly meet exactly midline over the Achilles tendon

Fig. 19.4 Incision placement: (a) Incisions on the posterior heel 
should be precisely midline. (b) Past the glabrous junction, incision 
lateral to the Achilles tendon (c) is better tolerated with fewer healing 

complications. Incisions medial to the Achilles tendon should be 
avoided. The star indicates the medial malleolus
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midline incisions and 8.3 % for posterior medial incisions, 
concluding they have similar complication rates. 
Interestingly, they did report there were no incidences of 
painful scar or skin necrosis in the midline incision group; 
there was 1.2% incidence for the former and 0.6% for the 
latter in the medial incision group.

In procedures such as the retrocalcaneal exostectomy, 
arthroscopy, and the Keck and Kelly osteotomy, the inci-
sion placement can also be made on the lateral posterior 
ankle. The greater concern in this region is the sural nerve 
and its calcaneal branches. The sural nerve typically lays 
17.5 mm lateral to the Achilles tendon insertion and gives 
off an average of three branches to the lateral heel as lat-
eral calcaneal branches in the retromalleolar region [7]. An 
overall incidence of sensory deficits has not been reported 
in the literature aside from individual case studies. The 
anatomy of this region affords patient education of the risk 
of sensory alterations postoperatively. The few cases that 
have been reported have either gone on to resolve sponta-
neously or were treated with gabapentin, corticosteroid 
injections, or additional surgery [8–11] (Fig. 19.5).

With any incision that is at an increased risk of delayed 
wound healing, a “no-touch” technique is advocated for 
handling the skin edges throughout the procedure. Full 
thickness flaps should be created and secured using suture 
(Fig. 19.6). This technique will minimize accidental 
aggressive retraction by assistant or retraction device. 
Minimal tissue handling and soft tissue trauma will result 
in improved healing results.

 Patient Positioning

The patient should be positioned prone when performing 
posterior heel surgery through a posterior incision. In the 
event that a lateral approach will be utilized, a prone/lazy 

lateral can be used. It is important to maintain access for 
exposure of the Achilles tendon or medial structures in the 
event that further exposure is needed or adjunct procedures 
must be performed. When positioning the patient in the 
prone position, the foot should hang over the end of the table 
on a pillow. This positioning will allow natural plantar flex-
ion of the foot by elevating the leg and flexing the knee to 
remove tension on the Achilles tendon and allow ease of 
exposure of the calcaneal tuberosity. When positioning the 
patient in the lateral position, the foot should be elevated off 
the table to allow assessment of ROM with the leg, knee, and 
hip in appropriate alignment (Fig. 19.7).

 Tourniquet

A thigh tourniquet should be utilized for posterior heel surgery 
to allow full ROM of the ankle during surgery. For ease of appli-
cation, we have found it best to apply this while the patient is 
supine just prior to positioning into the prone position. The 
application of a calf tourniquet will compress and restrict motion 
within the gastro soleus complex. It may be surgeon preference 
to use no tourniquet, but this may lead to longer operative times 
and increased anesthesia requirements for the patient.

Fig. 19.5 Note the lateral neurovascular structures

Fig. 19.6 No-touch technique: After creating a full thickness flap inci-
sion, the skin edges are sutured back to facilitate surgical exposure and 
minimize skin trauma/handling
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 Anesthesia

General anesthesia is absolutely necessary for optimal surgi-
cal outcomes in posterior heel surgery, especially when 
 positioned in the prone position. Complete paralysis is nec-
essary throughout the procedure for ROM assessment and 
repair. General anesthesia will also prevent movements due 
to pain/stimulation of a thigh tourniquet. Nerve blocks can 
be administered prior to the induction of general anesthesia 
to provide postoperative analgesia. Either femoral popliteal 
or popliteal saphenous can be administered with the aid of a 
nerve stimulator to ensure adequate placement.

 Management of Specific Complications

The operative strategy for insertional Achilles tendinopathy 
is removal of the degenerative tendon and associated calcifi-
cation, excision of the inflamed retrocalcaneal bursa, and 
resection of the prominent posterior calcaneal prominence 
[10]. With respect to the soft tissues, postoperative complica-
tions can be avoided. Patient education prior to surgical 
intervention is a key to success. Patients should be educated 
that full recovery may take up to 12 months postoperatively. 
Full recovery is defined as return to full activity without pain 
or discomfort [12, 13]. This also could vary with the choice 
of fixation techniques [14].

 Over Correction

Proper intraoperative assessment is necessary to ensure that 
lengthening will allow the ankle dorsiflex to neutral position. 
Often times, the Achilles tendon insertion is advanced proxi-
mally to relieve some of the insertional strain [15]. If this is 
over-advanced or combined with a lengthening, weakness of 

the triceps surae can ensue and potentially result in a calca-
neal gait (although this complication has never been recorded 
in the literature). Calcaneal gait is defined as increased ankle 
dorsiflexion during midstance which places the heel under a 
longer weight-bearing phase. It has only been reported in 
studies where heel cord lengthening was utilized in spastic 
neurologic disorders. In a healthy adult with normal biome-
chanics, the calcaneal gait will be temporary and will resolve 
as strength and weight bearing with push off are increased 
during the postoperative phase. In the event that a patient 
develops pain due to increased heel weight bearing that their 
equinus deformity did not previously allow, conservative 
therapies such as physical therapy to strengthen the posterior 
muscle group and orthotics with a padded heel cup have been 
anecdotally beneficial. Gastrocnemius recessions are not 
typically done in adjunct to these procedures as we feel that 
this could lead to overcorrection.

Patients may experience continued postoperative pain 

from overaggressive resection of the insertional spur or the 
retrocalcaneal exostosis. Patients may also develop pain due 
to absorption of bone anchors when used to reattach the 
Achilles tendon. This will typically resolve with postopera-
tive physical therapy and nonsteroidal anti-inflammatories 
(NSAIDS).

 Achilles Tendinosis/Rupture

Rupture of an Achilles tendon after surgical correction of inser-
tional pathology is rare [16]. We commonly obtain MRIs of our 
patients with both posterior heel pathology and Achilles tendon 
pathology to ensure they are adequately treated with conserva-
tive and surgical measures. If tendon pathology is seen in the 
watershed zone (2–6 cm proximal to the Achilles tendon inser-
tion), we recommend resecting all pathologic tendon intraop-
eratively and lengthening their postoperative recovery period 
to allow complete healing [17]. In regard to ruptures due to 
anchor pullout after repair, it is the tendon that will tear and 
rupture or the suture used to attach the tendon to the anchor that 
will give way before anchor fixation fails [18, 19]. This most 
commonly occurs at the point where the tendon twists, a loca-
tion that is anatomically at risk for rupture despite surgical 
treatment [20]. Increased risks for tendon rupture include 
aggressive post-op therapy, falls, and increasing activity too 
quickly. If re- rupture does occur, revision of the surgical proce-
dure is warranted.

 Infections

The overall incidence of postoperative infections reported in 
the literature over the past 14 years after posterior heel 
 surgery is 2.6 % (total of 18 out of 702 cases) [21]. Infections 

Fig. 19.7 Patient positioning. A patient positioned in prone and a pil-
low under the ankles. This allows a gentle flexion of the knees and 
eliminates tension on the gastro-soleal complex. In addition, this posi-
tion provides superior visualization
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in the posterior heel area need to be treated aggressively due 
to the lack of subcutaneous tissue interface between the ten-
don and skin. We recommend treating with oral antibiotics if 
possible and local wound care. In the event that the wound 
worsens or deepens, suture material should be removed as it 
can serve as a nidus for deeper infection. Plans for secondary 
closure should be made if primary closure cannot be obtained 
after debridement.

 Delayed Wound Healing

The overall incidence of wound complications reported in 
the literature over the past 14 years after posterior heel sur-
gery is 3.56% (total of 25 out of 702) [21]. These account for 
skin edge necrosis, delayed healing, and painful/hypertro-
phic scars.

To avoid complications, we recommend several intraop-
erative protocols. Skin incision placement should follow 
angiosome intersection either equally midline or slightly lat-
eral. A medially deviated incision should be avoided. 
Maintain full-thickness skin flaps and avoid over dissection 
of deep tissue layers (from skin to bone). Too much dissec-
tion will disrupt the delicate vascular network intact to the 
soft tissues and Achilles tendon. Separation of the layers can 
also increase the risk of seroma. Additionally, careful skin 
handling intraoperatively utilizing a self-retaining retractor 
or the no-touch suturing technique should be utilized. Both 
will minimize human error of overly aggressive retraction.

In the event that wound complications are encountered, 
it is most commonly marked by dehiscence of the distal 
incision at the transition of supple skin to more glabrous 
skin [22– 27]. Aggressive wound therapy will typically war-
rant success. We typically start within office wound care 
utilizing a wound specialist and close follow-up. Plans 
should be arranged for secondary wound closure or a plas-
tic surgery and/or vascular surgery consult if the wound 
does not appear to be improving.

 Deep Venous Thrombosis

We routinely prescribe deep venous thrombosis (DVT) pro-
phylactic medications to patients undergoing posterior heel 
surgery. Postoperatively, the patient is immobilized in a pos-
terior splint to eliminate ankle motion and hold correction in 
ankle neutral. The incidence of DVT after posterior heel sur-
gery has been poorly reported in the literature, and prophy-
laxis guidelines do not recommend prophylaxis for routine 
surgery of the foot and ankle [28]. However, an observational 
study in 2013 found that without thromboprophylaxis, the 
highest incidence of DVT in foot and ankle surgery occurred 
after repair of Achilles tendon ruptures [29]. Given the mor-

bidity, potential long-term complications of a DVT, and pos-
sibly fatal outcomes if the DVT progressed to a pulmonary 
embolism, we have elected to provide thromboprophylaxis 
to our patients until they can begin physical therapy.

 Neural Symptoms

The sural nerve provides branches to the posterior calcaneus 
that lie in close proximity to the incision. Excessive retrac-
tion, lateral dissection, and posterior lateral ankle incisions 
can result in neurologic symptoms. Resolution is patient spe-
cific, and care should be taken when dissecting in these areas 
to prevent permanent nerve damage. With a lateral approach, 
altered sensation postoperatively has been reported as high 
as 40 % [9]. Since the sural nerve and its branches are 
responsible for sensory and not motor functions, injury here 
has been well tolerated by individuals. Many reported cases 
have gone on to resolve spontaneously over time. In the 
event that neurosensory alteration results in pain, we recom-
mend treating with desensitization therapy, massaging the 
skin, and corticosteroid injections.
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 Introduction

Tarsal tunnel syndrome is an entrapment neuropathy beneath 
the flexor retinaculum or distal anatomic tunnels resulting in 
pressure on the posterior tibial nerve and its branches. 
Persistent compression of the tibial nerve results in a range 
of neuritic symptoms that effect the plantar aspect of the foot 
in a variable distribution. Symptoms often mimic those of 
other lower extremity pathology thus making diagnosis and 
treatment difficult.

Etiology of tarsal tunnel syndrome includes space- 
occupying lesions, hindfoot deformity, varicosities, neurile-
moma, hypertrophic flexor retinaculum, post-traumatic 
fibrosis, and low-lying muscle belly [1–3]. Following suc-
cessful diagnosis of tarsal tunnel syndrome, conservative 
treatment is limited and can include anti-inflammatory medi-
cations, activity modification, stretching, icing, oral gaba-
pentin or pregabalin, and iontophoresis. Orthotics may be 
beneficial in a flexible hindfoot deformity [1–4].

 Indications of Procedure

Surgical intervention for tarsal tunnel syndrome is warranted 
following failure of conservative treatment or when there are 
persistent sensory symptoms, atrophy, or documented 
Wallerian degeneration. Surgery includes decompression of 
the posterior tibial nerve and its terminal branches in their 

anatomic tunnels. Complications with tarsal tunnel decom-
pression include wound dehiscence or infection, recurrent 
symptoms, seroma, hematoma, subluxation of posterior tib-
ial nerve, calcaneal nerve neuroma, and neuroma of the pos-
terior branch of the saphenous nerve [3–12].

Success rates following surgical intervention for tarsal 
tunnel syndrome have varied in the literature from 44–96% 
[1]. Authors have demonstrated that timing of the decom-
pression may influence results as continued compression 
leads to intraneural fibrosis which can result in muscle atro-
phy and irreparable nerve damage if not treated [1, 3, 13, 
14]. Patients with symptoms greater than a year before sur-
gery have a prolonged time for recovery of sensibility with 
some having postoperative dysesthesia [14]. Sammarco 
and Chang found better outcomes in patients with symp-
toms less than 1 year in a review of 75 tarsal tunnel release 
procedures [3]. Baba et al. reviewed 34 patients and found 
that results of tarsal tunnel release were favorable when 
there was a history of symptoms less than 1 year [13]. 
Turan et al. reviewed 18 cases of tarsal tunnel decompres-
sion in patients with long- standing symptoms (median 
60 months). With complete relief of symptoms found in 
61% of patients, the authors conclude that surgical decom-
pression is beneficial for long- standing tarsal tunnel syn-
drome [15].

 Contraindications/Limitations

Contraindications to tarsal tunnel release include the presence 
of another cause of neuritic pain. Electromyogram and nerve 
conduction studies must be ordered prior to surgical interven-
tion to rule out a more proximal cause of neuritic pain. Patient 
comorbidities such as diabetes mellitus or alcohol abuse must 
be evaluated to assess their contribution to patient symptoms. 
Limitations to tarsal tunnel release include its inability to pro-
vide complete relief in patients with intraneural damage.
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 Technique Pearls and Pitfalls (to Avoid 
Complications)

Secondary to the risk of wound complications with surgical 
decompression of the tibial nerve beneath the flexor retinac-
ulum, patients should remain non-weightbearing until the 
incision site has fully healed and sutures are removed. We 
routinely utilize an Allgower-Donati suture technique to 
limit compromise of cutaneous blood flow at the incision site 
(Fig. 20.1) [16].

Inadequate control of bleeding prior to wound closure 
places patient at risk for both wound dehiscence as well as 
postoperative scarring. Prior to closure of the surgical site, 
the surgeon must drop the tourniquet and control any bleed-
ing. In cases with significant varicosities, a drain may be 

used to prevent seroma or hematoma. Recognition of seroma 
or hematoma in a timely fashion is key to prevention of 
wound complications and/or postoperative scarring. The sur-
geon must evacuate the hematoma or seroma as well as aim 
to treat the etiology of its formation.

Prior to surgical intervention for tarsal tunnel syndrome, 
thorough workup must be complete to rule out double crush 
syndrome and to identify any space-occupying lesions or bony 
projections contributing to symptoms. Electromyogram and 
nerve conduction studies must be ordered prior to surgical 
intervention to rule out a more proximal cause of neuritic pain. 
Imaging studies should be utilized appropriately to aid the sur-
geon in the workup and surgical planning (Fig. 20.2). Once 
workup is complete and the surgeon is prepared to treat any 
underlying etiology, meticulous surgical technique is para-
mount in successful tarsal tunnel release. Direct manipulation 
of the tibial nerve should be minimized [17]. Comprehensive 
release must be performed with inspection of the nerve in its 

entirety. Hemostasis must be achieved prior to closure to pre-
vent scarring, hematoma, and infection.

 Management of Specific Complications 

Recalcitrant Pain

Failure of symptom relief following tarsal tunnel decom-
pression is an unfortunately frequent complication and poses 
a treatment challenge to the foot and ankle surgeon. Failure 
of symptom relief can be divided into two categories: (1) 
patient shows no improvement of symptoms following 
decompression, and (2) patient shows temporary relief of 
symptoms followed by recurrence of symptoms. Etiology of 

Fig. 20.1 Allgower-Donati suture technique used for closure after tarsal 
tunnel release

Fig. 20.2 (a) Axial, (b) coronal, and (c) sagittal T1 MRI images depicting schwannoma of the tibial nerve
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failure must be established prior to revision surgery or subse-
quent treatment. Raikin and Minnich presented an algorithm 
for failed tarsal tunnel syndrome surgery in 2003 [9]. 
Through experience and current literature, we have adapted 
this approach as presented in Fig. 20.3. The following para-
graphs will outline the algorithm proposed in Fig. 20.3, pro-
viding etiologies and treatment plans for each category.

 Double Crush Syndrome

Double crush syndrome was first described by Upton and 
McComas in 1973 to involve both a proximal and distal 
nerve lesion in the same limb [18]. The authors theorized 
that a proximal lesion in a nerve would make that nerve more 
vulnerable to distal lesions. Most literature on double crush 
syndrome describes the upper extremity; however the theory 
has been applied to the lower extremity as well [9, 19, 20]. 

Etiologies of proximal compression of the effected limb 
include radiculopathy, plexopathy, and proximal tibial nerve 
compression. Systemic disease such as diabetes or alcohol 
abuse may cause neurologic symptoms contributing to the 
double crush syndrome [9, 14].

Proximal tibial nerve compression, or “soleal sling syn-
drome,” is compression of the tibial nerve beneath the fibrous 
sling between the tibia and fibula at the origin of the soleus 

muscle [21]. Patients present with numbness, tingling, hyper-
sensitivity, dysesthesia, plantar foot pain, and weakness in the 
foot or toes. The area of compression occurs approximately 
9 cm distal to the medial tibial plateau, making a medial calf 
approach to the compression site feasible [22]. In a retrospec-
tive review of 69 proximal tibial nerve decompressions, 
Williams et al. stated that all patients had severe pain on physi-
cal exam with gentle palpation of the calf 9 cm distal to the 
popliteal crease [21]. The authors point out that in patients 
with available electrodiagnostic studies, none of the tests 
suggested a tibial nerve compression at the level of the soleal 
sling, thus making it a clinical diagnosis only.

There may be a substantial conduction block between the 
stimulation sites at the knee and ankle in proximal tibial nerve 
compression that is not found in tarsal tunnel  syndrome. 
Stimulation of the abductor hallucis muscle at the level of the 
knee would be markedly reduced in comparison to stimulation at 
the ankle, with the response of the gastrocnemius muscle at the 

knee normal, thus indicating a conduction block in the calf [23].
Patients with double crush syndrome who undergo tibial 

nerve decompression experience either partial relief of 
symptoms or no relief of symptoms. Following failed tarsal 
tunnel syndrome in patients with double crush syndrome, 
repeat tarsal tunnel decompression is not indicated. Treatment 
is focused on the second “crush”: radiculopathy, plexopathy, 
proximal tibial nerve compression, or systemic disease.

Fig. 20.3 Algorithm for treatment of failed tarsal tunnel syndrome 
surgery. Failure of symptom relief is divided into two treatment cate-
gories: (1) patient shows no improvement of symptoms following 

decompression, and (2) patient shows temporary relief of symptoms 
followed by recurrence of symptoms
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 Incomplete Release

Incomplete initial tarsal tunnel decompression may result in 
partial improvement or no improvement of symptoms. If the 
initial procedure was performed by a different physician, 
review of the operative report as well as inspection of inci-
sion size can provide insight as to whether or not a complete 
release was performed. If initial release was not complete, 
a second complete tarsal tunnel decompression is indicated. 
Complete proximal and distal release must be performed 
including release of the medial and lateral plantar nerve 
tunnels as well as excision of the septa dividing the nerve 
tunnels. If relief is not provided following revision decom-
pression, a peripheral nerve stimulator or referral to pain 
management center is considered.

 Etiology not Addressed at Initial 
Decompression

Space-occupying lesions are often cause for tarsal tunnel 
syndrome and include soft tissue mass, low-lying muscle 
belly, talocalcaneal coalition, varicosities, nerve tumor, or 
post-traumatic osseous projections (Fig. 20.4) [24]. Pfeiffer 
and Cracchiolo suggest that a space-occupying lesion at the 
area of the tarsal tunnel producing symptoms is the best indi-
cation for operative treatment [8]. If the primary etiology 
causing nerve compression and pathology is not addressed at 
time of decompression, patient will complain of only partial 
improvement of symptoms or no improvement of symptoms. 
Decompression alone without excising the soft tissue mass, 
schwannoma, or talocalcaneal coalition, or without ligation 
of varicosities, will not provide complete relief of symptoms. 
Revision surgical intervention is warranted to address the eti-
ology of the tarsal tunnel syndrome.

Preoperative imaging studies may provide the surgeon 
with assessment of soft tissue or bony abnormalities in the 
tarsal tunnel region for complete preoperative planning. MRI 
or ultrasound will evaluate the presence of soft tissue mass or 
nerve tumor in the tarsal tunnel region [25]. Talocalcaneal 
coalition is best evaluated on CT scan if suspected. We rou-
tinely send patients with suspected venous insufficiency and 
tarsal tunnel symptoms for venous studies. If reflux is pres-
ent, patients are sent to a vascular surgeon for consult and 
possible closure of the great saphenous vein prior to surgical 
decompression of the tarsal tunnel.

 Incorrect Diagnosis

Incorrect diagnosis is a common cause for failure of tarsal 
tunnel syndrome resulting in no improvement of symptoms 
following tibial nerve decompression. Differential diagnosis 

includes tibialis posterior tendonitis, plantar fasciitis, calca-
neal stress fracture, hindfoot degenerative joint disease, 
inflammatory arthritis, plantar fibromatosis, gout, sinus tarsi 
syndrome, and peripheral vascular disease [14]. Repeat tar-
sal tunnel decompression is not indicated in these patients. 
Rather, treatment is focused on the correct etiology.

 Intrinsic Nerve Pathology

Intraneural damage occurs at the axonal level and may be 
caused by chronic compression, stretch, traction, crush 
injury, or systemic disease. As damage is intraneural, extra-
neural decompression will not alleviate symptoms. Treatment 
is aimed at addressing the cause of intraneural pathology. 
Blood sugar control in diabetic patients and treatment of 
alcohol abuse in patients with alcoholic neuropathy can halt 
the progression of intraneural damage [9]. Medications used 
for chronic pain syndromes may influence pain caused by 
intraneural damage. Through action on both central and 
peripheral nerve pathways, medications including nonsteroi-
dal anti-inflammatories, steroids, tricyclic antidepressants, 
serotonin reuptake inhibitors, anti-epileptics, narcotics, cal-
cium channel blockers, antiarrhythmics, sympatholytics, and 
N-methyl-d aspartate antagonists may provide symptomatic 
relief [20].

Clinical signs of intraneural damage include persistent 
sensory change, muscle wasting, and abnormal two-point dis-
crimination, indicating actual loss of nerve fibers and Wallerian 
degeneration [14]. A Tinel sign may be used as an indication 
of nerve regeneration. Early and late nerve pathology demon-
strate distinct muscular and sensory signs and symptoms. Loss 
of neural input to a muscle (late nerve pathology) secondary to 
Wallerian degeneration causes actual wasting of the muscle, 
while early nerve pathology due to compression causes only 
weakness of the muscle. Late nerve compression with intra-
neural damage increased the threshold of intensity required to 
elicit a sensory response, while early nerve pathology causes a 
hypersensitive response [14].

Easley and Schon reviewed 21 patients with failed tarsal 
tunnel surgery treated with revision neurolysis using a vein 
wrap [26]. The authors state that the majority of failures in 
their series occurred in nerves with intraneural compromise 
(seven failures out of 17 cases). We do not recommend revi-
sion neurolysis in patients with suspected intrinsic nerve 
pathology. Careful inspection of the tibial nerve during the 
initial decompression procedure is paramount in the success 
of the procedure. If scarring is present within the nerve as 
well as loss of vascular striations, this should be noted in the 
operative report and used to dictate future treatment if neces-
sary. If treatment of the underlying pathology fails, patients 
are referred to pain management and/or considered for a 
peripheral nerve stimulator.
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Fig. 20.4 Intraoperative photographs depicting space-occupying 
lesions of the tarsal tunnel: (a, b) flexor accessorius, (c, d) schwannoma 
of the tibial nerve, and (e, f) ganglion causing pressure on tarsal tunnel. 

Decompression of the tarsal tunnel without removal of these space- 
occupying lesions will fail to relieve patient symptoms
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 Other Complications

Neuroma of the posterior branch of the saphenous nerve 
has been reported to cause recurrent pain following tarsal 
tunnel decompression. Kim and Dellon reviewed 16 
patients complaining of pain at the proximal incision site 
following tarsal tunnel decompression which was relieved 
by a block of the distal saphenous nerve [6]. All patients 
underwent resection of the distal saphenous nerve with 
implantation into the soleus muscle. Excellent relief of 
pain was achieved in 76% of cases at a mean of 
18.5 months [6].

Neuroma of the calcaneal nerve has been reported follow-
ing tarsal tunnel decompression. Treatment is similar to that 
of the posterior branch of the saphenous nerve with resection 
of the neuroma and implantation into the nearest muscle 
belly, typically the flexor hallucis longus [27].

One report of subluxation of the tibialis posterior follow-
ing decompression of the posterior tibial tendon is reported 
in the literature [7]. Langan and Weiss describe a 16-year-
old girl who complained of a “slipping sensation” at her 
medial ankle 2 months following tarsal tunnel decompres-
sion. A groove deepening procedure was performed with the 
periosteum used to reconstruct the flexor retinaculum. 
Patient was asymptomatic 3 years following the surgical 
procedure [7].

Rosson et al. report three cases of complicated ganglion 
excision with tarsal tunnel release resulting in resection of 
the tibial nerve (three patients), resection of the tibial artery 
(two patients), and return of the ganglion (three patients) 
[10]. The authors recommend decompressing intraneural 
ganglion, stating that recurrent ganglia will arise from the 
joint rather than the nerve, and therefore the cyst lining may 
be left intact without risk of recurrence [10]. Meticulous dis-
section is paramount in all cases of surgical decompression 
of the tarsal tunnel. Injury to the posterior tibial artery should 
be repaired by a vascular surgeon.

 Entrapments

Patients with adhesive neuritis typically experience symptom 
relief after initial decompression for a period of 2–4 months 
after which symptoms return [20]. Compression of the tibial 
nerve beneath the laciniate ligament occurs near the ankle joint, 
with postoperative joint motion adding risk for wound compli-
cations leading to increased scarring [5]. Many authors have 
advocated endoscopic, minimally invasive, or modified inci-
sional approaches in an effort to prevent postoperative scarring 
and adhesive neuritis [5, 28–35]. Despite this, many open 
approaches may result in recurrent symptoms secondary to 
external scarring around the previously released nerve. Nerve 
adhesions prevent gliding of the nerve with ankle and subtalar 
joint range of motion leading to traction neuritis and pain [36].

Postoperative wound dehiscence with or without infection 
causes a local inflammatory response increasing risk for adhe-
sive neuritis. Inadequate hemostasis may lead to postoperative 
bleeding and hematoma which may cause increased scarring 
surrounding the nerve. If adhesive neuritis is suspected, the sur-
geon must rule out current infection, hematoma, seroma, or 
suture reaction. Often patients have a tender, hypertrophic scar 
at the previous incision site, with decreased mobility of the 
ankle joint. Pain increases with pressure at the area of scar and 
with motion of the surrounding joints. Nerve conduction stud-
ies in patients with adhesive neuritis typically show slowing of 
nerve velocities with prolonged latencies. However, studies 
may be normal if scarring only prevents nerve gliding without 
compression [9, 37].

Treatment for patients with recurrent symptoms and adhesive 
neuritis is revision decompression with use of a nerve wrap 
(Fig. 20.5). Care must be taken to completely release the nerve 
from the surrounding scar tissue. Incision should start proximal 
to original incision to begin dissection at healthy nerve. Vein 
wrapping was initially described in the upper extremity to 
prevent scarring in peripheral nerves [38]. Collagen grafts were 
later developed in an effort to decrease surgical time and provide 

Fig. 20.5 Nerve wrap: Images demonstrate use of a collagen nerve wrap in revision tibial nerve decompression with adhesive neuritis
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a more convenient option to treat adhesive neuritis. Both vein 
and collagen nerve wraps decrease nerve scarring, do not 
constrict around the nerve, and improve nerve gliding [37].

Easley and Schon reported 25 patients with revision neu-
rolysis for adhesive neuritis confirmed by poor mobility of 
scar tissue and reproduction of symptoms with ankle range 
of motion [26]. All patients were treated with a saphenous or 
umbilical vein wrap. At 1 year, 17 of 25 patients were satis-
fied, with the eight patients not satisfied showing intraopera-
tive evidence of intrinsic nerve damage.

Collagen nerve wraps are convenient and easy to use. 
Grafts come split longitudinally in various sizes and are easy 
to handle. Gould reports no difference or advantage of veins 
over commercial products; however this data was not ana-
lyzed [36]. No clinical data to date has directly compared the 
use of vein wrapping to collagen grafts for revision neuroly-
sis in adhesive neuritis.

 Peripheral Nerve Stimulation

We routinely utilize peripheral nerve stimulation in cases of 
persistent chronic lower extremity pain after failure of all 
other treatment including revision neurolysis with or without 
nerve wrap. Peripheral nerve stimulation is based on the gate 
mechanism of pain, theorizing that direct stimulation of 
afferent pain fibers may “interfere” with their transmission 

and therefore reduce the pain stimulus [20]. Direct stimula-
tion of the nerve is performed placing leads on the tibial 
nerve just proximal to the flexor retinaculum (Fig. 20.6).

 Wound Complications

In symptomatic tarsal tunnel syndrome, the tibial nerve is 
compressed beneath the laciniate ligament. Surgical expo-
sure for tarsal tunnel release requires an incision crossing 
both the subtalar and ankle joints. Postoperative motion at 
these joints increases risk of wound dehiscence. In a review 
of 32 feet, Pfeiffer and Cracchiolo found a 13% rate of 
wound complications [8].

Diabetic patients are prone to incision site infection and 
dehiscence. Wieman and Patel found a 15% incidence in wound 
complications in a review of 26 diabetic patients who under-
went posterior tibial nerve decompression [11]. Wood and 
Wood found a 12% incidence of wound dehiscence in a review 
of 33 patients with diabetes who underwent decompression of 
the tibial, common peroneal, and deep peroneal nerves [12].

Early identification and treatment of wound complications 
is paramount in the success of tarsal tunnel decompression 
surgery. Wound infection and dehiscence provide risk for 
postoperative adhesions causing recurrence of symptoms. 
Use of drains or disposable wound vacs may improve 
outcomes and decrease incidence of wound complications. 

Fig. 20.6 Peripheral nerve stimulator: (a) Tibial nerve is isolated proximal to the tarsal tunnel. (b) Nerve stimulator lead placed directly on tibial 
nerve and sutured in place. (c) Postoperative radiograph demonstrating lead placement proximal to tarsal tunnel with battery placement in calf
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Patients must remain non-weightbearing until the incision 
site is closed. If wound complications occur, no weightbear-
ing is allowed until full closure of the wound is achieved.

 Summary

In the setting of failed tarsal tunnel decompression with 
 persistent symptoms, the surgeon must identify the reason 
for failure. Outcomes for revision surgical decompression 
are worse than primary decompression. Patients who fail 
revision neurolysis will require referral to a pain manage-
ment center with or without peripheral nerve stimulator 
insertion.
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Complications of Stage II Flatfoot 
Surgery

Alan Catanzariti and Collin M. Zdenek

This chapter will focus on complications following surgery 
to address stage II adult acquired flatfoot. These procedures 
include the joint-sparring procedures of the hindfoot and 
medial column. Specifically, the chapter will discuss compli-
cations that include:

• Failed repair of posterior tibial tendon and flexor digito-
rum longus tendon transfer

• Undercorrection with periarticular osteotomies
• Overcorrection with medial displacement osteotomy of 

the calcaneus
• Overcorrection and lateral column overload following 

lateral column lengthening
• Nonunion and malunion following lateral column 

lengthening
• Nonunion following medial column arthrodesis of the 

naviculocuneiform and first tarsometatarsal joints
• Failure to address equinus
• Residual forefoot varus
• Progressive deformity following Kidner procedures
• Failed arthroereisis

 Failed Repair of the Posterior Tibial Tendon 
and Flexor Digitorum Longus Transfer

Failure to address underlying osseous deformities can result in 
failed repair of the posterior tibial tendon (PTT) and/or trans-
fer of the flexor digitorum longus (FDL) tendon. Regardless of 

the type of repair that is employed to address a diseased PTT, 
residual symptoms or recurrence is likely when flatfoot defor-
mity persists. Failure of isolated tendon transfer or tenodesis 
can result from persistent muscle imbalance when the pull of 
the Achilles tendon remains lateral to the axis of the subtalar 
joint and continues to be a valgus deforming force on the hind-
foot [1]. FDL tendon transfer may eventually be unsuccessful 
without osseous procedures that provide long-term biome-
chanical protection [2]. One study demonstrated that FDL ten-
don transfer combined with medial displacement calcaneal 
osteotomy resulted in significant reduction in load on the 
medial column relative to FDL transfer alone [3]. The PTT 
may undergo the same degenerative process as prior to sur-
gery when osseous deformity persists. Tendinosis with corre-
sponding symptoms will result over time, depending on the 
patient’s activity level, BMI, severity of deformity, etc. 
Therefore, it is important to recognize and address osseous 
deformity when repairing the PTT. This is important not only 
for stage II deformities, but stage I deformities as well. Even a 
subtle flatfoot deformity can strain the PTT with subsequent 
tendinosis and dysfunction. Although some studies have 
reported improved functional outcomes and pain relief for 
stage II AAFF deformities with tendon transfers alone, recur-
rence occurs when residual deformity persists [1]. DiDomenico 
et al. performed double calcaneal osteotomy and posterior 
muscle group lengthening in nine flat feet on eight patients with 
postoperative follow- up of 12 months and found a statistically 
significant change in radiographic angles including: talar-first 
metatarsal, talocalcaneal, calcaneal inclination, and talar 
declination angles. This demonstrates the importance of 
recognizing the need for osseous realignment as opposed to 
soft tissue procedures alone [4].

Repair of PTT will fail if the muscle-tendon unit is no 
longer functional. The muscle-tendon unit can become 
dysfunctional in long-standing cases of AAFF. The PTT is 
usually beyond salvage in these situations. Preserving the 
tendon can result in persistent symptoms following surgery 
as well as residual dysfunction. Even if osseous realignment 
has been achieved, PTT dysfunction will persist. Viability of 
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the muscle-tendon unit can be determined by pulling on the 
tendon (Fig. 21.1). A viable tendon will demonstrate elasticity, 
springing back into its original position, whereas a nonviable 
muscle-tendon unit will have virtually no elasticity.

Leaving behind the pathologic tendon at the time of surgery 
can result in persistent symptoms, as diseased tendon is often a 
pain generator and contributes to the symptom complex. 
Simple debridement with repair of the PTT may be inadequate 
when tendinosis is pronounced. These situations often warrant 
complete evacuation of the diseased PTT, and tendon transfer 
should be considered as an adjunct procedure.

Insufficient tendon length and technically inadequate 
anchoring techniques can also result in an increased likeli-
hood of failed correction. However, with the recent advances 
in tenodesis techniques, this is not a common complication 
(Fig. 21.2).

 Undercorrection with Periarticular 
Osteotomies

Undercorrection of stage II AAFF will result in a foot that 
remains unbalanced and predisposed to recurrence. Although 
symptoms will initially improve, long-term prognosis is 
guarded and recurrent deformity is possible. This is not 
uncommon when PTT repair is combined with an isolated 
medial calcaneal displacement osteotomy (MCO) and no 
other osseous procedures for late stage II AAFF. Although 
FDL tendon transfer with an isolated MCO has been 
described as an effective surgical approach to address less 
severe cases of stage II AAFF, it may not be adequate to cor-
rect more severe cases of stage II AAFF [1]. Myerson et al. 
found 97% of participants experienced pain relief and 94% 

Fig. 21.1 A-B Intraoperative assessment of the posterior tibial tendon. 
Elasticity of the muscle-tendon unit can be determined by pulling on 
the tendon

Fig. 21.2 A-B Tenodesis of the Flexor digitorum longus tendon into 
the navicular with an absorbable interference screw
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showed improvement of function in 129 patients with stage 
II AAFF who underwent an FDL tendon transfer and a 
MCO. They recommend this combination of procedures if 
the patient has a flexible flatfoot, insignificant fixed forefoot 
supination, and less than 30% uncovering of the talonavicu-
lar joint on a weight-bearing AP X-ray [1]. FDL transfer and 
MCO in patients with deformities that go beyond these 
parameters may result in unacceptable outcomes. Additional 
procedures are needed for late stage II deformity [1, 2, 5]. 
In one study, patients who demonstrated undercorrection with 
a MCO, based on preoperative and postoperative hindfoot 
alignment radiographs, experienced less subjective improve-
ment as opposed to a mild varus cohort [6]. The researchers 
concluded that patients who have residual postoperative val-
gus hindfoot moment arms continue to experience the evert-
ing pull of the Achilles tendon resulting in high loads along 
the medial longitudinal arch [6]. A radiographic study of 40 
patients treated with either lateral column lengthening (LCL) 
or MCO demonstrated that LCL provided greater correction 
of the longitudinal arch and realignment of the medial column 
in comparison with the MCO [7].

Nonetheless, medial displacement osteotomy of the calca-
neus is an effective procedure. A prospective study evaluated 

30 patients with stage II AAFD undergoing flatfoot recon-
struction. Preoperative and postoperative radiographs were 
reviewed to assess for correction in hindfoot alignment, which 
was measured by the change in hindfoot moment arm [8]. 
Correction in hindfoot alignment was primarily determined by 
the MCO, and concomitant procedures, including LCL, had a 
much lesser effect on hindfoot alignment during reconstruc-
tion [8]. More importantly, although the amount of LCL per-
formed was positively correlated with the change in moment 
arm as an individual variable, the strength of the correlation 
was much lower than that of the MCO [8]. The authors con-
cluded that the hindfoot alignment view can serve as a valu-
able preoperative measurement to help surgeons determine the 
proper amount of correction that is required (Fig. 21.3) [8]. 
Conti et al. assessed the relationship between postoperative 
hindfoot alignment following an MCO for stage II AAFD and 
patient outcomes. Evaluation was performed on 55 patients 
who underwent reconstruction for a stage II AAFF. Hindfoot 
alignment radiographs were taken before and after surgery. 
Average follow-up was 3.1 years. They concluded that hind-
foot alignment between 0 and 5 mm of varus following stage 
II AAFF reconstruction was associated with the greatest 
improvement in clinical outcomes [6].

Fig. 21.3 A-B Long-leg axial and hindfoot alignment x-rays. C Intraoperative axial radiograph demonstrating realignment following medial 
displacement osteotomy of the calcaneus

21 Complications of Stage II Flatfoot Surgery



282

Undercorrection of medial displacement osteotomies can 
result from technical errors, especially when the osteotomy 
is performed too proximal. The intrinsic muscles, plantar 
fascia, etc. originate from the plantar aspect of the tuber seg-
ment. Displacement in this area can be hindered by these soft 
tissue attachments and result in insufficient translation and 
undercorrection. Medial displacement can often be facili-
tated by releasing the plantar structures. Osteotomy place-
ment distal to the plantar intrinsic muscles allows easier 
medial translation of the tuber segment (Fig. 21.4).

Undercorrection can also result from inadequate length-
ening of the lateral column at the time of surgery or loss of 

correction afterward due to bone graft resorption. Bone 
graft resorption can occur with premature weight-bearing, 
inadequate fixation, or inappropriate graft composition. 
According to Dayton et al., lateral column length must be 
maintained postoperatively to obtain an effective long-term 
correction. In their study, 22 patients underwent bone graft-
ing for lateral column lengthening (LCL) using the tradi-
tional non-fixated technique. Conversely, 13 patients had 
the graft fixated with a locking plate to prevent compressive 
forces on the graft. Calcaneal length was measured 10 days 
and 12 weeks postoperatively to ascertain the mean amount 
of calcaneal shortening. Their results demonstrated that the 
mean amount of calcaneal shortening in the non-fixated 
group was 2.5 mm (range 0–6 mm). The mean amount of 
calcaneal shortening in the fixated group was 1.0 mm (range 
0–3) [9]. These results might explain postoperative under-
correction following LCL without fixation. Locking plate 
fixation also reduced anterior displacement of calcaneal 
fragments [9]. In a recent study of 24 LCL patients, a wedge 
locking plate was found to be more effective in maintaining 
the mid-calcaneal length time when compared with a tricor-
tical allograft wedge [10]. The mean decrease in mid-calca-
neal length was greater for the tricortical allograft wedge 
group (2.8 ± 0.7 mm) than for the wedge locking plate group 
(0.6 ± 0.7 mm) at 6 months following surgery. Titanium 
trusses might also be effective in maintaining length following 
LCL (Fig. 21.5).

To avoid undercorrection/overcorrection with LCL 
procedures, one can implement digital planning for LCL 
as proposed by Siddiqui and Lamm. Preoperative digital 
planning accurately predicted the calcaneal graft size 
used during LCL when compared with the actual graft 
size utilized by the surgeon who was unaware of the pre-
dicted graft size. The preoperative graft measurement 
compared with the actual graft placed was within 0.4 mm 
(±1.8 mm) [11].

Fig. 21.4 Lateral radiograph demonstrating placement of a medial 
displacement calcaneal osteotomy in the mid-substance of the 
calcaneus. The mid substance of the calcaneus is in ideal location for 
the medial displacement osteotomy

Fig. 21.5 Trial wedges used to ascertain the appropriate amount of lateral column lengthening
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The authors prefer utilizing both MCO and LCL for most 
cases of stage II AAFF. [12] This provides the latitude to 
modify both osteotomies as needed and requires less dis-
placement at both sites. This preserves a greater degree of 
hindfoot motion and results in less traction on neural struc-
tures. One can “dial in” the necessary correction at both sites 
with finer control. Overzealous displacement of the tuber 
segment can place excess tension on the lateral skin, result-
ing in wound dehiscence. We recommend osteoplasty of the 
overhanging portion of the calcaneus following displace-
ment to help decompress the lateral skin (Fig. 21.6). 
Nonetheless, the risk of wound problems remains a potential 
problem with a large displacement.

Large amounts of distraction along the lateral column can 
result in lateral column overload, traction neuritis, and dis-
ruption of the planter soft tissues that stabilize the distal seg-
ment of the calcaneus with subsequent sagittal plane 
displacement and extended convalescence to allow adequate 

incorporation of the bone graft. The authors rarely use a graft 
size greater than 8.0 mm when combining LCL with a medial 
displacement osteotomy. Additionally, we no longer use 
structural grafts. Rather, we prefer lateral plates that maintain 
distraction and then “backfill” with bone graft (Fig. 21.7). 
The process of backfilling is carried out with a combination 
of frozen cancellous chips, bone marrow aspirate, and demin-
eralized bone matrix putty. The plates allow for precise 
correction that can easily be changed during the procedure. 
Titanium trusses afford the same benefits.

 Overcorrection with Medial Displacement 
Osteotomy of the Calcaneus

Overcorrection of hindfoot alignment may shift plantar 
pressures laterally and has the potential to cause symptoms 
in the lateral foot. Hadfield et al. demonstrated that medial 

Fig. 21.6 A-C. Osteoplasty of the lateral overhang of bone following medial displacement. This procedure helps to decompress the lateral wound

Fig. 21.7 A-B Lateral column lengthening with a wedge plate and BMA –soaked cancellous allograft bone
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translation of the calcaneus resulted in increased peak pres-
sures in the lateral forefoot as well as the lateral aspect of the 
heel [13]. The average pressure over the 1st and 2nd metatarsal 
regions of the forefoot decreased significantly after a MCO. 
However there was a significant increase in maximum fore-
foot pressure over the area of the 3rd–5th metatarsals [13]. 
Overcorrection of hindfoot alignment may shift plantar 
pressures laterally which can lead to discomfort along the 
lateral column [13]. The Achilles tendon is able to assist the 
PTT with inversion of the heel when the insertion point on 
the calcaneus is medial to the mid-tibial axis; however, 
overcorrection secondary to medial translation of the heel 
may result in symptoms due to lateral weight-bearing and/or 
excessive stiffness.

It is important to assess the magnitude of deformity and 
suppleness of soft tissues preoperatively as well as intraop-
eratively so that the appropriate amount of correction is 
obtained at the time of surgery. Furthermore, the amount of 
correction obtained with other procedures, such as lateral 
column lengthening, must also be taken into account. One 
should not translate the tuber segment the same amount for 
every case. Rather, the amount of displacement should be 
based on these factors.

 Overcorrection and Lateral Column Overload 
Following Lateral Column Lengthening

Lateral column overload can result from overcorrection, 
failure to recognize/address forefoot varus, and failure to 
recognize/address medial column instability. LCL causes a 
significant shift of plantar load to lateral column, decreased 
contact in the medial midfoot through increased TN cover-
age, and higher maximum mean plantar pressures along the 
lateral midfoot [14]. A cadaveric study found significantly 
decreased talonavicular abduction and increased lateral col-
umn plantar pressures as they increased the amount of LCL 
performed from 6 to 10 mm. These findings suggest that 
overcorrection of the abduction deformity in patients with 
stage II AAFD may lead to less than ideal outcomes [15].

Ellis et al. performed a comparative cohort study with 20 
patients, ten of which developed lateral column pain after 
undergoing a LCL procedure with additional adjunctive 
procedures [16]. The authors hypothesized that the patients 
with postoperative pain would have an increase in lateral col-
umn pressure measured by an EMED-ST plantar pressure 
platform. Results demonstrated a positive correlation with 
patients experiencing postoperative pain and an increased 
maximum force to the lateral aspect of the midfoot. 
Interestingly, the increased lateral plantar pressures did not 
correlate with excessive lengthening according to their radio-
graphic measurements [17].

One of the technical challenges with LCL is determining 
the appropriate graft size or amount of lengthening. 
Unfortunately, there are no guidelines for estimating the nec-
essary amount of LCL. Determination of graft size should be 
based on the degree of deformity and the suppleness of the 
soft tissues. In most cases, this is an intraoperative decision. 
Although intraoperative fluoroscopy (AP and lateral views) 
can help, simulated weight-bearing fluoroscopy is of limited 
value. It is difficult to simulate a patient’s body weight while 
trying to obtain appropriate radiographic views during sur-
gery. Manual eversion testing is important following graft 
placement to ascertain range of motion. Our preference is to 
maintain at least 1/3–1/2 of eversion following LCL. 
Otherwise, patients may experience difficulty off- loading the 
lateral column during the mid-stance phase of gait. Some 
authors have reported the use of trial wedges as an effective 
way to determine appropriate graft size (Fig. 21.8). However, 
other reports suggest that trial wedges have limited accuracy 
and predictability [17].

Preoperative evaluation should always include a thorough 
assessment of the forefoot to hindfoot position, especially 
with the foot in a corrected position. This should unmask 
forefoot varus, which can be addressed during surgery with a 
medial column procedure (NC arthrodesis, 1st TMT arthrod-
esis, or cuneiform osteotomy). It is also important to evaluate 
the medial column for instability. Although the forefoot 
might be parallel to the hindfoot when the foot is placed into 
a corrected position during the preoperative assessment, one 

Fig. 21.8 Trial wedges used to ascertain the appropriate amount of 
lateral column lengthening
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must also evaluate medial column stability. Failure to recog-
nize instability can result in overload to the lateral column 
with corresponding symptoms. Instability can be treated sur-
gically with medial column stabilization procedures.

A study of 55 patients by Deland et al. reviewed postop-
erative talonavicular joint radiographic measurements of 
patients following reconstruction of stage II adult acquired 
flatfoot deformity. A postoperative talonavicular joint posi-
tion of adduction was associated with decreased patient out-
comes in daily activities and quality of life compared with an 
abducted position [18]. The authors were able to correlate 
postoperative midfoot radiographic alignment with clinical 
outcomes. There was no statistically significant difference 
between BMI, sex, and age between the midfoot groups. All 
patients underwent MCO, 39 LCL, 28 1st TMT arthrodesis, 
24 medial cuneiform osteotomies, and five spring ligament 
repairs. The amount of LCL performed in the abducted and 
adducted groups was not significantly different, which indi-
cates that the results of this study do not depend on how 
much the midfoot position was changed but rather on the 
final postoperative radiographic alignment [18].

Lateral column overload can result in significant pain and 
discomfort [17]. Although this is often a transient problem, 
and most cases improve within the first postoperative year, 
some patients experience recalcitrant symptoms. This is a 
rather challenging problem to manage. Orthotics, nonsteroi-
dal anti-inflammatory medications, topical analgesics, and 
physical therapy can provide some benefit.

Ultimately, patient’s failing non-operative therapy will 
require revision surgery. In most cases, the authors prefer NC 
arthrodesis or first cuneiform osteotomy. Although both pro-
cedures will impart stability to the medial column, NC 
arthrodesis is ideal to stabilize the medial column. However, 
if lateral column overload is primarily a result of forefoot 
varus, then a plantar-flexion cuneiform osteotomy is 
 acceptable. A biomechanical study evaluated LCL procedures 
and a simulated FDL tendon transfer on eight cadaveric 
limbs. Results demonstrated a statistically significant 
decrease in lateral forefoot pressure after adding a medial 

cuneiform osteotomy. Additionally, there was a correspond-
ing increase in medial column pressures. These findings sug-
gested that adjuvant medial cuneiform osteotomies are 
successful in redistributing load to the medial column in 
patients undergoing a LCL (Fig. 21.9) [19].

The sural nerve is always at risk for injury with virtually 
any approach to the lateral calcaneus. Traction neuritis is not 
uncommon, especially with a substantial amount of length-
ening. Although this is often transient, patients can experi-
ence some degree of permanent numbness. We often combine 
LCL with MCO so that a smaller degree of correction is nec-
essary at the LCL site. This will limit traction on the neural 
structures. Additionally, various fixation devices can be 
potential sources of direct irritation to the nerve. Low profile 
devices are ideal in this area (Fig. 21.10). This should be 
explained in the preoperative consultation, especially with 
larger deformities.

Fig. 21.9 Dorsal opening wedge 
osteotomy of the medial cuneiform to 
address forefoot varus and lateral col-
umn overload

Fig. 21.10 Low-profile plate being utilized to secure the bone graft 
following lateral column lengthening
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 Nonunion and Malunion Following Lateral 
Column Lengthening

LCL is a commonly used procedure to address stage II AAFF. 
Good outcomes have been well documented. The lateral col-
umn can be lengthened through either distraction arthrodesis 
of the calcaneocuboid joint (CCJ) or mid- substance osteot-
omy of the calcaneus.

Distraction arthrodesis of the CCJ has been utilized as a 
method of LCL [20]. This procedure requires resection of 
the articular surfaces and insertion of a structural bone graft. 
Nonunion is a known complication following CCJ distrac-
tion arthrodesis. Although CCJ distraction arthrodesis has 
been an effective procedure in restoring alignment in stage II 
AAFF, the incidence of nonunion has been relatively high. 
Toolan et al. evaluated a total of 36 patients that underwent a 
distraction arthrodesis of the CCJ with additional adjunctive 
procedures including an FDL tendon transfer. Their results 
demonstrated a 20% nonunion rate. In addition 71% of the 
patients required an additional operative procedure such as 
removal of hardware, bone grafting of nonunion site, or 
additional corrective osteotomies for residual deformities 
[20]. Bone graft collapse, delayed incorporation, and recur-
rent deformity have been reported with CCJ bone block 
arthrodesis (Fig. 21.11). Furthermore, the convalescence 
associated with this procedure is extended compared to LCL 
through the mid-substance of the calcaneus.

Haeseker et al. performed a retrospective comparison of 
two groups with stage II AAFF deformity. A total of 35 
patients were involved in the study in which 16 feet (group 1) 
underwent a CCJ distraction arthrodesis and 21 feet (group 2) 
underwent a calcaneal lengthening osteotomy. AOFAS 
ankle-hindfoot scores demonstrated a statistically significant 
difference in their results. At a mean follow-up of 
42.4 months, group I AOFAS score was 71.9 and group 2 
was 84.9. The nonunion and hardware removal rate was 
6.25% and 31.25% for group 1, compared to 5.26% and 
10.53% for group 2. Two patients were dissatisfied with the 
CCJ distraction and three patients (21.43%) would not repeat 
the same procedure again. No patients were dissatisfied and 
only one (5.26%) patient stated they would not repeat the 
same procedure in the calcaneal osteotomy group. Due to the 
higher AOFAS score, the authors believe patients with 
stage II AAFF would better benefit from a LCL through a 
mid- substance calcaneus osteotomy as opposed to a distrac-
tion arthrodesis of the CCJ [21].

Although degenerative changes of the CCJ have been 
described following LCL through a calcaneal osteotomy, 
these changes may not be clinically significant. Radiographic 
signs of CCJ arthritis can be seen following periarticular 
osteotomies for stage II AAFF; however radiographic signs 
of DJD do not correlate with clinic findings. These patients 
are most often asymptomatic [22].

Fig. 21.11 A-B. Radiographs demonstrating calcaneocuboid bone block arthrodesis to accomplished lateral column lengthening. Subsequent 
graft collapse and loss of correction. This was revised into a triple arthrodesis
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Although LCL within the mid-substance of the calcaneus 
has a much lower incidence of nonunion relative to CCJ 
bone block arthrodesis, nonunion can still occur. Nonunion 
can result in loss of correction, sagittal plane malalignment, 
and recurrent flatfoot deformity (Fig. 21.12).

Nonunion can develop secondary to premature weight- 
bearing, lack of or inappropriate fixation, poor host factors, 
etc. Controversy exists regarding the need for fixation of 
mid-substance LCL within the calcaneus. Although good 
outcomes have been reported without fixation, complications 
have been reported as well.

Loss of correction secondary to bone graft resorption has 
been reported following LCL. This can obviously result in a 
loss of correction and residual flatfoot deformity (Fig. 21.11). 
In addition to securing or stabilizing osseous segments to 
promote healing, certain fixation devices will maintain long- 
term correction. The use of fixation can minimize graft 

resorption as well as prevent sagittal plane displacement of 
the distal calcaneal segment [9].

The revision of nonunion or graft collapse often requires 
debridement, bone grafting, and fixation. Our preference has 
been frozen femoral head allograft combined with bone mar-
row aspirate. These grafts must be large enough to restore 
alignment and make up for any bone loss. Fixation is accom-
plished with a locking plate.

 Nonunion Following Medial Column 
Stabilization Through Naviculocuneiform or 
First Tarsometatarsal Arthrodesis

Nonunion is possible following any arthrodesis procedure. 
Both TMT and NC arthrodesis are procedures utilized in 
stage II AAFF to address medial column instability. 
Nonunion can be managed with non-operative therapy such 
as immobilization, non-weight-bearing, bone growth stimu-
lation, etc. if alignment is maintained. However, if there is 
sagittal plane malalignment, then revision surgery is required 
(Fig. 21.13). In these cases, both union and realignment are 
necessary. Revision surgery should include some type of 
bone grafting and/or orthobiologic, adequate fixation, immo-
bilization, and non-weight-bearing (Fig. 21.14). Obviously, 
any poor host factors such as vitamin D deficiency, uncon-
trolled diabetes mellitus, etc. should also be addressed to 
enhance union.

 Failure to Address Equinus

Equinus deformity must be thoroughly evaluated and appro-
priately addressed as part of stage II AAFF reconstruction. 
Virtually all patients with stage II AAFF have some degree 
of equinus. Patients can lose up to 15° of dorsiflexion after 
LCL [9, 23]. Residual equinus can result in significant forces 
through the midfoot during axial loading with subsequent 
breakdown of the flatfoot reconstruction.

 Residual Forefoot Varus

Forefoot varus, if not addressed or unrecognized, can potentiate 
lateral column discomfort following hindfoot reconstruction 
due to lateral forefoot overload [18, 24].

The Cotton osteotomy, a plantar-flexion osteotomy of 
the medial cuneiform, is an adjunctive procedure that has 
been recommended following realignment of the hindfoot. 
When the hindfoot is surgically corrected during AAFF 
reconstruction, forefoot varus may become unmasked. This 
deformity should be addressed [24, 25] during reconstruction. 

Fig. 21.12 A-C. Radiographs demonstrating graft collapse and 
subsequent loss of correction following lateral column lengthening with 
allograft bone through the mid substance of the calcaneus
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Failure to recognize and correct residual forefoot varus 
deformity following hindfoot realignment may lead to fail-
ure and recurrence of the flatfoot deformity [24, 26]. The 
medial Cotton osteotomy has been shown to correct the 
forefoot varus component of AAFF with evidence of 
improvement in radiographic parameters including lateral 
talus-first metatarsal angle, calcaneal pitch, and medial 
cuneiform-to-floor distance [25].

 Progressive Deformity Following Kidner 
Procedures

Resection of a symptomatic os tibiale externum with 
advancement of the posterior tibial tendon (Kidner proce-
dure) is an effective procedure. However, a symptomatic os 
tibiale externum is often associated with a flexible flat-
foot deformity. In those cases where the flatfoot deformity 
is significant, i.e., stage II AAFF, performing an isolated 
Kidner procedure without addressing the underlying skele-

tal deformity can result in progression of the deformity. 
Unfortunately, disruption of the medial soft tissue structures 
associated with resection of the os tibiale externum will 
often result in progression of the flatfoot deformity. 
Progression is not uncommon when these soft tissue con-
straints are absent. These patients may require revision sur-
gery to address the flatfoot deformity and associated 
symptoms. Procedures should be chosen based on the type 
and degree of deformity.

 Arthroereisis

Subtalar joint arthroereisis has been recommended as an 
adjunct procedure for stage II AAFF. A cadaveric study dem-
onstrated that the addition of arthroereisis to a MCO and 
FDL transfer in severe AAFF resulted in increased correc-
tion of the deformity and did not cause adverse biomechani-
cal consequences as opposed to simply performing a FDL 
transfer and medializing calcaneal osteotomy [5]. Various 

Fig. 21.13 A-C. Nonunion of the naviculocuneiform joint following flatfoot reconstruction. D&E. Revision is performed with autogenous bone 
graft and plate fixation that extend the fusion mass to incorporate the 1st tarsometatarsal joint
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Fig. 21.14 A-B. Nonunion of the 1st tarsometatarsal joint following flatfoot reconstruction. C-E. Revision is performed with a midfoot osteotomy 
and medial displacement osteotomy of the calcaneus

complications have been noted, including overcorrection 
with persistent sinus tarsi pain and implant displacement. 
This can be addressed by removing the implant. However, 
controversy exists regarding the use of this procedure in 
adults.

 Summary

Stage II AAFF reconstruction with double is a sound operation 
to relieve symptoms, improve function, and improve quality 
of life. Furthermore, this is a joint-sparing operation that is 
durable and predictable. One of the surgical goals is to 
prevent progression and the need for future arthrodesis. 
Nonetheless, complications do occur. Fortunately, many of 
these complications are avoidable with appropriate planning. 
Additionally, addressing these complications is straightfor-
ward. Management should be based on reasons for failure of 
the index operation.
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Flatfoot Surgery

Glenn Weinraub

Posterior tibial tendon dysfunction (PTTD) is a complex 
multiplanar deformity that represents a technically challeng-
ing treatment plan for the foot and ankle surgeon. While 
there have been numerous procedures described for the treat-
ment of PTTD, an algorithmic classification system has been 
designed to help aid the foot and ankle surgeon in selective 
procedures. While this classification system aids in the selec-
tion of procedures there is no algorithmic approach for the 
management of complications associated with surgical cor-
rection of the symptomatic flatfoot. This chapter, while not 
all inclusive for all flatfoot surgical procedures, will outline 
the biomechanics of a symptomatic flatfoot, highlight an 
algorithmic approach to procedure selection, and focus on 
management strategies for complications associated with the 
most common procedures performed for the treatment of 
Adult flatfoot/PTTD.

 Biomechanics

Understanding the biomechanics of the hindfoot complex 
and the role of the posterior tibial tendon is paramount in 
surgical reconstruction of a symptomatic flatfoot. The devel-
opment of PTTD is considered multifactorial with failure of 
both static and dynamic stabilizers. Static stabilizers of the 
hindfoot are the interosseous ligaments, joint capsular com-
plexes, and structural bony architecture. Dynamic stabilizers 
are the intrinsic and extrinsic myotendinous units of the foot 
and the leg. While it is a combination of these factors that 
lead to the development of a symptomatic flatfoot, the poste-
rior tibial tendon still plays a crucial role in the development 
of the pathologic flatfoot [1]. The posterior tibial tendon 
(PTT) acts upon three functional joints: the tibiotalar, subta-
lar, and midtarsal joints. It acts as primary stabilizer of the 

foot from heel contact to late midstance [2]. During gait, nor-
mal biomechanics have shown that the PTT acts to deceler-
ate subtalar joint (STJ) pronation from heel strike through 
midstance. The PTT then accelerates STJ supination by 
imparting stability at late midstance, through the midtarsal 
joint, and helps aid in heel lift and propulsion by providing 
proximal stability of the foot [3]. Abnormal mechanics of the 
PTT have shown that it places undo stress on the soft tissue 
structures that causes stretching and a predictable sequelae 
of deformity. The flatfoot develops through increased fore-
foot abduction on the rearfoot, increased hindfoot valgus, 
progression of an apropulsive gait, and a pain complex that 
begins medially and then progresses laterally with increasing 
deformity [4].

 Indications

Understanding the pathomechanics and development of a 
symptomatic flatfoot is paramount in procedure selection 
after failure of conservative care. Conservative care often 
includes immobilization and rehabilitation with supportive 
inserts and bracing as the mainstays. When conservative care 
has failed, proper clinical examination of the flatfoot is 
needed to determine the correct collection of surgical proce-
dures to perform. Again this process is typically due to mul-
tiplanar deformities with often one plane of deformity 
predominating. Clinical examination typically reveals pain 
initially along the course of the posterior tibial tendon and 
spring ligament complex and through time can progress to 
lateral subtalar pain through impingement. Patients will 
often present with weakness and pain with strength testing of 
the posterior tibial tendon and eventually through prolonged 
progressions of the pathology may show an inability to per-
form single leg heel raises with loss of calcaneal inversion. 
Based on planal dominance those with predominant trans-
verse plane deformity will show increased forefoot abduc-
tion on the rearfoot which clinically will manifest as the “too 
many toes sign” when viewed from behind. If there is a 
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 predominance of frontal plane deformity you will often see 
increased calcaneal eversion when the patient is standing in 
their angle and base of gait [1]. With frontal plane domi-
nance it is important to establish if the deformity is reduc-
ible, by utilizing the Hubscher maneuver (establishment of 
an arch via the windlass mechanism as one dorsiflexes the 
hallux) and also by ipsilateral external rotation of the leg. If 
the deformity is reducible one should see a resolution of the 
deformity through external rotation of the leg. One of the 
biggest drivers in the development of a symptomatic flatfoot 
is the role of equinus. Determining if the patient has a gastro-
soleal versus gastrocnemius equinus can be achieved with 
the Silverskiold test. These are some tests that can be per-
formed for the evaluation of PTTD.

 Classification

There have been many attempts in classification of 
PTTD. Most of these classifications are purely descriptive 
along the course of progression of the disease. While helpful 
in describing the progression of the disease process they are 
typically not helpful in aiding in decision making with surgi-
cal reconstruction. Several classifications include Conti 
which is based on magnetic resonance imaging (MRI) but 
this staging system does not often correlate to intra-operative 
findings [5]. Johnson and Strom classified PTTD based on 
clinical signs in combination with the pathological condition 
of the posterior tibial tendon [6]. We prefer the more compre-
hensive classification of Weinraub and Heilala as it aids in 
the development of a surgical treatment plan for PTTD 
(Table 22.1).

 Management of Complications

Surgical intervention for the acquired flatfoot may fail for 
any number of reasons. Below we will outline the most com-
mon reasons for failure and provide management strategies 
for the most common complications.

 Equinus

Equinus has been shown to be present in up to 96% of biome-
chanically induced foot pain [6]. Equinus has shown to be 
pathologic and present in the development of the pathologic 
flatfoot. Compensation for ankle equinus often results in mid-
tarsal and subtalar pronation with a demonstrated three fold 
arch deforming force of the Achilles tendon over the posterior 
tibial tendon by Thordarson and colleagues [7]. Hibbs was the 
first to advocate a tendo-Achilles lengthening procedure as part 
of the treatment for pes planus deformity. An unaddressed 
equinus forces the calcaneus into a valgus position and limits 
subtalar joint inversion. Therefore, in order to get the calcaneus 
into a rectus position a posterior muscle group lengthening pro-
cedure should be considered. Failure to identify the equinus 
component when surgically reconstructing the symptomatic 
flatfoot predisposes the surgeon to less than desirable results.

 Undercorrection

While there are many options for surgical reconstruction of 
PTTD refractory to conservative care one of the most com-
mon complications encountered is undercorrection of the 

Table 22.1 Algorithmic approach to posterior tibial tendon dysfunction

Grade (dictates osseous procedures)

Grade A, no deformity
Grade B, reducible deformity  
(pre-existing or acquired) Grade C, rigid deformity

Stage (Dictates soft tissue 
procedures) No osseous procedures Joint sparing osseous Selected arthrodesis

Stage 1
Acute inflammation, tendinitis 
with minimal tendinosis

Tenosynovectomy
Possible augmentation of static  
soft tissue support

Tenosynovectomy
Augmentation of static soft tissue support
Evans versus medial displacement 
osteotomy

Stage 2
Tendinosis with medial 
attenuation and insufficiency  
of soft tissue static and dynamic 
stabilizers

Medial debridement
Augmentation of static stabilizers 
FDL transfer versus Kidner

Medial debridement
Augmentation
FDL versus Kidner
Evans versus medial displacement 
calcaneal osteotomy

Selective arthrodesis
Selective augmentation

Stage 3
Advanced attenuation or rupture 
of tendon or medial supportive 
structures

Medial debridement
Augmentation of static stabilizers 
Tendon replacement via transfer, 
interposition, or grafting

Medial debridement
Tendon replacement via transfer, 
interposition, or graft Evans versus medial 
displacement osteotomy

Selective arthrodesis
Selective augmentation
Selective replacement

Deformities are graded as: no planar deformity (A), reducible planar deformity (B), or rigid, non-reducible deformity (C). Grading dictates which 
type of osseous procedure, if any, to perform. The continuum of soft tissue pathology from acute tenosynovitis, to frank rupture, is stage. Staging 
dictates which soft tissue procedures are to be performed. The combining of the Grade and Stage leads to a comprehensive treatment algorithm. 
All require evaluation for, and correction of, any equinus deformity
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deformity. Undercorrection can occur with joint sparing as 

well as joint destructive procedures. Failure to correct the 
deformity leads to continued pain and disability and further 
progression of PTTD. Identifying all planes of deformity is 
important in the reconstruction of PTTD.

Undercorrection in the transverse plane can lead to con-
tinued pain along the posterior tibial tendon and lateral 
impingement of the subtalar joint (Fig. 22.1). Procedures 
commonly used for the correction of transverse plane defor-
mity focus on lengthening of the lateral column. This is com-
monly approached through either an Evans osteotomy or 
calcaneocuboid distraction arthrodesis (CCJ) (Fig. 22.2).

In situ/undercorrected triple arthrodesis of a stage IIIC 
PTTD does not correct for any deformity and often leads to 
continued pain and disability. In situ fusion is often multiplanar 
and results in a post-operative foot that is malaligned and stiff. 
Revision of an in situ arthrodesis often requires takedown of 
the existing fusion and techniques to realign the hindfoot in a 
rectus position. Multiple examples can be seen below on man-
agement strategies for malaligned double or triple arthrodesis.

When confronted with a “mal-aligned in-situ” arthrodesis 
requiring revision, the authors have had good success with 
an intra-operative protocol that entails initial takedown of 
the previous fusion sites, followed by a realignment lateral 
column lengthening (either Evans or CCJ distraction) that 
essentially “dials in” the correction in all three planes in the 
same manner a virgin lateral column lengthening procedure 
does. The talonavicular and subtalar joints are then fixated in 
this new revised alignment (Fig. 22.3).

Surgical approach for an end stage PTTD typically 
involves doing a triple or double arthrodesis. Traditionally a 
triple arthrodesis is approached through a lateral primary 
incision. Joint resection occurs laterally as well as positioning 
the foot for final alignment and fixation. The end stage PTTD 
that requires triple or double arthrodesis will have a hindfoot 
valgus and surgical resection laterally can make it hard to 

place the foot into correct alignment and avoid a valgus 

malalignment. The author routinely performs a medial 
approach—double arthrodesis for end stage PTTD (Fig. 22.4). 
This allows adequate correction of the valgus component of 
the hindfoot through medial joint resection. Astion and col-
leagues have shown that after isolated arthrodesis of the talo-
navicular and subtalar joints there is no motion left in the 
calcaneocuboid joint [8, 9].

 Lateral Column Lengthening Complications

When addressing transverse plane deformities through lat-
eral column lengthening procedures there are a number of 
complications that can occur. Evans osteotomy is a calcaneal 
osteotomy performed through the anterior aspect of the cal-
caneus utilizing either an allograft of autograft as a wedge to 
elongate the calcaneus. The same principle is applied with a 
CCJ arthrodesis with the exception that this is a joint destruc-
tive procedure. Both procedures involve lengthening the lat-
eral column to correct for transverse plane deformity 
associated with PTTD.

Graft subsidence is a cause of undercorrection when per-
forming an Evans osteotomy or CCJ arthrodesis (Fig. 22.5a, 
b). If subsidence does occur, performing revision lateral col-
umn procedures is acceptable but utilizing adequate fixation 
is preferred to avoid the complication again. Locked plating 
techniques to bridge the osteotomy can be performed for sta-
bilization and successful union (Fig. 22.5c, d).

Complications with the Evans osteotomy occur with capital 
fragment displacement/rotation, non-union as the graft doesn’t 
incorporate into the calcaneus, and graft subsidence. The author 
frequently utilizes provisional fixation when performing the 
osteotomy through the capital fragment to avoid displacement. 
As the graft is typically press fit, fixation is often not required 
but often utilized to avoid this complication. Multiple fixation 

Fig. 22.1 A 48-year-old 
female with isolated subtalar 
fusion with continued pain 
and under correction with 
anterior break in cyma line 
and negative Mearys angle
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Fig. 22.2 Revision subtalar fusion with Evans osteotomy to correct for transverse plane deformity. Note straight lateral column, rectus heel 
 calcaneal alignment, and normal Mearys angle. (Photos courtesy of G. Weinraub)

G. Weinraub



295

Fig. 22.3 (a, b) Preoperative mal-aligned in situ fusion. (c, d). Correction 
via “take down” of previous fusion sites to mobilize entire hindfoot com-
plex. An Evans osteotomy with allograft was used to lengthen the lateral 
column to affect “triplane” correction with  subsequent fusion of the STJ 

and TNJ. These are immediate post-op radiographs to illustrate the pow-
erful restorative potential of the Evans osteotomy. (Photos courtesy of 
G. Weinraub)
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Fig. 22.4 (a, b) In situ triple arthrodesis for PTTD (Pre op) (Photos 
courtesy of G. Weinraub). (c) This patient underwent revision triple 
arthrodesis with CCJ distraction arthrodesis using cervical locking 

plate. (d, e) Post-operative radiographs showing revision triple 
arthrodesis with CCJ distraction arthrodesis (Photos courtesy of 
G. Weinraub)
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options are available for fixation of the Evans osteotomy 
including K wire fixation, single screw options, and plate fixa-
tion. Failure to avoid capital fragment displacement or rotation 
can result in incongruency of the calcaneocuboid joint and lead 
to painful degenerative arthrosis [10] (Fig. 22.6).

A common complication shared between these two proce-
dures involves non-union of the graft at either the osteotomy 
site for the Evans or non-union at the fusion site when perform-
ing a CCJ arthrodesis (Fig. 22.6). Both allograft and autograft 
have been utilized to accomplish this procedure. Non-union 
rates have been studied between the two procedures and his-
torically the CCJ arthrodesis has had higher non-union rates up 
to 20% when compared to the Evans osteotomy with non-
union rates around 5% [11–14]. Studies have also shown com-
parable rates of fusion when using tri- cortical allograft versus 
autograft. According to Grier et al., they showed a union rate of 
70% when using autograft from the iliac crest versus 94% 
union rate when using allograft and protein rich plasma associ-
ated with the graft for lateral column lengthening procedures of 
either Evans osteotomy or CCJ arthrodesis [15].

 Medial Column Complications

When surgically reconstructing a symptomatic flatfoot often 
a medial column deformity can exist or progress with a long 
standing flatfoot. With surgical realignment of the flatfoot 
one needs to address the medial column after positioning of 
the hindfoot and correction of the lateral column. 
Compensation of hindfoot valgus through the medial column 
often happens through the 1st Metatarsal cuneiform joint 
(MCJ) or Naviculocuneiform joint. This can typically be 
indentified on a lateral radiograph. Prior to performing a sur-
gical reconstruction, identifying if the medial column defor-
mity is reducible can be achieved through recreation of the 
Windlass mechanism and a lateral radiograph can be taken to 
see if the sagittal plane faulting resolves (Jacks test) [16]. By 
defining the level of the medial column faulting then one can 
decide which procedure to employ for correction of forefoot 
varus. Naviculocuneiform arthrodesis, 1st MCJ, or cotton 
osteotomies have been described for the correction for resid-
ual forefoot varus.

Fig. 22.5 (a, b) Graft 
subsidence due to non- 
compliance. (c, d) Graft 
revision with new allograft 
and plate fixation
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Fig. 22.6 Evans revision resulted in CCJ arthrosis which was converted to a CCJ arthrodesis. (a) CCJ arthrodesis non-union. (b, c) Revision 
CCJ arthrodesis after above non-union. (Photos courtesy of G. Weinraub)
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 Failed Arthroeresis

Subtalar arthroeresis has been used for the correction of 
hindfoot valgus by blocking subtalar pronation. There have 
been an increasing number of surgical failures due to arthro-
eresis used as single procedures for the correction of symp-
tomatic flatfoot deformity. The ease of the procedure has 
lulled many surgeons into using this device for all deformi-
ties without any regard for ancillary flatfoot procedures 
(Fig. 22.7). Pain and cystic formation have been implicated 
as complications associated with subtalar arthroeresis. In 
failed cases with associated sinus tarsi pain, subtalar joint 
arthrosis, or peri-implant cyst formation a subtalar arthrode-
sis may be the revision procedure of choice [17] (Fig. 22.8).

 Deltoid Insufficiencies, Missed Stage 4

As PTTD progresses the static soft tissue structures continue 
to be affected and ultimately will progress to yield talar tilt 
with subsequent valgus ankle joint deformity. The deltoid 
becomes incompetent and can no longer resist tibiotalar tilt-
ing. Harper demonstrated that sectioning of the deep and 
superficial deep components of the deltoid ligament produces 
an average of 14 degrees of valgus talar tilting [18]. Early in 
the development of the Stage IV PTTD the valgus ankle is 
reducible with minimal tibiotalar arthritis and surgical recon-
struction of the medial soft tissue structures is possible. As it 
further progress the ankle becomes rigid more arthritis devel-
ops and reconstruction for ankle preservation is often not 

Fig. 22.7 Teenager that 
underwent Kidner with 
arthroeresis with continued 
spastic pes planovalgus 
(Photos courtesy of 
G. Weinraub)
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 possible. Determining if an ankle valgus is  reducible or not 
can be demonstrated under fluoroscopy with a varus thrust 
and realignment of the talus within the mortise.

Recognizing the valgus ankle component when evaluating 
patients is important. PTTD Stage IV A (reducible ankle val-
gus) can be managed with selective hindfoot fusions based on 
pathology but the primary operation for realignment of the 
ankle joint is reconstruction of the deltoid ligament complex. 
Numerous reports of deltoid ligament reconstruction have 
been reported. Autograft or allograft reconstruction is favored 
over direct repair of the tissues, as direct repair has been 
shown to ultimately fail due to the poor quality of tissue dur-
ing the Stage IV disease. When Stage IV PTTD is unrecog-
nized, patients have poorer outcomes and continued disability 
with pain. Management of complications tends to be difficult 

and revision surgery is often necessary with missed Stage IV 
PTTD.

Position of a triple arthrodesis or double arthrodesis needs 
to be carefully evaluated as the cause of failure of the deltoid 
ligament and talar tilt. Malunion of a valgus hindfoot is one 
of the largest contributing factors following a triple arthrod-
esis [19]. It has been shown that a triple arthrodesis fused in 
valgus or in situ position will lead to a 76% increase strain on 
the deltoid ligament complex [20].

An example of a revision Stage IV PTTD is outlined 
below (Fig. 22.9). The patient underwent ankle fusion for 
ankle arthritis but the acquired flatfoot was unrecognized as 
the driving force for the development of the ankle arthritis. 
They had successful fusion of the ankle joint but the foot 
continued to swing into valgus as the flatfoot was not 
addressed the fibula was taken down and no longer able to 
act as a strut. Clinical and radiographs can be followed for 
the management of this patient and reconstruction of their 

deformity.
More commonly is the unrecognized Stage IV A PTTD 

where the patient undergoes triple arthrodesis for end stage 
PTTD. The foot will be well aligned underneath the long 
axis of the leg but do to the laxity in the medial structures 
the foot can continue to drift into valgus through the ankle 
joint. If the ankle valgus is identified and there is significant 
arthritis within the ankle joint, ankle replacement surgery 
versus pantalar arthrodesis/Tibiotalar arthrodesis (TTC) 
may be considered. While pantalar arthrodesis/TTC is suc-
cessful in realigning Stage IV PTTD, there have been many 
studies identifying the higher risk of non-union, residual 
pain, increased energy expenditure and decreased function 
with TTC and pantalar arthrodesis [21, 22]. More recently 
many authors have proposed double or triple arthrodesis 
combined with total ankle arthroplasty. Lewis and col-
leagues recently have shown improvement in pain and 
functional outcome with ipsilateral hindfoot fusions com-
bined with TAR.  Long- term follow-up for these patients is 
needed as the average follow-up was an average of 3.2 
years but shows promising results for Stage IV B PTTD 
[23]. Survivorship of the implant depends on the realign-
ment of the hindfoot complex with or without deltoid 
reconstruction [24–26].

Summary PTTD is a complex multiplanar pathology with 
multiple options for surgical reconstruction. Due to the vary-
ing number of surgical procedures and approaches for 
addressing the deformities associated with PTTD the sur-
geon must be prepared to encounter complications associ-
ated with surgical reconstruction.

Fig. 22.8 Intra-operatively patient was noted to have large extensive 
STJ posterior facet arthritis, as such the patient converted to a triple 
arthrodesis
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Fig. 22.9 (a, b) Example of Missed Stage IV PTTD. Patient underwent 
successful ankle fusion but PTTD was unrecognized. (Photos courtesy 
of G. Weinraub). (c) Clinical photo of Missed Stage IV PTTD with 
ankle fusion. (Photos courtesy of G. Weinraub). (d, c) Post-operative 

radiographs with salvage tibiotalocalcaneal arthrodesis using intramed-
ullary nailing technique. (Photos courtesy of G. Weinraub). (e) Clinical 
photo demonstrating rectus foot and ankle alignment following salvage 
procedure (Photos courtesy of G. Weinraub)
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 Overview

Surgical correction of the cavovarus foot deformity can be 
extremely challenging. Not only are you dealing with a very 
complex foot structure but also understanding the neurologi-
cal etiology is critical to a successful outcome. Cavovarus 
deformity can be caused from either static contracture or 
dynamic contracture. When treating patients with dynamic 
contractures, where there is a progressive nature to the defor-
mity, long-term outcomes are especially difficult to predict 
[1]. Static contractures, on the other hand, are easier to predict, 
and treatment is more straightforward. This chapter is intended 
to identify the crucial elements of procedure selection, discuss 
technical pearls for the commonly performed reconstructive 
procedures to prevent complications, and review specific 
complications and ways to manage them effectively.

Before delving into technical pearls and management of 
complications, it is important to attempt to define the defor-
mity being discussed in this chapter. Although there is no 
universally accepted definition, the cavovarus foot can be 
described as a spectrum of foot shapes that all have a high 
arch in common. The more severe deformity is commonly 
fixed in position as opposed to the less affected non-fixed 
foot structure. The high arch may present with a variety of 
findings, such as a high calcaneal inclination angle in the 
hindfoot, plantarflexion of the forefoot, metatarsus adductus, 
or the apex of deformity within the midfoot [2].

The major components of a cavovarus foot structure are 
increased inclination, varus of the hindfoot, plantarflexion of 
the midfoot, and adduction and varus within the forefoot as 
noted on X-rays [2, 3] (Figs. 23.1, 23.2, 23.3, 23.4, and 23.5).

Numerous means of classifying the cavovarus deformity 
have been devised throughout the years. These classification 
schemes have been based on the apex of the deformity, the 
reducibility of the deformity, the associated conditions with 
the deformity, and the etiology of the deformity [4–6]. All of 
these considerations have their merit in the optimal surgical 
management of the cavovarus foot.

A critical component to the management of the cavovarus 
foot deformity is understanding the neuromuscular imbal-
ances that are present. This deformity has long been thought 
to stem from underlying neurological disorder and be a pri-
mary cause in the development of the cavus foot. Identifying 
the specific pattern of muscular imbalance is essential in the 
surgical management of patients with a cavovarus foot as 
osseous correction alone is often insufficient in preventing 
recurrence of the deformity. In some neuromuscular dis-
eases, muscle strength progressively worsens, and not real-
izing the etiological factor at the time of surgery dooms the 
patient to ultimate failure and recurrence of the cavovarus 
foot deformity.

 Surgical Decision Making

The determination of the ideal approach for surgical inter-
vention is dependent upon several important considerations 
that should be identified during the preoperative evaluation: 
Where is the apex of the deformity? What type of cavovarus 
deformity is identified (i.e., forefoot cavus, midfoot cavus, 
global cavus)? What is the first ray position? Is this defor-
mity fixed or non-fixed? Finally, and most importantly, it is 
imperative to identify all forces causing imbalance in the 
foot. A careful examination of all muscles acting on the foot 
will provide invaluable information on how to dynamically 
balance the cavovarus foot. Commonly, muscle testing will 
demonstrate overpowering of the tibialis anterior muscle by 
the peroneus longus muscle with a plantarflexed first ray and 
overpowering of the peroneus brevis muscle by the posterior 
tibial muscle in the varus foot deformity [4, 7, 8].
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Fig. 23.1 Increase in calcaneal inclination (X-ray) angle

Fig. 23.2 Increase in calcaneal inclination angle (clinical)

Fig. 23.3 Calcaneal varus (X-ray)

Fig. 23.4 Bilateral calcaneal varus (clinical)

Fig. 23.5 Metatarsus adductus

Fig. 23.6 Long-term follow-up: triple arthrodesis with severe adjacent- 
joint arthritis
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Once this information has been ascertained, surgical cor-
rection is largely based on the utilization of both osseous and 
soft tissue procedures. The ideal combination of osseous and 
soft tissue procedures has not been identified for each patho-
logical condition. It would be impossible to formulate such 
an algorithm due to the variation in severity of deformity, 
difference in patient anatomy, etiology of the deformity, and 
other varying factors. There is no single procedure or combi-
nation of procedures that has been found to offer reliably 
good long-term results across the cavovarus landscape. 
However, there are some basic concepts which much be 
considered.

Generally, in the milder or non-fixed cavovarus defor-
mity, lesser metatarsophalangeal joint releases with digital 
arthrodesis are indicated along with soft tissue procedures 
such as the Jones tenosuspension and Hibbs tendon transfer. 
Osteotomies such as a dorsiflexory wedge osteotomy of the 
first metatarsal are indicated to reduce the plantarflexion 
deformity of the first ray [9–12].

In the more severe, fixed deformities demonstrating hindfoot 
involvement, calcaneal and midfoot osteotomies in conjunction 
with soft tissue procedures such as tendon transfers are often 
utilized. Commonly performed osseous surgical procedures 
within the rearfoot and midfoot include the Dwyer calcaneal 
osteotomy and Cole midfoot osteotomy. In the severe, fixed 
cavovarus deformity, calcaneal and midfoot osteotomies as well 
as midfoot and hindfoot arthrodesis are indicated [4, 13–16].

The question of when arthrodesis is indicated is a 
 difficult one to answer. Preserving the viability of hind-
foot and midfoot joints is important for sustained symp-
tomatic relief and avoidance of additional surgical 
procedures (Figs. 23.6 and 23.7). It is accepted that triple 
arthrodesis ought to be avoided as long-term follow-up on 

the triple arthrodesis in several studies has demonstrated 
ankle pain and the development of premature arthritis in 
more than half of operated feet [17]. Therefore, triple 
arthrodesis is felt to serve better as a salvage procedure 
for cases with severe arthritis or in cases of recurrence 
following failed corrective osteotomies [18–21]. The pan-
talar arthrodesis is also reserved as a salvage procedure 
when no other options exist for these patients.

 Steindler Stripping

 Indications and Planning

Contracture of the plantar fascia and plantar intrinsic mus-
cular is invariably present in the moderate to severe cav-
ovarus foot. First described in 1920, Steindler stripping is 
complete release of the plantar fascia, flexor digitorum bre-

vis muscle, and abductor halluces [22, 23]. This procedure 
is unlikely to be performed as an isolated procedure, as it is 
usually followed by bony correction of structural defor-
mity. Release of the plantar fascia is a pivotal part of the 
correction of the cavus foot. It is this reason that a Steindler 
stripping is the first procedure performed on a cavus recon-
struction. Mobilization of the rearfoot and reduction of the 
deformity after osteotomy are much easier if this release is 
performed.

 Contraindications/Limitations

A Steindler stripping is almost always never performed 
alone, but in combination of one or more osseous proce-
dures. It should be performed only on the severe cavovarus 
deformity, but not on the mild one. In less severe cases, 
release of the plantar soft tissue structures would not be nec-
essary to allow for lowering of the longitudinal arch.

 Technique, Pearls and Pitfalls

Incision placement for the Steindler stripping should be 
based on the other procedures required to correct the cavus 
deformity. When performed in combination with the Dwyer 
calcaneal osteotomy, the procedure can be performed by 
minimally elongating the lateral incision to meet the inferior 
border of the calcaneus. A curved mayo scissor is preferred 
with the curvature faced proximally to avoid the neurovascu-
lar structures as the muscle and ligament are transected 
(Fig. 23.8). Care must be taken to avoid cutting the skin on 
the medial side of the foot. Otherwise a painful scar may 
result. This modification of the original Steindler procedure 
is technically easy to perform as well as reproducible results.

Fig. 23.7 Long-term follow-up: triple arthrodesis with ankle varus and 
recurrence of the varus deformity
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If a calcaneal osteotomy is not indicated, the procedure is 
performed through a medial longitudinal incision adjacent to 
the calcaneus and along the glabrous junction.

One of the most common pitfalls of the procedure is 
incomplete release of the fascia. If performed through the 
lateral approach, it is imperative that the medial band and the 
abductor hallucis be completely transected. Injury to any 
neurovascular structure is unlikely with this procedure, but 
care must be taken. Modifications have been reported to help 
avoid damaging the plantar neurovascular [24, 25]. 
Regardless of the technique performed, a complete release 
must be performed to help mobilize the rearfoot in severe 
cavovarus feet.

 Achilles Tendon Lengthening

 Indications

Lengthening of the Achilles tendon is performed when there 
is a gastroc-soleus equinus diagnosed on examination. The 
Achilles tendon is not necessarily strong but contracted in 
patients with cavovarus deformity. Muscle testing and char-
ger lateral ankle (forced maximum dorsiflexion view) radio-
graphs should be obtained to confirm a contracted Achilles 
tendon and adequate talar excursion if the tendon is to be 
lengthened. If the talus is already maximally dorsiflexed 
within the ankle joint, no type of posterior soft tissue release 
or lengthening will allow additional dorsiflexion of the talus 
in the ankle.

A cavovarus deformity normally does not benefit from an 
Achilles tendon lengthening. Performing an Achilles tendon 
lengthening, thus resulting in its weakening, can in fact make 
the cavus foot more severe. The heel cord is resisting further 
contracture to the high-arched foot. Patient presenting with a 
presumed tight heel cord most often has a pseudoequinus 
deformity, which makes your physical exam that more impor-

tant [26]. The fixed plantarflexed position of the forefoot 

upon the rearfoot causes the talus to dorsiflex within the ankle 
joint in order to get the forefoot on the same plane as the rear-
foot (Fig. 23.9). Azmaipairashvili et al. noted the heel cord 
may appear tight but the os calcis is in calcaneus and should 
never be part of the corrective procedure [27] (Fig. 23.10).

 Contraindications/Limitations

As mentioned, adequate motion about the ankle joint must be 
present when lengthening the Achilles tendon. Pseudoequinus 
should be corrected prior to attempting the Achilles lengthen-
ing or overlengthening can result. Specifically, dorsiflexion of 
the forefoot/midfoot will functionally plantarflex the talus 
within the ankle joint and thus improve ankle joint range of 

Fig. 23.8 Plantar fascia visualized through extended Dwyer incision Fig. 23.9 Fixed forefoot deformity causing pseudoequinus with 
weight bearing

Fig. 23.10 TAL open technique
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motion. This may prevent the need to lengthen the heel cord. 
It is also important to evaluate for a bony block equinus. Talar 
neck abutment dorsally against the tibia will prevent any 
improvement to the dorsiflexion range of motion about the 
ankle with lengthening of the Achilles tendon. This would 
potentially create a calcaneus gait and worsen the already 
cavus foot [28, 29].

 Technique, Pearls and Pitfalls

The Achilles tendon lengthening can be performed either 
open or percutaneous. The advantage to the open “Z” tech-
nique allows for a more precise degree of lengthening. The 
lengthening is obtained by bisecting the tendon anterior to 
posterior and exiting proximally posteriorly and anteriorly 
distally. The bisection must be long enough to allow for 
overlap of the tendon after released and held to the correct 
length. The Achilles is repaired with a lateral trap suture 
technique with nonabsorbable 2-0 suture. This open tech-
nique can result in overlengthening and rupture, but both are 
rare complications. Care must be taken to not perform this 
procedure until after the osseous work has been completed 
within the foot to prevent excessive lengthening or 
undercorrection.

Percutaneous TAL or triple hemisection is another 
option with the tendon being cut three times, two finger 
breaths apart with the tendon being cut from the center 
medialward then lateralward, and finally a medial hemi-
section through the tendon. Care must be made to cut this 
correctly or an overlengthening/calcaneal gait is a distinct 
possibility. If too little is cut, then undercorrection is very 
probable.

 Management of Complication

The most common complication of an open TAL is wound 
complications. Care must be taken to perform this procedure 
in an atraumatic technique. Wound care and other conserva-
tive measure are often times enough to solve this problem.

Overcorrection of the Achilles tendon lengthening is a 
potentially devastating problem for the patient with cav-
ovarus or most any foot structure. Once conservative care 
including extensive physical therapy fails to resolve or 
strengthen this tendon adequately, surgical intervention is 
required. An open technique to structurally shorten this ten-
don alone or in combination with an FHL tendon or peroneal 
tendon transfer should be considered [28, 29]. Unfortunately, 
a heel ulcer (Figs. 23.11 and 23.12) may result from over-
lengthening, ultimately requiring an ankle joint arthrodesis 
to resolve this problem.

 Tibialis Anterior Tendon Transfer

 Indications

The tibialis anterior tendon creates a dynamic supination 
force to the forefoot with an unopposed pull from the weak-
ened evertors. The indication of the tibialis anterior transfer 
is to balance the inversion/eversion pull of the forefoot and/
or remove the deforming force of the inverted foot.

Transfer of the tibialis anterior in whole or part (split tibi-
alis anterior tendon transfer or STATT) can be part of the 
treatment for the varus component in the cavovarus foot 

Fig. 23.11 Calcaneal gait following Achilles tendon lengthening

Fig. 23.12 Calcaneal gait with plantar heel ulcer
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deformity. It is imperative to determine the underlying 
etiology of the cavovarus foot structure since specific condi-
tions result in ultimate weakness of the tibialis anterior 
muscle [30, 31]. Relying on this tendon in the long term may 
result in minimal improvement or recurrence of the varus 
deformity. Shapiro and Bresnan noted that weakness over 
time makes transfer of this tendon inadvisable [32].

It is rare that the tibialis anterior tendon transfer is per-
formed as an isolated procedure. Bony and soft tissue proce-
dures are often necessary for successful correction due to the 
complicated nature of the deformity [4, 6, 30, 33].

 Contraindications/Limitations

The tibialis anterior tendon transfer has few contraindications. 
This procedure, as discussed earlier, should be rarely performed 
in isolation or with disease processes that result in weakening of 
the tendon. An in-depth physical examination of the tendon 
should be performed before any procedure takes place. The 
strength of the tibialis anterior must be accurately quantified to 
retain functionality. It is important to remember that one grade 
of muscle strength is typically lost during a tendon transfer [34].

 Technique, Pearls and Pitfalls

The tibialis anterior tendon transfer is performed through a 
three-incision approach. The first incision is made over the 
insertion of the tibialis anterior (Fig. 23.13). A dorsal medial 
incision is made at the navicular-cuneiform joint and extend-
ing to the base of the metatarsal. The tendon is fully released 
from its insertion.

A second incision is made to the anterior-medial aspect of 
the leg directly over the palpated tibialis anterior tendon 
(Fig. 23.14). It is important that the incision is made proxi-
mal to the extensor retinaculum to prevent bowstringing of 
the tendon. Other techniques have been described where the 
tendon is passed superficial to the retinaculum [35]. If 
strength is to be optimized, the tendon is placed above the 
retinaculum. If the tendon excursion is more important, then 
the tendon is passed under the retinaculum within the sheath 
of the common extensor. Once the tendon is visualized, it is 
pulled proximal through the anterior-medial leg incision.

The third incision is made on the anterior-lateral of the foot. 
The incision can be made overlying the lateral cuneiform or the 
cuboid depending on the surgeon preference and correction 
desired. The more eversion required, then placement of the 
tendon should be within the cuboid; this provides a better 
mechanical advantage for the tendon. In our institution, the ten-
don is routed to the lateral cuneiform if mild to moderate cor-
rection is needed (Fig. 23.15). A more lateral incision over the 
cuboid is performed if a greater correction is needed. When 

performing a STATT, the split tendon is transferred to the lat-
eral cuneiform or cuboid; thus, a lateral incision is needed.

An interference screw or anchor is then placed into the 
lateral cuneiform or cuboid with the tendon properly ten-
sioned. The foot should be in a neutral position. Before the 
interference screw is inserted, it is important you check the 
positioning to make sure you have the correction needed. 
Once the interference screw is inserted, the author uses a 
suture button to augment the transferred tendon.

 Management of Complications

Complications are rare when performing the tibialis ante-
rior tendon transfer. Transient tendonitis as well as the 
prominence of the tendon along the anterior leg is the most 
common complication if one fails to transfer the tendon 

Fig. 23.13 Medial incision for tibialis anterior transfer; umbilical tape 
used to split the tendon

Fig. 23.14 Anterior central incision (second incision) for TA transfer
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Fig. 23.15 Incision site for placement of TA tendon into the third 
cuneiform or cuboid

Fig. 23.16 Insertion of TA into lateral cuneiform

Fig. 23.17 Failure of TA tendon transfer at insertion site

Fig. 23.18 Tendon preparation for Hibbs

under the extensor retinaculum. The patient most often 
will do well with physical therapy and conservative treat-
ment [36]. This is considered an in-phase transfer, and 
education is not usually necessary for muscle function.

Failure of the tendon attachment is the most common signifi-
cant complication requiring surgical repair [34]. Failure of the 
fixation technique used is often to blame, which would include 
poor bone stock quality (Figs. 23.16 and 23.17). A suture button 
is often added to secure the interference screw used due to this 
complication. A corkscrew-type anchor is another viable option 
for repair of tendon insertional rupture. It is imperative that the 
patient is immobilized a minimum of 4–6 weeks postoperatively 

to prevent recurrent failure at the attachment site (Figs. 23.18 
and 23.19).

Overcorrection, although rare, is also a complication that 
can be very detrimental if not addressed. This results from 
tightening the tendon too much as the tendon is fixed to the 
bone. Excessive tightening creates a significant spasm to the 
tendon resulting in minimal eversion/inversion motion. If 
this is encountered, correction is required with lengthening 
of the tendon or removing the interference screw to decrease 
the tension on the tendon. Another option is for the tendon to 
be transferred medially to restore the inversion-to-eversion 
balance relationship [36].
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Undercorrection can occur if the tendon is not placed 
under proper tension when attached to the bone. Everting 
the foot past neutral with attachment should permit 
some inversion. Inadequate tension will lose the function 
of this tendon transfer and further loss of dorsiflexion of 
the foot.

 Hibbs Tenosuspension

 Indications

In the flexible cavus foot with the presence of claw toes, the 
Hibbs tenosuspension can be employed to reduce the deform-
ing force or dorsal contracture of the lesser digits at the MTPJs. 
This transfer of the four slips of the extensor digitorum longus 
into the middle or lateral cuneiform allows continued dorsi-
flexion strength at the ankle without the contracture to the 
lesser toes. The advantages of this procedure like the tibialis 

anterior, STATT, and Jones tendon transfer are that they are all 
in-phase tendon transfers and relatively easy to perform.

 Contraindications/Limitations

Transfer of any tendon that is already weak will only weaken 
and not perform as intended [34, 36]. Therefore, the long com-
mon extensor must be strong enough to allow for an effective 
transfer. The goal of this procedure is not to dorsiflex the meta-
tarsals if transferred into each individual metatarsal but only 
aid in dorsiflexion at the ankle joint. The goal is to remove the 
deforming force of dorsiflexion at the metatarsophalangeal 
joints and aid in dorsiflexion at the ankle joint.

 Technique, Pearls and Pitfalls

The Hibbs tenosuspension is often not performed alone but 
in combination with other procedures including hammertoe 
repair, lesser metatarsal osteotomies, Lisfranc, or midfoot 
fusions/osteotomies. Either using Smith’s lines or fluoros-
copy as an aid, the incision is centered over the lateral cunei-
form (Fig. 23.20). The key is to be on the lateral aspect of the 
longitudinal midtarsal joint axis. This will allow the transfer 
to aid pronation of the forefoot with active dorsiflexion 
postoperatively. Care must be given as to the location if a 
 posterior tibial tendon is being transferred as well. There is 
only so much anatomic area to attach tendons into the bone.

The four slips of the common extensor tendon are then 
sutured together for the transfer. A drill hole will then be 
made either into the lateral cuneiform or the cuboid. The 
same technique as the tibialis anterior tendon transfer is then 
performed. The foot is placed in a neutral position, then the 
tendon is tensioned and passed through the drill hole, and an 
interference screw is then placed. A suture button is attached 
to the plantar foot again to aid and augment the transfer.

Poor tensioning of the tendon at the attachment to the 
bone will significantly weaken the tendon and result in an 
ineffective dorsiflexion. Tendinitis or spasm may result if the 
attachment is overtightened to the bone. It is critical not to 
use a cutting needle when suturing the tendon ends together 
for transfer and attachment. This may result in rupture of the 
long extensor tendon due to weakening by the needle weav-
ing through the tendon repeatedly.

Consideration must also be given to reattachment of the 
distal ends of the tendon slips into the short extensor ten-
dons. If the transfer is being made to increase dorsiflexion at 
the ankle and not for the severe contracture of the lesser toes, 
it is possible for the flexor tendons to overpower the short 
extensors resulting in significant plantarflexion of the toes. 
This has resulted in a dragging and/or tripping on these toes.

Fig. 23.20 Smith’s lines to aid in incision placement

Fig. 23.19 Anchor attachment and suturing for Hibbs
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 Management of Complications

Complications are fortunately rare but can occur when per-
forming the Hibbs tenosuspension. Failure of tendon-to- 
bone attachment is the most common obstacle (Figs. 23.21 
and 23.22). Failure of either an interference screw or screw 
anchor can occur. The patient must be cast immobilized for 4 
weeks postoperatively and careful weight bearing afterward 
to prevent rupture of the attachment.

If rupture occurs, then early diagnosis and treatment are 
required. Based on the location of the initial attachment, 
either the reattachment with a larger interference screw with 
augmentation of a surgical button through the plantar aspect 
of the foot or use of a corkscrew-type anchor can be utilized.

Bone quality should be assessed when using any bone- 
type anchor, and augmentation should be done on initial 
attachment. Augmenting the attachment with suture to peri-
osteum is also beneficial in securing the tendon and treating 
or preventing rupture.

If flexor digital contracture results from failure to reattach 
the distal slips to the long extensor tendon to the brevis ten-
dons, then surgery is required. Digital flexor tendon release 
may be necessary if attachment of the distal extensor slips is 
not enough to stabilize the toes.

Insufficient length of the tendon for transfer and lack of 
physiologic tension on the tendon after transfer are two other 
complications. Typically the tendons are transected at the 
midshaft region of the lesser metatarsals to allow for more 
than enough length for transfer. If there is too little tendon 
available to attach into the lateral cuneiform, then attachment 
into the talar neck may be required. The foot should be held 
at 90° to the leg during transfer to ensure proper tension of the 
tendon complex. If performed correctly in the appropriate 
patient, this procedure will both correct claw toe deformity 
and aid in correction of flexible forefoot cavus deformity.

 Posterior Tibial Tendon Transfer

 Introduction

When correcting the cavovarus foot, proper balancing of 
muscles is just as important as correction of structural bony 
deformity. In the cavovarus, the foot posterior tibial tendon 
(PTT) is commonly a main source for the varus component 
of the deformity as a result of overpowering the weak pero-
neus brevis tendon.

Transferring the tendon accomplishes two important 
goals. First, the removal of the deforming inverted or varus 
force on the foot structure [2, 4, 7, 27]. There is some ques-
tion as to the potential complications to the foot structure on 
PTT transfer; however, the release of the tendon does not 
cause a subsequent planovalgus deformity [37]. The poten-
tial to augment dorsiflexion at the ankle joint is also a major 
benefit. In severe cases of cavovarus deformity, there is 
weakness of the extensor tendons and drop foot results. 
Transfer of the PTT to the dorsum of the foot neutralizes the 
weakness of the extensor tendons [36, 38, 39].

 Indications

When transferring the PTT from the medial foot to the dorsal 
midfoot, one must remember that this tendon will be out of 
phase with the rest of the anterior extrinsic muscles. 
Therefore, extensive neuromuscular re-education must be 
performed if possible prior to surgery as well as postopera-
tively, or the tendon must be used for static correction of the 
varus deformity [39–41]. Transfer of the PTT is performed 
on patients with significant varus deformity of the foot as 
well as weakness of dorsiflexors of the foot causing drop 
foot. The goal is to restore a more normal heel-to-toe gait.

Fig. 23.21 Rupture of EDL after Hibbs tenosuspension Fig. 23.22 Failure of tendon-to-bone attachment
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 Contraindications/Limitations

The transfer of the PTT to the dorsum of the foot is only per-
formed when there is a significant varus/adducted deformity 
of the foot, typically with weakness or absent function of the 
peroneus brevis tendon. The tendon must be strong enough to 
give enough function once transferred knowing one grade of 
muscle strength will be lost after transfer [35, 41, 42].

Fixed deformity must be corrected prior to transfer of the 
PTT. If ignored, tendon transfer will be for naught since no 
increased motion will result. This correction would either be 
done by osteotomy or in severe cases, triple arthrodesis. 
Adequate motion at the ankle is required, and pseudoequinus 
must also be addressed with either midfoot fusion or osteot-
omy to lower the arch and place the talus into a functional 
position within the ankle joint. If equinus is still present, then 
an Achilles lengthening or gastrocnemius recession is 
required to allow the PTT transfer to function properly.

 Technique

The technique most often performed is through a four- incision 
technique popularized by Hsu and Hoffer [42]. A medial inci-
sion is placed over the PTT insertion onto the navicular. 
Dissection to the distal tendon and navicular is followed by 
release of the tendon distal to the navicular tuberosity over 
the medial cuneiform to ensure maximum length of the har-
vested tendon (Fig. 23.23).

A second incision is then placed along the posterior/
medial border of the tibia at the myotendinous junction of 
the tibialis posterior approximately 15–20 cm proximal to 
the ankle joint. Dissection to the posterior tendons is per-
formed, and the PTT is usually located deep to the flexor 
digitorum longus tendon directly on the posterior/medial 
tibia. It is beneficial if you pull on the distal end of the tendon 
to help find the tendon in this medial incision (Fig. 23.24).

The third incision is placed slightly distal to the second 
incision just anterior/medial to the fibula. Dissection is per-
formed through the subcutaneous tissue, lateral to the 
extensor digitorum longus and interosseous membrane. 
The anterior muscles are retracted and pushed aside to 
visualize the interosseous membrane. A 4 cm opening is 
made through the interosseous membrane carefully. The 
neurovascular structures are just deep to the membrane at 
this point. A portion of at least 2 cm of the membrane 
should be removed to allow for adequate movement of the 
transferred tendon through this hole as the tendon is trans-
ferred (Fig. 23.25).

The fourth incision is made directly over the lateral cunei-
form. With the foot held at 90° to the leg, the PTT is then 
inserted into the lateral cuneiform through a trephine hole 
with a suture button, utilizing an interference screw, or with 
the surgeons’ anchoring system of choice (Fig. 23.26).

Fig. 23.23 Detachment of the PT tendon from the navicular tuberosity

Fig. 23.24 Identification of PT tendon proximal-medial, lower leg
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 Pearls and Pitfalls

Maximal length must be obtained of the tendon at the medial 
navicular harvest site. Without proper length, the tendon may 
not reach the lateral cuneiform or cuboid for insertion. 
Harvesting a small section of the navicular tuberosity and 
then careful dissection of the tendon off of that bone can 
ensure maximal length. Proper mobilization of the tendon as 
it passes through the interosseous membrane can be another 
source of difficulty during the procedure. If the window in 
the membrane is not large enough, there can be stenosis of 
the tendon causing inability to gain proper length as well as 
lack of excursion when contracted.

There are two options for routing of the tendon once 
passed through the interosseous membrane. Transfer of the 
PTT deep to the extensor retinaculum allows for enhanced 

tendon excursion but gives up strength of the tendon since 
it is closer to the axis of motion (the ankle joint). If the 
tendon is not passed deep to the extensor retinaculum, but 
within the subcutaneous tissue, then the tendon will lose 
the pulley mechanism and gain strength in transfer. 
Unfortunately, there will be an obvious bowstring effect to 
the tendon when it is above the extensor retinaculum [43, 
44]. This phenomenon is represented by the Blix curve, 
which describes the relationship of muscle length and con-
tractile force [8].

Finally, the foot must be held in the correct position to 
allow for proper tensioning of the tendon during tendon 
attachment. The tendon should be secured with the foot in 
the resting neutral position with adequate tension to place the 
muscle at its resting length [42]. Excessive tension on the 
transferred tendon will cause the tendon not to function 
properly and result in more of a tenodesis [8, 36, 42–45].

We have found that the best method of securing the ten-
don at its appropriate length is by interference screw aug-
mented with a surgical button plantarly on the foot. Once the 
hole within the lateral cuneiform is made to secure the ten-
don, the tendon is passed via a Keith needle through this hole 
and out the bottom of the foot. The foot is then dorsiflexed as 
the tendon is pulled through the hole. Once the proper posi-
tion has been established, the tendon is secured with the 
interference screw.

This technique allows for independent determination of 
the proper amount of tension by pulling the tendon distally 
as the foot is dorsiflexed. The PTT is being transferred out of 
phase, and while neuromuscular re-education can be per-
formed, initially the tension on the tendon will provide for 
the deformity correction.

Fig. 23.25 Lateral incision for PT tendon transfer

Fig. 23.26 PT tendon ready for insertion to cuneiform or cuboid
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 Management of Complications

The transfer of the PTT to the dorsum of the foot through the 
interosseous membrane has the potential for a great deal of 
complications. Knowledge of the anatomy is a requirement, 
and this procedure should not be considered unless the sur-
geon has an understanding of the potential untoward effects. 
Failure to obtain adequate length is one of the most common 
shortcomings of this procedure. Attachments will either be 
by corkscrew-type anchor or tendon weave, the latter being 
the less efficient method of attachment and can potentially 
weaken the tendon transfer further. The better option, if the 
tendon is too short to attach to either cuneiforms or cuboid, 
would be to attach the tendon to the talar neck. This is a bet-
ter method to secure the tendon to the bone directly. Due to 
the close proximity of the tendon insertion to the ankle joint 
axis, effective dorsiflexion is greatly reduced [36, 45].

Rupture of the attachment is always a possibility as men-
tioned earlier with the other tendon transfers. Repair is simi-
lar with augmenting the anchor method and the use of a 
surgical button. It is critical that the diagnosis is made early 
so there is no significant degree of retraction of the tendon 
proximally. If there is retraction of the tendon, then a graft 
may be necessary to aid in reattachment. Otherwise, a more 
proximal attachment may be required. Bone quality plays a 
significant role as to how well a tendon will attach to and 
maintain its attachment. Interference screws or anchors will 
only work as well as the quality or density of the bone where 
it is being applied. Therefore, augmentation of the tendon 
attachment should be considered if there is questionable 
bone quality.

Due to the proximity of the neurovascular bundle during 
the transfer of the tendon through the interosseous mem-
brane, potential for injury can result. A vascular surgeon may 
be required if injury is extensive to the posterior tibial artery 
in this location. Care must be given when windowing the 
interosseous membrane and transfer of the PTT through this 
opening.

An adhesion of the posterior tibial muscle and tendon as 
it passes through the interosseous membrane is also a com-
plication that results in poor excursion of this muscle and 
poor functional outcome. Too small of a window in the inter-
osseous membrane or too acute of an angle the muscle and 
tendon travel from the posterior muscle compartment to the 
anterior compartment can limit the excursion of this tendon 
transfer. To avoid this complication, a larger window should 
be employed within the interosseous membrane. In addition, 
a more proximal skin incision must be made medially than 
anterolateral to create an appropriate transfer of the tendon. 
If either of these important points is not carried out, then a 
poor result is inevitable [36, 43, 44].

 Peroneus Longus to Peroneus Brevis Tendon 
Transfer

 Indications

In the cavovarus foot, especially with Charcot-Marie-Tooth, 
it is common to have normal function and strength of the 
peroneus longus (PL) muscle. Due to the progressive nature 
of the disease, classically there are decreased function and 
strength of the tibialis anterior (TA) as well as, and more 
importantly, the peroneus brevis (PB) tendon. With weaken-
ing of the TA tendon, the PL will overpower the TA muscle, 
thus creating a plantarflexion of the first ray and specifically 
the first metatarsal [1, 7, 38, 46, 47]. Tenodesis of the PL to 
the PB decreases the plantarflexion pull of the first ray, as 
well as increases the eversion force that the PB applies to the 
fifth metatarsal base. This transfer will increase eversion 
strength by its new attachment to the base of the fifth meta-
tarsal. Removing the plantarflexion ability of the PL tendon 

Fig. 23.27 Peroneus longus and brevis

Fig. 23.28 Peroneus longus to brevis transfer
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on the first ray also prevents continued supination of the foot, 
exacerbating the cavovarus deformity. Although the PL ten-
don everts the foot in open kinetic chain, it is a supinator of 
the foot in closed kinetic chain. Transfer of the PL to PB 
negates this effect [38, 48].

 Technique, Pearls and Pitfalls

The peroneal tendons can be accessed by an incision from 
the base of the fifth metatarsal to the lateral malleolus. After 
isolating the peroneal tendons, the PL tendon is released as it 
courses plantar to the cuboid. Tenodesis of the tendons is 
then performed with a nonabsorbable suture as the foot is 
held in maximum eversion.

If a calcaneal osteotomy or midfoot osteotomy is per-
formed, those procedures should be completed prior to trans-
fer, as the tension of the tenodesis and positioning of the foot 
will change. If an os peroneum is present, it should be 
removed prior to tenodesis. Along with standard tenodesis, 
the PL tendon can also be woven in a pulvertaft fashion 
through the PB tendon. The tenodesis must be performed 
5 cm distal to the retinaculum to permit adequate excursion 
of the tendon. This is similar to repair for a ruptured PB ten-
don with PL tenodesis. One can also tenodese these two ten-
dons proximally above the peroneal retinaculum [49].

The result of this proximal tenodesis would be continued 
pull on the first ray by the PL tendon but has less effect as an 
evertor of the foot. This would have to be high enough above 
the retinaculum at least 3 cm to allow for proper excursion of 
the tendon as well [49, 50]. A distal transfer is preferred, almost 
an end-to-end attachment with a small degree of tendon over-
lap. Less overlap results in a less bulky tenodesis which is tol-
erated better by patients as well as less irritation to the lateral 
dorsal cutaneous nerve (Figs. 23.27, 23.28, and 23.29).

 Management of Complications

Similar to all tendon transfers, rupture of the tenodesis can 
occur. Treatment is performed with either approximation of 
the edges or augmentation with either auto- or allograft. 
Semitendinosus allograft is often times used as an allograft 
and performed shortly after the rupture is diagnosed. 
Immediate repair with intercalary allograft has been shown 
to be successful in failed peroneal tendon patients [51].

Proper tension, as with all tendon transfers, is critical for 
success and effectiveness of the tendon transfer. An appro-
priate amount of tension on the tendon repair is necessary to 
allow for proper contracture of the tendon. Laxity in the 
approximation of the tendon ends minimizes the effective-
ness of the transfer. Excessive tightening of the tendon edges 
can lead to rupture of the approximation or symptoms of ten-
dinitis. Suture reaction is also a concern, and nonabsorbable 
suture is typically the choice of suture in this transfer. Care 
must be taken not to use excessive amounts of nonabsorbable 
suture for the potential of suture reaction and soft tissue 
irritation.

If a tendon transfer causes pain due to the thickness at the 
suture site, debulking will need to be performed. Care must 
be taken to maintain the integrity of the transfer, and one 
cannot sacrifice the strength necessary for tendon function.

The question of inadvertent consequences of any proce-
dure must be looked at prior to performing such procedure. 
For example, since the function of the PL tendon is to plan-
tarflex the first ray, will removing the tendon cause elevation 
of the first ray? The answer is no; there are no reports of 
metatarsus primus elevatus after transfer of the PL. If one is 
concerned, then a first metatarsal cuneiform arthrodesis can 
be performed to stabilize the first ray and elevate into a more 
functional position if necessary.

 Jones Tenosuspension

 Indications

It is not unusual for the cavus foot deformity to present with 
a hallux malleus deformity, along with an overactive exten-
sor hallucis longus (EHL) tendon. However, the extensor 
tendon is not necessarily overpowering the long flexor ten-
don but causes a contracture of the metatarsophalangeal joint 
(MTPJ) and interphalangeal joint (IPJ) as a result of the loss 
of intrinsic muscles to the great toe [52].

Combined with the presence of a plantarflexed first ray, 
there is a mechanical advantage for the great toe to dorsiflex 
at the MTPJ. The Jones tenosuspension most importantly 
removes the deforming force from the hallux. Moving the 
insertion of the EHL tendon to the neck of the metatarsal, or 

Fig. 23.29 Note the distal tenodesis with slight overlap
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even more proximally, also reduces the retrograde pressure 
to the first metatarsal. Dorsiflexion is maintained at the ankle 
after the tendon transfer is completed. It is important to real-
ize that the goal to transfer of the EHL tendon to the first 
metatarsal is not to elevate the first metatarsal but only to 
remove the deforming force to the hallux [53, 54].

With a fixed plantarflexed first ray deformity, a dorsiflex-
ory wedge osteotomy must be performed to elevate the first 
metatarsal. The osteotomy needs to be performed first, fol-
lowed by the tendon transfer. The fixation and technique 
used is a single 4.0 mm screw, but many other fixation tech-
niques are described.

 Technique, Pearls and Pitfalls

Linear incision is made over the distal one-third of the first 
metatarsal to the dorsal aspect of the interphalangeal (IP) 
joint. Dissection is first performed to the IP joint, and the 
EHL tendon is released with a 5–10 mm distal stump left 

attached to the distal phalanx. After release of the tendon, the 
IP joint is prepared for arthrodesis with joint resection, and 
then the arthrodesis is performed with screws or K-wires at 
the surgeon’s discretion. The EHL is then released from the 
first MTP joint, and dissection is progressed to the metatarsal 
neck. A trephine hole is then placed from medial to lateral, 
and the proximal stump of the tendon is routed through the 
trephine hole and sutured onto itself with the foot held at 90° 
and proper tension applied to the tendon.

The Jones tenosuspension is one of the most common ten-
don transfers for hallux malleus and cavus forefoot deformi-
ties. There are a few pearls that can help make the transfer 
easier for the practitioner. As mentioned earlier, the first 
metatarsal osteotomy should be performed first if one is 
planning on elevating the first ray during the time of surgery. 
Once this is completed, then the drill hole is made from 
medial to lateral. A bone clamp to augment fixation during 
the drilling will decrease the forces on the osteotomy. The 
drill size should be carefully selected, as too big of a drill 
hole will create a larger stress riser than a smaller drill hole. 
Too small of a hole will make the transfer tedious and very 
time-consuming.

The tendon is typically routed from lateral to medial if at all 
possible (Fig. 23.30). The tendon end is typically sutured to 
approximate the tendon end to allow for easier transfer 
(Figs. 23.31, 23.32, and 23.33). Once done, this suture can be 
brought through the bone with a small tendon passer. An older 
technique is to pass an independent suture from medial to lat-
eral through the hole in the first metatarsal then back again 
from lateral to medial creating a loop of suture on the lateral 
side of the bone. The suture from the tendon is placed within 
the loop, and the suture pulled medially to pass the suture. The 
tendon then follows as the suture is pulled. An old-school tech-
nique to pass this suture is to use a Frazier tip. The tip is placed 

Fig. 23.30 EHL tendon being transferred for Jones procedure

Fig. 23.31 EHL being wrapped upon itself and sutured. Note the 
screw for DFWO

Fig. 23.32 Jones tenosuspension with DFWO
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in the drill hole, and the suction pulls the suture from the end of 
the tendon as the suction is pulled from the bone slowly.

The Jones tenosuspension is often performed in conjunc-
tion with a hallux IPJ arthrodesis, which today is called a 
“modified Jones procedure.” It is the author’s opinion that 
the IPJ fusion should always be performed in conjunction 
with the transfer to stabilize the digit and prevent further 
contracture after removing the EHL tendon.

The main pitfall with any tendon transfer, including the 
Jones, is the lack of adequate length to properly transfer and 
attach the tendon. In the Jones, it is important to harvest the 
tendon no more than 1 cm from the insertion on to the distal 
phalanx. In the Jones, if proper length is not obtained, one 
will not be able to route the tendon through the metatarsal 
neck and have enough length to suture it onto itself. Location 
of the hole within the metatarsal can be another pitfall, if not 
placed correctly. If the hole is placed too distal, there may 
not be enough tendon to route through and reattach to itself, 
and if it is placed too proximal, the lever arm of the EHL will 
be decreased, decreasing the mechanical force of the EHL 
tendon.

Fracture of the metatarsal is also a known complication. A 
hole within the first metatarsal creates a stress riser within 
the bone. Therefore, one must be careful about how large a 
hole is made within the first metatarsal. If enough force is 
applied to the bone, a fracture and subsequent elevation will 
occur to the first metatarsal. If a fracture occurs, then repair 
may be required depending on the sagittal plane displace-
ment of the distal fragment.

 Management of Complications

Complications of the Jones tenosuspension are rare. Tendon 
insertion rupture is always a possibility, and early recogni-
tion and reattachment are critical. A more proximal  attachment 
may be required if tendon length is an issue. Attachment to 
the tibialis anterior tendon, or to the proximal portion of the 
first metatarsal, is two options for reattachment.

As mentioned earlier, fracture of the first metatarsal 
through the drill hole can occur. The more proximal the hole 
within the first metatarsal, the higher the possibility for frac-
ture. A lever arm is created from the ground to the hole 
within the first metatarsal. Therefore, a hole within the meta-
tarsal head region is best to avoid this potential 
complication.

 Dorsiflexory Wedge Osteotomy (DFWO) 
of the First Metatarsal

 Indications

In the cavus foot, fixed plantarflexion of the first metatarsal is 
a usual finding. Pain due to overloading of this first metatarsal 
is a common indication to elevate this first metatarsal [26, 
37]. The moderate or severe cavus foot structure will often 
require an elevation osteotomy to the first metatarsal. A strong 
PL tendon overpowers the TA tendon in patients with CMT 
resulting in plantarflexion of the first metatarsal. The Coleman 
block test is performed to evaluate whether the heel varus is 
due to a structural deformity within the calcaneus or a result 
of the first ray being plantarflexed [37]. This plantarflexed- 
fixed position of the first metatarsal subsequently inverts the 
heel in closed kinetic chain. Therefore, lateral ankle  instability, 
varus heel deformity, lateral foot pain, and residual heel 
varus may all be a result of a significantly fixed position 
 plantarflexed first ray (Fig. 23.34).

Fig. 23.33 DFWO and IPJ fusion with Jones tenosuspension

Fig. 23.34 Fixed severe plantarflexed position of the first ray
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 Technique, Pearls and Pitfalls

A 5 cm incision is made along the dorsal aspect of the first 
metatarsal at the proximal metaphyseal-diaphyseal level. After 
exposure of the bone, 2 cm distal to the first tarsometatarsal 
joint, a dorsal-distal to proximal-plantar wedge is removed 
from metatarsal with the osteotomy directed in a 45° angle to 
the first tarsometatarsal joint. The size of the wedge removed is 
based on the severity of plantarflexion. Following removal of 
the wedge, the osteotomy can be fixated with a dorsal-proximal 
to distal-plantar interfragmentary compression screw.

While other techniques will call for a more vertical wedge 
removed from the base of the metatarsal, the technique 
described above allows for interfragmentary screw fixation, 
rather than relying on a plate or tension band technique. 
When making the osteotomy, the proximal cut is made first; 
however, care is taken to not violate the plantar cortex. After 
the distal cut is performed and the wedge is removed, the 

plantar hinge should remain intact, which will prevent any 
rotation deformity. Manual reduction of the osteotomy with 
bone reduction forceps is performed, or dorsal pressure to 
the first metatarsal head plantarly can be made. However, if 
gaping is noted, then the osteotomy is feathered to closure to 
allow for reduction with a sagittal saw.

If the plantar hinge is violated, the surgeon should add 
another point of fixation to prevent transverse plane instabil-
ity. The more proximal the osteotomy is performed, the more 
correction will be obtained, with less bone removed, so 
placement of the osteotomy is of great importance. The 
DFWO of the first metatarsal should be performed after any 
rearfoot correction, as this will prevent over- or undercorrec-
tion of the first metatarsal alignment [53].

The medial dorsal cutaneous nerve is located near the 
base of the first metatarsal and traverses in an oblique man-
ner from proximal lateral to distal medial. Care must be 
taken to identify and retract this nerve in order to prevent 
inadvertent transection or entrapment.

 Management of Complications

Complications of the DFWO are most often avoidable. 
Leeuwesteijn et al. demonstrated minimal complications in 
short-term to midterm outcomes employing a proximal dor-
siflexion osteotomy with combined soft tissue procedures. 
They showed 90% satisfactory results in 33 patients or 52 
feet [12]. However, undercorrection and overcorrection are 
most common. Failure to remove adequate amount of the 
bone from the first metatarsal bone may result in persistent 
varus foot deformity or continued pain subfirst metatarsal or 
fracture of the osteotomy. Further elevation may be required 

to correct this problem if conservative care fails to relieve 
symptoms and alignment issues.

Fracture of the first metatarsal can also result if there is 
inadequate amount of elevation. This may also be due to 
premature weight bearing postoperatively. Treatment is 
based on the amount of elevation post fracture and clinical 
evaluation subsequently. Most often, the patient is casted 
non- weight bearing to allow for consolidation (Figs. 23.35 
and 23.36).

If severe, repair of the displaced fracture is required. 
Additional bone should be removed to elevate the distal por-
tion of the first metatarsal if possible, and then appropriate 
fixation is performed. Screw fixation is not enough, and a 
plate should be employed for fixation of the metatarsal.

Fig. 23.35 First metatarsal fracture following DFWO

Fig. 23.36 First metatarsal fracture with bone remodeling
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Overcorrection resulting in hallux rigidus and transfer 
lesser metatarsalgia may also occur [53]. If this is the case, 
an opening wedge osteotomy is performed to place the first 
metatarsal into a better functional position.

 Multiple Lesser Metatarsal Osteotomies

Cavus foot deformity with plantarflexion of all the metatar-
sals usually presents with clinical symptoms of diffuse lesser 
metatarsalgia, painful lesions to the forefoot, and claw toe 
deformity. There is often a fixed plantarflexed position of all 
the metatarsals with distal migration of the fat pad noted. 
Lesser metatarsal osteotomies are usually performed with an 
anterior cavus. The apex of the deformity is located closer to 
the forefoot [11, 16].

Most importantly, lesser metatarsal osteotomies are 
employed in lieu of fusion procedures in order to maintain 
motion within the foot and prevent adjacent joint arthrosis in 
the long term. A few additional benefits to lesser metatarsal 
osteotomies are that arthrodesis is avoided, maintaining flex-
ibility of the foot, and they are also considered to be techni-
cally easier to perform [14, 16].

 Technique, Pearls and Pitfalls

The lesser metatarsal osteotomies are usually performed 
through three separate incisions on the dorsum of the foot. The 
medial incision is located over the first metatarsal, the second 
incision placed between the second and third metatarsal shafts, 
and the lateral incision created between the fourth and fifth 
metatarsal shafts. It is easier to perform all of the dissection 
prior to performing the metatarsal osteotomies.

The second metatarsal is cut first and then temporarily fix-
ated with a bone clamp. The oblique osteotomy is made at the 
proximal metaphyseal-diaphyseal junction with the wedge 
being dorsal-distal and then feathered to closure. Once the 
position is considered acceptable, screw fixation is employed 
in a standard AO technique with either a 2.0 or 2.7 mm screw. 
The third metatarsal followed by the fourth and then fifth 
metatarsals is cut and fixated. This technique of sagittal plane 
alignment is done only by feel. There is no scientific or radio-
graphic assessment to determine the “correct” position of the 
metatarsal. Finally, the first metatarsal osteotomy is made and 
fixated. The amount of elevation of this bone is directly 
related to the position of the second metatarsal.

Meary’s angle is evaluated with the foot loaded as best as 
possible intraoperatively to help confirm reduction of the 
anterior cavus foot structure. Postoperatively the patient is 
non-weight bearing for approximately 4–6 weeks.

There are many pearls to help minimize complications for 
this not-so-benign procedure. Intraoperative X-ray prior to 

incision helps confirm proper skin incision placement 
between the metatarsals. Too medial or lateral of a skin inci-
sion will challenge healing of the skin islands as well as 
make exposure to the bone cuts more challenging. Dissection 
is carried out on all of the metatarsals prior to making bone 
cuts. This allows for continued progressive osteotomies, 
once they have been prepared. As with any oblique osteot-
omy, care should be taken to make the dorsal wing big 
enough to allow for screw fixation. Too short of a wing will 
make fixation difficult and lead to fracture.

The second metatarsal being the keystone is cut first. The 
position of the second metatarsal will determine how much 
to elevate the other metatarsals. This metatarsal is the most 
stable, meaning less range of motion in the sagittal plane. 
Therefore, this allows for good judgment for the other meta-
tarsals, as they are elevated into proper position with the 
hope to minimize transfer lesions.

The goal here is to minimize too little or too much eleva-
tion of the metatarsals. Failure to place the metatarsals on the 
same plane will result in either continued metatarsalgia or 
transfer type lesions.

The basal osteotomy employed to elevate the metatarsal 
is a powerful osteotomy. A small wedge of the bone resected 
from the proximal portion of the metatarsal can elevate the 
metatarsal significantly more than the same amount of the 
bone resected from the distal portion of the metatarsal. A 
smaller wedge of the bone resected to elevate the metatarsal 
is better than too much (Fig. 23.37). Too much elevation of 
the fifth metatarsal can cause prominence of its base and sub-
sequently a painful lesion. For this reason, there is only so 
much elevation that can be done to the fifth metatarsal and 
the others as well.

Care must be taken to feather the osteotomy rather than 
creating a complete through and through cut. Cutting com-
pletely through the bone will create an unstable distal frag-
ment and a very challenging problem to fixate. Testing the 
ability to close the osteotomy often as the cut is made helps 

Fig. 23.37 Wafer of wedge resected to decrease risk of overcorrection
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prevent a very challenging complication. Once the proper 
depth of the osteotomy is confirmed, then continued cutting 
in a reciprocal fashion to elevate the bone to its final position 
takes place. Fixation is either performed by screw fixation 

alone or by plate fixation if added stability is required 
(Figs. 23.38 and 23.39).

 Management of Complications

According to the literature, complications are not very com-
mon for multiple lesser metatarsal osteotomies [11, 14, 48, 
55]. However, there are several known complications which 
can occur and must be treated. Not knowing the indications 
and contraindications for multiple elevational osteotomies 
usually leads to failure and poor outcome. A non-fixed cavus 
deformity and supple cavus with global forefoot pain without 
arthritic rearfoot joints are the indications for this procedure. If 
arthrosis is noted to Lisfranc joint, then global fusion of these 
joints is required and not lesser metatarsal osteotomies. The 
apex of the cavus deformity must be ascertained preoperatively. 
A forefoot cavus is the only indication for this technique.

There are several intraoperative complications associated 
with this surgical procedure. Location of the osteotomy and 
technique are very important in a successful outcome of this 
procedure. Due to the increased declination of the metatar-
sal, the cut must be long enough if screw fixation is to be 
performed. Otherwise, the osteotomy will be too short and 
be unable to accommodate a screw. If the screw is placed too 
close to the osteotomy, this will most likely lead to fracture 
of the “beak,” ultimately leading to instability of the osteot-
omy. Proper countersinking is critical to allow for the screw 
head to seat properly to compress this osteotomy and prevent 
fracture. A cannulated screw may be utilized as well to help 
confirm placement prior to placing the screw across the 
osteotomy.

A strategy for failure of screw fixation is necessary in any 
surgery and especially here. If this screw does not hold, then 
a larger diameter screw may work. If there is fracture of the 
dorsal fragment, and the single screw fails, then plate fixa-
tion of the metatarsal is required. There is really no need for 
a locked plate in this situation, as the bone quality is quite 
excellent in this high cortical region.

Over- and undercorrection are the most common postop-
erative complications associated with multiple lesser meta-
tarsal osteotomies [11, 55]. Determining the correct sagittal 
plane alignment of all the metatarsals is perhaps the most 
challenging part about multiple osteotomies. Managing post-
operatively is usually conservative with orthotic offloading 
techniques. However, failure to respond conservatively will 
necessitate an additional osteotomy. This can be performed 
either proximally or distally, but may be easier to align if 
performed more distally. An offset V-osteotomy is a great 
choice to elevate the metatarsal bone, but other options are 
available at the surgeon’s preference. Plantarflexion of a 
metatarsal for an overcorrected metatarsal is done in a simi-

Fig. 23.39 Screw fixation of lesser metatarsal osteotomies

Fig. 23.38 Plate fixation of fifth metatarsal for accidental complete 
osteotomy
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lar manner with the offset V-osteotomy. An opening osteot-
omy with bone graft is another alternative to plantarflex the 
metatarsal as well, but this is a more complex procedure and 
comes with its own set of complications.

Stress fractures can occur after lesser metatarsal osteoto-
mies due to the difficulty of alignment and excessive force 
resulting in fracture at the screw site (Fig. 23.40). This issue 
is often treated with immobilization and time. This often 
resolves with conservative measures.

Nonunions of lesser metatarsal osteotomies have been 
documented to be very low and often resolve with  conservative 
treatment (Fig. 23.41) [11, 14]. Treatment of nonunions for 
lesser metatarsals is similar as to any nonunion. Initial con-
servative care of non-weight bearing and cast  immobilization 
with bone stimulator are performed. If conservative manage-
ment fails, then surgical intervention including resection of 
the nonunion, bone graft, and fixation is advocated.

The bone graft can either be intercalary or inlay depend-
ing on the goal and problem being treated. Plate fixation is 
often required for adequate fixation. Care must be taken as to 
carefully establish the final position of the metatarsal to 
avoid transfer lesions and metatarsalgia.

 Cole Midfoot Osteotomy

 Indications

There are a number of midfoot osteotomies that have been pro-
posed to correct pes cavus deformity. All are based on apex of 
deformity and overall reduction in the sagittal plane for anterior 
cavus. The most common is the Cole procedure, first described 
by Saunders in 1935 and then published and popularized by 
Cole in 1940 [56, 57]. It is the most common osteotomy/
arthrodesis performed today for moderate cavus deformity.

The Cole osteotomy is performed for a midfoot and com-
bined rearfoot cavus deformity. The osteotomy is achieved 
by removing a dorsally based wedge combining an osteot-
omy through the cuboid and fusion of the navicular with the 
cuneiform bones [57]. This osteotomy/arthrodesis corrects 
for sagittal plane cavus deformities specifically by improv-
ing Meary’s angle [58–60]. This alone or in combination 
with a dorsiflexory wedge osteotomy of the first metatarsal 
lowers the arch into more anatomic position.

 Contraindications/Limitations

One of the advantages to the Cole osteotomy is the preserva-
tion of the essential joints of the foot. It is important that the 
rearfoot joints are assessed, and there is no evidence of 
arthrosis to the subtalar, midtarsal, and ankle joints. A fusion 
of the naviculocuneiform joints will cause additional stress 
on the adjacent joints, especially the talonavicular joint. 

Fig. 23.40 Stress fracture of lesser metatarsals with plate fixation of 
the fifth metatarsal

Fig. 23.41 Nonunion of second, third, and fourth metatarsals
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Motion at these rearfoot joints will continue to allow for 
adaptation with ambulation. If arthrosis is noted, then a triple 
or midtarsal arthrodesis with sagittal plane correction would 
be necessary.

The Cole osteotomy allows for purely sagittal plane cor-
rection. Removal of more bone dorsally from the medial 
cuneiform may improve the varus deformity, but not to the 
degree one would think. Therefore, a first metatarsal dorsi-
flexory osteotomy would be necessary in addition to the Cole 
to resolve the forefoot varus deformity [58–60].

 Technique, Pearls and Pitfalls

There are two different incisional approaches to the Cole 
osteotomy: the dual-incision approach and the single dorsal 
central one (Fig. 23.42). In the two-incision approach, if a 
PT tendon transfer is to be performed in combination with 
the Cole, then that medial incision is used. A second lateral 
incision is made overlying cuboid. Subperiosteal dissection 
is performed with care taken to avoid the neurovascular 
structures. Once the two incisions are connected, the osteot-
omy is performed. The proximal osteotomy is the first to be 
performed and is oriented nearly vertical to the foot. This 
bone cut is started just proximal to the naviculocuneiform 
joint and extended laterally to the midpoint of the cuboid.

The second osteotomy is performed next in which it is 
oriented to converge plantarly. The osteotomy begins on the 
distal aspect of the naviculocuneiform joint and exits later-
ally on the cuboid. Usually a 1–1.5 cm wedge is made during 
this osteotomy. The amount can vary pending the deformity 
present and can be assessed on a lateral X-ray intraopera-
tively to ensure adequate resection.

The forefoot is then dorsiflexed upon the rearfoot to 
compress the osteotomy. Feathering may be needed to 
achieve a well-opposed osteotomy. Temporary fixation is 
then used once the desired position is confirmed under fluo-
roscopy. Final fixation is then performed using two or three 
4.0 mm cannulated screws. The first screw is started at the 
medial cuneiform and oriented into the lateral navicular. 
The second screw is started at the lateral cuneiform and ori-
ented into the medial navicular. It is important that fluoros-
copy be used throughout this process to avoid screw 
placement into the talonavicular joint. A third screw is then 
placed orienting from the navicular tuberosity into the 
medial cuneiform.

Incision placement is critical in obtaining proper expo-
sure for this osteotomy. A single dorsal linear incision is pre-
ferred, which allows for direct visualization to the dorsum of 
the entire midfoot (Figs. 23.43 and 23.44). The limitation of 
this incision is the need to directly mobilize the neurovascu-
lar bundle medially. If the dissection is started lateral to the 
neurovascular bundle, subperiosteal dissection will avoid 
injury to these vital structures. The two-incision approach, 

medial and lateral, better protects for injury to the neurovas-
cular structures, but visualization is limited in comparison.

Once the dissection has been carried out, it is critical to 
make a precise cut within the navicular, cuneiforms, and 

Fig. 23.42 The single dorsal incision placement for Cole osteotomy 
and DFWO

Fig. 23.43 Cole osteotomy through single-incision approach

Fig. 23.44 Another view of the Cole osteotomy through single- 
incision approach
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cuboid. It is important that a truncated wedge not be made 
during this process. The removal of a pie-shaped wedge, not 
a truncated one, will prevent shortening of the foot 
(Fig. 23.45). If screw fixation is being utilized, which is the 
preferred method, then less bone should be removed from 
the navicular to allow for adequate space for the screws and/
or plate placement.

One of the pitfalls with a dorsal incision is adequate fixa-
tion of the medial cuneiform to the navicular. For screw fixa-
tion, we have not only employed crossed screws but employ 
a screw from the navicular tuberosity to the medial cunei-
form to directly compress these two bones (Fig. 23.46). This 

has resulted in more reproducible results of this part of the 
fusion.

A distinct wedge is removed from the navicular and cune-
iforms, but not the cuboid. This is critical since excessive 
bone removal from the cuboid will dorsiflex the lateral col-
umn creating a very prominent and painful fifth metatarsal 
base. Understanding that the cuboid is lower than the medial 
column in the transverse arch results in a much smaller 
wedge of bone being removed from the cuboid.

 Management of Complications

Complications related to the Cole osteotomy can be attrib-
uted to poor incision placement, osteotomy configuration 
(over-/undercorrection), nonunions, and osteotomy fixation. 
Overcorrection with excessive bone resection results in a 
painful bony prominence subfifth metatarsal or even a rocker 
bottom-type foot structure. A lesion most often will develop 
subfifth metatarsal base as a result of loss of the declination 
angle to the fifth metatarsal. Assessment must be done at the 
time of surgery and if necessary insertion of bone graft 
within the osteotomy is required to restore the lateral column 
arch. If this overcorrection is missed or ignored than resec-
tion of the plantar aspect of the fifth metatarsal, base may be 
required. Accommodative orthotics are also employed to 
help offload this area if symptomatic.

Undercorrection can occur with minimal wedge resec-
tion; however, this is not very common. Additional bone can 
be resected at the time of surgery if the cavus foot is not 
resolved. If the apex is distal after performing the Cole oste-
otomy, then dorsiflexory wedge osteotomies may be per-
formed to the metatarsals to further lower the arch [57].

The most common complication with the Cole osteotomy 
is a nonunion, typically of the medial naviculocuneiform joint 
(Figs. 23.47 and 23.48). From the central incision, this joint is 
the most difficult to visualize. The typical crossed- screw 
technique doesn’t afford enough compression and stability at 
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Fig. 23.45 Truncated wedge 
(solid line) vs. traditional 
wedge (dotted line)

Fig. 23.46 Screw fixation with fixation of medial NC joint
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this fusion location. To combat this potential complication, 
we have employed an additional screw from the navicular 
into the cuneiform to stabilize this joint. Treatment of the 
nonunion includes resection of the nonunion and insertion of 
bone graft and plate and screw fixation. This typically resolves 
the nonunion symptoms once healed.

In the past, complications included arthrosis of the mid-
foot postoperatively and change of shape of the foot into a 
more cube appearance. These complications are rare since 
we have employed screw fixation and stopped the use of 
large-size Steinmann pin fixation. Large pins crossing mul-
tiple joints easily can create arthrosis and have been aban-
doned due to more current options for fixation.

Reading the original article by Dr. Cole, he noted a tri-
angular wedge of the bone resected from the NC joint, not 
a trapezoidal-shaped bone [57]. When done correctly, 
there is no significant shortening noted to the foot struc-
ture. Only if exuberant amount of the bone is resected will 
you note a shortening of the foot itself. Boxing of the hinge 
at the naviculocuneiform joint will require additional bone 
to be removed from the cuboid and the resultant shortened 
foot. In reality, lowering the arch with minimal plantar 
wedge resection of bone will actually cause lengthening of 
the foot.

 Dwyer Calcaneal Osteotomy

 Indications

Lateral closing wedge osteotomy of the calcaneus is the most 

common procedure used today to correct hindfoot varus 
deformity seen in pes cavus. Dwyer first described this pro-
cedure in 1959 in which the medial cortex remained intact 
[60]. This procedure is performed when a rigid rearfoot 
varus with a varus position of the calcaneus is present along 
with a mobile subtalar joint that does not display arthritic 
changes. It is important to evaluate the mobility of the subta-
lar joint. If there is subtalar arthritis, an arthrodesis of that 
joint with lateral wedge resection would be a more appropri-
ate procedure choice [61, 62].

 Technique, Pearls and Pitfalls

An incision is usually placed from the anterior aspect of the 
Achilles tendon at the dorsal aspect of the calcaneus toward 
to plantar cortex of the calcaneus at a 45° angle. Dissection 
is carried down to the bone with the sural nerve and pero-
neal tendons being anterior to the incision and not a factor 
in dissection (Figs. 23.49 and 23.50). The proximal cut for 
the osteotomy is performed perpendicular to the lateral sur-
face of the calcaneus, parallel with the incision line. A sag-
ittal saw is utilized and care is taken to not violate the 
medial cortex.

The second cut is placed 5 mm distal to the proximal cut 
and angle approximately 20° toward the medial hinge. The 
angle of the cut can be modified pending the amount of cor-
rection needed. Once again, the medial hinge is left intact. 
Following removal of the wedge, the osteotomy is manually 
reduced into valgus. If the osteotomy will not reduce, osteo-
tome is utilized to release the medial hinge and mobilize the 
posterior tuber of the calcaneus. The surfaces are recipro-
cally planed to ensure excellent apposition of the osteotomy 
after the shift. With the osteotomy held in place, percutane-
ous screw fixation is achieved from the posterior-plantar heel 

Fig. 23.48 Nonunion to NC joint. Notice that no screw from navicular 
tuberosity to cuneiform

Fig. 23.47 Nonunion to NC joint
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perpendicular to the osteotomy. Different fixation techniques 
can be performed based on surgeon preference.

The Dwyer Calcaneal osteotomy can be used for multi-
plane correction of the calcaneus. After removal of the 

lateral wedge, the medial hinge can be broken or cut through. 
This will allow you to translate the posterior tuber lateral and 
dorsal to change the calcaneal inclination and heel align-
ment. A Steindler stripping should be performed prior to cal-
caneal osteotomy, as the contractures of the fascia and 
musculature can prevent plantar movement of the tuber [60, 
63]. As discussed previously, this can be performed through 
the incision for the Dwyer by simply slightly elongating the 
incision plantarly.

There are many options for fixation of the Dwyer calca-
neal osteotomy. Screw fixation starting at the tuberosity is 
the most common method, but plating and staples have been 
used successfully. Two points of fixation may be considered 
to prevent frontal plane motion of the tuberosity.

To avoid hematoma formation due to the vascular nature 
of the calcaneus, a subcutaneous drain should be placed in 
this incision. Lastly, incision closure can be an issue with 
skin-edge necrosis. A traumatic technique should be per-

formed with minimal soft tissue handling. An absorbable 
suture results in minimal necrosis with the Dwyer skin 
incision.

 Management of Complications

Incision complications such as dehiscence and necrosis are 
the majority of issues associated with a Dwyer Calcaneal 
osteotomy. The incision placement needs to be carefully 
planned prior to surgery. Often the Dwyer Calcaneal osteot-
omy will be associated with other procedures on the lateral 
side of the foot and ankle such as Steindler stripping, pero-
neal tendon repair/tenodesis, and also subtalar joint arthrod-
esis. If one is to encounter incision complications, then 
simple wound care with close follow-up is often all that is 
needed.

Sural nerve entrapment as well as peroneal tendon injury 
is rarely seen if careful dissection is performed. Proper inci-
sion placement is paramount to prevent the soft tissue com-
plications. If a slide is performed with the wedge resection, 
then tamping the overhanging bone to the osteotomy site 
may prevent this irritation.

Nonunion, although very rare, is a major complication 
that is seen with a Dwyer Calcaneal osteotomy (Fig. 23.51). 
If a nonunion is encountered, then the patient should undergo 
conservative treatment including immobilization, possible 
external bone stimulator, and non-weight bearing. 
Displacement of the tuber fragment will necessitate surgical 
intervention as well as failure of conservative management. 
The hardware will need to be removed as well as all necrotic/
sclerotic tissue from the osteotomy site. Two screws should 
be used at this time for rigid fixation and to prevent frontal 
plane motion.

Fig. 23.49 Incision placement for Dwyer Calcaneal osteotomy

Fig. 23.50 Wedge removal for Dwyer Calcaneal osteotomy

Fig. 23.51 Nonunion of a Dwyer Calcaneal osteotomy
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 Conclusion

The cavovarus foot deformity can be a daunting task to suc-
cessfully resolve due to the complexity of the disorder. One 
must fully understand the neurologic etiology and determine 
the progressive or static nature of the deformity. This is 
 critical in choosing the correct surgical procedure in order to 
obtain the best potential outcome and minimize complica-
tions. Typically all three planes of the foot are involved, 
which may require a combination of soft tissue and osseous 
procedures. Management of the complications for the more 
common surgical procedures for the cavovarus foot defor-
mity is presented. Following these recommendations will 
help minimize the occurrence of complications and aid in 
treatment.
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 Introduction

Pathogenesis of neuroarthropathy is debatable. A number of 
theories have been proposed, but it is conceivable that senso-
rimotor along with autonomic neuropathy of any origin can 
potentially result in development of the disease. Although 
poliomyelitis, folate deficiency, spinal cord lesions, menin-
gomyelocele, syringomyelia, leprosy, and peripheral nerve 
injuries are reported as causes of neuroarthropathy in the lit-
erature [1–7], most of the Charcot arthropathies in the foot 
and ankle manifest in a diabetic population [8, 9]. This may 
be due to the sequelae of diabetic neuroarthropathy being far 
more detrimental than those of nondiabetics.

In the lower limbs, development of micro- and macro- 
vascular diseases, along with peripheral neuropathy, makes 
wound and bone healings extremely difficult [10, 11]. This 
results in the incidence of amputation being more than ten 
times higher in diabetics than in nondiabetics [12, 13]. 
Diabetic patients with Charcot disease can also be less com-
pliant, more obese and more immunocompromised; and these 
characteristics can complicate the pre- and postoperative man-
agements. While Addolorato et al. showed significantly lower 
body mass index in alcoholics comparing to social drinkers 
[14], Pinzur et al. observed a large proportion of obesity in 
patients with midfoot Charcot deformity [15].

Due to these reasons, people with symptomatic neuroar-
thropathy are categorized in one of the highest-risk groups that 
foot and ankle surgeons can encounter. Surgeons who treat 
these patients therefore need to be familiar with common com-

plications associated with neuropathy, noncompliance, obesity, 
poor glycemic control, and any other underlying medical and 
social conditions that are common in this population.

 Indication for Procedure

Due to a high complication rate, indication of such recon-
structive surgery, especially in revision surgery, should be 
carefully evaluated. While primary Charcot reconstruction is 
indicated in patients who can otherwise lose his/her limb, in 
a revision surgery one has to reconsider the benefit of ampu-
tation as well. Charcot arthropathy represents an end spec-
trum of the diabetic disease process along with cardiovascular, 
neurological, and immunological problems; therefore, even 
a perfectly executed reconstructive surgery may result in 
major complications. If a patient is doomed to fail recon-
struction, primary amputation reduces patients’ burden and 
healthcare cost significantly.

In the arena of vascular reconstruction in critical limb isch-
emia, there are guidelines to assist surgeons decide whether to 
salvage or amputate. These guidelines are based on numerous 
studies evaluating quality of life and cost effectiveness of 
amputation versus vascular reconstruction [16–27]. These 
guidelines are developed to reduce futile reconstructions.

Trans-Atlantic Inter-Society Consensus have suggested 
that primary amputation in critical limb ischemia is indicated 
when (1) it is non-reconstructable, (2) there is significant 
necrosis on weight-bearing surface, (3) there is flexion con-
tracture of the leg, or (4) the patient is terminal ill/limited in 
life expectancy [28]. Further, European Consensus Document 
states, “a reconstructive procedure should be attempted if 
there is a 25% chance of saving a useful limb for more than 
one year” [29].

On the other hand, there is no consensus or guidelines for 
Charcot reconstructive surgery though these patients may be 
classified in the same health-risk category. The 5-year sur-
vival rates in these critical limb ischemia patients having a 
major amputation and Charcot patients are similar [30, 31]. 
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Lack of guidelines in Charcot reconstruction therefore 
demands foot and ankle surgeons to methodically evaluate the 
patients’ medical and social conditions prior to considering 
extensive reconstructive works. The surgeons need to be able 
to evaluate the patient’s practicality to rehabilitate and likeli-
hood of saving a functional limb for a decent period of time.

For example, high-risk patients, such as ones with end- 
stage renal disease (ESRD) on dialysis, are known to have 
poor prognosis. According to US renal data system, life expec-
tancy of dialysis patient between 65 to 69 years old is 3.2 years, 
and 2-year survival rate in those patients who undergo vascu-
lar reconstruction is approximately 50% [20–22, 32, 33]. 
When compared to a longitudinal study by Lavery et al. [34], 
the 2-year survival in those dialysis patients who underwent 
various lower extremity amputations was comparable or even 
superior. This may suggest that amputation may not necessary 
accelerate mortality in these high-risk patients.

As reconstruction requires substantial time to recover, it 
demands a considerable fraction of his/her remaining life-
time. These patients undergo burden of office visits and pro-
longed non-weight-bearing status, which may worsen their 
quality of life significantly. It should also be noted that a 
failed reconstruction resulting in amputation is significantly 
more debilitating to the patient when compared to primary 
amputation.

Therefore, only a small proportion of patients may truely 
benefit from these extensive procedures. These procedures 
may best benefit selected relatively young, compliant patients 
with longer remaining life expectancy, who is less likely to be 
deconditioned from a long recovery process, and also those 
who can improve underlying biology or medical conditions.

 Contraindications/Limitations

Because of the reasons indicated above, many patients who 
are in this category are poor candidates for surgical revisions. 
Therefore, risk factor assessment via evaluation of medical 
conditions, socioeconomic state, and psychology is necessary 
to avoid further complications. While many surgeons may be 
familiar with the medical-risk factors, the patient’s socioeco-
nomic state and psychology are often overlooked.

It can be impractical for some patients to stay off-weight- 
bearing completely, acquire an expensive brace, and obtain 
family support or even to make it to the postoperative office 
visits frequently. A surgeon needs to be an excellent social 
worker to understand every aspect of perioperative socioeco-
nomic needs for the patients.

Similarly, psychology of the patient is very important 
when assessing these individuals. Compliance, expectations, 
and intelligence of the patient and availability of his/her fam-
ily need to be evaluated thoroughly. It is not uncommon that 
the patient’s initial office visit is the surgical consultation 

visit, as the referring physician may have already tried con-
servative measures. Therefore, the surgeon may spend a little 
time with the patient before scheduling for surgery.

Many of these patients can have a high hope and expecta-
tions. A full comprehension of the disease process, risks, and 
benefits of the surgical management, postoperative convales-
cence, and reasonable surgical outcomes may take a long 
time or even several office visits for those patients. During 
these visits, a surgeon may gain a better understanding of the 
patient’s and his/her family’s personality, perspective, intel-
ligence level, and expectations.

There is overwhelming evidence that a high glycated 
hemoglobin level is associated with poor outcomes in foot 
and ankle surgery. Both wound and bone healings are inde-
pendently associated with poor glycemic control [35–37]. 
Many use a cutoff level of 7% to categorize good versus poor 
surgical candidates, based on the American Diabetes 
Association (ADA) recommendation. The ADA recommen-
dation is derived from several studies assessing intensive gly-
cemic control therapy in reducing long-term complications 
associated with diabetes. However, under glycated hemoglo-
bin of 7%, the benefits seem to diminish, and there is also a 
risk of adverse events including death, weight gain, and hypo-
glycemic episodes from a rapid drop in the glucose level.

However, what constitutes an “acceptable” or “ideal” gly-
cated hemoglobin level for foot and ankle Charcot surgery is 
still unclear. An “acceptable” upper glycated hemoglobin 
limit for foot and ankle surgery can be interpreted as a level 
from where the rate of complication spikes significantly. 
Alternately, the “acceptable” cutoff line can be defined as the 
level at which the risks associated with surgery become 
greater than those associated with nonsurgical treatment. 
Regardless, the “acceptable” level may vary depending on 
the procedure. For example, incision and drainage for infec-
tion may have a higher “acceptable” glycated hemoglobin 
level than an elective reconstructive surgery.

Most studies in foot and ankle surgery to date are compari-
sons of glycated hemoglobin levels between groups with or 
without complications. As recommended by many, including 
the American Diabetes Association, glycated hemoglobin of 7% 
is known to be a relatively good reference point, at least in terms 
of general health. However, there are no Charcot-specific 
guidelines. Jupiter et al. have shown the trend in complication 
rate in accordance of perioperative glycated hemoglobin [36]. 
They have found that the rate of complication quickly elevates 
after approximately 7.4%. However, at this level the soft tissue 
complication rate was already over 20%.

Because the patients with a Charcot foot are high risk, 
modifiable factors should be optimized. Smoking and mor-
bid obesity may be relative contraindications to some 
 surgeons in non-Charcot elective surgeries. The adverse 
effects of these factors are accentuated when coexisting with 
other uncontrollable risk factors in Charcot patients.
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There are many other medical factors in these high-risk 
patients that are considered contraindications for a surgical 
management. Those other medical factors will be discussed 
under each specific complication section.

 Technique Pearls and Pitfalls

Surgical management of Charcot foot is mostly presented in 
low-level studies [38]. The relative paucity of this group of 
patients precludes any well-controlled studies to show statis-
tically meaningful results. Although there is no consensus on 
the “best” approach for primary Charcot reconstruction, 
some intraoperative factors are known to affect surgical out-
comes. Avoiding complications is difficult in Charcot sur-
gery since many variables besides surgical execution play a 
role in the poor outcomes. As mentioned earlier, underlying 
medical condition, psychology, and socioeconomic states of 

the patients are as or more important than surgical techniques 
themselves.

Midfoot Charcot deformity may be reconstructed with 
dorsal, planter, medial, lateral, or combination of those inci-
sional approaches. Although most of these patients are insen-
sate, a careful dissection is still paramount to preserve 
remaining neurological structures, as they are still important 
for bone and soft tissue metabolism for healing. Arthroscopic 
preparation of ankle or rearfoot joints or any other minimally 
invasive approach would also help increase the bone and 
wound healing potential in these high-risk patients.

Soft tissue dissection is followed by resection of necrotic 
or infected bone. Similar to revision surgery in nonunion 
patients, good bleeding cancellous bone is needed for a suc-
cessful fusion. Aggressive resection is often needed to 
achieve this goal. It should be noted that the density of the 
Charcot bone might not necessarily be lower than a healthy 

bone. In fact, the density of chronic neuroarthropathic bone 
can be increased as the quality of trabecular pattern worsens 
[39]. Therefore, after resection of the brittle soft bone, one 
has to also make sure that sclerotic, chronic neuropathic 
bone margin is also resected. Preoperative radiographic 
examinations, such as plain X-rays or MRI can reveal the 
extent of infected or necrotic bone (Fig. 24.1).

Aggressive resection of the necrotic bone can result in 
shortening of the foot. Though it may not be visually appeal-
ing to the patient, biomechanically this can be advanta-
geous. A shortened foot results in a smaller moment lever 
arm during the stance to propulsion phases of the gait and 
reduces the forefoot pressure. Though the maximum 
involvement in neuroarthropathy may be in the midfoot, 
Armstrong et al. have found that the peak pressure was in 
the forefoot [40]; therefore, reducing this pressure by short-
ening the foot may be biomechanically beneficial. It may 
also indirectly reduce the mechanical stress applied to the 

midfoot, contributing to the survival of the internal fixation 
devices. Though the patient needs to be aware of this poten-
tial shortening of the foot, because the reconstruction 
straightens the overlapped midfoot, the foot may not appear 
significantly shorter than preoperative length to many 
patients (Fig. 24.2). The patients should however be notified 
about digital deformities or non- purchasing digits that it 
may cause (Fig. 24.3).

It is not advisable to use nonviable osteobiologics to 
replace the necrotic Charcot bone. Not only the evidence for 
use of such products are lacking, replacing such a large 
defect and to achieve stable union is difficult even in healthy 
individuals. Because pathophysiology of neuroarthropathy 
involves inhibited anti-inflammatory process (Fig. 24.4), 
introduction of reactive foreign materials, excessive inflam-
matory cytokines, and growth factors may result in a vicious, 
uncontrolled, inflammatory cycle.

Fig. 24.1 While the extent of 
the diseased bone may not be 
clear in a plain X-ray, it may 
be clear in an MRI
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A minimal amount of nonreactive material may be indi-
cated to fill a small void given that most of the arthrodesis 
sites are in close proximity. Some mesenchymal cell-based 

products are thought to have anti-inflammatory effect in the 
local tissue via paracrine signaling [41–43] though this phe-
nomenon is yet to be tested in a Charcot clinical study. 
Research in this area is lacking understandably due to its 
relatively low prevalence of the disease.

Another caveat to aggressive resection of the necrotic tis-
sue is that it often results in mismatching of the forefoot to 
the rearfoot. Because forefoot is wider than the rearfoot, it 
may not be possible to align both medial and lateral columns 
onto the remaining rearfoot (Fig. 24.5). If needs to be  chosen, 

Fig. 24.2 (a) A Charcot foot may already appear shortened due to the overlapping of the midfoot. (b) Aggressive resection of the diseased midfoot 
bones may not necessarily result in a shorter appearing foot

Fig. 24.3 Shortening of the midfoot can lead to non-purchasing digits 
due to loss of extensor and flexor stabilization

Trauma

Inflammation

Catabolic
activity

Physiological 
inhibition

Neuropathy

Charcot 
Process

Fig. 24.4 Inhibition of the physiological anti-inflammatory feedback 
system due to neuropathy can result in excessive catabolic activities 
and a Charcot process

Fig. 24.5 Resection of cuneiforms and distal cuboid resulting in the 
fifth metatarsal not articulating with the rearfoot when the medial col-
umn is aligned due to the wider forefoot to the narrower rearfoot
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aligning the medial column is far more critical than the lat-
eral column. It is advisable to align the first ray with the long 
axis of the talus even though the lateral column alignment 
may be compromised.

When resecting the midfoot, it is also important to avoid 
severe abduction or adduction. The midfoot often needs to be 
resected uniformly across from medial to lateral even when 
Charcot is affecting one side. When neuroarthropathy affects 
mainly the medial side and only the medial necrotic bone is 
aggressively resected, the significant shortening of the 
medial column can result in excessive forefoot adduction. 
This is biomechanically intolerable; therefore, resection of 
the healthy lateral column may be necessary to achieve bal-
anced medial and lateral columns.

After arthrodesis sites are prepared, the forefoot is 
impacted onto the rearfoot and fixations are applied. Though 
it is a surgeon’s preference, some fundamental of fixation 
should be reviewed.

Many of the screws are positioning and beaming in nature 
in Charcot reconstruction rather than compression. It is more 
critical for the screws to be strong and resistant to bending. 
Unlike elective arthrodesis surgeries in non- neuroarthropathic 
patients, bone healing is expected to be prolonged, and 
patients are less likely to be able to off-load the operative 
foot effectively. It should be noted that stainless steel, solid 
screws are far stronger than titanium and cannulated screws 
given the same size. Additionally, the core diameter, rather 
than the outer diameter, of the screw determines the overall 
shearing and bending resistance.

One also needs to remember that fatigue property and 
ductility of the screws play a role in the long-term stability. 
Because of the cold-working process in stainless steel, the 
ductility is significantly compromised when compared to 
titanium. Therefore, once the metal is bent or contoured, it 
becomes more brittle. This concept is particularly important 
when considering plate fixation.

Pullout strength is significantly better with titanium since 
the friction is greater due to its osseointegration. Though it is 
a useful property for a rigid, long-term fixation, removal of 
such screws is more difficult. Biocompatibility is superior 
with titanium, yet that of stainless steel is still sufficient, and 
nickel allergy is rare. When a patient needs an MRI in the 
future, titanium avoids signal void effects.

For plate fixation, abovementioned metallurgy is still rel-
evant. The plate fixation, however, requires more molding to 
a contour of the osseous structures; therefore, ductility of the 
metal cannot be over-emphasized.

External fixation has been popular in Charcot reconstruc-
tion [44–47]. It can provide extra stability, dynamic com-
pression if necessary, potential earlier weight-bearing, 
postoperative deformity correction, and bypassing of an 
infected area via spanning/bridging (Fig. 24.6). One always 
however needs to remember that the use of such fixation, 
especially with combination of other internal fixations and 

osteobiologics, is very expensive. Cost effectiveness of such 
construct has not been thoroughly studied. In addition, when 
it is used as a sole fixation, one has to remember that the 
external fixation may need to be removed prematurely to 
avoid pin tract infection prior to bone healing. In combination 
with internal fixation, it may add extra stability, but a long-
term clinical benefit is in question [48]. Pin tract infection is 
also common [49], yet for a more salvage-type procedure 
where internal fixation is already attempted or not feasible, 
external fixation may be the only option (Fig. 24.7).

Gradual correction with dynamic multiplanar external 
fixation may be another option (Fig. 24.8); however, pin tract 
infection can be even more prevalent in these immunocom-
promised patients, especially with the motion and potential 
loosening of the transfixation wires. Internal fixation can be 
applied in the second stage with a minimally invasive 
approach after deformity is corrected [46].

Besides types of fixation, orientation of fixation is also 
important. The weakest point of fixation will be at the level of 
Charcot bone or the fusion site. The purpose of fixation is 

Fig. 24.6 After resection of infected midfoot bones, antibiotic impreg-
nated bone substitute was packed in the dead space. External fixation 
was utilized to stabilize the foot while managing the infection and also 
to gradually reduce the deformity while compressing the forefoot onto 
the rearfoot to prepare for future arthrodesis with internal fixation
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 normally to stabilize the area until union. However, in Charcot 
patients, pseudoarthrosis or nonunion is not uncommon. 
Therefore, fixations need to withstand the weight- bearing force 
for a long period of time. A long-term structural support may 
be more important than short-term rigidity in this population.

For midfoot neuroarthropathy, it is important to establish 
a stable medial column. An unstable medial column can 
result in a recurrent collapse and/or abduction or adduction 
of the forefoot. There are several ways to establish long-term 
stabilization of the medial column. The most common meth-
ods are the beaming techniques that are established by an 
intramedullary screw or a plate-screw construct. An intra-
medullary screw is inserted in the first ray through the first 
metatarsal phalangeal joint, through the posterior aspect of 
the talus or base of the first metatarsal (Fig. 24.9). While a 
cannulated screw will allow much easier and precise inser-
tion, such a screw is significantly weaker than a solid one. A 
solid, large core diameter screw is recommended for a stron-
ger construct. If inserted in a retrograding fashion through 
the first metatarsophalangeal joint, a headless screw is 
needed. An approximately 3 cm incision can be made plantar 
to the first metatarsophalangeal joint longitudinally. The 
joint is then dorsiflexed, and the plantar plate and capsule are 
incised to expose the head of the first metatarsal bone from 
the plantar surgical wound. Once exposed, the midfoot is 
reduced to the plantigrade orientation, and a guide wire is 
inserted though the first ray before reaming. The reaming can 
be performed over the guide wire utilizing cannulated instru-
ments that are appropriate for the solid screw size. A good 
reaming is necessary to insert a large diameter screw without 
fracturing the first metatarsal.

In order to achieve stability, the beaming screw often 
needs to reach all the way to the talus even if the talonavicu-

lar joint is not affected by neuroarthropathy nor prepared for 
arthrodesis (Fig. 24.10). The navicular or medial cuneiform 
is not robust enough to hold the beaming screw in a Charcot 
patient (Fig. 24.10). As mentioned earlier, when extensive 
resection of the midfoot is done, the first metatarsal may not 
align with the long axis of the talus as the first metatarsal 
may sit medial to the talus in the transverse plane. The first 
ray may need to be translated laterally or angulated medially 
to capture the talus.

Alternatively, a plate fixation can be utilized to “beam” 
the medial column. Often a locking plate-screw construct is 
utilized for this purpose as it can achieve stronger angular 
stability at the plate-screw interface. A locking plate-screw 
construct does not rely on friction created on the plate-bone 
interface; therefore, preservation of periosteal vascular sup-
ply can be managed. With minimally invasive dissection 
technique, this theoretically aids in bone healing. Yet, clini-
cal benefit of locking plate in Charcot surgery is not exten-

sively studied.
An additional interfragmentary screw may aid more rigid-

ity by achieving absolute stability via compression across the 
fusion site rather than relying solely on locking plate- screw 
construct, often used for relative stability. Relative stability, 
with flexible fixation without compression, in theory can 
result in secondary bone healing via more biological fixa-
tion. However, this needs to rely on natural bone callus for-
mation. In these high-risk neuropathic patients with abnormal 
biology, this may be difficult. It is unknown at this point 
which of the healing process, between primary and second-
ary bone healing, is better in Charcot patients. Yet, it should 
be reminded that bone healing in neuropathic patients is sig-
nificantly prolonged, and the fixation devices may fail prior 
to bone callus formation. On the other hand, excessive rigid-
ity may transfer the stress or strain to other areas and can 
cause a fracture or acute Charcot process (Fig. 24.11).

Orientation of the plate significantly changes the strength 
of the beam. A plate applied to the dorsal aspect of the first 
ray is more subject to bending and fatiguing than one placed 
on the medial aspect (Fig. 24.12). When the plate is placed in 
a vertical orientation, like a floor joist, it is much harder to 
fail with weight-bearing.

Application of the plate more plantarly can result in con-
version of the weight-bearing force into compression force 
via tension banding (Fig. 24.12). However, in order for ten-
sion banding to work, the bones must have a strong dorsal 
cortex. Many Charcot bones are fragile; therefore, a care 
must be taken to inspect the quality of the bone before 
attempting this technique.

For transfixation screws, longer screws with multiple cor-
tical purchases are always more stable than unicortical 
purchases.

For the central rays and the lateral columns, the same 
principles are applied. While alignment of the lesser rays are 

Fig. 24.7 After an infected retrograde intramedullary nail was removed, 
a multiplanar external fixation was utilized to maintain stability
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not as critical in the transverse plane once the medial column 
is established, a patient will not be able to tolerate the 
malalignment in the frontal or sagittal planes. It can result in 
forefoot plantar ulceration secondary to increase in focal 
pressure or a fixation failure if bone healing is delayed.

In the ankle, fixation and deformity correction are little 
more forgiving. The larger structures with more parallel ori-
entation of the joint to the ground surface afford more stable 
construct via fixations, such as retrograding intramedullary 

nail, multiplanar external fixation, and more robust plating 
systems.

Unlike the midfoot, shortening in the ankle is not benefi-
cial however. Though a permanent brace, such as CROW or 
AFO, may add some height, a significantly shortened limb 
may not be any more functional than a proximally amputated 
extremity with a good prosthesis (Fig. 24.13).

Talectomy with tibiocalcaneal fusion (Boyd’s procedure) 
is often utilized for a severe ankle neuroarthropathy (Fig. 24.14). 

Fig. 24.8 (a) A patient with midfoot osteomyelitis underwent exci-
sion of the osteomyelitic bone and gradual correction of the deformity 
prior to a second-stage internal fixation. (b) The patient needed a 
deformity correction in the frontal and sagittal planes. The hinges of 

the multiplanar external fixation device were placed over the apices of 
the deformity. (c) The forefoot transfixation wires are also “walked” 
distally to distract the forefoot
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Fig. 24.9 (a) A beaming intramedullary screw is inserted through the 
plantar incision placed over the first metatarsophalangeal joint. The hal-
lux is dorsiflexed to allow the screw to be in the long axis of the first 

metatarsal. Alternatively, a screw can be inserted from (b) the posterior 
aspect of the talus or (c) plantar aspect of the first metatarsal base

Fig. 24.10 (a) Even though the talonavicular joint was not affected by neuroarthropathy, the beaming intramedullary screw was inserted all the 
way to the talus for additional stability. (b) Without talar purchase, the navicular is not robust enough to maintain the medial column beam
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The procedure however results in significant shortening and 
operative trauma in the extremity. Despite, this can be the 
only option in many patients short of major amputation. 
For those with severe, chronic deformity, this may be the 

Fig. 24.11 Though this diabetic patient with severe neuropathy up to 
the level of the midleg did not develop a Charcot ankle after open reduc-
tion and internal fixation, the rigid construct resulted in transfer of the 
stress and a fracture proximally

Fig. 24.12 (a) A dorsal plate may fail with weight-bearing force. (b) A medial beaming plate is stronger under weight-bearing force due to its 
vertical orientation. (c) A plantar tension banding plate may not work with fragile dorsal cortices

Fig. 24.13 After 6 years from an index talectomy with tibiocalcaneal 
fusion with external fixation, bony union never took place. Without 
internal fixation, it resulted in a recurrent dislocation and subsequent 
below the knee amputation
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only feasible procedure since acute correction without 
significant shortening may compromise neurovascular 
structures (Fig. 24.15).

Addition of bone graft material even with osteobiologic 
supplementation is not advisable for the same reasons dis-
cussed earlier. Surgical trauma itself will “reactivate” the 
vicious inflammatory cycle (Fig. 24.4), and the bone substitute 
may be resorbed or “washed out” in the process (Fig. 24.16). 
An off-label use of bisphosphonates has been suggested to 
be useful in inhibiting the neuroarthropathic inflammatory 
process, but the clinical results are inconsistent [50–52].

For fixation in ankle Charcot reconstruction, an intramed-
ullary nail can provide tremendous stability without needing 
to have significant foreign material underneath the surgical 
incision. Shah and De demonstrated that the union rate with 
a retrograde intramedullary nail was higher than that with a 

unilateral external fixation [53]. However, if infected, a salvage 
procedure is more difficult.

On the other hand, plate fixation may be better managed 
in a case of infection because intramedullary tracking of 
infection may be less likely. However, having the fixations 
right underneath the incision can be problematic, as postop-
erative dehiscence of the incision is not uncommon in a 
Charcot reconstructive surgery. Screw fixation is least sta-
ble. Yet, in cases of arthroscopic or minimal incision 
approach of the ankle arthrodesis, screw fixation can be 
executed via stab incisions, minimizing operative trauma.

A use of bone stimulator has been studied in Charcot 
patients [54, 55], yet the effectiveness of bone stimulator in 
this population is still questionable. Again, having meaning-
ful statistics in a clinical study in this relatively rare disease 
is challenging.

Fig. 24.14 Acute correction of (a) severe, chronic deformity may be possible with (b) a simultaneous talectomy and shortening of the limb

Fig. 24.15 An acute correction of chronic deformity may result in necrosis due to overstretching of the neurovascular structures
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There is no good evidence for use of prophylactic anti-
biotics in elective foot and ankle surgeries; however, in other 
areas, especially when hardware is utilized, a routine use of 
preoperative antibiotics is recommended [56]. There is no 
evidence for using antibiotics past 24 h after surgery. The 
Surgical Care Improvement Program (SCIP) guideline rec-
ommends against use of antibiotics for more than 24 h after 
the surgery [57]. Though the guideline was not derived from 
data in Charcot reconstructive surgeries, a justification to 
deviate from the guideline may be difficult.

Minimizing hematoma in the surgical site is highly recom-
mended. Charcot reconstructive surgery can traumatic, and 
many patients often possess major bleeding disorders and/or 
calcified vessels. Coupled with prolonged surgery and creation 
of a dead space from extensive resection of necrotic soft tissue 
and bones, these patients are in high risk for developing hema-
toma. Hematoma can be minimized by utilizing a drain, releas-
ing the tourniquet prior to closure to identify and eliminate 
major bleeding, managing medically for a bleeding disorder, 
adjusting pharmacological agents preoperatively, and applying 
a compressive dressing and cryotherapy.

Application of compressive dressing and cryotherapy 
should be done with caution since most of these patients 
have a significant sensory loss (Fig. 24.17). They are not able 
to detect abnormal pressure or extreme temperature even 
after the postoperative block wears off. Education regarding 
 bandaging and cryotherapy and instruction for discontinua-
tion or reporting adverse events are important. Frequent skin 
inspection and simple vascular examination should also be 
encouraged. Application of cryotherapy is not indicated at 
the level of sensory loss [58]. It needs to be proximal enough 
that the patient is able to feel any discomfort when too cold.

 Management of Specific Complications

 Hardware Failure

Hardware failure is common in Charcot reconstructive sur-
geries. When hardware fails, there are a couple of options, 
including explantation. However, before deciding on a treat-
ment plan, one must investigate the reason for the failure. 
The reasons can include: infection, inadequate fixation from 
the previous procedure, high BMI, prolonged bone healing, 
and unreasonably early weight-bearing.

Fig. 24.16 Bone 
morphogenetic protein 
(BMP7) with demineralized 
bone matrix (DBM) was 
utilized in attempt to assist 
the midfoot fusion. However, 
(a) the osteobiologics were 
completely dissolved along 
with the postoperative 
inflammation, and (b) the 
correction was lost

Fig. 24.17 A tight bandage in a neuropathic patient can result in necro-
sis of the skin
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Charcot reconstruction requires sturdier fixation than 
most of other reconstructions. When evaluating plain radio-
graphs, one can evaluate the size and orientation of the previ-
ous hardware. If the size and orientation of the fixations are 
adequate in the previous surgery, one can reason that the 
cause of the failure was due to one or more of other reasons 
mentioned above. If the size and orientation of the fixations 
were inadequate, it can be due to the surgical error but still 
cannot automatically rule out other causes, as more than one 
cause can be responsible for the failure.

A careful history and physical examination is useful to 
rule out most of the above-mentioned reasons for the failure. 
High BMI and excessively early weight-bearing can be ruled 
out from physical examination and careful history taking, 
respectively. Infection, however, is more difficult to evaluate 
(see infected hardware) since acute Charcot process can 
mimic an infectious process.

In most of the cases, prolonged bone healing due to 
underlying poor biology is responsible for the hardware 
fatigue and failure. If this is the case, a surgeon has to 
decide if a revision surgery would be of any benefit when 
these underlying medical conditions still exist 
(Fig. 24.18).

Many failed fixation devices may not be symptomatic. 
However, when fixation devices are protruding and/or pro-
hibiting wound healing, removal of such implant may be 
necessary (Fig. 24.19). A prolonged wound closure may lead 
to colonization and infection. If not infected, an off-label use 
of a vacuum-assisted wound closure system may be used to 
grow granulation tissue over the hardware. Hardware 
removal is necessary to close the wound otherwise.

Some superficial screws can be removed from the open 
wound in a clinic. When rigid and deep, the patient may 

need to go to the operating room for removal. Even if sta-
bility is compromised, exposed hardware, when resulting 
in wound complication or infection, may need to be 
removed. Less foreign material in the open wound can 
result in better granulation and wound healing. In general, 
closed soft tissue envelope should be prioritized over sta-
bility of the fixation in this high-risk immunocompromised 
group of patients. A hardware removal may be coupled 
with application of negative pressure wound therapy to 
speed up granulation.

Deeper hardware, such as an intramedullary screw or nail, 
is much more difficult to manage when it fails. Infection and 
correction of malunion are the few indications for the 
removal of such deep hardware, as the additional procedure 
can be very traumatic for the patient (see malunion, non-
union, infected hardware).

Fig. 24.18 When severe 
neuropathy resulting in 
osteolysis and hardware 
failure, revision surgery 
without modification of 
underlying medical condition 
will most likely fail again. 
This particular patient was 
non-symptomatic and did not 
require removal of hardware 
or revision surgery

Fig. 24.19 The underlying plate and screws are prohibiting wound 
healing
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 Non-Healing Wound

Unlike a typical neurotrophic ulcer from pressure, wound 
healing complication in Charcot reconstruction may be sub-
ject to a larger problem. Assessing causes of the wound heal-
ing complication is necessary before management. Infection, 
hematoma, lack of biology, and extensive trauma from sur-
gery can all lead to such a complication.

After adjusting for covariates (age, gender, race, BMI, 
any comorbidity, glycated hemoglobin, and serum glucose), 
Humphers et al. found that the significant factors associated 
with postoperative wound healing complication among the 
diabetics were elevated glycated hemoglobin and the pres-
ence of more than one comorbidity. With each % of glycated 
hemoglobin, the odds of wound healing complication 
increased by a factor of 1.28. On the other hand, the presence 
of any comorbidity increased the odds of the complication 
by a factor of 1.97. Within the comorbidities, neuropathy, 
high BMI, and smoking history were the ones associated 
with wound healing complication.

For orthopedic trauma, it has been demonstrated that obe-
sity is a risk factor for wound healing complication [36–41]. 
Increased tension on the fascial edges at the time of closure 
with associated increased tissue pressure may reduce micro-
perfusion and oxygen to cause surgical dehiscence [42, 43]. 
Hematoma and seroma formation are also more common in 
obese patients and can result in decreased tissue oxygenation 
and delayed healing [44].

The impact of smoking on wound healing complications 
has been well studied. Adverse effects of smoking on wound 
healing include: a temporary reduction in tissue perfusion 
and oxygenation, impairment of inflammatory cell func-
tions and oxidative bactericidal mechanisms, and attenua-
tion of reparative cell functions including synthesis and 
deposition of collagen [45]. Smoking cessation therefore is 
important prior to any revision surgeries. Initiation of smok-
ing cession program 4 weeks prior to elective surgery has 
been shown to reduce postoperative complications signifi-
cantly [59]. However, immediate postoperative cessation in 
orthopedic trauma did not show clinically significantly 
detectable benefits [60].

While a long-term glycemic control, measured in gly-
cated hemoglobin, have obvious benefit in wound healing, 
tight management of perioperative serum glucose level may 
not. While in general perioperative serum glucose control 
has been believed to be an important factor [1, 2, 7, 13, 17, 
23, 25–28], it did not have any statistically significant asso-
ciation with postoperative wound healing complication in 
foot and ankle procedures [35]. In addition, perioperative 
serum glucose level can significantly fluctuate. While some 
literature support tight perioperative glycemic control [29, 30], 
it remains a controversial topic, as a randomized trial did not 
demonstrate any added benefit [31].

Nutrient supplementation may be also beneficial in this 
patient group. Multivitamins, protein, and immune- 
enhancing supplementation are suggested to be effective 
[61–70]. Optimizing nutritional requirement is needed prior 
to considering surgical management.

Besides biology of the patient, biomechanics, ill-fitting 
brace/shoe, and infection (see osteomyelitis) can be respon-
sible for non-healing open wounds. If available, pedobaro-
graph is useful in assessing the degree and location of the 
planter pressure (Fig. 24.20). Without significant focal pres-
sure present in the pedobarograph, one can deduce that the 
cause of the open wound can be due to lack of biology, com-
pliance, or underlying infection.

Conservatively, these open wounds can be treated with 
any advanced wound care modalities; however, in many situ-
ations, aggressive off-loading may be necessary in this popu-
lation. Off-loading can be achieved by reducing both focal 
pressure and activity level. Therefore, a cumbersome total 
contact cast, rather than off-loading boots or shoes, is more 
effective in healing wounds, as it also reduces the activity 
level significantly [71].

Though many of the focal pressures can be accommo-
dated with a brace or shoes, some do not respond to orthotic 
management. Exostectomy or planing should be attempted if 
indicated prior to considering reconstructive surgery. With a 
general rule, a rigid Charcot foot is more manageable with 
exostectomy or planing (Fig. 24.21), while more flexible 
Charcot foot can result in further collapse. Ligamentous 
structures, which stabilize osseous structures, are often dis-
rupted even with a simple exostectomy (Fig. 24.22). 
Simultaneous internal or external fixation without arthrode-
sis may be considered, but the long-term benefit of this is 
unclear (Fig. 24.23).

It should be reminded that the simple exostectomy could 
also initiate the viscous inflammatory process and poten-
tially result in a recurrent acute Charcot process. This may 
propagate the rocker bottom foot and may worsen the bio-
mechanics. Prolonged immobilization, tight glucose con-
trol, and possibly the off-label use of bisphosphonates may 
be helpful to prevent the occurrence of a neuropathic inflam-
matory process. Off-loading external fixation has been sug-
gested by a few, but the cost utility is unclear in this 
situation.

Transfer lesions to the forefoot (from plantarflexed fore-
foot in malunion or under-corrected equinus) or subcalca-
neal area (from over correction of equinus) can also be 
common. Percutaneous osteotomy with or without fixation 
can raise the corresponding metatarsal bone to off-load the 
metatarsal head in those with submetatarsal ulceration.  
A flexor hallucis longus tendon transfer may reduce enough 
pressure to heal the subcalcaneal lesion (Fig. 24.20).

Primary closure, skin grafting, and local flaps are other 
options for treatment of the open wound [72–74]. Evaluation 
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Fig. 24.20 (a) The pedobarograph shows an obvious increase in plantar calcaneal pressure in this patient with a plantar heel ulcer secondary to 
overlengthening of the Achilles tendon. (b) After flexor hallucis longus tendon transfer, the plantar pressure is reduced and the ulcer is healed

Fig. 24.21 (a) The patient developed a chronic plantar wound secondary to the rocker bottom foot type. (b) This chronic rigid Charcot foot was 
treated with plantar exostectomy. (c) Though normal foot architecture is not restored, the patient has not needed reconstructive surgery
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of healing potential in these high-risk patients is again 
paramount, especially when more aggressive and traumatic 
soft tissue reconstruction is considered.

 Malunion

Definition of malunion may be significantly different in a 
Charcot population than other foot and ankle conditions. 
In many Charcot cases, restoration of anatomical architec-
ture of the foot and ankle may not be necessary, practical, or 
even beneficial. A “plantigrade” foot is the term often used to 
describe the final, acceptable result in diabetic Charcot 
reconstruction. This often means a reasonably functional and 
“brace-able” foot that can withstand the activities of daily 
living. The functional foot does not necessarily always 
provide a propulsive gait.

One of the most important aspects of Charcot reconstruc-
tion is to achieve the plantigrade foot without focal pressure 

Fig. 24.22 To reach the bony prominence, plantar soft tissues including 
ligamentous structures are violated

Fig. 24.23 An acute Charcot dislocation with chronic lateral ankle wound was stabilized without arthrodesis, followed by advanced wound care 
modalities
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points that predispose to future neuropathic ulcerations. Severe 
malunion may lead to biomechanical problems that result in 
increased plantar, medial, lateral, and even dorsal pressure in a 
brace. When underlying arthrodesis is solidly fused, one may 
want to consider exostectomy, partial resection, or amputa-
tion before reconstruction to minimize  operative trauma. It is 
difficult for a patient to go through multiple rehabilitation 
processes in a short period of time from multiple reconstruc-
tive surgeries. Inactivity and deconditioning in these patients 
significantly affect their mortality and quality of life. A long, 
thorough discussion with a patient and his/her family is critical 
before deciding to revise the malunion.

Pain is usually not a symptom from malunion in a neuro-
pathic patient. When painful, there may be an underlying 
nonunion. In a subtle case, evaluation with a CT scan can aid 
identifying nonunions.

Malunion can be resulted from a previous poor surgery, 
infection, progressive deformity before union, and/or newly 
onset of acute Charcot arthropathy. If the reason is due to 
progression of deformity before union, then the cause of the 
delay union should be investigated (see nonunion). If a recur-
rent acute neuroarthropathy is not resulting in severe defor-
mity, then the patient should be treated conservatively with 
protected weight-bearing with a total contact cast or com-
plete off-loading with a wheelchair if practical. If the main 
cause of the nonunion was due to poor previous surgery and 
the patient is relatively healthy and undisturbed (still pos-
sessing adequate vascular supply, non-compromised skin 
and bone stock), revision reconstructive surgery may be 
indicated.

Some of those general pearls used for primary Charcot 
reconstruction can be applied for a revision surgery. 
However, one needs to remember that neurovascular 
structure is further compromised, and these patients may be 
significantly deconditioned from the previous surgery.

Understanding location of previous incisions is extremely 
important. It can help predict the status of the remaining 
functional neurovascular structures. These surviving neuro-
vascular structures should be preserved at all cost. Less inva-
sive technique is often needed to preserve those neurovascular 
supplies (Fig. 24.24).

To start planning for a revisional reconstructive surgery, 
the rearfoot alignment to the leg should be evaluated first. 
The calcaneus should be directly under the mechanical axis 
of the lower extremity or slightly lateral to it, as a varus 
ankle and foot is extremely difficult to brace. In some 
instances, a simple calcaneal slide osteotomy is enough to 
shift the center of pressure to relieve the symptoms, such as 
ulceration or progression of the deformity. Similarly, pres-
ence of equinus should also be inspected. Often, these 
patients have some type of posterior muscle group lengthen-
ing procedures in the past. Overlengthening of the previ-
ously lengthened posterior soft tissue structures should be 
avoided, as a excessively dorsiflexed calcaneus is signifi-
cantly more difficult to manage than equinus.

Once the ankle level is thoroughly evaluated, one can 
look at the foot deformity. Many malunions result in a col-
lapse in the sagittal plane with severe abduction or adduction 
of the forefoot to the rearfoot. The same principle as flatfoot 
reconstruction may be applied to regain the “tripod” in 

Fig. 24.24 While the close reduction with external fixation did not 
reduce the deformity fully, a subsequent minimally invasive open 
reduction and internal fixation with 3 cm incision over the tarsometatar-
sal joint, performed after the acute Charcot phase, provided an adequate 

reduction of the deformity and permanent fixation. Though naviculocu-
neiform and talonavicular joints were not prepared for arthrodesis, the 
beaming screw was inserted all the way down to the talus for additional 
stability
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the foot. Though it is not necessary to create a high “tripod,” 
the concept is still important to avoid a future collapse. When 
the forefoot is in a varus position, the rearfoot or ankle can 
go into valgus to compensate for the forefoot deformity, 
especially when the midfoot is rigid from the previous 
arthrodesis. Similarly, an excessively short medial or lateral 
column can result in an inadequate “tripod” and can result in 
a future collapse (Fig. 24.25)

For correction of the foot deformity, further resection 
rather than bone block distraction osteotomy is suggested for 
the same reasons discussed earlier. Fixation can be more dif-
ficult in the revision surgery as less bone stock is available. 
Combination of internal and external fixation may be neces-
sary to achieve a solid reconstruct without disturbance of 
both the endosteal and periosteal vasculature.

 Nonunion

The main reason for nonunion in Charcot patient is stem-
ming from the underlying medical conditions. Therefore, 
revision surgery in those patients may not be indicated. If the 
previous reconstruction was done by an experienced sur-
geon, yet resulted in nonunion, the chances of the second 
surgery resulting in union are minimal unless there are modi-
fiable medical/social factors that can be adressed.

Diabetic bone healing complication in particular has been 
extensively studied in animal models [75–99]. In humans, 
incidence of bone healing complication in diabetic patients 
is believed to be high in foot and ankle surgeries as well 
[100–107]. Within a diabetic population, the association of 

hyperglycemia with bone healing complication has been 
well documented [76, 82, 83, 90, 91, 93, 97, 100, 108, 109], 
yet little clinical information is available regarding other 
diabetes-related comorbidities or conditions directly affect-
ing bone healing. In diabetic animal models, there have been 
many theories suggesting the causes of bone metabolism dis-
turbance, yet translational research is lacking to link the sig-
nificance of those theories in a clinical practice.

In a case-control study of diabetic patients, approximately 
one out of four patients had one or more bone healing com-
plications [110]. The study showed that a patient with gly-
cated hemoglobin level of more than 7% had roughly three 
times greater odds of getting a bone healing complication. 
However, the most significant factor associated with bone 
healing complication in this diabetic cohort was presence of 
neuropathy. The diabetic patients with neuropathy had four 
times the odds of having bone healing complication than dia-
betics without neuropathy. This result coincides with many 
animal studies as well as clinical reports that indicate that 
bone healing complication can be due to malfunctions of 
bone metabolism resulting from neuropathy [104, 111–114]. 
Lack of adequate neuropeptide release in these patients may 
upregulate osteoclastogenesis while downregulating osteo-
blastic activities [111, 115–117]. Unfortunately, all Charcot 
patients fit into this category.

The same study also showed that every 10 min of opera-
tive time was associated with diabetic bone healing compli-
cations by the factor of 1.15. While a longer surgery may 
confound more complex cases or an inexperienced surgeon, 
this finding makes us rethink the need for an extensive surgery 
in this high-risk population.

Fig. 24.25 (a) The medial column was shortened significantly more than the lateral column, and this resulted in an inadequate “tripod” of the foot. 
(b) The future consequences include a collapse of the medial arch from compensation of the iatrogenic forefoot varus deformity

24 The Charcot Foot



346

If the nonunion was mainly due to poor surgical technique or 
noncompliance, then a revision surgery may still be  beneficial. 
Yet, pseudoarthrosis with a “brace-able” foot does not have to 
be surgically managed. Conservative approach should be 
exhausted before attempting a surgical reconstruction.

Generous resection of nonviable bone is paramount to a 
successful fusion. Also, sturdy fixation without requiring 
significant operative trauma is important (Fig. 24.26). 

The same principles for surgical reconstruction described in 
the previous section still apply to this revision surgery. More 
prolonged non-weight-bearing status may be necessary to 
achieve union in the revision surgery. However, the surgeon 
has to account for potential deconditioning and decline in 
quality of life when deciding to go through another pro-
longed rehabilitation process. A patellar tendon bearing 
ankle-foot orthoses or Charcot restraint orthotic walker may 
be needed to get the patient back in activities earlier without 
significant weight-bearing force applied to the surgical site 
(Fig. 24.27).

 Infected Hardware/Soft Tissue Infection

When a patient with previous Charcot surgery presents with 
a red, hot, swollen foot/ankle, the differentials should include 
infection, recurrent neuroarthropathy, and DVT. It is impor-

tant to remember that the infection may not present in a typi-
cal fashion. Often, the patient may not have any systemic 
symptoms or leukocytosis.

In trauma, when hardware is infected, the general rule is 
to leave the implant until union. However, because many 
Charcot reconstructive surgeries result in delay/nonunion 
or pseudoarthrosis, waiting for union may not be desirable. 
In addition, the patient is often immunocompromised; there-
fore, the same principle should not be applied to Charcot 
patients. Immediate and aggressive pharmacological and 
surgical treatment of the postoperative infection is warranted 
(Fig. 24.28).

Fig. 24.26 This patient with nonunion and recurrent deformity was 
considered to have inadequate fixation. Sturdier fixation was utilized to 
achieve union in the revision surgery

Fig. 24.27 (a) Charcot 
restraint orthotic walker and 
(b) patellar tendon bearing 
brace shortens the duration of 
inactivity. Especially when a 
patient is undergoing revision 
procedures, deconditioning of 
the patient needs to be 
minimized
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Once hardware is removed, reaming or curettage of the 
area may be necessary to debride the adjacent bone to remove 
infection. In a case of intramedullary screw or nail, the 
reamer that is slightly larger than the one used in the previ-
ous surgery can remove the thin layer cancellous bone that 
may be infected. The dead space now should be replaced 
with antibiotic impregnated cement or bone substitute 
(Fig. 24.29). The cement rod or spacer can be replaced with 
bone graft in 2–4 weeks. It is also important to evaluate the 
extent of infection in the bone, as it may be necessary to 
debride more than the thin layer adjacent to the fixation 
device (see osteomyelitis).

Within a diabetic population, it has been demonstrated 
that elevation in glycated hemoglobin and having more than 
one comorbidities were statistically significantly associated 
with postoperative infection in diabetics [35]. However, 
adjusting for all the relevant covariates (age, gender, race, 
BMI, presence of any comorbidity, glycated hemoglobin, 
serum glucose, and type of procedure (osseous vs. soft tis-
sue)), only glycated hemoglobin was significantly associ-
ated. Each 1% in glycated hemoglobin increased the odds of 
infection by a factor of 1.59. Therefore, tight long-term con-
trol of glucose in diabetic patient is once again the important 
factor. With a post hoc analysis, neuropathy was the only 
factor among the comorbidities that was associated with the 
postoperative infection in diabetics. This is in agreement 
with other authors, who show that peripheral neuropathy is 
the risk factor for postoperative infection [13, 32–35].

Treatment of soft tissue infection can be initiated with 
antibiotics and surgical debridement. Aggressive debride-
ment is needed for eradication of the infection without mul-
tiple trips to the operating room. A staged, delayed primary 
closure after subsidence of inflammation and infection, as 
opposed to a one-stage procedure, minimizes further wound 
dehiscence or separation. Appropriate consultations, such as 
infectious disease, are also recommended. A multidisci-
plinary approach to treat complications in these high-risk 
patients cannot be overemphasized.

 Osteomyelitis

Differentiating an acute, surgically induced neuroarthropa-
thy process from bone infection is often difficult; therefore, 
keen diagnostic skills are needed to treat these complications 
correctly in a timely manner. Often both radiographic and 
laboratory workups are necessary. Though bone biopsy is 
considered the gold standard, a negative result may not 
necessarily rule out osteomyelitis. Multiple biopsies taken 
from different sites may be needed to capture osteomyelitic 
specimen if present.

American College of Radiology Appropriateness Criteria 
suggests that only plain X-rays or MRI have an evidence- 
based indication for detecting osteomyelitis in diabetic 
patients with neuropathic arthropathy [118]. An MRI can 
show tracking of osteomyelitis along the medullary canal in 

Fig. 24.28 (a) Deep pin tract infection extending to the dorsal and plantar foot was immediately treated with (b) removal of external fixation, 
incision and drainage, and aggressive wound care. (c) The infection was eradicated
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Fig. 24.29 (a) The infected intramedullary nail was removed and 
 cultured, and the medullary canal was reamed. The medullary canal 
was then irrigated and filled with antibiotic impregnated cement nail 

and beads. (b) After infection subsided, the antibiotic impregnated 
cement was replaced with autograft, and external fixation was applied for 
stabilization and dynamic compression, by passing the area of infection

N. Shibuya



349

a long bone. In Charcot arthropathy, diffused marrow edema 
is found in periarticular areas of multiple bones (Fig. 24.30). 
Contrast may be used to show clear extent of the infected or 
necrotic bone and for surgical planning. Other studies such 
as nuclear scans (including technetium-99, labeled leukocyte 
scan, indium-111, and sulfur colloid), ultrasound, CT scan, 
and PET/CT do not have good ratings to be used for this situ-
ation according to the guideline.

Inflammatory markers may also be useful in diagnosing 
osteomyelitis. Use of sedimentation rate, C-reactive protein, 
and procalcitonin have been studied and considered useful 
[119, 120]. Serial laboratory examination of these markers is 
also useful after surgical debridement for a monitoring 
purpose.

The “probe-to-bone” test is popular, yet its effectiveness is 
greatly dependent on a situation [121–125]. Positive and nega-
tive predictive values of this test are affected by a  population 
in which the test is utilized. This is also true for abovemen-
tioned laboratory tests for inflammatory markers. In a higher-
risk patient population, positive predictive value suffers, as 
prevalence of a deep wound is higher. Especially in the post-
operative patient population, probing through the dehisced 
surgical wound does not necessarily mean osteomyelitis.

Once determined osteomyelitis, resection of the infected 
bone, unless proximal amputation is indicated, should be 
planned. Long-term antibiotic treatment of osteomyelitis has 
also been shown effective [126]. However, it is unclear to 
which type of patients can be treated effectively with the non-
surgical approach, as a thorough risk factor assessment has not 
yet to be conducted in a clinical research. Patients with minor 
non-symptomatic osteomyelitis or high anesthesia risk, who 
are no longer a surgical candidate, may be benefitted from a 
long-term or lifetime antibiotic suppression therapy. Again, 
consulting an infectious disease specialist is recommended.

Typically, aggressive excisional debridement of osteomy-
elitic bone is needed. Again, an MRI with contrast may be 
effective in showing the extent of the necrotic bone. Once 
extent of the excision is determined preoperatively, the sur-
geon has to determine if the resultant foot will be stable. If 
not, one should reconsider amputation and its advantages 
over local debridement and staged reconstruction (Fig. 24.31).

For staged procedures, the priority of the initial surgery is 
to resect the osteomyelitic bone. Enough bone needs to be 
resected to limit the number of operations. One may supple-
ment it with antibiotic impregnated beads or spacer to 
eradicate the infection. Postoperatively a surgeon can follow 

Fig. 24.30 (a) While the open wound probes deep and (b) a techne-
tium scan shows significant uptake in the midfoot, (c) the MRI shows 
diffuse marrow edema adjacent to the tarsometatarsal joint with sub-

chondral cysts and without medullary tracking, suggestive of an acute 
Charcot process rather than osteomyelitis
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these patients with serial serum inflammatory markers to 
monitor the progress, and once the markers are normalized 
and soft tissue inflammation is resolved, a delayed arthrode-
sis may be attempted.

Alternatively, some may use antibiotic impregnated bone 
graft substitutes to attempt arthrodesis in a one-stage proce-
dure. However, a care must be taken, as the bone substitutes 
can act as a foreign material once the efficacy of the antibiotics 
wears off, and it may result in further inflammatory processes. 
Also, soft tissue is often compromised from the infection, and 
wound healing can be difficult in a one-stage approach.

 Minor Amputation

We often assume that a patient is more satisfied with a limb 
salvage attempt, yet this may not be true in many situations. 
The patient may have a better quality of life with minor ampu-
tation than having to deal with a chronic wound [127]. The 

burden of dressing changes; long-term non-weight- bearing status 
and office visits can all account for lower quality of life. In 
Charcot patients, the deformity decreases the patients’ func-
tion, but it has been documented that mental status of the 
patients may not be any different when compared to patients 
with neurotrophic ulceration without Charcot arthropathy 
[128, 129]. Again, this would question the need for reconstruc-
tion in many of these patients. Considering their high mortality 
rate and low 5-year survival rate [31], amputation over salvage 
should be a part of discussion in treating these patients.

Besides eliminating infection, the purpose of amputation 
can also be to reduce the biomechanical stress. We often 
think of amputation as a last resort, non-salvage procedure, 
which does not require good surgical skills; however, a suc-
cessful amputation that can withstand a long-term biome-
chanical stress can be as challenging as reconstructive 
procedures. Especially at the foot and ankle levels, a surgeon 
must have a good understanding of biomechanics to limit 
recurrent/transfer lesions or further amputation.

Fig. 24.31 (a) The patient 
developed osteomyelitis in the 
remaining talus. The talus was 
resected along with the 
infected soft tissue and (b) 
stabilized. Though the 
infection was eradicated, (c) 
the resultant foot was not 
functional. The patient ended 
up with a below the knee 
amputation
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Location and level of minor amputation depends on the 
reason for the amputation and the current neurovascular 
status. Transmetatarsal amputation over ray resections has 
been more accepted for long-term biomechanical stability. 
Transmetatarsal amputation is also superior to Chopart’s 
amputation because many of the tendon insertions are spared 
in transmetatarsal amputation: Both peroneals and tibialis 
anterior can still function after tramsmetatarsal amputation.

Both Chopart’s and Syme’s amputations are more diffi-
cult to brace. An experienced prosthetist is required to mini-
mize recurrent ulceration and to maximize function.

 Proximal Amputation

Salvage versus amputation has been evaluated extensively for 
years. In trauma patients, the studies fail to support salvage 
over amputation in terms of length of stay in the hospital, pain 
level, quality of life, function, and time to go back to work 
[130, 131]. In trauma, it has been found that male gender, 
occurrence of confounding injury, presence of a fracture, and 
an open wound are associated with occurrence of lower extrem-
ity amputation [132]. Similarly, in a high-risk diabetic popula-
tion, male gender, having more comorbidities, history of open 
wounds are more susceptible to amputation [30]. Patients with 
neuroarthropathy possess many of these characteristics.

Major amputations, such as below the knee amputation, 
may be indicated when the patient’s medical condition inhib-
its healing despite limb salvage efforts. Further, it is also 
dependent on a patient’s preference based on his/her life-
style, quality of life, and natural disinclination to lose a body 
part. It is important to remember in a revision surgery, espe-
cially in those with neurovascular diseases, that the previous 
surgery has insulted already-compromised neurovascular 
structures. Many of the complications are stemming from the 
patient’s underlying medical/metabolic condition, compli-
ance, and incapacity to rehabilitate. Therefore, a well-exe-
cuted surgical revision may still not be sufficient to ameliorate 
the situation.

Depending on severity of the complication, proximal ampu-
tation above the level of area that is not affected by severe 
peripheral neuropathy may be the best option for the patient, 
who has been battling with this condition for a long time. 
As discussed earlier, neuropathy is the single most important 
risk factor that is associated with bone and soft tissue complica-
tions. Therefore, going above the level of neuropathy is often 
necessary to avoid further complications.

A popular belief in our community is that lower extrem-
ity amputation is a proximal cause of death [133], and many 
consider that limb salvage efforts are critical. However, the 
evidence on this phenomenon is not conclusive [134–136]. 
Although it is known that amputation does have an impact 
on vascular dynamics [137–139], it is difficult to find direct 

evidence that amputation leads directly to death. Underlying 
disease may play a larger role in eventual mortality than the 
amputation itself.
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 Introduction

Despite a late start within the realm of arthroscopy, foot and 
ankle arthroscopy has proven to be an important diagnostic 
and therapeutic tool for the foot and ankle surgeon. As the 
indications for foot and ankle arthroscopy increase the com-
plications associated with the procedure must be revisited.

Prior to the 1980s, the narrow anatomical confines of the 
ankle joint were found to be highly challenging to approach 
with an arthroscope. Burman, in 1931, stated the ankle was 
unsuitable for arthroscopy because of the narrow joint space 
and the large sized nature of the instrumentation [1]. As tech-
nology improved, so did our ability to gain access to smaller 
joints, using an arthroscope. In 1989, prior to the joint dis-
traction era, Sprauge had a high complication rate of 24.6% 
[2]. In the mid-1980s invasive joint distraction was popular-
ized leading to a decline in complications. Guhl looked at 
131 ankle arthroscopies and noted a complication rate of 
10% [3]. Martin and associates found a 15% complication 
rate in their long-term follow-up on a series of 101 ankles [4, 
5]. Barber reported an incidence of 17% in 53 cases [6]. 
Ferkel in 1996 reported an overall complication rate of 9.8% 
in 612 cases [7]. Deng and colleagues retrospectively 
reviewed 405 arthroscopic surgeries of the foot and ankle 
performed by four surgeons over 3 years. Their overall com-

plication rate was 7.69% [8].The average of published 
complications is 10.5% [2–4, 6–11] (Table 25.1). Given a 
1 in 10 chance of a potential complication, extreme caution 
and close scrutiny of indications and surgical technique is 
important.

 Indications

The most frequent indications for ankle arthroscopy can be 
broken down to those procedures that are approached from 
the anterior aspect of the joint and those that are approached 
posteriorly. A summary of both is listed below (Table 25.2).

 Types of Complications

Complications can be broken down into various categories: 
systemic, preoperative, and procedure-related (Tables 25.3, 
25.4, and 25.5). Most complications are related to the proce-
dure itself.

 Neurological Injury

The most common complication in foot and ankle arthros-
copy is injury to one of the nerves that traverses the ankle 
joint secondary to improper portal placement or equipment 
handling. This usually involves a transient neuritis of one of 
the superficial nerves, but on occasion, it can be associated 
with permanent paresthesias or paresis. Neuromas can also 
form from injury to the nerve during the surgical procedure. 
A thorough understanding of the foot and ankle anatomy is 
paramount when performing placing portals so as not to iat-
rogenically injure neurovascular structures. At the ankle 
level, five nerves cross the joint from the leg to the foot. Two 
of them are deep: the posterior tibial nerve and deep peroneal 
nerve. Three are superficial: the superficial peroneal nerve, 
the saphenous nerve, and the sural nerve.
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Ten portals have been described to gain access to the 
ankle (Figs. 25.1, 25.2, and 25.3a–c), but for nearly all cases 
typically only two or three are used. These include the 
anteromedial, anterolateral, and posterolateral portals.

Nerve injury can be minimized by marking out the sur-
face anatomy around the anterior and posterior ankle joint 
before committing to portal placement. Vertical incisions 
through the skin are preferred, as opposed to transverse ones. 
This serves two purposes. First there is less likelihood that 
with vertical incisions the cutaneous nerves could be injured, 
and if necessary, the incision can be extended for joint 
access. Once the skin incision has been made, the surgeon is 
advised to spread with a blunt hemostat before penetrating 
the joint capsule. This is followed by cannula insertion. Once 
the cannula is inserted, all instruments should then be passed 
through the cannula.

The safest portal is the anteromedial ankle portal. When 
creating this portal, care must be taken to avoid the saphe-
nous nerve and great saphenous vein and its branches. 
Using the medial edge of the tibialis anterior tendon, with 
the joint dorsiflexed using the surgeon’s abdomen, the 

Table 25.1 Summary of current articles and the complications rates in foot & ankle arthroscopy

Author Year Journal No. of patients % Complications

Guhl 1986 Orthopedics 62 8

Guhl 1988 Arthroscopy 131 10

Sprague et al. 1989 Book 201 17.4

Martin et al. 1989 Am J Sports Med 58 15

Barber et al. 1990 Foot Ankle 53 17

Ferkel et al. 1996 Arthroscopy 612 9

Amendola 1996 Arthroscopy 79 7.6

Unger et al. 2000 Unfallchirurg 155 9

Zengerick and Van Dijk 2012 Knee Surg Sports Traumatol 
Arthrosc

1305 3.5

Deng et al. 2012 J Foot Ankle Surg 405 7.7

Total 10 10.4

Table 25.2 Indications for anterior & posterior ankle arthroscopy

Anterior ankle arthroscopy

Anterior ankle impingement (bone spurs, ossicles, as well as soft 
tissue)

Osteochondral defects

Loose bodies

Synovectomy

Treatment for ankle instability

Arthroscopic assisted fracture reduction

Arthroscopic ankle arthrodesis

Posterior ankle arthroscopy

Posterior ankle impingement

Osteochondral defects

Loose bodies

Synovectomy

Table 25.3 Systemic complications in foot & ankle arthroscopy

Systemic complications: related to illness, stress of injury, 
anesthesia, surgery

Atelectasis

Pulmonary embolism

Myocardial infarction

Other cardiopulmonary event

Loss of limb

Loss of life

Table 25.4 Pre-operative complications in foot & ankle arthroscopy

Preoperative complications

Lack of preoperative planning

Failure to obtain appropriate preoperative diagnostic studies

Operating for the wrong diagnosis

Table 25.5 Procedure-related complications in foot & ankle 
arthroscopy

Procedure related complications

Operating on the incorrect extremity

Tourniquet complications

Neurovascular injury

Tendon injury

Ligament injury

Wound complications

Infection

Articular cartilage damage

Compartment syndrome

Hemarthrosis

Postoperative effusion

Complex regional pain syndrome

Fluid management complications

Distraction-related complications

Postoperative stress fracture

Instrument breakage
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distal tibia is palpated with the index finger. It is followed 
distally to the joint line and the “soft spot” of the medial 
tibiotalar joint is palpated. Portal placement in this loca-
tion avoids nerve injury.

The anterolateral portal has the greatest risk of nerve 
injury to the intermediate dorsal cutaneous nerve (the lateral 
branch of the superficial peroneal nerve). It is always advis-
able to identify this superficial nerve prior to portal place-
ment. By plantarflexing and inverting the foot, this nerve can 
often be identified and marked. In patients with greater adi-
posity, this is not always achievable (Fig. 25.4). Another 
arthroscopic technique that decreases the likelihood of injury 
is creating this portal under direct transillumination with the 
arthroscope. Occasionally the surgeon may elect to establish 
a posterolateral portal. Care must be taken with this entry 
point, as damage to the sural nerve has been reported. The 
incidence of nerve injury can be as high as 22% in some 
studies [6]. There is less likelihood of nerve injury, when the 
portal is established using an inside out switching stick. For 
this method, the arthroscope is placed in the anterolateral 
portal. A blunt 4 mm switching stick is placed in the antero- 
medial portal and directed through the anatomic notch of 
Harty postero-laterally. It should exit through the posterior–
inferior tibiofibular ligaments. Once it tents the skin, a small 
stab incision is made and a cannula sleeve can then be 
inserted over the switching stick and followed back into the 
joint. Care must also be taken to avoid aggressive debride-
ment of the anterior capsule. Inadvertent suction of the 
 capsule can incarcerate the deep peroneal nerve and/or the 
dorsalis pedis vessels.

 Vascular Injury

Vascular injury and pseudoaneurysms, while rare, can occur 
at the portal sites. The use of the anterocentral portal has 
been associated with injury to the dorsalis pedis artery. 
Given the potential high risk of this portal it is typically 
avoided [12–14].

 Tourniquet

Although the use of a tourniquet is often unnecessary in 
ankle arthroscopy, there are instances where it can aid in 
visualization. Excessive cuff times and pressures can 
cause thigh paresthesias resulting in pain and paresis. 
Sherman and colleagues reported on 2646 knee scopes 
that there were no complications with a tourniquet, unless 
the time exceeded 60 min [14]. The authors have found 
when performing ankle arthroscopy, that insufflation of 
the joint with lidocaine and epinephrine (1:100,000) pro-
vides chemical hemostasis and excellent visualization 
obviating the need for a tourniquet. If a thigh cuff is used, 
it is typically inflated at 250 mmHg pressure and released 
after 1 h during the procedure.

Fig. 25.1 Anterior ankle portals. The most commonly utilized antero-
medial and antero lateral portals are labeled in green. The anterocentral 
given its proximity to the neurovascular bundle should be avoided and 
is labeled red. The accessory portals are labeled in blue. TA tibialis 
anterior tendon, EDL extensor digitorum longus tendon, PT peroneus 
tertius; dotted line is the ankle joint line

Fig. 25.2 Posterior ankle portals. The commonly utilized posterolat-
eral portal is labeled in green. This is best established using a switching 
stick, so as to avoid injury to the sural nerve. The trans-achilles and 
posteromedial portal should be avoided and are labeled red
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 Tendon/Ligament Injuries

Ten tendons cross the ankle joint from the leg to the foot. 
One of these described is the trans-achilles portal. This has 
been abandoned by most surgeons due to the high risk of 
tendinopathy and possible rupture. Injury to ligaments about 
the ankle can occur through improper portal placement. 
Injury can occur with over aggressive debridement during 
the procedure and excessive distraction. In cases where 
accessory portals are used, such as the anterolateral or 
anteromedial accessory portal, a spinal needle should be 
inserted and visualized with the arthroscope, at the planned 
portal site, prior to committing to a cannula. This ensures 
accuracy of placement and minimizes potential damage to 
the lateral collateral or deltoid ligaments. Excessive traction 
can also potentially place the ankle ligaments at risk. In most 
ankle arthroscopy cases, the pathology is anterior and nearly 
all work can be done without distraction. In cases where 

traction is needed, such as for a postero-medial osteochon-
dral lesions, the authors prefer using a Kerlix roll along with 
a non-invasive ankle strap (Fig. 25.5). This provides excel-
lent distraction when needed and the surgeon can relax dis-
traction as he or she sees fit. It also facilitates intermittent 
distraction versus a constant distraction that comes with 
other non-invasive distractors.

 Articular Cartilage Injury

One must be careful when performing ankle arthroscopy to 
not cause iatrogenic injury to the articular surface. The carti-
lage is susceptible to injury at the time of initial instrument 
insertion. For the novice arthroscopist it is preferable to use 
the small joint 2.7 mm arthroscope to decrease risk to the 
articular surface. This has a smaller lever arm compared to 
the 4.0 mm arthroscope. This size differential decreases the 
likelihood of iatrogenic articular damage. Deng and col-
leagues, in their retrospective review on complications, 
found no statistical significance between a large joint scope 
and small. However, all arthroscopists were experienced 

Fig. 25.3 (a–c) Malleolar portals (medial and lateral malleolus). Occasionally trans-fibular and trans-tibial pin insertion is used for drilling of 
osteochondral defects. This is typically performed with an aiming device as is shown here (c)

Fig. 25.4 The intermediate dorsal cutaneous nerve is marked by the 
red arrows. Prior to creating the anterolateral portal, this nerve should 
be identified and marked so as to avoid potential injury. This is best 
identified by plantarflexing and inverting the foot. In patients with 
greater adiposity, this nerve is not always identifiable

Fig. 25.5 Non-invasive ankle distraction using a commercially available 
strap and Kerlix roll
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 surgeons. Sharp trochars with cannula insertion should be 
avoided at all costs, as they increase the likelihood of 
iatrogenic injury. The blunt obturator is preferable. Another 
key point to protecting the cartilage from instrument damage 
is to maximally dorsiflex the ankle joint during instrument 
insertion. In so doing, the talar dome is covered by the tibial 
plafond. This ensures the instrumentation is placed into the 
anterior pouch of the ankle and does not skive across the 
joint surface.

 Broken Instrument Complications

The small equipment used in ankle arthroscopy is more frag-
ile and prone to breaking. Instruments prior to insertion into 
the joint, joint should always be checked to ensure they are 
intact. If an instrument does break inside the joint, then the 
fluid inflow and outflow should be stopped immediately and 
the arthroscope should be fixed on the broken piece. A small 
joint grasper is then typically used to retrieve the foreign 
body (Fig. 25.6). In some cases the fragment can migrate 
into the gutters in particular the posterior recess. A useful 
tool to have is a small-joint suction magnet (Golden 

retriever). If the broken instrument cannot be retrieved, then 
an image intensifier should be used and an arthrotomy made 
to remove the foreign body.

 Fluid Management Complications

Problems with fluid management can be broken down to 
challenges with joint distention, visualization, and extrava-
sation. Use of a separate inflow and outflow portal solves the 
problem of distention and visualization. The authors recom-
mend gravity inflow. 3–4 L bags of lactated ringers solution 
at about 3 feet above the joint and large diameter high-flow 
Y-tubing offer adequate distention and visualization.

Pump technology has greatly improved over the last 
decade, but they carry the potential risk of compartment 
ischemia and syndrome. If the cannula slips into a subcuta-
neous space and no outflow is measured, the pump can dra-
matically increase pressure.

 Wound Complications

It is well documented that the anatomy of the ankle joint dif-
fers greatly from joints located more proximally. The ankle 
lies at the base of the body and has far less subcutaneous fat 
compared to other joints. As a result, the potential for wound 
problems (seromas, hematomas, sloughs, and sinus tracts) is 
far greater. Synovial fistulas are thankfully rare, but can be 
very challenging to manage. Persistent drainage from a stan-
dard portal should raise the suspicion of a synovial fistula. If 
a fistula is identified, then as a first line approach, the drain-
age should be cultured, oral antibiotics started empirically, 
and the joint immobilized. If at 7–10 days, the wound 
remains open, then the patient should be taken back to the 
operating room, the sinus tract excised, and the wound re- 
sutured and the joint immobilized.

 Infection

Surgical procedures involving the foot and ankle have higher 
infection rates than other areas of the body [15]. This is due 
to a lower amount of subcutaneous fat and the unique resi-
dent organisms that colonize this region of the body. Given 
the higher risk region of anatomy, it is incumbent upon the 
surgeon to minimize skin flora and maximize prophylaxis.

Reducing post-op infection rates starts with the surgical 
preparation.

Ostrander in 2005 compared various antiseptics. They pro-
spectively looked at 125 patients undergoing foot and ankle 
surgery and randomized the surgical prep, to either 0.7% Iodine 
and 74% isopropyl alcohol (Duraprep); 3% Chloroxylenol 

Fig. 25.6 Broken burr in the ankle joint. This was retrieved with a 
grasper and by stopping fluid inflow
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(techni-care); Chloraprep (2% chlorhexidine and 74% 
isopropyl alcohol). All patients received 1 g of cefazolin for 
prophylaxis. Cultures were then taken from the anterior ankle 
(control), the hallux nail fold (hallux), and third and fourth web 
space (toes).

The most common bacteria cultured in all areas was 
Staphylococcus epidermidis. Alcohol plus chlorhexidine was 
the most effective antiseptic [16].

Despite vigilant skin preparation and antibiotic prophy-
laxis, infections can manifest. Infections are broken down 
into superficial and deep. Ferkel’s retrospective review 
published in Arthroscopy in 1996 on 612 arthroscopes had 
an incidence of 1.3% [6]. Deng had an incidence 3.5% (1 
deep, 7 superficial) [7]. Ferkel in his review noted there 
was an increase in superficial wound infections when steri-
strips were used for wound closure versus skin [6]. For 
infection control, the authors recommend a surgical prepa-
ration with Alcohol then hibiclens. Antibiotic prophylaxis 
with a first generation cephalosporin, or clindamycin or 
Vancomycin for allergic patients is recommended. This 
should be given 30–60 min before the incision is made. 
Portal sites should be sutured. The surgical limb should be 
splinted for about 7–10 days.

 Conclusion

Although arthroscopic surgery of the ankle is minimally 
invasive, there is still the potential for complications. As 
with all surgery, understanding the risks is the first step in 
mitigating this potential. Careful preparation, meticulous 
technique, and early detection and intervention are para-
mount in optimizing outcomes following ankle arthroscopy.
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ACI autologous chondrocyte implantation
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MACI matrix-induced autologous chondrocyte implantation
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OCD osteochondritis dissecans
OLT osteochondral lesion of the talus

 Introduction

An osteochondral lesion of the talus (OLT) or osteochondritis 
dissecans (OCD) is a debilitating disorder of the articular car-
tilage characterized by loose body formation or subchondral 
bone fracture. Kappis originally described this process involv-
ing the ankle joint in 1922 [1]. Lesions of the talus account for 
4% of all osteochondral lesions in the body [2]. The primary 
etiology is associated with traumatic injuries to the ankle 
involving up to 70% of sprains and fractures [3, 4]. 
Nontraumatic causes of OLTs have also been described and 
include congenital factors, ligamentous laxity, spontaneous 
necrosis, steroid treatment, and endocrine abnormalities [5, 6].

A primary ischemic event in the talus has often been 
implicated in the development of an osteochondral lesion 
[7]. Whether by direct insult to the vasculature of the talus or 
repetitive articular microtrauma, both can lead to cellular 
death by disruption of the collagen fibrils and thickening of 
the subchondral bone [8].

In 1959, Berndt and Harty created a classification system 
based on radiographic and surgical parameters, which has become 
one of the most widely utilized staging systems for describing 
OLTs [9]. Stages of the classification system are described in 
Table 26.1. Numerous other classification systems utilizing 
advancements in computerized tomography (CT), magnetic reso-
nance imaging (MRI), and arthroscopy have also been developed 
to improve on treatment protocols and outcomes [10–13].

The mechanism of injury to the ankle can often describe 
the location of the osteochondral lesion of the talus. An 
inverted and dorsiflexed position of the ankle causes damage 
to the anterolateral portion of the talar dome. A shearing force 
is created with the talus impacting the fibula creating a shal-
low, wafer-shaped lesion [14]. When the ankle is inverted and 
plantarflexed, a posteromedial lesion most often occurs. Talar 
inversion and rotation result in the medial talar dome impact-
ing against the medial malleolus or the posterior aspect of the 
tibia [14]. Post-traumatic medial lesions are characteristically 
described as a deep, cup-shaped appearance.

The goals of treating an OLT are symptomatic pain relief 
and returning patients to work, sports, and activities of daily 
living. This can be accomplished through various conserva-
tive and surgical methods. Initial treatment options for OLTs 
often begin with conservative therapy, such as immobiliza-
tion in a cast or prefabricated boot, nonsteroidal anti- 
inflammatory medications, bracing, corticosteroid injections, 
and activity modification [15]. Although nonoperative treat-
ment methods initially alleviate pain in the short term, OLTs 
often recur due to inadequate healing of the lesion [16]. 
Therefore, surgical treatment is often indicated to restore the 
articular cartilage anatomy.

 Surgical Treatment for Primary Talar 
Osteochondral Lesions

Operative treatment is indicated in those patients with symp-
tomatic OLTs that have failed initial conservative treatment 
efforts and those with acute, displaced fragments. Reparative 
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methods focus on bone marrow stimulation (microfracture), 
tissue transplantation with autograft or allograft transfer sys-
tem, autologous chondrocyte implantation, hyaline cartilage 
grafts, and biologic augmentation.

Bone marrow stimulation techniques include debride-
ment, microfracture, antegrade drilling, or retrograde drill-
ing. These techniques are often considered first-line treatment 
for primary osteochondral lesions up to 15 mm in diameter 
[17–24]. This treatment is primarily performed arthroscopi-
cally and involves excision of the OLT to a stable cartilage 
border. Multiple drill holes in the subchondral bone spaced 
3–4 mm apart then allow mesenchymal stem cells and 
growth factors to form a fibrocartilage cap comprised pri-
marily of type I collagen [25, 26]. Native hyaline cartilage, 
however, is primarily comprised of type II collagen, while 
type I collagen contains different mechanical and biological 
properties that have been shown to degenerate over time 
[27]. This can be one of the primary reasons for a patient to 
have a failure of a primary microfracture procedure.

Outcomes of marrow stimulation techniques have been 
reported, with good to excellent results, in 65–90% of 
patients [15, 18, 22, 28–34]. Many clinical factors have been 
described to be predictive of patient outcome. These factors 
include size of lesion, patient age, bony edema on MRI, and 
cystic nature of lesion [35]. Size of talar lesions less than 
15 mm in diameter has shown to have superior clinical out-
comes. Patient aged less than 18 years old also has shown 
better outcomes than older patients with microfracture and 
drilling. Lastly, improved clinical symptoms postoperatively 
correlate when patients exhibit a lower intensity of bony 
edema on MRI.

Osteochondral autologous or allograft transplantation 
systems (OATS) are indicated in large primary lesions or 
failed secondary lesions [17, 36–39]. In the OATS proce-
dure, the OLT is replaced with a single osteochondral plug or 
multiple plugs (mosaicplasty) with an intact hyaline carti-
lage surface. The graft can be harvested from the ipsilateral 
knee or from a fresh allograft talus. The advantages of this 
system include replacing the defect with hyaline cartilage 
rather than the formation of fibrocartilage with microfrac-
ture. Disadvantages, though, include an increase in donor 
site morbidity from an ipsilateral knee, healing of the host to 
graft interface, and the need for a malleolar osteotomy.

Favorable outcomes have also been reported with OATS, 
although most reports are retrospective studies. Hangody 
et al. reported a large case series of 1097 patients who 
received autologous osteochondral mosaicplasty, with 98 
receiving the procedure in the talus [40]. Ninety-three per-
cent of patients had good to excellent clinical results in the 
talus at a mean follow-up of 7 years.

Autologous chondrocyte implantation (ACI) is a two- 
stage procedure involving the transplantation of cultured 
chondrocytes into a defect and sealed with a periosteal patch. 
The first procedure harvests hyaline cartilage cells from the 
talus or the knee, while the second procedure involves injec-
tion of the cell suspension under a sutured periosteal flap 
harvested from the distal end of the tibia [41]. Recent 
advances to the technique include a procedure using matrix- 
induced ACI (MACI). This utilizes a porcine collagen mem-
brane carrier for chondrocytes, which is injected into a defect 
and secured with fibrin glue. Reduced operative times, elimi-
nation of a periosteal patch, and an even distribution of cells 
are potential advantages of the MACI technique, although 
this is not available in the United States [42].

Particulated juvenile articular cartilage graft (DeNovo® NT 
Natural Tissue Graft, Zimmer, Warsaw, IN) is a new technique 
that was first published which is used in the patella in 2007 
[43]. This novel product uses scaffold-free allogenic juvenile 
cartilage that can be implanted into a lesion with a fibrin seal-
ant. The cartilage graft has shown the ability to migrate, multi-
ply, and form new hyaline-like cartilage tissue matrix that 
integrates with the surrounding host tissue [44]. The largest 
study to date for use in the foot and ankle was published by 
Coetzee et al. and demonstrated 78% of patients with good to 
excellent functional results with an average postoperative 
AOFAS scores of 85 at mean follow-up of 16.2 months in 
patients with lesions greater than 125 mm2 [45].

 Management of Specific Complications

 Failed Microfracture

Tol and colleagues provided one of the largest systematic 
reviews of osteochondral lesions of the talus [15]. They dem-
onstrated an 85% success rate when excision, curettage, and 
drilling were performed on primary osteochondral lesions of 
the talus. However, when this technique fails, the surgeon is 
faced with a difficult situation for appropriate second-line 
treatment. A variety of reasons have been implicated for the 
failure of microfracture, including age, gender, size of the 
lesion, body mass index, location, the presence of subchon-
dral cysts or marrow edema, and other intra-articular pathol-
ogies [35, 46]. A study that evaluated cartilage repair after 
microfracture by second-look arthroscopy revealed that 40% 
of lesions remained abnormal at 1 year postoperatively with 

Table 26.1 One of the most widely used staging systems for describ-
ing OLTs based on radiographic and surgical parameters

Berndt and Harty classification system for OLTs [9]

Stage 1 Small subchondral compression fracture

Stage 2 Partially detached fragment of the cartilage

Stage 3 Completely detached fragment of the cartilage 
without displacement

Stage 4 Completely detached and displaced fragment of 
the cartilage floating in the joint space
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incomplete healing [47]. However, this study did show that 
all patients had an improvement in clinical outcomes despite 
the arthroscopic findings at 1 year postoperative.

Surgical options for the symptomatic, failed microfracture 
patient include repeat marrow stimulation and microfracture 
technique, cell transplanting, or direct grafting of the lesion. 
Savva et al. revealed that repeat arthroscopy and marrow 
stimulation with microfracture do lead to improved clinical 
results in 12 patients who failed a primary microfracture pro-
cedure [48]. One recent study also demonstrated an improve-
ment in clinical outcomes in ten ankles that underwent an 
open osteochondral autograft procedure following a failed 
primary arthroscopic microfracture [49]. Additionally, Kreuz 
et al. found a significant clinical improvement in patients 
undergoing an osteochondral autograft mosaicplasty proce-
dure to treat recurrent OCD lesions of the talus that previ-
ously underwent primary arthroscopic microfracture [50].

Moreover, a comparison study of osteochondral autograft 
transplant (OAT) to repeat arthroscopy and microfracture in 
patients with failed primary osteochondral lesions found 
clinical improvement with the OAT procedure [51]. These 
authors found that both repeat arthroscopy and OAT both 
give promising results early within the first year of follow-
 up; however, OAT was significantly superior to repeat 
arthroscopy and microfracture at long-term follow-up of 
4 years. They also found that the size of osteochondral lesion 
affected the surgical outcome between the OAT procedure 
and repeat arthroscopy. Among patients with >150 mm2 
lesions, 25% resulted in failure for the OAT group, while 
100% of patients exhibited clinical failure with repeat 
arthroscopy and microfracture with large lesions.

When large lesions (greater than 1.5 cm2) are encountered 
in patients who have failed a primary microfracture surgery, 
fresh structural osteochondral bulk allografts can also be uti-
lized. The benefit of this system provides a large surface area 
of intact hyaline cartilage with attached subchondral bone, 
the ability to match anatomic contour of the talus, and the 
avoidance of donor site morbidity in the knee. Recent studies 
have found encouraging patient outcomes when utilized for 
large talar defects, uncontained talar lesions, and large talar 
cysts and in revision patients who failed a primary 
arthroscopic microfracture procedure [52, 53].

Autologous chondrocyte implantation remains a viable 
option for a patient with a symptomatic, chronic osteochon-
dral lesion of the talus. Since the introduction of ACI in 
1994, the majority of literature has focused on chondral 
defects in the knee. Though, a recent meta-analysis for ACI 
use in the talus revealed a clinical success rate of 89% in 16 
reviewed studies [54]. The mean defect size in the analysis 
was on considerably larger lesions of the talus at 2.3 cm2. 
The majority of the included studies evaluated patients 
undergoing surgery for failed primary microfracture lesions. 
The data available suggests an improvement in patient out-

comes can be achieved with the use of ACI as a second-line 
treatment option for patients with chronic pain following pri-
mary microfracture surgery. Consideration should be taken 
into account, however, with increased time and cost with the 
procedure.

Additional surgical options for patients with a failed pri-
mary arthroscopic microfracture technique include the use of 
particulated juvenile cartilage grafting. The largest study in 
the foot and ankle, performed by Coetzee et al., found a 78% 
success rate of good to excellent outcome scores in 24 ankles 
treated with particulated juvenile cartilage grafts in symp-
tomatic osteochondral lesions, with 14 (58%) of the ankles 
having a previous arthroscopic bone marrow stimulation 
procedure performed [45].

Biological adjuncts, such as platelet-rich plasma and bone 
marrow aspirate concentrate, have also been investigated to 
improve cartilage regeneration for osteochondral lesions of 
the talus [55]. Early studies with biological augmentation are 

promising because they exhibit high chromogenic activity as 
well as display anti-inflammatory properties that may 
improve poor cartilage healing in a patient with an osteo-
chondral lesion with a failed primary microfracture proce-
dure. An equine model demonstrated the benefit of 
performing microfracture with the use of concentrated bone 
marrow aspirate for the treatment of full-thickness cartilage 
defects [56]. They found an increased filling of the defects 
and improved integration of repair tissue into surrounding 
native cartilage when concentrated bone marrow aspirate 
was used compared to microfracture alone. Additionally, a 
greater amount of type II collagen content and a significant 
increase in the amount of glycosaminoglycan were found in 
lesions treated with bone marrow aspirate.

 Case Reports

A 43-year-old male presented with chronic ankle pain over 
1 year postoperatively following an arthroscopic microfrac-
ture procedure for a medial osteochondral lesion measuring 
approximately 10 mm in diameter at the initial surgery. After 
failing previous microfracture surgery and continuing to 
have pain with activities, a second surgery was planned. 
Repeat arthroscopy demonstrated an unhealed osteochondral 
lesion of the medial talus with a loose piece of cartilage pres-
ent overlying the lesion (Fig. 26.1). Repeat arthroscopic 
microfracture was performed; however, additional grafting 
with particulated juvenile hyaline cartilage graft and bone 
marrow aspirate from the ipsilateral calcaneus were also uti-
lized with success (Figs. 26.2 and 26.3).

A 50-year-old male presented with a large, chronic osteo-
chondral lesion of the talus measuring over 2.5 cm2 in postero-
medial aspect of his talus. He had also failed a microfracture 
procedure over 5 years prior. Due to the chronicity and size of 
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his lesion, the decision was made to perform an open debride-
ment and grafting with fresh osteochondral allograft talus 
(Fig. 26.4). A chevron-shaped malleolar osteotomy was per-
formed, and a fresh donor- matched bulk allograft talus was 
transferred and fixated with bio-absorbable pins (Fig. 26.5).

 Osteochondral Autograft and Allograft 
Failure

Osteochondral autograft and allograft procedures raise con-
cern over the viability of the transplanted cartilage and the 
ability to incorporate a large graft-host bone interface. A 
considerable risk of graft collapse, graft resorption, and joint 

space narrowing exists when performing these procedures. If 
this procedure fails, chronic pain and debilitation leave both 
the surgeon and patient with few options for salvage. Surgical 
reconstruction options for an osteochondral autograft or 
allograft failure include conversion to a total ankle replace-
ment, ankle arthrodesis, or bipolar total ankle allograft.

Fig. 26.1 Repeat arthroscopy demonstrating an unhealed osteochon-
dral lesion of the talus following primary microfracture procedure over 
1 year prior

Fig. 26.2 Particulate juvenile hyaline cartilage graft with a fibrin glue 
and an arthroscopic cannula for delivery of graft

Fig. 26.3 Repeat arthroscopy and microfracture with additional graft-
ing with particulated juvenile graft and bone marrow aspirate

Fig. 26.4 Fresh structural osteochondral allograft transfer for a chronic 
and failed lesion of the talus
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When autograft and allograft transfer procedures are per-
formed, long-term monitoring of the graft should be 
employed. Gross et al. reported a case series of nine patients 
who underwent fresh talar osteochondral allograft transplan-
tation with a mean follow-up of 11 years [57]. Three of the 
nine grafts demonstrated radiographic evidence of fragmen-
tation and resorption of over 50% of the graft with secondary 
osteoarthritic changes at an average of 58.3 months postop-
eratively. The three patients with graft failure required con-
version to an ankle arthrodesis.

In 2009, Raikin reported his results on 15 patients who 
underwent bulk fresh osteochondral allograft transplantation 
for cystic talar defects [58]. Two of fifteen patients required 
ankle arthrodesis procedures following graft resorption and 
joint space narrowing at 32 and 76 months postoperatively.

Additionally, Adams et al. reported midterm results on 
talar shoulder lesions treated with fresh osteochondral 
allograft transplantation in eight patients [52]. They observed 
radiographic lucency at the interface of the allograft and host 
bone in five of the eight patients at an average follow-up of 
2 years. No patients, however, were converted to an ankle 
arthrodesis, but one required two arthroscopic debridement 
surgeries. They also concluded that long-term monitoring of 
the grafts is required, and perhaps the radiographic lucency 
seen in their patients was due to early resorption.

Lastly, El-Rashidy et al. found graft failure in four of 
forty-two patients who underwent fresh osteochondral 
allograft transplantation for chronic talar lesions with an 
average follow-up of 37.7 months [59]. This resulted in two 
patients undergoing total ankle replacement, one ankle 
arthrodesis, and one bipolar total ankle allograft.

 Malleolar Complications

Open exposure of the talus requires the use of a medial mal-
leolar osteotomy or anterior plafond bone block. The medial 
malleolus typically heals well with a low incidence of non-
union; however, care must be taken to place the osteotomy in 
the correct position with protection of the adjacent neurovas-
cular structures and tendons. Kim et al. revealed decreased 
patient outcomes on second-look arthroscopy when the tibial 
plafond at the malleolar osteotomy site was uneven [49]. 
Alternatively, an anterior access bone block window may be 
utilized; however, this limits the access to posterior talar 
lesions [60]. If a malleolar nonunion or malunion is encoun-
tered, revision surgery with anatomic alignment and bone 
grafting is often necessary. In these cases, additional medial 
anti-glide plate should also be employed for added stability.

 Technique Pearls and Pitfalls to Avoid 
Complications

Debridement and microfracture of an OLT is a successful 
procedure; however, intraoperative technique may play a 
role in obtaining a favorable result. Enhanced arthroscopic 
equipment and instrumentation allow the talar dome to have 
increased visualization. At our institution, general inhalation 
anesthesia with a regional nerve block and a thigh tourniquet 
is used routinely. Noninvasive ankle distraction is also uti-
lized for easy arthroscopic access to accomplish a proper 
microfracture technique (Fig. 26.6). Additionally, a cystos-
copy thigh holder allows the ankle to be suspended for easy 
use with distraction (Fig. 26.7). Standard anteromedial and 
anterolateral portals are utilized with a 2.7- or 4.0-mm diam-
eter and 30° or 70° arthroscope. Plantarflexion aids in expo-
sure of posterior lesions; however, this maneuver requires 
caution to avoid damaging the branches of the superficial 
peroneal nerve. In cases with extreme posterior lesions, a 
posterolateral accessory portal can also be used. For most 
medial-based talar dome lesions, the arthroscope and inflow 
enter through the anterolateral portal, while the instrumenta-
tion for debridement is through the anteromedial portal. 
Lateral talar dome lesions are best approached with the 
arthroscope and camera in the anteromedial portal with 
instrumentation through the anterolateral portal. Instruments 
available to debride osteochondral lesions include blunt- 

Fig. 26.5 Final placement of the fresh structural osteochondral 
allograft
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tipped probes, pituitary graspers, gouges, full-radius shavers, 
ring curettes, and high-speed burrs (Fig. 26.8). Appropriate 
angled microfracture chondral awls or Kirschner wires 
should be used to ensure a stable drill is performed with the 
proper depth (Fig. 26.9). The surgeon should also be sure not 

to skive off the talus and cause damage to healthy cartilage 
with the chondral awl. Multiple drill holes of the talar lesion 
should be performed with a minimum of 3- to 4-mm inter-
vals [61]. Additionally, the inflow pump can be reduced in 
order to visualize fat droplets and blood return out of micro-
fracture holes to ensure adequate depth into the subchondral 
bone has been reached with the awl (Fig. 26.10).

If a cystic talar dome lesion with an intact cartilage sur-
face is encountered during arthroscopy, then retrograde or 
trans-talar drilling can be performed to enable revasculariza-
tion of the fragment (Fig. 26.11) [22]. The primary aim is to 
induce subchondral bone revascularization and subsequently 
develop new bone formation to fill the cyst [17]. If needed, a 
cancellous graft can also be used to fill defects. Posteromedial 
lesions are accessed through a sinus tarsi approach into the 
talus, while lateral lesions are approached from the 
 anteromedial to the cyst. Fluoroscopic guidance should be 
utilized to ensure proper localization of the cyst.

When large posterior and medial lesions are encountered, 
open treatment with a malleolar osteotomy should be per-
formed. Osteotomies of the medial malleolus have been previ-
ously described using an oblique, step cut, crescentic, or 
chevron shape [4, 62–65]. The author’s preferred technique 
for increased exposure of the medial talar dome is the biplane 
chevron-shaped medial malleolus osteotomy (Fig. 26.12). The 
chevron-shaped cut is inherently stable when compared to the 
oblique or transverse osteotomies. A sagittal saw is used to 

Fig. 26.6 Noninvasive ankle distraction utilized for easy access into 
the ankle portals

Fig. 26.7 Cystoscopy thigh holder used to suspend the leg and allow 
the ankle to be placed in a noninvasive distractor

Fig. 26.8 Arthroscopic view of a shaver utilized for debridement to a 
stable border of an osteochondral lesion of the talus
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initiate the osteotomy with the apex inverted V proximal in the 
midline of the tibia. The angle of the saw blade will allow for 
a larger or smaller amount of exposure to the talus. Once the 
saw meets resistance to the cortex, the osteotomy should be 
completed with an osteotome to create greater interdigitation 
between the fragments while also protecting the tibia plafond 
from damage with the saw (Fig. 26.13). Extra care should be 
taken to avoid damage to the articular surface of the tibial pla-
fond as this can lead to inferior clinical outcomes. If additional 
exposure is needed after performing the medial malleolar oste-

otomy, a pin-based distractor can also be utilized to aid in 
visualization (Fig. 26.14). Fixation should be performed with 
two lag screws, although with larger osteotomies, a medial 
anti-glide plate can also be utilized for added rigidity 
(Figs. 26.15 and 26.16). Pre-drilling for the path of the screws 
in the malleolus is often recommended prior to cutting the 
osteotomy to easily reduce and fixate the fragment at the end 
of the procedure. It is also imperative to achieve precise ana-
tomic reduction and fixation of the osteotomy to avoid a non-
union or malunion.

Fig. 26.9 Arthroscopic awl utilized to perform microfracture to an 
appropriate depth

Fig. 26.10 Arthroscopic view of microfracture technique with fat 
droplets present to confirm adequate depth has been reached into the 
talus

Fig. 26.11 Retrograde drilling from the sinus tarsi to a posterior 
medial cystic lesion in the talus with the use of intraoperative 
fluoroscopy

Fig. 26.12 Chevron-shaped medial malleolar osteotomy is performed 
for access to the complete medial aspect of the talus
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When performing osteochondral autograft and allograft pro-
cedures, several factors may affect the outcome. When using 
cylindrical plugs to fill a defect, it is important to carefully 

Fig. 26.13 An osteotome is utilized for the completion of the osteot-
omy in order to protect the articular cartilage in the ankle joint

Fig. 26.14 A pin-based distractor utilized to increase visualization and 
exposure of the medial talus following a chevron osteotomy of the 
malleolus

Fig. 26.15 Two-screw fixation following a chevron malleolar osteot-
omy with anatomic reduction of the articular plafond

Fig. 26.16 Medial malleolar osteotomy fixated with both lag screws 
and anti-glide plate for added rigidity
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match the size and shape of the graft to the corresponding defect 
in order to minimize the amount of fibrocartilage that forms 
around the grafted hyaline cartilage plug. Additionally, when 
using multiple plugs to fill a defect, the surgeon should take care 
to match both the height of each cylindrical graft and the height 
of the graft to the corresponding native cartilage border, in order 
to achieve a smooth surface.

 Conclusions

Surgical treatment methods for osteochondral lesions of the 
talus continue to evolve as newer grafting technology is 
incorporated. The method for primary and revision osteo-
chondral lesions also remains a controversial topic. 
Depending on patient age, activity, and size of the lesion, 
arthroscopic marrow stimulation techniques with microfrac-
ture are generally accepted as first-line treatment. 
Osteochondral autograft and allograft procedures, cellular 
grafting with hyaline cartilage, and biologic adjuncts should 
be considered carefully as second-line therapy in those 
patients who have failed a primary arthroscopic microfrac-
ture procedure. Future comparison studies are needed to sub-
stantiate the clinical guidelines for treatment of failed 
osteochondral lesions. Controversies will also continue to 
revolve around reducing patient morbidity and decreasing 
the cost of cellular grafts as healthcare changes.
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 Introduction

Chronic lateral ankle instability has continued to increase 
its prevalence in the United States over the years as the 
patient population becomes more active. There are over two 
million ankle sprains reported in the United States every 
year. The prevalence is probably even higher as the majority 
of low- grade injuries are treated without the intervention of 
a healthcare provider. It is the moderate- to high-grade inju-
ries that are seen in the emergency room and in clinics 
around the country. Of these acute injuries, the majority, 
80%, respond to conservative treatment. Conservative treat-
ments consist of bracing, rehabilitation programs, rest, ice, 
compression, and elevation. Rehabilitation should focus on 
restoring proprioception and increasing inversion and ever-
sion strength. Van Dijk did a review of different ankle sup-
ports and demonstrated that lace-up ankle braces were most 
effective in the subacute period after sprains [1]. Ankle 
braces have been shown to decrease severity and frequency 
of ankle sprains.

One of the biggest pitfalls in treating lateral ankle insta-
bility is the lack of a true definition. The authors’ definition 
is the history of multiple ankle sprains that can occur on a flat 
surface. Stability of the ankle joint is provided by the bony 
congruity and syndesmotic ligaments, retinaculum, capsule, 
tendons, and collateral ligaments. The anterior talofibular 
ligament (ATFL), calcaneofibular ligament (CFL), and pos-
terior talofibular ligament (PTFL) are the major ligamentous 
stabilizers of the ankle. The ATFL resists anterior ankle sub-
luxation and inversion of the ankle when it is in a plan-
tarflexed position. The CFL resists inversion with the ankle 
in neutral or dorsiflexed position. In cadaver studies the CFL 
requires 3.5% more load to failure than the ATFL [2–4]. The 
ATFL is the most commonly injured structure in an ankle 

during a sprain present 90% of the time. The CFL is involved 
50–75% of the time. The PTFL is damaged in less than 10% 
of all ankle sprains [2–5].

An important item to remember is that instability by itself 
does not produce pain. Pain is a result of associated pathol-
ogy. When pain is lateral along the fibula, the peroneal ten-
dons should be evaluated. Ankle pain whether medial or 
lateral can be related to impingement syndromes, osteochon-
dral defects, or arthritic conditions. The patient population 
that does not respond to conservative treatment with persis-
tent pain and complaints of instability requires further evalu-
ation, and possible intervention is necessary.

 Indications for Procedure

In patients with chronic lateral ankle instability, a thorough 
history and lower extremity physical examination are neces-
sary. One of the more overlooked underlying pathologies is 
the presence of generalized ligamentous laxity or connective 
tissue disorders (i.e., Ehler–Danlos syndrome) that would 
make patients more susceptible to instability and poor candi-
dates for certain procedures such as a primary repair of the 
ligaments since the tissue quality may be poor.

Overall, the alignment needs to be addressed at the same 
time as the ligament repair. Evaluation of a varus heel, plantar 
flexion of the first ray, and malalignment or tibia varum 
requires additional procedures. Coleman block test needs to 
be performed on the varus heel for accurate assessment. 
Peroneal weakness should be evaluated for tendon tears or 
ruptures and consideration of tendon transfer with a peroneus 
longus to brevis. Anterior draw and talar tilt assessments are 
performed. In the examination the practitioner should evalu-
ate the contralateral limb as well for comparison. A talar tilt 
greater than 10° or greater than 5° compared to the contralat-
eral is pathologic [2, 6–8]. Anterior translation of 1 cm or 
5 mm greater than the contralateral side during the anterior 
drawer is also pathologic (Fig. 27.1). The authors recommend 
lateral ankle ligament stress next with the elimination of the 
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pull of the peroneal tendons either through a block of the 
common peroneal nerve or sedation. In addition to a physical 
examine, standard AP and lateral radiographic evaluation is 
necessary for joint evaluation and positional changes.

Up to 93% of patients that suffer from chronic lateral 
ankle instability also have other secondary pathology such as 
osteochondral lesion, synovitis, or peroneal tendon pathol-
ogy; therefore, an MRI can be beneficial in the workup of 
these patients [9]. Kibler et al. preformed 46 ankle arthrosco-
pies prior to Brostrom procedures and found 83% had intra- 
articular problems, such as anterolateral soft tissue 
impingement, tibial talar spurring, meniscoid lesion, chon-
dral injury, and loose bodies [9]. Digiovanni et al. found the 
most common corresponding pathology with chronic lateral 
ankle instability to be peroneal tenosynovitis, anterolateral 
impingement, and ankle synovitis [2]. Hu et al. found that 
52.3–63.4% of patients underwent additional procedures 
along with the lateral ankle stabilization [7].

Indications for lateral ankle ligament reconstruction 
include inability to perform activities, failure of ankle brac-
ing and therapy, and positive structural ligament rupture. 
Associated factors or pathology should be repaired at the 
same time as the ligament reconstruction.

 Procedure Selection

More than 70 operative procedures have been described in 
the literature for treatment of chronic lateral ankle instability. 
These lateral ankle reconstructions can be broken down into 
anatomic and nonanatomic procedures. Anatomic proce-
dures are further divided into primary repair (Brostrom) ver-
sus allograft or autograft reconstruction. Nonanatomic 
procedures involve tenodesis procedures with rerouting of a 
tendon (Watson-Jones). Anatomic procedures are beneficial 
because they restore as close as possible the normal anatomy 

Fig. 27.1 Unstressed lateral 
radiograph. (a) Positive 
anterior drawer with stressed 
lateral radiograph showing 
anterior displacement of the 
talus on the tibia. (b) 
Unstressed AP radiograph of 
the ankle. (c) Stressed view 
with a positive talar tilt
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and joint kinematics, as well as maintain ankle and subtalar 
joint range of motion. Unfortunately, primary anatomic 
reconstruction is not always a viable option due to poor tis-
sue quality, and it relies on the ability to tension ligaments 
appropriately and the security of fixation. Anatomic recon-
struction with a Brostrom procedure was first described in 
1966 with repair of the anterior talofibular ligament [10–12]. 
Many modifications have been made to this procedure over 
the years, most notability the Gould modification in 1980 
with the addition of repair of the calcaneofibular ligament 
and reinforcement with inferior extensor retinaculum [13]. 
The Brostrom procedure with Gould modification has 
become the standard for primary lateral ankle stabilization. 
In this technique the ATF and possibly CF ligaments are pri-
marily repaired and reinforced with the inferior extensor reti-
naculum. When Brostrom first described the repair, it was a 
direct repair of the AFTL and CFL with imbrication of the 
ligaments to decrease any laxity from previous injury. The 
Gould modification with the reinforcement with the inferior 
retinaculum was adopted due to concerns of inadequate tis-
sue quality. Multiple studies have found the Brostrom-Gould 
procedure to be extremely effective with good to excellent 
outcome in greater than 85% of patients [1, 4, 6, 8–17]. 
Nonanatomic repair consists of adding structural support to 
the ankle perpendicular to the perceived axis of instability. 
The first documented procedure of Watson-Jones in 1952 
utilized the entire peroneus brevis tendon and routed in 
through the fibula from posterior to anterior and then secured 
in the tendon into the talar neck [18]. Multiple other nonana-
tomic repairs have been described utilizing allografts and 
autogenous grafts, most commonly the peroneus brevis ten-
don. These procedures should be reserved for patients with 
generalized ligamentous laxity and salvage procedures.

Hennrikus et al. compared anatomic to nonanatomic and 
found similar success rates around 85% but higher compli-
cation rate with nonanatomic, consisting of sural nerve 
damage, wound complications, stiffness, and residual insta-
bility [19]. Brostrom had no wound complications but did 
have superficial peroneal nerve paresthesias, stiffness, and 
one repeat rupture. Krips et al. reviewed 300 patients over 
30-year follow-up and found initially no difference but 
nonanatomic correlated with increased rate of decreased 
function, increased pain, stiffness, increased reversional 
procedures, and increased arthritis [1].

Multiple exposure techniques have been described for the 
Brostrom-Gould procedure. The standard approach consists 
of an approximate 4 cm curvilinear incision over the distal 
anterior aspect of the fibula (Fig. 27.2). This incision can be 
utilized to visualize the course of the peroneal tendons 
extending anteriorly around the distal tip of the fibula. 
Dissection is taken down to the underlying inferior extensor 
retinaculum; during this part of the dissection, you may 
encounter a focal area of adipose tissue, especially in the 

female population. A moist sponge is helpful at this point to 
help with blunt dissection to identify the inferior retinacu-
lum. The retinaculum should be seen parallel to the CFL and 
mobilize and reflect this layer (Fig. 27.3). The ATFL and 
CFL can be visualized at this time as thickened fibers of the 
capsule. Make a capsular incision along the anterior aspect of 
the fibula to the distal tip, leaving a few millimeters attached 
to the fibula to facilitate repair. Nonabsorbable suture 2-0 or 
larger is passed through the ATFL and CFL, and the foot and 
ankle are held in an everted valgus position while sutures are 
advanced (Fig. 27.4). The previously reflected inferior exten-
sor retinaculum is sutured to the anterior edges of the fibula. 
Subcutaneous and cutaneous closure is done in standard 
fashion. Special care must be taken, and a good assistant is 
needed to maintain the foot in the everted valgus position 
during the remainder of the procedure and during cast or 

Fig. 27.2 Lateral linear incision for ligament reconstruction

Fig. 27.3 Elevation of the retinaculum and the anterior talofibular 
ligament
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splint application. Standard protocol consists of non-weight 
bearing in cast for 6 weeks, but there is literature that sup-
ports accelerate rehabilitation protocol results in faster return 
to sport. Petrera et al. advocated immediate protective weight 
bearing in a walking boot and early range of motion to pro-
mote recovery of proprioception and decrease stiffness and 
muscle atrophy [4]. They found in their study a return to 
sport 3 weeks faster with accelerated rehabilitation protocol.

 Complications of the Brostrom

As with any procedure, there is risk for complications which 
may occur intraoperatively, immediate postoperatively, and 
late onset. To help limit these complications, a thorough 
patient workup is necessary, and assessing other problems at 
the time of the procedure is imperative. The patients with 
long-standing instability, poor tissue quality, generalized liga-
mentous laxity, and structural deformity are patients that are 
more prone to complications. Superficial wound complica-
tions and neuritis are the most common complication which 
can occur in up to 7–19% of the cases [1–3, 8, 10–14, 19, 20]. 
In these cases meticulous surgical dissection and tissue han-
dling are imperative. Overcorrection and undercorrection need 
to be taken into account, and a good assistant is beneficial to 
hold the foot in the corrected position during repair. Stiffness 
and overcorrection are common in both anatomic and nonana-
tomic repairs but more common in the nonanatomic group.

Recurrence and postoperative instability are normally 
secondary to acute injury. Petrera et al. reported a 6% failure 
rate with 3 out of 49 patients re-rupturing secondary to trau-
matic inversion ankle injuries during sporting events [4]. 
These patients were treated conservatively and did not 

require reversional surgery. If implementing an accelerated 

rehabilitation protocol, the patient should be protected in the 
initial postoperative period to help decrease risk of repeat 
traumatic rupture. In the case of a repeat rupture or undercor-
rection, salvage procedures with anatomic augmented teno-
desis reconstructions are always a viable option for repair.

The first step in limiting complications is being familiar 
and acknowledging the contraindication and limitations of 
the different procedures. Limitations of these procedures 
start with patients with morbid obesity, previous documented 
arthritic changes of the subtalar or ankle joint, and subtalar 
joint inability and patients with collagen disorders. 
Contraindications consist of patients with progressive neuro-
muscular disorders, tarsal coalitions, and complex regional 
pain syndrome.

 Techniques, Pearls, and Pitfalls

Most complications with the Brostrom procedure can be 
avoided during the preoperative assessment of the patient. 
When evaluating patients preoperatively, instead of looking 
at patient factors that would indicate a successful outcome, 
the authors prefer to evaluate patient factors that would lead 
to an unsuccessful outcome with a Brostrom. Does the 
patient have a large BMI, or do they have a job that requires 
a high amount of stress on the ankle? Do they have a varus 
position of their heel, a cavus foot, or have weakness of the 
peroneal muscles? One of the more often overlooked issues 
is recognizing patients with hypermobility syndromes such 
as Ehlers–Danlos syndrome (Fig. 27.5). These types of 
 conditions often have poor tissue quality that will require 
surgical augmentation in order to be successful. If the 
answers to these questions are negative, then the success rate 

of a Brostrom procedure is high.

Fig. 27.4 (a) Nonabsorbable suture 2-0 or larger is passed through the ATFL and CFL, and the foot and ankle are held in an everted valgus posi-
tion while sutures are placed
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On physical examination, make sure that pathologic joints 
have been identified. Radiographic stress exam can be utlil-
zed. To improve accuracy of the stress exam, eliminate the 
tension on the peroneal tendons either through use of sedation 
or local anesthetic. Also, pay attension to any instability of 
the subtalar joint during the exam. Intra-articular injections of 
the ankle serve as a strong diagnostic tool. Evaluate both the 
ankle joint and subtalar joint for arthritic conditions.

As previously mentioned, there is a high correlation 
between chronic lateral ankle instability and intra-articular 
pathology, and the addition of ankle arthroscopy is often 
beneficial. If an arthroscopic procedure is scheduled, it is a 
good practice to mark out bony landmarks and incision site 
for the lateral ankle stabilization prior to the arthroscopic 
procedure, as extravasation of fluid with the arthroscopy may 
obscure exact boney anatomic landmarks making them dif-
ficult to palpate and therefore altering incision placement.

Intraoperatively, making an incision along the anterior 
aspect of the lateral malleolus will usually avoid the superficial 
peroneal nerve and prevent potential scarring along the fibula. 
Prior to reattachment of the ATF to the fibula, one should curette 
the periosteum around the attachment site to provide healthy 
bone to help ensure reattachment (Fig. 27.6). The surgeon 
should try to avoid exposing the subtalar joint during the opera-
tive procedure. Hold the position of the foot in a maximally 
everted position when reattaching and tensioning the ligament.

Postoperatively, the patient is placed in a non-weight- 
bearing splint for 2 weeks, then 2 weeks in a weight-bearing 
cast, and followed by 2 weeks in a walking boot.

 Failed Brostroms

The primary reason for failed Brostroms is the failure to 
identify a factor that could lead to a compromised repair 
such as a varus heel or hypermobility syndrome. Recognizing 

these factors preoperatively will limit many of the fail-
ures. If a Brostrom fails, MRI should be considered to 
evaluate for peroneal injury. The authors also recommend 
a stress test with sedation prior to the repair to evaluate the 
lateral ankle ligament complex and the lateral subtalar 
ligament complex.

Failed Brostrom requires reconstruction with either an 
autograft/allograft type of primary reconstruction or bioteno-
desis procedure such as a Watson-Jones. For a failed 
Brostrom with a stable subtalar joint, the authors’ preferred 
method is an allograft graft reconstruction. In the presence of 
a combined ankle and subtalar joint instability, a biotenode-
sis Watson-Jones repair is utilized.

Allograft reconstruction is performed using a peroneus 
longus allograft which gives plenty of length and both a 
round and flat section for various types of repair (Fig. 27.7). 
An incision is placed over the anterior aspect of the lateral 
malleolus. The lateral malleolus is exposed at the distal tip 
resecting off both the ATF and CF ligaments. The lateral talus 
at the junction of the body and neck is then exposed. A soft 
tissue tunnel is created along the course of the CF ligament 
under the peroneal tendons. Minimizing the exposure of the 

Fig. 27.5 Example of recognizing patients with hypermobility syn-
dromes such as Ehlers–Danlos syndrome

Fig. 27.6 Curettage of the periosteum around the attachment site of the 
ATF ligament

Fig. 27.7 Allograft reconstruction using a peroneus longus allograft 
which gives plenty of length and both a round and flat section for vari-
ous types of repair
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peroneal tendons will reduce the risk of painful adhesions. 
An osseous tunnel is created from the tip of the lateral mal-
leolus oriented from distal anterior to proximal posterior. The 
authors limit the diameter of the osseous tunnel to a maxi-
mum of 6 mm in order to prevent fracture of the lateral mal-
leolus. The graft needs to move smoothly through the tunnel. 
The graft is secured in place to the fibula with a  biotenodesis 
screw (Fig. 27.8). With the fibular portion in place, the graft 
is split into anterior and posterior halves for placement into 
the talus and calcaneus, respectively (Fig. 27.9).

The osseous tunnel in the calcaneus is located inferior to 
the posterior facet of the subtalar joint approximately half-
way along the joint. Care should be taken to avoid penetrat-
ing the joint. Aiming slightly inferior will help avoid 
violating the joint. The osseous tunnel is typically a 7 mm 

tunnel and the allograft diameter is 6 mm. Since the pass of 
the graft can be difficult to visualize, the diameter difference 
ensures an easy pass of the graft. The graft is not secured in 
place at this time.

The location of the osseous tunnel within the talus is at 
the junction of the body and neck. The authors prefer that the 
tunnel is more in the body of the talus rather than in the neck 
if possible. This is usually a 6 mm tunnel.

With both arms in position, the heel is held in an everted 
position, but not dorsiflexed. Keep the ankle in a neutral to 
slightly plantarflexed position. Placing the wider anterior 
portion of the talus with dorsiflexed position will lead to a 
less stable reconstruction. With the foot positioned properly, 
the calcaneal portion of the graft is secured followed by the 
talus. There should be good tension on the reconstruction 
since there will be some give to the graft over time.

Postoperative course is 2 weeks non-weight bearing in a 
splint, followed by 2 weeks weight-bearing cast, and then 
2 weeks in a walking boot. When in the walking boot, the 
patient can begin range of motion using an ankle brace to 
limit inversion and eversion. At 6 weeks post-op, the patient 
is advanced into a shoe with an ankle brace when walking, 
and physical therapy is started to advance activities and 
begin weaning out of the brace. Ankle braces or taping is 
recommended with activities that have a higher risk at inver-
sion injuries.

 Fibular Fracture

With the advancement of biotenodesis screws, the use of an 
anterior to posterior tunnel in the fibula is not as common. If 
a tunnel is used, most fibular fractures can be avoided with 
proper placement of the osseous canal. The ideal location of 
the osseous tunnel is 1.5 cm proximal to the tip of the lateral 
malleolus and directly in the center of the fibular.

Using a cannulated screw system that will create a guide 
hole will ensure proper placement of the tunnel. Remembering 
that the guidewire is placed a little higher than the 1.5 cm 
location will make sure that the tunnel is not located too dis-
tal. Try to avoid an osseous tunnel of greater than 6 mm in 
diameter. Creating a tunnel that is too large or too low can 
lead to a fracture of the fibula (Figs. 27.10 and 27.11).

Fracture of the fibula should be secured with two small 
screws across the fracture site with purchasing both the distal 
and proximal cortex (Fig. 27.12). The authors also recom-
mend X-rays at the 2 weeks post-op visit. If X-rays are sta-
ble, the patient can be started in a weight-bearing cast as 
tolerated. Weight-bearing cast is used until 6 weeks post-op, 
and if the X-rays show healing, then the patient can progress 
in a walking boot for an additional 2 weeks.

The ligament repair can be so stable that several months 
after a ligament reconstruction, avulsion fracture of the fibu-

Fig. 27.8 The peroneal longus allograft is secured in place to the fibula 
with a biotenodesis screw

Fig. 27.9 Graft is split into anterior and posterior halves for placement 
into the talus and calcaneus
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lar can occur through the osseous tunnel with an inversion 
injury. These fractures, while rare, do poorly with conserva-
tive treatment due to the tethering of the ligament against the 
fracture site and can lead to a nonunion. The authors recom-
mend surgical intervention with open reduction internal fixa-
tion of the fracture. These fractures often take quite a long 
time to heal (Fig. 27.13).

If a nonunion develops, MRI or CT is helpful to check for 
possible AVN of the fragment piece. If the distal piece has 
not developed an AVN, grafting with fixation can stabilize 
the ankle ligaments and salvage the repair. The authors rec-
ommend a conservative post-op management for the patient. 

This typically involves 4 weeks non-weight bearing in a cast 
followed by 4 weeks in a walking boot. Repeat CT scan is 
recommended prior to advancement of activities to ensure 
healing.

 Tenodesed Ankle

A tenodesed or “stiff” ankle can be a debilitating complica-
tion. It is the lack of dorsiflexion and plantar flexion that the 
patient will complain about more than the lack of inversion 
and eversion. This is more commonly seen with the nonana-
tomic repairs for isolated ankle instability in the presence of 
a normal subtalar joint or with underestimated arthritis of the 
ankle or malposition of the ankle or tibia. The restriction of 
both ankle and subtalar joint motion will cause the foot to be 
fixed in a rigid, everted position.

Preoperative assessment should properly evaluate range 
of motion of the ankle as well as position of the ankle. In the 
presence of a rigid ankle or a fixed varus position, ligament 

Fig. 27.10 Fracture of the distal fibula through the osseous tunnel

Fig. 27.11 CT scan confirming nonunion of the fibular fracture

Fig. 27.12 Fracture of the fibula should be secured with two small 
screws across the fracture site with purchasing both the distal and prox-
imal cortex

Fig. 27.13 Healed fracture of the osseous tunnel with subsequent 
hardware removal
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reconstruction would not be advised, and arthrodesis may be 
the better choice. Supramalleolar osteotomy or heel realign-
ment may also be considered.

Overtensioning of the ligament reconstruction can occur 
(Fig. 27.14). The natural instinct is to make the ligament as 
tight as possible which can cause a rigid ankle or STJ. In order 
to prevent this, after reconstitution of the graft, the authors do 
not “stretch” the allograft prior to insertion and tightening. 
This will allow a small amount of natural lengthening to occur. 
Prepping the contralateral side and using this as a guide is also 
helpful. If the patient has normal functioning of the contralat-
eral ligaments, then the operative side can be tightened slightly 
more than the “normal” side. If dealing with a patient with 
hypermobility on the contralateral side as well, the operative 
side will need to be tightened a bit more aggressively.

Protected, postoperative range of motion after 4 weeks will 
try to minimize the amount of adhesions. Once mentioned 
before, range of motion with an ankle brace to limit inversion-
eversion initially will prevent both adhesions and loss of sta-
bility. The use of physical therapy begins once the patient is 
allowed to start to wean out of the boot at 6–8 weeks post-op.

If tenodesis of the ankle or STJ occurs with failure of con-
servative treatment, more invasive treatments can be benefi-
cial. Continual passive motion (CPM) machines can be 
helpful, but are often expensive. Manipulation under anes-
thesia with injection of the ankle is a more invasive treatment 
option. Manipulation should try to improve plantar flexion/
dorsiflexion first and inversion/eversion secondly. Injection 
of the ankle and/or STJ with a steroid and local anesthetic 
may help reduce adhesions. For the ankle joint, 1 cm3 of a 
steroid and 4 cm3 of a local anesthetic are used and 1 cm3 of 
a steroid and 2 cm3 of a local anesthetic for the STJ.

Surgical intervention may be needed to help with contin-
ued pain and limitations. Arthroscopic debridement may be 
of benefit especially if the patient did get some short-term 

improvement with the injection. Of these options, ankle and/
or STJ arthrodesis may be warranted. Advanced imaging 
with CT scan to determine the presence of arthritic changes 
and diagnostic injections would be of benefit to determine the 
level of arthrodesis or replacement (Figs. 27.15 and 27.16).

 Treatment of Subtalar Joint Instability

The primary concern with subtalar joint instability is missing 
the diagnosis. This is often mistaken as lateral ankle instability. 
A high index of suspicion is needed. Often a patient has the 
complaint of instability with a normal ankle stress exam. 
Diagnostic injections of the ankle or subtalar joint can be per-
formed, but ankle impingement and STJ instability can coexist. 

Fig. 27.14 Overtensioning of the lateral ankle ligament with narrow-
ing of the lateral ankle mortise Fig. 27.15 Coronal CT scan showing arthritic changes of the lateral 

ankle

Fig. 27.16 Sagittal CT scan of narrowing of the ankle with arthritic 
changes
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When subtalar joint instability is noted independent or in 
conjunct with chronic lateral ankle instability, the  surgeon 
must determine whether to perform anatomic reconstruction 
or to stabilize with the use of a traditional tenodesis proce-
dure. Although the Brostrom-Gould procedure does add sup-
port to the subtalar joint, in the circumstance of increased 
subtalar joint instability, the addition of a tendon autograft or 
allograft should be implemented to further augment of the 
repair. Watson-Jones or Chrisman-Snook have been found to 
be effective in these situations, but will alter the normal 
kinematics.

With isolated STJ instability, primary repair or anatomic 
allograft/autograft can be performed. Care should be taken to 
avoid overzealous dissection of the lateral talus to preserve 
the ATFL attachment site. Postoperative course is the same 
for lateral ankle instability.

 Conclusion

Proper diagnosis and correction of the deforming structures 
are the key to a successful outcome with any lateral ligament 
work around the ankle and foot. The use of biotenodesis 
screws has made anatomic reconstruction with allograft or 
autograft an excellent reconstruction option for patients with 
either a failed Brostrom or with poor native tissue. Tenodesis 
procedures are better suited for concurrent STJ instability.
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 Introduction

Malleolar fractures of the tibiotalar joint are common frac-
tures of the human body often caused by falls from heights 
or sports-related trauma and more common in young males 
[1, 2]. One study estimated the incidence rate in the United 
States to be 187 per 100,000 person-years [1].

Malleolar fracture malunions can lead to limb deformity, 
pain, stiffness, difficulty with gait, and posttraumatic arthri-
tis from joint malalignment [3–5]. Though there is little pub-
lished data on the rate of malleolar ankle fracture malunions, 
posttraumatic arthritis comprises an estimated 78% of all 
ankle arthritis [6].

The tibiotalar joint is a congruent joint which measures 
350 mm2 in surface area and can bear upward of five times 
the body weight during walking [7]. The articular geometry 
of the tibiotalar joint with a concave tibial plafond and con-
vex talar dome contributes to the stability of the joint during 
weightbearing [8]. Malunions from malaligned malleolar 
fractures can lead to articular incongruity of tibiotalar joint 
leading to posttraumatic arthritis (Fig. 28.1). In a cadaveric 
study, Ramsey et al. [9] demonstrated that 1 mm lateral dis-
placement of the talus can unload the tibiotalar joint by 42%. 
Thordarson et al. [10] reported that tibiotalar incongruity in 
their cadaveric fibular fracture malunion model with deep 
deltoid ligament rupture and concomitant shortening, lateral 
displacement, and malrotation of the fibula increased peak 
contact pressures to the mid-lateral quadrant of the tibiotalar 
joint. Clinical reports have demonstrated an association 
between maligned malleolar ankle fractures with clinical and 
radiographic outcomes. In his prospective evaluation of 306 

ankle fracture cases, Lindsjö [11] identified that accuracy of 
ankle fracture reduction affected clinical outcomes. Rikavina 
et al. [12] also reported that posttraumatic arthritis was 
higher in malleolar fractures with short fibulas and widened 
ankle mortises. Additionally, ankle fractures with involve-
ment of the posterior malleolar fracture were associated with 
lower patient satisfaction scores, increased rates of osteoar-
thritis, and need for revisional surgery compared to ankle 
fractures without posterior malleolar involvement [13–16].

Injury of the distal tibiofibular syndesmosis can occur 
concomitantly with ankle fractures. In general, the estimated 
rate of ankle syndesmosis injuries has been reported at 2.15 
per 100,000 person-years [17]. However, up to 45% of supi-
nation external rotation ankle fractures are associated with 
an unstable syndesmosis disruption [18].

Syndesmosis malunions are prevalent with malreduction 
rates reported as high as 52% (Fig. 28.2) [19]. The high rate 
of malalignment has been attributed to the insensitivity of 
radiographic measures that allow occult syndesmosis inju-
ries to go undetected [20–22]. One study demonstrated that 
syndesmosis widening evidenced by the tibiofibular clear 
space from radiographic imaging remained unchanged with 
up to 30° of external rotation the fibula (Fig. 28.3a, b) [23]. 
Malreduced syndesmosis disruptions associated with talar 
malalignment have been associated with instability, pain, 
and poor functional outcomes [24, 25]. Reduction and stabil-
ity of the syndesmosis have also been attributed to the poste-
rior malleolar fracture due to its attachment to the fibula via 
the posterior tibiofibular syndesmosis [26].

 Diagnostic Workup

Bilateral weightbearing radiographs can reveal asymmetries to 
either identify occult malleolar and syndesmosis malalign-
ments or be used for deformity correction planning. Tibiotalar 
axis which is the middiaphyseal axis of the tibia should bisect 
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the talus. Deviation of tibiotalar axis can demonstrate malalign-
ment of a malleolus, malleoli, or syndesmosis (Fig. 28.4). 
Medial, tibiotalar, and lateral spaces of the ankle mortise view 
should be equidistant. On the ankle AP view, the medial clear 
space and the tibiofibular overlap should also be symmetric. 
Fibular length may be assessed by  comparing bilateral talocru-
ral angles, which is the medial intersection of a perpendicular 
line from the tibial plafond to the intermalleolar line (Fig. 28.5) 
[27]. On the ankle mortise view, the tibiofibular clear space 
should also be symmetric (Fig. 28.6). Alternatively, fibular 
length may also be measured with the angle of the bimalleolar 
angle which is the intersection between the line parallel to the 
fibular shaft and the intermalleolar line. Normal variations of 
bimalleolar angles in contralateral ankles have been reported to 
be an average of 1.3° [28]. Other measures of fibular length 
include Shenton’s line, a curved congruous subchondral bone 
line from Wagstaffe’s tubercule projecting to the tibial plafond, 
and the circle sign or dime sign, a concentric curve from the 

lateral talar process to the fibular recess (Fig. 28.7) [29]. 
Computed tomography (CT) 2-dimensional images or 
3-dimensional reconstructions can provide further information 
on planes of deformity and the presence of joint degeneration.

Radiographic measures used to evaluate the syndesmosis 
include the tibiofibular clear space on the mortise projection 
and tibiofibular overlap on the anterior-posterior projection 
(Fig. 28.6). On the lateral projection, the anterior border of the 
fibula is often midline of the tibial axis as evidenced by norma-
tive data from CT scans [30]. Because radiographic parame-
ters are relatively insensitive for identifying syndesmosis 
disruptions, CT scans of bilateral ankles are often necessary to 
identify rotational and translational malalignments otherwise 
missed on plain radiographs (Fig. 28.3a, b) [30–33].

 Indications of Procedure

Restoration of tibiotalar and talomalleolar articular congru-
ity and joint stability are the primary objectives of malleolar 
malunion and syndesmosis repair. Articular realignment can 
reduce abnormal focal contact pressures that can lead to 
advanced cartilage degeneration. Reestablishing tibiotalar 
joint stability will reduce abnormal joint kinematics leading 
to degenerative arthrosis, pain, and dysfunction.

 Contraindications/Limitations

Specific contraindications to malunion repair should be 
considered if manifestations of advanced degenerative 
changes are seen clinically and/or radiographically or if 
reconstruction cannot achieve joint stability or anatomic 
articular alignment.

Fig. 28.1 Ankle fracture malunions often lead to posttraumatic arthri-
tis as shown in this radiograph with medial malleolar malreduction 
allowing lateral subluxation of the talus

Fig. 28.2 Distal tibiofibular malunions are most apparent with frank 
diastasis of the tibiofibular clear space though most rotational misalign-
ments can be undetected up to 30° of fibular external rotation
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 Ankle Malleolar Fracture Malunion

 Restoring Fibular Length and Rotation

Loss of length and malrotation of the fibula are the most 
common causes of talar malalignment within the tibiotalar 
joint. Fibular fracture displacement alone whether it is short-

ened, laterally displaced, and/or external rotated does not 
cause talar instability provided the medial malleolus and the 
deep deltoid ligament are intact. Lateral talar subluxation is 
often seen in cases of isolated fibular malleolar ankle frac-
tures with deep deltoid ligament rupture or in bimalleolar/
trimalleolar ankle fractures, which are inherently unstable. 
In either clinical circumstance, the medial restraint (medial 
malleolus and/or deep deltoid ligament), which provides 
talar stability, is disrupted allowing the talus to sublux. In 
most cases, the talus will displace in the direction of the fib-
ula as the lateral collateral ligaments remain intact and the 
peroneal tendons pull will cause displacement of the fibula 
(Fig. 28.8a–c). Reestablishing fibular length restores the lat-
eral buttress preventing the talus from subluxing laterally. 
Correcting fibular rotation restores talofibular articulation, 
tibiotalar alignment, and congruent range of motion of the 
tibiotalar joint. Secondarily, failure to restore fibular length 
will render difficulty with distal tibiofibular syndesmosis 
reduction.

Through a standard lateral longitudinal incisional 
approach, fibular length can be achieved by several methods 
(Fig. 28.9). For isolated fibular malleolar ankle fractures 
with medial clear space widening, a small medial incisional 
approach is often needed to debride the scar tissue, which 
interposes the articulation between the medial malleolus and 
medial talus preventing reduction (Fig. 28.10a, b). In chronic 
cases of malunion and medial clear space widening, adhe-
sive fibrosis of the scar tissue can occur along the articular 
cartilage, therefore, should be debrided carefully. Fibular 

Fig. 28.3 (a) Radiographic studies are often insensitive in identifying 
rotational alignments of the fibular in the fibular incisura of the tibia as 
seen in this patient with chronic syndesmosis pain from external rota-
tion injury sustained 1.5 years ago. (b) Computed tomography of the 

same patient case demonstrates widening of the syndesmosis with 
external rotation of the fibula in the fibular incisura of the tibia not obvi-
ous on plain radiograph

Fig. 28.4 Bilateral weightbearing ankle views can reveal asymmetries 
suggestive of ankle malalignments. The middiaphyseal axis of the tibia 
bisecting the talus denotes anatomic tibiotalar alignment as shown on 
the left. Deviation of tibiotalar axis can demonstrate malalignment of a 
malleolus, malleoli, or syndesmosis as shown on the right
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osteotomy should be performed in the orientation of the orig-
inal fracture, and the use of an intercalary bone graft should 
be anticipated for bony deficits encounter with deformity 
correction (Fig. 28.11a, b). The use of CT imaging can assist 
in identifying the orientation for the osteotomy. A locking 
plate is positioned on the lateral fibula held in place with a 
towel clamp along the proximal segment of the fibular frac-
ture to ensure axial alignment of the plate. The locking plate 
is secured to the distal fibular fracture with locking screws 

(Fig. 28.12). In the isolated fibular malleolar or bimalleolar 
fracture malunions, the use of a Weber reduction clamp 
placed along the transmalleolar axis can assist in the reduc-
tion of the talus axially beneath the tibia during the process 
of restoring fibular length (Fig. 28.13). Because the fibula is 
often bound by peripheral scar and fibrosis, achieving fibular 
length often requires use of an articulated distractor, which is 
secured to the proximal fibular segment and lengthens the 
distal fibula through the locking plate (Fig. 28.14). The bolt 
to the threaded rod is turned providing incremental distrac-
tion. The proximal towel clamp secures the position of the 
plate on the fibula to better resist anterior, posterior, or lateral 
migration of the distal fibular segment during the lengthen-
ing. Appropriate length is determined by restoring fibular 
symmetry with contralateral ankle radiographs, Shenton’s 
lines, and the subfibular circle sign. A second towel clamp is 
applied along the distal malleolus to correct rotational 
malalignment of the fibula by achieving patency of the lat-
eral talofibular articulation on the ankle mortise view 
(Fig. 28.15a, b). Once satisfactory fibular length has been 
achieved and rotation has been corrected, the reduction is 
stabilized with a locking screw in the proximal fibular seg-
ment (Fig. 28.16a–c). Nonlocking screws to secure the prox-
imal portion of the plate may cause loss of rotational 
correction to the distal fibular segment due to contact of the 
plate on the irregular lateral surface of the fibula.

 Restoring Medial Malleolar Rotation 
and Alignment

Deformity correction of medial malleolar malunions and 
nonunions can be complicated by resorptive bone loss and 
loss of cortical margins to guide anatomic reduction. For the 

Fig. 28.6 Comparing bilateral weightbearing mortise ankle views: 
medial clear space (b) and tibiofibular clear space (a) should be sym-
metric. Both values are increased on the right and suggestive of deep 
deltoid and syndesmosis ligament disruption

Fig. 28.7 Shenton’s line is a curved congruous subchondral bone line 
from Wagstaffe’s tubercule projecting to the tibial plafond and the cir-
cle sign or dime sign which is a concentric curve from the lateral talar 
process to the fibular recess

Fig. 28.5 Comparing bilateral weightbearing AP ankle views: medial 
clear space (b) and tibiofibular overlap (a) of the ankle mortise view 
should be symmetric. Fibular length may be assessed by comparing the 
symmetry of talocrural angles, which is the medial intersection of a 
perpendicular line from the tibial plafond to the intermalleolar line (c). 
All radiographic values are increased on the right
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medial malleolar component of ankle fracture cases, CT scan 
can provide the orientation of the malunion and the plane for 
intended osteotomy. A standard medial longitudinal or ante-
rior medial curvilinear approach provides adequate expo-
sure. In bimalleolar ankle fracture malunion/nonunion, 
medial malleolar osteotomy is often performed prior to fibu-
lar osteotomy and lengthening to ensure no malleolar 

obstruction to tibiotalar alignment (Figs. 28.17a–c and 
28.18a, b). In cases of bimalleolar or trimalleolar ankle frac-
ture malunions, the fibular malleolus is often fixed first 
because the ankle joint radiographic landmarks to guide fibu-
lar length and rotation are often preserved compared to the 
few landmarks available to the medial malleolus (Figs. 28.19, 
28.20, and 28.21).

Because of the deformity from the malunion and sub-
sequent bony gap that is encountered with subsequent 
realignment of the medial malleolus, cortical landmarks 
available to guide reduction may be limited. The only 
method of reduction to ensure anatomic congruity of the 
medial malleolar- talus articulation is through indirect 
reduction of the medial malleolus through loading of the 
tibiotalar joint. Once the medial malleolar osteotomy is 
performed, loading the ankle at 90° will allow full contact 
of the tibiotalar articulation stabilizing the tibiotalar joint 
by realigning the tibiotalar axis [8]. Secondarily, while 
the tibiotalar joint is loaded and axis corrected, the con-
gruity of the medial malleolar-talus articulation allows 
correct rotation and alignment of the medial malleolus 
(Fig. 28.22). Because a bony defect is frequently encoun-
tered, in bicortical fixation fully threaded 3.5 or 4.0 mm 
cortical screws are used as positional screws to bridge the 
gap and maintain correction (Figs. 28.23a–d and 28.24a–
c). Alternatively, an angled locking plate may also be used 
to bridge the bony defect.

Fig. 28.8 Anterior-posterior (a), mortise (b), and lateral (c) ankle con-
ventional radiographs of failed nonoperative management of Weber C 
fibular fracture with deep deltoid ligament disruption and lateral talar 

subluxation. Anterior-posterior views demonstrate a short fibula is short 
and wide medial clear space (a), while the mortise view shows both 
widening of medial and tibiofibular clear space (b)

Fig. 28.9 Standard lateral approach to ankle reveals fibular malunion 
with woven bone callus formation the fibular shaft
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 Restoring Posterior Malleolar Articulation

Posterior malleolar malalignments can occur in various 
ankle fracture patterns.

In trimalleolar ankle fractures, posterior malleolar align-
ment can be directly affected by reduction of fibular  fractures 

that occur at or above the level of the syndesmosis. If fibular 
length is not adequately restored, the posterior malleolus will 
remain elevated or maligned through its interconnection with 
the posterior-inferior tibiofibular ligament (PITFL) 
(Fig. 28.25). Additionally, if the fibula is anteriorly or poste-
riorly translated or internally or externally rotated within the 

Fig. 28.10 Clinical (a) and intraoperative fluoroscopy (b) demonstrates medial clear space debridement. Anterior medial ankle arthrotomy is 
performed, and scar tissue interposed in the medial clear space is carefully debrided

Fig. 28.11 Fibular osteotomy is performed either with sagittal saw or osteotome in the orientation of the original fracture (a). Once fibular mal-
union deformity correction is performed, spatial bone deficit is often encountered (b)
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fibular incisura of the tibia, the posterior malleolus may be 
malreduced through the PITFL attachment to the fibula 
(Fig. 28.26a, b). Accordingly, reduction of the posterior mal-

leolar fracture better restores anatomic alignment of the tib-
iofibular syndesmosis [34].

Though larger size posterior malleolar fractures have been 
widely thought to be associated with posterior subluxation of 
the talus and abnormal articular pressure patterns of the tibio-
talar joint, studies have shown that these pathologies are more 
associated with syndesmosis instability (Fig. 28.27a–d) [35]. 
If posterior malleolar malunion repair is anticipated in combi-
nation with a lateral malleolar osteotomy, a curvy linear inci-
sion posterior-lateral to the fibular malleolus extending to the 
fibular colliculus can provide adequate exposure for both 
osteotomies and subsequent fixation (Figs. 28.28 and 28.29). 
Patient should be positioned prone. CT scan and radiographic 
studies should demonstrate the plane of the posterior malleo-
lar malunion and subsequent osteotomy. Osteotomy may be 
performed initially with sagittal saw, then completed with 
straight osteotome under fluoroscopic guidance (Fig. 28.30a–
e). Fixation with a posteiror-lateral plate can function as 
either an antiglide or for neutralization providing optimal sta-
bility compared to only compression screw techniques [36]. 
A dynamic compression plate is contoured and affixed to the 
posterior malleolar fragment with locking screws (Fig. 28.31). 
Restoring length of the posterior malleolus is performed with 
an articulated distractor affixed to the proximal tibial articu-
lated with the plate providing reduction under fluoroscopy 
until tibiotalar alignment is achieved. The use of a Weber 
reduction or periarticular reduction forceps will prevent pos-
terior displacement of the posterior malleolus when achiev-
ing reduction (Figs. 28.32 and 28.33a, b). Once anatomic 
reduction is achieved by alignment of the lateral process of 
the talus with the middiaphyseal axis of the tibia, posterior 
malleolar reduction is stabilized with bridge plate with either 
positional or locking screws (Figs. 28.34a–c and 28.35a–c). 
Additional positional screws may be used if needed.

Fig. 28.12 A locking plate is held on the fibula proximally with a 
towel clamp to maintain axial alignment of the plate, while the distal 
portion of the locking plate is secured to the distal fibula with locking 
screws

Fig. 28.13 A Weber reduction clamp placed across the transmalleolar 
axis to assist in the reduction of the talar dome within the ankle mortise 
while achieving fibular length

Fig. 28.14 An articulated distractor is applied to the proximal end of 
the fibula with a screw and lengthens the fibula through its attachment 
to the locking plate
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 Addressing Bone Loss in Ankle Nonunion 
and Malunion Repair

Nonunions of malleolar fractures may be encountered with 
open fractures, tobacco use, uncontrolled diabetes mellitus, 
extensive periosteal stripping with operative approach, and 
steroids. Bony deficits can be encountered once debridement 
of nonviable margins of the nonunion has been performed. 
Additionally, bony deficits are commonly encountered fol-
lowing osteotomy and correction of malunion. Intercalary 
bone grafting is often required to fill the spatial deficit 
(Fig. 28.36a–c). Autologous bone graft is often considered 
primary choice due to its osteoconductive, osteoinductive, 
osteogenic properties of bone healing. Several sites of har-
vest may be considered including iliac crest, proximal tibia, 
distal tibia, and calcaneus; however, it is based upon the size 
of spatial deficit and type of bone required (Fig. 28.37a, b) 
[37–39]. Autologous cortical cancellous graft provides both 
structural support and biologic stimulation.

 Management of Syndesmosis Complications

Complications with the distal tibiofibular syndesmosis are 
seen with either malreduction or loss of reduction 
(Fig. 28.38). If identified within 6 weeks, revisional open 
reduction internal fixation may be performed, as remnant 
syndesmosis ligament is often present to heal through fibro-

sis. For chronic syndesmosis disruptions or malreductions, 
syndesmosis reconstruction options are based upon two fac-
tors associated with the time delay to intervention: (1) the 
presence of posttraumatic arthritis and (2) whether remnant 
syndesmosis ligament is available. Between 6 weeks and 
6 months, open reduction internal fixation is performed in 
the same fashion with screw fixation. If remnant ligament is 
available, sutured repair may be performed [40]. If remnant 
ligament is absent, ligament reconstruction with autograft or 
allograft tendon may be indicated [41, 42]. Distal tibiofibular 
syndesmosis arthrodesis is recommended for syndesmosis 
malreductions or disruptions greater than 6 months old with-
out signs of advanced posttraumatic arthritis [43].

Tendon allograft reconstruction is indicated in clinical 
situations where loss of reduction of syndesmosis is identi-
fied between 6 weeks and 6 months. Clinical or radiographic 
evidence of advanced ankle arthrosis should be considered a 
primary contraindication to syndesmosis ligament recon-
struction. Tendon allograft reconstruction of the syndesmotic 
ligaments allows template for functional fibrosis of the fibula 
to the tibia to maintain ankle joint stability.

The syndesmosis is exposed via standard lateral longitu-
dinal approach over the distal fibula. Disorganized scar tis-
sue between fibular notch of the tibia and the fibula as well 
as the medial clear space should be debrided to allow ana-
tomic reduction of the tibiofibular syndesmosis (Fig. 28.39). 
Open reduction and internal fixation of the distal tibiofibular 
syndesmosis should be performed in the usually standard 

Fig. 28.15 Intraoperative fluoroscopy demonstrating application of a towel clamp along the distal malleolus (a). The fibula is rotated until a patent 
talofibular articulation on the ankle mortise view is achieved on mortise view (b)
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fashion to protect the planned syndesmosis reconstruction. 
Reduction of the tibiofibular syndesmosis is performed with 
reduction tenaculums along the biomechanical axis of the 
ankle (Fig. 28.40). The biomechanical axis is parallel to the 
anterior colliculus of the medial and lateral malleoli, which 
is often the central to the circumference of the tibia and fib-
ula. Length of the fibula is assessed with Shenton’s lines and 

dime sign. Fibular rotation is assessed by the visible align-
ment of the subchondral bone line of the fibular articulation 
seen on the ankle mortise view where a symmetric medial 
tibiotalar and lateral fibulotalar space should be seen. A two- 
to- three hole 1/3 tubular plate is used to reduce torsional and 
shearing stress across the transyndesmotic positional screws 
(Fig. 28.41a, b).

Fig. 28.16 Once fibular length and rotation has been corrected, the 
reduction is stabilized with a locking screw in the proximal fibular seg-
ment. Anterior-posterior view of ankle demonstrating patent medial 
clear space (a). Mortise view of ankle demonstrates equidistant medial, 

tibiotalar, and lateral clear spaces (b). Lateral view of ankle demon-
strates patent tibiotalar joint with fibular positioned anatomically at the 
posterior ½ of the tibia (c)
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Fig. 28.17 Anterior-posterior (a), mortise (b), and lateral (c) ankle 
conventional radiographs of a 51-year-old female with a trimalleolar 
ankle fracture sustained 4 months prior treated nonoperatively at an out-

side facility presenting with resultant malunion/nonunion and pain with 
walking

Fig. 28.18 Intraoperative fluoroscopy demonstrating medial malleolar osteotomy (a) and lateral malleolar osteotomy (b)

To reconstruct the anterior-inferior tibiofibular, interosse-
ous, and posterior-inferior tibiofibular ligament, a 5.0 to 
6.0 mm drill hole is made from anterior to posterior along the 
distal tibial just medial to the fibular notch (Fig. 28.42). For 
the interosseous ligament, a second 5.0 to 6.0 mm drill hole 

is placed lateral to medial from the fibula to the tibia inter-
secting the anterior to posterior hole (Fig. 28.43). Peroneus 
longus tendon allograft is secured with a whip or loop stitch 
using braided suture then passed from the tibial hole posteri-
orly through the transverse hole from medial to lateral with a 

G.T. Liu



395

Fig. 28.19 Fibula is lengthened and stabilized with positional screws 
and locking plate

Fig. 28.20 Weber reduction forceps are used to reduce the chronic 
syndesmosis diastasis and allow the fibula to buttress the talus into the 
ankle mortise. Towel clamp is applied to the fibular malleolus to correct 
the talofibular articulation and concomitantly the syndesmosis

Fig. 28.21 Once fibular rotation is corrected, two-positional 3.5 mm 
tetracortical transyndesmotic screws are placed to maintain reduction of 
fibular rotation and syndesmosis

Fig. 28.22 Ankle is dorsiflexed to neutral position allowing the wider 
section of the talar dome to serve as an articular buttress for the talar- 
medial malleolar articulation reducing the medial malleolus
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Fig. 28.23 Anterior-posterior (a), mortise (b), and lateral (c) ankle intraoperative fluoroscopy demonstrating restoration of radiographic param-
eters. Intraoperative view of medial malleolar deficit and positional screws maintaining deformity correction after medial malleolar osteotomy (d)
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Fig. 28.24 Anterior-posterior (a), mortise (b), and lateral (c) ankle conventional radiographs 1-year postoperative follow-up demonstrating ankle 
mortise joint spaces maintained without early onset of posttraumatic arthritis

Fig. 28.25 Intraoperative fluoroscopy of an open reduction internal 
fixation of a comminuted fibular malleolar fracture from outside facility 
demonstrates a short and malrotated fibula (b) evidenced by widening 
of the fibular talar articulation at the inferior fibular flare and lateral 
process of talus (denoted by red arrows), loss of Shenton’s line, and 

disruption of the subfibular circle when compared to contralateral ankle 
(a). Malreduction of the posterior malleolus is associated with fibular 
shortening or malrotation by the ligamentous attachment of both the 
superior and inferior fascicles PITFL. In this clinical case, the posterior 
malleolus follows the shortened fibula (c)



Fig. 28.26 Open reduction 
internal fixation of trimalleolar 
ankle fracture performed at outside 
facility presenting with anterior- 
posterior ankle radiograph (a) 
demonstrating a fibula appearing 
short but with satisfactory cortical 
alignment; however, lateral ankle 
radiograph (b) demonstrates 
posterior translation of the fibula. 
Posterior malleolus is 
concomitantly posteriorly displaced

Fig. 28.27 Anterior-posterior (a), mortise (b), and lateral (c) ankle 
radiographs of a 54-year-old male 4 months’ status post-open reduc-
tion internal fixation of trimalleolar ankle fracture performed at an 
outside facility presenting with persistent ankle pain and swelling. 
Radiographs demonstrate medial malleolar malunion (a) and poste-

rior subluxation of the talus with posterior malleolar malunion/non-
union likely due to insufficient posterior malleolar fixation and 
syndesmosis instability (c). (d) CT scans demonstrates trimalleolar, 
posterior pilon fracture variant with medial and posterior malleolar 
malunion/partial nonunion
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Fig. 28.28 Posterior-lateral incision is placed 1 cm posterior to the 
fibular malleolus

Fig. 28.29 Posterior-lateral incision provides direct exposure of the 
posterior malleolus. Dissection proceeds lateral to the peroneal tendons 
sheath; therefore, it is not necessary to disturb the peroneal tendons. 
Sural nerve is often seen with this exposure and gently retracted out of 
the surgical field

Fig. 28.30 Posterior malleolus malunion is shown after hardware 
removal. The talus is posteriorly subluxed shown with the lateral pro-
cess of the talus (dotted red) and the middiaphyseal axis of the tibia (red 

line) (a). Posterior malleolar osteotomy performed under fluoroscopic 
(b) and intraoperative guidance (c). Medial malleolar osteotomy is per-
formed under fluoroscopic guidance (d, e)
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Fig. 28.31 A dynamic compression plate is contoured and affixed to 
the posterior malleolar fragment with locking screws

Fig. 28.32 A pair of periarticular reduction forceps is applied to pre-
vent posterior displacement of the posterior malleolus while restoring 
length of the posterior malleolus. An articulated distractor is affixed to 
the proximal tibial articulated with the plate providing reduction under 
fluoroscopy until tibiotalar alignment is achieved

Fig. 28.33 Appropriate length of the posterior malleolus is demonstrated by alignment of the lateral process of the talus (dotted red) and the mid-
diaphyseal axis of the tibia (red line) (a). Medial malleolus is then reduced with Weber reduction forceps

G.T. Liu



401

Fig. 28.34 Final fluoroscopic views of lateral (a), anterior-posterior (b), and mortise (c). The medial malleolus was reduced then stabilized with 
antiglide plate with positional screws

Fig. 28.35 Weightbearing radiographic views of lateral (a), anterior-posterior (b), and mortise (c). Patient is 9 months of postoperative weight-
bearing as tolerated

suture passer (Fig. 28.44a–c). The lead tendon is secured to 
the anterior tibial hole with an interference screw (Fig. 28.45). 
The posterior tail portion of the tendon allograft is pulled 
taut to remove any existing slack then sutured to the lead 
tendon (Figs. 28.46a, b, 28.47a–c, and 28.48).

 Postoperative Course

Postoperative course for ankle malunion repair with spa-
tial bony deficits or tendon allograft repair is short leg 
cast nonweightbearing for 10–12 weeks. 
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Fig. 28.36 Positional screws span across medial malleolar deficit after 
debridement of nonviable bone from nonunion and anatomic reduction 
of medial malleolus (a). Autogenous calcaneal bone harvest can pro-

vide cortical cancellous graft (b). Cortical cancellous graft is tamped 
press fit into the deficit (c)

Fig. 28.37 Anterior superior iliac crest autogenous bone harvest provides the largest volume of cortical cancellous media with mesenchymal stem 
cells graft (a). Distal tibial autogenous bone harvest provides cortical cancellous sufficient for lower volume deficits
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Fig. 28.38 Anterior-posterior 
(a), mortise (b), and lateral 
(c) ankle radiographs of a 
24-year-old female 
12 months’ status post-open 
reduction internal fixation of 
Weber C fibular ankle fracture 
and syndesmosis disruption 
demonstrating loss of 
reduction at 6 months after 
surgery demonstrate by both 
medial and tibiofibular clear 
space widening (red arrows)

Fig. 28.39 Standard lateral approach shows no remnant syndesmotic 
ligament. Interval scar tissue is debrided to allow reduction of the 
syndesmosis

Fig. 28.40 Weber reduction forceps are placed along the biomechani-
cal axis to reduce the syndesmosis

Nonweightbearing ankle range of motion exercise may 
be initiated at 4–6 weeks. Standing with progressive toe 
touch weightbearing is allowed at weeks 10–12 with 
radiographs verifying that there is no mechanical loosen-
ing of the screws. Physical therapy is ordered for balance 
and proprioceptive exercise, strengthening, and 
stretching.
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 Introduction

Ankle arthrodesis has been a time-tested procedure for the 
treatment of a variety of ankle pathologies. It is still consid-
ered the gold standard for treatment of a painful ankle joint. 
While the procedure is not without its shortcomings, if per-
formed successfully, the procedure can be rewarding for 
both patient and surgeon alike.

The history of ankle arthrodesis follows the scientific 
development of surgery through the centuries. Though there 
is evidence that some ancient cultures, namely, the Aztecs 
and Incas, utilized internal fixation devices, it is not until the 
nineteenth century where this surgical technique becomes 
more widely used [1].

In the United States, the Civil War drove the technical 
surgical advances of internal fixation consisting of metal 
wire and brass pins but with limited success largely due to 
the absence of infection control [2]. In 1877, Dr. Joseph 
Lister performed internal fixation of a patellar fracture with 
a wire while applying an antiseptic agent (carbolic acid) [3]. 
Austrian surgeon, Eduard Albert, first used the term “arthrod-
esis” in 1878, when he performed surgical fusions on both 
knees and ankles of a 14-year-old child with severe palsy [4]. 
Within the next decade, German surgeon, Carl Hansmann, 
performed the first internal plate fixation using a removable 
steel plate and nickel screws in 1886 [5].

By the twentieth century, the menace of postoperative 
infection was tamed with the discovery of penicillin in 1928 
[6]. Throughout the rest of the century and still today, 
arthrodesis remains a reliable procedure to reduce joint pain 
and provide stability.

While it may seem the incidence of ankle arthrodesis has 
decreased in recent years due to the advent of total ankle 
arthroplasty, some studies have shown little to no decrease in 
incidence. One recent study by Best, displayed a 58% increase 
in ankle arthrodesis from 1994 to 2006 [7]. Two trends in this 
particular study were apparent: the increased use of the 
arthroscopic-assisted ankle arthrodesis and a transition from 
inpatient to ambulatory procedures. Terrel reported an 
increased number of arthroplasties from 2004 to 2009, how-
ever no change in the percentage of arthrodesis procedures 
[8]. Arthroscopic ankle arthrodesis appears to be gaining pop-
ularity as the authors also found a significant increase in the 
arthroscopic technique over this time period. Anecdotally it 
appears within the last 5 years that total ankle arthroplasty has 
gained traction over ankle arthrodesis for the subset of patients 
with ankle osteoarthritis. This is likely to have a twofold effect 
on the arthrodesis procedure: (1) Complications of the arthro-
plasty procedure will require a much more technically 
demanding ankle arthrodesis, and (2) the more complicated 
patients that are not candidates for implant arthroplasty will 
require arthrodesis, which may contribute to making the pro-
cedure more challenging. These two factors have the potential 
to lead to increased complications, as increasing the complex-
ity of any case often leads to increasing complication rates.

Successful osseous union relies on a variety of factors 
including high contact area, rigid immobilization, and 
increased compression at the site of arthrodesis [9].

Uncomplicated open ankle arthrodesis has been shown to 
be efficacious for the treatment of ankle arthritis with a 
reported complication rate as low as 9% [10]. Arthroscopic 
ankle arthrodesis has also been shown to be a safe an effec-
tive treatment option with nonunion rates reported in a sys-
tematic review by Roukis at 8.6% [11]. Overall the 
complication rate for any ankle arthrodesis has been reported 
between 15 and 20% [12]. While complications of ankle 
arthrodesis are uncommon, they can be equally devastating 
to both patient and surgeon alike. As surgeons, we must be 
ever more vigilant to identify and be prepared for any and all 
complications associated with the surgeries we perform.
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 Indications

Painful end-stage arthritis of the ankle joint is the leading 
indication for arthrodesis [13]. Arthritis, secondary to 
trauma, accounts for roughly 70% of patients undergoing 
ankle arthrodesis, while a smaller group (12%) had inflam-
matory arthritis [14]. It is important to distinguish between 
inflammatory and noninflammatory arthritis for proper pre-, 
peri-, and postoperative management [14]. Patients with 
rheumatoid arthritis (RA) require special consideration due 
to the progressive inflammatory nature of the disease which 
often leads to diminished bone stock and impaired ability to 
heal from the use of disease-modifying anti-rheumatic drugs 
(DMARDs) [15]. Neuropathic (Charcot) arthropathy in 
advanced cases causes aggressive joint destabilization where 
in an arthrodesis may be warranted.

The epidemic of obesity has been on the rise in this nation 
over the past 20 years with 54.4% of American adults exceed-
ing the healthy weight standards [16]. The association 
between end-stage arthritis and elevated body mass index 
(BMI) is ever-relevant [16]. The use of ankle arthrodesis is a 
viable option to reduce pain and disability in this patient 
population [17]. Avascular necrosis of the talus (AVN) with 
associated degenerative arthritis can be challenging for sur-
gical management due to impaired osseous healing potential 
and ankle deformity [18]. Selecting the best technique for 
ankle arthrodesis can be controversial depending on the con-
dition of the talus, but arthrodesis remains a viable option to 
restore stability [19].

Other conditions that benefit from arthrodesis of the ankle 
include previous infection (septic joint), tumor resection, 
and salvage for failed total ankle arthroplasty (TAA) or open 
reduction internal fixation (ORIF) [20].

 Contraindications

The list of contraindications for ankle arthrodesis is quite 
minimal. The presence of an active infection, lack of adequate 
blood supply, and insufficient bone stock to support fixation 
are the most common [20]. The severity of osteoporosis, a 
prominent feature in both the rheumatoid and alcoholic 
patient populations, is a major factor in surgical planning.

 Pearls and Pitfalls

Dealing with a complication can often be a complex task. 
The greatest recommendation about the ankle arthrodesis 
procedure is a thorough patient assessment. It is most impor-
tant to address why the complication occurred rather than shy 
away from it. Typically this author will perform a root cause 
analysis as to why the complication occurred. It is important 

to think through the complication critically, to identify who, 
what, when, where, and why the complication occurred. 
Inevitably it comes down to either patient-related issues, sur-
geon-related issues, or combination of both in most cases.

 Patient Factors

While it may be easy to blame the patient for a complication, 
it is of the utmost importance to understand that the patient 
may not be fully at fault, or they may not have factors in their 
control.

 Noncompliant Patient

The noncompliant patient is not uncommon to any surgeon. 
One of the most critically important aspects of a preoperative 
workup is a thorough history and physical examination 
including a socioeconomic understanding of the patient’s 
home life. Ultimately it comes down to the patient’s ability 
to be compliant with your postoperative regimen. Is the 
patient able to maintain a non-weight bearing status for your 
expected time frame if internal fixation is utilized? If exter-
nal fixation is your fixation of choice, does the patient have 
the ability to maintain the appropriate pin care management? 
If you feel the patient is unable to achieve these postopera-
tive goals, it is recommended that outside assistance be 
obtained. While there’s been a shift to move ankle arthrodesis 
procedures into the outpatient setting, patients that you 
identify with these potential risks should be admitted to the 
hospital for evaluation with a case manager or social worker. 
While admission may not be popular, especially given the 
cost, if a patient is identified as being high risk for noncom-
pliance, then the procedure should either not be performed or 
they should be given adequate access to ancillary services to 
help and protect them from themselves.

 Diabetes

There has been a significant increase in patients with diabe-
tes undergoing ankle arthrodesis in the past several years 
[21]. This is not surprising due to the increase in overall 
population with diabetes. That being said this author chooses 
not to perform any elective ankle arthrodesis on patients with 
a hemoglobin A-1 C of greater than 7. There is significant 
literature that supports this threshold for hemoglobin A-1 C 
[21]. That only with patients with controlled blood sugars 
biologically do better, it is also an indicator of compliance for 
the patient. Not only will patients with uncontrolled diabetes 
and elevated hemoglobin A-1 C levels be at risk for a nonunion 
but they will also be at risk for developing a Charcot event, 
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which can inevitably lead to amputation. Even in patients 
with a controlled hemoglobin A1c, it is prudent to ensure 
tight blood sugar control during the preadmission- testing 
visit and immediately prior to surgery.

 Obesity

Obesity in this country along with diabetes is an ever- 
evolving problem and the numbers continue to grow year by 
year. There is no end in sight to this trend as of now.
The morbidly obese patient is not only at a higher risk for com-
plication but also has the potential to make the procedure more 
difficult for the surgeon. Patients with a BMI greater than 30 
are five times more likely to suffer a major complication and 
six times more like to have a minor complication [22]. Aside 
from the increased complications, these patients often have dif-
ficulty maintaining non-weight bearing status, which can result 
in increased length of stay if admitted. Postoperative casting 
and/or splinting may be a challenge for the surgeon as well. 
When the patient is allowed to progress to weight bearing, 
there is significantly more force transmitted through the fused 
joint that may inevitably create a breakdown, especially if the 
fusion is not in the optimal position [23]. Many surgeons, 
including the author, implement a BMI limit of 30 on patients 
that are undergoing elective surgery especially fusions of the 
lower extremity and/or arthroplasties.

 Smoking

Smoking in the United States, while it has diminished in cer-
tain areas of the country, is still quite popular, even with the 
advent of smoking cessation programs and a public media 
campaign highlighting the dangers of smoking that include 
death. The author advocates that current smokers not be oper-
ated on for elective surgery given the disparaging statistics 
especially with arthrodesis procedures. Specifically, patients 
that smoke compared to patients without any other risk factors 
are at 16 times the risk of nonunion [24]. Any patient that is a 
current smoker that has quit or a former smoker, it is the rec-
ommendation of this author to undergo nicotine level testing 
as well as cotinine testing. These labs as well as a thorough 
history and physical should be implemented in the preopera-
tive planning portion of the procedure. In any patient that is a 
former smoker, care should be taken to carefully assess their 
vascular status as sequela of long-term smoking can often 
affect blood vessels especially in men. Long-term smokers 
will often undergo ankle- brachial index with pulse volume 
recordings and if needed angiography.

 Insufficient Vascularity

Insufficient vascularity in patients is a relative contraindica-
tion to ankle arthrodesis procedure. As stated above patients 
that smoke and with diabetes should undergo ankle-brachial 
index with pulse volume recordings and again if needed 
angiography. Often patients with an insufficient vascularity 
to heal an incision will undergo either bypass surgery or 
stenting during angiography (Fig. 29.1). Once suff icent vas-
cularity has returned to the patient’s extremity, and a vascu-
alr specialist has given clearance, surgical intervention is 
then warrented.

 Soft Tissue Envelope

Almost equally important to the bone is the ability for patient 
to mend their soft tissue envelope. It is of the upmost impor-
tance that a thorough examination be performed to determine 
incision planning and tissue perfusion. Oftentimes, patients 
that are undergoing ankle arthrodesis procedures will have 
had one or multiple surgeries, or poor quality skin from previ-
ous high-energy trauma (Fig. 29.2). This edematous, non- 
pliable, fibrous skin may be at risk when performing incisional 
placement for the ankle fusion [25]. The author often utilizes 
fluorescence microangiography preoperatively to assess skin 
and tissue perfusion for incisional planning (Fig. 29.3). This 
has helped prevent skin and soft tissue closure complications 
including dehiscence and infection. An incisional wound vac-
uum-assisted closure device has also been useful in reducing 
pain, edema, and skin and soft tissue complications, espe-
cially when an angiosome may be at risk (Fig. 29.4).

 Rheumatological Disease

The complex interaction between the skeletal system and 
immune system explains the joint destructive nature of 
rheumatoid arthritis [26]. It is estimated that 1.5 million 
adults in the United States have rheumatoid arthritis (RA) 
[27]. The effect of RA on bone mineral density (BMD) 
derives from the interference of the dynamic balance 
between osteoblastic and osteoclastic activity [28]. This 
imbalance leads to bone demineralization and is a serious 
concern in regard to using and maintaining proper fixation. 
If the patient’s bone mineral density is adequate, ankle 
arthrodesis benefits overall stability. It has been demonstrated 
that when ankle arthrodesis is performed in the RA patient, it 
succeeds in decreasing pain and improves movement of the 
knee and hip joints as well [29].
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 Alcohol Abuse

Alcohol abuse has also been reported to increase risk of non-
unions in patients [30]. Excessive alcohol consumption can 
lead to an osteopenic state decreasing the ability to form 
bone across arthrodesis site. In an animal model, elevated 

levels of alcohol have been noted to decrease total bone 
mineral content with decreased bone formation at periosteal 
and cancellous sites [31].
Alcoholism and substance abuse in general have been linked 
to patient noncompliance as well. Thorough screening 
should be performed if alcoholism or drug dependency is 

Fig. 29.1 (a) Preoperative TTC arthrodesis patient with diabetes sent for angiography. Confirmed occlusion of anterior tibialis artery. (b) 
Poststenting procedure showing significantly improved flow (Courtesy of Dr. Patrick Antoun)

Fig. 29.2 Patient with poor skin 
envelope. Multiple surgical 
interventions including skin 
grafting for open fracture 
following motor vehicle accident
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suspected. Although it is unclear at this time whether or not 
intervention can prevent noncompliance, it is beneficial for 
the overall health of the patient [32].

 Surgeon Factors

As a surgeon it is sometimes difficult to own responsibility 
of a complication; however, during the process of the root 
cause analysis, it is essential to critically evaluate our own 
technique during the time of the surgery. The primary errors 
typically made by the surgeon include improper technique, 
in adequate fixation for the patient, and in proper patient 
selection.

 Technique

Ankle arthrodesis is a technically demanding procedure and 
requires attention to detail. This begins with the dissection 
involved, which should be carefully carried out as to not 
create significant disruption of the neurovascular structures. 

Fig. 29.3 (a) Fluorescence microangiography used preoperatively to 
assess skin perfusion and avoid areas of concern. (b) Postoperative 
microangiography displaying poor perfusion along the incision site; 

this indicates future tissue necrosis. (c) Removal of offending staples 
increasing perfusion to site

Fig. 29.4 Use of an incisional VAC to help prevent dehiscence
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Care must be taken around peritalar structures as not to disturb 
the vascularity of the talus as it is tenuous. Aggressive 
dissection has been known to lead to an avascular necrosis, 
or avascular nonunions (Fig. 29.5).

If the subchondral bone plate is not adequately removed or 
violated, no arthrodesis will ever be achieved. It is essential that 
the subchondral bone plate be removed during open and/or 
arthroscopic procedure (Fig. 29.6). Oftentimes it may be diffi-
cult to assess how much of the subchondral bone plate and/or 
surface of the tibiotalar joint has been resected during an 
arthroscopic procedure, especially for those new to this tech-
nique. Utilizing intraoperative arthroscopy and intraopera-
tive fluoroscopy simultaneously can often be helpful to 
assess the area of resection. It has often been said that “position 
is everything” and “thou shall not varus,” these tenants hold 

true especially in ankle arthrodesis where position can be con-
sidered one of the most vital aspects of the procedure, and one 
that is in complete control of the surgeon. Insuring a proper 
position of the tibiotalar arthrodesis will help prevent malunion 
and nonunion [33].

 Fixation

Inadequate fixation can often lead to complications involv-
ing nonunion or malunion. Careful determination of the type 
fixation should be evaluated during preoperative evaluation. 
In a study by Hutchinson, he has shown that the ideal 
mechanical construct would be an anterior plate and with a 
lag screw (Fig. 29.7), which is similar to the biomechanical 
data for first MPJ arthrodesis [34]. It is important to note that 
lateral plate with compression screw was similar in stiffness. 
While this construct is sufficient for open procedures, it may 
not be relevant for arthroscopic procedures, which requires 
percutaneous fixation. It has been shown that when perform-
ing arthroscopic ankle arthrodesis in vivo, the fastest rate of 
union was achieved with three parallel screws placed medi-
ally from the distal tibia into the talus [35]. While this con-
struct has shown to lead to a faster time to fusion, it has not 
been shown to be biomechanically more stable. In patients 
with a suspected infectious process, it may be advantageous 
to utilize external fixation, as internal fixation often will 
propagate the infectious process (Fig. 29.8).

 Patient Selection

While the ankle arthrodesis is quite versatile with minimal 
contraindications, it is essential that as the surgeon, we criti-
cally analyze the patient to determine whether or not the pro-
cedure would be best for them. As stated above it is essential 
to perform not only a thorough history and physical but also 
a social and socioeconomic evaluation of the patient prior to 
surgery. Often complications can occur because we are 
focused more on the patient’s radiographic findings and 
deformity rather than on the patient as a whole. It is the rec-
ommendation of this author that patients with multiple 
comorbidities be critically evaluated to determine whether or 
not they are candidates for elective ankle arthrodesis; it can-
not be understated that a thorough history and physical 
examination should be performed prior to surgery. Laboratory 
testing to determine if an infection is present should be per-
formed especially if the patient has sustained an open frac-
ture or any type of trauma that is unknown, or history of 
surgery. All revision should be worked up for an infectious 
process. Circulatory, hematopoietic, metabolic, and nutri-
tional profiles should be established and corrected to decrease 
healing deficits prior to any surgery.

Fig. 29.5 Use of a rotary burr during arthroscopic ankle arthrodesis, joint 
preparation can be difficult to visualize utilizing the camera alone

Fig. 29.6 Overaggressive retraction of soft tissue as well as stripping 
of vascular supply to the talus may lead to postoperative complications 
including dehiscence and avascular nonunions
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 Nonunions

Nonunion is the most common complication of the ankle 
arthrodesis procedure (Fig. 29.9). It has been reported in the 
literature that the percentage of nonunions is anywhere 
between 10 and 30%. As discussed earlier, patient selection 
and comorbidities can play a significant role in the incidence 
of nonunion. Frey et al. found nonunion rates of 89% in 
patients with documented avascular necrosis of the talus, 
83% in patients with open fractures, and 60% of patients 
with known infection. He also reported an 85% nonunion 
rate in patients with significant medical issues [36]. While 
nonunions are the most frequent complication of ankle 

arthrodesis, it has not been established which type of non-
union most commonly occurs with this procedure. Inevitably 
when revising nonunions, one should always suspect an 
infectious process. Appropriate blood work and even bone 
biopsy may be useful in determining if the process is infec-
tious in nature. Not only infectious but also nutritional labs 
such as vitamin D levels should be checked with any non-
union diagnosis. Nonunions can often be subtle and some-
times difficult to assess radiographically due to hardware 
interference. Oftentimes a thorough physical examination 
will reveal pain and edema around the affected joint or surgi-
cal site, several months after the procedure. If a nonunion is 
inspected and not obviously detected on radiograph, it is 
imperative to order a CT scan to assess the fusion site.

Fig. 29.7 Use of compression 
screw with locking plate leading 
to successful union
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 Surgical Treatment of Nonunions

Once the diagnosis of a nonunion has been made, it is vital to 
identify the cause. A root cause analysis may be performed to 
determine the etiology of the nonunion. Achieving this can 
prevent future surgical errors as well as prevent a reoccur-
rence nonunion. Identification of the type of nonunion is also 
helpful in creating a treatment plan. Treatment should also 
be based upon the patient’s symptoms. Often a nonunion 
may not be painful; in this case, surgery is not indicated. In 
these cases the patient should be educated as to potential 
hardware failure, or other complications that may occur in 
the future. If the nonunion is asymptomatic and stable and 
the patient is neuropathic, a rigid brace should be prescribed 
to maintain correction [37].

The surgical plan should begin with the incisional approach. 
A thorough inspection of the soft tissue envelope should be 
performed as well as a review of vasculature in the potential 
surgical site. Often it is necessary to place the incision through 
the previous surgical site when percutaneous hardware 
removal cannot be achieved. If percutaneous hardware 
removal can be achieved, it may advantageous to plan an inci-
sion that will allow adequate access to the nonunion and 
through non-traumatized skin. Incision placement, when pos-
sible, should respect the angiosomes of the lower extremity. 
Anterior incision placement should be avoided if possible, as 
it may compromise this angiosome and is the reason for a 25% 
reported dehiscence rate in ankle arthroplasty [38].

Lateral or posterior incisional approaches tend to be safe 
and reliable. Hanson reported no complications in his series 

Fig. 29.8 Use of external 
fixation for septic nonunion

Fig. 29.9 Nonunion following 
arthroscopic ankle arthrodesis. 
The patient’s failure to quit 
smoking and inadequate joint 
preparation likely combined to 
play a role in the failure
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of ten patients undergoing pantalar arthrodesis through a 
posterior approach (Fig. 29.10).

Once the surgical approach has been determined, atten-
tion should be directed to the osseous component of the sur-
gery. A plethora of fixation, biologic, and grafting options 
are available to the surgeon in preparation for surgery. There 
is no general consensus on which combination of options is 
most advantageous. The treatment plant should be patient 
specific and therefore may result in a variety of combinations 
of fixation, biologic, and nonbiologic augmentations as well 
as bone grafting. Typically if the nonunion is a simple hyper-
trophic type, without any other suspected pathology other 
than poor technique and/or fixation, the nonunion may be 
treated with takedown and aggressive resection followed by 
either bone grafting or biologic augmentation, with rigid 
internal fixation. If the patient has multiple comorbidities 
that may have contributed to the nonunion, it is recom-
mended that the underlying malady be addressed. This might 
include tighter control of a patient’s Hba1c, smoking cessa-
tion, weight loss, or discontinuation of DMARDS. Only 
once these issues are addressed, it is recommended to pro-
ceed with the surgical plan.

 Fixation

There are over 40 documented fixation techniques described 
in the literature which fall into two major categories: internal 
fixation which is the most common and includes crossing 
screws, plate fixation, intramedullary nails, and combina-
tions of these [39]. The other is external fixation, which is 
typically reserved for complex planar deformities, Charcot, 
and in patients who have suspected or known infection. 
When using screw fixation it has been advocated that a 

three- screw tripod technique be utilized. This technique is 
commonly employed for primary fusions; however, it is the 
opinion of the author that given the biomechanical data 
comparing screw with plate and screw fixation, the later 
technique be employed to ensure the most biomechanically 
stable construct. Patients who are identified with a nonunion 
may often have concomitant subtalar joint pain with 
 degeneration of the joint. Use of intramedullary retrograde 
nail or precontoured anatomic tibiotalocalcaneal (TTC) 
locking plates should be considered in this patient popula-
tion. A recent biomechanical evaluation of intramedullary 
nail versus locking TTC fusion plate with TTC augmentation 
screw in cadaveric models showed higher final rigidity in the 
locking plate group [40]. While plate fixation may be more 
biomechanically stable, it often requires a large exposure; 
therefore, it may not be optimal if there is concern for the 
soft tissue envelope. If possible a posterior approach with a 
posterior locking TTC plate would be an ideal approach if 
plate fixation is the choice of fixation. In cases where  minimal 
exposure is desired, intramedullary nail fixation may be uti-
lized successfully. In a retrospective review of ten cases of 
nonunion, a minimally invasive retrograde locking nail gave 
excellent results with a 90% union rate [41]. The use of a 
blade plate has also been advocated by many authors for 
complex ankle or TTC fusions with reported successful 
union rates as high as 90% [42]. Biomechanically this 
construct has been shown to be inferior to crossing screw 
constructs in a sawbone model [43] (Fig. 29.11).

External fixation can be a valuable tool for treatment of 
nonunions especially when infection is suspected. External 
fixation provides rigid immobilization with resistance to 
multiplane stresses especially torsional and axial load while 
allowing access to soft tissue defects and early weight bear-
ing (Fig. 29.12). If there is significant bone loss after resec-

Fig. 29.10 Posterior approach to 
revision arthrodesis given 
multiple previous surgery 
performed through medial and 
lateral incisions
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tion, external fixation may but utilize with proximal 
corticotomy and distraction osteogenesis to lengthen and 
then compression distally at the nonunion site. External fixa-
tion is the author’s fixation of choice in treatment of septic 
nonunions. External fixation may be considered for aseptic 
nonunions as well; however, in a retrospective review of 26 
nonunions treated with external fixation, Kitaoka reported a 
satisfactory result with only 77% of the nonunions going on 
to successful fusion and fair or poor results in nearly half the 
patients [44].

 Biologics and Grafting

The past decade has seen significant advances in the field of 
orthobiologics. Bone biology may be manipulated to pro-
mote healing potential through osteoconductive or osteoin-
ductive mediators. Osteoconductive products provide a 
scaffold for ingrowth of bone (Fig. 29.13). More recently 
research has been focused on osteoinductive products that 
stimulate osteoprogenitor stem cells to differentiate into 
osteoblasts. Bone morphogenetic protein (BMP) has been 
the most widely studied type of the osteoinductive cell medi-
ators. Bibbo showed a 96% union rate in 108 high-risk fusion 
patients using recombinant human BMP-2 (rhBMP-2) [45]. 
Equally impressive, Fourman reported a 93% union rate in 
his rhBMP-2 group versus a 53% union rate in patients with-
out the growth factor in complex ankle fusions [46]. 
Allogenic stem cells have also been reported in the literature 
as a safe and effective biologic augmentation, although it has 
not performed as well as autogenous grafting [47].

Fig. 29.11 Attempted ankle 
arthrodesis in an uncontrolled 
diabetic with a blade plate 
resulted in asymptomatic 
nonunion given the patients 
neuropathy. The patient was 
placed in a ridged brace to 
prevent breakdown

Fig. 29.12 Use of TSF for ankle malunion allowing access to the graft 
laterally
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Fig. 29.13 Patient with open injury and subsequent fusion with osteo-
conductive bone grafting results in nonunion. (a) After ORIF patient 
reinjured site due to non-compliance resulting in an open injury. (b) 
Patient underwent pinning of ankle joint to prevent future dislocation. 
(c, d) Patient with resulting ankle deformity. (e) Patient underwent bone 

biopsy with antibiotic spacer placement. (f, g). After negative cultures 
patient underwent ankle arthrodesis with plate fixation and osteocon-
ductive bone graft resulting in what appeared to be a successful union. 
(h, i) After being lost to follow-up after 1 year, patient returned to the 
office with subsequent nonunion and broken hardware
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The gold standard for bone grafting is autograft. It pos-
sesses all properties needed to create bone: osteoconduction, 
osteoinduction, and osteoprogenitor stem cells. Bone graft 
has been harvested from a variety of sites including iliac crest, 
proximal tibia, distal tibia, and calcaneus. While harvesting 
graft can often be routine, it does expose the patient to an 
additional surgical site with associated potential complica-
tions. Most recently recombinant human platelet- derived 
growth factor-BB (rhPDGF-BB) has been shown to demon-
strate comparable fusion rates with decreased pain and side 
effects when compared to autograft [48]. This would provide 
the surgeon with an alternative to bone graft harvest and 
the potential sequelae associated with the additional procedure. 
It has recently been approved for use specifically in rearfoot 
and ankle fusions.

Nonbiologic augmentation such as internal and exter-
nal bone stimulation to aid with the failure of arthrodesis 
has also been shown to be beneficial. There are three 
modalities of bone stimulation available: internal direct 
current stimulation, pulsed electromagnetic, and low-
intensity pulsed ultrasound. Of the three, only implant-
able direct current stimulators have sufficient evidence to 
suggest use as an adjunct to surgical correction of ankle 
nonunions [49].

While not acting directly at the site of the surgical non-
union, oral supplementation of medication may also play a 
role in reducing failure of a revision. As stated previously 
vitamin D levels preoperatively should be checked and if 
deficient supplementation may be useful in healing a sec-
ondary surgery. More interesting is the potential role of 
teriparatide in the use of nonunions. It has been shown in 

animal models and clinical trials to have an accelerated 
effect in fracture healing. There has been recent evidence to 
suggest the use in failed ankle arthrodesis in patients with 
Charcot [50].

 Malunion

While malunion may not be the most common complication 
of ankle arthrodesis, it certainly can be one of the most com-
plex to treat (Fig. 29.14). Position of the ankle arthrodesis is 
of upmost importance. A malunion has the potential to affect 
not only the ankle joint but also the corresponding proximal 
and distal joints significantly. Ideal position of the arthrode-
sis should be neutral position in the sagittal plane, slight val-
gus 0–5° in the frontal plane, midsagittal translation, slight 
posterior translation, and 5–10° of external rotation in the 
transverse plane [51]. Excessive plantarflexion in the sagittal 
plane has been shown to lead to clinically significant genu 
recurvatum of the knee [52]. Fusion of the ankle at neutral or 
slightly internally rotated leads to valgus stress of the knee 
resulting in ligamentous laxity of the medial collateral liga-
ments [52]. Casillas proposed a classification system for 
malunions of the ankle, which aids in facilitating surgical 
planning. They are broken down into angular, translation, 
rotation, or multiaxis deformities. They are further subclassi-
fied by the rigidity of the foot and the anticipated position of 
the foot after correction. Foot types include the following: 
type I, the supple foot; type II, the rigid foot with projected 
plantargrade position; and type III, the rigid foot with pro-
jected nonplantargrade position. Based on the classification 

Fig. 29.14 (a, b) Diabetic patient with malunion ankle fracture. (c, d) Arthroscopic ankle arthrodesis was attempted and resulted in continued 
malunion. (e) CT scan with hardware addition demonstrating nonunion, subtraction may also be utilized
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and subtype, the authors give recommendations for surgical 
treatments of the malunited ankle.

 Treatments

Treatment should be based on the anatomical location and 
type of malunion. Using the Casillas and Allen classification, 
repair can be grouped into angular deformities, translational 
deformities, rotational deformities, and multiaxis deformities 
[53]. It is recommended that advanced imaging be obtained 
prior to surgical correction in order to facilitate an optimal 
surgical plan. Advanced CT scanners have the ability to sub-
tract hardware and isolate areas of interest such as the defor-
mity site. A careful preoperative plan including  center of 
rotation and angulation (CORA) measurements should be 
obtained if warranted for correction. Care should be taken 
during these procedures as revision surgery can hold a higher 

risk of complication.
Angular deformities encompass varus, valgus, plantarflex-

ion, or dorsiflexion of the arthrodesis site, while translational 
deformities include medial, lateral, anterior, posterior transla-
tion of the talus on the tibia and include shortening. Typically 
closing wedge osteotomies of the fusion site are utilized to 
correct the deformity with use of internal fixation. If there is a 
preexisting limb length discrepancy, opening wedge osteot-
omy may be more advantageous to correct the malalignment 
and prevent further length change (Fig. 29.15). Use of precut 
or custom titanium graft has been used in revision arthrodesis 

procedures with success [54]. Correction of translational 
deformities includes resection of the arthrodesis site and 
realignment in the corrected position. These are also per-
formed with internal fixation of choice. If the subtalar joint is 
affected in patients with angular or translational deformity, the 
use of an intramedullary retrograde nail is recommended for 
fusion of both subtalar and ankle deformities.

Rotational deformities include internal and/or external 
rotation of the arthrodesis site. Correction of rotational 
deformity can be performed either at the original arthrodesis 
site or proximal through a supramalleolar osteotomy. If the 
original arthrodesis site is chosen and screw fixation was 
utilized, a percutaneous approach may be utilized. The 
screws may be backed out just past the level of the fusion 
site and either osteotomies or a Gigli saw may be carefully 
utilized to osteotomize the original fusion site. Once the 
correction is dialed in, a single screw may be used to hold 
the position and then the original screws may be reintro-

duced (Fig. 29.16). If a supramalleolar approach is chosen, 
a similar percutaneous approach may be utilized. If the 
subtalar joint is arthritic, the use of a retrograde intramed-
ullary nail in either case would be recommended. 
Figure 29.10 shows a supramalleolar osteotomy performed 
with the previous hindfoot arthrodesis nail. The proximal 
screws from the nail were removed, the tibia was then 
osteotomized with a Gigli saw, the correction was achieved 
around the nail, and the position was locked in with the 
proximal screws being replaced in the new corrected 
position.

Fig. 29.15 (a, b). Patient underwent single screw attempted ankle arthrodesis resulting in a valgus malunion. (c, d) Revisional arthrodesis was 
performed using a portion of the fibula as a lateral opening wedge graft with crossing screws
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Fig. 29.16 (a) Patient sustained 
a polytrauma resulting in limb 
length discrepancy, arthritis, and 
drop foot. (b, c) Patient had fixed 
equinovarus with 20° of internal 
rotation. (d, e, f, g) Combination 
of Orthopedic trauma and Foot 
and Ankle Surgeons performed 
corrective surgery. (d, e) Ankle 
TTC fusion was performed and 
the ankle was externally rotated 
20 degrees to zero and 
dorsiflexed to correct the 
deformity. (f, g) Unfortunately 
orthopedic surgery planned to 
internally rotate the femur 20 
degrees with malunion correction 
resulting in a return to the 
original 20° of internal rotation. 
(h, i) Patient subsequently 
underwent correction of the 
rotational malunion with removal 
of proximal TTC screws, 
corticotomy with Gigli saw, 
external rotation to the corrected 
position, and reintroduction of 
the proximal screws to hold the 
position

J.A. Piraino and C.P. Miller



423

According to Casillas, multiaxis deformity correction 
depends on soles on the foot type. Typically if the deformity 
requires a multiple plane deformity correction, the use of a 
Taylor spatial frame is warranted [55] (Fig. 29.12). If arthrod-
esis is not indicated in the foot, then wedge osteotomies may be 
used with the external fixator. If there is an indication for hind-
foot arthrodesis, a combination of supramalleolar and/or wedge 
osteotomies may be used with external fixation or retrograde 
intramedullary nail fixation.

 Skin and Soft Tissue Complications

Complications such as incisional dehiscence that lead to 
minor infectious processes are not uncommon with ankle 
arthrodesis especially in the open variety. Superficial infec-
tion and pin tract infections when external fixation is utilized 
have been reported in 40–50% of cases [56]. Care must be 
taken when handling soft tissues during the procedure, over-
aggressive retraction and strangulation of soft tissue can lead 
to wound dehiscence postoperatively (Fig. 29.6). Attention 
to angisomal circulation during incision planning is also 
vital. As stated previously the author utilizes fluorescence 
microangiography to assess skin perfusion preoperatively 
(Fig. 29.3). Postoperatively the use of an incisional vacuum- 
assisted closure (VAC) device is often used in at risk patients 
and incisions (Fig. 29.4). This device has been shown to 
reduce dehiscence and infection rates [57]. Most wound 
complications can be resolved with appropriate antibiotic 
therapy if superficial infection is present and wound care. 
If needed aggressive operating room debridement with grafting 
or wound VAC may be warranted if the wound persists.

 Charcot

Charcot neuroarthropathy is one of the most difficult defor-
mities the foot and ankle surgeon will face. When perform-
ing any operative procedure on a patient with diabetes, it is a 
potential complication most surgeons fear, especially in the 
rearfoot where it must be addressed. With most Charcot 
cases, if possible it is prudent to maintain a course of strict 
non-weight bearing until the patient has moved out of the 
active phase. This may be followed by total contact casting if 
ulcerations are present. In the event the deformity becomes 

unstable for the patient to ambulate, revisional surgery may 
be necessary. The use of intramedullary retrograde nail, 
external fixation, or a combination of both may be needed to 
revise the arthrodesis site. Prior to surgical correction, any 
infectious markers should be drawn, such as C-reactive pro-
tein, and sedimentation rate along with a white blood cell 
count assist with a potential diagnosis of infection.

 Hardware-Related Complications

Typically hardware failures are related to nonunion. If 
motion is occurring across an arthrodesis site, it predisposes 
the hardware to failure (Fig. 29.13). Oftentimes this may 
complicate removal of the broken hardware for revision or in 
the case of infection. Although not as common, peripros-
thetic fracture may also become problematic, especially 
when using an intramedullary retrograde nail. The author 
advocates the use of a long IM nail when possible to extend 
proximal to the tibial isthmus, and this may aid in the pre-
vention of tibial fracture from mechanical forces proximal to 
the nail (Fig. 29.17). Other less common occurrences may 
include stripped screws necessitating the need for trephine 
screw removal, or broken drill bits or k-wires that may dif-
ficult to retrieve (Fig. 29.18).

 Infection

In the event of a suspected active infection at the fusion site, 
action should be taken immediately. It is recommended that 
the patient be admitted for intravenous antibiotics, and the 
patient be scheduled for hardware removal with bone biopsy 
and cultures along with aggressive debridement of suspected 
infections tissues. Recently we have had success with the use 
of ultrasonic debridement of bone and soft tissue in our infec-
tious cases. The patient may be taken back for subsequent 
debridement as needed with use of antibiotic cement if appli-
cable. In the event a retrograde nail was used in the arthrod-
esis site, the use of a cement retrograde nail may be employed 
(Fig. 29.19). Infectious disease consult is  beneficial for dura-
tion and choice of antimicrobial therapy postinfection. The 
use of vancomycin powder has been advocated in patients 
with diabetes during closure and is common practice at our 
institution after any infectious case prior to closure [58].
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Fig. 29.18 Broken drill bit in 
patients calcaneus after TTC 
fusion

Fig. 29.17 (a, b) Patient underwent attempted TTC fusion with short 
intramedullary nail resulting in a midshaft tibial fracture after a fall. (c, 
d) Orthopedic trauma surgery was consulted who placed an anterograde 
nail across the nonunion which resulted in fracture of the IM nail at the 

nonunion site. (e, f) After subsequent removal of the nail, patient 
requested second opinion. A successful revision of the nonunion was 
performed with implantable bone stimulator, long TTC nail, and lock-
ing plate fixation
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 Introduction

External fixation has been used in the foot and ankle for 
acute trauma, reconstruction, lengthening, and limb salvage 
techniques. Traditionally, internal fixation constructs have 
been thought to provide more reliable fixation and fusion 
rates [1]. However, more recent biomechanical studies have 
shown that similar stability can be obtained using external 
fixation compared to internal fixation (compression screws, 
intramedullary nail, etc.) [2–4]. The general consensus is 
that the use of external fixation is complex; however, the use 
of external fixation has many advantages due to the modular-
ity and adjustability of the components both intraoperatively 
and postoperatively. Most forms of external fixation allow 
for immediate weight bearing during the postoperative 
course. The dynamic nature of many external fixation con-
structs allows for adjustments to be made outside of the 
operative room, including correction of residual deformities 
and augmenting compressive forces through fusion sites. 
External fixation can also be used as an adjuvant to soft tis-
sue reconstruction. The use of external fixation allows 
patients earlier mobilization and the ability to better perform 
their activities of daily living during the treatment phase [5].

The use of external fixation can be complex and has been 
thought of as high risk with the potential for complications. 
Many factors can influence these issues, including surgeon 
experience, patient compliance, patient comorbidities, type of 
external fixation utilized, and indication for the use of external 
fixation. Complications can arise intraoperatively, postopera-
tively, and after frame removal. Paley published a standardized 

classification of difficulties that can arise during distraction 
osteogenesis for limb lengthening [6]. Many of these adverse 
results that occur during the treatment phase are not true com-
plications, as they do not affect the final outcome. Therefore, 
adverse results associated with external fixation can be classi-
fied as problems, obstacles, and complications [6, 7].

Problems are defined as adverse results that are antici-
pated but resolved by the end of treatment without surgical 
intervention. Obstacles are defined as adverse results that 
require surgical intervention but resolved by the end of treat-
ment. Complications can be local or systemic adverse events, 
and the resultant sequelae remain unresolved at the end of 
treatment. Complications can be further divided into minor 
and major. Minor complications are considered to be of little 
significance and do not interfere with the end goals of treat-
ment. Major complications interfere with the end goals of 
treatment and can cause increased morbidity [6, 7].

Adverse results and complications in the use of external 
fixation include pin site infections, length of time in the 
external fixator, neurologic and/or vascular injury, thermal 
necrosis of bone during wire/pin insertion, increased amount 
of follow-up care, and the increased burden on staff and fam-
ily caring for patients with external fixators. These complica-
tions can be more or less common depending on the type of 
external fixator construct utilized. The two types that will be 
discussed in this chapter include circular external fixation 
and monolateral external fixation. Indications for the use of 
external fixation are discussed in Table 30.1. Guidelines on 
the prevention and management of complications will be 
discussed, as well as techniques for building a stable external 
fixation construct will also be presented.

 Complications of External Fixation: Pin Site 
Infections

Pin site infections are the most common complication of cir-
cular external fixation. It is important to maintain a stable con-
struct throughout the course of treatment because loosening of 
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the fixation can lead to inflammation of the surrounding soft 
tissue. An unstable external fixator can result in a higher likeli-
hood of a pin site infection. Paley developed a simple grading 
system for pin site associated problems: Grade 1, soft tissue 
inflammation (Fig. 30.1); Grade 2, soft tissue infection 
(Fig. 30.2); Grade 3, bone infection (Fig. 30.3) [6]. As long as 
Grade 1 and 2 problems are addressed (usually with a 10-day 
course of orally administered antibiotics), progression of seri-
ous infection to Grade 3 usually does not occur. The recalci-
trant infections that infect a joint or have prominent cellulitis 
might require pin removal in the office or in the operating 
room, with additional wire placement as needed to maintain 
stability. Pin site infections that fail to respond to oral antibiot-
ics should be treated with intravenous antibiotics. Prompt 
action is required to prevent premature removal secondary to 
deep infection.

Patients and their families should be well educated before 
and after the application of the fixator that infection may 
occur more than once during treatment. It is important to 
clean the pins with saline daily and keep them dry. The 
authors allow non-neuropathic patients to shower daily as 
long as attention is made to dry the pin sites thoroughly. 
Neuropathic patients have a higher likelihood of pin tract 
infections, and therefore as long as the pin sites are stable, 
we do not recommend showering or daily care. However, if 
the pin sites become inflamed, infected and/or draining, we 
recommend daily saline cleansing of the pin sites with 
Q-tips and wrapping gauze on the affected sites to stabilize 
the soft tissue. Oral antibiotics are prescribed for pin site 
infections, along with advising the patient to limit weight-
bearing activity until the infection resolves. Persistent pin 
site infections are treated with removal of the affected pin/
wire. If proper care is initiated immediately upon the dis-
covery of a pin site infection, the progression to osteomyeli-
tis is rare.

 Classification of Pin Site Infections

Problem—Pin site infection requiring removal of the half- 
pin or wire in the office and treatment with wound care and 
orally administered antibiotics.

Obstacle—Pin site infection requiring removal of the 
half-pin or wire and addition of a new half-pin performed in 
the operating room.

Fig. 30.1 Grade 1 pin site infection with soft tissue inflammation due 
to edema of the lower extremity. Treatment was successful with oral 
antibiotics and edema management (Reprinted with permission from 
the Rubin Institute for Advanced Orthopedics, Sinai Hospital of 
Baltimore)

Fig. 30.2 Grade 2 pin site infection in a brachymetatarsia lengthening. 
Prompt pin care and oral antibiotics resolved this pin site infection 
(Reprinted with permission from the Rubin Institute for Advanced 
Orthopedics, Sinai Hospital of Baltimore)

Table 30.1 Indication for external fixation and conditions that exter-
nal fixation can be of a distinct advantage in comparison to internal 
fixation

Indications for external 
fixation

Conditions treated with external 
fixation

• Nonunion/Malunion
• Joint distraction
• Callus distraction/

lengthening of bone
• Off-loading of wound/flap
• Osteotomy
• Arthrodesis
• Infection/Osteomyelitis
• Soft tissue/skin contracture
• Fracture

• Extensive scarring/contracture/burns
• Previous infection
• Osteopenia/osteoporosis
• Charcot neuroarthropathy
• Poor soft tissue quality
• Large deformity
• Open wounds
• Patient unable to maintain 

non-weight bearing
• Immune compromised host
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Complication—Bone infection resulting from pin or wire 
site infection. Treatment of osteomyelitis consists of bone 
debridement and intravenously administered antibiotics.

 Nerve and Vascular Injury

Injury to the major nerves and vessels of the lower extrem-
ity with the insertion of thin wire fixation and half-pin 
fixation is relatively rare. The surgeon must have intimate 
knowledge of the cross-sectional anatomy of the extrem-
ity and the safe zones for transosseous fixation. Nerve 
lesions manifest as pain in the anatomic distribution of the 
nerve. This is caused by nerve impingement from the per-
cutaneous insertion of a wire or pin or during gradual 
deformity correction as a nerve becomes stretched or teth-
ered. The best treatment is to remove the offending wire 
or pin and monitor the patient for improvement in symp-
toms. If symptoms do not improve, exploration of the 
nerve may be warranted.

Entrapment of the posterior tibial nerve can occur with 
external fixation during distal tibial/ankle deformity correc-
tion, especially when combined with lengthening. 
Prophylactic tarsal tunnel release should be considered for 
acute varus, equinus, or procurvatum ankle correction greater 
than 10° and gradual correction of deformity greater than 20° 
(Fig. 30.4) [8]. It is important to ensure complete decom-
pression of the posterior tibial nerve, including the distal 

medial and lateral plantar nerve tunnels at the porta pedis. If 
tarsal tunnel decompression is not done prophylactically, it is 
important to monitor the patient closely for signs and symp-
toms of posterior tibial nerve entrapment postoperatively. 
Prompt intervention if symptoms arise will prevent irrevers-
ible nerve damage.

Fig. 30.3 Grade 3 pin site 
infection with radiographic 
evidence of proximal half-pin 
loosening and osteomyelitis 
formation in a neuropathic 
patient undergoing calcaneal-
tibial arthrodesis for limb 
salvage (Reprinted with 
permission from the Rubin 
Institute for Advanced 
Orthopedics, Sinai Hospital of 
Baltimore)

Fig. 30.4 Tarsal tunnel decompression performed prophylactically in a 
case of varus ankle deformity correction with ankle distraction. This 
was done prior to application of the multiplanar external fixator for cor-
rection of the deformity. Note the vertical nature of the incision so as 
not to disrupt healing during deformity correction (Reprinted with per-
mission from the Rubin Institute for Advanced Orthopedics, Sinai 
Hospital of Baltimore)
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 Classification of Neurological Injury

Problem—Distraction and/or deformity correction results in 
numbness to the ankle/foot/toe. Decreasing the rate of cor-
rection allows the nerve compromise to resolve before the 
end of treatment.

Obstacle—Distraction results in numbness to the ankle/
foot/toe; however, decreasing the rate of distraction does not 
resolve the numbness. Nerve decompression is then per-
formed, and the nerve recovers before the end of treatment.

Complication—Intraoperative nerve injuries that result in 
slight numbness of the ankle/foot/toe but are not painful and 
do not affect the patient’s function are minor complications. 
A major complication is a residual nerve insult that creates a 
neuropathic ankle/foot/toe that remains well after treatment 
and affects function.

Vascular injury is typically caused by a wire or pin intro-
duced directly into a vessel. Bleeding will be noted with a vas-

cular injury. The treatment is removal of the pin or wire and 
compression. Angiography may be necessary to determine 
what vessel has been injured and elucidate the sequelae. Edema 
throughout the treatment course is common as patients are often 
weight bearing as tolerated. To reduce edema, gauze is wrapped 
tightly around the pin sites between the skin and external fixator. 
Venous thromboembolism is uncommon in foot and ankle sur-
gery; however, in patients with external fixation, proper prophy-
laxis should be considered based on the patient’s risk factors.

 Classification of Vascular Injury

Problem—Edema that is controlled with daily gauze wrap-
ping. The daily gauze wrapping allows the edema to resolve 
before the end of treatment.

Obstacle—Vascular insult because of a misplaced pin/
wire. The offending pin/wire should be removed and adjusted 
during a second surgery, which will allow the vascular insult 
to repair. This obstacle resolves before the end of treatment.

Complication—Non-repairable intraoperative vascular 
insult that affects vascularity to the foot is a minor complica-
tion. Intraoperative vascular insult, deep vein thrombosis, 
pulmonary embolism, and compartment syndrome are major 
complications.

 Thermal Necrosis

Prevention of thermal necrosis is extremely important when 
placing wires and pins. Techniques used to reduce thermal 
necrosis include predrilling for half-pins and inserting by 
hand, use of sharp and non-cannulated drill bits, use of “on- 
off” drilling technique of pins and wires, tapping the wire 
through the soft tissues, deflation of the tourniquet to allow 
blood flow to cool the wires, and use of saline irrigation 

around the wires/pins during insertion. All cortical wires 
should be avoided due to rapid generation of heat during 
drilling. The prevention of thermal necrosis is vital because 
this can potentially lead to a stress riser and stress fracture in 
the bone or place the site at increased risk for developing 
later infection due to formation of a ring sequestrum.

 Classification of Thermal Necrosis

Problem—Dense bone is noted during predrilling of half- pin. 
The drill bit is removed and flutes are cleaned. Drilling is contin-
ued with “on-off” technique to prevent further heat generation.

Obstacle—Pin/wire becomes loose postoperatively due 
to bone resorption from thermal necrosis. Pin/wire should be 
removed and replaced in a second surgery.

Complication—Thermal necrosis during pin insertion 
results in loosening of pin and forms a sequestrum leading to 

osteomyelitis. This is a minor complication if treatment leads 
to resolution prior to end of treatment. This is a major com-
plication if it remains after treatment ends.

 Stress Fractures/Fractures

Stress fractures and fractures can occur during treatment or 
following frame removal. The use of half-pins in neuropathic 
patients can increase the risk of this complication [9]. If this 
occurs during the treatment course, it is necessary to return 
to the operating room to extend the frame or increase the 
stability of the external fixation (Fig. 30.5). If this occurs fol-
lowing frame removal and the fracture is non-displaced, cast 
immobilization can be utilized. Most often, this does not 
affect the final result as long as the fracture heals. However, 

Fig. 30.5 Tibial diaphyseal fracture in a neuropathic patient (a), which 
required modification of external fixator for reduction and stabilization 
(b) (Reprinted with permission from the Rubin Institute for Advanced 
Orthopedics, Sinai Hospital of Baltimore)
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it is important to adhere to proper principles of building a 
stable frame to reduce the stress placed on the lower extrem-
ity. The authors recommend the use of all wire fixation and 
avoiding fixation in the isthmus of the tibia in patients when-
ever possible. The tibial ring block fixation should be  utilized 
to diminish the amount of stress placed on the fixation.

 Classification of Stress Fracture/Fracture

Problem—Intraoperative stress fracture/fracture noted. 
Frame bridged across the fracture to stabilize.

Obstacle—Postoperative stress fracture/fracture necessi-
tates return to surgery for modification of frame to bridge 
and stabilize fracture. Fracture healing does not prolong 
treatment course.

Complication—Stress fracture/fracture after removal of 
external fixator that necessitates return to surgery for fixation 

or further immobilization in cast. This is a minor complica-
tion if the fracture heals without residual functional loss. 
This is a major complication if results in residual deformity 
or loss of function.

 Joint Subluxation

Subluxation or dislocation of the ankle joint or metatarsophalan-
geal (MTP) joint can be seen with gradual correction of ankle 
equinus (Fig. 30.6) and gradual lengthening of the metatarsals 
for brachymetatarsia, respectively. This adverse result is due to 
preexisting muscle imbalance, joint incongruity, or improper 
external fixation construct. In order to prevent joint subluxation/
dislocation, it is important to plan for this preoperatively. 

Correctly applying hinges at the axis of ankle joint motion and 
using two points of fixation in the talus will maintain ankle joint 
congruity while gradually correcting for equinus deformity. 
Relocation of the MTP joint and bridging of the external fixator 
across the MTP joint to the digit allows for maintenance of align-
ment during lengthening of the metatarsal. Pinning of the MTP 
joint with a Kirschner wire to maintain alignment has also been 
described, but in our experience, this causes a great amount of 
joint stiffness once the pin is removed. Treatment options for 
joint subluxation include physiotherapy, splinting, adjustment/
modification of external fixation, revision surgery, decreasing the 
distraction rate, and isolated capsular release [7].

 Classification of Joint Subluxation

Problem—Joint subluxation caused by rapid lengthening or 
correction of deformity. Decreasing the rate of distraction 

allows the tendon/capsule to elongate to resolve the joint 
subluxation.

Obstacle—Joint subluxation requiring modification or 
extension of the external fixation to relocate the subluxed 
joint and prevent recurrence. The subluxation resolves before 
the end of treatment.

Complication—Irreducible subluxation/dislocation of the 
joint after removal of the external fixator. This is a minor 
complication if the dislocation can be resolved with physical 
therapy. This is a major complication if residual subluxation 
creates pain and the foot/ankle loses function as compared 
with the preoperative function.

 Length of Treatment

The length of time spent in the external fixator depends 
primarily on the indication for which it is used. In the case 
of acute trauma, the length of time can be a few weeks to a 
month if it is used as a temporary bridge to internal fixa-
tion. If circular or monolateral external fixation is used as 
the primary form of fixation, fracture healing, osteotomy, 
and soft tissue correction of any residual deformity deter-
mine the length of time in the fixator. Once there is evi-
dence of healing of three cortices and the patient is 
clinically asymptomatic, the frame can be reduced in stiff-
ness and subsequently removed. The principle of three 
cortices of healing works well in the long bones (i.e., tibia 
and femur); however, in the foot (i.e., metatarsals), this is 
more difficult to ascertain due to the superimposition of 
the metatarsals on a lateral radiograph.

Circular external fixation used for foot and/or ankle 
reconstruction or deformity correction has a much longer 
length of treatment. It is not uncommon for patients to 
have their fixator in place for up to three to six months or 

Fig. 30.6 Anterior ankle subluxation during gradual equinus correc-
tion requires modification of the axis of correction or insertion of addi-
tional talar fixation (Reprinted with permission from the Rubin Institute 
for Advanced Orthopedics, Sinai Hospital of Baltimore)
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even greater than six months. Patients must be well edu-
cated prior to initiating treatment in regards to the possibil-
ity of returning to the operating room for fixator adjustments 
and modifications during the course of treatment 
(Fig. 30.7). The foot and ankle surgeon must ensure that 
the patient is  psychologically able to tolerate the external 
fixator. The patient’s home environment must also be con-
ducive to treatment.

Patients who have external fixation of the foot and ankle 
are in need of increased amount of follow-up with their sur-
geon. These patients often have very complex pathology and 
close surveillance, weekly or biweekly, is important to pre-
vent complications from occurring. If these adverse events 
do occur, it is vital to ensure that proper care and intervention 
is rendered. The surgeon must have a capable support staff to 
care for these patients and their needs. Dressing changes, 
frame checks, component changes, all can take a substantial 
amount of time. Having a well-educated staff is important 
for handling these difficult cases.

Patient and family education is of vital importance when 
embarking on treatment with external fixation. We regularly 
have training sessions with patients prior to their surgical 
reconstruction to familiarize them with the equipment and 
the aftercare necessary to have a successful outcome. We 
also supply the patient with a manual of external fixation, 
which provides them a variety of information. The ability of 
the patient to tolerate the length of treatment often needed to 
undergo such intervention is crucial. The ability of family 
members to be present at home with the patient for support 
and assistance is also important postoperatively. Setting real-
istic goals and expectations with patients and their families 
prior to intervention is essential. Having a nurse or assistant 
with experience in the use of external fixation acting as a 

“point person” can assist the surgeon in handling phone calls 
and messages regarding the status of patients after hospital 
discharge. Although it is difficult to answer many questions 
without seeing the patient, some care and reassurance can be 
offered.

 Building a Stable Frame

 Circular External Fixation

Creating a stable external fixation construct is important in 
reducing the amount of complications. It is vital to under-
stand the biomechanics of external fixation, both monolat-
eral and circular [10]. Circular fixators are made of ring 
blocks, which consist of two rings and at least four points of 
fixation to a bone segment. Rings are connected with at least 
three threaded connecting rods. The stability of the ring 
block will increase with increasing the number of rings, 
decreasing the distance between the rings, controlling the 
near and far segments of the bone segments, increasing the 
number of connections between each ring, and increasing the 
number of points of fixation to the bone segment. Smaller 
diameter rings are more stable than larger diameter rings 
when of the same thickness. The smallest ring that accom-
modates a patient’s extremity should be utilized, allowing for 
approximately 2 cm of clearance between the skin and the 
inner surface of the ring. The distance between rings also 
influences frame stability. Increasing the distance between 
rings allows for motion between them. Utilizing a “dummy” 
ring (a ring with no osseous fixation) will shorten the length 
of the connecting rods and increase the stability. The use of 
thicker telescoping rods will also help impart stability as 

Fig. 30.7 Broken external fixation ring in a neuropathic patient (a) repaired by plating with additional ring (b) (Reprinted with permission from 
the Rubin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore)
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they have superior bending strength when compared to 
threaded connecting rods (Fig. 30.8).

The type of fixation to the bone segment also affects frame 
stability. Each ring block should have a minimum of four 
points of fixation (each ring a minimum of two points). The 
use of thin wires versus half-pin fixation is per surgeon dis-
cretion, anatomic considerations, and biomechanical princi-
ples. Increasing the number of wires, placing wires above and 
below a ring, and inserting wires in difference planes (oblique 
wires) all enhance stability. Knowledge of anatomic safe 
zones is of vital importance when placing both half-pins and 
thin wires so as not to entrap neurovascular and musculoten-
dinous structures. Proper tensioning of thin wires enhances 
stability. Wires in the distal tibia are tensioned to 130 kg, in 
the calcaneus 100 kg, and in the midfoot/forefoot region 
90 kg. Careful attention should be paid to the ring during ten-
sioning so as not to cause deflection (bending) of the ring. 
When utilizing a foot plate, make sure to close the foot plate 
before tensioning the foot wires so as not to distort the ring.

The use of half-pin fixation (4, 5, or 6 mm diameter) is 
common in limb lengthening and deformity correction. 
Their use in neuropathic patients should be done with cau-
tion as this may increase the risk for tibial stress fractures 
[9]. Increasing the diameter of the pins increases the rigid-
ity of fixation. Half-pins should be predrilled with a sharp 
drill bit and inserted bicortical by hand. Unicortical half-
pins increase the risk of fracture and should be avoided. We 
commonly use hydroxyapatite (HA)-coated half-pins, 
which increases the pull out strength of the fixation. The 
diameter of the half-pin should be no more than one-third 
the width of the bone diameter to minimize the risk of frac-
ture. By increasing the half- pin diameter by 1 mm, the 
strength increases exponentially.

A stable circular external fixation construct will allow 
patients the ability to bear weight early. This will allow for 
axial loading of the fracture or osteotomy site and stimulate 
bone healing. It should be kept in mind that when weight 
bearing after midfoot/forefoot procedures, axial loading can 
cause cantilever loading. Patients with neuropathy should be 
educated on limiting their ambulation due to their dimin-
ished proprioception. Excessive weight bearing in neuro-
pathic patients can lead to pin/wire loosening, pin tract 
infections, and broken fixation components.

 Monolateral External Fixation

Constructing a stable monolateral (unilateral) external fix-
ation device follow similar concepts to that of a circular 
external fixator. Monolataral devices can be divided into 
monobody designs and pin-to-bar fixators. The primary 
difference is the use of all half-pin fixation. These devices 
are commonly utilized for femoral, tibial, and metatarsal 
deformity correction. Stability of these devices increases 
by using larger diameter pins, decreasing the distance 
between the frame and the bone, controlling both the far 
and near ends of each bone segment, increasing the num-
ber of connecting rods, placing pins obliquely to one 
another, and adding an additional monolateral fixator for 
multiplanar stability. The primary downside to the use of 
monolateral external fixation is that the far cortex is more 
difficult to gain compression or distraction in comparison 
to the near cortex. Monolateral external fixators demon-
strate cantilever bending when axial load is applied. 
Monolateral fixators are commonly used in our practice 
for gradual distraction of metatarsal deformities (i.e., 
brachymetatarsia). Protected weight bearing in a wooden 
bottom surgical shoe is important to prevent any acquired 
deformity of the regenerate bone.

Fig. 30.8 Stable external fixation: a large tibial block allows for avoid-
ance of placing fixation in the isthmus of the tibia, which is a high-risk 
zone for fracture. This strategy allows for increased stability of the tibia 
and disperses the stress of the fixation over a larger area. Note a foot 
ring block is used for increased stability (Reprinted with permission 
from the Rubin Institute for Advanced Orthopedics, Sinai Hospital of 
Baltimore)
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 Frame removal

Dynamization is an important concept to consider prior to 
frame removal. Dynamization allows for the stress of weight 
bearing to be gradually transferred from the external fixator 
to the bone. This is particularly important when regenerate 
bone is healing from procedures such as lengthening or grad-
ual deformity correction. Dynamization has been shown to 

accelerate bone healing [11]. Once osteotomy or arthrodesis 
healing has been achieved, the frame is dynamized by reduc-
ing the stiffness through removal or detachment of fixation 
pins/wires from each ring. This allows the osteotomy or 
arthrodesis site to “mature” and accept full weight once the 
frame is entirely removed. During the dynamization process, 
the surgeon must be aware that delayed union, refracture, or 
development of secondary deformity may occur. Only weeks 
after dynamization does the bone completely heal.

 Clinical Cases with Use of External Fixation

 Case Example #1: Complex Ankle Arthrodesis

Sixty-two-year-old female referred after a failed ORIF of a right 
trimalleolar ankle fracture with subsequent ankle subluxation 
and development of ankle arthritis (Figs. 30.9 and 30.10). She 

had been diagnosed with idiopathic neuropathy. Circular exter-
nal fixation was used because of concern for Charcot neuroath-
ropathy of the ankle and severe osteopenia. She underwent 
successful fusion of the ankle joint with subtalar joint distrac-
tion (Figs. 30.11 and 30.12). A stable fusion was obtained with 
a plantigrade foot (Fig. 30.13). She was able to ambulate brace-
free without an assistive device following the procedure.

 Case Example #2: Equinus Deformity 
Correction

Forty-year-old male presented with severe fixed equin-
ovarus deformity and post-polio syndrome without prior 
surgery (Figs. 30.14 and 30.15). Circular external fixation 

Fig. 30.9 Preoperative radiograph of trimalleolar ankle fracture dislo-
cation (Reprinted with permission from the Rubin Institute for 
Advanced Orthopedics, Sinai Hospital of Baltimore)

Fig. 30.10 Open reduction internal fixation of trimalleolar ankle fracture (a) and subsequent ankle degeneration and subluxation (b, c) (Reprinted 
with permission from the Rubin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore)
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Fig. 30.11 Circular external 
fixation utilized for ankle 
arthrodesis and subtalar joint 
distraction (Reprinted with 
permission from the Rubin 
Institute for Advanced 
Orthopedics, Sinai Hospital of 
Baltimore)

Fig. 30.12 Postoperative 
radiographic evaluation 
showing successful fusion of 
the subtalar joint and 
maintenance of the subtalar 
joint (Reprinted with 
permission from the Rubin 
Institute for Advanced 
Orthopedics, Sinai Hospital of 
Baltimore)
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was used for gradual soft tissue correction of the foot and 
ankle to a plantigrade position. The first stage included cor-
rection of the equinus contracture, followed by modification 
of the external fixator for the second stage correction of 
varus foot deformity (Figs. 30.16 and 30.17). The patient 
did also have a knee flexion contracture, which was treated 
with casting, bracing, and physical therapy. He has had no 
recurrence of the deformity and is walking with a planti-
grade foot position 2 years following his surgery (Fig. 30.18).

 Case Example #3: Charcot Midfoot 
Reconstruction

Forty-three-year-old male was referred with right midfoot 
Charcot deformity and chronic non-healing lateral column 
wound (Fig. 30.19). His condition was complicated by a history 

of kidney and pancreas transplant requiring immunosuppres-
sant therapy. He had been treated with total contact cast immo-
bilization without wound improvement. He underwent midfoot 
Gigli saw osteotomy (talar neck and calcaneal neck osteotomy) 
and gradual deformity correction with multiplanar external fixa-
tion (Fig. 30.20). The foot position was gradually corrected out 
of abduction and varus and then compressed for realignment 
arthrodesis of the midfoot osteotomy (Fig. 30.21). Due to the 
external fixation construct (butt frame) used to correct this 
patients deformity, he was unable to bear weight during his 
course of treatment. Only minimal incisions were made and the 
patient healed without any bone or soft tissue complications. He 
now walks with diabetic shoe gear and he is brace- and wound-
free (Fig. 30.22).

 Case Example #4: Gradual Distraction 
for Brachymetatarsia Correction

Thirty-two-year-old male presented with bilateral brachymeta-
tarsia of the fourth metatarsal and hypoplastic fourth toe 
(Figs. 30.23 and 30.24). He underwent gradual distraction for 
correction of the bilateral brachymetatarsia. The external fixator 
construct included bridging to the fourth toe to reposition the 
fourth MTP joint and prevent joint subluxation/dislocation dur-
ing the lengthening phase (Fig. 30.25). He underwent 33 days of 
lengthening to create a normal metatarsal parabola. Following 
consolidation of the regenerate bone, his bilateral fixators were 
removed in clinic approximately 4 months postoperatively 
(Fig. 30.26). Throughout his entire treatment, he was weight 
bearing as tolerated in wooden bottom surgical shoes.

 Conclusion

External fixation is often utilized for high-risk, revisional, 
and complex cases because of its modularity, dynamic 
nature, and ability for patients to maintain weight bearing 
throughout the course of treatment. This inherently 

Fig. 30.13 Clinical 
photographs postoperatively 
showing a properly aligned 
ankle arthrodesis (Reprinted 
with permission from the 
Rubin Institute for Advanced 
Orthopedics, Sinai Hospital of 
Baltimore)

Fig. 30.14 Preoperative clinical presentation of severe equinovarus 
deformity (Reprinted with permission from the Rubin Institute for 
Advanced Orthopedics, Sinai Hospital of Baltimore)
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Fig. 30.15 Preoperative 
radiographic presentation of 
severe equinovarus deformity 
(Reprinted with permission 
from the Rubin Institute for 
Advanced Orthopedics, Sinai 
Hospital of Baltimore)

Fig. 30.16 Clinical pictures 
during treatment of severe 
equinovarus deformity with 
external fixation. Deformity 
correction was accomplished 
through gradual distraction 
with a semi-constrained 
construct. This two-stage 
approach included first 
correcting the equinus 
deformity of the ankle, 
followed by correction of the 
varus deformity of the foot 
(Reprinted with permission 
from the Rubin Institute for 
Advanced Orthopedics, Sinai 
Hospital of Baltimore)

Fig. 30.17 Postoperative 
radiographic presentation of a 
plantigrade foot following 
gradual correction of severe 
equniovarus deformity 
(Reprinted with permission 
from the Rubin Institute for 
Advanced Orthopedics, Sinai 
Hospital of Baltimore)

30 Problems, Obstacles, and Complications of External Fixation in the Foot and Ankle



440

Fig. 30.18 Postoperative 
clinical presentation of a 
plantigrade foot following 
gradual correction of severe 
equniovarus deformity with 
circular external fixation 
(Reprinted with permission 
from the Rubin Institute for 
Advanced Orthopedics, Sinai 
Hospital of Baltimore)

Fig. 30.19 Preoperative radiographic presentation of Charcot neuroarthropathy of the midfoot resulting in a rocker-bottom deformity and non- 
healing ulceration (Reprinted with permission from the Rubin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore)

Fig. 30.20 Clinical presentation during treatment with six-axis correc-
tion construct used to obtain and maintain correction of the midfoot 
deformity following minimally invasive osteotomy (Reprinted with 

permission from the Rubin Institute for Advanced Orthopedics, Sinai 
Hospital of Baltimore)
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Fig. 30.21 Postoperative radiographic presentation following correction and stabilization of midfoot deformity (Reprinted with permission from 
the Rubin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore)

Fig. 30.22 Clinical presentation following correction of midfoot deformity shows a plantigrade foot and healed plantar ulceration (Reprinted with 
permission from the Rubin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore)

Fig. 30.23 Preoperative clinical presentation of bilateral fourth brachymetatarsia (Reprinted with permission from the Rubin Institute for 
Advanced Orthopedics, Sinai Hospital of Baltimore)
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increases the likelihood of problems, obstacles, and com-
plications. Not all adverse events are complications. 
Problems and obstacles are often encountered with exter-
nal fixation  without interfering with the goals of treat-
ment. Patient education is of critical importance when 
preparing patients to undergo treatment with external fix-
ation. Experience, training, and a thorough understanding 
of problems and obstacles complications decrease the risk 
of complications.
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joint during the distraction process (Reprinted with permission from the 
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Fig. 30.26 Clinical presentation following gradual distraction for cor-
rection of brachymetatarsia (Reprinted with permission from the Rubin 
Institute for Advanced Orthopedics, Sinai Hospital of Baltimore)
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Recombinant human platelet-derived growth factor-BB  

(rhPDGF-BB), 420
Recurrent Hallux Valgus

articular set deviations, 158
bone healing, 152
categories, 157
deformities, 156
distal metatarsal osteotomy, 156
evaluation and considerations, 167
initial alignment, 154
interchangeable terms, 152
intermetatarsal angle, 155, 171
internal fixation, 151
Lapidus fusion, 157
lateral direction. Progressing, 152
margin of error, 152
medial wedge osteotomy, 172
minimal disruption, 151
mtp joint fusion, 157
PASA/distal articular set, 152
procedural planning, 155
procedural selection phase, 155
reoperation, 152
revisional cases, 152
rudimentary assessment, 154
satisfactory reduction, 158
social worker, 155
structural repair, 152
surgeon, 152
tarsometatarsal joint, 153
technical and patient-specific considerations, 151
torsional/suprastructural postural forces, 152
variables, 151
X-rays, 151, 153

Recurrent neuromas
adductor hallucis, 119
amputation, 117
anesthesia, 122
chemotactic factors, 124
epineural tissue, 118
epineuroplasty, 118
evaluation process, 117
intermetatarsal nerve, 117
longitudinal/curvilinear fashion, 118
medial and intermediate dorsal cutaneous  

nerves, 122
plantar fascia, 118
retro-malleolar region, 123
soleus muscle, 121
tarsal tunnel release, 122
two dorsal incisions, 118

Reepithelialization process, 56
Renal disease, 89–90
Retrograde drilling, 371
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Revision neurolysis, 274, 277, 278
Revisional arthrodesis, 183, 185
Revisional reconstructive surgery, 344
Rheumatoid arthritis (RA), 410

antirheumatic medication methotrexate, 92
biologic antitumor necrosis factor, 91
C-spine disease and atlantoaxial subluxation, 92
elective orthopedic surgery, 91
glucocorticoids, 92
hormonal alteration, 91
methotrexate, 91
perioperative management, 92
polyarticular foot and ankle deformities, 91
postoperative complications, 91
preoperative planning, 92
steroidogenesis, 91
TNF-alpha inhibition group, 91

Rheumatological disease, 411
“Roman” Arch, 220, 222, 230

S
Scar tissue, 38
Scarf lengthening osteotomy, 137
Schwannoma, 272
Scintigraphy/bone scans, 74
Sclerosing agents, 117
Screw hole technique, 226
Sensory/deeper nerve adhesions, 117
Septic arthritis, 78, 79, 81–84
Septic nonunion, 416
Seroma, 58, 272
Severe equinovarus deformity, 438, 439
Shenton’s line, 388
Short first ray

surgical management, 213
Short First Ray, 213
Signal intensity, 74
Silastic implant, 192
Silfverskiold test, 221, 224
Silicone gel sheeting, 117
Single- or double-stage revisions, 84
Single-photon emission computed tomography  

(SPECT), 74
Skin and soft tissue complications, 423
Slipping sensation, 276
Smaller avulsion fractures, 129
Smoking, 411
Smoking cessation, 70
Snowboarders fracture, 259
Soft tissue envelope, 411
Soft tissue infection, 347
Soft tissue inflammation, 430
Soft tissue recovery, 240
Soleal sling syndrome, 273
Solid cortical screw, 228
Solid fixation construct, 178
Split tibialis anterior tendon transfer or STATT, 307
Stable external fixation, 435
Stage II Flatfoot Surgery

cadaveric study, 284
complications, 279
equinus deformity, 287
FDL, 279
LCL, 281, 282

low profile devices, 285
nonunion, 287
osteotomies, 286
overzealous displacement, 283
progressive deformity, 288
sural nerve, 285
undercorrection, 280

Staphylococcus aureus, 58
Steindler Stripping, 305–306

contraindications/limitations, 305
incision placement, 305
indications and planning, 305

Steri-Strip adhesive, 58
Steri-Strips, 62
Stress fractures, 127, 321
Stress fractures/fractures, 432–433
Subchondral drilling, 138
Subtalar arthrodesis, 258
Subtalar arthroeresis, 299
Subtalar joint (STJ), 32, 291
Subtalar joint instability, 382
Subtle posterior heel bump, 264
Superficial cutaneous nerves, 117
Superficial incision infection, 58
Supramalleolar approach, 421
Sural nerve neuroma, 121
Surgical Care Improvement Project (SCIP), 70
Surgical site infections (SSIs), 56, 58
Symptomatic plantarflexed malunion, 175
Syndesmosis complications, 392–401
Systemic inflammatory response syndrome (SIRS), 70
Systemic lupus erythematosus (SLE), 92

T
Talar body boasting, 245
Talar fractures

anastomosis, 246
artery of the tarsal canal, 246
articular realignment, 248
avascular necrosis, 253
avulsion injuries, 248
decompression, 253
deltoid artery, 246
dorsalis pedis, 247
dual incisional approach, 253
inferior surface, 245
lag screw fixation, 252
lamina spreader, 248
medial surface, 245
nonunion, 253
osseous anatomy, 245
posterior tibial artery, 246
posterior tubercle branches, 246
talus, 245

Talar neck, 245, 250
Talar neck fractures, 250, 253
Talar Process Fractures, 259
Talectomy, 255
Talocalcaneal coalition, 274
Talofibular ligament, 377
Talonavicular (TNJ), 42
Talonavicular arthrodesis, 250
Talonavicular joint, 248
Tarsal tunnel decompression, 431

Index



452

Tarsal tunnel syndrome
algorithm, 273
contraindications/limitations, 271
diagnosis, 271
entrapment neuropathy, 271
entrapments, 276–277
etiology, 271
incomplete release, 274
incorrect diagnosis, 274
indications, 271
initial decompression, 274
intraoperative photographs, 275
intrinsic nerve pathology, 274
pearls and pitfalls technique, 272
peripheral nerve stimulation, 277
recalcitrant pain, 272–278
tibial nerve, 271
wound complications, 277–278

Tarsometatarsal (TMT) joint(s), 41, 219, 231–232
Taylor Spatial Frame application, 242
Technetium (99mTc MDP), 74
Technetium bone scan, 75
Technetium-99m bone scintigraphy, 140
Temporary small wire fixation, 258
Tendon allograft reconstruction, 392
Tendon preparation, 309
Tendon/Ligament Injuries, 362
Tenodesed/stiff ankle, 381, 382
Tension band technique, 129
Tension-sharing method, 60
Thermal necrosis, 432
Thrombin inhibitors, 16–17
Tibial diaphyseal fracture, 432
Tibialis anterior tendon, 307
Tibialis anterior tendon transfer, 308
Tibiotalar arthrodesis (TTC), 300
Tibiotalar incongruity, 385
Tibiotalar joint, 385
Tibiotalocalcaneal (TTC), 417
Tinel sign, 274
Toe cripple, 102
Total ankle arthroplasty, 409
Tourniquet, 266, 361
Trans-Atlantic Inter-Society Consensus, 329
Transfixation techniques, 183
Transmetatarsal amputation incision, 60
Transverse lateral-medial drill hole, 404
Transverse plane deformities, 111–112
Trimalleolar ankle fracture, 436
Trimalleolar ankle fracture dislocation, 436
Tritarsal complex, 42–43
Two-screw fixation, 372

U
Ultrasonography, 73
Unfractionated Heparin (UFH), 16

Uniplanar mono-rail system, 184
Unipolar or hemi-arthroplasties, 197
Unstressed lateral radiograph, 376

V
Vacuum-assisted closure (VAC), 423
Valgus deformity, 223
Varus malalignment, 254
Varus malunion, 254
Vascular injury, 361, 431–432
Vein wrapping, 276
Venous thromboembolism

coagulation tests, 11, 12
d-Dimer Test, 12
DDUS, 12
diagnosis, 9, 11
hereditary exposures, 9
pulmonary arteries, 9
venographic methods, 12

Vicryl suture, 61
Vitamin D, 180
Vitamin D deficiency, 205
VTE prophylaxis

ankle surgery, 23
bilateral calf duplex, 21
clinical protocol, 21
elective ankle fusion surgery, 23
e-mail-based survey, 22
foot and ankle surgery, 22
foot and ankle surgical patients, 21
forefoot and toes, 20
in hip, knee and orthopedic  

patients, 19, 20
in hospitalized patients, 18
knee and hip surgery, 23
in non-orthopedic patients, 18
prospective multicenter study, 20
retrospective cohort study, 22
retrospective study, 23
VTE and PE, 23

W
Wallerian degeneration, 271, 274
Warfarin, 16–17
Weber C ankle fracture, 59
Weber reduction clamp, 391
Weber reduction forceps, 395, 403
Weight-bearing plain films, 199
Weight-bearing radiographic views, 401
Weight-bearing radiographs, 111
Weil metatarsal osteotomy, 107, 110
White blood cell (WBC), 72
Windlass activation test, 206
Wolfe’s law, 253
Wound healing processes, 55
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