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v

In this book, we have reviewed and analyzed some important controversies in 
orthopedic surgery of the upper extremities. Seven chapters on shoulder 
problems have been included: displaced proximal humeral fractures in the 
elderly; acromioclavicular dislocations in adults; calcific tendinopathy of the 
rotator cuff in adults; recurrent anterior shoulder instability in adults; contro-
versies in shoulder arthroplasty; clavicle fractures; and massive rotator cuff 
tears.

Two chapters have been devoted to humerus injuries: humeral shaft fixa-
tion in adults; and controversies in the management of intra-articular distal 
humerus fracture in adults. We have devoted four chapters to elbow pathol-
ogy: controversies in the management of radial head fractures in adults; con-
troversies in the surgical treatment of distal biceps tendon ruptures in adults; 
controversies in tennis elbow in adults; and controversies in elbow 
arthroplasty.

Wrist problems have been analyzed in five chapters: distal radius fractures 
in the elderly; scapholunate dissociation; wrist arthritis; controversies in car-
pal tunnel syndrome in adults; and problems of the distal radioulnar joint. 
Finally, two chapters on hand problems have been included: controversies in 
the treatment of fingertip amputations in adults; and metacarpophalangeal 
and proximal interphalangeal joint arthroplasty.

All the chapters have been written by experts in the corresponding topic; 
in which they have carried out a thorough review and analysis of the recent 
literature and have stated their points of view on topics of great current con-
troversy. As editors of this book, we thank all the authors for their generous 
participation and hope that the contents of this book may be of use to ortho-
pedic surgeons in general and especially to those dedicated to the surgery of 
upper limb injuries.

Madrid, Spain E. Carlos Rodríguez-Merchán  
  Alonso Moreno-García  

Preface
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1Displaced Proximal Humeral 
Fractures in the Elderly: 
Conservative Treatment Versus 
Open Reduction and Internal 
Fixation Versus Hemiarthroplasty 
Versus Reverse Shoulder 
Arthroplasty

Sarah Mills and Juan C. Rubio-Suárez

1.1  Introduction

Proximal humeral fractures (PHF) in the elderly 
are nowadays among the most frequent fractures. 
Their incidence is increasing fast associated with 
population aging. These fractures are related to 
osteoporosis or poor bone quality [1].

These fractures impair quality of life as they 
affect patients’ independence, just after the event 
and even in the long term, when some patients 
still report some degree of disability [2].

Treatment for these fractures has been a mat-
ter of discussion in the last few years as it sup-
poses a challenge. That is why many studies 
evaluating different techniques have been pub-
lished. Surgical treatment is complex, but it was 
the preferred option some years ago. Due to the 
moderate-high rate of complications and unpre-
dictable outcomes, numerous studies tried to 
evaluate clinical results and cost-effectiveness of 
the different therapeutic options available.

Although surgery has not proven superior 
clinical results (and it is, obviously, more expen-

sive) when compared to conservative treatment in 
PHF in the elderly, in this chapter we will discuss 
the different surgical techniques that can be 
chosen.

1.2  Epidemiology, 
Pathoanatomy, and Fracture 
Classification

1.2.1  Epidemiology

PHF constitute 5–6% of all fractures in adults 
and are more frequent in women (2:1) [1]. In the 
last few years, their incidence increased simulta-
neously with osteoporosis’ prevalence due to 
population aging. They are usually due to ground- 
level falls on an outstretched arm. Very often, 
these fractures are the first evidence of bone fra-
gility. When present, secondary prevention of 
future fractures is mandatory. Risk factors for 
suffering a PHF, in addition to osteoporosis, are 
diabetes, epilepsy, or female gender.

The most common associated lesion is axil-
lary nerve injury. Vascular injury is uncommon 
(<5%) and occurs more frequently in the elderly, 
associated with surgical neck fractures or sub-
coracoid dislocation of the humeral head. PHF 

S. Mills (*) · J. C. Rubio-Suárez 
Department of Orthopedic Surgery, La Paz University 
Hospital, Madrid, Spain
e-mail: sarah.mills@salud.madrid.org

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
E. C. Rodríguez-Merchán, A. Moreno-Garcìa (eds.), Controversies in Orthopedic Surgery of The 
Upper Limb, https://doi.org/10.1007/978-3-031-04907-1_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-04907-1_1&domain=pdf
mailto:sarah.mills@salud.madrid.org
https://doi.org/10.1007/978-3-031-04907-1_1


2

can present with concomitant chest wall injuries 
or other fractures due to the fall.

1.2.2  Pathoanatomy

Depending on fracture pattern and location, 
humeral head vascularization can be compro-
mised. The principal blood supply depends on 
the posterior humeral circumflex artery. 
Vascularity of the humeral head is more likely to 
be intact if more than 8 mm of calcar is attached 
to the articular fragment.

Hertel described some criteria to predict isch-
emia in the humeral head (Table  1.1) [3]. It is 
very important to highlight that the presence of 
those factors does not predict avascular necrosis 
of the humeral head.

PHF can be displaced or not; when displaced, 
deforming forces are determined by:

• Pectoralis major that displaces shaft anteriorly 
and medially.

• Supraspinatus, infraspinatus, and teres minor 
that externally rotates greater tuberosity.

• Subscapularis internally rotates articular seg-
ment or lesser tuberosity.

1.2.3  Classification

AO/OTA classification can be used, but Neer 
classification is the most extended one. According 
to the later, fractures can occur at the surgical 
neck, anatomic neck, greater tuberosity (GT), 
and lesser tuberosity (LT), determining four prin-
cipal fragments: GT, LT, articular fragment, and 
shaft. Neer classification is based on the anatomic 
relationship of the four parts [4].

“A part” is considered only if one of the 
following:

• It is displaced more than 1 cm.
• It is angulated more than 45°.

Two parts surgical neck fractures are the most 
common. More complex fracture patterns are 
seen with increasing age.

1.3  Diagnosis: Clinical 
Presentation and Imaging

1.3.1  Clinical Presentation

Like other fractures, PHF I presents with pain, 
swelling, and decreased range of motion. On 
physical exam, we will typically find an exten-
sive hematoma over the chest, arm, and forearm, 
known as Hennequin hematoma.

A comprehensive neurovascular exam must 
be performed, and axillary nerve examination 
should not be overlooked, by determining del-
toid muscle function and lateral shoulder sensa-
tion. Arterial injuries are often masked by 
extensive collateral circulation that can preserve 
distal pulses, so a high grade of suspicion is 
needed.

1.3.2  Imaging

When a PHF is suspected, the following radio-
graphs should be ordered:

• True AP radiograph – Grashey projection
• Scapular Y projection
• Axillary projection

CT scan is helpful in preoperative planning 
and when determining humeral head or GT tuber-
osity position when they are uncertain. It also 
serves to determine the presence of head-split 
fractures. MRI is helpful when a rotator cuff 
injury is suspected, but its use is not 
standardized.

Table 1.1 Hertel criteria for prediction of humeral head 
ischemia [3]

<8 mm of calcar attached to articular segment
Disrupted medial hinge
Increased fracture complexity
Displacement >10 mm
Angulation >45°

S. Mills and J. C. Rubio-Suárez
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1.4  Treatment

Treatment options for PHF in the elderly have 
been under debate in the last few years. 
Nonsurgical treatment was the preferred option 
before the arrival of new implants and techniques. 
Many recent studies investigate if this interest in 
surgical intervention is supported by evidence or 
it is only a fad due to the appearance of new tech-
niques and implants. Shoulder arthroplasties as a 
therapeutic option for PHF appeared in the 
twenty-first century. After that, few studies inves-
tigated its effectiveness and outcomes.

Studies analyzing different techniques for 
PHF treatment show that there is no benefit of 
surgical intervention in displaced fractures in 
comparison to nonoperative treatment. In addi-
tion, all surgical techniques have more complica-
tions and are more expensive than conservative 
management [5–7]. Summarizing, published 
results do not support the increasing trend for 
surgery in elderly patients with PHF [8, 9].

1.4.1  Nonoperative Treatment

Nonoperative treatment consists of sling immo-
bilization for 4–6 weeks, followed by progressive 
rehabilitation. Immediate physical therapy offers 
a faster recovery. The vast majority of PHF can 
be treated conservatively (Fig. 1.1).

• Minimally displaced surgical and anatomic 
neck fractures.

• GT fracture with <5 mm displacement.
• Patients who are unsuitable for surgery.
• In the last years, age was included as an indi-

cation for conservative treatment even in case 
of displaced and complex fractures.

1.4.2  Operative Treatment

Surgical treatment for displaced PHF in the 
elderly is a subject under debate. Different tech-
niques and implants are available: angular-stable 
plates, nails, or arthroplasties. Their indications 
and characteristics are described in the following 
sections. However, to date, little evidence sup-
ports one technique over another. All of these 
techniques had been evaluated in randomized 
control trials (RCT) versus the nonoperative treat-
ment, and no relevant differences were found in 
terms of clinical or functional outcomes [5, 8, 10].

1.4.2.1  Open Reduction and Internal 
Fixation (ORIF)

Angular stable plate with locking screws is a 
widely used treatment for PHF, and before the 
development of nails or arthroplasties, it was the 
gold-standard technique. Later studies showed a 
30% rate of reinterventions due to complications 
[10].

a b

Fig. 1.1 84-year-old female with displaced proximal humeral fracture: (a) First X-ray evaluation after the fall. (b) 
Radiographical outcome: fracture healed after conservative treatment. Eight weeks follow-up

1 Displaced Proximal Humeral Fractures in the Elderly: Conservative Treatment Versus Open Reduction…
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This technique is indicated if:

• GT is displaced >5 mm.
• Displaced 2-part fractures.
• 3- and 4-part fractures in younger patients.
• Head-splitting fractures in younger patients.

Better outcomes depend on some mechanical 
details, like the presence of medial support, 
which is necessary for fractures with posterome-
dial comminution, and calcar screw placement, 
which is critical to decreasing the risk of varus 
collapse of the articular fragment.

Technique
ORIF can be performed either by deltopectoral or 
lateral approach; this one has an increased risk 
for axillary nerve injury (Figs. 1.2 and 1.3).

• Nonabsorbable sutures are needed to isolate 
tuberosities and use them to reduce the 
fragments.

• The most common hardware used is a locking 
plate to fix the fracture once fragments are 
reduced.
 – The most frequent complication of this 

technique is screw cutout (14%). In osteo-
porotic bone, varus collapse is often seen, 
and it can be prevented with a screw placed 
inferomedial at calcar.

 – The plate must be placed lateral to the 
bicipital groove to avoid vascular injury 
(ascending branch of the anterior humeral 
circumflex artery).

Minimally invasive approaches were described 
to avoid soft tissue damage and healing problems 
due to periosteal stripping. These techniques 
present with two main disadvantages: a higher 
risk of axillary nerve injury and a more difficult 
fracture reduction maneuver [11].

Recent studies evaluate results for cemented 
augmentation locking screws. Results are prom-
ising, and hardware-related complications can be 

a b

Fig. 1.2 (a) Displaced proximal humeral fracture in a 73-year-old female. (b) Radiographical outcome after treatment 
with open reduction and internal fixation with locking plate

Fig. 1.3 Patient from Fig. 1.2, clinical outcome with full active range of motion after 15 months of follow-up and 
rehabilitation program

S. Mills and J. C. Rubio-Suárez
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reduced drastically if this technique is employed. 
Neither clinical outcomes nor the need for revi-
sion surgery is modified; only the rate of implant- 
related failure and the global rate of complications 
were diminished. This technique also appears to 
help reduce the rate of avascular necrosis [12]. 
However, further studies are needed to achieve 
stronger evidence.

1.4.2.2  Intramedullary Nailing (IMN)
Intramedullary nailing can be used in surgical 
neck fractures or 3-part GT fractures in younger 
patients or patterns combined with shaft fractures. 
IMN can be performed in shorter surgical time, 
and there are no differences in complication rates 
when compared to ORIF with plates [13]. It offers 
less stability in torsion compared with plates, but 
no differences were found in fracture healing, nor 
ROM recovery compared to plating [14].

• The superior deltoid-splitting approach is 
used to insert the nail.

• The most common complications are rod 
migration and shoulder pain secondary to 
rotator cuff injury.

• Care should be taken when placing locking 
screws, as radial and musculocutaneous 
nerves can be injured.

1.4.2.3  Arthroplasty
Complex 3-part and 4-part fractures in the elderly 
are frequently impossible to fix due to comminu-
tion, poor bone quality, and high risk of mechanical 
and biological complications. For these cases, 
articular replacement seems to be a good solution.

Hemiarthroplasty (HA) was first employed in 
treating these fractures, but this technique is 
highly demandant, and good results are influ-
enced by tuberosity healing, accurate size selec-
tion of the stem, and its final position. A functional 
rotator cuff is also needed for the proper func-
tioning of a HA.

As results with plates and HA were inconsis-
tent, reverse shoulder arthroplasty (RSA) 
emerged as an option to treat these complex frac-
tures. Outcomes for RSA are less dependent on 
tuberosity healing and rotator cuff function/
integrity compared to HA.

Age is a demonstrated predictor of outcome, 
so when choosing arthroplasty for treating a PHF, 
RSA is advisable over 70-year-old patients [15].

Hemiarthroplasty (HA)
The performance of a hemiarthroplasty is indi-
cated in 4-part fractures, 3-part fractures with 
osteopenia, head-splitting, and severe articular 
fractures. HA is used in younger patients (40–
65  y.o.) with complex fracture-dislocations or 
head-splitting component that may fail fixation.

• Recommended use of convertible stems in 
case reverse shoulder arthroplasty is needed.

• The deltopectoral approach is the most 
extended.

• Tuberosities must be sutured and passed 
through the prostheses’ holes to improve 
stability.

• The height of the prosthesis is determined 
with the superior border of the pectoralis 
major tendon.

• Head to tuberosity distance (HTD) must be 
maintained (GT 8 mm below the articular sur-
face) to respect external rotation kinematics.

Individualized assessment and preoperative 
planning are essential to succeed. Outcomes are 
better for younger patients and fractures treated 
acutely. It is very important to accurately choose 
the size of the prosthesis and to ensure the reat-
tachment of the tuberosities to the stem/shaft 
[16].

Risk factors for a poor postoperative result are 
rotator cuff injuries, tuberosities malunion or 
nonunion, and age. Outcomes for this technique 
are not always satisfactory, and complications 
like significant postoperative pain, tuberosities’ 
detachment, component malposition, instability, 
or rotator cuff tears are not uncommon (overall 
rate 35%) [16]. Healing of the tuberosities deter-
mines the success of this technique, and, when 
healing properly, better score punctuations and 
better ROM (in forward elevation and external 
rotation) are achieved [17]. Prosthesis has a mean 
survival time of 6.3 years [15].

When comparing HA with plating, better func-
tional outcomes were registered with the use of 

1 Displaced Proximal Humeral Fractures in the Elderly: Conservative Treatment Versus Open Reduction…
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a b

Fig. 1.4 (a) Female, 81-year-old, displaced proximal humeral 4-part fracture. (b) She was treated with reverse total 
shoulder arthroplasty

plates; however, HA had a lower rate of revision 
surgery and fewer surgical complications [18].

Due to poor results with HA, surgeons started 
using RSA to treat these complex fractures, 
which yielded better functional and patient- 
reported satisfaction scores when compared to 
HA. ROM in flexion after rehabilitation program 
was also better in RSA group, without differ-
ences for ROM in rotation. Both techniques have 
similar complication rates [17].

When analyzing the clinical and functional 
outcomes and comparing them with the nonop-
erative treatment, no differences were found, 
although the number of studies is scarce and evi-
dence is low [5].

Reverse Shoulder Arthroplasty (RSA)
Reverse shoulder arthroplasty relies on deltoid 
muscle function instead of rotator cuff integrity 
or tuberosities position and healing. It is use-
ful in low-demand elderly individuals with non- 
reconstructible tuberosities and poor bone stock or 
fracture-dislocations. Despite RSA can compensate 
for nonfunctioning rotator cuff, repairing tuberosi-
ties is recommended for an improved ROM.

Better outcomes if:

• Good glenoid bone stock is ensured.
• Restoration of humeral height and version. 

Poor results when retroversion of the humeral 
component is >40°.

The deltopectoral approach or the anterolat-
eral deltoid splitting approach is the most fre-
quently used.

Outcomes
The most reasonable options for treating PHF 
nowadays are RSA or nonoperative treatment. A 
randomized control trial (RCT) revealed that 
RSA has minimal benefits over conservative 
treatment in terms of pain perception [19]. RSA 
has been compared to ORIF too. Patient satisfac-
tion and clinical outcomes resulted higher in the 
RSA group after two years of follow-up. Reverse 
total shoulder arthroplasty showed better ROM 
(except for internal rotation) and strength [10]. 
The complication rate for RSA is 8–11% [10, 
17], with a 6% needing another surgery [10].

When compared to HA, RSA showed better 
results regarding patient satisfaction, outcome 
scores, and a higher range of motion (forward 
elevation). Healing of the tuberosities in RSA is 
irrelevant for score punctuation, and it is only rel-
evant for recovery of external rotation (Fig. 1.4) 
[17].

1.5  Postoperative Rehabilitation

Rehabilitation is a very important part of the 
treatment of these fractures, and the best results 
are achieved when well established physical ther-
apy protocols are followed. Stiffness is directly 
related to a long immobilization period.

• Early passive range of motion. As soon as 
the patient tolerates it

• Active range of motion and progressive 
resistance

• Advance stretching and strengthening

S. Mills and J. C. Rubio-Suárez
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In minimally displaced fractures, an immedi-
ate rehabilitation program is an option, but. in dis-
placed fractures, as is often the case in the elderly, 
immobilization for a small period is needed until 
the pain is relieved. It has been shown that stiff-
ness related to immobilization, when it extends 
over 3 weeks, remains even after 2 years in the 
follow-up. The relevance of early rehabilitation 
has been widely proved, and it gains even more 
importance in the elderly. Adequate rehabilitation 
improves function and quality of life, and that is 
especially important in people that have poor neu-
romuscular status with bone fragility. Everything 
that compromises their independence can dramat-
ically worsen their general health [2].

1.6  Outcomes Evaluation

Outcomes are generally evaluated with health 
questionnaires and functional scales, specifically 
conceived for upper limb affections.

1.6.1  Health Questionnaires

Scales as EQ-5D or 15D are the most frequently 
applied.

1.6.2  Functional Scales

Some examples are DASH score, Constant score, 
American Shoulder and Elbow Surgeons 
Standardized Shoulder Assessment Form 
(ASES), or Oxford shoulder score (OSS).

1.7  Overall Complications

• Screw cutout: The most frequent complica-
tion when locking plate fixation is used.

• Avascular necrosis: Better tolerated than in 
lower extremities. This complication is not 
related to risk factors for humeral head isch-
emia, nor type of fixation.

• Nerve injury:
 – Axillary nerve: Most common nerve 

injury (up to 60%)
Deltoid-splitting approach

 – Suprascapular nerve
 – Musculocutaneous nerve

• Malunion.
• Nonunion: Risk increased with age and 

smoking. Nonunion of the tuberosities results 
in misfunctioning rotator cuff.

• Rotator cuff injuries and dysfunction. Long 
head of biceps (LHB) tendon injuries.

• Missed posterior dislocation. Maintain high 
suspicion in lesser tuberosity fractures.

• Adhesive capsulitis.
• Posttraumatic arthritis.
• Infection.

1.8  Mortality

Increased mortality has been related to different 
types of fractures: hip or periprosthetic fractures, 
vertebral fractures, distal femoral fracture, etc. 
[20]. All of them are often related somehow to a 
variable degree of frailness or comorbidities. 
Proximal humeral fractures are frequently associ-
ated with factors related to poor general health 
and morbidity, and also an increased mortality 
rate during the first year after the fracture has 
been described, especially in males and in those 
fractures treated surgically [21].

Registered one-year mortality rate after a PHF 
in people aged over 80 years old is 19.8%; the 
relative risk of dying after suffering a proximal 
humeral fracture was higher during the first 
30 days after the incident (5 times higher) com-
pared to the general population. Independent fac-
tors related to death were increased age, male sex 
(7 times higher), low bone mineral density, or 
concomitant fractures [21].

It is proposed that multidisciplinary teams 
(like in hip fractures in the elderly) may be advis-
able to treat these frail patients in order to reduce 
morbidity and mortality.

1 Displaced Proximal Humeral Fractures in the Elderly: Conservative Treatment Versus Open Reduction…
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1.9  Conclusions

• Proximal humeral fractures represent 5% of 
all adult fractures and the second in frequency 
at the upper limb. They are related to osteopo-
rosis, and almost 75% appear in people over 
60 years of age. Its overall incidence is 40 in 
100,000 patients, and, because of population 
aging and the increase of life expectancy, its 
incidence is predicted to triple in the next 
10 years [19].

• These fractures impair quality of life and 
decrease patients’ independence, so they have 
become a public health concern. Many studies 
have tried to establish protocols to improve 
their management.

• All therapeutic options available achieve pain 
relief (except in case of complications), but 
results are less predictable in terms of func-
tional outcomes and range of motion. New 
implants and techniques were approved trying 
to fill this gap. Nevertheless, the gold-standard 
technique for treating PHF is still under debate. 
The implementation of different techniques 
and implants made necessary the development 
of studies, trying to determine whether to 
choose one over another, but the evidence is 
still scarce, and high-quality studies are still 
needed to establish more solid conclusions.

• Based on the evidence available, the trend is 
nonoperative treatment for PHF in the elderly, 
supported by moderate to high evidence. 
Current evidence shows that surgical treat-
ment of displaced PHF in the elderly has no 
benefit compared to nonsurgical treatment. On 
these bases, surgical treatment must be very 
restrictive, and every case has to be individu-
alized [9].

• In those cases in which surgery is needed, 
RSA seems to be the most adequate option. 
Elderly patients present with poor bone qual-
ity: it produces complex fracture patterns and 
also increases the risk of complications with 
ORIF. RSA showed better outcomes over the 
other surgical techniques (plates, nails, or 
hemiarthroplasty) in the elderly. All of them 
relieve pain, but RSA offers better results in 
terms of ROM and strength.

• RSA could be recommended in those cases of 
complex fractures with head split, head dislo-
cation, or associated complex rotator cuff 
tears.

• The question now is “What do I choose? RSA 
or nonoperative treatment?” It is very impor-
tant to individualize and study each patient’s 
comorbidities and functional status. If surgery 
is chosen, we should remember that RSA 
offers a minimal advantage over conservative 
treatment and only in pain perception [19].
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2Surgical Versus Conservative 
Interventions for Treating 
Acromioclavicular Dislocation 
of the Shoulder in Adults

Jorge de las Heras-Sotos, Alonso Moreno-García, 
and E. Carlos Rodríguez-Merchán

2.1  Introduction

Acromioclavicular joint (ACJ) dislocation is a 
frequent lesion, especially in young active 
patients. The main restrictors of the clavicle to 
avoid dislocation are the conoid and trapezoid 
ligaments that attach the clavicle to the coracoid 
(CC ligaments). In addition, the acromioclavicu-
lar joint has its own ligaments (AC ligaments: 
anterior, posterior, superior, and inferior) that 
contribute both to the vertical and the anteropos-
terior stability. Traditionally, minimal signifi-
cance was given to the AC ligaments in relation 
to the pathoanatomy of these injury; however, 
recently, Kurata et  al. found that the AC liga-
ments contribute significantly to AC joint stabil-
ity, and superior displacement >50% of the AC 
joint can occur with AC ligament tears alone [1]. 
The trapezius and deltoid muscles, along with the 
deltotrapezoid fascia, contribute as well to the 
stabilization of the AC joint, in what Pastor et al. 
defined as a dynamic stabilization mechanism 
[2]. The AC joint serves as the link between the 
scapulothoracic, glenohumeral, and sternocla-
vicular joints and allows both gliding and rota-
tional motion. It is usually injured after a lateral 
blow that drives the clavicle medially and superi-
orly, injuring the aforementioned ligaments and 

creating instability into the joint. In this chapter, 
we are going to review the best evidence avail-
able for the management of these injuries.

2.2  Epidemiology 
and Classification

Shoulder injuries are common, and the increased 
risk is mainly attributable to sport-related inju-
ries. ACJ injury has been reported as the most 
common upper extremity injury in sports. In a 
recent study, the overall incidence was 2 per 
10,000 person-years, being more common in 
young adults and males, although the risk for 
high-grade injuries was greater in older patients. 
ACJ injuries were related to sport activities and 
road traffic accidents [3]. In a study aimed to 
evaluate the incidence of ACJ injuries in a gen-
eral population, Skjaker et al. reported that ACJ 
injuries constituted 11% of all shoulder injuries. 
Sports injuries accounted for 53%, compared to 
27% in other shoulder injuries, and the most 
common sport associated with ACJ injuries was 
football [4].

The first classification of acute ACJ injuries 
was introduced by Tossy et al. They classified the 
injuries from grade I to III based on radiological 
examination and the degree of rupture of the sup-
porting ligaments. Rockwood et al. established a 
more detailed classification that graded injuries 
from type I to VI [5]:

J. de las Heras-Sotos · A. Moreno-García 
E. C. Rodríguez-Merchán (*) 
Department of Orthopedic Surgery, La Paz University 
Hospital-IdiPaz, Madrid, Spain

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
E. C. Rodríguez-Merchán, A. Moreno-Garcìa (eds.), Controversies in Orthopedic Surgery of The 
Upper Limb, https://doi.org/10.1007/978-3-031-04907-1_2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-04907-1_2&domain=pdf
https://doi.org/10.1007/978-3-031-04907-1_2


12

Type I: Incomplete injuries of the AC liga-
ments and no injury of the CC ligaments. There is 
pain at the AC joint but no displacement.

Type II: Complete injury of the AC ligaments 
with incomplete injury of the CC ligaments. 
There is upward displacement of the clavicle but 
not above the acromion (50% displacement) 
(Fig. 2.1).

Type III: Complete injury of both the AC and 
the CC ligaments. The clavicle is displaced 
upwards, with the lower cortex of the clavicle at 
the level of the superior cortex of the acromion 
(100% displacement) (Fig. 2.2).

Type IV: Complete injury of both AC and CC 
ligaments with posterior displacement of the 
clavicle, penetrating the trapezius muscle.

Type V: Complete injury of both AC and CC 
ligaments with displacement of the clavicle 
above the acromion, significantly more than in 
type III, with disruption of the attachments of the 
deltoid and trapezius muscles (Fig. 2.3).

Type VI: Complete injury of both AC and CC 
ligaments with inferior displacement of the clav-
icle underneath the acromion and the coracoid 
process. This is a very rare entity.

2.3  Diagnosis

The clinical picture depends on the severity of the 
injury and the type of lesion. For type I, there is 
minimal to moderate local tenderness to palpa-
tion, mild swelling over the AC joint, and mini-
mal pain with arm movements. In type II, the 
distal end of the clavicle may be slightly superior 
to the acromion, and there is usually a local 
ecchymosis. On clinical examination, anterior–
posterior motion of the clavicle in the horizontal 
plane can present, but there should not be insta-
bility in the vertical plane. In type III, injuries 
and due to the severe ligamentous involvement, 
there is an inferior translation of the limb which 
produces the characteristic shoulder droop sign, 
the clavicle being prominent laterally. In this type 
of lesion, the AC joint can be reduced with 

Fig. 2.1 Rockwood type II

Fig. 2.2 Rockwood type III

Fig. 2.3 Rockwood type V
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upward pressure under the elbow or by having 
the patient actively shrug: the “shrug test.” For 
type IV, we will find the same symptoms and 
findings as in type III, and in addition the exami-
nation of the injured shoulder from above reveals 
that the outline of the displaced clavicle is trans-
lated posteriorly compared with the uninjured 
shoulder. Type V is an exaggeration of the type 
III injury, and the distal end of the clavicle 
appears to be clearly displaced and tenting the 
skin. Type VI injuries are rare and frequently 
associated to severe concomitant injuries that the 
disruption of the AC joint may not be recognized 
initially. Characteristically, the superior aspect of 
the shoulder has a flat appearance, the acromion 
is prominent, and there is a step to the superior 
surface of the coracoid process.

Diagnostic imaging is essential for assessing 
the severity of ACJ separation. The AP view of 
the ACJ on radiographs with the patient in the sit-
ting or standing position allows to assess the ver-
tical translation of the clavicle with respect to the 
acromion. A projection-directed cephalad 10–15° 
(Zanca view) shows a clearer view and is pre-
ferred by some surgeons [6]. For the assessment 
of the horizontal translation, there is not a unani-
mous accepted method. Axial images, scapular Y 
views, or CT are used for that purpose [7]. 
Magnetic resonance imaging (MRI) is of special 
relevance when evaluating healed or recon-
structed CC ligaments, through the evaluation of 
the signal intensities of the graft, tendon-bone 
interface, and neighboring bone [8].

2.4  Treatment and Results

Conservative treatment is the rule for ACJ inju-
ries with no displacement or upward displace-
ment of less than 50%. Regarding surgical 
treatment for ACJ dislocation, a recent review 
published by the Cochrane Library concludes 
that there is low-quality evidence that surgical 
treatment has no additional benefits in terms of 
function, return to former activities, and quality 
of life at 1 year compared with conservative treat-
ment [9]. However, this review was based on 
low-quality evidence studies and outdated tech-

niques, for what de Sa et al. “would caution read-
ers against placing too much stock in the key 
findings of this Cochrane review” [10]. 
Nowadays, it is generally accepted that injuries 
grade IV to VI should be managed operatively, 
and controversy remains about optimal treatment 
of type III injuries.

In general, it is accepted that Rockwood type 
I and II injuries should be treated conservatively. 
Treatment of these injuries typically consists of 
analgesics, cryotherapy, and the use of a sling 
during 1–2 weeks. Early range of motion activi-
ties are permitted, and weaning of the sling as 
pain permits is advised [11].

Management of type III injuries is today a 
source of controversy. While many authors report 
excellent results with surgical treatment, although 
the evidence of many of these works is low, oth-
ers like Schlegel et  al., in a prospective study, 
report good results of conservative management 
[12]. A metanalysis published by Smith et  al. 
concluded that there is a lack of well-designed 
studies to justify the optimum mode of treatment 
of grade III acromioclavicular dislocations [13]. 
In this situation, it is wise to recommend conser-
vative management initially in type III injuries 
and only resorting to surgery when the trial of 
nonoperative management fails. An exception 
could be high-demand patients, athletes, and 
laborers in whom surgical treatment may be indi-
cated firstly due to poor tolerance to ACJ 
instability.

Regarding type IV, V, and VI injuries, sur-
geons generally agree that active and fit-for- 
surgery patients may benefit from operative 
treatment. Again, there is a lack of well-designed 
controlled trials addressing this issue.

2.5  Surgical Treatment

The goal of surgical treatment is to restore bidi-
rectional acromioclavicular joint stability by 
repairing or reconstructing the injured structures, 
either with or without use of arthroscopy, and 
respecting the local anatomy.

The timing to surgery is an important issue in 
surgical treatment of ACJ injuries. We know that 
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the AC joint ligaments lose their potential to heal 
after 3 weeks following injury. In fact, after the 
studies of Maier et al., it is recommended to per-
form operative treatment as early as possible 
within a timeframe of 1  week after trauma to 
exploit the utmost biological healing potential of 
the injured ligaments. After their histological 
study, the authors’ findings indicate that the 
human acromioclavicular ligament complex 
exhibits early and highly dynamic intrinsic 
responses to traumatic rupture [14]. When com-
paring the clinical and radiographic results and 
the complication rate between early and delayed 
surgical treatment of ACJ dislocation, Song et al. 
in a metanalysis showed that better functional 
outcomes and more satisfied reduction was 
achieved with early treatment. However, the 
authors acknowledged the need for high-quality 
evidence studies to support this assertion [15]. In 
agreement with basic science results and for clin-
ical purposes, the separation line between acute 
and chronic cases is normally set at 3 weeks [6].

2.6  Acute Injuries

For the treatment of acute cases, less than 
3  weeks from injury, several techniques have 
been published with the objective to achieve ACJ 
stabilization that will allow the healing of the 
injured ligaments. Historically, metal implants 
were used like the Bosworth screw from the 
clavicle to the coracoid process, introduced in 
1941. It showed to be effective for the stabiliza-
tion of the ACJ in injuries grade III, IV, and 
V. The need for a second surgery to remove the 
implant and higher patient satisfaction with 
newer suspensory devices has relegated the use 
of this technique. The hook plate was introduced 
later as an alternative implant, showing higher 
Constant scores and patient satisfaction when 
compared to the Bosworth screw (Fig. 2.4). It is a 
simple surgical technique, with minimally inva-
sive access, allowing early resumption of normal 
activity. The hook plate fixation allows time for 
the native AC and CC ligaments to heal in place 
by reducing the AC joint and maintaining the 
reduction. Good clinical and radiological results 

have been published with its use. Kienast et al. 
reported 89% excellent and good results but with 
a complication rate of 10.6% [16]. Some authors 
have postulated the combination of hook plate 
fixation and CC repair. In this regard, Chen et al. 
reported fewer acromion complications and sta-
tistical differences in reduction maintenance 
[17]. When compared to suspensory devices, 
hook plate fixation shows poorer results as shown 
in a recent meta-analysis which reported that 
both techniques offered effective outcomes in 
relieving the pain although the suspensory tech-
nique showed an advantage over hook plate in 
terms of postoperative pain [18]. In a retrospec-
tive study, Unal et al. concluded that endo-button 
showed superior shoulder scores in the early 
stages when compared with hook plate fixation 
[19]. Tension band wiring method has also been 
used by some authors providing functionally sat-
isfactory results, although high rate of complica-
tions has been reported with residual subluxation 
or loss of reduction in more than 45% of cases 
[20].

The suspensory techniques have gained 
increasing popularity in recent years for the treat-
ment of acute ACJ injuries. The advantages of 
these novel techniques are the minimal invasive 

Fig. 2.4 Hook plate fixation
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Fig. 2.5 DogBone suspensory technique

approach, the possibility of using arthroscopy, 
and there is no need for hardware removal. 
Several devices have been developed like the 
EndoButton, the TightRope, the DogBone, and 
the ZipTight, among others (Fig.  2.5). They all 
consist of metallic buttons placed on top of the 
clavicle and under the coracoid that are con-
nected with a continuous loop of suture. They can 
be used as a single suspension device in a vertical 
placement, the device anchored at an isometric 
point of the CC ligament or in an anatomical 
manner with the use of two or more vertical sta-
bilizers along the course of the CC ligaments, the 
latter allowing theoretically for a more physio-
logical stabilization, restoring not only vertical 
but horizontal stability. Kurtoglu et al. presented 
recently their series of 25 patients treated with a 
suspensory loop device. The results were favor-
able in terms of functional recovery and pain 
relief. However, the major disadvantage found 
was radiological loss of AC joint reduction, 
which occurred in six cases [21]. In a study 
focusing on reduction loss after arthroscopic sus-
pensory fixation of acute acromioclavicular dis-
locations, Çarkçi et  al. found a 25% reduction 
loss of more than 3 mm. This loss did not create 
a statistically significant difference in Constant 

scores, but AC joint-specific tests, subjective 
evaluation, and aesthetic subjective satisfaction 
values were significantly impaired. The authors 
advocate that reduction maintaining is crucial for 
excellent functional and aesthetic results after 
fixation of the AC joint with a double-button 
device [22]. Özcafer et al. published their experi-
ence with the use of TightRope for the treatment 
of type V ACJ dislocations. In a series of 19 
patients, the authors concluded that TightRope 
device can provide anatomical restoration in 
patients with acute type V ACJ dislocations with-
out subluxation at the final follow-up examina-
tion at 1 year postop [23]. Wang et al. compared 
two popular suspensory devices, TightRope and 
EndoButton, in a retrospective case-control 
study. The authors concluded that there were no 
significant differences between the two groups 
regarding the Constant-Murley score and the cor-
acoclavicular distance during the follow-up [24].

Biological augmentation is not advocated for 
acute injuries; however, some authors have devel-
oped techniques that use biological grafts that 
may be of interest in certain cases, like the one 
described by Ruzbarsky et  al. of arthroscopic 
allograft CC ligament reconstruction [25].

Although the aforementioned techniques 
using metallic buttons have shown good clinical 
results, complication rates published are high, 
ranging from 20% to 44%. Another concern is 
the adverse clinical results by residual horizon-
tal instability after CC ligament repair. Some 
authors have proposed the use of suture anchors 
on the coracoid to address vertical and horizon-
tal stabilities simultaneously, advocating the use 
of small diameter tunnels to reduce the risk of 
fractures. Liu et  al. reported on the use of CC 
ligament reconstruction using two suture anchors 
and ACJ augmentation using two strands of 
non- absorbable heavy sutures on high-grade AC 
dislocations. In their series of 29 patients, they 
obtained good clinical and functional results, 
with radiographs showing two partial loss of 
reduction, whereas no horizontal displacement 
was found, and one superficial wound infec-
tion and no neurovascular complications were 
recorded after a mean follow-up of 28  months 
[26]. Teixeira et al., in a recent publication, also 

2 Surgical Versus Conservative Interventions for Treating Acromioclavicular Dislocation of the Shoulder…



16

stress the importance of addressing the horizontal 
instability of the ACJ when treating these inju-
ries. The authors propose the achievement of 
additional horizontal stability through superior 
AC ligament repair using suture anchors [27]. 
Suture anchor fixation and double-button fixation 
technique have been recently compared by Topal 
et al., concluding that both techniques are reliable 
treatment methods that are not superior to one 
another and can yield excellent functional out-
comes [28]. Hahem et al. have recently published 
an arthroscopically assisted coracoclavicular and 
horizontal acromioclavicular fixation technique 
in a modified figure-of-eight configuration using 
two strong FiberTape cerclage sutures [29].

The introduction of the arthroscopy for the 
treatment of ACJ injuries is nowadays well 
accepted, providing several advantages over open 
procedures. These techniques offer superior visu-
alization of the base of the coracoid and require 
less soft tissue dissection and smaller incisions 
than open procedures. In addition, it allows the 
surgeon to identify and treat possible associated 
injuries within the glenohumeral joint and sub-
acromial space. Arthroscopically assisted ana-
tomic reconstruction using a suspensory device, 
with no need of a biological augmentation in acute 
injuries, was the consensus achieved by shoulder 
experts which has been recently published [6].

2.7  Chronic Injuries

If the initial trauma occurred more than 3 weeks 
before treatment, these cases should be consid-
ered chronic due to ligament limited healing 
capacity of both CC and AC ligaments from 
that point. The choice of treatment of chronic 
ACJ dislocation is controversial. In general, it 
is deemed necessary in chronic cases to perform 
arthroscopically assisted biologic reconstruc-
tion to recreate not only CC ligaments but also 
AC ligaments. Since less healing response is 
expected, the more surgical stability, increased 
by biological augmentation, is recommended. 
Biomechanical studies have demonstrated that 
combined AC and CC ligaments reconstruction 
provides better results than isolated CC recon-

struction [30]. The transposition of the cora-
coacromial ligament from the acromion to the 
distal clavicle, keeping the coracoid insertion, 
was described by Weaver and Dunn in 1972. To 
improve mechanical stabilization, Weaver-Dunn 
procedure has been combined with suspen-
sory button devices by other authors with good 
results [31]. Ranne et al. reported on the results 
of a series of 58 patients with chronic acromio-
clavicular separations treated with arthroscopic 
coracoclavicular ligament reconstructions using 
semitendinosus autografts. Constant and Simple 
Shoulder Test scores were determined before 
and 2  years after surgery, and general patient 
satisfaction also was assessed. In addition, the 
coracoclavicular distance was measured using 
anteroposterior radiographs taken 2  years after 
surgery. Eighty-five percent of the patients 
reported excellent subjective outcomes. Constant 
and Simple Shoulder Test scores showed signifi-
cant improvement at 2 years postoperatively. The 
mean coracoclavicular distance increased from 
10.5 ± 3.4 to 12.4 ± 3.9 mm (P = 0.009), two cor-
acoid fractures were observed, one patient expe-
rienced a deep infection, and two patients had 
superficial postoperative infections. The authors 
conclude that coracoclavicular ligament recon-
struction is a challenging procedure, but satisfac-
tory results can be achieved with careful patient 
selection and good technique [32]. The use of 
synthetic ligament has been also described with 
favorable results [33], and some authors have 
introduced a technical variation that combines 
synthetic ligament reconstruction and anatomic 
allograft reconstruction of the CC ligaments. 
Yeranosian et  al. reviewed the results of this 
combined technique on 10 patients with chronic 
ACJ dislocations, showing good clinical and 
functional results at a mean follow-up of 2 years. 
The authors concluded that this technique using 
a synthetic ligament along with an anatomic 
allograft coracoclavicular ligament reconstruc-
tion is a safe, effective alternative [34]. Romano 
et al. have recently reported on the use of a new 
device based on a permanent implantable Tube-
Tape with integral eyelet which is looped around 
the coracoid, together with a titanium button for 
clavicle attachment, the Infinity- Lock Button 
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System. After a retrospective study of 15 patients, 
the authors concluded that this technique is effec-
tive for treatment of chronic grade III ACJ dis-
location, resulting in elevated satisfaction ratings 
and predictable outcomes [35]. Cano-Martínez 
et  al. also reported in the use of vertical and 
horizontal stabilization without biological aug-
mentation. In a series of 21 patients after a mean 
follow-up of 49 months, the authors reported no 
significant differences with the uninjured shoul-
der of the Constant score and Acromioclavicular 
Joint Instability Scoring System. The radiologi-
cal results were as well satisfactory [36].

Postoperatively, either for acute or chronic 
cases, a shoulder sling is recommended for 
immobilization for 3 weeks, with a limitation of 
range of motion with no activities of daily living 
for the first 6 weeks and a free range of motion 
6 weeks after surgery [6].

2.8  Conclusions

Acromioclavicular joint (ACJ) dislocation is a 
frequent lesion, especially in young active 
patients and mainly attributable to sport-related 
injuries. The overall incidence is 2.0 per 10.000 
person-years and constitutes 11% of all shoulder 
injuries. The most commonly used classification 
is the one from Rockwood that categorizes these 
injuries in type I to VI. The diagnosis is essen-
tially based on plain X-ray, although CT is of use 
for the assessment of horizontal translation. 
Conservative treatment is the rule for ACJ inju-
ries with no displacement or upward displace-
ment of less than 50% (Rockwood type I and II). 
Management of type III injuries is today a source 
of controversy, but it is recommended conserva-
tive management initially and only resorting to 
surgery when the trial of nonoperative manage-
ment fails. Regarding surgical treatment, 
arthroscopically assisted anatomic reconstruction 
using a suspensory device, with no need of a bio-
logical augmentation is the general recommenda-
tion, whereas biological reconstruction of 
coracoclavicular and acromioclavicular liga-
ments with tendon graft is advocated in chronic 
cases. Complications are not infrequent out of 

these techniques, and prospective well-designed 
studies are needed to standardize the operative 
approach of ACJ injuries.
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3Calcific Tendinopathy 
of the Rotator Cuff in Adults: 
Operative Versus Nonoperative 
Management

E. Carlos Rodríguez-Merchán, Hortensia De la 
Corte-Rodríguez, Carlos A. Encinas-Ullán, 
and Primitivo Gómez-Cardero

3.1  Introduction

Rotator cuff calcific tendinitis (RCCT) is a fre-
quent pathologic condition affecting the rotator 
cuff, principally happening in women in their for-
ties [1–3]. Commonly, patients complain of a 
low-degree subacute shoulder pain augmenting 
during the night [3]. Plain radiography and ultra-
sound (US) are the imaging tests of choice [4], 
permitting easy identification of focal calcium 
depositions in the RC tendons, mainly in the 
supraspinatus (80%) and less commonly in the 
infraspinatus and subscapularis tendons (15% 
and 5% of all cases, respectively) [2].

Conversely, magnetic resonance imaging 
(MRI) is not usually indicated in this setting due 
to the well-known limitations of this imaging 
technique in the assessment of RCCT, even 
though it is considered the crucial imaging test to 
exclude other pathologic conditions of the shoul-
der [5–7]. RCCT is a self-limiting condition that 
can be completely asymptomatic in chronic stage 
and not in need of management. Nevertheless, in 

some cases, it can represent a painful and dis-
abling condition, especially when considering 
the acute stage [3]. Discomfort intensity affects 
the selected management: conservative (rehabili-
tation medicine and oral anti-inflammatory medi-
cation) if pain is mild or more invasive (shock 
waves, surgery, and imaging-guided irrigation) 
when symptoms are more severe. Shock wave 
lithotripsy was shown to be not always resolving 
[8], and, at present, there is no standard of care 
for RCCT [1, 9].

Over the last years, US-guided percutaneous 
irrigation of calcific tendinopathy (US-PICT) has 
become more and more universally utilized [10] 
because of its minimal invasiveness compared to 
surgery and its radical impact on calcifications in 
comparison to shock waves, since mineralized 
deposits are disaggregated and removed outside 
the tendon [11, 12]. Moreover, it has been previ-
ously reported how US-PICT makes easier rapid 
shoulder function recovery and pain alleviation 
[13]. The technique is usually carried out with 
16- to 21-gauge needles under local anesthesia. It 
is shown that even interventional or minor surgi-
cal techniques may be associated with a signifi-
cant psychological burden in patients, possibly 
producing discomfort and anxiety [14].

The purpose of this chapter is to analyze 
recent literature evaluating the clinical outcomes 
of nonoperative and operative treatment for cal-
cific tendinopathy of the shoulder.
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3.2  Pathogenesis

In 2020 Cho et  al. identified differentially 
expressed genes associated with extracellular 
matrix degradation and inflammatory regulation 
in calcific tendinopathy utilizing RNA sequencing 
[15]. They identified 202 differentially expressed 
genes (DEGs) between calcific and adjacent nor-
mal tendon tissues of rotator cuff using RNA 
sequencing-based transcriptome analysis. The 
DEGs were highly enriched in extracellular 
matrix (ECM) degradation and inflammation-
related processes. Further, matrix metalloprotein-
ase 9 (MMP9) and matrix metalloproteinase 13 
(MMP13), two of the enzymes associated with 
ECM degradation, were encountered to be highly 
upregulated 25.85- and 19.40- fold, respectively, 
in the calcific tendon tissues compared to the 
adjacent normal tendon tissues. Histopathological 
analyses indicated collagen degradation and mac-
rophage infiltration at the sites of calcific deposit 
in the rotator cuff tendon. This study could help 
to better understand the pathogenesis associated 
with calcific tendinopathy [15].

3.3  Imaging

RCCT has a typical imaging presentation: in most 
cases, calcific deposits appear as a dense opacity 
around the humeral head on conventional radiog-
raphy (Fig. 3.1), as hyperechoic foci with or with-
out acoustic shadow at ultrasound and as a signal 
void at magnetic resonance imaging (Fig.  3.2) 
[16]. Nonetheless, we have to take into account 
the possible unusual presentations of RCCT and 
the key imaging features to correctly differentiate 
RCCT from other RC conditions, such as calcific 
enthesopathy or RC tears. Other presentations of 
RCCT to be considered are intrabursal, intraos-
seous, and intramuscular migration of calcific 
deposits that may mimic infectious processes or 
malignancies. While intrabursal and intraosse-
ous migration are quite common, intramuscular 
migration is an unusual evolution of RCCT. It is 
important also to know atypical regions affected 
by calcific tendinopathy as biceps brachii, pecto-
ralis major, and deltoid tendons [16].

Fig. 3.1 Anteroposterior radiograph showing calcific 
tendinitis (arrow)

Fig. 3.2 Magnetic resonance imaging (MRI) showing 
calcific tendinitis (arrow)
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An important question is to know whether 
MRI of the shoulder is ever appropriate in assess-
ing patients with calcific tendinopathy of the rota-
tor cuff. According to Beckmann et al., a shoulder 
MRI might be carried out for preoperative plan-
ning prior to surgical removal of calcium deposits, 
but even in this patient population, the prevalence 
of full-thickness rotator cuff tear is low [17].

In 2021, Laucis et al. compared the prevalence 
of rotator cuff (RC) tears on shoulder ultrasounds 
of patients with RC calcific tendinopathy (CaT) 
to that of a control group without CaT [18]. RC 
tears were diagnosed in 38% (19/50) of the con-
trol group (16 full-thickness) as compared to 
22% (11/50) with CaT (6 full-thickness). The 
fewer full-thickness tears in the CaT group (12%, 
6 of 50) compared to that in the control group 
(32%, 16 of 50) was statistically significant 
(P  =  0.016, odds ratio 0.29). Only 7 of the 11 
tears in the CaT group were in a calcium- 
containing tendon (3 full-thickness). The fewer 
calcium-containing tendon tears compared to 
tears in the control group was also statistically 
significant (P = 0.006, odds ratio 0.27). Moreover, 
the fewer full-thickness calcium-containing ten-
don tears (6%, 3/50) compared to full-thickness 
tears in the control group (32%, 16/50) were yet 
more statistically significant (P  =  0.001, odds 
ratio 0.14). In patients with shoulder pain and 
CaT, Laucis et al. observed a decreased number 
of RC tears and especially calcium containing 
tendon tears, as compared to similar demographic 
patients with shoulder pain but without CaT [18].

In 2019, Beckman et  al. compared the inci-
dence of rotator cuff tears in the setting of calcific 
tendinopathy on MRI (a case controlled compari-
son) [19]. They found that patients presenting 
with indeterminate shoulder pain and rotator cuff 
calcific tendinopathy were not at augmented risk 
for having a rotator cuff tear compared with simi-
lar demographic patients without calcific tendi-
nopathy presenting with shoulder pain. It 
appeared that calcific tendinopathy and rotator 
cuff tears likely arise from different pathological 
processes [19].

3.4  Treatment

According to Beckmann et  al., in most cases, 
calcific tendinopathy is a self-limited process, 
typically resolving within a few weeks or 
months [17]. During this period, conservative 
treatment with nonsteroidal anti-inflammatory 
drugs, rehabilitation medicine, warm com-
presses, and possibly a corticosteroid injection 
into the subacromial bursa can be administered 
for symptomatic pain alleviation. Around 10% 
of patients with calcific tendinopathy will have 
protracted symptoms that are refractory to con-
servative treatment. Even in this population of 
patients with calcific tendinopathy and failed 
conservative treatment, the prevalence of full-
thickness tear remains low. Extracorporeal 
shockwave therapy and ultrasound-guided nee-
dle techniques are efficacious in alleviating pain 
and resolving the calcium deposits in chronic 
calcific tendinopathy of the rotator cuff that has 
failed initial conservative management These 
treatments are minimally invasive and involve 
mostly minor complications of soreness, local 
bruising/ swelling, and subcutaneous hemor-
rhage, which happen in 10% of patients treated 
with ultrasound-guided needle techniques and 
7%–19% of patients treated with extracorporeal 
shockwave therapy. Surgical removal of the cal-
cium deposits of calcific tendinopathy is also 
efficacious in diminishing pain and ameliorat-
ing function by utilizing either arthroscopic or 
open techniques. Nonetheless, surgery is expen-
sive and requires exposure to anesthesia and a 
longer recovery period compared with other less 
invasive treatments. For these reasons, surgery 
should be indicated in patients who have pro-
tracted, activity-limiting pain and have failed 
initial conservative and minimally invasive 
treatments. In this select population of patients 
with chronic calcific tendinopathy and pro-
longed refractory pain being considered for sur-
gical removal of the calcifications, shoulder 
MRI may be warranted for preoperative plan-
ning [17].
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3.4.1  Ultrasound-Guided 
Percutaneous Irrigation 
of Rotator Cuff Calcific 
Tendinopathy (US-PICT)

In 2020, Albano et al. assessed patients’ experi-
ence of US-PICT. They found that US-PICT was 
a mildly painful, comfortable, and well-tolerated 
technique, regardless of any previous treatments. 
Patients’ satisfaction was correlated with clinical 
benefit and full explanation of the technique and 
its complications [20].

3.4.1.1  US-Guided Percutaneous 
Irrigation of Calcific 
Tendinopathy of the Rotator 
Cuff in Patients with or Without 
Previous External Shockwave 
Therapy

In 2021, Lanza et  al. compared the outcome of 
US-PICT of the rotator cuff in patients with or 
without previous external shockwave therapy 
(ESWT) [21]. They found that US-PICT of the 
rotator cuff was an efficacious technique to 
diminish shoulder pain and augment mobility in 
patients with calcific tendinopathy, both in short- 
and long-run time intervals. Previous unsuccess-
ful ESWT did not affect the result of US-PICT.

3.4.1.2  Efficacy of Ultrasound-Guided 
Percutaneous Treatment 
of the Rotator Cuff Calcific 
Tendinopathy with Double 
Needle Technique

According to Saba et al., US-PICT with double 
needle was a dependable and reproducible proce-
dure for treatment of the RCCT and their clinical 
symptoms, when conservative treatment was 
insufficient [22]. Only patients with calcification 
at least 5 mm in size with and with acute pain and 
functional limitation were selected. All patients 
had a shoulder radiograph to compare it with 
posttreatment. The patient was placed supine and 
disinfected profusely. Then percutaneous local 
anesthesia (Lidocaine 10 mg/mL) was carried out 
utilizing 25-gauge (G) needle, along the path 
chosen for the treatment and for both needles. 
Then, two 18 G needles were introduced into the 

calcification, with the first needle that must be 
inserted in a deep position. With a 20 mL syringe 
prefilled with saline and lidocaine (the irrigation 
of the calcification could be painful), pressure 
was applied to one of the two needles. It is pos-
sible to insert a 20 G needle into each needle to 
remove calcium that may obstruct needle tips. 
During the technique, the needle can also be 
moved to other areas to be treated, depending on 
the size and shape of the calcification. The dura-
tion of the treatment depended on the size and the 
hardness of the calcification. After the destruc-
tion of the calcification, the fragments pushed by 
the physiological solution were able to exit by 
from the other needle positioned inside the calci-
fication creating a washing circuit. Finally, infil-
tration into the subacromial-subdeltoid bursa 
(SASD) with cortisone (Betamethasone dipropi-
onate 1 mL) was performed [22].

3.4.1.3  US-PICT: Redefining Predictors 
of Treatment Outcome

In 2020, Vassalou et al., tried to identify prognos-
tic factors affecting the clinical result in patients 
treated with rotator cuff US-PICT, by assessing 
the grade of calcium removal, the size and con-
sistency of calcific deposits, and baseline level of 
shoulder pain and functionality [23]. The conclu-
sion was that large calcifications and low-grade 
pain at baseline are correlated with short- and 
long-run pain amelioration. The grade of calcium 
removal did not impact pain or functional 
improvement beyond 1 week. Augmented calcifi-
cation size, cystic appearance, and low-grade 
baseline pain predicted complete pain recovery at 
1 year [23].

3.4.2  External Shock Wave Therapy 
(ESWT)

3.4.2.1  Focused, Radial, 
and Combined ESWT

A study with level 1 evidence (randomized con-
trol study) compared the clinical, functional, and 
ultrasonographic results of focused, radial, and 
combined ESWT in the management of calcific 
shoulder tendinopathy [24]. In the three studied 
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groups, there was a significant amelioration in 
shoulder pain, active range of motion (ROM), 
and shoulder function by shoulder disability 
questionnaire (SDQ) at 1 week after the end of 
treatment and after 3  months follow-up. 
Furthermore, there was a significant sonographic 
reduction in calcification size in the three groups. 
At the end of the study, the best improvement as 
regards a decrease of calcification size was 
obtained in group III when compared with group 
I and group II. This study demonstrated clinical, 
functional, and sonographic improvement in all 
groups. The best therapy in calcific shoulder ten-
dinopathy seemed to be combined focused and 
radial ESWT compared to interventions alone 
[24].

3.4.2.2  Effectiveness of Focused 
Shockwave Therapy Versus 
Radial Shockwave Therapy 
for Noncalcific Rotator Cuff 
Tendinopathies: A Randomized 
Clinical Trial

A randomized clinical trial, registered with 
ChiCTR1900022932, compared the effective-
ness of focused shockwave therapy (F-SWT) ver-
sus radial shockwave therapy (R-SWT) for the 
treatment of noncalcific rotator cuff tendinopa-
thies [25]. The conclusion was that both F-SWT 
and R-SWT were efficacious in patients with 
noncalcific rotator cuff tendinopathy. F-SWT 
proved to be significantly superior to R-SWT at 
long-run follow-up (more than 24 weeks).

3.4.3  Platelet-Rich Plasma (PRP)

In 2019, Kim et al. studied the effect of PRP on 
the degenerative rotator cuff tendinopathy 
according to the compositions [26]. They found 
that TGF-β1 and IL-1β among cellular compo-
nents of PRP were related to clinical efficacy for 
RC tendinopathy, and concentration of IL-1β 
above 5.19 pg/mL and TGF-β1 above 61.79 μg/
mL in PRP had better clinical results for RC ten-
dinopathy than the exercise group. Patients were 
in supine position with their arms placed on the 
superior aspect of the iliac wing with the palm up 

and the elbow flexed. Kim et al. found the long 
head of biceps in the intertubercular groove 
transversely via ultrasound. After lining the probe 
along the long axis of biceps tendon, the probe 
was moved to the supraspinatus tendon in a paral-
lel position. After finding the hypoechoic lesion, 
2  mL of PRP solution was injected to the 
hypoechoic lesion of degenerative supraspinatus 
via 22-gauge syringe with peppering technique. 
Peppering technique was utilized to avoid tendon 
morphology disruption by injecting PRP into the 
tendon. The remaining 1 mL of PRP solution was 
used in analyzing the compositions of PRP [26].

3.4.4  Needle Aspiration

In 2020, Oudelaar et al. tried to identify prognostic 
factors for the effectiveness of needle aspiration 
of calcific deposits (NACD) for RCCT [27]. They 
found that a good initial response after NACD 
was associated with better results at 12 months. 
Patients with a longer duration of symptoms 
before NACD and patients who needed multiple 
procedures showed inferior results in terms of 
pain reduction and amelioration of quality of life. 
Smaller-size calcific deposits were associated 
with a less favorable result of shoulder function 
and quality of life scores and might therefore be 
less susceptible for NACD [27].

3.4.5  Dextrose Prolotherapy

In 2020, Catapano et al. systematically reviewed 
and assessed the efficacy and complication pro-
file of prolotherapy using hyperosmolar dextrose 
solution injection for rotator cuff tendinopathy 
[28]. They found that prolotherapy with hyperos-
molar dextrose solution was a potentially effica-
cious adjuvant intervention to rehabilitation 
medicine for patients with rotator cuff tendinopa-
thy ranging from tendinosis to partial-thickness 
and small full-thickness tears. However, Catapano 
et al. stated that further studies were necessary to 
determine effects in subpopulations as well as 
optimal technique including dextrose concentra-
tion, volume, and location [28].
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3.4.6  Sodium Thiosulfate

A study (clinical trial registration number 
NCT02538939) reported in 2020 assessed the 
tolerance and the feasibility of sodium thiosulfate 
(STS) lavage of calcific tendinopathy [29]. 
Overall, STS was well tolerated with no side 
effect occurring during the technique and the 
follow-up. Nonetheless, no significant effect on 
calcium disappearance could be shown compared 
with what is expected without STS. Darrieutort- 
Laffite et  al. stated that new studies utilizing 
larger volume and repeated injections of STS 
were needed.

3.4.7  Surgical Treatment

Surgery should be reserved for patients who have 
protracted, activity-limiting pain and have failed 
initial conservative and minimally invasive treat-
ments. In this select population of patients with 
chronic calcific tendinopathy and prolonged 
refractory pain being considered for surgical 
removal of the calcifications, shoulder MRI may 
be warranted for preoperative planning [30].

Surgical treatment is commonly considered if 
symptoms persist for more than 6 months after 
the start of nonoperative treatment [31]. Surgical 
intervention is undertaken in roughly 10% of 
patients, who have failed nonoperative treatment 
[32]. Operative management can be pursued via 
an arthroscopic or open approach. The open 
approach has been used historically but has a lim-
ited role with evolutions in arthroscopic tech-
niques and training [31].

In the arthroscopic approach, calcium deposits 
are identified as a bulge within the tendon often 
with increased vascular patterns [33]. The tendon 
is commonly incised in a longitudinal manner to 
avoid rotator cuff tears and retraction and with 
the assistance of a cannula to minimize distribu-
tion of small calcification deposits [34, 35]. 
Effective needling of the calcification is con-
firmed when a snowstorm-like effect is seen in 
the space [34]. Additional shoulder pathologies 
can be addressed at the same time 
arthroscopically.

There have been sparse prospective random-
ized trials studying the effect of arthroscopic 
treatment on patient-reported results in patients 
with calcific tendinopathy of the shoulder. In a 
study by Sabeti et  al. [36], the efficacy of 
arthroscopic treatment in 20 patients at 
9 months after treatment was assessed. Constant 
and visual analog scale (VAS) pain scores sig-
nificantly improved (p  <  0.01). In a different 
study, Clement et al. [37] assessed the efficacy 
of arthroscopic treatment alone and arthroscopic 
treatment with subacromial decompression in 
80 patients at 12 months after treatment. There 
was a statistically significant improvement in 
Constant and VAS pain scores for both groups 
(p < 0.001) but no statistical difference between 
them (p > 0.05).

Rompe et  al. [38] and Rebuzzi et  al. [39] 
investigated ESWT compared to arthroscopy 
for the treatment of calcific tendinopathy and 
found similar improvements between the two 
treatment methods. While arthroscopic treat-
ment can provide patients relief, it is only rec-
ommended after failure of all other treatments 
given its invasiveness compared to ESWT and 
US-PICT.  Controversy remains regarding the 
optimal methods for surgical management of 
calcific tendinitis. There is debate about remov-
ing all deposits versus leaving some deposits or 
whether or not the created tendon defect should 
be repaired.

In a study by Ark et al. [34], the authors con-
cluded that complete removal of the deposits is 
not necessary after 12 of 14 patients obtained sig-
nificant pain relief with residual calcium deposits 
evident on postoperative radiographs. Repair of 
the defects created from removal of the deposits 
was not performed. Alternatively, Jerosch et  al. 
[40] suggested that complete removal of the 
deposits is necessary, but repair of defects after-
ward is not. In another study by Porcellini et al. 
[41], 63 patients who underwent arthroscopic 
debridement by one surgeon were analyzed. It 
was deemed that complete removal of the depos-
its and repair of the defects was appropriate. The 
authors stated that repair of the defects decreased 
the chance of further propagation of the tear and 
aids inpatient rehabilitation.
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3.5  Comparative Studies

3.5.1  Operative Versus 
Nonoperative Management

According to Bechay et  al., conservative treat-
ment, ESWT, US-PICT, and operative manage-
ment have all been found to be beneficial in the 
treatment of symptomatic calcific tendinopathy. 
Conservative management is very effective for 
most patients and should be the first line of treat-
ment. In patients who fail conservative manage-
ment, ESWT or US-PICT is often effective and 
should be the next step in treatment. Surgery 
should be reserved for patients who have failed 
these other modalities of treatment [30].

3.5.2  Radial ESWT Versus 
Ultrasound Therapy

Dedes et al. investigated the intensity of pain, 
the functionality of the upper limbs, and the 
quality of life of patients with rotator cuff ten-
dinopathy by using two different therapeutic 
modalities, shockwave and ultrasound, whose 
results were evaluated pretreatment and post-
treatment as well as after a 4-week follow-up 
[42]. The pain intensity was diminished, and 
both the functionality and quality of life were 
ameliorated after shockwave therapy posttreat-
ment (p  <  0.001) and at a 4-week follow-up 
(p < 0.001) compared with those found after the 
treatment. Similar improvements in all three 
parameters were also found after ultrasound 
treatment, but the results were not as pro-
nounced as in the shockwave group. In conclu-
sion, both radial shockwave and ultrasound 
therapies were found to be effective in the treat-
ment of rotator cuff tendinopathy, the statistical 
analysis showing that radial shockwave therapy 
was superior to the ultrasound therapy post-
treatment and at the 4-week follow-up [42].

3.5.3  Comparing Ultrasound- 
Guided Needling Combined 
with a Subacromial 
Corticosteroid Versus High- 
Energy ESWT

In a randomized controlled trial (level II of evi-
dence), Louwerens et  al. compared clinical and 
radiographic results after treatment with stan-
dardized high-energy ESWT and ultrasound- 
guided needling (UGN) in patients with 
symptomatic calcific tendinitis of the rotator cuff 
who were nonresponsive to conservative treat-
ment [43]. Both techniques were successful in 
improving function and pain, with high satisfac-
tion rates after 1-year follow-up. However, UGN 
was more effective in eliminating the calcific 
deposit, and the amount of additional treatments 
was greater in the ESWT group.

3.5.4  Comparison of Radial 
Extracorporeal Shockwave 
Therapy and Traditional 
Rehabilitation Medicine

A study investigated the efficacy of radial extra-
corporeal shockwave therapy (rESWT) in allevi-
ating pain and ameliorating ROM and 
functionality besides conventional rehabilitation 
methods in the treatment of RCCT [44]. Duymaz 
and Sindel studied 80 patients (35 males, 45 
females; mean age 53.3 years; range, 40–70 years) 
with chronic RCCT.  Patients were randomly 
divided into two groups: rESWT group (n = 40) 
treated with conventional physiotherapy and 
rESWT and control group (n = 40) treated only 
with a conventional rehabilitation program. The 
traditional rehabilitation medicine program 
included ultrasound, transcutaneous electrical 
nerve stimulation, shoulder joint ROM and 
stretching exercises, and ice applications. All 
patients received a total of 20 treatments, 5 days 
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a week for 4 weeks. rESWT was applied once a 
week for 4 weeks in total. Before and after treat-
ment, all patients were assessed for age, height, 
weight, body mass index (BMI), pain intensity 
with a visual analog scale, shoulder ROM, and 
functional disability status with the shortened 
version of the Disabilities of the Arm, Shoulder 
and Hand questionnaire (QuickDASH). Mean 
BMI value of the participants was 26.1  kg/m2. 
Although all parameters of the patients in both 
groups improved significantly, patients in the 
rESWT group had a statistically significant 
improvement in pain, ROM, and QuickDASH 
scores (p  <  0.001, p  <  0.001, and p  <  0.001, 
respectively). The conclusion was that rESWT 
was an effective and noninvasive method of 
reducing pain and increasing ROM and func-
tional status without the need for surgery [44].

3.6  Conclusions

In most cases, calcific tendinopathy is a self- 
limited process, typically resolving within a few 
weeks or months. During this period, conserva-
tive treatment with nonsteroidal anti- 
inflammatory drugs, rehabilitation medicine, 
warm compresses, and possibly a corticosteroid 
injection into the subacromial bursa can be 
administered for symptomatic pain alleviation. 
About 10% of patients with calcific tendinopathy 
will have protracted symptoms that are refractory 
to conservative treatment. Even in this population 
of patients with calcific tendinopathy and failed 
conservative management, the prevalence of full- 
thickness tear remains low. Extracorporeal 
shockwave therapy and ultrasound-guided needle 
techniques are efficacious in alleviating pain and 
resolving the calcium deposits in chronic calcific 
tendinopathy of the rotator cuff that has failed 
initial conservative treatment. These treatments 
are minimally invasive and involve mostly minor 
complications of soreness, local bruising/ swell-
ing, and subcutaneous hemorrhage, which occur 
in 10% of patients treated with ultrasound-guided 
needle techniques and 7%–19% of patients 
treated with extracorporeal shockwave therapy. 
Surgical removal of the calcium deposits of cal-

cific tendinopathy is also efficacious in decreas-
ing pain and improving function by using either 
arthroscopic or open techniques. However, sur-
gery comes at greater cost, exposure to anesthe-
sia and a longer recovery period compared with 
other less-invasive treatments. For these reasons, 
surgery should be reserved for patients who have 
protracted, activity-limiting pain and have failed 
initial conservative and minimally invasive 
treatments.
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4Recurrent Anterior Shoulder 
Instability in Adults: Bankart 
or Latarjet?

Raul Barco and E. Carlos Rodríguez-Merchán

4.1  Introduction

Anterior shoulder dislocation is the most com-
mon major joint dislocation [1]. Anterior insta-
bility represents 90% of all shoulder dislocations 
[2]. Recurrence is frequent in the younger age 
groups in certain patterns of injury with bone loss 
and certain activities mostly overhead or contact 
sports. These populations represent a challenge 
to the treating surgeon.

In patients with recurrent shoulder disloca-
tion, a surgical operation may be needed to 
improve shoulder function. The most reported 
shoulder surgeries for this problem are the 
arthroscopic Bankart repair and an open Latarjet 
procedure [1, 3].

The new technology of implants and tech-
niques make Bankart repair of older studies 
(before 2000–2004) difficult to compare with 
more modern studies even though the surgical 
technique could be considered analogous [4].

It is undisputed that an arthroscopic Bankart 
repair has a few advantages with respect to the 
open Bankart technique, mostly less operative 
time, less morbidity, less postoperative pain, less 
hospitalization time, and less risk of complica-
tions [5].

Most surgeons will use arthroscopic tech-
niques, in part influenced by the preferences of 
the patients, in part influenced by the exposure 
they have had during their training, in which they 
rarely see an open Bankart repair. However, 
recurrent instability is a frequent complication 
after an arthroscopic Bankart repair [6].

The Latarjet technique has been popular in 
France, where it was developed, not so much in 
the rest of the world. Its use has since expanded 
favored by the recognition of the importance of 
bone loss in the genesis of recurrences and its 
good outcomes in this setting when compared to 
other techniques [7].

Also, the development of arthroscopic tech-
niques, new modes of fixation, and modifications 
of the Latarjet technique (including repair of gle-
nohumeral ligaments) may modify the results of 
this technique and, perhaps, the rate of complica-
tions, so the debate is guaranteed to last a few 
more years [8]. The debate between the choices 
of techniques is based on the preference and 
skills of the surgeon more than in the published 
evidence [7].

It is almost unanimous that in the face of a 
critical glenoid bone defect (>25%) most sur-
geons will perform some kind of glenoid bone 
grafting, typically a Latarjet, but it is not clear 
what the attitude should be in defects under 25% 
in what has been termed ambiguously as subcriti-
cal or borderline bone defects or even in the 
absence of a glenoid bone defect [9].
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Some surgeons will skew their decision based 
on the age and type of activity. It has been shown 
that, in the younger patients and those practicing 
throwing sports, anteroinferior shoulder instabil-
ity is a frequent condition [10].

Patients older than 40 years were thought to 
have less recurrent instability after a Bankart 
repair, but recent long-term follow-up has shown 
increased recurrence rate when compared to 
Latarjet (9 vs 3; P  =  0.037, in a cohort of 37 
shoulders) and without the supposed benefit of 
decreasing the rate of arthropathy. The mecha-
nism for arthropathy is unknown, but it has been 
correlated with the number of preoperative dislo-
cations, the time of follow-up, and graft malposi-
tion or protruding implants [11].

The best procedure for recurrent anterior 
instability is yet controversial, and good results 
can be achieved with most techniques, but analy-
sis of failures can help us guide our decision- 
making [12].

In this chapter, we will perform a review of 
available modern literature to try to determine 
which of the surgical techniques are recom-
mended for treatment of anterior instability of the 
shoulder.

4.2  Bankart Procedure

4.2.1  Open Bankart Repair

According to Moroder et  al. (2015), it was 
thought that neglected osseous glenoid defects 
was one of the causes for the high rates of recur-
rence published after long-term follow-up of 
open Bankart repair [13]. In a level IV study, the 
authors hypothesized that, in the absence of an 
important glenoid defect, an open Bankart repair 
would obtain a low rate of recurrence, so they 
examined 47 patients treated with an open 
Bankart repair. They obtained a double-contrast 
computed tomography scanning to exclude 
patients with a significant glenoid bone defect. 
Forty patients (85.1%) are available for evalua-
tion after minimum follow-up of 20 years (maxi-
mum 25 years). Twenty-six (65%) were evaluated 
using a clinical exam and a bilateral radiograph 

of the shoulder, and the rest responded to a self-
administered questionnaire and a telephone inter-
view. Seven patients (17.5%) reported a 
recurrence, and in six of them it happened after 
being asymptomatic for more than 8 years. The 
mean Western Ontario Shoulder Instability Index 
(WOSI, See Appendix 1) score was 256.7 points, 
the mean Rowe score (Table 4.1) was 88.7 points, 
and the mean Subjective Shoulder Value (SSV) 
was 90.1%. When comparing it to the contralat-
eral side, the mean range of motion of the oper-
ated shoulder was reduced in 4° of flexion, two 
levels of internal rotation, 5° of internal rotation, 
5° of internal rotation in 90° of abduction, 7° of 
external rotation in neutral, and 7° of external 
rotation in 90° of abduction. The collective insta-
bility arthropathy index was 0.92 and 0.35 for the 
affected shoulder and the contralateral one, 
respectively. An open Bankart procedure obtained 
good results at 20 years of follow-up. However, 
the rate of recurrence was high, even after exclud-
ing patients with significant glenoid defects, and 
was associated with an increased shoulder-spe-
cific activity level [13].

Table 4.1 The Rowe score. The Rowe score was devel-
oped to assess postoperative function of the shoulder after 
instability repair

Function (/50 points)
No limitation in work and sports 50
No limitation in work, mild limitation in sports 35
Mild limitation in work above head and sports 20
Marked limitation and pain 0
Pain (/10 points)
None 10
Mild 5
Severe 0
Stability (/30 points)
No recurrence, subluxation, or apprehension 30
Apprehension when placing arm in certain positions 15
Subluxation (not requiring reduction) 10
Apprehension test positive or notion of instability 0
Mobility (/10 points)a

Normal mobility 10
<25% loss of normal ER, IR, and elevation 5
>25% loss of normal ER, IR, and elevation 0
Total (/100 points)
Excellent: 90–100 pts. Good: 75–89 pts. Average: 
51–74 pts. Bad: <50 pts.

aER External rotation, IR Internal rotation
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According to Boshan et  al., open Bankart 
repair shows a low rate of complications, and it 
still is an excellent surgical option for a selected 
group of patients with risk factors for failure after 
an arthroscopic Bankart repair, those being a pre-
vious history of recurrent instability or 
 ligamentous laxity, concomitant glenoid or 
humeral bone defects, being a male, having a 
young age, and practicing contact sports. The 
authors highlight that controlling risk factors is 
especially important in patients that are not can-
didates for glenoid bone augmentation [2].

4.2.2  Arthroscopic Bankart Repair

Balg et  al. described in 2007 the Instability 
Severity Index Score (Table 4.2). They found that 
a younger age, the use of the shoulder score for 
contact sports or overhead use, the use of the 
shoulder for sports competition activities, the 
association of hyperlaxity, and the presence of 
Hill-Sachs or glenoid erosion or avulsion were 

associated with increased failure rates after an 
arthroscopic Bankart repair [14].

Some controversy exists in the ability to pre-
dict failure by the ISIS score. Loppini et  al. 
reported failure rates after an arthroscopic 
Bankart repair of 7% with ISIS scores <3, 14% 
with an ISIS of 4–6 (hazard ratio 2), and 45% 
when the ISIS>6 (hazard ratio 9) [15]. 
Accordingly, Thomazeau et al. published a recur-
rent rate after an isolated Bankart repair of 10% 
with an ISIS of <2 and of 35.6% when the ISIS 
was 3–4 [16]. On the other hand, other authors 
like Ruiz-Iban et al. found that an ISIS <7 was 
not predictive of failure, showing recurrence 
rates of 12.8% with an ISIS <3, 20% with an ISIS 
of 4–6, the difference not being significant [17, 
18].

In 2014, Bouliane et al. evaluated if the ISIS 
and the WOSI scores could detect patients at risk 
of failure after an arthroscopic Bankart repair 
[19]. The authors registered the preoperative ISIS 
and WOSI scores of 110 patients (87 men, 79%) 
that underwent an arthroscopic Bankart repair for 
recurrent anterior glenohumeral instability. The 
mean age at the time of the intervention was 
25.1  years (range 16–61). Patients were tele-
phonically interviewed after 2 years of follow-up 
to determine if the patients had suffered a recur-
rent dislocation and to determine the rate of 
return to sport to preinjury levels. Six patients 
(5%) have an ISIS >6. One hundred patients 
(91% of the study population) were available for 
the interview. Six patients (6%) had a recurrent 
dislocation, and 28 (28%) did not go back to pre-
injury sports participation. No patient with dislo-
cation had an ISIS >6. There were no differences 
in the mean WOSI scores of patients suffering a 
dislocation and those that did not. However, the 
ISIS was not associated to a return to preinjury 
activity [19].

In 2016, Aboalata et al. researched the long- 
term results of arthroscopic Bankart repair and 
the risk factors for failure in young patients [10]. 
They tested the hypotheses that the results of 
such intervention would be comparable to results 
of open repair published in the literature. They 
designed a level 4 evidence (case series) in 180 
patients undergoing an arthroscopic Bankart pro-

Table 4.2 Instability Severity Index Score. Points are 
assigned according to the history and clinical exam of the 
patient and are summed up, the maximum score being 10 
with an extreme risk of recurrence. The authors suggest 
that an isolated arthroscopic Bankart repair is recom-
mended for those patients with less than 3 points

Prognostic factors Points
Age at surgery (yrs) ≤20 2

>20 0
Degree of sport participation (preoperative)
Competitive 2
Recreational or none 0
Type of sport (preoperative)
Contact or forced overhead 1
Other 0
Shoulder hyperlaxity
Hyperlaxity (anterior/inferior) 1
Normal 0
Hill-Sachs lesion on AP radiograph
Visible on external rotation 2
Not visible on external rotation 0
Glenoid loss of contour on AP radiograph
Loss of contour 2
No lesion 0
Total (max. Points) 10
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Fig. 4.1 Arthroscopic view of Bankart repair. A view of a 
Bankart repair performed with suture anchors and a mat-
tress configuration repair is observed. The view is from 
the posterior portal of a right shoulder in the lateral decu-
bitus position

cedure for recurrent instability that were fol-
lowed- up for a minimum of 10 years (Fig. 4.1). 
Of those patients, 143 accepted the participation 
in this study. One hundred four patients where 
clinically evaluated using the ASES score, the 
Constant score, the AAOS score, the Rowe score, 
and the Dawson 12-pont questionnaire. The 
Samilson-Prieto classification was used to assess 
for arthropathy changes in the available radio-
graphs of 100 patients. Additionally, 14 patients 
were assessed using a specific questionnaire and 
24 patients after a telephone interview.

The global rate of redislocation was 18.18%. 
The rates of redislocation were different accord-
ing for the different types of fixation: FASTak/
Bio-FASTak, 15.1% (17/112); SureTac, 26.3% 
(5/19); and Panalok, 33.3% (4/12). Concomitant 
superior labral anterior to posterior (SLAP) 
repair did not influence the clinical results. The 
rate of redislocation was significantly altered by 
the age of the patient and the duration of postop-
erative rehabilitation. The rate of redislocation 
also tended toward an increase in cases of more 
than one dislocation event prior to the interven-
tion. A severe dislocation arthropathy was pres-
ent in 12% of the shoulders, and these degenerative 
changes were positively associated with the num-

ber of preoperative dislocations, the age of the 
patients, and the number of anchors. The rate of 
patient satisfaction with the procedure was 
92.3%, and the return to sports was 49.5%. The 
authors concluded that the long-term results of 
arthroscopic Bankart repair were comparable to 
the published results of open Bankart repair with 
the added benefit of being able to treat concomi-
tant lesions. The authors suggested that stabiliza-
tion after a first dislocation event produced better 
clinical and radiological results than waiting for 
successive shoulder dislocations prior to the 
operation [10].

Other than recurrent dislocation, other forms 
of failure have been reported. A specific form of 
failure after Bankart repair using impacted gle-
noid anchors is the fracture of the anterior glenoid 
rim. In 2014, Park et al. reported the incidence of 
postoperative anterior glenoid rim fractures and 
the relationship of this fracture with the presence 
of osteolysis around the implants, the pattern of 
fracture, the number of anchors, and the amount 
of postoperative activity [20]. They reviewed the 
results of 570 patients undergoing an arthroscopic 
Bankart repair using anchors and found 9 patients, 
with at least 2-year follow-up, who required a 
revision for a glenoid rim fracture after a Bankart 
repair. The mean age of these patients was 
28.8 years (range, 18–49) and a mean follow-up 
of 36.4 years. The mean time between the fracture 
and the index procedure was 27.3  months. The 
suture anchors used at the index operation were 
resorbable (poly-d- Lactic acid, PDLLA) without 
ceramic osteo-filler (seven cases) or metal (two 
cases). For revision surgery, PDLLA without 
ceramic osteo-filler suture anchors were used. 
Five patients including three and two with bioab-
sorbable and metal suture anchors, respectively, 
experienced glenoid rim fracture at more than 
2 years postoperatively. Patients showing osteoly-
sis around the initial suture anchor groups showed 
a higher incidence of glenoid rim fractures com-
pared with the control group. The authors sug-
gested that osteolysis around the anchors may 
predispose to a glenoid rim fracture, and the use 
of metal or bioabsorbable suture anchors without 
ceramic composite implants could be a stress riser 
at 2 years postoperatively [20].
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The rate of recurrent instability may be unac-
ceptable, more so in the event of associated 
lesions like humeral bone loss, glenoid bone loss, 
bad quality tissue, or very active young patients. 
To control some of these risk factors, associated 
techniques augmenting an arthroscopic Bankart 
repair have been developed. After elaboration of 
the ISIS score, Boileau has suggested the use of 
associated augmentation techniques after a 
Bankart repair and has suggested the use of an 
associated Trillat procedure in the presence of 
isolated hyperlaxity without significant bone 
loss, an associated remplissage in the presence of 
an isolated large Hill-Sachs, and an associated 
Bristow-Latarjet procedure in the presence of a 
glenoid or combined bone loss [21].

In 2016, Cho et al. compared in a case-control 
design study (level III evidence) the results of 
isolated arthroscopic Bankart repair with and 
without posterior capsulodesis for anterior shoul-
der instability with engaging Hill-Sachs lesions 
[22]. Thirty-five shoulders that underwent an iso-
lated Bankart repair were prospectively evaluated 
and compared to another group of patients with a 
Bankart repair plus a remplissage (Fig. 4.2). The 
mean age at the time of surgery was 26.1 and 
24.8  years for Bankart and Bankart  +  remplis-
sage groups, respectively. Both Rowe and UCLA 
scores improved in both groups. The mean loss of 
external rotation was 3° and 8° for Bankart and 
Bankart  +  Remplissage groups, respectively. 
There was no loss of strength in any of the 

patients. The recurrence rate was 25.5% for the 
Bankart group and 5.4% in the Remplissage 
group. In conclusion, the addition of a posterior 
capsulodesis obtained good clinical results with a 
low recurrence rate at the expense of a minimal 
loss of external rotation without any loss of 
strength [22].

According to Camus et  al., an arthroscopic 
remplissage in the presence of a Hill-Sachs lesion 
is one of the surgical options for the treatment of 
chronic anterior shoulder instability [23]. These 
authors performed a literature review comparing 
the results of isolated Bankart and Bankart with 
remplissage for patients with shoulder instability 
and an engaging Hill-Sachs lesion. Their hypoth-
esis was that Bankart  +  remplissage patients 
would obtain superior results when compared to 
an isolated Bankart repair. They performed a 
meta-analysis of the literature (level III evi-
dence). They identified three comparative studies 
including 146 patients, 74 of whom underwent an 
isolated Bankart repair and 72 underwent a 
Bankart repair with remplissage procedure. The 
authors found a significant risk of recurrent insta-
bility and dislocation after an isolated Bankart 
repair without differences in the rate of reopera-
tion or the time of return to sport. Both Rowe and 
UCLA scores were inferior in the isolated 
Bankart repair group, and the authors concluded 
that the addition of a remplissage procedure in 
the presence of an engaging Hill-Sachs lesion 
and glenoid bone loss of less than 25% was supe-

a b

Fig. 4.2 Arthroscopic view of a remplissage repair in a 
right shoulder positioned in the lateral decubitus. The 
view is from the anterosuperior portal. A Hill-Sachs injury 
is viewed from the anterosuperior portal, and a remplis-

sage procedure is being performed via use of suture 
anchors (a). After securing the knots on top of the infra-
spinatus, the capsulodesis effect is observed (b). This type 
of repair will prevent engagement of the Hill-Sachs injury
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rior with regard to redislocation rate, recurrent 
instability, or functional scores [23].

In 2018, Lee et  al. performed a retrospec-
tive case-control study (level III evidence) try-
ing to identify risk factors for instability after an 
arthroscopic Bankart repair [24]. They performed 
a retrospective review of patients with anteroinfe-
rior shoulder instability that underwent a Bankart 
repair. Patients under 30  years with a minimum 
follow-up of 2 years were divided in two groups 
according to the presence of recurrent instability. 
An assessment of risk factors was performed using 
binary logistic regression analysis. Functional 
results were assessed by Row and Walch-Duplay 
scores. One hundred seventy shoulders (138 with-
out recurrence, 32 with recurrent instability, 18.8% 
recurrent instability rate) were included. Both 
Rowe and Walch-Duplay scores were improved, 
although improvements were diminished in cases 
of recurrence. A high number of preoperative dis-
locations, an off-track Hill-Sachs lesion, and sur-
gery after 6 months of the first episode showed a 
higher risk of recurrence [24].

In 2019, Brilakis et al. evaluated the long-term 
results of remplissage in addition to a an 
arthroscopic Bankart repair in cases of recurrent 
anterior shoulder instability with engaging Hill- 
Sachs without a critical glenoid bone defect in a 
level IV therapeutic case study [25]. Sixty-five 
patients with 30.1 years underwent the operation, 
and 51 (82%) were available for long-term evalu-
ation (mean 8.1 years). Three patients suffered a 
new dislocation (5.6%). The rest of the patients 
were satisfied with the result of the operation, 
and 71% were able to practice sports without 
restriction. The mean ASES score improved from 
72.5 points to 100 after surgery. Mean Rowe 
score improved from 40 to 100, and mean Oxford 
Shoulder Instability Score improved from 29 to 
48 (48 being the best possible score). No signifi-
cant ROM deficit was observed. The combination 
of arthroscopic remplissage with the classic 
Bankart repair was safe and effective for treating 
engaging Hill-Sachs lesions in patients without 
an inverted pear-shape glenoid (Fig.  4.3). The 
long-term results were good with a low rate if 
recurrence and no significant loss of eternal rota-
tion [25].

According to Iizawa et al., glenoid bone loss 
contributes to recurrent shoulder instability after 
an isolated arthroscopic Bankart repair. In the 
setting of significant glenoid bone loss, it seems 
that there is an increased failure rate. However, 
there is scarce data comparing augmentation 
using bone graft with non-augmentation for gle-
noid bone loss [26]. Iizawa et  al. evaluated the 
clinical results of an arthroscopic Bankart repair 
with or without arthroscopic bone graft augmen-
tation in a level 4 clinical evidence study. They 
tested the hypothesis that such bone graft aug-
mentation techniques would restore shoulder sta-
bility and would produce excellent clinical 
results. Of the 552 patients treated for anterior 
glenohumeral instability with an arthroscopic 
Bankart repair, 68 patients met the inclusion cri-
teria of presenting anterior glenoid bone loss 
greater than 20% and a minimum follow-up of 
2  years. Patients were then divided into two 
groups depending on whether they had received 
bone graft augmentation or not (Fig. 4.4). There 
were 35 patients that received bone graft aug-
mentation with a mean age of 21 years (group A) 
and 33 patients that did not receive bone augmen-
tation with a mean age of 21 years (group B). For 
grafting, either autologous iliac bone or artificial 
bone made of hydroxyapatite was used (Fig. 4.4). 
Patients were evaluated with the rate of instabil-
ity; the return to sport and the Rowe score were 
used. The mean Rowe score was 95 in group A 

Fig. 4.3 Arthroscopic image of a glenoid with an inverted 
pear appearance. The scope is in the anterosuperior portal, 
and the Wissinger rod is being introduced from the poste-
rior portal. Anteroinferior glenoid bone loss is observed. 
An inverted pear appearance usually represents a glenoid 
bone loss of approximately 25%
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Fig. 4.4 Postoperative radiographs of a glenoid augmentation technique for instability using iliac crest bone graft fixed 
with a double suture-button technique. Anteroposterior (a) and lateral (b) views

and 69.7 on group B; the recurrence rate was 
2.9% in group A and 48.5% in group B. Regarding 
collision athletes, 24 were in group A and 22 
were in group B.  Out of the patients with 
 recurrence, 13 (59.1%) were contact athletes. 
Fifty percent of contact or collision athletes from 
both groups went back to practice their sport at 
the same preoperative level. Seven of the 11 
patients in group B that went back to their preop-
erative sport suffered a recurrent dislocation. 
Nine athletes in group A and 3 in group B aban-
doned the sport for unrelated causes. In conclu-
sion, in the presence of recurrent anterior 
instability of the shoulder with glenoid bone loss 
bone graft augmentation was beneficial when it 
was used in association with an arthroscopic 
Bankart repair, especially in athletes that practice 
collision sports [26].

4.3  Latarjet Procedure

Many authors have used anterior bone grafting 
technique, mostly Latarjet, to reconstruct anterior 
glenoid bone defects greater than 25% in what 
has been termed a critical defect with success. 
The presence of a combined Hill-Sachs injury 

has been shown to reduce the effective arc of 
motion of the shoulder free of instability and can 
influence the results of any technique, being a 
Bankart or a Latarjet procedure.

The initial concept of an engaging Hill-Sachs 
lesion was referred to as those lesions engaging 
with the arm at abduction and external rotation of 
90° resembling a cocking phase of a throwing 
mechanism. It is obvious that all Hill-Sachs 
lesions were produced after a dislocation or sub-
luxation event after engaging with the anterior 
glenoid rim, but after reduction the location of 
the Hill-Sachs lesion will influence the risk of 
dislocation. Medial Hill-Sachs injury will engage 
earlier than lateral Hill-Sachs lesions as they will 
reduce more the effective arc of motion of the 
shoulder. This evolution of concept was termed 
the glenoid track, resembling the track of motion 
the humeral head prints on the anterior glenoid as 
it is placed in a cocking position, and it is obvi-
ously affected by both the glenoid width and the 
location of the Hill-Sachs injury. As such, Hill- 
Sachs injuries are now classified as being on- 
track when they do not engage and off-track 
when they engage into the anterior glenoid rim. 
As such, some investigators will measure the gle-
noid track (the distance after calculating 83% of 
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Fig. 4.5 The glenoid track concept can be calculated 
using a CT scan or, alternatively, in an appropriately per-
formed MR scan. Typically, the width of the glenoid 
would be calculated on an “en face” view of the shoulder 
(in this case an axial cut) (a), and the Hill-Sachs interval 

(HIS) is calculated on an axial view (b). The glenoid has a 
24% defect and a 20 mm diameter that multiplied by 83% 
gives a glenoid track of 15.7  mm. The HIS is 19  mm. 
Since the HIS is greater than the GT, this is considered an 
off-track Hill-Sachs injury

Fig. 4.6 An arthroscopic view from the anterosuperior 
portal of an arthroscopic Latarjet procedure using the 
classic arthroscopic techniques fixed with 2 screws

the native glenoid and subtracting the current gle-
noid defect), the Hill Sachs interval which is the 
distance from the insertion of the rotator cuff to 
the medial border of the Hill Sachs. If the 
HSI > GT, the lesion is considered as being off- 
track and has a greater risk of incurring into 
engagement during activities with external rota-
tion of the shoulder. If the HSI < GT, the lesion is 
on-track (Fig. 4.5).

Some authors have used this preoperative tool 
to assess the risk of recurrence and, even in the 
presence of anterior glenoid bone defects <25%, 
will use an anterior bone augmentation in cases 
with an off-track Hill-Sachs injury to alter the 
relation of the glenoid track and the Hill-Sachs 
interval to make this an on-track injury (Fig. 4.6).

This concept has been clinically validated by 
Shaha et  al. [27]. They studied 57 shoulders 
treated with an isolated, primary arthroscopic 
Bankart reconstruction with a mean patient age 
of 25.5  years, and a mean follow-up was of 
48.3  months. Preoperative magnetic resonance 
imaging was used to determine glenoid bone loss 
and Hill-Sachs lesion size and location and to 
measure the glenoid track to classify the shoul-
ders as on-track or off-track. They reported 10 

recurrences (18%). Of the 49 on-track patients, 4 
(8%) had treatment that failed compared with 6 
(75%) of 8 off-track patients (p  =  0.0001). Six 
(60%) of 10 patients with recurrence of instabil-
ity were off-track compared with 2 (4%) of 47 
patients in the stable group (p  =  0.0001). The 
positive predictive value of an off-track 
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measurement was 75% compared with 44% for 
the predictive value of glenoid bone loss of >20% 
highlighting the importance of the Hill-Sachs 
lesion, the interplay of the humeral and glenoid 
defect at some point of the arc of motion, and the 
ability to predict the risk of recurrence [27].

This concept highlights the importance of 
appropriately sizing of the anterior bone defect in 
the presence of critical glenoid bone defects in 
the presence of medial Hill-Sachs lesions (large 
HSI). Latarjet may only correct for certain com-
bined defects and can be prone to failure in cases 
of smaller coracoids or very medial Hill-Sachs 
injuries. In these cases, the use of larger glenoid 
bone grafts or the association of a remplissage 
procedure must be pondered and points out that 
preoperative assessment of the coracoid dimen-
sions will now have a role in the preoperative 
assessment and decision-making of the unstable 
shoulder with combined bone defects.

Calvo et al. in a level-IV evidence case- control 
study reported in the rates of recurrent instability 
according to the glenoid track concept using the 
arthroscopic classic Latarjet procedure [28]. A 
postoperative computed tomography scan and a 
clinical evaluation, including the Rowe and 
Western Ontario Shoulder Instability scores, 
were performed at a minimum 1- and 2-year fol-
low- up, respectively. Postoperatively, 2 groups of 
patients were obtained: (1) patients with postop-
erative persistent off-track Hill-Sachs lesions and 
(2) patients with postoperative on-track Hill- 
Sachs lesions. Clinical and imaging data were 
compared between the 2 groups. A total of 51 
patients (n = 51 shoulders), with a mean age of 
29.8  ±  8.4  years (range, 15–50  years), met the 
inclusion criteria. Six shoulders (11.8%) still 
showed off-track Hill-Sachs lesions despite 
Latarjet surgery. There were no postoperative 
dislocations, but three patients reported sublux-
ations. The subluxation rate was significantly 
higher in the postoperative persistent off-track 
Hill-Sachs lesions (2 [33%] vs 1 [2.2%]; 
P = 0.033). There was a wider preoperative HSI 
(29.8 ± 2.4 mm vs. 22.9 ± 3.5 mm; P < 0.001) 
and a larger preoperative ΔHSI-GT 
(12.2 ± 3.8 mm vs 4.82 ± 3.2 mm; P < 0.001) in 
the persistent off-track Hill-Sachs lesions. A 
receiver operating characteristic curve was per-

formed based on preoperative ΔHSI-GT values. 
A preoperative ΔHSI-GT value ≥7.45 mm pre-
dicted a persistent off-track Hill-Sachs lesions 
after Latarjet surgery (sensitivity, 100%; specific-
ity, 87%; positive predictive value, 50%; and 
negative predictive value, 100%). Six patients 
(11.8%) retained an OFF-HS and had a statisti-
cally significantly higher failure rate after Latarjet 
surgery compared with those with postoperative 
on-track Hill-Sachs lesions [28].

4.3.1  Modified Open Latarjet

According to Yang et al., recurrent anterior shoul-
der dislocation in the setting of an engaging Hill- 
Sachs lesion is frequent. The Latarjet procedure 
has been well described to restore shoulder sta-
bility in patients with glenoid bone loss >25%. 
However, the treatment of those patients with a 
combined humoral head and mild glenoid bone 
loss (<25%) is yet not clear [29]. A level-III 
cohort study assessed the results of the modified 
Latarjet procedure for patients with combined 
defects of the humeral head and anterior glenoid. 
They also compared the results of patients with 
<25% of glenoid bone loss with those having 
>25% glenoid bone loss (Fig. 4.5). The hypothe-
sis was that both groups would have similar 
recurrence rates and subjective results. A modi-
fied Latarjet procedure was performed in 40 
patients with recurrent anterior shoulder instabil-
ity. An engaging Hill-Sachs by arthroscopic 
examination was confirmed, and glenoid bone 
loss <25% formed group A. A second group of 12 
patients with glenoid bone loss >25% and an 
engaging Hill-Sachs lesion formed Group B. At a 
mean follow-up of 3.5 years, patients were evalu-
ated with the Instability Severity Index Score 
(ISIS), the Beighton score, and the use of 3D 
imaging to assess bone loss (Fig. 4.7). To assess 
postoperative results, the authors used the Single 
Assessment Numeric Evaluation (SANE), 
Western Ontario Shoulder Instability Index 
(WOSI), recurrence rate, radiographs, ROM, and 
dynamometer strength. The main glenoid bone 
loss was 15% in Group A and 34% in Group 
B.  Both groups had comparable WOSI scores 
(356 vs. 475). The SANE score was better in 
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Fig. 4.7 Glenoid defects are best studied using 3d-CT reconstructions in the “en face” view. Two examples can be 
observed: a patient with a critical glenoid bone defect <25% (a) and a patient with a subcritical bone defect (b)

Group A (86 versus 77), and Group B suffered a 
greater loss of external rotation (9.2° versus 
15.8°) and weaker thumbs-down abduction and 
external rotation strength. Strength in abduction 
and external rotation and subscapularis achieved 
at least 75% of the contralateral shoulder. Graft 
resorption was similar in both groups (32% ver-
sus 33%). The global rate of recurrent instability 
for the study defined as any subluxation or dislo-
cation was 15%, the rates being similar for both 
groups (15% versus 17%). The rate of complica-
tions was 25% for both groups. The modified 
Latarjet procedure produced satisfactory results 
in patients with combined bone loss that usually 
suffered greater recurrence rates after traditional 
arthroscopic stabilization procedures. Previous 
surgical attempts and a higher Beighton score 
negatively influenced the results after a modified 
Latarjet. Additionally, it was observed that a 
higher number of surgical stabilization proce-
dures and a higher Beighton score could predict 
the WOSI score [29].

4.3.2  Arthroscopic Latarjet

In 2014, Dumont et  al. described the results of 
the arthroscopic Latarjet technique combining 
the benefits of arthroscopic surgery with the low 
rate of recurrent instability associated with the 
procedure (Fig. 4.7). Additionally, up to that date, 
only short-term results of arthroscopic Latarjet 
had been published. They described the results of 
a series of cases (level-IV evidence) to evaluate 
the results after a minimum follow-up of 5 years 
after an arthroscopic Latarjet technique using 
two screws for fixation. Patients reported if they 
had suffered a dislocation or a subluxation or a 
new surgery, and they completed the WOSI score. 
A total of 62 of 87 patients were contacted for 
evaluation at a mean follow-up of 76.4 months. 
No patient suffered a new dislocation after sur-
gery, and one patient reported subluxations after 
surgery for a total rate of 1.59% of recurrent 
instability with a mean WOSI score of 90.6% 
[30].
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4.3.3  Open Latarjet Vs. Arthroscopic 
Latarjet

In 2017, Kordasiewicz et al. compared the short- 
term clinical results of open and arthroscopic 
Latarjet in patients with anterior shoulder insta-
bility. They tested the hypothesis that the 
arthroscopic technique would be comparable to 
the open technique. In a Level- III evidence study, 
they analyzed the clinical results of patients oper-
ated with the Latarjet technique [31]. Consecutive 
patients operated between 2006 and 2011 com-
prised the open group and patient operated after 
2011 comprised the arthroscopic group. They 
were able to evaluate 48 out of 55 (87%) shoul-
ders in the open group and 62 of 64 (97%) shoul-
ders in the arthroscopic group. Patients’ results 
were evaluated using the Walch-Duplay score, 
the Rowe score, and a self-reported subjective 
score on satisfaction and function of the shoulder. 
CT scan evaluation was used to assess graft heal-
ing. The surgical time was 10  min less in the 
arthroscopic group (110  min versus 120  min). 
The number of intraoperative complications was 
six in the open group and five in the arthroscopic 
group, and results were comparable in both 
groups without significant differences with a sat-
isfaction rate of 96.8% in open and 91.9% in the 
arthroscopic group. The subjective shoulder 
function score was 92.2% in open and 90% in 
arthroscopic group, the Rowe score was 87.8 in 
the open 78.9  in the arthroscopic group, the 
Walch-Duplay score was 83.9 and 91.9% in the 
arthroscopic group, and the presence of subjec-
tive apprehension was 28.7% in the open group 
and 50% in the arthroscopic group. The range of 
motion was similar in both groups with external 
rotation with the arm at the side being greater in 
the arthroscopic group (14° versus 7°). Three 
cases of recurrent instability were reported in the 
open group for a rate of 6.2% and 4.8% in the 
arthroscopic group. Revision surgery was per-
formed in four patients in the open group and six 
in the arthroscope group. The radiographic evalu-
ation showed significant less problems of bone 
healing after arthroscopic surgery (5%). However, 
partial osteolysis of the proximal part of the bone 
block was significantly more frequent using the 

arthroscopic technique. The authors concluded 
that arthroscopic stabilization showed satisfac-
tory results and were comparable to the open pro-
cedure [31].

A recent meta-analysis by Hurley et  al. 
reported the results of shoulder anterior instabil-
ity with significant glenoid bone loss [32]. Even 
though open Latarjet is the standard treatment, 
the use of arthroscopic techniques is increasing, 
and the authors underwent this investigation to 
provide insight as to which technique gave better 
results.

They included six studies with 896 patients 
with a similar recurrent instability rate (2% vs 
2.4%, open versus arthroscopic, respectively), 
revision procedures (2.4 vs. 5.4%), and total rate 
of complications (13.8 vs. 11.9%). However, the 
open procedure had a lower rate of persistent 
apprehension (10.2% vs. 35.7%). After achieving 
the learning curve, the operative time was similar 
for both procedures. Although technically diffi-
cult, the arthroscopic technique proved to be a 
valuable and safe alternative at the cost of a steep 
learning curve. The authors suggested that only 
centers with a greater caseload and expert arthros-
copists should perform the arthroscopic tech-
nique (Fig. 4.8) [32].

4.3.4  Latarjet vs. Anterior Glenoid 
Reconstruction Using Fresh 
Distal Tibia Allograft (DTA)

Early results of fresh distal tibial allograft (DTA) 
reported by Frank et  al. suggested encouraging 
early results for the treatment of recurrent shoul-
der instability but lacked a comparison with the 
Latarjet procedure. The authors performed a 
cohort study (level III evidence) in which they 
compared the clinical results of patients undergo-
ing DTA or Latarjet. They reviewed patients with 
a minimum glenoid bone loss greater than 15% 
that underwent either a DTA or Latarjet proce-
dure after a minimal follow-up of 2  year [33]. 
Patients undergoing DTA were matched 1:1 with 
the Latarjet procedure with regard to age, BMI, 
contact sports, and previous number of opera-
tions. Patients were evaluated before and after the 
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Fig. 4.8 One-year follow-up computer tomography (CT) 
scan after an arthroscopic Latarjet. Partial graft resorption 
following Wolff law is observed. As this case was fixed 
using a FiberTape cerclage fixation system, no problem 
with implant protrusion or hardware problems are 
observed

operation with a clinical exam and SST, VAS, 
ASES score, WOSI score, and SANE score. They 
analyzed the complications, the reoperations, and 
the number of episodes of recurrent instability. 
They reviewed 100 patients (50 Latarjet and 50 
DTA) with a mean age of 25.6 years and a mean 
follow-up of 45  months. Thirty-two patients 
(64%) in each group had had a previous opera-
tion of the shoulder. Patients undergoing a DSA 
had a significantly greater bone loss than patients 
undergoing the Latarjet procedure (28.6% vs. 
22.4%). Patients in both groups experienced sig-
nificant improvements for all scores after surgery. 
No differences were found in VAS (0.67 vs. 
1.83), ASES (91.06 vs. 89.74), Western Ontario 
Shoulder Instability Index (74.30 vs. 89.69), or 
Single Assessment Numeric Evaluation (80.68 
vs. 90.08). However, Latarjet patients had a 
higher SSV score. Ten complications were 
reported, 5 for each group with 3 reinterventions 

in each group, for a total recurrent instability rate 
of 1%. Fresh DTA reconstruction was effective in 
restoring clinical stability in recurrent shoulder 
instability, but longer-term follow-up is required 
to test if these results are maintained over time 
[33].

4.3.5  Latarjet After Failed 
Arthroscopic Bankart Repair

Given that the complication profile is different 
between a Bankart repair and a Latarjet proce-
dure, some surgeons make the decision of per-
forming a primary Bankart repair and will leave 
Latarjet as a bailout surgery in case of recurrent 
instability after a failed Bankart repair. Werthel 
et al. tried to determine if the outcome of primary 
Latarjet and secondary Latarjet after a failed pri-
mary arthroscopic Bankart repair was equivalent 
[34]. They developed a level III cohort study in 
which the authors reviewed two cohorts of 
patients: primary Latarjet versus secondary 
Latarjet after a failed primary Bankart repair in a 
multicentric study. They analyzed the rate of 
recurrent instability, reoperation rate, the compli-
cations, the pain, the Walch-Duplay score, and 
the SST.  Three hundred and eight patients par-
ticipated in the study. Seventy-two patients 
(23.4%) did not answer and were considered lost 
to follow-up, so 236 patients were available for 
analysis. The mean follow-up was 3.4 years, and 
there were 20 patients in group 1 and 216 patients 
in group 2. Recurrent instability was similar for 
both groups (5% in group 1 versus 2.3% in group 
2) and revision surgery (0% in group 1 and 2.3% 
in group 2). Group 1 patients had significant 
worse pain results (2.56 vs. 1.2) and patient- 
reported outcomes (Walch-Duplay 52 vs. 72.2 
and SST 9.3 vs 10.7) than patients undergoing a 
primary Latarjet technique. The authors stated 
that the assumption that a failed Bankart repair 
could be revised to a Latarjet procedure with a 
similar result is incorrect and highlighted the 
importance of performing the right intervention 
at the right time [34].
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4.4  Comparative Studies: 
Bankart Vs. Latarjet

4.4.1  Arthroscopic Bankart vs. 
Open Bristow-Latarjet

In 2014, Zarezade et al. compared an arthroscopic 
Bankart procedure and an open Latarjet proce-
dure [1]. Patients were evaluated after surgery 
using Rowe, UCLA, and Constant scores. Six 
patients (16.22%) had a Rowe score of less than 
75 points: one having undergone a Latarjet pro-
cedure and five undergoing a Bankart repair (5.26 
vs. 27.78). Nine patients (24.32%) showed a 
moderate improvement, six Latarjet and three 
Bankart surgeries. Twenty-two patients showed a 
great improvement in the Rowe score, including 
12 Latarjet and 10 Bankart (63.16 vs. 55.56). 
Both techniques were similar although some of 
the variables like the level of performance, the 
pain level, the use of analgesia, and the range of 
internal rotation were improved with the Latarjet 
technique. The authors concluded that the 
Latarjet was the preferable technique if there was 
no contraindication for its use [1].

An et al. performed a systematic review and 
meta-analysis to compare the results of a Bankart 
repair against the Latarjet technique [35]. They 
identified eight studies with 795 shoulders: 416 
undergoing an open or arthroscopic Bankart 
repair and 379 undergoing an open Latarjet. They 
included primary and revision surgeries. The 
authors reported that the Latarjet procedure was 
associated with a significant decreased rate of 
recurrent instability and redislocation without 
significant differences in the rate of complica-
tions between both techniques. The Latarjet pro-
cedure showed a higher Rowe score and had 
decreased loss of external rotation and concluded 
it was viable alternative, and probably superior to 
a Bankart repair due to its increased restoration 
of stability without an increase in the rate of com-
plications [35].

In 2018, Jeon et al. compared in a cohort study 
(level-III evidence) the clinical result and recur-
rence rate between a Bankart repair and a Latarjet 
procedure in patients with a subcritical glenoid 
bone defect (glenoid bone loss between 15 and 

20%) [9]. They reviewed 149 patients (118 
Bankart and 31 Latarjet) with a mean follow-up 
of 28.9 months and a mean age at the time of the 
index operation of 28.9 years. Rowe and UCLA 
scores improved from 42 and 22. 9 preoperatively 
to 90 and 32.5 postoperatively in the Bankart 
group and from 31 and 22.3 points to 91.1 and 
32.3  in the Latarjet group, respectively. In the 
final evaluation, no differences were found 
between groups in Rowe or UCLA scores. The 
mean loss of motion in flexion, external rotation 
in abduction, and internal rotation was 3°, 11.6°, 
and 0.6 of vertebral bodies in the Bankart group 
and 3.7°, 10.3°, and 0.9 spinal segments in the 
Latarjet group, respectively. However, the loss of 
external rotation was greater in the Bankart group 
when compared with the Latarjet group (13.3° 
vs. 7.3°), and the recurrence rate was lower in the 
Bankart group when compared to the Latarjet 
group (22.9% vs. 6.5%). Both techniques showed 
improved clinical results and pain relief in 
patients with a borderline glenoid bone loss. 
However, the Latarjet procedure showed fewer 
recurrences (6.5% vs. 22.9%) and less decrease 
of external rotation (7.3° vs. 13.3°), and the 
authors stated that Latarjet could be a more reli-
able operation in patients with a borderline gle-
noid bone defect [9].

4.4.2  Arthroscopic Bankart vs. 
Open Bristow-Latarjet 
in Patients Older than 40

In 2020, Ernstbrunner et al. analyzed in a level- 
III evidence cohort study comparing the long- 
term results of an arthroscopic Bankart repair and 
the Latarjet technique in patients older than 40 
[11]. They reported the results on 35 patients (36 
shoulders) with a mean age at the time of the 
operation of 47  years and a mean follow-up of 
13.2 years. The clinical and radiographic results 
were compared with those of a prior study includ-
ing 39 patients (40 shoulders) of a similar age 
that had been treated using an open Latarjet tech-
nique. Six shoulders (17%) suffered a recurrent 
dislocation at a mean of 5.3 years after the index 
operation, and three additional shoulders suffered 
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subluxation (8%), and three more experience per-
sistent apprehension (8%). Revision surgery was 
performed in 8 patients (22%), consisting of 2 
Bankart surgeries and 6 open Latarjet procedures. 
The relative Constant score and the SSV increased 
at final follow-up. Stabilization arthropathy was 
advanced in 16 shoulders (47%) and had pro-
gressed by at least 2 grades in 21 patients (62%). 
In the Bankart group, there were higher rates of 
redislocation and subluxation than in the open 
Latarjet (9 versus 3); also, the mean final SSV 
was significantly decreased in the Bankart group 
(86% versus 91%). There were no significant dif-
ferences in between the two groups in the final 
rates of advanced arthropathy (16 versus 14) and 
revision (8 versus 7). This study shows that 
Latarjet is a more reliable operation regarding 
restoration of stability when compared to an 
arthroscopic Bankart repair. It is noteworthy to 
point out that the rates of arthropathy are not dif-
ferent in this age group as some surgeons have 
the initial thought that Latarjet may be more 
prone to arthropathy than the Bankart procedure 
[11].

4.4.3  Arthroscopic Bankart Repair 
with Remplissage vs. Open 
Latarjet

In 2018, Bah et al. compared short-term shoulder 
stability after an arthroscopic Bankart with rem-
plissage and open Latarjet in patients with recur-
rent instability with a large Hill-Sachs lesion with 
the hypothesis that the recurrence rate would be 
higher after the Bankart-remplissage procedure 
[36]. They performed a retrospective compara-
tive study in two hospitals recruiting patients 
with chronic anterior instability with a large Hill- 
Sachs defect in a Level-II evidence study com-
paring 43 patients treated with an arthroscopic 
Bankart repair and remplissage with 53 patients 
treated with an open Latarjet technique. Both 
groups were similar in age at the time of surgery 
and length of follow-up. All patients were evalu-
ated by independent observers in which they 
assessed the number of recurrences, the range of 
motion, and functional scores including the sub-

jective shoulder value (SSV), the Walch-Duplay 
score, and the Rowe score. The mean time to fol-
low up was 47.3 months. The rate of recurrence 
at last follow-up was not significantly different 
between both groups (9.3% vs. 11.2%). The 
Bankart group showed higher loss of external 
rotation, and a higher proportion of patients had 
residual pain (21% vs. 9%). The SSV, the Walch- 
Duplay, and Rowe scores were similar for both 
groups. This study highlights that augmentation 
of a Bankart procedure will reduce the short-term 
radiolocation rate of an arthroscopic procedure 
and will perform similarly to a Latarjet proce-
dure. It remains to be seen if the long-term results 
will reproduce this initial data. However, loss of 
external rotation and residual pain were signifi-
cantly higher with the Bankart and remplissage 
technique, and patients should be counseled in 
this regard [36].

4.4.4  Arthroscopic Bankart Repair 
vs. Open Latarjet vs. Capsular 
Shift

In a level-III therapeutic study published by Xu 
et al. in 2019, the authors explored the hypothesis 
that the result of open traditional techniques and 
modern arthroscopic techniques would be similar 
[12]. They retrospectively analyzed 168 patients 
with recurrent anterior shoulder instability with a 
mean age of 30.8 years in which they compared 
three techniques: a Bankart arthroscopic repair in 
33 men and 20 women, an open Latarjet in 34 
men and 18 women, and a capsular shift in 31 
men 14 women. They analyzed the ISIS, the 
Rowe score and the SSV at the mean follow-up 
of 67.6 months.

The preoperative ISIS score was higher than 
three, with a mean preoperative score of 6.4 
points. All three techniques were effective in 
improving the function of the shoulder and reduc-
ing symptoms although the Latarjet was the best 
with regard to subjective perception of the shoul-
der. The Rowe scores were 92.3, 96.2, and 93.2 
for arthroscopic Bankart, open Latarjet, and cap-
sular shift, respectively. There were no differ-
ences with regard to functional scores; however, 
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the Latarjet group was superior to the other 
groups in SSV and subjective shoulder value for 
sports (SSV sports) practice. There were two 
recurrences in both the Bankert group and capsu-
lar shift group and no recurrences in the open 
Latarjet group. The authors concluded that the 
latter was the most effective technique in reduc-
ing recurrences and achieved higher stability 
although all surgeries increased the preoperative 
function and improved pain [12].

4.5  Conclusions

A systematic review has shown that open Latarjet 
is better than open Bankart achieving less recur-
rences with a similar rate of complications. In 
another study, patients operated with the Latarjet 
technique showed less recurrences and higher 
Rowe scores when compared with an arthroscopic 
Bankart repair. One publication supported better 
results for return to sport and subjective percep-
tion of the shoulder in patients undergoing an 
arthroscopic Bankart repair.

In the presence of a critical bone defect, most 
authors support the use of some bony reconstruc-
tion, mostly Latarjet. In a study comparing bor-
derline glenoid bone defects (15–20%) and 
glenoid bone loss, both techniques were effective 
in reducing pain and clinical symptoms, but the 
Latarjet showed less recurrences and less loss of 
external rotation than arthroscopic Bankart. It is 
yet to be cleared if that benefit is maintained in 
glenoid bone loss <15%.

In patients older than 40 years, both Bankart 
and Latarjet have been effective, but Latarjet 
achieves less recurrences, and the degree of 
shoulder arthropathy was not decreased using an 
arthroscopic Bankart repair.

In patients with recurrent anterior shoulder 
instability and a significant Hill-Sachs lesion, 
both an arthroscopic Bankart repair with remplis-
sage and open Latarjet are safe and effective with 
similar recurrent rates, but loss of external rota-
tion and residual pain were more frequent with 
the Bankart and remplissage group.

Another study compared an arthroscopic 
Bankart against open Latarjet and open capsular 

shift and highlighted the benefits of each proce-
dure but showed that Latarjet was most effective 
in reducing recurrence.

Additional long-term data is needed to assess 
the effectiveness of these techniques, and more 
comparative studies are warranted to tailor the 
best treatment for each patient. As highlighted in 
the introduction, listening to the patient’s wants 
and needs, performing a meticulous clinical 
exam, and having a candid discussion about the 
results and complications of the available tech-
niques will generally produce a satisfactory 
result. Preoperative tools for assessing the risk of 
recurrence are available and may be helpful in 
guiding the clinical decision-making. Different 
augmentation techniques can be used to reduce 
the rate of recurrent dislocation.

 Appendix 1: WOSI Score

The WOSI score is a patient-reported outcome 
score using 21 items pertaining to 4 domains 
(physical symptoms, emotion, lifestyle and sports 
recreation, and work) with 0 being the best pos-
sible score (no instability related symptoms or 
limitations and 2100 being the worst possible 
score). Some authors will express it as a percent-
age. The WOSI score can be accessed in its 
English version in the following publication:

The Development and Evaluation of a Disease- 
Specific Quality of Life Measurement Tool for 
Shoulder Instability The Western Ontario 
Shoulder Instability Index (WOSI)Am J Sports 
Med November 1998  vol. 26 no. 6 764- 772 
Alexandra Kirkley, MD, FRCSC*, Sharon 
Griffin, CSS, Heidi McLintock, BSc, PT, MSc 
and, Linda Ng, BSc, PT.
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5Controversies in Shoulder 
Arthroplasty

Julián Fernández-González, Alberto Del Olmo- Galeano, 
Julián Del Rio-Hortelano, and David Martínez-Vélez

5.1  Introduction

The shoulder has become the third most fre-
quently replaced joint, after the hip and knee. 
Since Neer’s early designs used for fractures, 
shoulder prostheses have evolved to accommo-
date the proximal humeral anatomy, including 
humeral head size and height, version, tilt, and 
restoring distances from the center of the humeral 
head to the diaphysis, both in anteroposterior and 
lateromedial directions. This has been possible 
thanks to the variability in the modularity 
between the head and the humeral stem.

Another evolutionary aspect since the Neer 
prostheses is the progressive decrease of 
cemented fixation in favor of the uncemented 
one, based either on the search for biological 
integration or on the idea of preserving the great-
est amount of bone, preferring short stem or 
stemless implants.

However, the most important step in the evo-
lution of shoulder arthroplasty was undoubtedly 
the introduction of the reverse total shoulder 
prosthesis. Since its initial indication in rotator 
cuff arthropathy, obtaining satisfactory and reli-
able results in terms of pain relief and especially 
in terms of function, its use has been extended to 

other indications, most notably proximal humerus 
fractures, evolved primary osteoarthritis, tumors 
and revisions of failed osteosynthesis, hemiar-
throplasties, and total arthroplasties.

The reverse prosthesis has undergone impor-
tant changes since its first designs with the aim of 
minimizing the complications initially observed. 
Probably, the most important complication was 
scapular erosion (notching) that led to early loos-
ening of the glenoid component. This has been 
notably corrected with changes introduced in the 
different designs, mainly in terms of the inclina-
tion of the humeral cut and greater lateralization 
of the center of rotation of the glenosphere.

In line with this, we are entering a new stage 
that aims to achieve a better placement of the 
prostheses, particularly of the glenoid component 
regarding its orientation and the need to provide 
bone graft or augmented implants to obtain a bet-
ter function as well as a greater longevity of the 
implant.

The objective of this chapter is to address the 
fundamental concepts in shoulder arthroplasty 
and the controversial points that arise today 
within its indications and the different kinds of 
arthroplasties.

The chapter is structured in sections organized 
by pathologies, followed by the most frequent 
complications found with arthroplasty. There is 
also a section of special relevance nowadays 
which addresses the treatment of glenoid bone 
defects.
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5.2  Rotator Cuff Arthropathy

Rotator cuff arthropathy has always been the pri-
mary indication for RSA (Fig. 5.1). Reverse pros-
theses arose from the need to restore mobility of 
the shoulder of patients with associated massive 
and irreparable injuries of the rotator cuff in 
which anatomical prostheses, generally large- 
headed hemiarthroplasties, dramatically relieved 
pain but did not improve the absence of active 
mobility; that is, the patient persisted with the 
known pseudoparalytic shoulder.

Although there were previous designs, it was 
the design by Paul Grammont that brought the 
most important advancement in what this type 
of prosthesis is today. The Grammont prosthesis 
introduced two key features: a large hemispherical 
glenoid component of two sizes (36 and 42 mm) 
without neck, and a small humeral cup oriented 
almost horizontally (155°), covering less than 
half of the hemisphere. With this, a medialization 
of the center of rotation of the new implants was 

obtained, as the base of the hemisphere is in con-
tact with the glenoid, and therefore it is possible to 
reduce the force exerted upon the glenoid implant 
(a reason for failure of TSA) [1]. Also with these 
two sizes, an attempt was made to improve the 
range of motion of the prosthesis and its stability.

Moreover, the deltoid, a fundamental muscle 
in this prosthesis, recovered its tension, achieving 
the recovery of the mobility of the shoulder, but 
only in anteflexion and abduction. Rotations will 
depend on the state of the rest of the rotator cuff, 
and today it is essential that at least the teres 
minor muscle is well preserved to maintain an 
acceptable active external rotation. Internal rota-
tion is preserved by the integrity of the pectoralis 
major if the subscapularis is affected. The design 
of the reverse prosthesis, determined by its own 
nature, allows less mobility in rotation than that 
of the anatomical ones.

The reverse prosthesis is not fully constrained 
but responds to the semiconstrained type and there-
fore is susceptible to being unstable if one does not 

a b

c d

Fig. 5.1 An 80-year-old woman presented with severe 
shoulder pain and disability. X-ray images showed a char-
acteristic rotator cuff arthropathy with degenerative 

changes in the glenohumeral joint and acromial bone thin-
ning (a and b). RSA was performed, lending the patient 
pain-free and with great function (c and d)

J. Fernández-González et al.
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perform a good surgical technique and there is not 
a minimum of preserved soft tissues [1].

The first complications, in addition to the defi-
cit of internal rotation, were the erosion of the 
scapular neck and the wear of the polyethylene 
due to the impact of the polyethylene against the 
neck of the scapula (known as notching—up to 
62%) [2]. This happened prematurely in the first 
designs, since up to 68% of the patients who pre-
sented this notching already had radiological 
changes at the end of the first year after implanta-
tion. Nonetheless, authors such as Werner et al. 
[3] saw that few cases progressed over time after 
that first year, which differed from the work of 
Lévigne et al. [2], in which a higher percentage 
progressed over time. Notching progress has 
been associated with a worse clinical outcome, 
especially in Nerot’s cases 3 and 4 [2].

Other complications that appeared with the 
first designs in a significant percentage were 
instability and infection. These last two compli-
cations have decreased notably in recent years 
owing to a better surgical technique and better 
management of the soft tissues.

5.2.1  Young Patients

An important fact to take into account, especially 
in young patients, is the case in which an active 
external rotation defect is identified preopera-
tively in the clinical examination and confirmed 
with a MRI (identifying absence of infraspinatus 
and teres minor). In these patients, a latissimus 
dorsi transfer should be considered and antici-
pated before the surgery according to the 
L’Episcopo technique, well described in different 
articles, to restore lost external rotation [4]. Some 
articles propose the transfer of the lower portion 
of the trapezius, as an alternative to the above [5].

Trying to reduce scapular notching has been 
the subject of many compute-modeling studies. 
This has been achieved by:

• Reducing the humeral neck—shaft angle (less 
than 155 degrees)

• A greater lateralization and inferior tilt of the 
glenoid component

5.2.2  Humeral Cut Neck-Shaft Angle 
of Less than 155 Degrees

Studies have shown that a humeral cut neck-shaft 
angle of less than 155 degrees (non-anatomic 
Grammont’s prosthesis) and a lateralization of 
the glenosphere of at least 2–4 mm were able to 
reduce the incidence of scapular erosion [6]. 
However, this can lead to differences in the range 
of motion. Computer-modeling studies have 
demonstrated that an angulation of 135° improves 
mobility in adduction but decreases it in abduc-
tion, as opposed to what happens with a humeral 
cut of 155° although what both types of cut 
achieve in the end is an equal range of motion in 
the abduction-adduction axis. There are also 
changes in the rotation, shown in Table  5.1 
[6–8].

5.2.3  Studies that Compare the RSA 
with or Without Lateralization 
with Bone Graft

Clinical studies that compare the RSA with or 
without lateralization with bone graft, and in 
terms of mobility, show mixed results. Collin 
et al. observed that in the case of prostheses with 
graft, they obtained significantly better move-
ment in anterior flexion but not in rotations [9]. 

Table 5.1 Influence of the humeral neck shaft angle cut 
in range of motion based in computer-modeling studies 
[6–8]

Humeral neck 
shaft angle cut 
155°

Humeral neck 
shaft angle cut 
135°

Abduction Improved
Adduction Improved
External rotation at
10° abduction

Improved

Internal rotation
10° abduction

Improved

External rotation
90° abduction

Reduced

Extension Improved
Forward flexion Equal Equal
Total ABD + ADD Same ROM Same ROM

ROM Range of motion, ABD Abduction, ADD Adduction

5 Controversies in Shoulder Arthroplasty
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On the contrary, Greiner et  al. in a prospective 
study, although with a small sample, did not 
observe that the use of the bone graft lead to bet-
ter anterior flexion, but they did observe better 
external rotation and without significant differ-
ences in the Constant-Murley score [10]. Athwal 
et al. in a retrospective study also found no differ-
ences in terms of range of mobility, strength, and 
Constant-Murley score [11]. In these three stud-
ies, they did not find a significantly better exter-
nal rotation with the graft, contrary to what was 
expected when using a glenosphere component 
without lateralization [9–11].

5.2.4  Degree of Lowering 
of the Center of Rotation

Another issue for debate is the degree of lowering 
of the center of rotation. It is accepted that greater 
distalization leads to better mobility by achieving 
greater deltoid tension. However, there are stud-
ies that show that this also leads to complications 
such as nerve injuries, often underdiagnosed 
postoperatively, especially of the axillary nerve 
in its anterior branch, up to 25.8% [12], and a 
higher percentage of acromion or scapular spine 
fractures and reoperations [13].

5.2.5  Size of the Glenosphere

Regarding the size of the glenosphere, Mollon 
et al. observed greater active abduction and ante-
rior flexion in patients with a 42 mm glenosphere 
than with a 38 mm glenosphere, and this effect 
was more significant in women [14]. However, 
Torrens et al. with a larger glenosphere showed a 
significant decrease in notching but no differ-
ences in functional scales [15]. A later study by 
Muller et al. with a longer follow-up of 5 years, 
but fewer patients, noted with a 44  mm gleno-
sphere a greater external rotation of 12° on aver-
age compared to a 36 mm glenosphere. However, 
the authors are not certain that this translates to a 
clinical benefit for the patient [16]. They also 

observed that patients with a 44 mm glenosphere 
had greater strength in abduction (they explain 
this finding based on the fact that the deltoid 
muscle and external rotator muscles improve 
their power by increasing their length when using 
a larger glenosphere), but they did not find differ-
ences in terms of stability between both 
diameters.

5.3  Glenohumeral Osteoarthritis

Glenohumeral osteoarthritis in patients over 
60 years has been successfully treated in recent 
decades with a total shoulder arthroplasty with 
good results in terms of pain relief and function. 
The state of the rotator cuff is mainly what dic-
tates the indication of a total anatomical shoulder 
arthroplasty (TSA) versus the reverse (RSA). 
Nowadays it is accepted that the state of chondral 
and bone wear of the glenoid cavity must also be 
taken into account.

Hemiarthroplasty (HA) has few indications in 
cases of glenohumeral osteoarthritis, since the 
glenoid cavity is affected in most cases, and the 
immediate functional results in terms of pain 
relief are much better with TSA, although tradi-
tionally it was said that the results were compa-
rable after 1 year of follow-up. In our experience, 
during the first year after a HA, the patient does 
not perceive any improvement in his symptoms 
and in his quality of life. For this reason, our view 
is that a patient over 60 years with glenohumeral 
osteoarthritis and with good rotator cuff status is 
a candidate for a total anatomical arthroplasty 
and rarely for a hemiarthroplasty.

5.3.1  Comparison Between HA 
and TSA

Supporting our own experience, there are studies 
that compare HA and TSA, such as that of Bartelt 
et al. that find greater pain relief, greater range of 
motion, and longer survival with TSA than with 
HA.  In another work, Dillon et  al. observed a 
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greater risk of revision in patients undergoing 
HA than in TSA [17]. However, longer-term 
studies such as the one of Denard et al. observed 
a 10-year survival rate of the glenoids of 62.5% 
[18]. Therefore, the choice of a TSA or a HA 
should be made according to the patient charac-
teristics, taking into account age, activity carried 
out, state of the glenoid, and knowing the disad-
vantages of each technique. It has already been 
indicated that after a year the results are almost 
equal; however, more pain relief and better func-
tion have always been observed in TSA, although 
not being significant (Figs. 5.2 and 5.3).

5.3.2  Thinned Supraspinatus 
Tendon with a Partial Tear

Nevertheless, there is a point of controversy in 
patients with glenohumeral osteoarthritis who 
present a thinned supraspinatus tendon with a 
partial tear. If many years ago they were candi-
dates for a TSA, today there is a tendency to per-
form a RSA. This change in the indication is due 
to the risk of an early tear of the rotator cuff 
which, in addition to the clear immediate func-
tional impairment perceived by the patient, will 
also cause loosening of the glenoid component of 

a b

c d

Fig. 5.2 Preoperative X-ray images of a 48-year-old 
male with glenohumeral osteoarthritis in his right shoul-
der (a and b). A hemiarthroplasty was performed after 
extensive soft tissues release and glenoid microfractures 
in some of its surface. The inferior glenoid osteophyte was 
not adequately removed (c) and (d). Despite the X-ray’s 

appearance, the patient is pain-free after 4 years and with 
great mobility (abduction of 160° and complete rotations). 
A hemiarthroplasty was used because of his age, and ade-
quate release and balance of soft tissues was essential to 
achieve this good clinical result

5 Controversies in Shoulder Arthroplasty
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a b

c d

Fig. 5.3 Preoperative X-ray images of a 60-year-old man 
with right shoulder osteoarthritis (a and b). TSA was per-
formed, with a keeled glenoid component (c and d), and 

after 4 years the patient shows a nearly complete range of 
motion and absence of any clinical symptoms

the TSA in a short time due to the well-known 
rocking-horse effect. Likewise, the non-cemented 
fixation of the glenoid component, as well as the 
lower shear forces to which this component is 
subjected, favors the choice of the RSA.

In these cases of osteoarthritis with thinning 
of the supraspinatus tendon, the infraspinatus and 
teres minor tendons are usually well preserved, 
so the RSA will lead to very satisfactory results 
in terms of anterior elevation and external rota-
tion. The only drawback of the RSA is the loss of 
internal rotation suffered by most patients com-
pared to the TSA that must be previously 
explained to the patient but which they normally 
accept for the benefits obtained in exchange.

5.3.3  Young Patients 
with Glenohumeral 
Osteoarthritis

Another point of debate is young patients with 
glenohumeral osteoarthritis in whom conserva-
tive treatment or arthroscopic debridement sur-
gery have failed. Arthroscopic debridement to 
relieve pain and improve function, with or with-
out capsular release, has been used in patients 
with osteoarthritis who are poor candidates for 
arthroplasty due to their young age or their high 
level of activity. Arthroscopic debridement may 
be successful to relief pain, stiffness, or mechani-
cal symptoms, and it can be useful until the 
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implantation of a prosthesis [19]. However, high 
failure rates have been recorded of up to 30%, so 
arthroscopy may be indicated in patients under 
47  years, while above that age it is usually 
doomed to failure [20]. Treatment consists of 
what has been described as “the comprehensive 
arthroscopic management” (CAM) which, in 
addition to the extraction of loose bodies, regu-
larization of chondral lesions, synovectomies, 
tenotomy or tenodesis of the long head of the 
biceps, and capsule release, includes an osteo-
plasty of the humeral head, removal of the ante-
rior osteophyte, and decompression of the 
axillary nerve [19, 20]. Microfractures can also 
be associated with high-grade lesions [20]. As 
previously mentioned, Mitchell et  al. observed 
after 5 years of follow-up that 26% progressed to 
arthroplasty, and, in a more recent work, they 
observed a progression to arthroplasty of 15.8% 
and that the cases with a type B2 or C Walch gle-
noid defect, age over 50 years, and greater signs 
of osteoarthritis in the Kellgren-Lawrence clas-
sification are those with the worst prognosis [19]. 
In these patients, in whom arthroscopic tech-
niques fail, there are several arthroplasty options, 
from resurfacing arthroplasty to RSA.

5.3.4  Resurfacing Arthroplasty 
(Stemless Shoulder 
Arthroplasty)

Resurfacing arthroplasty (stemless shoulder arthro-
plasty), either partial or total, seeks to reestablish 
the tilt and version of the humeral head, as well 
as to maintain the offset of the humeral head with 
respect to the medullary canal. Partial resurfacing 
arthroplasty is indicated in cases of injuries to the 
humeral head with good condition of the glenoid 
articular cartilage, such as cases of non-advanced 
osteonecrosis. Total resurfacing is recommended 
in patients with rheumatoid arthritis, arthropathy 
secondary to instability, advanced osteonecrosis, 
and primary osteoarthritis. However, there are 
few published studies, one by Bailie et al. of 36 
patients with a mean age less than 55 years with 
little follow-up, in which at 3  years only one 
patient required revision to a TSA [21].

5.3.5  Primary Osteoarthritis 
Patients with Joint 
Impingement, Posterior 
Erosion, and Posterior 
Subluxation 
of the Humeral Head

There is a group of primary osteoarthritis patients 
with joint impingement, posterior erosion, and 
posterior subluxation of the humeral head for 
which there are several techniques and surgical 
gestures intended to avoid a poor functional 
result or complications such as mobilization of 
the glenoid component or instability [22]:

• Corrective eccentric reaming
• Posterior bone grafting
• Augmented glenoid implants
• Glenoid reconstruction with a reverse 

prosthesis

The appearance of bone defects found in gle-
nohumeral osteoarthritis is of such an importance 
that it will be treated thoroughly later in this 
chapter.

The cause of the posterior erosion and poste-
rior subluxation of the head is uncertain. While 
Neer considered that the posterior subluxation 
was a consequence of the posterior erosion, 
Walch thinks that an excessive retroversion 
(>15°) is the primary cause and one that could be 
treated initially to avoid this situation [23]. This 
subluxation would be dynamic, only occurring in 
certain positions at first but eventually becoming 
permanent over time. Treatment in these cases is 
controversial and will be discussed later in the 
section on glenoid bone defects.

5.3.6  Reverse Prosthesis in Young 
Patients

Reverse prosthesis in young patients with gleno-
humeral osteoarthritis should be the last option of 
treatment. Clear indications of RSA in these 
patients are a history of several rotator cuff sur-
geries that lead to its irreparability in which 
osteoarthritis conditions contraindicate a tendon 
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transfer, great patient comorbidity, and large 
bone defects such as those observed in certain 
cases of rheumatoid arthritis and of course in 
revisions of failed prostheses. However, studies 
show that the RSA in these young patients does 
not provide the same satisfaction as in older 
patients.

5.4  Failed Anatomic Shoulder 
Arthroplasties

Undoubtedly, an anatomic shoulder arthroplasty 
correctly indicated obtains satisfactory results in 
terms of pain relief and function. However, they 
can fail due to the increased life expectancy of 
patients, along with the overuse they receive due 
to the good clinical condition they render the 
patients in.

Revision of shoulder arthroplasty offers 
unpredictable results depending on the state of 
bone stock and the rotator cuff that these patients 
present. Currently, the good results obtained with 
the RSA in primary processes have led to its use 
in patients in whom their prior prostheses failed, 
achieving acceptable clinical results (Fig. 5.4).

We can find different situations of failure of an 
anatomic shoulder arthroplasty:

• Failure of an HA placed either in a fracture, in 
an osteonecrotic bone, or in a primary or sec-
ondary osteoarthritis with glenoid chondral 
erosion

• Failure of a TSA due to injury of the rotator 
cuff or to mobilization of the glenoid compo-
nent, poor positioning, or infection

The revision of these prostheses is not easy. 
Patient characteristics and the state of the soft 
and bone tissues that accompany the prosthesis 
must be assessed. As for the patient consider-
ations, we should identify the patient with pain 
that affects his daily life and that requires the use 
of analgesics daily. His medical history and 
information about the first surgery should be 

assessed to rule out an infectious cause of the 
problem. In this case, a blood test that includes 
ESR and CPR would be advised and, in cases 
where the implant has been in place for more 
than a year, a gallium scan. There is also the pos-
sibility of aspiration of joint fluid under ultra-
sound control. The germs most frequently 
implicated in these slow course infections are 
Propionibacterium acnes and, less frequently, 
Staphylococcus epidermidis.

Regarding imaging tests, changes in simple 
x-rays such as elevation of the humeral head or 
clear radiolucent lines around the components 
are signs of possible component mobilization. 
CT can aid us to evaluate the state of the rotator 
cuff and, particularly, the bone stock of the gle-
noid cavity.

In the literature, it is the glenoid component 
that has most frequently been described as the 
mobilized element and causing revision surgery. 
However, more recently, other causes of failure 
have been proposed, and it is no longer seen by 
some authors as the fundamental cause of revi-
sion. As we already said, the symptoms of the 
patient together with the simple radiological 
changes alert us of a possible mobilization of the 
glenoid component (changes in position or, more 
importantly, increase in radiolucencies around 
the pegs or keel, depending on the case). In these 
cases, the options range from removing the gle-
noid component (described in the literature even 
by arthroscopic means) to leaving the glenoid 
uncovered until a new glenoid component is 
implanted by open surgery and to the most fre-
quent option, which is to perform the revision in 
one time, keeping in mind the frequent need to 
provide a structural graft. Currently, the revision 
would probably imply utilizing RSA.

The existing studies in the literature show a 
wide range of results. Placing a RSA after a TSA 
has been associated with decreased mobility, 
especially internal rotation, and acromion stress 
fractures. Melis et al. reported a satisfaction rate 
of 86% despite requiring subsequent surgeries in 
21% of the cases [24].

J. Fernández-González et al.
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a b

c d

Fig. 5.4 A 72-year-old woman with a painful hemiar-
throplasty (a). Revision was done with RSA. It was neces-
sary to perform a proximal osteotomy to remove part of 
the cemented cap. The RSA was then fixed cementless 

thanks to the possibility of fixation with screws (b). After 
4 years, the patient has improved in range of motion, with 
130 degrees of abduction, good external rotation, and lim-
ited internal rotation up to level L5 (c and d)

5.5  Proximal Humeral Fractures

Proximal humeral fractures in patients over 
70 years are adequately managed in 85% of cases 
with conservative treatment. Although a recent 
Cochrane study concludes that there are no differ-
ences in the outcome of surgical versus conserva-
tive treatment in displaced surgical neck fractures, 

it is accepted in most studies that displaced frac-
tures with 3 or 4 fragments in people over 70 years 
and without medical conditions that contraindi-
cate surgery, reverse arthroplasty, or osteosynthe-
sis are nowadays an indication, and rarely a 
hemiarthroplasty can also be utilized [25].

The alternative to RSA in these displaced frac-
tures is the osteosynthesis with a locking plate, 
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which in many centers is accepted as an indica-
tion up to 75 years of age, at least in countries 
with greater longevity and good quality of life of 
their patients. However, fracture–dislocation in 
patients over 70 years of age is a clear indication 
for RSA and rarely for osteosynthesis, due to the 
technical difficulty of the surgery and the proba-
ble complications, mainly the necrosis of the 
humeral head. Necrosis usually leads to promi-
nence of the screws of the implant causing pain 
or functional disability, forcing a second surgery 
more laborious and difficult with the only possi-
ble option of RSA.

As mentioned, fractures of the proximal 
humerus treated by hemiarthroplasty are in clear 
regression owing to the better results obtained 
with a RSA, largely due to the fact that they 
depend less on integration of the tuberosities for 
an acceptable functional result. For this reason, in 
most countries, the use of the reverse arthroplasty 
is preferred, and hemiarthroplasty in proximal 
humerus fractures is reserved for selected cases 
like fractures involving the humeral head (split- 
fractures) in young patients (Fig. 5.5).

Regarding the fixation of the tuberosities, 
especially of the greater one, there are no contro-
versies about reattaching them, if possible, to 
achieve a better function of the reverse prosthesis 
in terms of mobility in anterior flexion and exter-
nal rotation. A systematic review of the use of 
reverse prostheses in acute fractures, comparing 
those placed with or without reattachment of the 
tuberosities, corroborates the above, observing 
greater mobility in anterior flexion (126° vs. 
112°) and in external rotation (24° vs. 15°) when 
they had been reattached [26].

Another interesting aspect would be to know 
the most adequate degree of version of the implant; 
however, from our point of view, the same indi-
cations as those of degenerative cases should be 
followed. The glenoid component should not be 
placed in a retroversion of more than 10° due to 
the risk of instability, and, as for the humeral com-
ponent, it would be advisable around 10°–20° of 
retroversion as we previously mentioned, in order 
to relieve tension on the tuberosities, to ease their 
reattachment, and at the same time to obtain ade-
quate internal and external rotation. However, in 

a b

Fig. 5.5 Preoperative X-ray image of an 83-year-old 
female who sustained a fracture-dislocation of the proxi-
mal humerus after a fall at home (a). RSA was performed 
with good results in terms of pain and especially restoring 

ROM, obtaining complete abduction and external rotation 
thanks to the reattachment and integration of the greater 
tuberosity (b)
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one study by Favre et al., they advised placing the 
implant in a neutral position or in slight antever-
sion, to achieve greater stability without losing 
external rotation [27].

In a systematic review carried out in our 
Service of 5 prospective clinical trials (not yet 
published), comparing reverse prosthesis (RSA) 
versus conservative treatment, osteosynthesis 
(ORIF), and hemiarthroplasty (HA) [28–32], it 
was observed that RSA offers better functionality 
than the other techniques on the Constant-Murley 
functional scale (a difference in the mean value 
of 11.44 points was observed (99% CI, [5.75–
17.13], p  <  0.001)). Regarding the functional 
scales used (DASH, Oxford Shoulder Score, 
UCLA), significant differences were obtained 
in favor of the RSA with respect to the HA and 
ORIF techniques but not to the conservative treat-
ment, on a single study. Despite finding signifi-
cant pain relief in participants treated with RSA 
in one of the studies, this did not translate into a 
higher quality of life (no significant differences 
found for the EQ-5D, SF-12, and WOOS scales). 
Two studies showed a greater range of motion in 
anterior flexion and abduction, but not in inter-
nal or external rotation, in participants with RSA 
compared to those treated with HA. Comparison 
with ORIF and conservative management regard-
ing range of motion was not available.

In the radiological evaluation, 19 cases of 
scapular erosion were described (12.3%) [(8  in 
grade 2 of the Nerot-Sirveaux classification 
(Bradley, 2018)] and 53 cases of resorption or 
malunion of the tuberosities (34%) among the 
154 participants who underwent RSA in 4 differ-
ent studies, with no impact on functional results. 
Two studies reported 33 cases (37%) of periar-
ticular ossification in 89 people who underwent 
RSA, with no clinical impact either. However, 
in the other techniques, a greater proportion of 
radiographic complications were described: 
greater proportion of resorption/malunion of the 
tuberosities in those treated with HA and cases 
of rotator cuff tear and avascular necrosis in the 
ORIF and conservative groups.

RSA seems to lead to fewer complications, 
with a relative risk (RR) of 0.48 (95% CI, [0.25–
0.93], p = 0.03), after the results of three studies 
with a maximum follow-up of 49 months.

In conclusion, from these studies, we can infer 
that patients with RSA seem to be more satisfied, 
although only one of two studies found signifi-
cant differences in this regard. Likewise, these 
studies showed better functional results of reverse 
prostheses in patients between 70 and 80 years of 
age, when compared to osteosynthesis and hemi-
arthroplasty. Nonetheless, a significant fact to 
keep in mind is that as patients get older, espe-
cially over 80  years, the results with RSA are 
equal to those obtained with conservative treat-
ment. Moreover, we were surprised to find a nor-
mal distribution in the results of patients who 
underwent a RSA and a bimodal distribution of 
results in patients with HA (i.e., a proportion of 
patients with good results as well as a higher pro-
portion of very poor results). These poor results 
of HA have not been reported with the reverse 
prosthesis [28–32].

Comparing the functional results and compli-
cations of RSA in proximal humerus fractures 
versus degenerative pathology, there is a study 
that compares 108 vs. 1876, respectively, and 
finds several remarkable facts [33]:

• At 1  year, both groups are equal from the 
functional point of view, in terms of mobility 
and in terms of the scores on the functional 
scales.

• Postoperative complications are less frequent 
in the group of fractures (4.6% vs. 7.15), and a 
notable fact is the absence of postoperative 
dislocations in this group. This fact contrasts 
with what happens in total hip arthroplasties 
when comparing fractures vs. degenerative 
pathology.

• The lower rate of complications in the fracture 
group could be related to highly selected indi-
cations (low comorbidity and absence of pre-
vious shoulder pathology), a fact that we must 
keep in mind in our daily practice.

5 Controversies in Shoulder Arthroplasty
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5.6  Glenoid Bone Defects

This issue deserves a specific section because it 
affects both TSA and RSA, and it is undoubtedly 
the aspect that is currently under study to achieve 
better functional results and to reduce failure 
rates of the glenoid component. Treatment of gle-
noid bone defects is challenging. Fortunately, 
most cases of shoulder osteoarthritis and rotator 
cuff arthropathy are accompanied by small 
defects that do not require restoration for the 
arthroplasty to function properly. In cases of sig-
nificant bone defect, if not treated properly, the 
glenoid component can loosen, triggering insta-
bility due to improper placement of the compo-
nent or poor soft tissue balance. The first 
techniques described for its treatment were for 
the anatomical prostheses, both TSA and HA, 
with mixed results and ranging from 20 to 50% 
of failures [34].

Bone defects are usually classified according 
to the Walch classification. The original classifi-
cation had 5 types: A1, A2, B1, B2, and C based 

on the preoperative image by two-dimensional 
CT [35], which was performed mainly to plan the 
type of shoulder prostheses to be implanted. The 
key to differentiate a type B glenoid from the 
other types is that the humeral head is posteriorly 
subluxated. However, this classification obtained 
a weak to moderate interobserver reproducibility 
using two-dimensional CT, even among experi-
enced surgeons [36]. Thus, subsequent modifica-
tions have been made to improve this interobserver 
agreement, and three more types have been 
added: B3, C2, and D [37, 38]. This new classifi-
cation has been developed with three- dimensional 
CT (Fig.  5.6). However, yet again, it did not 
achieve a greater interobserver reproducibility 
(kappa 0.37–0.43) although it did improve intrao-
bserver reproducibility (kappa 0.51–0.63) [39]. 
The main problem that arises is the differentia-
tion between types B3, C1, and C2, questioning 
if a defect was initially a type B1 that evolves to 
B2 and then to B3, or if it was a dysplasia (type 
C) from the very beginning. A summary that can 
help us to understand what type of glenoid defect 

A1

B2
A2

B1 C1

B3
D

C2

Fig. 5.6 The modified Walch classification. Bercik et al. 
published modification in 2016. The main modifications 
include the addition of B3 and D and clarification of the 
A2 glenoid. Ianotti et al. recently published an additional 

modification, in which they utilized the vault model the-
ory to further define the B3 glenoid and introduced a new 
subtype, the C2 glenoid [35, 37, 38]
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Fig. 5.7 A 75 year-old woman with rheumatoid arthritis. 
She underwent several surgeries because of shoulder 
arthritis. First surgery was a hemiarthroplasty 12  years 
ago then revised to TSA (adding the glenoid component) 
and finally a RSA. Suddenly, the patient started experi-
encing pain and loss of motion after continued overuse 
taking care of her sick mother. Anteroposterior radiograph 
shows aseptic loosening of the glenoid (a). Revision with 

allograft and a metaglene with longer central peg was 
implanted with great clinical success. However, antero-
posterior radiograph shows the glenosphere slightly tilted 
upwards (b and c). Two years later the patient suffered a 
periprosthetic fracture after a fall that required open sur-
gery with a locking plate. Fracture healing was obtained 
with good clinical results (d)

are we facing would be: a B2 type has a bicon-
cave glenoid appearance; B3 has lost that bicon-
cavity due to increased posterior erosion, with a 
version greater than 15° or at least 70% posterior 
humeral head subluxation (or both) and, most 
importantly, with no remnants of the native gle-
noid (or paleoglenoid) observed in the anterior 
area (therefore, it appears more concentric than a 
B2); type C has dysplastic glenoids, with an 
increase in retroversion above 25° and without 
signs of erosion; the C2 introduced by Ianotti 
et al. would have a biconcavity as an evolution of 
a C1. Another aspect that can help to define the 
glenoid defect is the etiology of the shoulder 
pathology that the patient presents. Thus, in gle-
nohumeral osteoarthritis, it is common to observe 
either central (contained or not) or peripheral 
defects (mainly in the posterior aspect); in rotator 
cuff arthropathy, the main defect is found in the 
upper part; in patients with chronic anterior insta-

bility, the defect found will be anterior; and in 
revision cases, there will be global or combined 
defects (Fig. 5.7) [34]. The ideal approach to treat 
these defects is to use a structural bone graft, 
either from the native humeral head or from a 
humeral head allograft.

5.6.1  Reverse Shoulder 
Arthroplasty

Primary RSA is usually performed without pro-
viding structural graft (Fig. 5.8). However, there 
are authors who believe that it can be needed in 
up to 48% of primary cases. Other authors even 
state it would be required in up to 70% of cases 
[40]. In one study, better functional results were 
observed in reverse prostheses in which no graft 
was necessary compared to those that needed it 
[41].
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Fig. 5.8 Anteroposterior and axial X-rays of a 56-year- 
old female with rheumatoid arthritis. She underwent two 
unsuccessful rotator cuff repair surgeries (a and b). MRI 
images show important bone and cartilage lesions in both 

sides of the joint and an extensive synovial proliferation 
with some loose bodies (c). RSA was performed with 
good clinical and radiological results after a 4-year fol-
low- up (d and e)
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Undoubtedly, reverse prostheses allow better 
fixation of the glenoid component than total ana-
tomical ones; and in cases with glenoid bone 
defects, a better graft incorporation has been 
described. There are studies that show good clini-
cal results with the use of grafted RSA. Lorenzetti 
et al. observed a marked functional improvement 
with the incorporation of the graft in 98% of the 
cases, without any case of loosening (studied by 
postoperative CT). This work included patients 
with rotator cuff arthropathy and primary osteo-
arthritis. Another interesting data of the study is 
that the glenoid component was in contact with 
native bone in 0 to 50%, with an average of only 
17% [42]. Boileau et  al. used a trapezoidal- 
shaped autologous humeral head graft with the 
aim of correcting the version and inclination in 
patients with primary osteoarthritis and rotator 
cuff arthropathy and observed an integration of 
94% of the grafts with good clinical and func-
tional results [43]. In the work of Tashjan et al., 
they observed that the structural graft can achieve 
a good functional result with a low percentage of 
failure, observing a 93% glenoid implant survival 
and 100% short-term graft integration. They also 
believe that even a correction of as much as 35° 
could be resolved [34].

5.6.2  Total Shoulder Arthroplasty

In the case of a type B2 defect, the placement of 
a TSA is a challenge since the retroversion must 
be corrected, while at the same time re-centering 
the humeral that has subluxated is needed. To 
achieve this, different surgical techniques have 
been described, as we have mentioned previ-
ously: corrective eccentric glenoid reaming, pos-
terior bone grafting, or augmented glenoid 
implants.

Corrective eccentric reaming, also referred to 
as high-side reaming, has the problem that it can 
lead to inadequate glenoid support, excessive 
medialization, and the risk of a fracture of the 
anterior glenoid rim. This type of surgery should 
be performed judiciously according to Mehta 
et al. in cases of excessive retroversion, over 15° 
[22].

The addition of structural bone graft has the 
purpose of correcting the glenoid version and at 
the same time recovering bone stock. The clinical 
results are mixed. Recent articles such as that by 
Nicholson et  al. observed good clinical results 
with a mean follow-up of 4 years and with the 
incorporation of the graft in 100% of the cases 
[44]. On the other hand, Walch et al. reported a 
high frequency of complications. The goal for the 
correction of the version for these authors was 
less than 10°. Patients with bone graft were asso-
ciated with poorer radiological and clinical 
results in terms of anterior flexion, Constant 
score, mobility, strength, and radiolucent lines. 
Graft resorption and even some cases of posterior 
dislocation were recorded as well [45]. In cases 
of TSA with retroversion of more than 27°, Walch 
et  al. observed a 44% loosening of the glenoid 
component and, if the degree of posterior sublux-
ation of the humeral head exceeded 80%, a risk 
of posterior instability of 11% [46]. In these 
instances, it is difficult to reproduce the glenoid 
anatomy, and frequently the implant pegs are not 
fully covered by bone. A reverse prosthesis can 
be considered in such cases, even with a func-
tional rotator cuff, especially in the elderly 
patient.

Regarding the use of augmented glenoid 
implants, there are not many clinical studies, and 
most of the researched published is based on bio-
mechanical studies or computer modeling. The 
preliminary results are promising, but studies 
with longer follow-up are required [22].

5.7  Short-Stem Shoulder 
Arthroplasty

It is the glenoid component which more fre-
quently fails in TSA [47, 48]. The early unce-
mented components did not match the gold 
standard assumed by the cemented ones. 
However, modern uncemented components are 
achieving promising results [49], with advan-
tages as less difficult revisions when com-
pared to cemented ones. Current trends favor 
a metaphyseal rather than diaphyseal fixation, 
trying to recreate the proximal anatomy of the 
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humerus while preserving the proximal bone 
stock. Short-stem humeral components avail 
these advantages, although they also have draw-
backs such as the risk of misalignment and early 
loosening, especially in models without a proxi-
mal porous coating. Some studies have been 
published showing very good clinical results 
in terms of pain relief, mobility, and few com-
plications [50]. However, it is noticeable that 
they observed medial resorption in the humeral 
calcar in 9.3% of cases on plain X-rays. This 
resorption is observed from the beginning, pro-
gressing slowly over time, and with only an 
average follow-up of as little as 3  years. The 
authors express their concern of possible resorp-
tion progression and associated complications.

Another study shows 2.6% loosening, 10.2% 
sinking, and a 15.4% risk of mobilization with a 
stem without proximal porous coating [51]. It has 
been advised for these stems to have a proximal 
porous or hydroxyapatite coating to obtain better 
results and to avoid the complications described. 
Further prospective studies are needed to com-
pare standard-length humeral stems with short- 
stem components. Nowadays, short-stem humeral 
components can be useful in situations such as 
alteration of the normal anatomy due to a previ-
ous proximal diaphyseal fracture or prior elbow 
prostheses or in young patients seeking preserva-
tion of the humeral bone stock.

5.8  Complications of Shoulder 
Arthroplasties

5.8.1  Complications of RSA

The complications of RSA are numerous, the 
most frequent being scapular notching, already 
discussed; but others such as fractures of the 
acromion or the spine of the scapula and instabil-
ity are also important.

5.8.1.1  Acromion and Scapula Spine 
Fractures

When facing a patient with good clinical 
progression after a RSA, the sudden onset of 

pain accompanied by loss of function should 
lead us to suspect a fracture in the insertion 
of the deltoid either in the acromion or in the 
spine of the scapula. The clinical suspicion 
can be confirmed either with simple radiol-
ogy or with a CT scan. In the case of simple 
radiology, it should be suspected when typi-
cal changes are observed such as the tilt of 
the acromion or the decrease in acromiohum-
eral distance. There are two classifications 
that are used, that of Levy et al. and Crosby 
et  al., to plan the adequate treatment [52, 
53].

Undoubtedly, the biomechanics of the pros-
thesis, by producing greater tension on the del-
toid, causes greater stress on its bone insertions, 
especially flexion forces upon the acromion. 
Added to this is the fact that these patients 
 frequently associate reduced bone resistance, as 
observed in patients with rheumatoid arthritis or 
even in advanced cases of rotator cuff arthropa-
thy [54, 55]. Other factors that can contribute to 
reduce bone resistance are previous acromio-
plasty, or acromioclavicular osteoarthritis, that 
implies greater stiffness at this level causing 
more stress on the acromion during movements 
[53–55].

In relation to the components of the prosthe-
sis, the placement of the upper screw of the gle-
noid component has been associated with a 
higher rate of fractures. Thus, it may be advisable 
to take extreme care in its placement and when 
choosing the length. A lateralized humeral cut 
and a medialized glenoid have been suggested to 
provide greater protection against acromion frac-
ture [54]. However, studies such as those by 
Marigi et al., after retrospectively reviewing 2000 
reverse prostheses, only see a relationship with 
the occurrence of these fractures in women with 
osteopenia and a history of acromioplasty and 
not with other pathologies or with the type of 
prosthesis [55].

Treatment is conservative in most cases, 
although surgery is indicated in acute cases with 
displacement or in symptomatic chronic cases, 
either in terms of pain or loss of function 
(Fig. 5.9) [52, 53, 56].
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Fig. 5.9 A 70-year-old woman with rheumatoid arthritis is 
presented. RSA was performed to relieve her pain and loss 
of motion due to her disease. The patient underwent knee 
and spine surgeries as well due to her disease. She was per-
forming well with the RSA, until suddenly she started 
experiencing loss of motion and pain in her right shoulder. 
In this scenario, an X-ray was performed where we can find 

increased distance between the acromion and the distal end 
of the clavicle (a). A CT scan confirmed a scapular spine 
fracture (b). The patient suffered some episodes of prosthe-
sis dislocation that she could reduce by herself every time. 
Finally, the patient was recently operated using a recon-
struction plate to fix the spine fracture (c)

5.8.1.2  Instability
Instability after RSA is one of the leading causes 
of revision, with devastating complications. Early 
instability can be related to inadequate soft-tissue 
tensioning and/or axillary nerve palsy or due to 
impingement or liner failure [57].

Cheung et al. found that postoperative insta-
bility was associated with male gender, history of 
prior open shoulder surgery, and preoperative 
diagnosis of fracture sequelae, including tuberos-
ity nonunion. They identified a 9.2% incidence of 
early instability, and it is explained that nearly 
50% of these patients had previous failed open 
surgeries. In their experience, addressing redislo-
cation with only a thicker polyethylene insert was 
only effective in 5 of their 11 patients. Two 
underwent resection arthroplasty, and one had a 
conversion to a hemiarthroplasty [58].

Initial instability after RSA must be carefully 
managed and can be related to multiple causes, 
especially inadequate soft tissues management 
(either not tensioned or absent), mispositioned 
implants, or inadequate implant sizes [58, 59].

5.8.2  Complications of Total 
Anatomic Arthroplasty

In total anatomic arthroplasty, a change in the fre-
quency of the complications originally described 

has been observed. Improvements in the compo-
sition of the components, in their design, and in 
the surgical technique have contributed to this 
[60].

In a review published in 2016, they observed 
that glenoid component loosening accounted for 
37% of all complications, rotator cuff failure for 
9%, and humeral component loosening for 1% 
[61]. However, these results were based on stud-
ies presented by groups that perform this surgery 
in large numbers, but we need to consider the 
complications experienced by surgeons who per-
form only few arthroplasties each year. Bearing 
this in mind and taking as a reference an organ-
ism as transparent as the FDA, it is observed that 
the loosening rate of the glenoid component is 
20.4% [62]. A report from the Australian 
Orthopedic Society corroborates this, observing 
a glenoid loosening of 18% and confirming rota-
tor cuff tear as a cause of revision in 26% of cases 
and instability in 22% [63]. Among the factors 
that have reduced glenoid loosening are a better 
surgical technique in treating glenoid defects, 
especially the posterior ones, with the use of 
grafts, and the decreasing popularity of the clas-
sic eccentric reaming, which places the fixation 
of the glenoid component at higher risk.

Matsen et al. recommend a minimum reaming 
but not with the intention of changing the version 
that the glenoid had. They report that out of 159 
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patients with osteoarthritis with type B1, B2, and 
B3 glenoid defects, at 2 years of follow-up, they 
did not need to carry out revisions of the glenoid 
component and only observed osteolysis around 
the central peg in 2 patients [64]. It is also notice-
able that in a previous study by Somerson’s 
group, they did not observe clinical or radiologi-
cal differences between patients in whom the gle-
noid component was placed with a retroversion 
greater than 15° compared to those who were 
placed with a retroversion less than 15° at 2 years 
follow-up [65].

Grey et al., using a glenoid component with a 
posterior augmentation of 8° in 68 patients with a 
follow-up of 2 years, reported only the revision 
of 2 components, although radiolucent lines were 
observed in 37% (21 patients) [66]. Similar 
results were observed in the study by Priddy et al. 
using a full-wedge glenoid component in 37 
patients. They reported only 2 revisions and only 
one of them because of the glenoid component 
itself [67]. They also found an important number 
of radiolucencies, 54% of patients. Further stud-
ies with longer follow-ups are still needed to 
evaluate the use of glenoid components with aug-
mentations instead of bone graft, which had 
already shown good clinical results and high 
rates of integration.

Other developments proposed to reduce the 
failure of the glenoid component are the use of 
cross-linked cemented polyethylene instead of 
non-cross-linked polyethylene, metal-backed 
components, and uncemented components [68].

Regarding metal-backed components, a work 
by Boileau et al. draws attention to a greater fail-
ure of metal-backed glenoid components [69]. In 
another retrospective analysis of 21 studies that 
included 1571 arthroplasties, they showed a revi-
sion rate of 14% in the metal-backed components 
group versus 4% in the polyethylene components 
group. The authors believe that this is due to the 
thickness of the metal lateralizing the center of 
rotation and the differences in the stiffness of the 
three components: metal, polyethylene, and bone 
[70].

Regarding the fixation of the glenoid compo-
nents either with keel or pegs, all published data 
before 2010 used components with keel. A ran-

domized and controlled study in 2010 demon-
strated better results of the components with pegs 
[71]; thus, the possibility of using them instead 
was introduced from then on. Along these lines, a 
more recent systematic work shows fewer revi-
sions in the glenoid components with pegs, 
although this does not imply significant differ-
ences on the clinical level [72].

Undoubtedly, currently, the most frequent 
cause of failure of TSA is rotator cuff injury. A 
multicenter study found rotator cuff injury in 
3.1% of patients, which in turn represented 28% 
of complications, thus being a factor to bear in 
mind when choosing which arthroplasty to be 
performed [73]. Nowadays, when facing a weak-
ened rotator cuff, either thinned or partially torn, 
there is a tendency to use the RSA, especially in 
patients over 60 years of age. In order to  determine 
the injury of the rotator cuff, we can use the 
parameters described by Young et al., like a rise 
of the humeral head greater than 25% in the true 
AP projection, and the factors that can predict a 
greater risk of rotator cuff tear like follow-up 
time, greater tilt of the glenoid component, and 
the degree of infraspinatus atrophy seen on CT 
[74]. Subscapularis muscle injury has been iden-
tified as the main cause of instability in TSA. Levy 
et al. reported that this involvement is due either 
to inadequate reinsertion of the tendon, poor rota-
tion of the humeral component, larger compo-
nents, injury of the capsule, or an inefficient 
deltoid [75].

The use of RSA in cases where TSA presented 
frequent complications like patients with rotator 
cuff arthropathy, large glenoid defects, or post- 
traumatic pathology has significantly reduced the 
complications reported in more recent series of 
TSA.

5.9  Conclusions

The shoulder has become the third most fre-
quently replaced joint, after the hip and knee. 
Since Neer’s early designs used for fractures, 
shoulder prostheses have evolved to accommo-
date the proximal humeral anatomy, but the most 
important step in the evolution of shoulder arthro-
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plasty was undoubtedly the introduction of the 
reverse total shoulder prosthesis. These prosthe-
ses have undergone important changes since their 
first designs with the aim of minimizing the com-
plications initially observed, especially scapular 
erosion. Nowadays, we are entering a new stage 
that has the objective of a better placement of the 
prostheses, especially of the glenoid component.
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6Clavicle Fractures: To Operate 
or Not?

Alonso Moreno-García 
and E. Carlos Rodríguez-Merchán

6.1  Introduction

Clavicle fractures are common injuries, espe-
cially in young active individuals. A recent study 
on high school athletes reported an injury rate of 
1.80 per 100,000 [1]. These fractures account for 
approximately 2.6–4% of all fractures in adults 
[2]. A study from the Swedish Fracture Register 
showed a male predominance, with 68% of the 
clavicle fractures occurring in males, the largest 
subgroup aged 15–24  years. However, over the 
age of 65, females sustained more clavicle frac-
tures than males [3].

These fractures are usually related to sport 
injuries and road traffic accidents. A direct blow 
on the point of the shoulder is the commonest 
reported mechanism of injury. Most of these frac-
tures occur in the midshaft of the clavicle, fol-
lowed by the distal third. Fractures of the medial 
third are the most uncommon ones.

Clavicle fractures were originally divided by 
Allman into proximal (Group I), middle (Group 
II), and distal (Group III) third fractures. This 
classification was posteriorly enhanced by Neer 
and Rockwood in an attempt to take into account 
factors that influence treatment and outcome. 
Posteriorly, Robinson developed a classification 
scheme based on prognostic variables from a 

population-based study [2]. This classification 
keeps the division of the clavicle into thirds, add-
ing variables that are of proven diagnostic value: 
intra-articular extension, displacement, and com-
minution. Robinson classification is based on an 
extensive database that helps to predict outcome 
and hence guide treatment.

Regarding the treatment of clavicle fractures, 
there is still controversy in the surgical indica-
tions. A comprehensive epidemiological study 
from Sweden revealed important changes in the 
rates of surgery over the time independently to 
the actual fracture rates [4]. Local traditions and 
surgeon preferences have been suggested as 
important factors for the choice of surgical treat-
ment. In this chapter, we review the most updated 
evidence concerning treatment of clavicle frac-
tures to help the reader to decide on the treatment 
approach based on the best clinical evidence 
available.

6.2  Fractures of the Middle Third 
of the Clavicle

Fractures of the middle third of the clavicle are 
the most common ones. Traditionally, these frac-
tures have been treated conservatively with gen-
erally good results. Neer, in a classical study that 
dominated the clinical approach to clavicular 
fractures for decades, reported nonunion in only 
three of 2235 patients with middle-third fractures 
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Fig. 6.1 Midshaft displaced fracture treated with open reduction and plate fixation (ORPF). Preoperative and postop-
erative X rays

treated by closed methods [5]. However, recent 
reports of large randomized control trials (RCT) 
have identified a subgroup of patients that may 
benefit from surgical treatment (Fig.  6.1). In a 
recent meta-analysis addressing this question, 
Qid et  al. compared open reduction and plate 
fixation (ORPF) with nonsurgical treatment for 
displaced midshaft clavicle fractures. They 
 conclude that ORPF yielded better results than 
conservative treatment in terms of fracture heal-
ing and appearance. However, the rate of compli-
cation was significantly lower in the nonsurgical 
treatment group, ranging from 3% to 7% when 
accounting for complications directly related to 
the surgery [6]. A multicenter randomized con-
trolled trial comparing operative with nonopera-
tive treatment of displaced midshaft clavicle 
fractures showed at 9  months a significantly 
lower proportion of nonunion (p < 0.001) in the 
operative group (0.8%) compared with the non-
operative group (11%). This study included 301 
patients with an age of 18 to 65 years, with dis-
placed midshaft fracture of the clavicle, Robinson 
classification 2B1 or 2B2, and being medically fit 
to undergo surgery. Fixation was performed 
using a precontoured titanium plate, while the 
conservative treatment consisted of a sling for up 
to 6  weeks or until there was clinical and/or 
radiographic evidence of union. The risk of com-
plications in both treatment groups was low [7]. 
The DASH and Constant-Murley scores and 

patient satisfaction were all significantly better in 
the operative group than in the nonoperative 
group at 6  weeks and 3  months; however, they 
were equivalent at 9 months [7]. These findings 
of faster functional recovery in the surgical 
treated patients have been supported by Echalier 
et al. who reported a significant and clinically rel-
evant difference in the functional scores favoring 
the surgical treatment in the first 6 weeks after the 
fracture event. Also, they showed that fracture 
fixation allows significantly faster return to work 
[8]. There is some discussion in relation to long- 
term clinical results, although the Canadian 
Orthopaedic Trauma Society reported in a large 
prospective clinical trial that Constant shoulder 
and DASH scores significantly improved in the 
operative fixation group at all time-points, with a 
total follow-up of 1 year [9]. Another interesting 
study evaluating the long-term results of nonsur-
gical treatment of midshaft clavicle fractures 
reported that patients with fractures with vertical 
displacement of ≥100% may eventually require 
surgical treatment due to unsatisfactory results 
secondary to residual deformities [10].

Under a societal perspective, and regarding 
cost-effectiveness, Sørensen et al. in a recent study 
concluded that operative treatment with locking 
plate fixation does not represent a cost- effective 
treatment option vs. nonoperative treatment in 
Denmark. However, the authors acknowledge 
that their results are subject to uncertainties and 
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advise to interpret the results cautiously and take 
local context and patient profession into consid-
eration [11]. Another study from the USA, how-
ever, found early operative fixation of displaced 
midshaft clavicle fractures more cost-effective 
than nonoperative treatment [12]. A systematic 
literature review on this matter have suggested 
that routine operative treatment seems to be more 
expensive, although cost- effective in some cases, 
recommending  cost- effectiveness analysis in 
RCT studies in the future [13].

A recent meta-analysis including 11 high- 
quality trials has revealed a significantly lower 
relative risk of developing nonunion and symp-
tomatic malunion in patients undergoing surgical 
treatment. A subgroup analysis of plate fixation 
versus intramedullary nailing was performed 
which suggested that the incidence of nonunion 
after plate fixation was lower as compared to 
intramedullary nailing [14]. Another reported 
complication of intramedullary nailing is axial 
instability resulting in telescoping and shortening 
of the clavicle length. To avoid this complication, 
a recent publication has proposed the use of 
S-shaped titanium endomedullary nails with 
good results [15]. For displaced midshaft frac-
tures of the lateral diaphysis, and when using 
intramedullary nailing, a recent study advises the 
use of a lateral approach instead of the classical 
medial one. The authors report excellent func-
tional results with this novel technique [16].

Currently, there is sufficient evidence to 
assume that surgical treatment of displaced mid-
shaft fractures in adults produce better results 
when compared to the nonsurgical approach. In 
order to define displacement, it has been accepted, 
after the study of Hill et al., a distance >2 cm as 
the threshold for conservative management [17]. 
Regarding children and adolescents, surgical and 
conservative management may yield similar 
results, as presented by Swarup et al. in a recent 
study. Both operatively and nonoperatively 
treated patients had excellent functional and pain 
outcomes, similar refracture rates, and no non-
unions [18]. Nonoperative management should 
be considered as first-line treatment for most 

pediatric displaced clavicle fractures, and opera-
tive management should potentially be reserved 
for atypical cases such as floating shoulder, mul-
titrauma, open fractures, nonunions, and symp-
tomatic malunions. Another study reporting 
long-term outcomes supports nonsurgical treat-
ment as the treatment of choice for displaced 
midshaft clavicular fractures in adolescents [19].

Considering the surgical technique, ORPF is 
the most common procedure, but intramedullary 
nails can be also used. In a recent study compar-
ing both techniques, no differences were found 
regarding clinical results or complications, leav-
ing to the preference of the surgeon the choice of 
the implant used [20]. Skin erosion with the 
exposure of the synthesis material was the main 
complication in the group of ORPF reported in 
this study. Some authors have recommended 
incisions following the Langer’s line to avoid 
skin complications; however, Anker et al. found 
in a recent study that an incision following 
Langer’s lines does not reduce the rate of compli-
cations following fixation of displaced middle- 
third clavicle fractures [21].

Possible complications of ORPF were thor-
oughly reviewed by Wijdicks et  al., finding the 
vast majority being implant related. Irritation or 
failure of the plate were consistently reported on 
average ranging from 9 to 64% [22]. The use of 
dual mini-fragment plating is an innovative 
approach to reduce complications. Compared to 
single plating, dual plating is biomechanically 
equivalent in axial loading and torsion yet offers 
better multi-planar bending stiffness despite the 
use of smaller plates. This technique may 
decrease the need for secondary surgery due to 
implant prominence and may aid in fracture 
reduction by buttressing butterfly fragments in 
two planes [23]. These good results have been 
substantiated by other authors [24, 25].When 
comparing local complications, a total of 8% of 
dual mini-fragment plating patients had symp-
tomatic implant removal compared with 20% of 
single traditional plating patients [25]. A recent 
systematic review of the literature supports the 
aforementioned advantages of dual plating [26].
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For midshaft clavicle fractures, the absence of 
cortical alignment in wedge and comminuted 
fractures directly influences the fixation stability 
of the synthesis, and complications like nonunion 
or malunion are more frequent [27]. The use of a 
lag screw in such instances have been recom-
mended, and the AO/OTA advises a screw diam-
eter of 3.5  mm. Wurm et  al. have recently 
published a study comparing the use of lag screws 
of different diameter (3.5 mm vs. 2.0 mm), con-
cluding that both groups showed comparable 
results with respect to fracture reduction, fixa-
tion, and stability as well as time to consolidation 
of the fracture, while the 2.0 mm screw diameter 
was associated with easier handling of small frac-
ture fragments [28].

The floating shoulder, defined as combined 
clavicle and ipsilateral scapular neck fractures, is 
an entity that has recently been reviewed regard-
ing its best therapeutic approach. An ample anal-
ysis of the literature found satisfactory outcomes 
following both surgical fixation and nonoperative 
management. However, floating shoulder injuries 
with significant displacement of the scapular 
neck may benefit from surgical fixation of both 
the clavicle and scapula fractures, while those 
with minimal or nondisplaced scapular neck frac-
tures may achieve good outcomes when treated 
nonoperatively or with surgical fixation of the 
clavicle alone [29].

6.3  Fractures of the Distal Third 
of the Clavicle

In an ample review of the treatment of fractures of 
the distal clavicle, Oh et al. concluded that non-
surgical treatment resulted in a nonunion rate of 
33.3% [30]. However, the same authors acknowl-
edged no significant difference in the functional 
scores compared to the surgically treated group. 
There are up-to-date no high- quality studies to 
support either approach, and until then it seems 
prudent to treat these injuries nonoperatively ini-
tially and reserve surgery for severely displaced 
fractures and high-demand patients or for failures 
of nonoperative care (Fig. 6.2).

Regarding surgical treatment, several different 
techniques have been proposed, but none has 
been established as gold standard. Complications 
have been reviewed in the literature, finding for 
hook plate fixation a complication rate of 40.7% 
in one study [30] and 62.5% in another one [31]. 
Precontoured clavicle plate fixation showed a 
16.2% complication rate in the same study, while 
no complications were found for coracoclavicu-
lar (CC) stabilization [31]. This low rate of com-
plications for CC stabilization was reported as 
well by Oh et al. in a systematic review, reporting 
a complication rate of 4.8% [30].

A question that remains under discussion is 
the use of CC ligament augmentation when using 

Fig. 6.2 Lateral displaced fracture treated with ORPF and CC augmentation. Preoperative and postoperative X rays
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plate fixation of distal clavicle fractures. A recent 
study demonstrated comparable outcomes after 
locking plate fixation with and without CC liga-
ment augmentation [32]. Other authors in contra-
distinction preconize the use of stand-alone 
coracoclavicular suture repair for the treatment 
of unstable distal clavicle fractures. In a case 
series study, the authors describe their technique 
of coracoclavicular stand-alone cow-hitch suture 
repair and report the results of 19 cases with a 
mean follow-up of 5 years [33].

In 2008, Kalamaras et al. described the use of 
locking T-plate for the treatment of distal clavicle 
displaced fractures. In an observational study of 
9 cases, they reported good clinical results, 
achieving union in all the cases [34]. Posteriorly, 
precontoured-specific locking plates for distal 
clavicle fractures were developed. Vaishya et al., 
in a prospective study, reported the results of 32 
patients treated with locking plates, showing 
good clinical and functional results with only one 
nonunion that did not require surgery. The authors 
consider this surgical treatment the best option 
available, awaiting for larger randomized studies 
[35]. A recent biomechanical study aimed to 
measure the screw angles and the number of 
screws that can be inserted in different fragment 
sizes and to elucidate the size limits for locking 
plate fixation. It concluded that other augmented 
fixation procedures should be considered for 
fractures with fragment sizes <25 mm that cannot 
be fixed with a sufficient number of screws [36].

The combination of locking plate fixation and 
CC ligament augmentations has been proposed 
recently based on the vertical and horizontal 
stress forces that intervene in these type of frac-
tures and assuming that any technique counter-
acting both the forces should result in a better 
clinical outcome. Karuppaiah et  al. published a 
prospective series of 19 patients treated with open 
reduction and internal fixation with lateral end 
locking plate augmented with a coracoid anchor. 
The authors reported good clinical and functional 
outcomes after a mean follow-up of 54 months, 
with a low rate of the need for implant removal 
(26%) and no difference in the  functional out-
come between intra-articular and extra- articular 

fractures [37]. Another case series of 22 patients 
treated surgically using precontoured locking 
plate and coracoclavicular reconstruction with 
Endobutton and FiberWire was reported by Vikas 
et al. In their study, clinical outcome was assessed 
using the University of California Los Angeles 
(UCLA) shoulder score and Constant- Murley 
score; the CC distance was also recorded. The CC 
distance did not vary significantly at a one-year 
interval when compared to the normal shoulder, 
there were no major complications in any of the 
patients, and all were able to return to their pre-
injury level of activity. Bony union was achieved 
in all the cases [38]. The use of a titanium alloy 
cable system-augmented reconstruction of the CC 
ligament, along with a precontoured locking com-
pressive distal clavicular plate, has been recently 
proposed by Xie et al. In a case series study of 28 
patients, the authors reported good restoration of 
function and high level of satisfaction. The mean 
CC distance was 9.61 ± 0.61 mm on the injured 
side vs. 9.62 ± 0.57 mm on the contralateral unin-
jured side. The reported complications were one 
delayed healing of the skin, one severe shoulder 
stiffness, three incidences of moderate shoulder 
stiffness, and five cases of symptomatic hardware 
[39]. With a similar technical approach, Zhang 
et al. published their results of a retrospective case 
series study of 21 patients, using a distal clavicle 
locking plate and a titanium cable. All patients 
achieved bony union within 6 months, with good 
clinical and functional results. They reported only 
one complication (wound infection), and two 
patients had the implant removed due to local 
irritation [40]. In a prospective cohort study, 36 
patients with distal clavicle fracture were ran-
domly allocated either to titanium cable group 
(fixed with a titanium cable in combination with 
a locking plate) and hook plate group (fixed with 
a clavicular hook plate only). The VAS score in 
the titanium cable group was significantly lower 
than that in the hook plate group 1 year after the 
operation, and the number of postoperative com-
plications in the titanium cable group was signifi-
cantly lower than that in the hook plate group. 
Both groups showed good clinical and functional 
outcomes [41].
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6.4  Fractures of the Proximal 
Third of the Clavicle

Medial clavicle fractures are rare and tradition-
ally acknowledged to account for only 2–3% of 
all clavicle fractures. However, a recent big data 
analysis elevated this figure to 11.6% [42]. They 
are more frequent in middle-aged males, and 
two-thirds of these fractures are undisplaced 
[43]. They are commonly associated with high- 
energy trauma, with a reported in-hospital 
 mortality rates as high as 20% [44] and a 34% 
mortality rate at 5 years [45]. In a retrospective 
review study of this type of fractures, Salipas 
et  al. found 68 cases over a 5-year period in a 
Level 1 Trauma Center. The majority of patients 
were males with a median age of 53.5 years. The 
fracture pattern was almost equally distributed 
between extra-articular and intra-articular, and 
80.9% had minimal or no displacement. Operative 
fixation was performed for painful atrophic 
delayed union in only two patients (2.9%). Both 
patients were under 65  years of age and had a 
severely displaced fracture. Excellent functional 
results were reported in this study following con-
servative management [46].

Among patients with displaced fractures of 
the medial clavicle, surgical treatment has been 
advised although no randomized controlled study 
has been published to date. Sidhu et al. reported 
their results of 27 patients treated with plate and 
screws in 19 cases and with transosseous sutures 
in 8 cases. All patients had full shoulder range of 
motion at final follow-up and were able to return 
to preinjury occupational activities. There were 
no significant complications with a union rate of 
100% at 12 months [47]. With the use of locking 
plates, Frima et al. published their results of a ret-
rospective study including 15 patients. They con-
cluded that operative treatment of displaced 
medial clavicle fractures with well-fitting “small 
fragment” locking plates provides an excellent 
long-term functional outcome. Regarding com-
plications, one patient had an early revision oper-
ation and developed an infection after 1.5 years, 
no mal- or nonunions occurred, and eight patients 
had their implants removed [48]. Li et  al. have 
recently proposed the use of a bridging plate 

technique across the sternum. For the one case 
presented, this technique maintained reduction 
and achieved union of a medial-end comminuted 
and displaced fracture. To the view of the authors, 
this approach is simple, safer, and promising 
[49]. Zúñiga et  al. published a case report of a 
severely displaced proximal-third clavicle frac-
ture managed with open reduction and double- 
plate internal fixation obtaining a good result 
[50].

Although uncommon, nonunions and/or fail-
ure of osteosynthesis of this type of fracture pose 
a difficult problem with scarce experience 
reported. In an innovative approach, Dion et al. 
proposed medial clavicle resection and stabiliza-
tion to the sternum using a palmaris longus auto-
graft as a salvage technique. Excellent functional 
outcomes at 3 years of follow-up were reported 
in the case presented [51].

6.5  Conclusions

Clavicle fractures are common injuries account-
ing for 2.6–4% of all fractures in adults. There 
are several classifications, but we advise the use 
of Robinson’s which has proven diagnostic and 
prognostic value.

Fractures of the middle third are the common-
est. They have been traditionally treated conser-
vatively; however, in the cases of displacement, 
surgical treatment has inarguably reduced the 
rate of nonunions. When it comes to patient satis-
faction and function, surgically treated patients 
showed a faster recovery although equivalent 
scores are reported on the long term. However, 
for pediatric and adolescent patients, nonopera-
tive management should be considered as first- 
line treatment, and operative management should 
potentially be reserved for atypical cases such as 
floating shoulder, multitrauma, open fractures, 
nonunions, and symptomatic malunions.

Plate fixation (ORPF) is the most common 
procedure used for the treatment of middle-third 
clavicle fractures; however, intramedullary, nails 
can be also used with similar functional and clin-
ical results, as well as complication rates. The 
vast majority of ORPF complications are implant 
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related. Dual mini-fragment plating is an innova-
tive approach which has shown to reduce these 
complications. The use of lag screws is advised 
in wedge and comminuted fractures to reduce 
complications, traditionally of 3.5 mm of diam-
eter. A recent study using smaller diameter 
screws (2 mm) showed comparable results with 
easier handling of small fracture fragments. 
After a recent review, floating shoulder injuries 
with significant displacement of the scapular 
neck may benefit from surgical fixation of both 
the clavicle and scapula fractures. Cost-
effectiveness of surgical treatment of middle-
third clavicle fractures has been addressed 
recently with inconsistent results, for which it 
has been recommended to add economic studies 
in future RCT.

Fractures of the distal third of the clavicle 
treated conservatively are prone to nonunion 
with a reported rate of 33%. However, studies 
comparing surgical and conservative treatment 
have not shown differences regarding function 
and pain. There are up-to-date no high-quality 
studies to support either approach, and until then 
it seems prudent to treat these injuries nonopera-
tively initially and reserve surgery for severely 
displaced fractures, high-demand patients, or 
failures of nonoperative care. Hook plate fixa-
tion has a high reported rate of complications, 
for which locking plate fixation seems a wiser 
approach especially if using precontoured 
implants. The use of coracoclavicular (CC) liga-
ment augmentation would add further stability to 
the construct facilitating faster recovery and bet-
ter clinical outcomes. Encouraging case series in 
this respect have been published, but no RCTs 
are available to date.

Medial clavicle fractures account for 2–11% 
of all clavicle fractures and are usually associated 
with high-energy trauma. In displaced fractures, 
surgical treatment has been advised although no 
randomized controlled study has been published 
to date. Locking plates are the implants of choice 
in the published series. Recently, medial clavicle 
resection and stabilization to the sternum using a 
palmaris longus autograft as a salvage technique 
has been described.
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7Massive Rotator Cuff Tears: When 
and How to Repair

Diego de Godos-Martínez, Pablo Vadillo-Cardona, 
and Alfonso Vaquero-Picado

7.1  Introduction

Shoulder pain is one of the most frequent circum-
stances leading to consultation in orthopedic sur-
gery. Rotator cuff disorders are among the most 
frequent causes of shoulder pain. In fact, they are 
considered to be the main cause of disability 
related to the shoulder [1]. Rotator cuff disorders 
include a wide range of pathologies, from simple 
subacromial bursitis and tendonitis to massive 
irreparable cuff tears and rotator cuff arthropathy. 
All are related to a common etiology and can be 
named as the “rotator cuff disease.”

It is paramount to differentiate the terms “mas-
sive” and “irreparable.” Rotator cuff tears are con-
sidered massive when two or more tendons are 
affected and/or retracted. A massive tear can be 
reparable or not. However, a cuff tear is irrepara-
ble when the possibilities of healing after repair 
are poor. An irreparable tear can be massive or not 
(i.e., a severe fatty infiltrated isolated supraspina-
tus tear is irreparable but not necessarily massive). 
Regarding massive rotator cuff tears, there is a 
controversy in what is the appropriate treatment 
for patients who suffer this pathology. It is of spe-
cial interest to discuss the convenience or not of 
repairing this lesions and the best method to per-

form it. In this chapter, we will try to clarify these 
aspects according to the evidence that is available. 
We will mainly focus the content of our chapter 
on degenerative cuff tears.

7.2  Epidemiology

Prevalence of rotator cuff tears have been investi-
gated in cadaver specimens and also in imaging 
studies performed in general population. 
Investigations in cadaver specimens have reported 
a prevalence of rotator cuff tendon defects rang-
ing from 5% to almost 40% [2]. General popula-
tion studies with ultrasonography have shown that 
rotator cuff tears are present in 20.7% of the 
explored shoulders, with a prevalence of 16.9% in 
asymptomatic subjects [3]. Overall, prevalence of 
rotator cuff abnormalities increases with age, 
from 9.2% in patients under 20 years to up to 62% 
in patients over 80 years of age [4]. Other risk fac-
tors for rotator cuff tears had been reported: domi-
nant arm, history of trauma [3], smoking [5], 
genetics [6], and hypercholesterolemia [7].

7.3  Anatomy and Biomechanics

Rotator cuff is constituted of four muscles: supra-
spinatus, infraspinatus, teres minor, and subscap-
ularis. Each one is prolonged by a tendon, 
inserting distally in a different point at the proxi-
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mal humerus, keeping a consistent pattern [8, 9]. 
The primary function of cuff tendons is to bal-
ance forces in the glenohumeral joint, providing 
dynamic stability in two planes: vertical (coro-
nal) and horizontal (axial). In addition, rotator 
cuff muscles contribute to humeral rotation and 
compress the humeral head against the glenoid 
fossa, centering the proximal humerus during all 
the range of motion [10].

In coronal plane, the supraspinatus counter-
acts the superior force produced by the deltoid 
muscle, centering the head. This is known as the 
vertical balance. In the horizontal plane, the ante-
rior moment created by internal rotators (pectora-
lis major, subscapularis, teres major, and 
latissimus dorsi) is counteracted by the posterior 
moment created by external rotators (infraspina-
tus and teres minor). This subtle balance of forces 
may cease when rotator cuff disease appears, 
causing pain, disability, and joint degeneration. 
When shoulder is not balanced on vertical plane, 
the deltoid will pull the head superiorly without 
the opposition of the supraspinatus. The humeral 
head tends to scape superior (first) and anteriorly, 
leading to a pseudoparalytic shoulder. When the 
broken balance is on the horizontal plane, the 
bigger and stronger internal rotator muscles will 
not have the opposition of the external rotators, 
and the patient will lose the ability for external 
rotation. Cadaveric studies have shown the pres-
ence of a crescent-shaped structure that com-
prises supraspinatus and infraspinatus insertions 
from anterior to posterior: the rotator cable [11]. 
This structure may act as the cable of a suspen-
sion bridge, protecting function of the cuff when 
a tear occurs and aiding to maintain dynamic 
stability.

7.4  Natural History of Rotator 
Cuff Disease

When talking about rotator cuff disease, different 
types of lesions can be found, ranging from sim-
ple tendinosis to massive full thickness tears and 
rotator cuff arthropathy. These lesions are consid-
ered to be part of a continuous process of degen-
eration which starts with compression or 

impingement of the tendon against close struc-
tures (acromion, coracoid process, or coracoacro-
mial ligament), causing at first acute tendinosis 
with edema and hemorrhage that progresses into 
chronic tendinitis with fibrosis and, finally, rota-
tor cuff tears [12]. However, not all the cases fit 
into this sequence of progressive degenerative 
condition, and two subgroups of patients can be 
distinguished: young patients (usually under 
40 years of age) with traumatic tears and older 
patients (over 50  years) with nontraumatic, 
degenerative tears [13].

There is a group of patients where rotator cuff 
tears are part of a degenerative process related 
with age. Several studies have shown that is fre-
quent to find tears in asymptomatic subjects [3], 
with a 15% rate of full-thickness tears and a 20% 
rate of partial thickness tears [14]. Awareness of 
the natural evolution of these asymptomatic tears 
is useful in the understanding of rotator cuff dis-
ease. Yamaguchi et  al. reported that 51% of 
asymptomatic patients with full-thickness tears 
became symptomatic over a period of 2.8 years 
[15]. Pain development is associated with tear 
enlargement. Larger tears are also more likely to 
develop symptoms and to progress [16]. 
Regarding symptomatic patients, it has been 
reported that larger tears have a chance of pro-
gression around 50% [17, 18]. On the other hand, 
smaller tears (under 1–1.5 cm) have shown lower 
risk of enlargement (25%) [19]. Natural history 
of rotator cuff disease and untreated tears must be 
taken into account when evaluating a patient pre-
senting with this pathology.

7.5  Rotator Cuff Tears 
Classification: Definition 
of Massive Rotator Cuff Tear

Cofield subdivided tears in four groups according 
to the length of the greatest diameter of the tear: 
small (1  cm or less), medium (1–3  cm), large 
(3–5  cm), and massive (over 5  cm) [20]. 
Harryman et al. classified tears according to the 
number of tendons affected, without giving a spe-
cific definition for massive tears [21]. Gerber 
et al. also classified tears according to the number 
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of tendons torn and defined massive tears as the 
detachment of at least two entire tendons [22]. 
Patte presented a complex classification that 
takes into account the extent of the tear and 
topography in the frontal and sagittal plane [23]. 
This system introduced the concept of tendon 
retraction: minimal retraction (stage 1), retrac-
tion to the level of the humeral head (stage 2), 
and retraction to the level of the glenoid (stage 3).

Davidson and Burkhart proposed a three- 
dimensional classification system in which tears 
are divided in four groups according to geometric 
patterns [24]: type 1 (crescent-shaped), type 2 
(longitudinal U-shaped and L-shaped), type 3 
(massive contracted, defined as too long for the 
tendon end to be pulled laterally directly to bone 
and too wide to be closed directly side to side), 
and type 4 (arthropathy, associated with glenohu-
meral osteoarthritis). The size established by 
Davidson and Burkhart to consider a tear as mas-
sive contracted was coronal length and sagittal 
width over 2–3 cm. As it can be inferred from this 
huge variety of classifications, there is not con-
sensus about the definition of what a massive 
rotator cuff tear is. Probably, the most widely 
used is the one given by Gerber et al. [22]: detach-
ment of two entire tendons, and that is the defini-
tion that will be employed in this chapter.

7.6  Massive Rotator Cuff Tears: 
When to Repair

When facing a massive rotator cuff tear, several 
issues must be taken into account: clinical factors 
(symptoms, function, age, activity of the patient, 
mechanism of tear), imaging, and intraoperative 
factors. All of them must be analyzed compre-
hensively to determine if a tear is amenable to be 
repaired or not.

7.6.1  Clinical Factors

Regarding clinical factors, an adequate physical 
examination must be performed. This should 
include inspection (signs of muscular atrophy), 
palpation (search for concomitant pathology 

around the shoulder), assessment of range of 
motion, and neurovascular examination (to assess 
the integrity of axillary and suprascapular nerve 
function).

Strength testing of all rotator cuff muscles is 
paramount [25]. Some patients with massive 
tears are able to maintain active overhead motion 
[26]. These are the patients with a “balanced 
shoulder” either vertical and/or horizontal. 
However, other patients present a pseudopara-
lytic shoulder, defined as the inability to raise the 
affected arm over 90° in association with pre-
served passive motion (unbalanced vertical 
shoulder) [27]. In a series published by Läderman 
et  al., reversion of pseudoparalysis could be 
achieved in over 90% of patients with arthroscopic 
rotator cuff repair [28]. Functional results worsen 
when revision repair is tried in individuals with 
pseudoparalysis, with only 43% of subjects 
regaining forward flexion over 90° [29]. However, 
results of repair in massive tears with pseudopa-
ralysis are not consistent through the literature, 
and indication for repair in these patients must be 
carefully addressed. It is now accepted (and the 
opinion of the authors), that pseudoparalysis is 
better addressed with a reverse shoulder arthro-
plasty, giving more consistent and reliable results.

7.6.2  Imaging Factors

Besides physical examination, imaging of the 
shoulder is necessary to evaluate treatment 
options for massive tears. Standard evaluation 
must include plain radiographs with different 
views (at least true anteroposterior and lateral 
views). Ultrasonography can be used in diagno-
sis, but it is highly technician dependent, so we 
prefer magnetic resonance in order to assess size 
and location of the tear, tendon retraction, or 
muscle degeneration.

Regarding plain radiographs, the presence of 
rotator cuff arthropathy must be assessed. 
Hamada et al. proposed a radiographic classifica-
tion of arthritis in massive rotator cuff tears [30] 
that were subsequently complemented by Walch 
et al. [31]. It distinguishes 5 stages: stage 1 (acro-
miohumeral interval greater than 7 mm), stage 2 
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(acromiohumeral interval less than 7 mm), stage 
3 (acromiohumeral interval less than 7 mm with 
acetabulization of the acromion), stage 4a (acro-
miohumeral interval less than 7 mm with gleno-
humeral arthritis without acetabulization of the 
acromion), stage 4b (acromiohumeral interval 
less than 7 mm with glenohumeral arthritis and 
acetabulization of the acromion), and stage 5 
(acromiohumeral interval less than 7  mm with 
collapsed humeral head). Patients with decreased 
acromiohumeral interval (stage 2 or higher) have 
shown a higher rate of supraspinatus retear after 
repair when compared to subjects with preserved 
acromiohumeral distance (stage 1) [32], so a 
<7 mm acromiohumeral interval is usually con-
sidered a relative contraindication for repair. 
Recently, it has been proposed that acromiohum-
eral interval must be measured not only in stan-
dard radiographs but also in stress radiographs 
(with patient holding a 5 kg weight). This intro-
duces the concept of “reducible” acromiohum-
eral distance: those patients with a differential 
value in acromiohumeral interval greater than 
3.2 mm between standard and stress radiographs 
showed a lower failure rate and higher functional 
scores [33]. Supraspinatus tendon repair failure 
has been reported to be significantly more fre-
quent in patients with osteoarthritis [34]. 
Therefore, the presence of degenerative changes 
in plain radiographs with reduced acromiohum-
eral distance is a factor that must be taken into 
account when deciding if a tear is amenable to 
repair or not. As we have mentioned before, 
ascended humeral head is considered a contrain-
dication for repairing supraspinatus tears, as the 
risk of pseudoparalysis and re-tear is extremely 
high. In case of symptomatic ascended humeral 
head or glenohumeral osteoarthritis, palliative 
techniques should be considered.

Magnetic resonance (MRI) is the most accu-
rate and widely used examination for studying 
rotator cuff tears (Fig.  7.1). One of the main 
aspects that can be (and should be) evaluated on 
MRI is the presence of fatty infiltration in rotator 
cuff muscles. Goutallier et al. proposed a classifi-
cation system for fatty muscle degeneration that 
is widely used [35]. Although this system was 
initially described in CT scan images, it has been 

adapted for use on T1 imaging on MRI by Fuchs 
et al. [36]. It differentiates 5 grades: grade 1 (nor-
mal muscle), grade 2 (some fatty streaking), 
grade 3 (fatty infiltration present but less than 
muscle), grade 4 (equal amount of fatty infiltra-
tion than muscle), and grade 5 (more fat than 
muscle). Several authors have reported worse 
results in rotator cuff repair when muscles pres-
ent a fatty degeneration index over grade 3 in the 
supraspinatus or over grade 2  in the infraspina-
tus, with higher rates of incomplete repair [37, 
38]. Grade 2 fatty infiltration of the supraspinatus 
has been reported as a positive predictor for re- 
tears [39]. After repair, improvement of fatty 
degeneration has been observed in 25% of the 
cases [40].

Other aspects that should be assessed on MRI 
are tendon retraction and tear size. Preoperative 
musculotendinous junction position with respect 
to the glenoid has been reported to be a predictive 
factor of healing: tears that had a preoperative 
musculotendinous junction medial to glenoid 
level show lower healing rates when compared to 
those in which musculotendinous junction is lat-
eral (56% vs. 94%) [41]. Patte classification 
equal or under stage 2 (tendon retraction that 

Fig. 7.1 Magnetic resonance imaging (MRI) showing a 
degenerative supraspinatus tear, Patte grade 1
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does not reach glenoid level) has been associated 
with good results after repair [42]. Anteroposterior 
and mediolateral tear size have also shown cor-
relation with reparability in large to massive rota-
tor cuff tears [38].

Age has also been reported as a critical factor 
in tendon healing, with patients under 65 years 
presenting significantly higher rates of healing 
(86% vs. 43%) [43]. Traumatic tears have shown 
significantly better postoperative results as well 
[13]. Taking into account the risk of progression 
in symptomatic tears [17, 18] and the good heal-
ing rates, the indication of repair is clear in young 
patients, and it should be attempted in almost all 
cases. However, in old patients with degenerative 
tears, repair is not always indicated. Conservative 
treatment provides good results in older patients 
[44] and allows to avoid surgery in near half of 
the subjects, with some series reporting interven-
tion rates of only 26% after appropriate physical 
therapy [45]. Moreover, delaying surgery for 
3 months does not seem to influence the outcome 
negatively [46]. For thus, conservative manage-
ment before considering surgery seems an ade-
quate practice in many patients sustaining 
degenerative tears.

7.6.3  Intraoperative Factors

Rotator cuff tears are not only defined as irrepa-
rable according to preoperative factors: a tear in 
which we cannot reduce the tendon to its foot-
print or in which the tendon is reduced but we 
foresee that the repair is going to fail is also an 
irreparable tear. It has been reported that the pos-
sibility of re-tear increases when tension over 
35 N is required to reach the articular margin of 
the footprint [47].

In brief, a comprehensive evaluation of the 
patient and imaging is necessary when pondering 
the treatment of a massive cuff tear. However, we 
must be aware that these are not the only factors 
involved and that intraoperative findings are 
important too. Rotator cuff arthropathy, high- 
grade fatty infiltration, and tendon retraction are 
relative contraindications for repair, and risks and 
benefits must be taken into account before indi-

cating surgery, especially in older patients with 
lower healing potential.

7.7  Massive Rotator Cuff Tears: 
How to Repair

Once the decision of repairing a rotator cuff tear 
has been made, the surgeon has to choose what is 
the best method to perform it. A huge variety of 
techniques have been described, not only for pri-
mary repair but also for helping in tendon reduc-
tion and for reinforcement or augmentation of the 
construct. A good choice between this myriad of 
surgical options can maximize the chances for 
obtaining a complete and functional tendon 
healing.

Open repair in massive tears has shown good 
long-term clinical outcomes with adequate func-
tional scores and subjective patient satisfaction, 
although re-tear rates as high as 57% in 10 years 
have been reported [48]. One advantage of this 
technique is the shorter learning curve. 
Classically, the possibility of performing fixation 
through transosseous tunnels was mentioned as 
another advantage of open repair. However, with 
improved suture-anchors designs, it has been 
reported that bone fixation by suture-anchors is 
significantly less prone to failure than fixation 
through bone tunnels [49]. Regarding disadvan-
tages of the open technique, some authors have 
reported higher infection rates when compared 
with arthroscopic repair [50].

Arthroscopic treatment has risen as a reliable 
alternative to open repair of rotator cuff tears in 
the last two decades. Faster recovery, better cos-
metic results, and decreased postoperative pain 
have been cited as possible advantages of this 
technique. However, there is no evidence on the 
superiority of arthroscopic versus open repair 
concerning the postoperative pain relief [51]. 
Although initial comparative studies reported 
worse outcomes in massive tears when compared 
to the open treatment (82% vs. 77% of satisfac-
tory results) [52], more recent meta-analyses 
have shown no differences in pain, functional 
scores, range of motion, or complications 
between both techniques [53, 54]. Considering 
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this, we think that both techniques are still valid 
options, and the choice must be taken according 
to the surgeon’s experience and preference.

When choosing the technique of repair, a 
key aspect that must be taken into account is the 
geometric pattern of the tear. As previously men-
tioned, Davidson and Burkhart classified rota-
tor cuff tears according to a three-dimensional 
pattern and proposed a repair method for each 
one [24]: crescent-shaped tears (type 1) are pro-
posed to be operated with a direct tendon to-bone 
repair; U-shaped and L-shaped longitudinal tears 
(type 2) are better repaired with a side-to- side/
margin convergence technique along with lateral 
suture anchors; massive contracted tears (type 
3) are considered too long for the tendon end to 
be pulled laterally directly to bone and too wide 
to be closed directly side to side, so release and 
interval slides are often required. In some cases, 
partial repair may be the best choice. Arthropathy 
tears (type 4) are considered irreparable.

There is controversy on what is the best treat-
ment option for massive contracted tears (type 
3). Single and double interval slide techniques 
have demonstrated improvement in active 
motion, strength, and function [55]. However, 
long-term studies have shown a high re-tear rate 
(88%) in those tears treated with aggressive 
release and complete repair. This re-tear rate is 
similar to the one of those patients treated with 
partial repair (85%). When comparing both tech-
niques, there are not significant differences in 
clinical outcomes [56]. Therefore, in this kind of 
lesions, it may be preferable to perform a partial 
repair.

Another concern regarding tear repair is if it is 
a necessary anatomic complete repair, with full 
coverage of the footprint. Several studies have 
shown that partial repair yields comparable out-
comes to complete repair [57], with similar re- 
tear rates and functional scores [58]. However, 
the percentage of head coverage achieved has 
been directly correlated with more favorable out-
comes [58]. A recent systematic review reported 
that complete repair is associated with at least 
equal or better functional outcomes compared to 
partial repair [59]. We think that complete repair 
should be the aim of treatment, accepting partial 

repair for those cases in which full coverage of 
the footprint is not possible.

Other technical aspect that remains contro-
versial is the convenience of performing a 
double- row repair versus a simpler single-row 
repair. Meta-analyses have shown that double-
row repair provides a significantly higher rate of 
tendon healing than single-row repair, espe-
cially in large or massive tears. However, this 
does not reflect on clinical results, and differ-
ences on functional outcomes have not been 
demonstrated [60]. In addition, it has been 
reported that double- row repair is not cost-
effective for any size of tear when compared to 
single-row repair [61]. Consequently, some 
authors recommend using double-row repair 
only in selected cases. Probably those with 
larger and more contracted tears would be good 
candidates, aiming to improve the lower rate of 
healing of these cases.

Another issue under debate is the convenience 
of performing additional surgical gestures when 
repairing a rotator cuff tear, like tenotomy of the 
long head of the biceps, acromioplasty, or supra-
scapular nerve decompression.

Regarding tenotomy of the long head of the 
biceps, there are few studies comparing repair 
alone with repair plus tenotomy. The long head of 
the biceps has been reported as a possible source 
of pain in rotator cuff tears [62]. However, 
patients treated with rotator cuff repair plus 
tenotomy showed no benefit with respect to those 
treated with repair alone [63]. For that reason, 
our recommendation is not to perform tenotomy 
in all patients, reserving it for those cases in 
which the long head of the biceps tendon presents 
advanced degeneration or as an adjuvant treat-
ment for pain in patients with irreparable tears 
but with good shoulder function, in which partial 
repair plus biceps tenotomy is frequently per-
formed [64].

With respect to acromioplasty, several studies 
have reported that there are no differences in 
functional outcomes or re-tear rates between 
patients in which acromioplasty was performed 
in addition to the repair and those in which sim-
ple repair was done [63, 65]. We do not recom-
mend to perform acromioplasty unless there is an 
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objective compression between acromion and 
supraspinatus after the repair.

Regarding suprascapular nerve decompres-
sion, no differences between groups with or with-
out decompression have been reported [66]. 
Accordingly, and due to the risk of suprascapular 
nerve palsy, we do not perform this routinely.

With respect to augmentation of the repair, 
there is a huge variety of methods described to 
reinforce the repair: grafts (autograft, allograft, 
or xenograft), extracellular matrix, and synthetic 
or biologic patches. This wide range of options 
yields a lack of homogeneity in the bibliography, 
which makes difficult to conclude what is the real 
advantage provided by these techniques. 
Nevertheless, some authors have tried to analyze 
the information available, and several systematic 
reviews have been published shedding some light 
on this question [67]. It has been reported that 
allograft augmentation is functionally and struc-
turally superior to primary repair, with a signifi-
cantly higher rate of intact repairs. In contrast, 
xenograft augmentation has failed to demonstrate 
superiority to primary repair and presents a worse 
healing rate. Polypropylene patches showed 
improved outcomes with respect to primary 
repair and collagen patches [68], although there 
is a lack of randomized data. Grafts can be used 
to reinforce the repair or as a “bridge” between 
the tendon and its footprint when complete repair 
is not possible. Bridging grafts have not shown 
significant difference in healing or clinical out-
comes when compared to grafts used for aug-
mentation [69]. Other augmentation systems, like 
extracellular matrix grafts, seem to reduce the 
incidence of re-tears and improve patient out-
comes when compared to simple repair [70].

Surgical techniques in which the biceps ten-
don is used for augmentation have been described 
(either tenotomizing the tendon or just incorpo-
rating it to the repair without detachment). 
Several authors have reported reduced failure 
rates using this technique, with similar clinical 
outcomes and better strength improvement than 
repair alone [71, 72].

In summary, there are many options described 
to augment rotator cuff repair, some of them with 
promising results. As these techniques may imply 
longer surgical time, complexity, and higher 
costs, author’s advice is to limit augmentation 
use to those cases in which repair failure, even 
when repair is an accurate indication, is highly 
predictable or when a revision of a previously 
failed repair is done.

Another point that is frequently discussed 
regarding massive rotator cuff repair is the conve-
nience of using platelet-rich plasma (PRP) as 
adjuvant treatment. Some meta-analyses have 
reported that the use of PRP reduces the failure 
risk after repair, regardless of tear size [73]. 
However, systematic reviews of meta-analyses 
failed to demonstrate this point [74]. All the stud-
ies agree to indicate the great heterogeneity of 
PRP preparations as an obstacle to generalize 
outcomes. We consider that at this moment, it is 
not possible to make a specific recommendation 
with respect to PRP use.

7.8  Conclusions

Rotator cuff tears are very common and can 
cause important disability, especially massive 
tears. When facing patients with this pathology, 
knowledge of natural history, adequate physical 
examination, comprehensive analysis of imag-
ing studies, and awareness of risk factors for 
repair failure are essential for the selection of 
the best treatment. If repair is performed, a deep 
understanding of anatomy, tear geometry, and 
surgical techniques available is necessary. Our 
recommendation is to choose between open or 
arthroscopic repair according to the surgeon’s 
preference and experience. Complete single-
row repair must be attempted, and geometric 
pattern of the tear must be taken into account. 
Double- row repair and augmentation techniques 
must be considered in specific cases. No addi-
tional surgical gestures are recommended as a 
routine.
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8Humeral Shaft Fixation in Adults: 
Plate Fixation, Intramedullary Nail, 
or Nonoperative?

Elena Gálvez-Sirvent, Aitor Ibarzabal-Gil, 
and E. Carlos Rodríguez-Merchán

8.1  Introduction

Fractures of the proximal humerus account for 
1%–5% of all fractures [1], with an incidence of 
13–14 cases per 100,000 population and a 
bimodal distribution, with a peak in young adults 
aged 20–30 years related to high-energy trauma 
and another in the elderly due to falls from their 
own height and lower-energy trauma associated 
with osteoporosis [1, 2].

There are several treatment options for this 
type of fracture, with controversy in the current 
literature and much variability in surgeon prefer-
ences [3].

8.2  Anatomy

To understand how these fractures behave and to 
establish the basis for their treatment, it is impor-
tant to know certain anatomy details of the 
humeral diaphysis and its vasculonervous 
relationships.

The humeral diaphysis extends from the surgi-
cal neck of the proximal humerus [4] or superior 

border of the pectoralis major insertion [5] to the 
epicondyles or supracondylar crest [4, 5]. This is 
cylindrical in its proximal half and then becomes 
triangular, with three surfaces—anterolateral, 
anteromedial, and posterior [4, 5]—and a nar-
rower diameter, which is important to take into 
account in the case of intramedullary fixations. 
Most of the vascularization of the humeral diaphy-
sis arrives via a nutritional artery along the antero-
medial border between the insertion of the 
coracobrachialis and anterior brachial muscles [4].

There are important and close vasculonervous 
relationships and structures to be considered, 
which can be injured by both the fracture itself 
and iatrogenically either by manipulations or in 
its surgical management. The humeral diaphysis 
has certain areas that the surgeon must know how 
to recognize because they are key points in these 
vasculonervous relationships. The deltoid tuber-
osity is a slight V-shaped bony outgrowth on the 
anterolateral surface where, as its name indicates, 
the deltoid muscle inserts [4]. This fact is impor-
tant because, in diaphyseal fractures of the proxi-
mal third of the humerus below the deltoid V, the 
deltoid tends to pull on the proximal end and dis-
places it. Another important landmark is the 
radial groove that develops posteriorly at the 
insertion of the lateral belly of the triceps and 
extends distally and laterally and houses the 
radial nerve along with the brachial artery [4].

The vasculonervous structures in relation to 
the humeral diaphysis are the brachial artery and 
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axillary nerve in the most proximal part and the 
radial, ulnar, median, and lateral antebrachial 
cutaneous nerves, sensory branches of the mus-
culocutaneous nerve, in the most distal part. 
Special mention should be made of the radial 
nerve, the most commonly injured structure in 
this type of fractures, and the lateral antebrachial 
cutaneous nerve, present in the anterior mid- 
distal third approach.

The radial nerve is the main structure that can 
be affected in diaphyseal fractures of the humerus, 
with a reported rate of injury of 7–17% [6], which 
can be primary or iatrogenic. Iatrogenic injury 
rates in the literature range around 7%, but rates 
of up to 32% have been reported in some series 
[7, 8]. It is therefore important to have a good 
knowledge of the pathway and relationships of 
this nerve. It comes from the posterior fascicle of 
the brachial plexus, from nerve fibers coming 
from the spinal roots C5, C6, C7, and C8. It 
passes through the anterior aspect of the subscap-
ularis muscle, descends medially along with the 
brachial artery, then separates from it, passes pos-
teriorly between 18.1 and 20.7  cm proximal to 
the medial epicondyle, and enters the torsion 
canal [9, 10]. It leaves the latter between 10.1 and 
14.8  cm proximal to the lateral epicondyle and 
crosses the lateral intermuscular septum of the 
arm to pass into the anterior compartment 
between 7.5 and 10  cm proximal to the elbow 
joint [11], an important anatomical relationship 
due to the possible injury of this nerve in Holstein 
Lewis fractures [12].

The lateral antebrachial cutaneous nerve is a 
terminal branch of the musculocutaneous nerve, 
which, after innervating the biceps and anterior 
brachial muscles, becomes superficial crossing 
the bicipital aponeurosis innervating the cutane-
ous region of the radial border of the forearm.

It is important to know the anatomy and rela-
tionships of these structures to avoid injury dur-
ing surgical approaches. As we have said, the 

structure with the highest rate of injury in these 
fractures, both primary and iatrogenic, is the 
radial nerve, which we will make special mention 
of throughout this chapter.

8.3  Classification of Diaphyseal 
Humeral Fractures

Fractures of the humeral diaphysis can be defined 
according to location (proximal to the pectoralis 
major insertion, between the pectoralis major and 
deltoid insertions, or below the deltoid insertion) 
[5], fracture morphology (transverse, oblique, 
spiroid), angulation, displacement, and commi-
nution or whether the fracture is open or closed. 
The most commonly used classification for open 
fractures is the Gustilo classification [13].

According to the fracture pattern, the most com-
monly used classification is that of the AO/OTA 
(Arbeitsgemeinschaft für Osteosynthesefragen 
(AO)/Orthopaedic Trauma Association (OTA) 
[14], which classifies fractures into 3 types—
type A (simple fractures 63.3%), type B (wedge 
or butterfly wing fractures), and type C (complex 
comminuted fractures)—and then subdivides 
them into three distinct patterns according to the 
magnitude of comminution. Interobserver agree-
ment for the 3 fracture types and for the 9 frac-
ture groups was moderate (κ = 0.46 and κ = 0.48, 
respectively) [14].

There are also eponyms to describe certain 
fracture patterns, such as the Holstein-Lewis 
fracture, described in 1963 [15], an extra- articular 
spiroid displaced fracture of the distal third of 
humerus, where the proximal peak of the distal 
fragment deviates laterally, thus resulting in a 
high rate of radial involvement, since at that level 
this nerve crosses the lateral intermuscular sep-
tum to pass into the anterior compartment. It con-
stitutes 7.5% of all humeral diaphyseal fractures 
[8, 12] (Fig. 8.1).

E. Gálvez-Sirvent et al.



91

Fig. 8.1 Holstein-Lewis fracture

8.4  Initial Patient Assessment

During the anamnesis, the mechanism of injury 
should be ascertained; a fall from its own height 
with low-energy trauma indicates possible bone 
fragility, whether previously diagnosed or not. A 
high-energy trauma should warn us about possi-
ble associated injuries, both vasculonervous 
lesions at the fracture level and possible associ-
ated injuries.

In the physical examination, we will find pain, 
functional impairment, swelling, and frequent 
deformity at arm level. It will be necessary to 
verify a correct state of soft tissues and to rule out 
wounds that turn the injury into an open 
fracture.

It is essential to perform and record in the 
clinical history an initial neurovascular evalua-
tion before any manipulation or surgical inter-
vention and, again after them, paying special 
attention to the radial nerve, the most frequently 
injured, by checking the ability to extend the 
wrist and fingers. We will also check the ulnar 
nerve by means of Froment’s sign and the median 
nerve by means of the extension of the first fin-
ger. The axillary nerve should be examined by 
means of the sensitivity in the deltoid area since 
the functional impotence due to the same fracture 
prevents us from abducting the arm. Finally, it is 
important to check the radial and ulnar pulses to 
rule out the involvement of the brachial artery.

A simple radiography in two projections will 
generally be sufficient for a correct diagnosis and 
characterization of the injury, including the adja-
cent joints, elbow, and shoulder. Other tests such 
as magnetic resonance imaging (MRI) or CT 
scan are reserved for a second time to evaluate 
possible lesions of the rotator cuff or other asso-
ciated shoulder structures or consolidation 
delays, respectively.

The initial treatment will be immobilization 
by means of a hanging cast or U-splint. We would 
opt for an external fixator in open fractures with 
significant exposure (Gustilo III) where we con-
sider that primary closure and definitive treat-
ment is not possible or in the case of 
polytraumatized patients with injuries at other 
levels for damage control.

8.5  Treatment

The treatment of these fractures can be classified 
as conservative or surgical, the latter being an 
open reduction and internal fixation by means of 
a plate or a closed reduction and internal fixation 
by means of an intramedullary nail. In recent 
years, percutaneously placed plates have also 
been increasingly used.

As early as 1977, Sarmiento described good 
results with conservative treatment [15], which 
have been corroborated by numerous studies by 
the same author and others [16, 17]. For many 
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surgeons, it is still considered the gold standard 
treatment. However, there has been a growing 
trend toward surgical management of these frac-
tures, despite the lack of evidence in the literature 
on its superiority over orthopedic treatment. A 
study analyzing the Finland National Hospital 
Discharge Registry showed an increase in surgi-
cal treatment in the last two decades, doubling in 
men and almost tripling in women [18].

8.5.1  Conservative Treatment

As we have said, this is a treatment option with 
good results described decades ago [15–17, 19]. 
Before Sarmiento’s description of functional 
immobilization, rigid immobilizations involving 
the shoulder and elbow (brachial splints, 
U-splints, hanging casts, Velpeau bandages) were 
used, which caused joint stiffness of the shoulder 
and elbow. In addition, it was also observed that 
functional rather than rigid immobilization cre-
ated a larger and stronger callus [20].

Conservative treatment is performed sequen-
tially. Initially, the fracture is immobilized in a 
hanging cast or U-splint for one to 2 weeks [15]. 
After this period, the immobilization is replaced 
by a prefabricated functional brace that can be 
adapted to the patient’s arm by means of straps 
and can be tightened over the weeks as the swell-
ing goes down. This system is based on external 
compression of the fracture through the muscula-
ture and other soft tissues, achieving good con-
trol of angulation and rotation, although not so 
much of the shortening, which depends more on 
the initial pattern of the fracture. Thanks to this 
system, the patient will be able to mobilize the 
elbow and shoulder according to tolerance to 
avoid stiffness [21]. To control the possible sec-
ondary displacement of the fracture, a control 
X-ray should be taken at 1 week of evolution and 
then serial X-rays every 2 weeks until the treat-
ment is completed, which will last between 10 
and 12 weeks on average [1].

Consolidation rates of between 77.4 and 100% 
have been described. Sarmiento published in 
2000 a large series of 620 patients treated in this 
way with a nonunion rate of less than 2% in 

closed fractures and 6% in open fractures. 
Furthermore, this consolidation was achieved in 
87% with less than 16 degrees of varus angula-
tion and less than 16 degrees of anterior angula-
tion [17]. Since then, numerous studies have been 
published confirming these good results.

In addition, in some studies, certain fracture 
patterns were observed to have worse healing 
rates with conservative treatment. Koch pub-
lished a series of 67 fractures in 2002, with 87% 
healing in an average period of 10 weeks. Of the 
9 cases of nonunions that required surgery, 6 
were single-trait transverse fractures [16]. 
Rutgers published in 2006 a series of 49 patients 
with 44 of them (90%) consolidating. Of the five 
that did not consolidate, four were proximal third 
[19]. Ekholm published in 2006 a series of 78 
patients with 90% consolidation after conserva-
tive treatment. The majority of nonunions, with a 
nonunion rate of 20%, were single-stroke frac-
tures (type A of the AO classification) in the 
proximal third. He also reflected that functional 
outcomes were good in patients in whom the 
fracture consolidated with conservative treatment 
from the beginning but worse in those who 
required surgery for nonunion, even if consolida-
tion was finally achieved, so this author recom-
mended assessing a surgical treatment from the 
beginning for simple fractures of the proximal 
third, due to a higher risk of nonunion [22]. Ali 
published in 2015 a series of 138 fractures, with 
a consolidation rate of 83%, observing worse 
rates also in proximal third fractures and better 
rates in comminuted fractures than in simpler 
traces, being more specifically oblique proximal 
third fractures the ones with the lowest union rate 
[23]. These results are reflected in Table 8.1 [16, 
17, 19, 22, 23].

Table 8.1 Published healing rates of conservative treat-
ment of diaphyseal humerus fractures

Author Year N Healing rate
Sarmiento [17] 2000 620 97.4
Koch [16] 2002 67 86.6
Rutgers [19] 2006 49 89.8
Ekholm [22] 2006 78 89.7
Ali [23] 2015 138 83

N Number of cases
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a b c

Fig. 8.2 (a–b) Diaphyseal fracture of the proximal third 
of the humerus with oblique trace, treated conservatively 
(a). Six months later, the fracture showed no signs of heal-

ing (b). Eighteen months later the fracture was in non-
union status (c)

Table 8.2 Indications for surgery in diaphyseal fractures 
of the humerus

• No tolerance to conservative treatment
• Fracture pattern
    – Inadequate reduction
    – Intra-articular extension
    – Floating elbow
    – Metastasis
    – Polytraumatized (relative)
    – Bilateral (relative)
•  Soft tissue involvement (Gustilo III, burns, 

extensive abrasions)
• Brachial plexus injury
• Vascular injury in need of repair

Papsoulis conducted a literature review in 
2021 with 16 case series and two comparative 
studies and observed a 94.5% healing rate in a 
mean time of 10.7 weeks, also observing a higher 
rate of nonunion in single-trace fractures (type A) 
in the proximal third [24]. It is suggested that the 
cause of this fact may rely on the action of the 
deltoid and pectoralis major displacing the proxi-
mal fragment and producing a muscular interpo-
sition in the fracture line. The same conclusion 
was reached by Ring et  al. in their 2007 study 
[25]. They studied 32 patients with nonunions 
after orthopedic treatment of diaphyseal fractures 
of the humerus, 17 of which were in the proximal 
humerus, 14 in the middle third, and 1 in the dis-
tal third. Twenty-seven fractures had an oblique 
or simple spiral trace.

Regarding residual angulation, Klenerman 
described a sagittal angulation of 20° and a 
varus angulation of 30° as tolerable for good 
function as early as 1966 [26]. Since then, these 
parameters have been accepted. A valgus of 30°, 
a malrotation of 15°, and a maximum shortening 
of 3 cm have also been established as tolerable 
[27].

Therefore, conservative treatment of humerus 
diaphyseal fractures is a good option, with high 
healing rates and good functional results even 

with significant angulations. However, we know 
that certain fracture patterns, mainly single and 
proximal third traces, specifically a long oblique 
proximal third trace, probably due to muscle trac-
tion, have a higher risk of nonunion, and we 
could consider surgical treatment from the begin-
ning (Fig. 8.2).

However, there are still absolute indications 
for surgery [13], which can be classified into sev-
eral causes, summarized in Table 8.2:

 – Because of non-tolerance to conservative 
treatment: obese patients, with poor pain con-
trol with immobilization or who simply refuse 
this type of treatment, since there is evidence 
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that, for optimal conservative treatment, the 
patient must be satisfied with this method 
[22].

 – By fracture pattern: whether adequate angula-
tion cannot be obtained by functional immobi-
lization or whether secondary displacement 
occurs after this treatment. Close follow-up by 
serial radiographs is therefore important. As 
mentioned above, the accepted angulation val-
ues are 30° of varus or valgus, 20° of anterior 
angulation, 15° of malrotation, and 3  cm of 
shortening [26, 27]. We would also opt for sur-
gical treatment if the fracture has intra- 
articular extension, which would bring us 
closer to the plate option. Finally, if it is a 
floating elbow or in case of a pathological 
fracture due to metastasis, we would consider 
pin fixation. A polytraumatized patient or 
bilateral fractures would be a relative indica-
tion for surgery.

 – Due to poor condition of soft tissues: open 
Gustilo type III fractures, burns, or extensive 
abrasions requiring frequent dressing.

 – Associated vascular lesions that need to be 
surgically repaired, since fracture fixation, 
preferably rigid fixation with a plate, would be 
indicated to protect the anastomosis [1].

 – Brachial plexus injuries: in these cases, high 
rates of nonunion have been observed in con-
servative treatment with functional plaster, 
due to poor muscle tone, not achieving ade-
quate compression. In addition, this situation 
delays rehabilitation [28].

Regarding primary radial nerve involvement, 
it is not currently considered by itself a criterion 
for surgery. The literature has described high 
(73–95%) and similar rates of nerve recovery 
with both expectant management and early surgi-
cal revision, so it has been advised to avoid surgi-
cal indication from the outset [29–32]. However, 
other authors disagree and have created decision 
algorithms when facing radial palsy. The recom-
mendation is to perform an electromyogram 
between week 3 and 4 and week 6 and week 12. 
Progressive reinnervation should be observed, 
although full recovery may take 6–12 months. If 

at week 12 there is no recovery, some authors 
suggest surgical revision of the nerve. For other 
authors, this date may be extended to the 4th–
sixth month [33]. In the case of fractures with 
radial symptoms that require surgical treatment 
for another reason (described in Table 8.1), it is 
recommended that a revision of the radial nerve 
be performed at the same time. The osteosynthe-
sis method of choice in these cases would be the 
plate, since there is a possibility of the nerve 
being in the fracture site and getting injured dur-
ing intramedullary nail insertion [33].

8.5.2  Intramedullary Nailing

In comparison with open fixation with a plate, 
intramedullary fixation provides greater respect 
for the soft tissues and periosteal circulation, thus 
improving the biological environment for the 
repair of the fracture [1, 4]. In addition, being an 
intramedullary implant, it is aligned with the 
loading axis of the humerus, contributing to a 
better load distribution and more resistance to 
bending. It would be the implant of choice in 
cases of pathological fractures or bifocal frac-
tures [1, 4].

Its main drawback would be residual pain and 
functional impairment of the shoulder in antero-
grade nails, the most commonly used, due to 
damage to the cuff in the hypovascular area near 
its insertion or subacromial occupation by pro-
trusion of the material [34, 35]. For this reason, 
modifications in the entry point have been con-
sidered to try to minimize damage to the cuff 
insertion, making it more medial, more lateral, 
through the Neviaser portal or through the rota-
tor interval [36–39]. It is also important to per-
form a good reduction, even if it is not direct as 
in plate placement. In oblique proximal traces, 
which are displaced by the action of the deltoid 
and pectoralis, a mini-open may be necessary to 
start introducing the nail with the fracture 
already reduced by a clamp or cerclage, in order 
to avoid possible nonunion of these traces, which 
is also greater in conservative treatment 
(Figs. 8.3 and 8.4).
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a b

Fig. 8.3 (a–b) Reduction of diaphyseal fracture of the proximal third of the humerus with long oblique line by mini- 
open prior to intramedullary nailing (a). Nail insertion while maintaining the reduction (b)

a b c

Fig. 8.4 (a–c) Diaphyseal fracture of the proximal third 
of the humerus with oblique trace treated by intramedul-
lary nailing (a). Five months later showed no signs of 

healing (b). At 21 months after the fracture, the fracture 
was in nonunion (c)
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As for retrograde nails, which are less com-
monly used, there is a risk of supracondylar 
humerus fracture during placement, as well as 
elbow joint stiffness and heterotopic calcifica-
tions, although they would prevent rotator cuff 
damage [40, 41]. In addition, they have shown 
similar results in terms of consolidation and com-
plications with respect to the antegrade ones. 
However, they are less used probably due to their 
technical difficulty at the insertion point, 
 requiring an oval entry area of several centime-
ters to avoid producing iatrogenic fracture of the 
anterior cortex of the humerus.

8.5.2.1  Results
The union rates are high, similar to conservative 
treatment, between 85% and 100%; the results 
are reflected in Table 8.3 [34, 42–47]. In contrast, 
high rates of residual pain and functional impair-
ment of the shoulder have been reported, ranging 
from 6% to 100% in some series [48]. The lon-
gest published series [34] retrospectively 
reviewed 99 patients treated with intramedullary 
nailing, 54 antegrade, and 45 retrograde. A 97% 
consolidation rate was observed, 3 cases of radial 
paresis after surgery, which recovered spontane-
ously. Regarding shoulder function, measured by 
the Constant scale, 91.3% showed excellent func-
tion and 5.4% good. Elbow function, using the 
Mayo Elbow Score, was excellent in 81.5% and 
good in 14.1%. All patients with shoulder func-
tion deficits corresponded to antegrade nails, and 
all those with elbow function deficits corre-
sponded to retrograde nails.

8.5.3  Internal Fixation with Plate

In the case of opting for surgical treatment, the 
indications for a plate instead of a nail would be 
the need for an arterial repair taking advantage of 
the same approach and thus achieving a rigid 
fixation that protects the anastomosis [49] and 
the articular extension, either distal or proximal, 
of the fracture, since an anatomical reduction 
would then be required (Fig. 8.5). As previously 
mentioned, radial involvement in a fracture with 
surgical treatment criteria for another reason 
would make us more inclined to opt for a plate as 
a method of osteosynthesis associated with radial 
exploration, since there is a likelihood that the 
nerve is trapped in the fracture site and can be 
injured during the intramedullary nail insertion 
[33].

8.5.3.1  Surgical Approaches
For the proximal and middle third, the anterolat-
eral approach is commonly used, a prolongation 
of the shoulder deltopectoral approach that goes 
down the lateral area of the biceps, displaces it 
medially, and goes deeper through the brachialis 
muscle, between its middle and lateral thirds, 
taking advantage of the double innervation of this 
muscle. In fact, some authors have proposed a 
new division of this muscle into two independent 
fascicles [50]. The only vasculonervous structure 
to be taken into account at this level is the lateral 
antebrachial cutaneous nerve, a sensory branch 
of the musculocutaneous nerve, which is located 
between the biceps and the brachialis. This 
approach allows a large exposure of the diaphysis 
in the middle and proximal thirds.

For the distal third, the most commonly used 
approach is the posterior approach, which can 
expose both the diaphysis and the elbow in case 
of intra-articular extension. In addition, a good 
exposure of the radial nerve is also achieved at 
proximal level, when it is located posteriorly, in 
the torsion canal, being able to place a plate under 
it if the fracture extends more proximally. Deep 
planes are accessed through the triceps fibers by 
separating them longitudinally or through lateral 

Table 8.3 Healing rates of humerus diaphyseal fractures 
treated with intramedullary nailing

Author Year N Healing rate
McCormarka [46] 2000 19 89%
Chapmana [47] 2000 38 95%
Changulania [44] 2007 21 85.7%
Rommens [34] 2008 99 97%
Puttia [42] 2009 16 100%
Singisettia [43] 2010 20 95%
Benegasa [45] 2014 19 94.7%

aComparative studies with plate; N Number of cases
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a b

Fig. 8.5 (a–b) Diaphyseal fracture of the proximal humerus with intra-articular extension (a). Treatment by open 
reduction and internal fixation with plate (b)

and medial paratricipital windows, thus avoiding 
injury to the muscle belly. Gerwin published an 
anatomical study on 10 specimens where three 
types of posterior approach were performed [51]. 
Through triceps-splitting, 15.4 +/− 0.8  cm of 
humerus was exposed, from the epicondyle prox-
imally, where the radial nerve crosses the poste-
rior part of the humerus, seeing a total of 55% of 
the humerus. A second modification also mobi-
lizes the radial nerve toward proximal and visual-
izes 6 cm more of the humerus toward proximal, 
76% of the humerus. Finally, the third variant is 
the modified posterior approach, where the radial 
nerve was located in the distal and lateral area of 
the humerus and the triceps was retracted medi-
ally, being able to expose 26.2 ± 0.4 cm of the 
humeral diaphysis from the epicondyle to the 
proximal, 94% of the humerus. Clinical studies 
have also shown good results with the latter 
approach, emphasizing the large exposure 
achieved [52].

Other authors have proposed less used 
approaches such as the medial approach, although 
reserved only for the middle third, neither proxi-
mal nor distal, demonstrating the same results as 

with the anterolateral approach and proposing it 
as a more aesthetic alternative to the latter [53]. 
There are also groups that have used neurostimu-
lators in their approaches to avoid radial injury 
[3].

8.5.3.2  Type and Placement of Plates
Following the principles of AO, the plates, gener-
ally of large fragments, can be arranged to give 
compression to the fracture, as neutralization 
plates of an interfragmentary compression with 
one or more screws or as bridging plates. This 
arrangement will depend on the fracture trace. In 
a simple trace, direct reduction and interfragmen-
tary compression can be applied by plate in short 
transverse or oblique traces and by interferential 
screws plus neutralization plate in longer spiroid 
or oblique traces. In a comminuted fracture, a 
bridging plate assembly would be best option 
[54]. Regarding locked or unlocked screws, no 
significant differences in bending or torsional 
strength have been reported in cases with good 
bone quality [55], unlike in osteoporotic models 
[56], where locked plates would be beneficial. In 
cases of bone defects due to severe comminution, 
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a shortening of the humerus, acceptable up to 
3–4 cm, can be considered, despite the possible 
residual muscle weakness.

As for the use of double plates, there are sev-
eral biomechanical and more recently clinical 
studies that support their use because they pro-
vide greater stability [57–61], so they could be 
useful for fractures where intraoperatively satis-
factory stability is not achieved. It is also possible 
to associate a small fragment, reconstruction, or 
third shank plate as initial fixation to maintain the 
reduction and then place the large fragment plate.

8.5.3.3  Results
Consolidation rates vary between 87% and 96% 
with a mean consolidation time of 12 weeks; fig-
ures are very similar to conservative treatment 
and nailing. The results are summarized in 
Table 8.4 [42–47]. Regarding radial nerve injury, 
a study of 261 fractures treated by open reduction 
and internal fixation showed an injury rate of 
12.2%, finding no differences in fracture location 
or type of approach [62]. In one study, these were 
significantly related to surgeon experience and 
not to fracture location or fracture pattern [63]. 
Most of these palsies recover spontaneously [64].

Regarding the attitude to radial paresis after 
surgical treatment, i.e., considered iatrogenic, 
there has classically been controversy between 
maintaining a wait-and-see attitude as in pri-
mary paresis or performing an early surgical 
revision. In a study of 707 surgically treated 
diaphyseal fractures of the humerus, 46 radial 
palsies were observed, in no case having been 
recorded during the operation of obvious 
radial lesions. Thirty- nine had been treated 
with plate, three with intramedullary nail, and 

four with Ender nails. Five cases were surgi-
cally revised, in none of which a macroscopic 
radial lesion was found. All cases recovered 
spontaneously in an average of 15  weeks. 
Therefore, these authors advocate a wait-and-
see attitude unless there is any suspicion of 
injury, for example, by a loss of reduction or 
mobilization of the material in the post- 
surgical radiological control [65]. In a 2019 
review, the authors observed a similar radial 
recovery pattern in primary and secondary 
paresis and observed no advantage to early 
surgical exploration [66]. In another recent 
review, they also recommend a wait-and-see 
approach unless there is an obvious suspicion 
of injury at surgery [67].

8.5.3.4  MIPO (Minimally Invasive Plate 
Osteosynthesis) Technique

Minimally invasive plating has grown in recent 
years. In 2002, Fernandez Dell’Oca introduced 
the idea of helical implants for several types of 
fractures, including humerus diaphyseal frac-
tures, presenting two cases with good results 
[68]. A helical conformation placed the proximal 
part of the plate in the lateral zone, while the dis-
tal zone remained in the anterior zone, avoiding 
the radial nerve. Livani published in 2004 his 
series of 15 patients with diaphyseal fractures 
treated by this technique where he described the 
percutaneous placement of a large fragment plate 
in the anterior zone of the humerus, a safe area in 
terms of vasculonervous structures and also flat, 
so it was not necessary to conform the plate, as 
proposed by Fernandez Dell’Oca, whose place-
ment in the lateral zone of the humerus of his pre-
conformed plate put the axillary nerve at risk 
[69]. The proximal approach involved a 3–5 cm 
anterolateral mini-approach between the biceps 
on one side and the deltoid and cephalic vein on 
the other. The distal approach was also made 
about 3–5  cm along the lateral aspect of the 
biceps, more deeply crossing the brachialis mus-
cle and leaving the musculocutaneous nerve 
medially and the radial nerve laterally, which are 
the two nerves that supply this muscle, thus going 
through an interneural plane. A submuscular and 
extraperiosteal tunneling was then performed 

Table 8.4 Healing rates of diaphyseal humerus fractures 
treated with plates

Author Year N Healing rate
McCormarka [46] 2000 22 95%
Chapmana [47] 2000 46 93%
Changulania [44] 2007 24 87.5%
Puttia [42] 2009 18 94%
Singisettia [43] 2010 16 94%
Benegasa [45] 2014 21 100%

aComparative studies with plate; N Number of cases
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connecting the two approaches. The plate was 
introduced from proximal to distal, taking special 
care to place the plate medial to the long portion 
of the biceps and not trapping it. The plate was 
then fixed to the proximal fragment with 3 
screws, followed by an indirect reduction of the 
distal fragment on the plate. Once verified by 
radioscopy, the distal fixation is performed with 
three more screws. In the case of very distal frac-
tures, he opted to curve the end zone of the plate 
anteriorly and place it in the anterior zone of the 
lateral column, in this case performing the Kocher 
approach in this distal area [69]. From this point 
on, increasing series with similar surgical tech-
nique and good results continued to be published 
[70–82], and since then dozens of comparative 
studies, reviews, and several recent meta- analyses 
have been published showing excellent results 
compared to conventional open reduction, with 
less radial nerve injury rate, less bleeding, less 
surgical time, and even less nonunions. When 
compared to intramedullary nail fixation, better 
functional shoulder scales have been reported 
[83–86] (Table  8.5). The MIPO seem to corre-
spond to the current trend as opposed to the wide 
approaches previously described (Fig. 8.6).

A cadaveric study in 2005 already described 
this method as very safe regarding the radial 
nerve. When sliding the plate through the anterior 
zone, it remained in the distal zone between 2 and 
4.9 mm from the radial nerve in full supination 

and between 0 and 3 in pronation, so it is recom-
mended to keep the arm in supination during per-
cutaneous sliding of the plate [71]. Caution should 
also be taken to avoid tensioning the lateral area 
of the distal approach with Hohman- type spread-
ers to avoid radial paresis. The surgical technique 
and the confirmation of the safety of vasculoner-
vous structures are maintained to this day. There 
are authors who consider radial paresis as a con-
traindication to perform a percutaneous tech-
nique, but others such as Livani already in 2005 
published a small series of six patients with distal 
humerus fractures and radial paresis where he 
performed a percutaneous technique but through a 
distal Kocher approach, locating the radial nerve 
and introducing the plate from distal to proximal. 
All patients recovered from paresis [72].

More recently, the idea of helical implants for 
diaphyseal fractures with metaphyseal or proxi-
mal articular extension has been taken up again, 
either because there is insufficient space for an 
anterior plate placement proximally or because 
an associated articular reduction is needed. 
García-Virto et  al. have recently published a 
series of 15 patients with fractures of this type 
where osteosynthesis was performed using the 
MIPO technique with preconformed helical 
plates. In the proximal area, a lateral transdeltoid 
mini-approach of 3–5 cm is performed, and in the 
distal area the anterior approach is similar to the 
anterior placement of straight plates. The helical 

Table 8.5 Comparative studies between different surgical treatments of humerus diaphyseal fractures

Author Year Type of study
Comparative 
treatments Results

Hohmann [84] 2016 Systematic review and meta-
analysis of 8 prospective 
randomized controlled trial 
(n = 376)

ORIF vs. 
MIPO vs. IMN

MIPO:
   – Lower risk radial palsy
   – Shorter operation time
   – Better clinical outcomes

Tesworth [83] 2018 Review of 24 clinical case series, 5 
comparatives trials, 6 RCTs and 4 
meta-analysis

ORIF vs. 
MIPO

MIPO:
   – Lower risk for non-union
   – Lower risk radial palsy

Keshav [85] 2021 Meta-analysis and systematic 
review of 5 RCTs and 6 
nonrandomized comparative 
studies (n = 582)

ORIF vs. 
MIPO

MIPO:
   – Lower risk radial palsy
   – Lesser blood loss
   – Shorter operation time

Beeres [86] 2021 Meta-analysis and systematic 
review of 2 RCT’s (98 patients) 
and 7 observational studies (263 
patients) (n = 361)

ORIF vs. 
MIPO

MIPO:
   – Lower risk of non-union
   –  Lower secondary radial 

palsy
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a b

c

Fig. 8.6 (a–c) Comminuted diaphyseal humerus fracture 
(a). Closed reduction and fixation with straight plate using 
MIPO (minimally invasive plate osteosynthesis) tech-
nique (b). Surgical mini-approaches: proximal anterolat-

eral and distal Kocher (c). Images provided by Dr. Miquel 
Videla, Traumatology and Orthogeriatrics Unit, Hospital 
Moisés Broggi

plate is introduced from proximal to distal taking 
special care with the axillary nerve. They had one 
case of nonunion, with no radial paresis and good 
to excellent functional results [87] (Fig. 8.7).

This technique offers a middle ground between 
ORIF and intramedullary nailing, incorporating 
benefits of both. From the nail, minimally inva-
sive surgery provides greater respect for the soft 
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a b

c

Fig. 8.7 (a–c) Diaphyseal fracture of the proximal 
humerus with insufficient space in the proximal fragment 
for placement of an anterior plate (a). Closed reduction 
and fixation with precontoured helical plate using MIPO 

(minimally invasive plate osteosynthesis) technique (b). 
Excellent functional result (c). Images provided by Dr. 
Miquel Videla, Traumatology and Orthogeriatrics Unit, 
Hospital Moisés Broggi
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tissues and relative stability, thus obtaining a 
more biological fixation but avoiding damage to 
the cuff at its entry point, such as the plate. It also 
reduces radial nerve injuries, more frequently 
observed in open reductions and internal fixa-
tions with plate.

8.5.4  External Fixator

Generally, treatment with an external fixator is 
reserved for damage control in polytraumatized 
patients and for open fractures with a large defect 
(Gustilo III). In cases where definitive surgical 
treatment cannot be carried out after placement, 
either because of the general condition of the 
patient or because of the poor condition of the soft 
tissues, there are studies that describe good results 
using this method as definitive treatment [88]. It 
is important to be familiar with the anatomy and 
the changing situation of the radial nerve along 
the humerus to avoid injuring it with the pins [89].

8.6  Comparison of Treatment 
Options

Regarding the choice between conservative or 
surgical treatment, a 2012 Cochrane review could 
not conclude whether surgical treatment was bet-
ter or worse than conservative treatment [90]. In 
2015, another systematic review continued to 
state that there was no level 1 evidence in the lit-
erature on the management of these fractures 
[91]. A 2019 systematic review reflects that con-
servative treatment has better consolidation rates 
(6.3% nonunions versus 17.6%), with lower rates 
of complications such as iatrogenic radial injury 
or infection. Radiological malunion rates were 
higher in conservative treatment but did not cor-
relate with worse functional outcomes [2]. In 
contrast, another systematic review with meta- 
analysis in 2020 showed a lower rate of nonunion 
in surgical treatment but a higher rate of infec-
tion, with no differences in malunion or nerve 
injury. Therefore, it does not seem to be a superi-
ority of surgical treatment over conservative 
management, as long as there are no absolute 

indications for the latter (no tolerance to conser-
vative treatment, inadequate reduction, intra- 
articular extension, floating elbow, metastasis, 
open Gustilo III fractures, brachial plexus lesions, 
vascular lesion).

As for the option of plate or nail if surgical 
treatment is chosen, this has been a matter of 
debate for decades, even when non-locked intra-
medullary implants were used. A 1995 study by 
Rodríguez-Merchán compared the use of plates 
with Hackethal nails in 40 patients with diaphy-
seal humerus fractures, finding no differences in 
healing and complication rates. He also proposed 
a classification for functional outcomes after 
treatment of these fractures [92].

In more recent literature and after many com-
parative studies, a 2010 meta-analysis of four 
randomized studies (n  =  203 patients) reflected 
that there were no significant differences between 
both treatments in the rates of complications, 
nonunions, infection, radial palsy, or need for 
reintervention, although authors acknowledged 
there was heterogeneity in the studies, small sam-
ples, and certain methodological limitations [93]. 
A 2013 meta-analysis of 10 randomized con-
trolled studies (n = 429 patients) found no differ-
ences in nonunion, delayed consolidation, radial 
paresis, or implant failure. In contrast, there were 
differences favoring the plate use in subacromial 
impingement, although the increased need for 
reinterventions for this reason was unclear [94]. 
A recent 2021 meta-analysis of 18 observational 
studies (n  =  4906 patients) and 10 randomized 
controlled studies (n = 525 patients) showed no 
differences in consolidation rates, quality of life, 
and upper limb functional scales. A higher rate of 
reoperation was observed in the intramedullary 
nail group, most frequently for symptoms of sub-
acromial impingement. There were lower rates 
of temporary radial paresis in the intramedullary 
nail group, although all but one case recovered 
spontaneously in both groups. Consolidation 
time was somewhat shorter in the intramedullary 
nail group (slight difference of 1.9 weeks), with 
lower infection rates and shorter operative time. 
All these differences, although significant, were 
small and advocate that both treatments achieve 
good results [48].
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As for minimally invasive plating, developing 
in recent years, studies seem to point to it as the 
best option not only superior to ORIF but also to 
intramedullary nailing. A dozen of meta-analyses 
in the last 5 years report a statistically significant 
difference in favor of the MIPO technique in 
terms of consolidation rate, radial paresis, bleed-
ing, operative time, and shoulder pain (Table 8.5).

8.7  Conclusions

After several decades of controversy in the litera-
ture on the treatment of diaphyseal fractures of 
the humerus, it can now be stated that whenever 
there are no contraindications, conservative treat-
ment should be chosen, paying special attention 
to the need for close clinical and radiological 
follow-up and the patient’s compliance and toler-
ance of this treatment. This mode of treatment is 
carried out sequentially, first with a hanging cast 
or U-splint immobilization, to be replaced in 1 or 
2 weeks by a custom-made prefabricated brace, 
achieving a functional immobilization with early 
mobilization of the shoulder and elbow. Special 
attention should be paid to a fracture pattern: 
proximal third oblique line, in which higher rates 
of nonunion have been demonstrated, and surgi-
cal treatment can then be chosen at the outset.

In the case of deciding for surgical treatment, 
in fractures with metaphyseal or articular 
 extension or in the case of vascular lesions in 
need of repair, we would opt for a plate, and, in 
bifocal or pathological fractures, we would opt 
for a nail. In all other cases, both treatments seem 
equally effective, with residual shoulder pain 
being the major disadvantage of the intramedul-
lary nail, so special care should be taken to ensure 
that the material does not protrude into the sub-
acromial space and try to minimize damage to the 
cuff at the point of entry. A more recent and supe-
rior treatment option to the previous ones are the 
plates placed in a minimally invasive way, its 
main limitation being the need for a learning 
curve, which once overcome seems to make this 
treatment the one of choice in case of deciding 
for a surgical treatment.

Regarding the most frequent complication, 
radial paresis, whether primary or iatrogenic, 
there seems to be general agreement that most of 
them have a spontaneous recovery, and therefore 
we should maintain an expectant attitude and not 
consider an early surgical revision unless there is 
a high suspicion of a clear lesion.
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9Controversies in the Management 
of Intra-Articular Distal Humerus 
Fractures in Adults

César García-Mauriño, Pablo Vadillo-Cardona, 
and Alfonso Vaquero-Picado

9.1  Introduction

Distal humerus fractures in adults are challeng-
ing injuries for trauma surgeons. These fractures 
comprise complex regional anatomy, poor out-
comes, and common complications, even when 
recent advances in surgical technique and 
implants have improved clinical outcomes [1]. 
These fractures have an estimated incidence of 
5.7 per 100,000 persons per year in adults and 
represent between 0.5 and 7% of all fractures in 
adults and 30% of all humerus fractures [2, 3]. As 
in other fractures in adults, it is noted a bimodal 
distribution of these injuries regarding age and 
sex, with an early peak of incidence in young 
males due to high-energy trauma (traffic and 
sport accidents), and a late peak of incidence in 
elderly females as a result of low-energy trauma, 
such as falling from standing height [4, 5].

It is expected a raise in the incidence of these 
injuries as the older population increases and the 
motorization of the developing world continues. 
Working up strategies such as osteoporosis treat-
ment and fall prevention that may reduce the inci-
dence of these injuries should be taken into 
account [5].

Until the development of the AO principles of 
fracture management, treatment of distal humerus 

fractures was predominantly nonsurgical, carry-
ing on a high probability of functional disability. 
Nowadays, open reduction and internal fixation 
(ORIF) is the gold standard of treatment. Elderly 
patients, with insufficient bone stock and high 
degree of comminution, pose a true challenge to 
suitable fixation [2, 6, 7]. In spite of significant 
advances in the treatment of distal humerus frac-
tures, controversy remains regarding the most 
adequate surgical approach, fixation method, and 
handling of ulnar nerve [8].

9.2  Clinical Assessment

When facing a distal humerus fracture, physical 
examination should always include the evalua-
tion of ipsilateral shoulder and wrist, not to over-
look associated fractures in adjacent joints, which 
may be present in up to 16% of patients [4, 9]. In 
patients sustaining high-energy trauma, associ-
ated injuries must be ruled out as well [10].

A circumferential inspection of the limb 
should be conducted in order to assess open frac-
tures, which are relatively common. When open 
fracture occurs, they are often posterior as the 
injury usually results in hyperextension on an 
extended elbow [1, 2]. Open elbow fractures 
should be managed following standard open frac-
ture protocols which include early antibiotics and 
tetanus prophylaxis administration, extremity 
stabilization and dressing, timely irrigation and 
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debridement, and soft tissue coverage. Vascular 
injury should always be assessed by inspecting 
distal extremity color, capillary filling, and 
peripheral pulses. It is important to remember 
that due to great  collateral blood supply around 
the elbow, it is possible to have distal pulse pres-
ence even in the setting of a brachial artery injury 
[1]. Sometimes, correcting the deformity by gen-
tle traction could be needed in order to improve 
the vascular status on emergency setting. If it is 
not normalized after traction, a computed tomog-
raphy (CT) angiography or surgical exploration 
is necessary [2]. Neurological examination must 
include radial, median, and ulnar nerves. Motor 
and sensitive status should be documented preop-
eratively and postoperatively. Up to 26% of 
incomplete ulnar neuropathy is observed in type 
C distal humerus fractures [4, 9].

Special attention should be paid to the devel-
opment of compartment syndrome. Unrelenting 
pain and the inability to bear finger extension 
indicate the possibility of that complication. The 
clinical evaluation must also include data on the 
patient’s functional status, hand dominance, 
comorbidities, and living situation, which may 
help with the therapeutic decision-making pro-
cess and preoperative risk assessment [4, 10].

9.3  Anatomy and Classification

A precise knowledge of elbow anatomy is funda-
mental for understanding these injuries.

In the coronal plane, distal humerus has a tri-
angular shape, which is formed by two diverging 
columns (the medial and lateral columns) and the 
articular block. Distally, the medial column con-
sists of the medial epicondyle (origin of the 
flexor-pronator mass) and the most medial side of 
the trochlea; meanwhile, the lateral column dis-
tally comprises the capitellum and, more proxi-
mally, the lateral epicondyle (origin of the 
extensor muscle mass). The bone between both 
columns, which include the coronoid fossa and 
olecranon fossa, is very thin or absent. The con-
dylar mass is in 4–8 degrees of valgus relative to 
the shaft [5, 6]. In the sagittal plane, the articular 
segment is flexed 40° relative to the longitudinal 

axis of the humerus shaft, so, in the lateral side, 
the center of the capitellum aligns with the ante-
rior humeral shaft line [1, 5].

There are several classification systems, but 
internationally the most commonly used is the 
Orthopedic Trauma Association (OTA/AO) clas-
sification. It distinguishes three main fracture 
patterns with increased complexity (A, B, and C) 
with further subdivision (1, 2, and 3) based on 
fracture pattern, location, and degree of commi-
nution [7–9]:

 – Type A fractures. Extra-articular fractures, 
which may involve the epicondyles (extracap-
sular fractures) or the metaphyseal region 
(intracapsular fractures).

 – Type B fractures. Partial articular fractures. 
The fracture involves a segment of the articu-
lar mass, but the remaining is still connected 
to the metaphysis and diaphysis. It includes 
unicondylar fractures and coronal fractures of 
the capitellum, trochlea, or both.

 – Type C fractures. Complete articular fractures. 
The fracture establishes a total lack of conti-
nuity between the condylar mass and the 
humeral shaft.

Up to 96% of distal humerus fractures in 
adults are intra-articular fractures, either affect-
ing both columns or partial articular fractures [1, 
9].

9.4  Imaging

Standard high-quality anteroposterior, lateral, 
and oblique radiographs should be obtained in all 
patients. Proximal and distal joints (ipsilateral 
shoulder and wrist) should be included in X-ray 
studies, in order to be sure concomitant fractures 
are not overlooked [2, 4, 6, 9, 10].

The Mckee’s double arc sign can be observed 
in coronal fractures of the articular surface, one 
arc representing the capitellum and the other arc 
representing the lateral part of the trochlea. 
Characterization of intra-articular fractures of 
distal humerus, especially those with multiplanar 
fracture patterns or coronal plane injuries, can be 
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challenging only with plain radiographs. In these 
situations, performing a CT scan is of great help 
for assessing articular involvement, comminu-
tion, and surgical planning [11].

9.5  Treatment

In the treatment decision-making process, one 
must take the age of the patient, medical comor-
bidities, job occupation, functional status and 
expectations, degree of comminution, inadequate 
bone stock, bone quality, or underlying arthritis 
[2, 4, 12].

9.5.1  Nonoperative Management

Conservative management has been associated 
with poor functional outcomes, decreased elbow 
range of motion, and high rate of delayed union 
and nonunion [2, 6, 10].

Nowadays nonsurgical treatment is mainly 
reserved for non-displaced fractures and very 
fragile patients with ongoing medical issues 
which pose a high surgical risk. Other possible 
indications of conservative management would 
be patients with high-degree cognitive impair-
ment or low-demand or nonfunctional upper 
extremities [2, 4, 12].

Recently, Atiken et al. reported on short- and 
medium-term functional outcomes in 40 elderly 
low-demand patients with distal humerus frac-
tures treated conservatively (“bag of bones” strat-
egy). Surviving patients (n  =  20) had a mean 
Oxford elbow score of 30 points (7–48), and 95% 
of them reported a functional range of elbow flex-
ion. The authors conclude that conservative man-
agement in a low-demand patient only gives a 
modest functional result but avoids the substan-
tial surgical risks associated with primary ORIF 
or total elbow arthroplasty (TEA) [13].

Desloges et  al. reviewed 32 low-demand, 
medically unwell, elderly patients with distal 
humerus fractures treated nonoperatively. Sixty- 
eight percent of patients reported good to excel-
lent subjective outcomes, and the fracture union 
rate was 81% at a mean follow-up of 12 months. 

They conclude that satisfactory outcomes can be 
achieved after nonoperative management of dis-
tal humerus fractures in selected patients [14].

Nonoperative treatment often consists of a 
variable period of full-arm cast immobilization 
(usually 3 to 6 weeks) with the elbow in 60°–90° 
of flexion followed by early gentle motion [2].

9.5.2  Surgical Management

In active, fit for surgery, adult patients with 
reconstructible fracture patterns, open reduction 
and internal fixation are the gold standard of 
treatment [1, 2, 4, 6, 8, 10, 12, 15]. The main goal 
is to achieve an anatomic reduction of the articu-
lar surface, a correct alignment, and metaphyseal 
compression in order to secure a stable fixation 
which allows for early motion [1, 12].

As mentioned earlier, controversy still remains 
regarding surgical approaches, implants, fixation 
method, and handling of ulnar nerve [8].

9.5.3  Surgical Approaches

Several surgical approaches have been described 
with differences in terms of exposure and soft 
tissue aggression [6]. Different variants of a 
posterior approach are used, existing limited com-
parative data. Olecranon osteotomy is reported to 
offer the best articular exposure, but, even when 
performed, up to 40% of distal humerus articu-
lar surface cannot be visualized [16]. Wilkinson 
et al. demonstrated an exposed articular surface 
of 35% for the triceps splitting approach, for the 
triceps reflecting approach of 46% and for the 
olecranon osteotomy of 57% [6].

The olecranon and triceps act as obstacles to the 
visualization of the articular surface, so posterior 
approaches can be classified in two main groups: 
the ones that preserve the extensor mechanism and 
mobilize it and the ones that disrupt it [2].

9.5.3.1  Universal Posterior Incision
A posterior midline incision is made in a straight 
way or curved fashion around the olecranon 
according to the surgeon’s preference. The mean 
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length of the incision is usually 4–8 cm distal and 
at least 10 cm proximal to the tip of the olecra-
non. Special attention is paid to any skin injuries 
present (e.g., open fractures or previous scars) 
that can be incorporated into the incision [2, 12, 
17]. Full-thickness fasciocutaneous flaps are 
developed medially and laterally to prevent skin 
necrosis and seroma formation. It is strongly rec-
ommended to identify the ulnar nerve along the 
medial border of the triceps, dissecting and ele-
vating the fascia of the triceps for better visual-
ization. For further mobilization of the nerve, it 
can be freed from proximal to distal, releasing 
the arcade of Struthers proximally (between 2.5 
and 7  cm from the medial epicondyle) and the 
cubital tunnel retinaculum distally, trying to pre-
serve the motor branches to the flexor carpi ulna-
ris and flexor digitorum profundus muscles [8, 
17, 18]. The management of the released nerve 
will be discussed later.

The radial nerve needs to be dissected only 
when the approach is extended further proxi-
mally in order to apply longer plates (fractures 
with diaphyseal extension). In those cases, the 
posterior antebrachial cutaneous branch of the 
radial nerve, which is often located distal and lat-
erally, should be identified [2, 17].

9.5.3.2  Bilaterotricipital Approach 
(Alonso-Llames)

Dissection is carried along the medial and lateral 
borders of the triceps which are elevated off the 
posterior periosteum of the humerus and the 
medial and lateral intermuscular septa. Medial 
and lateral windows are created, allowing the sur-
geon to work through either side of the muscle 
mass, achieving excellent visualization of the 
entire posterior humerus [8, 17].

This is a less aggressive approach in which the 
extensor mechanism is not disrupted, so there is 
no need to protect it postoperatively. The surgical 
time is shortened as well, thereby decreasing the 
risk of perioperative complications, and it allows 
for a more extensile exposure through the Kocher 
interval and/or an olecranon osteotomy if needed 
[17].

The bilaterotricipital approach is useful for 
supracondylar and transcondylar fractures and as 

well for AO C1 and C2 intra-articular fractures; 
for more complex and multifragmentary articular 
fractures, the distal exposure is limited, and this 
approach would be insufficient [4, 8].

9.5.3.3  Triceps-Reflecting Approach 
(Bryan-Morrey)

This approach was described by Bryan and 
Morrey in 1982 [19]. The extensor mechanism is 
reflected from medial to lateral in continuity with 
the forearm fascia, olecranon and ulnar perios-
teum [8]. The ulnar collateral ligament can be 
released as well to gain further exposure, but it 
must then be reattached [17]. After fracture fixa-
tion, the triceps tendon is repaired by reattaching 
it to the olecranon with nonabsorbable sutures 
through bone tunnels [8, 20].

This surgical approach has been extensively 
used for elbow arthroplasty. Iselin et  al. con-
ducted a retrospective study which included 31 
patients with distal humerus fractures treated 
with this approach and concluded that it is a valu-
able choice for ORIF in distal intra-articular 
humerus fractures since it preserves the normal 
joint anatomy of the olecranon, and the clinical 
outcomes were excellent, without any objective 
or subjective functional impairment related to the 
surgical approach [20].

9.5.3.4  Triceps-Reflecting Anconeus 
Pedicle Flap (TRAP)

This approach described by O’Driscoll in 2000 is 
a combination of modified Kocher and Bryan- 
Morrey approaches in which the triceps and 
anconeus muscles are elevated off the posterior 
humerus and olecranon [8, 21]; the anconeus is 
completely dissected from its insertion onto the 
proximal ulna.

Similar to Bryan-Morrey approach, it avoids 
the complications associated with olecranon 
osteotomy. Conversely, it requires familiarity 
with the anatomy, and the distal exposure is lim-
ited compared to the one obtained with olecranon 
osteotomy [21].

Traditionally, these triceps-elevating expo-
sures have been related to weakness of extension 
or triceps’ rupture by some authors. However, 
Ozer et al. have reported no significant  impairment 
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of elbow function in 11 patients with AO type C 
fractures treated with a TRAP approach. Azboy 
et  al. reviewed 40 patients with distal humerus 
intra-articular fractures treated with a TRAP 
approach as well and concluded that it is a suc-
cessful approach that reduces reoperations and 
complications rates, with no triceps’ rupture 
observed and only one patient with poor strength 
after the procedure [22].

9.5.3.5  Triceps-Splitting Approach 
(Campbell Approach)

The triceps’ muscle mass and tendon are incised 
on its midline dividing the triceps in two halves 
which are dissected to either side. The incision 
carries down distally to the olecranon, leaving the 
anconeus laterally and the flexor carpi ulnaris 
medially. The radial nerve needs to be protected 
during proximal exposure [8, 17].

This approach can result in triceps weakness 
as a result of muscle and intramuscular nerve 
branches injury and requires a thoughtful closure 
of the triceps [6, 8]. Besides, it hinders the posi-
tioning of lateral plates because the lateral half of 
the triceps can get in the way when it comes to 
drilling and screw insertion [17]. It can be per-
formed for supracondylar and transcondylar frac-
tures, but it does not provide an adequate exposure 
of the distal articular surface [2].

9.5.3.6  Olecranon Osteotomy
This surgical approach offers the best articular 
surface visualization as mentioned before so it is 
widely used for intra-articular fractures of the 
distal humerus [2, 6, 8, 17], being especially use-
ful in complex intra-articular fractures with 
severe comminution (AO type C3). Once the 
“bare area” of the proximal ulna is identified, 
approximately 3  cm distal from the tip of the 
olecranon, a Chevron osteotomy is performed, 
initially with an oscillating saw, finishing with an 
osteotome [6, 8, 9, 17]. This type of osteotomy is 
preferred by many authors, rather than a trans-
verse one, because of its intrinsic stability. The 
proximal olecranon is mobilized along with the 
tricipital tendon proximally, and, if needed, the 
exposure may be extended with a bilaterotricipi-
tal approach [17]. After the procedure, the ulna is 

reduced and fixed with either a lag screw, an 
intramedullary nail, a plate, or tension band 
wires, depending on the surgeon’s preference [8, 
17]. According to Meldrum et al., fixation with a 
single screw is the technique that had the least 
complications in their review of different types of 
fixation for olecranon osteotomies [12, 23].

Disadvantages of this procedure are the risk of 
the nonunion at the site of the osteotomy (0–9%), 
further need for surgery to remove symptomatic 
hardware (6–30%), not easy conversion to TEA, 
and potential risk of intra-articular adhesions [2, 
21]. Furthermore, if an olecranon osteotomy is 
not performed, the surgeon can use the  olecranon, 
coronoid and radial head as a three-dimensional 
template upon which the articular bony frag-
ments of the distal humerus can be reassembled 
until final fixation is achieved.

9.5.4  Implants

The main goal when treating distal humerus frac-
tures in adults is to achieve an anatomic recon-
struction of the articular surface with a rigid and 
stable internal fixation allowing early motion 
exercises, bone consolidation, and prevention of 
future osteoarthritis [2, 5, 8, 9]. There is unanim-
ity in the literature on how a double plate con-
struct is superior over single plating or screw 
fixation when fixing intra-articular distal humerus 
fractures involving both columns [24]. Many bio-
mechanical and clinical studies highlight the 
advantages of double plating over other fixation 
methods [25–27]. Although there is general 
agreement on rigid fixation with dual plates as 
the gold-standard treatment when fixing bico-
lumnar distal humerus fractures, the most ade-
quate plating configuration remains controversial 
[2, 6, 8, 10]. The debate mostly revolves around 
whether the plates should be applied in a parallel 
fashion or orthogonal to each other [8]. In the 
orthogonal configuration, the two plates are 
applied at 90 degrees, with a medial plate on the 
medial column and a posterior plate on the lateral 
column. The parallel configuration uses a medial 
plate on the medial column combined with a lat-
eral plate on the lateral column [10].
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Several biomechanical studies comparing the 
two configurations have proven that parallel plat-
ing provides more stability than perpendicular 
plating [6, 9, 10]. Stoffel et al. compared the bio-
mechanical stability of perpendicular and parallel 
locking plating systems for the internal fixation of 
24 simulated AO Type C2 distal humerus fractures 
in cadaveric osteoporotic bone. They concluded 
that the parallel locking system showed improved 
stability in axial compression as well as in exter-
nal rotation although both locking plate systems 
would allow early mobilization of the elbow [28]. 
Arnander et al. conducted another biomechanical 
study and concluded that a parallel plate configu-
ration is significantly stronger and stiffer than a 
perpendicular plate configuration when subjected 
to sagittal bending forces [29]. Zalavras et  al. 
compared parallel to orthogonal constructs in an 
intra-articular distal humerus fracture model and 
reported that parallel plate constructs had sig-
nificantly higher stiffness than orthogonal ones 
during cyclic varus loading without any screw 
loosening compared to screw loosening in all 
posterior plates of orthogonal constructs. Parallel 
constructs had as well significantly higher ulti-
mate load in axial/sagittal loading to failure [10, 
30]. However, recent clinical studies that have 
compared orthogonal to parallel plating found no 
difference between the constructs regarding func-
tional outcome or complication rate [6].

Shin et al. compared perpendicular to parallel 
plate fixation in a prospective randomized com-
parative study of 35 patients and found no signifi-
cant differences in clinical outcomes or range of 
motion between treatment groups (Level II evi-
dence) [2, 31]. Lee et  al. compared orthogonal 
versus parallel plating in a prospective random-
ized trial of 67 patients (Level II evidence). They 
found no differences between the two groups 
with regard to clinical outcomes, operating time, 
time to union, or complication rates at a mini-
mum follow-up time of 2 years [2, 32].

Having no differences in clinical outcomes or 
complication rate, it is important to apply the 
plates according to the fracture pattern because, 
if properly applied, both parallel and orthogonal 
positioning can provide adequate stability. Plates 
should be placed in the most biomechanically 

adequate placement in relation to the fracture 
lines rather than in positions predetermined by 
the plate itself [33]. Parallel plating could be pre-
ferred for the fixation of fractures in the most dis-
tal end of the humerus, favored by the opportunity 
for additional distal screw fixation; meanwhile 
perpendicular plating is preferred in cases of cor-
onal shear fractures, where anterior to posterior 
fixation gaining additional stability in the coronal 
plane is desirable [5, 8, 9].

The cornerstone to achieve stable fixation is 
an adequate reduction of the fracture. Without 
successful reconstruction of the triangular anat-
omy of the distal humerus and the olecranon 
fossa-tip relationship, solid anatomical fixation 
cannot be achieved [8, 33].

Different types of plates have been used for 
fixation of distal humerus fractures: limited con-
tact dynamic compression plate (LC-DCP), 
3.5 mm reconstruction plates, and anatomically 
precontoured plates. All have been proven suc-
cessful to provide rigid fixation. Only one-third 
tubular plates are considered too weak to ensure 
adequate bone fixation and are no longer recom-
mended for fixation of distal humerus fractures 
[8, 9, 33, 34]. Regarding the use of locking plates 
versus traditional compression plates, biome-
chanical studies have found that the use of lock-
ing screws is only superior when poor bone 
quality is present [35]. Otherwise, it has been 
shown no significant difference between both 
options with regard to clinical outcome, rate of 
nonunion, infection, and reoperation [36].

9.5.5  Fixation Methods

Once the fracture has been exposed, debris and 
hematoma clots are removed. We should be sure 
to preserve and to pay attention to the orientation 
of free small bony fragments which may be pres-
ent and can be useful to reassemble the articular 
surface.

9.5.5.1  Reduction and Temporary 
Fixation

A traditional approach includes reducing first the 
articular fragments to each other with the help of 
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reduction forceps, manipulation, and small- 
diameter Kirschner wires (0.035–0.045 inches) 
that can be used for provisional fixation. The sur-
geon must foresee that these K wires won’t inter-
fere with the placement of definitive fixation 
plates later on. Articular fragments may be held 
together as well with interfragmentary lag screws, 
threaded K wires, or resorbable pegs, always 
allowing future screw insertion and plate posi-
tioning [1, 33]. Alternatively, if one column pres-
ents a relatively simple fracture pattern, the 
surgeon may choose to reduce and fix it first 
(converting an AO type C fracture into a type B 
fracture), reducing afterwards the articular seg-
ment to this column [1, 8]. In case of significant 
cartilage loss at the joint level, special care must 
be taken at restoring the adequate width of distal 
humerus, avoiding compression at this location 
since it would lead to articular incongruence 
[33].

Once the articular surface has been rebuilt, it 
has to be reduced and fix to the humerus shaft at 
the metaphyseal level using provisional 0.065 K 
wires. As mentioned before, limited contact 
dynamic compression plate (LC-DCP), 3.5 mm 
reconstruction plates, or anatomically precon-
toured plates can be used for definitive fixation 
after an optimal reduction is achieved. The plates 
are applied to both columns and should have dif-
ferent lengths in order to reduce the stress riser 
effect and risk of peri-implant fracture [6, 8, 9].

The literature supports that each plate should 
have at least three screws proximal to the metaph-
yseal fracture line. A biomechanical study pub-
lished by Zarifian et al. reported that the optimal 
configuration should include four screws in the 
distal segments of both plates, three screws in the 
medial plate proximal segment, and five screws 
in the lateral plate proximal segment, so the con-
struct resists all bending, axial, and torsional 
forces [37].

A plate applied directly over the lateral col-
umn should be precontoured at its distal end, so it 
matches the anatomical tilt of the capitellum; the 
medial column does not angle forward distally, 
but, in low fractures, the medial plate should 
wrap around the medial epicondyle to maximize 
screw insertion in the articular fragments [1, 33].

9.5.5.2  Definitive Fixation
Once the plates have been placed in the desired 
position, the articular segment must be firmly 
secured. O’Driscoll enunciated eight technical 
principles that should guide the fixation of distal 
humerus fractures [34]:

 1. Every screw in the distal fragments should 
pass through a plate.

 2. Engage a fragment on the opposite side that is 
also fixed to a plate.

 3. As many screws as possible should be placed 
in the distal fragments.

 4. Each screw should be as long as possible.
 5. Each screw should engage as many articular 

fragments as possible.
 6. The screws in the distal fragments should lock 

together by interdigitation, creating a fixed- 
angle structure.

 7. Plates should be applied such that compres-
sion is achieved at the supracondylar level for 
both columns.

 8. The plates must be strong enough and stiff 
enough to resist breaking or bending before 
union occurs at the supracondylar level.

Additional implants should be available if 
definitive fixation of small articular fragments is 
needed: mini-fragment plates, 2.7-mm recon-
struction plates, headless compression screws, 
and bioabsorbable pins [9].

Next, proximal fixation and supracondylar 
compression should be achieved, aided by reduc-
tion clamps and the dynamic compression holes in 
the plates. If there is extensive metaphyseal com-
minution and significant bone loss, shortening of 
the humerus is tolerable up to 2–3 cm [2, 33]; in 
some cases, bone grafting and bridge plating may 
be necessary. Autologous bone from the iliac crest, 
demineralized bone matrix allograft, and structural 
cadaveric allograft are some of the options available.

Prior to closure, elbow range of motion and 
stability should be assessed, checking there is no 
bony or soft tissue impingement. Under fluoro-
scopic examination, adequate fracture reduction 
and plates and screws position should be verified, 
ensuring that no screws penetrate the joint [1, 9] 
(Figs. 9.1 and 9.2).
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Fig. 9.1 Comminuted type C supracondylar fracture. 
From left to right, from up to down: Olecranon osteotomy 
provides extensile exposure to distal humerus, including 
part of the articular surface; provisional fixation with 
K-wires is helpful; fixation is best achieved by a combina-

tion of isolated lag screws and parallel anatomic precon-
toured 3.5 mm plates; olecranon osteotomy is closed with 
a cerclage; anteroposterior postoperative radiograph; lat-
eral postoperative radiograph

9.5.6  Management of Ulnar Nerve

The operation protocol should clearly detail how 
the ulnar nerve was handled during surgery [1]. 
Although it is acknowledged that the ulnar nerve 
must be identified and protected during the pro-
cedure, controversy still remains regarding the 
best management of the nerve after the distal 

humerus fracture has been fixed. The options 
include returning the ulnar nerve to its initial 
location or to transpose it anteriorly [2, 6].

A 2018 meta-analysis by Shearin et  al. 
included five retrospective studies, totaling 366 
distal humerus fracture cases that underwent 
ORIF and either the ulnar nerve underwent in 
situ management or anterior transposition. 
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Fig. 9.2 In supracondylar fractures of the humerus, one 
plate should be larger than the other to avoid a stress riser 
point. It is especially important in case of previous 
implants such as shoulder prosthesis (top left), plates (top 

right), or nails (bottom left). Overlap in the proximal 
implant is also recommended to facilitate fracture 
consolidation
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They observed that postoperative ulnar neurop-
athy was increased in patients who had transpo-
sition versus in situ management and concluded 
that transposition does not have a protective 
effect against the development of late ulnar 
neuropathy after distal humerus fracture repair 
surgery [38].

Either way, at the end of the procedure, ulnar 
nerve stability and relationship to the implants 
through complete elbow range of motion should 
be tested.

9.6  Postoperative Management

As mentioned before, early mobilization of the 
elbow after surgery is pursued in order to obtain 
the best outcomes [1, 2, 4–6, 9, 10, 14, 33, 39]; 
however, if the quality of the fixation is not opti-
mal (i.e., due to fracture complexity or poor bone 
quality), it is advisable to immobilize and protect 
the elbow for 3–4  weeks to ensure the fracture 
consolidates in an adequate position. Although 
immobilization for more than 3 weeks has been 
associated with poorer outcomes, most patients 
will not develop significant stiffness, and if they 
do it is simpler to deal with stiffness rather than a 
loss of fixation [1, 9].

A posterior splint in neutral position can be 
applied for 24–48  h to protect the soft tissues; 
after it has been removed, active exercises of 
ipsilateral shoulder and wrist and active assisted 
exercises of the elbow are initiated. Light func-
tional use of the extremity for daily live activities 
such as eating or personal hygiene is encouraged, 
not being allowed lifting weights over 1  kg. If 
an olecranon osteotomy has been performed, 
extension against gravity or resistance is banned 
for 6  weeks [33]. Exercises against resistance 
are initiated at approximately 6  weeks. Three 
months after surgery, full strengthening exercises 
are allowed, and, at 6  months postoperatively, 
patients can return to a preinjury activity level. 
Improvement can be achieved over the first year 
after surgery [1, 9, 12].

9.7  Complications of Surgical 
Management

9.7.1  Stiffness

Some degree of reduced elbow motion is often 
observed after ORIF in distal humerus fractures, 
particularly regarding extension. For some 
authors, this would be the most common com-
plication. However, many studies in the litera-
ture report achieving a functional range of 
motion [2, 33].

9.7.2  Nonunion

Distal humerus fractures are estimated to attain 
union in an average time of 14.6 weeks. With cur-
rent surgical techniques and fixation principles, 
exceptional union rates are reported, varying 
between 90% and 98% [9, 33]. Nonunion typi-
cally occurs in the metaphyseal region and, when 
present, in a 75% of the patients is thought to be 
caused by inadequate initial fracture fixation. 
Other factors that contribute to nonunion are 
infection, nutritional and smoking status, and 
underlying endocrine conditions [2, 6].

Management of nonunion includes contrac-
ture release, revision of the fixation, and bone 
grafting.

9.7.3  Heterotopic Ossification

The incidence of heterotopic ossification (HO) 
described in the literature is highly variable, with 
rates ranging from 0% to 50% according to dif-
ferent series [6, 9]. However, it is often not asso-
ciated with functional problems. Some risk 
factors for heterotopic ossification have been 
described: head injury, multiples surgeries, 
delayed surgical treatment, bone grafting, high- 
energy injuries, or open fractures [2, 33].

Naut et al. reported a heterotopic ossification 
rate of 8.6% [40]. Recently, Foruria et al. reported 
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in their retrospective study a symptomatic HO 
rate of 41%. HO was associated with significant 
loss of extension and overall decreased flexion–
extension arc of less than 100° [41].

To date, there is no quality data regarding HO 
prophylaxis in the management of distal humerus 
fractures treated surgically. Radiation therapy 
and indomethacin treatment have been suggested. 
Shin et al. reported a 3% rate of symptomatic HO 
and a nonunion rate of 6% after radiation therapy 
and 2 weeks of indomethacin [31]. Similarly, Liu 
et al. reported a 3% rate of symptomatic HO as 
well and a nonunion rate of 3% after 6 weeks of 
celecoxib [42].

9.7.4  Ulnar Neuropathy

Ulnar neuritis can be present in up to 19% of 
patients. Management of this complication 
includes neurolysis or anterior transposition [2].

9.7.5  Other Complications [33]

• Fixation failure
• Hardware pain or prominence
• Superficial or deep infection
• Radial nerve palsy
• Malunion
• Posttraumatic osteoarthritis and avascular 

necrosis

9.8  Outcomes

Despite the controversies and complications pre-
viously discussed, when anatomic reduction of 
the articular surface, rigid bicolumnar internal 
fixation, and early motion are achieved, satisfac-
tory outcomes can be expected [10]. Overall out-
comes of ORIF in intra-articular fractures of 
distal humerus are satisfactory or better in 
71–86% of patients. Overall arc of motion of 
approximately 100° can be expected, and patients 
should also expect approximately 75% return of 
strength in the distal humerus fractured arm ver-
sus their uninjured arm [33].

Doornberg et al. reported on 30 patients that 
were evaluated at an average of 19  years after 
open reduction and internal fixation of a frac-
ture of the distal humerus, to assess the range of 
elbow motion and the functional outcome. The 
average final flexion arc was 106°, and the aver-
age pronation- supination arc was 165° [43]. The 
average American Shoulder and Elbow Surgeons 
(ASES) score was 96 points, with an average sat-
isfaction score of 8.8 points on a 0 to 10-point 
visual analog scale. The authors concluded that 
the long-term results of open reduction and inter-
nal fixation of intra-articular fractures of the dis-
tal humerus are similar to those reported in the 
short term, suggesting that the results are durable.

9.9  Elbow Arthroplasty

Indications for prosthetic replacement after a dis-
tal humerus fracture include unreconstructible 
fractures, with high degree comminution and/or 
the presence of poor bone quality in low-demand 
elderly patients. Also, it can be beneficial in 
patients with preexisting inflammatory arthropa-
thy. In this context, total elbow arthroplasty 
(TEA) is a recognized alternative treatment [2, 
10, 12]. Contraindications include ipsilateral 
hand neurological impairment, noncompliant 
patient, acute open fracture, or active infection 
[12].

McKee et al. conducted a prospective random-
ized controlled trial to compare functional out-
comes, complications, and reoperation rates in 
elderly patients with displaced intra-articular dis-
tal humeral fractures treated with open reduction 
and internal fixation or primary semiconstrained 
total elbow arthroplasty. Forty-two patients over 
65  years were included and randomized. The 
Mayo Elbow Performance Score (MEPS) and 
Disabilities of the Arm, Shoulder, and Hand 
(DASH) score were determined at 6  weeks, 
3  months, 6  months, 12  months, and 2  years. 
They reported that TEA resulted in more predict-
able and improved 2-year functional outcomes 
compared with ORIF and that TEA may result in 
decreased reoperation rates. The authors con-
cluded that TEA is a preferred alternative over 
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ORIF in elderly patients with complex distal 
humeral fractures that are not amenable to 
achieve a stable fixation [44].

A systematic review and meta-analysis was 
performed by Githens et al. in order to compare 
outcomes and complication rates in elderly 
patients with intra-articular distal humerus frac-
tures, being treated with either total elbow arthro-
plasty or open reduction and internal fixation 
with locking plates. They selected 27 studies 
including 563 patients with an average follow-up 
of 3.8 years. They concluded that TEA and ORIF 
for the treatment of geriatric distal humerus frac-
tures provided similar functional outcome scores 
and range of motion, without significant compli-
cation rates [45].

Nonetheless, total elbow arthroplasty has its 
own limitations and complications. Patients 
should be warned about the postoperative restric-
tion of lifting no more than 2–5 kg and no repeti-
tive lifting more than 0.5–1  kg. Complications 
include prosthetic loosening, periprosthetic frac-
ture, mechanical failure, and deep wound infec-
tion. Consequently, although TEA may provide 
similar outcomes when compared with ORIF in 
appropriately selected patients, it can cause ter-
rible complications, and appropriate patients 
must be carefully selected [2, 4, 10].

9.10  Conclusions

Despite the controversies and complications pre-
viously discussed, when anatomic reduction of 
the articular surface, rigid bicolumnar internal 
fixation, and early motion are achieved, satisfac-
tory outcomes can be expected. Overall outcomes 
of ORIF in intra-articular fractures of distal 
humerus are satisfactory or better in 71% to 86% 
of patients. Overall arc of motion of approxi-
mately 100° can be expected, and patients should 
also expect approximately 75% return of strength 
in the distal humerus fractured arm versus their 
uninjured arm.

Indications for prosthetic replacement after a 
distal humerus fracture include unreconstructible 
fractures, with high degree comminution and/or 
the presence of poor bone quality in low-demand 

elderly patients. Also, it can be beneficial in 
patients with preexisting inflammatory arthropa-
thy. In this context, TEA is a recognized alterna-
tive treatment. Contraindications include 
ipsilateral hand neurological impairment, non-
compliant patient, acute open fracture, or active 
infection.

TEA and ORIF, for the treatment of geriatric 
distal humerus fractures, provide similar func-
tional outcome scores and range of motion, with-
out significant complication rates. Nonetheless, 
total elbow arthroplasty has its own limitations 
and complications. Patients should be warned 
about the postoperative restriction of lifting no 
more than 2–5 kg and no repetitive lifting more 
than 0.5–1 kg. Complications include prosthetic 
loosening, periprosthetic fracture, mechanical 
failure, and deep wound infection. Consequently, 
although TEA may provide similar outcomes 
when compared with ORIF in appropriately 
selected patients, it can cause terrible 
 complications, and appropriate patients must be 
carefully selected.
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10Controversies in the Management 
of Radial Head Fractures in Adults

Juan S. Ruiz-Pérez, Primitivo Gómez-Cardero, 
and E. Carlos Rodríguez-Merchán

10.1  Introduction

10.1.1  Epidemiology

Radial head fractures account for between 1.7 
and 5.4% of all fractures and approximately one- 
third of bone injuries of the elbow. Classically, 
two clear peaks of incidence have been observed 
between the ages of 20 and 60 and a distribution 
by male-female gender of 1:2 to 1:1 [1]. However, 
more recent studies suggest an epidemiological 
distribution with slight differences. Kaas esti-
mated an incidence of 2.8 cases per 100,000 
inhabitants with a male-female ratio of 2: 3 and a 
different distribution in terms of age, with female 
cases being 10–15  years older (48–54 vs. 
37–41 years) [2]. These data are corroborated by 
even more current references in a sample of more 
than 70,000 patients collected between the years 
2007 and 2016 [3]. This last study shows an 
increase during that period of time in the number 
of surgical interventions in the management of 
these injuries, as well as the use of locking plate 
fixation of comminuted fractures and radial head 
arthroplasty (RHA); meanwhile radial head 
resections decrease.

10.1.2  Anatomy and Biomechanics

The proximal radius consists of the radial head 
and the neck, and there is a large variation in 
dimensions, angles, and curvatures. Radial head 
is not completely circular, nor does it have a uni-
form elliptical shape. It articulates with the capi-
tellum and the peripheral rim contacts with the 
lesser sigmoid notch. Articular cartilage covers 
the concave surface of the radial head in an 
approximately 280° arc [4]. The term “safe zone” 
refers to the remaining 80° of the posterolateral 
margin for screw and plate fixation. Ries et  al. 
states that this area can reach up to 133° expand-
ing the horizon for the reconstruction of more 
complex fractures [5].

Radial head plays a fundamental role in stabi-
lizing the elbow against valgus, axial, and pos-
terolateral forces. The medial collateral ligament 
(MCL) resists valgus, and the lateral collateral 
ligament (LCL) does the same for varus and pos-
terolateral instability [6]. Restoring the length of 
the radiocapitellar joint is essential to optimize 
load on the cartilage of the capitellum and to 
reconstruct both lateral and medial stability. This 
is a complex goal since the interobserver correla-
tion of radiological studies is low even among 
experienced surgeons [7]. It may be helpful to 
aim for a height of the radial head corresponding 
to the proximal edge of the lesser sigmoid notch 
with the forearm in neutral rotation.
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10.1.3  Classification

Currently, there is still controversy in the classifi-
cation of radial head fractures. The most widely 
known is described by Mason [8]. Mason’s origi-
nal classification describes non-displaced frac-
tures (type I), marginal fractures with 
displacement (≥2  mm) (type II), and commi-
nuted fractures involving the entire radial head 
(type III). Morrey quantified the extent of articu-
lar fragment displacement (>2 mm) and fragment 
size (≥30% of the articular surface), and Johnston 
added a fourth type to the Mason classification 
when the radial head fracture is associated with 
the dislocation of the elbow [9, 10]. However, 
these modifications do not present great interob-
server correlation. Hotchkiss [11] to better 
delimit the need for surgical treatment defined a 
type 2 fracture as the one with a reconstructible 
radial head fracture presenting a blocked forearm 
rotation and a type 3 fracture as a non- 
reconstructible radial head fracture.

Given the frequent presence of associated 
bone and ligament injuries, the Mayo Clinic [12] 
suggested another modification to the classic 
Mason classification based on clinical and intra-
operative observations adding a suffix that shows 
the articular injury (c, coronoid; o, olecranon) 
and ligamentous injury (l, lateral collateral liga-
ment; m, medial collateral ligament; d, distal 
radio-ulnar joint).

10.2  Diagnosis

10.2.1  Clinical Examination

The main injury mechanism of radial head frac-
tures occurs as a consequence of indirect trauma 
in falls with the wrist in extension and pronation. 
This situation produces the contact of the radial 
head with the capitellum. In the initial inspection, 
we must evaluate the signs of any fracture such as 
inflammation, ecchymosis, and functional limita-
tion. Palpation of the radial head, proximal ulna, 
distal humerus, medial collateral ligament 

(MCL), lateral collateral ligament (LCL), inter-
osseous ligament, and distal radioulnar joint 
(DRUJ) should be performed. If the patient 
allows it, the stability of the elbow as well as flex-
ion/extension and pronation/supination of the 
wrist must be assessed. Arthrocentesis of the 
elbow can be useful, in addition to confirming the 
diagnosis, for removal of the mechanical block 
when secondary to joint effusion. Finally, the 
neurovascular examination includes different 
structures such as the radial, ulnar, median, and 
posterior interosseous nerves.

10.2.2  Radiological Tests

Anteroposterior, lateral, and Greenspan (forearm 
in neutral position and the X-ray beam centered 
on the radiocapitellar joint) views should be 
obtained in the basic radiological study 
(Fig. 10.1).

When no fracture is seen on routine views, 
some physicians still rely on the fat pad sign, 
which, despite its high sensitivity for disease in 
the elbow joint, is not pathognomonic of a frac-
ture due to its decreased specificity in relation to 
trauma (also seen in hemophilia and rheumatoid 
arthritis). The sitting axial mediolateral projection 
is well tolerated due to the arm’s placement: 
elbow joint in an angle greater than 90°, which is 
more comfortable for patients with tender and 
swollen joints. This projection is performed with 
the forearm in supination. The imaging receptor is 
placed on the dorsal site of the forearm, whereas 
the central ray is directed at a 45° mediolateral 
angle over the middle of the elbow joint [13].

CT (computed tomography) scan may be uti-
lized for characterization of the fracture pattern, 
in case of high suspicion of fracture not con-
firmed with the initial radiological study and for 
preoperative planning.

Magnetic resonance imaging (MRI) will 
rarely be requested, although it may be useful for 
confirming soft tissue injuries associated with 
radial head fractures, especially in the most com-
plex cases of joint dislocation [14].
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Fig. 10.1 A 22-year-old female patient with type I Mason fracture. Initial X-ray and 6 months after diagnosis. Excellent 
function without mobility restriction

Table 10.1 Main injuries associated with radial head 
fracture

Ligamentous 
injury

Lateral collateral ligament (LCL) 
80%, medial collateral ligament 
(MCL), or both (MCL and LCL)

Essex-Lopresti 
injury

Interosseous membrane disruption 
and distal radioulnar joint (DRUJ)

Elbow fractures Coronoid, olecranon, and capitellum
Elbow 
dislocation

“Terrible triad”(elbow dislocation, 
radial head fracture, coronoid 
fracture)

Carpal 
fractures (10%)

Hand and scaphoid fractures

10.2.3  Associated Injuries

In general, up to 35% of radial head fractures 
have associated injuries, depending on the inten-
sity of the triggering trauma and ranging from 
20% in undisplaced fractures to 80% in commi-
nuted and displaced fractures [15]. Ring et  al. 
[16] summarized the main injuries associated 
with radial head fractures in five groups 
(Table 10.1).

10.3  Management and Treatment

The definitive management of radial head frac-
tures will depend on several factors. Displacement, 
comminution, stability, articular damage, and the 
existence of associated injuries in other locations 
(elbow, forearm, or wrist) will be taken into 
account. Classification of the type of fracture can 
be useful for treatment indication [17].

10.3.1  Nonsurgical Treatment

Conservative treatment consists of a short immo-
bilization of 7–10 days with a sling or brachial 
splint limiting pronation/supination and flexion/
extension followed by early mobilization. 
Patients are evaluated for clinical and radiologi-
cal control at 2 weeks and to document if motion 
and pain is improving. By 6 weeks, the patient 
should have recovered full or nearly full elbow 
motion. If stiffness persists, a referral to the phys-
iotherapists is indicated.

10 Controversies in the Management of Radial Head Fractures in Adults
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Nondisplaced or minimally displaced frac-
tures (<2 mm), with minor articular involvement 
(<30%), without associated injuries or mobility 
blocks could be treated in this way. Herbertsson 
et al. [18] showed good or excellent results even 
in more complex cases. From our point of view, 
simple fractures with displacement between 2 
and 5 mm may be treated nonsurgically or with 
internal fixation. Guzzini [19] reported 50/52 
good or excellent results in his study in Mason 
type II fractures with a MEPS score of 94.5 (65–
100) and DASH score of 12.4 (0–46). Controversy 
continues to exist regarding the management of 
this type of fracture, and there are no Level I/ II 
studies available to guide treatment in this 
uncommon scenario.

10.3.2  Surgical Treatment

Surgical treatment options include excision, 
internal fixation, and radial head arthroplasty. 
Goals of operative treatment include restoration 
of elbow stability and forearm rotation. The use 
of arthroscopy can be useful as an added value in 
cases where we decide to perform osteosynthesis. 
Figure 10.2 shows a good treatment algorithm for 
radial head fractures.

10.3.2.1  Surgical Approach 
and Arthroscopic Techniques

The preferred approaches for the vast majority of 
radial head fractures are those described by 
Kocher and Kaplan. In cases with greater com-
minution, a more posterior approach may be 
necessary.

Isolated fractures, especially those affecting 
the anterior half with intact collateral ligaments 
and without residual instability, can be treated by 
the Kaplan exposure performed between the 
extensor carpi radialis and the extensor digitorum 
muscle. The main risk of this approach is injury 
to the posterior interosseous nerve in the most 
distal area of the incision. It is advisable to per-
form the intervention with the forearm in prona-
tion, and there is a “safe area” dissecting up to 
29  mm from the radiocapitellar joint and up to 
42 mm from the lateral epicondyle [20].

The Kocher approach exposes the joint in the 
interval between the anconeus and the extensor 
carpi ulnaris (ECU). It allows the reduction of 
fractures associated with instability, lesions of 
the LCL, and comminution. The radial nerve is 
protected by the muscular flap of the ECU; we 
can even perform the synthesis of coronoid frac-
tures detaching the extensors from the humerus 
and elevating the anterior capsule [21].

In recent years, the use of arthroscopic tech-
niques has gained popularity. Rolla et  al. first 
described a standard approach for arthroscopic 
fixation of radial head fractures with cannulated 
screws in a case-series of six patients [22]. A 
study with a series of 20 patients with arthroscop-
ically assisted radial head fractures revealed dis-
crepancies in fracture classification regarding 
conventional imaging studies. Classification 
inconsistencies were found in 70% of the X-Ray 
cases and in 9% of the CT or MRI ones. Besides 
that, in 60% percent of the cases, arthroscopy 
revealed a larger number of loose bodies than 
described in CT/MRI, and osteochondral lesion 
of the capitellum was found in 80% of cases. It 

Mason type I
≤ 2mm displacement

Block to motion

No Yes

Mason type II
> 2mm displacement

Mason type Ill-IV

Reconstructable

ORIF (metal or
biodegradable)

Radial Head 
arthroplasty or

excision*

*Check PL,Valgus or axial instability

ORIF,
fragment excision

Conservative treatment
Early mobilization

NoYes

Fig. 10.2 Treatment algorithm for radial head fractures
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can also be very useful in cases of LCL involve-
ment and posterolateral rotational instability 
(PRLI). The authors conclude that arthroscopi-
cally assisted fracture reduction and internal fixa-
tion reduces invasiveness and reliably allows for 
excellent clinical outcomes [23]. New accessory 
portals have been described to facilitate reduction 
and screw placement in the radial head, and good 
reproducibility of Kirschner wire placement from 
distal AM and AL portals was observed among 
different surgeons [24].

10.3.2.2  Open Reduction and Internal 
Fixation (ORIF)

Mason type II fractures with>2 mm displacement 
and block to motion and Mason type III recon-
structable fractures are the main indications for 
open reduction and osteosynthesis (Fig. 10.3).

From the current literature [12], clear indica-
tions for surgery are mechanical block after aspi-
ration of the hematoma, two-part fractures with 
displacement >5 mm (head fragment) or >4 mm 
(neck), and fractures with comminution (>2 
parts). The main objective is anatomical recon-
struction and maintaining joint stability. In addi-

tion to the conventional radiological study, a CT 
scan may be useful in preoperative planning. At 
the time of surgery, examination of the lateral 
ulnar collateral ligament (LUCL), for injury and 
instability, is mandatory. The temporary use of 
Kirschner wires can be useful to promote reduc-
tion. As we said in the previous section, new 
arthroscopic techniques can provide information 
on the existence of associated injuries and assist 
in fracture reduction. Headless screws (1.5–
2.4 mm) are typically used to fix head fragments 
with or without involvement of the radial neck. In 
fractures with extension toward the neck, low 
profile plates of 1.5 or 2.0  mm should be pre-
ferred for osteosynthesis. They must be posi-
tioned in the “safe zone” area described in the 
introduction as approximately 100° centered on 
the equator of the radial neck in neutral position. 
These plates may need to be removed in more 
than half of the cases once the fracture has healed 
according to Neumann et al. [25]. A recent study 
of 28 patients with Mason type II-III fractures 
shows excellent results in 85% of cases, returning 
to full activity after osteosynthesis. They indicate 
as good prognostic factors for open reduction and 

a b c

Fig. 10.3 (a) Traumatic open radial head fracture treated with open reduction and internal fixation (ORIF); (b) antero-
posterior (AP) and lateral intraoperative fluoroscopic control; (c) AP and lateral radiographs at 6 months
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synthesis cases in which the size of the fragment 
is large enough and there is little bone loss and 
metaphyseal resorption [26].

Cepni et  al. [27] also advocate reconstructive 
treatment for Mason type II–III fractures whenever 
possible. In their recent study with 28 patients, 
they collected good results with a Mayo Elbow 
Performance score of 92 (range 60–100) and a dis-
ability of arm, shoulder, and hand (DASH) score 
of 15.5 (range 2.5–55.2). However, complications 
appear up to 25.9%, and 22.2% of the patients 
underwent a revision surgery. For comminuted 
fractures in which adequate reduction is difficult 
to obtain, the “on-table” reconstruction technique 
may be used. This technique consists in carrying 
out the reduction and osteosynthesis of the frac-
ture with the main fragments on the surgical table 
to later proceed to  anatomical reconstruction in 
the patient. Bosinger [28] used this technique in 
six patients for Mason type III and IV fractures 
with excellent clinical results, although one of the 
patients had symptoms of degenerative changes. 
Controversy regarding the advantage of surgical 
treatment of these fractures still exists. Hermena 
et al. [29] in a systematic review of the current lit-
erature comparing open reduction and osteosyn-
thesis vs. radial head arthroplasty for Mason type 
III fractures conclude that radial head arthroplasty 
may be a better option when treating these complex 
fractures, but the current evidence is weak. Isolated 
fractures or that involving only part of the radial 
head should be treated with ORIF. Nevertheless, 
this option is prone to failure due to nonunion, 
loosening of the fixation device, restricted forearm 
rotation, and elbow stiffness, especially in com-
minuted fractures. Another valid option could be 
to fix the radial head in isolation without synthe-
sizing the shaft in order to preserve vasculariza-
tion and avoid hardware problems. In this way, 
nonunion rates of 70% have been registered for 
Mason type III fractures with a mean follow-up 
of 76  months (range, 12–152  months), but the 
patients remain asymptomatic [30]. Gokaraju et al. 
collected data from 46 patients comparing ORIF, 
radial head arthroplasty or excision with similar 
functional results, and range of motion in the three 
groups. The complication rate is around 39% in 
the group treated with osteosynthesis with indica-
tions for revision in his series including nonunion 

and prominent hardware causing impingement. 
Current designs including radial head specificity 
and low-profile implants with locking option may 
be helpful in reducing the risk of reoperations [31]. 
Perhaps the greatest controversy exists for type II 
Mason fractures. Lindenhovius classic study [32] 
included 16 patients with a 22-year follow-up 
and demonstrated no appreciable advantage over 
the long- term results of nonoperative treatment 
of Mason type II fractures. Along the same lines 
and for this specific type of fractures, a recent sys-
tematic review did not find statistically significant 
differences in favor of ORIF vs. nonsurgical treat-
ment; however, in this second group the develop-
ment of osteoarthritis in the radiocapitellar joint 
appears to be more likely [33]. In order to improve 
the results of surgical treatment, new implants are 
being developed, such as polylactide pins, prov-
ing the feasibility of ORIF of unsalvageable radial 
head fractures. Smaller diameter pins (1.5  mm) 
allow the fixation of each fragment from different 
directions handling in a simpler way than screws 
and plates. Tarallo et al. [34] demonstrated good 
clinical and functional results in their series of 
82 patients treated with resorbable pins, although 
there was up to 8.5% redisplacement of the frac-
ture fragments vs. 1.6% in the mini-screws group. 
Similarly, another retrospective study shows 
excellent results with this technique in a series of 
17 patients for fractures considered unsalvageable 
[35]. Other more current alternatives carried out 
in biomechanical studies in cadavers find superior 
mechanical properties with the use of magnesium 
pins [36].

10.3.2.3  Excision of Radial Head
This technique would be indicated in cases of iso-
lated and displaced and with great comminution 
radial head fractures. Given the frequent associ-
ated ligamentous injury with secondary insta-
bility, a thorough evaluation is required before 
selecting this option. It can be a valuable alter-
native in patients with low functional demand, 
intercurrent infection, or failure of previous 
reconstructions. The radius pull test described by 
Smith et al. [37] makes it possible to assess longi-
tudinal instability by applying traction (shoulder 
at 90° abduction and internal rotation- 90° elbow 
flexion and neutral rotation) or by using a bone 

J. S. Ruiz-Pérez et al.



129

reduction clamp. With the aid of the fluoroscope, 
radial migration greater than or equal to 3 mm of 
increase in ulnar variance is verified, confirming 
the lesion of the interosseous membrane. Antuña 
et  al. reviewed a long-term (15 years) series of 
26 patients younger than 40 years with excellent 
clinical and functional results in 24 of them, and 
none required a new reoperation [38]. A recent 
study with only 11 patients with Mason type 
III–IV fractures and a follow-up of 47.6 months 
shows good results (Mayo Elbow Performance 
score: 83.2 points) in 81% of the cases; however, 
seven patients had a valgus deformity, and two 
of 11 cases had elbow instability in valgus stress 
[39]. Another retrospective series comparing 
arthroplasty vs. radial head resection in cases of 
instability and dislocation shows similar results in 
both groups, although a greater number of reoper-
ations (25%) were observed in the second group, 
mainly associated with heterotopic ossification 
as a secondary complication [40]. Mahzar et al. 
concluded that the results were similar between 
these last two alternatives, even for injuries as 
complex as the terrible triad, with no statistically 
significant differences in visual analogue scale 
(VAS) for pain, Mayo Elbow Performance score 
(MEPS), and disabilities of arm, shoulder, and 
hand (DASH) score [41]. Finally, a recent sys-

tematic review analyzing the three possible types 
of surgical intervention (osteosynthesis, exci-
sion, and radial head arthroplasty) suggests that 
prosthetic replacement constitutes the best treat-
ment of choice for efficacy and safety, although 
resection behaves as a safest choice to minimize 
postoperative complications and enable patients 
to perform all daily life activities [42].

10.3.2.4  Radial Head Arthroplasty 
(RHA)

In cases of comminuted fractures, with a large 
number of fragments or complicated reconstruc-
tion and with poor bone quality, radial head 
arthroplasty may be the treatment of choice 
(Fig. 10.4).

The concomitant existence of posterolateral 
instability (external collateral ligament com-
plex injury), valgus instability (MCL injury), or 
axial instability (interosseous membrane injury) 
should be taken into account. However, the thera-
peutic approach should be individualized focus-
ing not only on the above aspects but also on 
other characteristics such as age, dominant hand, 
and baseline activity of the patient. One of the 
most critical aspects is determining the correct 
size and height of the implant. Overestimating or 
underestimating height can lead to loosening and 

Fig. 10.4 X-ray control anteroposterior and lateral (EVOLVE prosthesis) at 12 years
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early degenerative changes or instability, respec-
tively. Morphologic parameters of the radiocapi-
tellar joint (humeral condyle diameter, radial 
head diameter, and radial head height) measured 
with radiographic analysis could be useful to pre-
dict RHA size preoperatively [43]. The lesser sig-
moid notch and the lateral coronoid edge [44] can 
be used as anatomical landmarks. The intraoper-
ative radiographic study is very useful to avoid 
radial head overlengthening. Elbow and forearm 
motion and stability are tested using fluoroscopy 
after insertion of the trial implant. The medial 
ulnohumeral joint space should be parallel, and 
radiographic widening of this joint space is a sign 
of significant radial implant overlengthening, not 
the lateral ulnohumeral space widening since 
cartilage thickness is variable. Radial head over-
stuffing or overlengthening may produce pain 
and decreased range of motion making a second 
intervention necessary to remove the prosthesis. 
Maltracking may be due to an imperfect radial 
neck cut or a canal broached in a wrong direction.

Regarding the type of implants, we can dif-
ferentiate unipolar (the most commonly used) 
or bipolar, anatomical or nonanatomical, and 
cemented stems, loose-stemmed, or press-fit 
ingrowth protheses. Despite the fact that anatom-
ical implants reproduce biomechanical behavior 
in a similar way to the native radial head, they 
have not shown greater clinical relevance to 
date [45]. Bipolar prostheses are cemented into 
the radial neck and theoretically can provide 
improved congruency during elbow motion.

Loose stemmed implants have shown encour-
aging results in the reconstruction of complex 
radial head fractures [46]. An impeccable review 
by van Riet [47] includes recent studies with good 
or excellent results in 70–87% of radial head 
arthroplasties for all types of prosthetic designs. 
Laumonerie et  al. [48] collect the experience of 
more than 146 patients treated with the EVOLVE 
Proline implant (modular, unipolar, loose-fitting 
radial head implant system), a mean follow-up 
of 4.8  years (range 1–14), concluding that out-
comes are satisfactory, and associated compli-
cation rates are low (reoperation in 12 patients, 
with implant revision in 2 patients). A recent sys-
tematic review and meta-analysis for fixed-stem 
implants [49] shows that not all devices behave in 

the same way, with differences in revision rates, 
certain complications, and functional scores with 
worse outcomes in  Essex- Lopresti or terrible triad 
injuries. This would imply an exquisite selection 
of the type of implant and individualization of 
each case. Other long- term studies conclude that 
press-fit radial head arthroplasty seems to become 
an alternative with satisfactory results in most 
patients with complex fractures despite finding 
an implant survival at 24 months of only 69.5% 
and a reoperation rate of 26.7% [50]. The greatest 
controversy continues to focus on Mason type III 
fractures. Chen et al. [4] showed better results for 
RHA (91%) compared to ORIF (65.2%) in their 
study with 45 patients and a follow-up of 2 years. 
With similar results, a systematic review [51] con-
cluded that radial head replacement appeared to 
reach better outcomes in patients with Mason type 
III radial head fractures followed 5 years or less, 
finding a lower rate of complications (13.9%) 
in relation to osteosynthesis (58.2%). Following 
this line, another meta-analysis [52] indicated 
that RHA results in better function and reduced 
postoperative complications than ORIF-M (metal 
implants) and ORIF-B (biodegradable implants) 
over 2 years in the treatment of displaced radial 
head fractures. However, Kyriacou et al. [53] in a 
systematic review that includes 210 cases of “ter-
rible triad” found no differences in results, risk of 
reoperation, and rate of complications between 
reconstruction and arthroplasty, suggesting that 
open reduction and internal fixation should be 
performed when a satisfactory reconstruction can 
be achieved as the longevity of RHA in young 
patients with terrible triad injury is currently 
questionable. Comparing radial head replacement 
versus excision in cases of previous instability, 
there are also studies that logically opted in favor 
of prosthetic reconstruction [54].

The main complications are stiffness, residual 
pain, and instability. However, it is quite common 
to find patients with neurological alterations sec-
ondary to the surgical intervention, an underesti-
mated problem in the literature. The risk factors 
that have been most related to this complication 
are inappropriate retraction in the anterior aspect 
of the radial neck, a prolonged ischemia time, 
and concomitant coronoid, or olecranon fracture 
fixation [55].
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Recent short- and medium-term studies such 
as that of Cho et  al. [56] show good clinical 
results despite the appearance of radiological 
complications. Specifically, in their series of 24 
patients with a mean follow-up of 58.9 months 
(range, 27–163  months), they found 16.7% 
 heterotopic ossification, capital wear in 20.8%, 
and arthritic changes in 29.2% of the cases. 
For press- fit stems in the medium term, we can 
find up to 60–70% of proximal stress shielding 

regardless of the design, although no clinical 
correlation has been seen regarding stem loos-
ening [57]. It is advisable to follow the patient 
with serial radiographs. A recent study including 
24 patients operated on in the context of elbow 
fracture dislocation and a 10-year follow-up 
revealed the presence of osteolysis in all cases 
with moderate to high correlation to clinical out-
comes, suggesting the need for close control of 
these cases [58] (Fig. 10.5).

a b

Fig. 10.5 (a) Radiographic control of the Acumed prosthesis at 13 years of follow-up (severe osteolysis in asymptom-
atic patient), (b) X-ray control of the EVOLVE prosthesis at 15 years of follow-up
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Removal or revision of the implant would be 
indicated if the loosening becomes symptomatic 
with pain, instability, or striking radiological fail-
ure. The main causes of RHA revision were 
symptomatic loosening (30%), stiffness (20%), 
pain (17%), overstuffing (9%), dissociation of the 
prosthesis (5%), and symptomatic osteoarthritis 
(OA, 4%) [59]. Loss of range of motion both in 
flexion/extension and pronation/supination 
accompanied by pain should alert the surgeon. 
One of the factors that have been associated with 
a greater risk of failure and revision of the RHA 
is the delay of the initial surgical intervention. In 
one series, 55% of failed radial head implants 
were implanted more than 6 weeks after the ini-
tial injury [60]. Given that the number of radial 
head arthroplasties has increased in recent years, 
the percentage of complications associated with 
it is up to 23% [61]. It is therefore necessary to 
know the diagnosis and the possible causes of 
failure of RHA as well as the treatment alterna-
tives. An excellent review raises an interesting 
algorithm with the existing technical solutions on 
this matter at the present time [62].

10.4  Conclusions

Radial head fractures account for up to one-third 
of elbow joint bone injuries. Mason’s classifica-
tion with the modifications of Hotchkiss and 
Morrey is still valid and is the most used today. 
Diagnosis through clinical examination and com-
plementary imaging tests allows the bone and 
ligament structures involved to be identified. 
Following the criteria of displacement, joint 
block, possibility of reconstruction, and stability 
of the fracture, a treatment algorithm can be 
established. Within conservative management, 
early mobilization is essential. Regarding surgi-
cal treatment, the use of low-profile implants and 
the development of biodegradable alternatives 
can be useful for osteosynthesis. Arthroscopy is 
an additional and less invasive tool than tradi-
tional alternatives. Radial head excision should 
only be the technique of choice for non- 
reconstructable cases without associated instabil-
ity, chronic infections, and patients with low 

functional demand. Radial head arthroplasty, 
through the wide range of solutions offered by 
the industry, has gained ground in recent years to 
support the management of the most complex 
cases, although a close monitoring of the possible 
medium and long-term complications and sur-
vival of the different implants is necessary.
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11Controversies in the Surgical 
Treatment of Distal Biceps Tendon 
Ruptures in Adults: To Fix or Not 
to Fix? Single Versus Double 
Incision?

Pablo Peñalver-Andrada, Jens Jared Cárdenas- 
Salas, and Julián Fernández-González

11.1  Introduction

The incidence of distal biceps tendon rupture is 
approximately 5.4 cases per 100,000 patients per 
year in adults [1]. Lately, the number of injuries 
and surgical procedures is increasing, probably 
related to a greater number of studies on the sub-
ject and the increased sporting activity [2]. We 
must take into account that, although most cases 
are seen in middle-aged active patients, ruptures 
in older patients are also increasing due to preex-
isting tendinopathy [3]. The main risk factors are 
weight lifting, contact sports, or the use of 
tobacco and anabolic steroids. According to sev-
eral clinical studies, surgical treatment in young 
and active patients is appropriate. However, con-
servative treatment in certain cases is also correct 
[4]. In this chapter, we will discuss the surgical 
indications as well as the different techniques to 
perform it.

11.2  Anatomy 
and Pathophysiology

Distal biceps tendon rupture usually occurs sec-
ondary to eccentric loading in extension associ-
ated with active flexion of the arm yielding to a 
load of 204 N [5].

The anatomical peculiarities of the muscle 
and the tendon with its insertion must be known 
in order to understand the causes of rupture and 
treatment.

The biceps is a two-headed muscle, behaving 
as functional unit but each head having a specific 
insertion zone. The long head inserts more proxi-
mally and the short head inserts more distally in 
the tuberosity and runs medially. The long head 
has more supinator function, and the short head is 
the flexor one. In up to 25% of patients, the ten-
don is bifurcated at its insertion [6, 7]. It is impor-
tant to know the anatomy in order to perfectly 
recreate the insertion and recover the dual func-
tion. The medial part of the tendon must be rein-
serted in the distal part of the footprint. The 
lacertus fibrosus is a fascial reinforcement that 
connects the distal biceps tendon to the forearm 
flexor fascia. It prevents proximal migration, and 
it stabilizes primarily the short head. It is unclear 
whether it needs to be repaired in case of damage 
[8] and has also been used as graft in case of 
reconstruction [9].
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11.3  Types of Injuries

An accurate diagnosis is important because there 
is a wide spectrum of distal biceps injuries. The 
most typical and easy to diagnose is the complete 
tendon rupture in a young patient. A second 
group would be the partial tendinous lesions, 
within which we would find isolated lesions of 
the short head of the muscle [10, 11], rare but 
with a specific diagnosis and treatment. The third 
group is degenerative lesions (bursitis/tendino-
sis). Complete or partial lesions can be divided 
according to the time of evolution into acute (less 
than 4 weeks) or chronic (more than 4 weeks).

11.4  Diagnosis

The diagnosis should be based mainly on clinical 
suspicion and physical examination, but comple-
mentary imaging tests are of great help for confir-
mation and in doubtful cases. Delayed diagnosis 
of these lesions is not uncommon.

11.4.1  Clinical Diagnosis

Patients usually feel a “pop” followed by pain 
and functional limitations. They usually present 
edema, hematoma, and greater deficit of supina-
tion than flexion [12]. In complete ruptures, the 
biceps usually loses its contour, increasing by 
more than 6 cm the distance between the muscle 
outline and the elbow crease (biceps crease inter-
val) [13], and a positive Popeye the sailor sign.

Since its description in 2007, the Hook test 
[14] is the most used, with a very high sensitivity 
and specificity according to studies. However, its 
modification by placing the hand in resisted supi-
nation and elbow and shoulder at 90° helps to 
distinguish the biceps tendon and brachialis 
muscle.

Other tests used are the supination/pronation 
test in which the examiner observes the normal or 
pathological contour of the biceps when chang-
ing from supination to pronation [15] or the 
squeeze test which will not produce supination in 

case of rupture although it has limitations in 
cases of partial ruptures or pain [16].

To assess the integrity of the lacertus fibrosus, 
we use the biceps aponeurosis test [17] in which 
the patient must clench his/her fist, flex the wrist, 
and supinate the forearm with the elbow at 75° of 
flexion. The intact lacertus fibrosus should be 
palpated medially.

Partial lesions of the biceps tendon tend to 
have milder symptoms. They usually present 
with chronic pain from previous tendinopathy 
and without such an acute or painful event. Partial 
lesions of the short head of the biceps deserve a 
specific diagnosis because the hook test is usu-
ally negative, and, since it is so widespread used, 
it can be misdiagnosed. They present the charac-
teristic symptoms of acute injuries with pain, 
edema, and hematoma, mild loss of flexion/supi-
nation, and asymmetry but a negative hook test. 
As the short head of biceps has more importance 
in flexion, it tears before the long head [18]. In 
fact, there are no isolated ruptures of the long 
head of biceps described in the literature.

11.4.2  Imaging Tests

If clinical tests show an obvious complete rup-
ture, the need for an imaging test is arguable. 
However, they should be routinely performed 
when partial or chronic injury is suspected or 
when there is doubt in the diagnosis. Plain radi-
ography provides little information unless there 
is a history of direct trauma or suspicion of asso-
ciated fracture or in the rare cases of tendon 
insertion avulsion.

The gold standard is the magnetic resonance 
imaging (MRI) because it can detect tendinitis, 
complete and partial injuries, lacertus fibrosus 
lesions, and possible retraction in the event of 
partial ruptures [19]. According to Festa et  al. 
[20], MRI has 100% specificity and up to 90% 
sensitivity to detect partial ruptures. Since the 
description of the optimal posture for performing 
MRI by Giuffre et al. [21], all MRI should be per-
formed in FABS position (flexed, abducted, supi-
nated) because it allows longitudinal assessment 
of the entire tendon in the same slice.
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Ultrasound (US) is very useful if performed 
by an expert and to assess dynamic lesions. 
According to Lynch et  al. [22], MRI is more 
accurate for detecting complete ruptures, while 
both MRI and US have the same accuracy for 
detecting partial midsubstance ruptures.

11.5  Treatment

We must differentiate the treatment depending on 
the type of rupture. It is important to discuss with 
the patient the pros and cons and surgical risks to 
make the decision, especially in borderline cases 
[23].

11.5.1  Partial Ruptures

The classical treatment of partial ruptures has 
been mainly conservative if they affect less than 
50% of the thickness, with different protocols in 
terms of immobilization, rehabilitation, or corti-
costeroid injections. General treatment involves 
cold, rest, sling, and active mobilization accord-
ing to pain tolerance, starting in supine position. 
In general, it has yielded good results as per the 
review by Bauer et  al. [24]. According to this 
article, the failure rate of conservative treatment 
can be up to 56%, and therefore it could be advis-
able to consider surgical treatment in patients 
with a high functional demand. Another impor-
tant issue is that changing from conservative to 
surgical treatment did not lead to worse results. 
There are few studies, except clinical cases, on 
the conservative treatment of partial ruptures 
with very good results. According to the article 
by Behun et al. [25], surgical treatment obtained 
94% good results. If surgical treatment is decided, 
it will consist of completing the rupture and per-
forming a complete reinsertion of the tendon as if 
it were a complete rupture.

In brief, the current recommendation is con-
servative management. Surgical management 
should be considered in patients with high func-
tional demand and partial ruptures greater than 
50% and in patients in whom symptoms persist 
despite nonsurgical treatment.

11.5.1.1  Partial Rupture of the Short 
Head of the Biceps

According to the review by Iqbal et  al. [11], 
patients with isolated tears of the short head of 
the biceps do poorly when treated conservatively, 
but good outcomes with acute and delayed recon-
struction have been reported. Partial reattach-
ment of the short head or reattachment of the 
entire tendon after debridement has been 
described [26]. When treating these injuries, an 
anatomical reinsertion would be optimal; how-
ever, if the repair is performed by an isolated 
anterior approach, insertion must be lateralized 
without clinical repercussion [11].

11.5.2  Acute Complete Rupture

It is usually considered an acute tear up to 
4 weeks. If the lacertus fibrosus remains intact, 
even up to 3 months, a primary repair could be 
achieved as it prevents tendon retraction.

Conservative treatment is recommended in 
elderly patients with low functional demand and 
in younger patients reluctant to surgical treat-
ment or with contraindications for surgery. In 
general, it has good results [27], with loss of 
strength in supination of 40–50% but minimal in 
flexion no greater than 30% [28, 29]. It is impor-
tant to explain to the patient the surgical risks and 
possible sequelae of conservative treatment in 
order to reach an informed decision.

Surgical treatment is reserved for young 
patients with medium to high functional demands. 
We will discuss the single and double approach, 
fixation methods, and anatomic vs. nonanatomic 
reinsertion.

The single approach can be considered a 
quicker technique in which the reinsertion 
achieved is not completely anatomical [30], 
being slightly more anterior to its actual foot-
print. It can be performed with direct transverse 
(Fig. 11.1), direct longitudinal, or extensile “lazy 
S” approach (Fig. 11.2).

In the double approach, the anterior window is 
performed to locate and prepare the stump and a 
posterolateral accessory approach for anatomical 
reinsertion (Fig.  11.3). Although from a 
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Fig. 11.1 Transverse incision (bicipital crease-dashed 
line)

Fig. 11.2 Lazy S incision (bicipital crease-dashed line)

Fig. 11.3 Posterolateral incision (double approach)

Fig. 11.4 Transverse anterior incision (white line bicipi-
tal crease)

 biomechanical perspective the anatomical rein-
sertion improves supination strength [31], there 
are no clinical differences between single and 
double approach [32, 33], and regarding compli-
cations some authors have reported a higher 
degree of neurapraxia in the single approach 
group. Dunphy et al. found yet more complica-
tions in the double approach, especially in terms 
of heterotopic ossifications. There were no sig-

nificant differences in rates of motor neurapraxia, 
infection, rerupture, and reoperation regarding 
surgeon’s years of practice, fellowship training, 
or case volume [34].

When performing the double-incision tech-
nique, most authors use bone tunnels, but bone 
anchors or cortical buttons can also be used. 
These are commonly employed in the single- 
incision technique. Regarding the method of fixa-
tion, no differences have been found between any 
of them: bone tunnels, suture anchors, cortical 
buttons, or interference screws [35].

In short, and based on the available data, both 
techniques, single and double incision, provide 
successful outcomes. Therefore, the surgeon may 
choose depending on his/her experience, avail-
able material, and costs.

11.5.2.1  Surgical Technique

Anesthesia and Positioning
Patient in supine position with the arm in abduc-
tion and extended on a hand table, under regional 
anesthesia with axillary block.

Single-Incision Technique (Author’s 
Preferred Method)

Approach
Transverse 2–3  cm incision at the level of the 
elbow crease or 1–2 cm (Fig. 11.4) distally at the 
level of the bicipital tuberosity. Secondary, dissec-
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Fig. 11.5 Subcutaneous tissue
Fig. 11.6 Tendon footprint-bicipital tuberosity

Fig. 11.7 Tunnel drilling over guide wire

tion of the subcutaneous tissue is done (Fig. 11.5) 
where the lateral antebrachial cutaneous nerve and 
the cephalic vein can sometimes be identified and 
must be preserved and protected in order to pre-
vent paresthesia in the forearm [36]. Perform blunt 
dissection to the bicipital tuberosity. With the help 
of spreaders and the arm in maximum supination, 
the distal remnant of the tendon should be identi-
fied in the bicipital tuberosity [37] (Fig. 11.6). Do 
not apply too much tension with the spreaders to 
avoid injury to the posterior interosseous nerve 
(PIN). The PIN is located between 9 and 14 mm 
from the bicipital tuberosity [38, 39]; neuropraxia 
has been reported in up to 10% of patients [40].

Tuberosity Preparation
Once the bicipital tuberosity is exposed, all 
fibrotic debris should be removed. To perform the 
reinsertion technique with endobutton, a tunnel 
should be drilled at the level of the tuberosity 
(Fig. 11.7). The tunnel should be created in the 
most ulnar region of the tuberosity to recreate, as 
much as possible, its anatomical position [41, 
42]. Place a guide wire in the central and ulnar 
region of the tuberosity (Fig. 11.8), and drill the 

anterior cortex with a drill bit of the same size as 
the biceps tendon (Fig. 11.9). The second cortex 
should be drilled with a thinner drill bit, only for 
the passage of the endobutton.

Tendon Preparation
Identify the tendon at the level of the arm through 
the transverse incision, applying traction release 
adhesions by blunt dissection at the level of the 
muscle belly. Resect the fibrotic and degenerate 
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Fig. 11.8 Guide wire direction

Fig. 11.9 Tendon measurement to choose drill size

Fig. 11.10 Biceps tendon stump. Degenerated tissue

Fig. 11.11 Krakow suture technique

tissue of the biceps stump (Fig. 11.10), perform a 
continuous type Krackow or Bunnell locking 
suture, or perform a combination of both [39, 40] 
(Fig. 11.11). The sutures must be knotted to the 
button with a small gap left between the tendon 
and the button to be able to turn the button for its 

passage through the bony tunnel (Fig.  11.12). 
Some authors prefer not to leave any space 
between them even though it may be more diffi-
cult to perform the maneuver [36, 40, 43].

Fixation and Wound Closure
Place 2 threads of different colors on the ends of 
the button (Fig. 11.13), pass the 4 threads through 
the eyelet of the guide wire inserted in the tuber-
osity, and pull it to pass the 4 threads through the 
posterior cortex. With the arm in 90 degrees flex-
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Fig. 11.12 Gap between tendon and endobutton

Fig. 11.13 Different color sutures to flip the endobutton

Fig. 11.14 Lateral x-ray to check correct position

Fig. 11.15 Anteroposterior X-ray

Fig. 11.16 Tendon reinserted. Tension checking

ion, pull 2 threads of the same color to pass the 
button through the hole. Check for complete pas-
sage of the button with the aid of the scope 
(Figs. 11.14 and 11.15). Check mobility and ten-

don tension intraoperatively (Fig. 11.16). Perform 
wound closure in lawyers.

Double-Incision Technique
A 3–5  cm incision is made over the anterior 
elbow crease, the distal biceps tendon is identi-
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fied, the fibrotic end is resected, and Krackow or 
Bunnell sutures are performed. With the forearm 
in maximum supination, the bicipital tuberosity 
is identified on the radius, and a curved hemo-
static clamp is passed between the brachioradia-
lis and pronator teres and then between the ulna 
and radius along the medial border of the tuber-
osity toward the posterolateral region of the fore-
arm. A longitudinal incision is made in the skin 
where the clamp protrudes. With the forearm in 
maximal pronation to protect the posterior inter-
osseous nerve [44] and with 90 degrees of elbow 
flexion, the suture threads of the biceps tendon 
are passed through the channel created by the 
curved hemostatic forceps. The bicipital tuberos-
ity is identified through the posterolateral inci-
sion; the fibrotic debris is cleaned. With the help 
of a burr or a chisel, a pit is made in the bicipital 
tuberosity. Then, close to the lateral cortex of the 
created pit, 3 holes are made with 2  mm drill 
separated between them by 8  mm [28] 
(Fig. 11.17). Two threads are passed through the 
central hole and one on each side, the distal ten-
don of the biceps is approached and is fitted into 
the bicipital pit, and the central sutures are knot-
ted with the lateral ones on the bony bridges left 
between the holes. Check mobility and tendon 
tension intraoperatively. Perform wound closure.

Postoperative Protocol
The elbow is immobilized with a plaster splint in 
90° of flexion and in full supination. Depending 
on the patient’s adherence to the postoperative 

indications, elbow mobilization can be started 
from the third postoperative day, allowing active 
extension, active pronation, and passive flexion 
and supination exercises, always with the use of a 
sling or removable splint during rest periods. The 
splint will be removed after the sixth postopera-
tive week. If full extension was not reached intra-
operatively, a weekly progression of 10 degrees 
of extension is started with the aid of an elbow 
brace until full extension is achieved. Muscle 
strengthening is started from week number 10, 
and unrestricted activities are allowed starting 
from the fourth to the sixth month [32, 40].

Some authors recommend 25  mg of indo-
methacin orally three times a day for 3 weeks to 
prevent heterotopic ossifications [40].

11.5.3  Chronic Rupture

If surgical treatment is decided, primary repair 
should be attempted even if extension is limited 
at the end of surgery, as it has been shown that 
patients may recover nearly full extension post-
operatively [45]. If it is not possible due to ten-
don retraction and poor tissue quality, 
reconstructive treatment should therefore be 
planned.

Tenodesis of the biceps to the brachialis can 
be performed to reduce pain but not to restore 
strength. Regarding grafts, many choices can be 
used for reconstruction such as tibialis anterior, 
gracilis, semitendinosus, Achilles, lacertus fibro-
sus, or flexor carpi radialis. For the attachment of 
the graft to the native biceps, several possibilities 
have been described as end-to-end, Pulvertaft 
weave and onlay technique.

There are no significant differences in graft 
type or fixation method in relation to range of 
motion, strength, or clinical outcomes. Higher 
complication rates have been described with the 
use of the autografts (34%), mainly related to the 
donor site, when compared to allografts (14%). 
For the fixation method, higher complications 
have been reported for the weave technique than 
for the onlay one [46].

The incidence of general complications 
according to the review of Amarasooriya et  al. 

Fig. 11.17 Pit and drill holes over bicipital tuberosity in 
double-incision technique
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[23] is 5% of major complications and 20% of 
minor complications. There are differences in 
terms of the approach used, but not according to 
the method of fixation. Major complications 
reported were 1.6% PIN lesions, 1.4% rerupture, 
0.3% median nerve injury, and 0.1% synostosis. 
The most common minor complication was lat-
eral cutaneous nerve injury 9.2%, more frequent 
in single incision than in extensile approach.

11.6  Conclusions

Distal biceps tendon rupture incidence is increas-
ing in recent years. Clinical suspicion is para-
mount for the diagnosis, supported by clinical 
tests and imaging. A good knowledge of the anat-
omy and the surgical techniques available is 
essential to achieve successful results, although 
complications are not rare. Ruptures may be 
divided into acute and chronic. One should 
always try a direct repair, and, if not possible, dif-
ferent graft techniques are available. Acute par-
tial ruptures normally receive conservative 
treatment except in high demand patients, greater 
than 50% rupture, or conservative treatment fail-
ure. Isolated short head partial tears should be 
treated surgically when diagnosed. Acute com-
plete tears may be surgically treated except in 
elderly people. There is no difference between 
the two main techniques or fixation methods. 
Both single incision and double incision provide 
good results, as well as bone tunnels or button 
fixation. Regarding complications, neuropraxias 
are the commonest ones.
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12Controversies in Tennis Elbow 
in Adults: Should We Ever 
Operate?

Carlos A. Encinas-Ullán, Primitivo Gómez-Cardero, 
and E. Carlos Rodríguez-Merchán

12.1  Introduction

Lateral epicondylitis (LE), or tennis elbow, is a 
challenging problem that can lead to significant 
disability and limitation not only in athletics but 
also in activities of daily living, affecting 1%–3% 
of the general population each year. LE can 
cause significant pain and functional impairment, 
and despite its relatively high prevalence, there 
remains a multitude of treatments due to the lack 
of a single gold standard solution. In the majority 
(80%–90%) of cases, it can be successfully treated 
nonsurgically. However, 4%–10% of patients will 
have persistent symptoms, often leading to surgi-
cal intervention that produces “good” or “excel-
lent” results in 80%–90% of cases.

12.2  Epidemiology

LE most commonly affects adults in the fourth 
and fifth decade of life and is more common in 
the dominant arm, with no gender differences [1]. 
It is generally considered an overuse injury 
involving repeated extension of the wrist against 

resistance. Up to 50% of all tennis players 
develop symptoms due to various factors, includ-
ing poor swing technique or the use of heavy 
rackets. It is also seen in workers who use heavy 
tools or perform repetitive gripping or lifting 
tasks.

12.3  Etiology and Pathogenesis

LE is mainly due to overloading by repetitive 
movements in wrist extension. In LE, the most 
frequently affected muscle is the extensor carpi 
radialis brevis (ECRB), at its origin (Fig. 12.1). 
The enthesis of the extensor digitorum communis 
(EDC), the extensor carpi radialis longus (ECRL), 
or extensor carpi ulnaris (ECU) may also be 
affected, but less frequently. Any activity that 
involves repeated activation of these muscles 
(screwing, typing, playing tennis, etc.) for long 
periods of time favors muscle overload and the 
appearance of tendinosis. Overuse, obesity, and 
smoking have been identified as risk/aggravating 
factors [2].
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Fig. 12.1 Anatomical image of the epicondylar 
musculature

12.4  Clinical Symptoms

All patients with LE present with pain in the 
anterior and/or superior lateral epicondyle, radi-
ating through the extensor musculature. The 
intensity of the pain can be highly variable: from 
pain only with certain gestures or activities to 
continuous disabling pain that is exacerbated at 
night. Typically, the pain is triggered when the 
patient is asked to perform wrist and finger exten-
sion against resistance. Generally, pain is less 
pronounced when wrist extension is performed 
with the elbow flexed and more when performed 
with the elbow extended. This is one of the most 
commonly used tests for the clinical diagnosis of 
LE.

Generally, joint balance is preserved in all 
patients. If this is not the case, the coexistence of 
added pathology should be considered [3]. The 
differential diagnosis should routinely rule out 
the following:

12.4.1  Posterolateral Instability

In all patients presenting with elbow pain, the 
joint should be checked for stability. A history of 
ulnar varus, previous surgery, or elbow disloca-
tion should always be considered. Also, repeated 
corticosteroid injection may damage the lateral 

ligamentous complex and lead to elbow 
instability.

12.4.2  Posterolateral Plica

Its association with LE is very frequent. Usually, 
the pain is triggered by elbow extension while 
palpating the posterior part of the radiocapitellar 
joint.

12.4.3  Posterior Interosseous Nerve 
(PIN) Compression

Also known as radial tunnel syndrome, it pro-
duces pain of neuropathic characteristics in the 
lateral/posterior aspect of the forearm. Typically, 
the pain is not triggered by wrist extension, but it 
is triggered by wrist supination (due to compres-
sion of the supinator brevis over the PIN). A 
selective nerve block can be performed if there is 
any doubt about the diagnosis.

12.4.4  Other Pathologies

Other possibilities that should be considered in a 
patient with lateral elbow pain are cervical radic-
ulopathies, overuse of the joint due to adjacent 
joint disease, low-grade infection, and capitellar 
osteochondritis.

12.5  Diagnosis

In most cases, LE can be diagnosed through 
anamnesis and physical examination.

However, it is not uncommon to perform com-
plementary tests, aimed both at refining the diag-
nosis of tendinopathy and at ruling out the 
coexistence of other pathologies. In general, an 
anteroposterior and lateral X-ray should be 
requested in all patients. The presence of calcifi-
cations at the origin of the ECRB is suggestive of 
chronic evolution.
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Ultrasonography has become an increasingly 
requested test that can demonstrate changes in 
the tendons (thickening, scarring, intrasubstance 
degeneration, microcalcifications, neovascular-
ization) as well as facilitate the performance of 
infiltrations [4]. Magnetic resonance imaging 
(MRI) (Fig. 12.2) facilitates the observation of 
intrasubstance degenerative changes. However, 
the findings of the MRI do not always correlate 
with the severity of the clinical symptoms, and it 
is an expensive test, so its main indication is to 
rule out concomitant lesions [5]. 
Neurophysiological studies are indicated if there 
is a suspicion of a possible compression of the 
posterior interosseous nerve.

In general, the diagnosis of this tendinopathy 
relies on a good physical examination, with com-
plementary tests being performed in case of 
doubt or to assess the presence of concomitant 
pathology.

12.6  Conservative Treatment

As a rule, LE tends to self-resolve in the vast 
majority of patients and therefore nonsurgical 
treatments are recommended for the initial man-
agement of acute LE.  Conservative treatment 
should be performed in all patients because of its 
low cost and high effectiveness (up to 90% of 
patients improve) [5]. Currently, there is no 
strong evidence for the efficacy of a single non-
surgical treatment option for LE.  This may 
explain the numerous treatment options described 
in the scientific literature in the last decade.

12.6.1  Rest and Postural 
Reeducation

Rest improves symptoms in all patients. Postural 
reeducation is important especially in those cases 
due to overuse and is a fundamental part of treat-
ment in work and sport-related cases. Reeducation 
should include the shoulder and periscapular 
musculature, both of which are important for 
proper elbow function. External supports that 
help relax the epicondylar musculature should 
also be included, such as wrist supports for com-
puter keyboarding. Tennis players may benefit 
from additional sport-specific advice. Technique 
errors thought to predispose to LE etiology are 
(1) faulty backhand technique with the elbow for-
ward, (2) excessive forearm pronation during an 
overhead forehand swing, and (3) excessive wrist 
flexion during a serve. Other potential risk factors 
include racquet type, grip size, string tension, 
court surface, and ball weight. These factors 
affect the biomechanical loading of the elbow 
during tennis.

12.6.2  Exercises

A 2015 systematic review included studies with 
low risk of bias. The conclusion was that home 
strengthening exercises are more effective than a 

Fig. 12.2 MRI image showing signal changes of the lat-
eral epicondyle, with thickening, irregularity, and slight 
edema of the extensor digitorum communis (EDC) and 
extensor carpi radialis brevis (ECRB) tendons
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wait-and-see policy. In addition, there is no dif-
ference in outcome after a specific type of exer-
cise (stretching, concentric, or eccentric 
exercises). In addition, the supervised combined 
stretching and strengthening protocol is superior 
to a comparable at-home protocol [6].

12.6.3  Orthoses

The use of orthoses provides pain relief. They are 
based on decreasing the tension of the wrist 
extensors. No differences in results have been 
observed between the different types of orthoses 
[6]. The patient must be instructed in their proper 
use, since improper use can lead to compression 
of the posterior interosseous nerve.

12.6.4  Nonsteroidal Anti- 
Inflammatory Drugs (NSAIDs)

There has been no consensus on the superiority 
of oral versus topical NSAIDs in pain control, 
although oral NSAIDs may cause gastrointestinal 
adverse effects [7]. In a Cochrane review they 
found low-quality evidence showing that topical 
NSAIDs were more effective than placebo alone 
in the short term (up to 4 weeks) in reducing pain 
versus placebo, while the evidence on oral 
NSAIDs was conflicting. They concluded that 
there is limited data on the efficacy of topical or 
oral NSAIDs for LE treatment [8].

12.6.5  Shock Waves

It consists of the application of a sound wave of 
a specific frequency directly on the origin of the 
musculature, although the ultimate mechanism of 
action is unknown. They are a possible alternative 
to reduce pain and medical costs associated with 
more invasive therapy. A meta-analysis concludes 
that based on existing clinical evidence, extracor-
poreal shock wave therapy can effectively relieve 
pain and functional impairment (loss of grip 
strength) caused by LE, with greater overall safety 
than other methods, especially CS injections [9]. 

However, another meta-analysis suggests that 
shock wave therapy cannot significantly reduce 
pain compared with placebo or control group [10].

12.6.6  Injections

12.6.6.1  Corticosteroid (CS) Injections
Corticosteroid injections are one of the most fre-
quently used treatments due to their low cost and 
ease of application, which is a concern given the 
evidence of low cost-effectiveness and potential 
long-term harm. They provide rapid and signifi-
cant pain relief, but their long-term results are 
questioned in the literature [7]. Repeated CS 
injections can lead to iatrogenic tendon rupture 
and muscle atrophy. Therefore, clinicians should 
be wary of CS overuse in the treatment of LE 
because of poor long-term efficacy and potential 
adverse effects. Therefore, in principle, they 
would only be indicated in those patients who 
need rapid and intense short-term pain improve-
ment (e.g., professional athletes). Therefore, 
while it appears that steroid injections are effec-
tive in relieving LE pain in the short term, there 
does not appear to be a lasting benefit.

12.6.6.2  Autologous Blood Injections
It has been shown that autologous blood injec-
tions could trigger an inflammatory reaction 
around the tendon to promote tissue healing with 
cellular and humoral mediators [11].

12.6.6.3  Platelet-Rich Plasma (PRP) 
Injections

PRP contains growth factors that could be benefi-
cial for the healing of soft tissue injuries. 
However, available studies have reported con-
flicting results, making it difficult to draw clear 
conclusions. A systematic review stated that the 
PRP injection has no obvious effects on the treat-
ment of chronic LE [12]. They provide better 
medium-term pain control than CS infiltrations 
[13]. They also appear to have lower complica-
tion rates than corticosteroids and autologous 
blood injection [14]. Among its major drawbacks 
is the diversity of commercial kits and protocols, 
which makes it difficult to know which is the best 
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formulation to use [15]. PRP injection has been 
shown in some studies to be effective in the man-
agement of chronic LE in the medium and long 
term. In a successive systematic review and meta- 
analysis of randomized controlled trials to com-
pare the effectiveness of three commonly used 
injections – CS, PRP, and autologous blood – in 
the treatment of LE, Houck et al. found that cor-
ticosteroid improves functional outcomes and 
pain relief in the short term, while autologous 
blood and PRP are the most effective treatments 
in the medium term [13].

Tang et  al.’s study concluded that PRP was 
associated with greater improvement in long- term 
pain intensity and function than corticosteroids 
or autologous blood. However, in the short term, 
CS was associated with the greatest improvement 
[16]. Linnanmäki et  al. designed a randomized, 
placebo-controlled trial comparing PRP, autolo-
gous blood, and saline injections in the treat-
ment of LE.  The authors concluded that PRP 
or autologous blood injections did not improve 
pain or function at 1-year follow-up compared to 
those who received a saline injection, so they do 
not recommend their use [17]. Simental-Mendía 
et al. reviewed the effects of platelet-rich plasma 
(PRP) injection versus placebo (saline injection) 
on pain and joint function in LE, in five random-
ized placebo-controlled trials with a total of 276 
patients. PRP injection was not superior to pla-
cebo. However, patients reported improvement 
after both interventions in clinical parameters. 
Further randomized trials are needed to determine 
whether PRP injection is clinically more effective 
than placebo (saline injection) [18].

A current Cochrane review concludes that 
PRP or autologous blood injection therapies are 
likely to provide little or no clinically important 
benefit for pain or function (moderate evidence 
of certainty) and cause pain and carry a small risk 
of infection. Without evidence of benefit, the 
costs and risks are not justified [19]. In addition, 
much more research is needed to determine the 
optimal PRP formulation (e.g., high or low leu-
kocyte concentration) that is effective in provid-
ing long-term pain relief in chronic LE.

12.6.6.4  Stem Cell Injections
They can be fat-derived, bone marrow-derived, 
or allogeneic. All the studies are of less than 20 
patients and of short follow-up, so no clear con-
clusions can be drawn.

12.6.6.5  Botulinum Toxin A Injections
Botulinum toxin A injections act by decreasing 
muscle tension at the tendon origin, which pro-
motes pain improvement. Randomized studies 
show conflicting evidence of pain reduction, and 
all studies show reduced grip strength for several 
weeks after injection. Many patients also experi-
ence transient weakness in finger extension. This 
therapy does not improve quality of life and is 
therefore less favorable. Overall, the current evi-
dence on the use of botulinum toxin is insuffi-
cient and further studies on optimal dosing and 
administration are needed.

12.6.6.6  Prolotherapy
It consists of an injection composed of a hyper-
tonic glucose solution that is believed to stimu-
late healing and strengthening of degenerative 
tendon tissue by inciting inflammation followed 
by collagen deposition and remodeling. Multiple 
randomized studies have been conducted with 
conflicting evidence on efficacy, pain scores, and 
grip strength.

12.6.6.7  Percutaneous 
Radiofrequency

Percutaneous radiofrequency consists of the 
introduction of a radiofrequency electrode, usu-
ally guided by ultrasound at the origin of the 
musculature. The thermal lesion produces a 
micro-rupture of the tendon with subsequent 
repair. It shows promising results, comparable to 
those of open surgery [20].

12.7  Surgical Treatment

In general, surgical treatment is reserved for 
patients who do not improve after the application 
of several conservative treatment modalities 
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(lasting more than 6 months) and provided that 
other concomitant pathology is ruled out. As 
mentioned above, the vast majority of patients 
tend to improve; however, 4%–10% of recalci-
trant LE patients who are not satisfied with non-
surgical modalities may require surgical 
intervention, with “good” or “excellent” results 
in 80%–90% of cases.

All surgical techniques are based on debride-
ment and resection of the angiofibroblastic tissue 
with or without subsequent tendon repair. This 
debridement can be performed open, percutane-
ously, or arthroscopically. There is still contro-
versy and little evidence as to which technique is 
superior. Three factors affect the choice of treat-
ment: (1) the ability to visualize the elbow joint 
(to rule out other pathologies), (2) the complica-
tion rate, and (3) the duration of the surgical pro-
cedure. Some surgeons perform hybrid 
techniques associating surgical techniques with 
injections.

12.7.1  Open Techniques

These are the most commonly used and aim to 
debride the origin of the ECRB tendon through 
an incision over the lateral epicondyle. In the 
classic Nirschl technique [21], a controlled 
debriding of the ECRB is performed, the fibers 
are divided longitudinally, and the angiofibro-
blastic tissue is resected. Subsequently, the ten-
don can be repaired or lengthened, along with 
various gestures such as decortication or epicon-
dyle perforation to promote blood supply and 
healing. The author reported a 97.7% improve-
ment in a series of 88 elbows.

In 2008 Dunn et al., in a retrospective study, 
demonstrated sustained high rates of long-term 
satisfaction for 139 procedures using the Nirschl 
mini-open surgical technique, with a 97% 
improvement rate over an average of 12.6 years 
of follow-up after surgery [22].

Coleman et al. reported their 15 years of expe-
rience in the treatment of refractory LE. Among 
158 consecutive patients treated with open sur-
gery, 94.6% achieved good or excellent results 
with a mean follow-up of 9.8 years [23]. However, 

these results were not compared with the control 
group.

The open technique provides direct visualiza-
tion of the lesion and provides excellent results, 
decreasing the surgical time and the cost of sur-
gery when compared with other surgical tech-
niques. On the other hand, it has been observed 
that it presents a slight increase in the infection 
rate. Also, excessive tissue resection can affect 
the lateral ligamentous complex, producing joint 
instability.

12.7.2  Percutaneous Release

This procedure involves the release of the exten-
sor carpi radialis brevis using local anesthesia at 
the point of origin at the epicondyle. Mill’s 
manipulation (full elbow extension with full fore-
arm pronation and full wrist flexion) is then per-
formed [24]. Nazar et  al. reported good results 
with this technique despite being a relatively 
simple procedure. It is performed as an outpatient 
procedure and no complications have been 
reported, with complete pain relief in 87% off the 
cases. However, this procedure remains contro-
versial [25].

In recent years, a novel technique called 
ultrasound- guided percutaneous tenotomy 
(UGPT) has been reported as a safe and effective 
procedure for the treatment of LE, with lasting 
improvements in terms of symptoms, function, 
and ultrasound imaging at 1-year follow-up. Seng 
et al. demonstrated in a series of 20 patients that 
this procedure provides sustained pain relief and 
functional improvement for recalcitrant cases at 
3-year follow-up. They state that it is one of the 
few procedures that demonstrates positive sono-
graphic evidence of tissue healing response [26]. 
Recently, Chalian et  al. saw in 37 patients that 
UGPT significantly improves symptoms and func-
tion in patients with LE, also with long-term fol-
low-up over 3 years. Post-procedure rehabilitation 
was associated with improved response to treat-
ment and the authors suggest it should be consid-
ered after UGPT [27]. Ang et al. have shown that 
these UGPT results are maintained over the longer 
term, 90 months in 20 patients [28].
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12.7.3  Arthroscopic Technique

In recent years, the arthroscopic technique has 
become increasingly popular. The patient is 
placed in lateral or supine decubitus and two por-
tals are usually used. Both debridement and ten-
don repair can be performed arthroscopically. 
The main advantage, in addition to the lower 
aggressiveness, is that it allows assessment and 
treatment of concomitant intra-articular pathol-
ogy, such as plicae or osteochondritis dissecans. 
However, arthroscopy has a high learning curve, 
prolongs surgical time, and is not exempt from 
producing iatrogenesis (e.g., injury to the lateral 
ulnar collateral ligament or the posterior interos-
seous nerve). Also, tissue resection may be 
incomplete. Jerosch et  al. reported good results 
for this technique in Germany [29]. Baker 
described improvement in 26 of 30 (97%) patients 
in whom pathologic tissue is debrided by 
 arthroscopy at a mean follow-up of 130 months, 
suggesting that the long-term benefits of 
arthroscopic release are sustained over time [30]. 
Behazin and Kachooei described, in a prospec-
tive study of 11 patients, the use of a no. 11 scal-
pel to cut the ECRB tendon perpendicular to its 
fibers at the level of the radiocapitellar joint, 
which requires a shorter operating time com-
pared to tissue debridement [31].

In general, excellent results have been reported 
with the arthroscopic technique, similar in effec-
tiveness to those of open techniques [32]. The vast 
majority of patients who undergo surgery present 
good clinical results. However, there are a number 
of cases with no improvement despite the surgical 
treatment. Among the causes of surgical failure are 
infection, technical errors (over- or under-resec-
tion/repair), the patient’s occupational interests, or 
failure to diagnose concomitant pathology.

12.8  Results

12.8.1  Surgical Versus Nonsurgical

The main dispute about surgical interventions for 
LE concerns their effectiveness compared to 
wait-and-see, conservative, or less invasive pro-

cedures. A recent systematic review by Bateman 
et al. suggests that surgical interventions are no 
more effective than nonsurgical and sham inter-
ventions. Procedural modifications may improve 
the comparative effectiveness of surgical inter-
ventions. High-quality randomized controlled tri-
als are lacking, and specifically none has 
compared surgery with a placebo intervention 
[33].

Merolla et al. performed a prospective study 
of 101 patients randomized to PRP injection or 
arthroscopic ECRB release and found that PRP 
patients experienced significant worsening of 
pain at 2 years, while arthroscopic release ensured 
better long-term outcomes in terms of pain relief 
and recovery of grip strength [34]. Watt et al. per-
formed a prospective study randomizing LE 
patients to open surgical release (41 patients) or 
leukocyte-rich PRP injection (40 patients). 
Leukocyte-rich PRP and surgery produced an 
equivalent functional outcome, but surgery may 
result in lower pain scores at 12 months. Seventy 
percent of patients treated with platelet-rich 
plasma avoided surgery [35]. Boden et al. retro-
spectively compared the effects of PRP versus 
UGPT procedures in the treatment of medial and 
lateral epicondylitis. No statistically significant 
differences were found between the two treat-
ment modalities. They concluded that PRP and 
UGPT procedures were effective regarding pain 
relief, improvement of function, and quality of 
life [36].

12.8.2  Open Versus Arthroscopic

Overall, a small number of comparative studies 
suggest that open and arthroscopic techniques are 
comparable and highly effective for the treatment 
of chronic LE.  Moradi et  al. in a systematic 
review of clinical outcomes of open versus 
arthroscopic surgery for LE suggested that, 
despite no superiority for either technique in 
terms of pain relief, subjective function, and bet-
ter rehabilitation, postoperative complications 
were significantly higher in the open group com-
pared to the arthroscopic procedure (57.3% vs. 
33.4%; p = 0.001) [37].
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Wang et al. performed a systematic review and 
meta-analysis of trials comparing arthroscopic 
versus open debridement. There was no significant 
difference between arthroscopic and open surgery 
with respect to failure rate, functional outcome 
score, and complication rate. The meta- analysis 
found that arthroscopic surgery had a longer oper-
ative time than open surgery for LE [38].

12.8.3  Open Versus Arthroscopic 
Versus Percutaneous

All three surgical techniques for the treatment of 
LE demonstrate excellent results. There is moder-
ate evidence that there are no clinically significant 
differences between the three surgical techniques 
(open, arthroscopic, and  percutaneous) in terms 
of functional outcome (Disabilities of the Arm, 
Shoulder, and Hand [DASH]), pain intensity 
(visual analog scale [VAS]), and patient satis-
faction at 1-year follow-up [39]. In contrast, 
Pierce et  al. found that open and arthroscopic 
approaches resulted in higher DASH scores than 
the percutaneous approach, with no difference in 
satisfaction or complication rates. Of note, the 
open approach was also associated with more 
postoperative pain and a slightly higher risk of 
infection [40].

Some of the limitations of these studies 
include a small population size and lack of ran-
domization. Overall, the current evidence sug-
gests that all three surgical approaches are highly 
effective in the treatment of LE, and larger ran-
domized clinical trials are needed to delineate 
any clinically meaningful differences between 
the approaches.

12.9  Conclusions

Conservative treatment resolves 90% of cases of 
LE. Conservative treatments can reduce the need 
for surgical intervention in LE. This has important 
cost-saving implications, as the surgical cost for 
LE is estimated to be between $10,000 and $12,000 
[41]. NSAIDs, rehab, orthoses, and shock waves 
are less effective for chronic cases. CS injection, 

which was initially considered the gold standard 
treatment, may be effective in the short term, but 
has reduced benefit in the long term, which may 
be related to structural weakening of the tendon 
and inhibition of tenocytes. There is controversy 
about its effect on tendonocyte structure and heal-
ing. PRP and autologous blood are more effective 
in the medium term than steroids for the treatment 
of LE and have minimal side effects.

Controversy still persists over the best surgical 
approach for the management of LE. Current evi-
dence demonstrates that open, arthroscopic, and 
percutaneous surgical approaches are all very 
effective. Arthroscopic and percutaneous 
approaches may provide faster recovery and ear-
lier return to work. Open surgery is the most 
effective in the long term, but is the most invasive 
and has the longest recovery.
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13Total Elbow Arthroplasty

Raul Barco and E. Carlos Rodríguez-Merchán

13.1  Introduction

Total elbow arthroplasty (TEA) is a rare interven-
tion. In 2016, the Dutch Arthroplasty Register 
included about 400 elbow arthroplasties com-
pared with 28,000 hip arthroplasties and 27,000 
knee arthroplasties overall. TEA is usually per-
formed after other treatments aimed at relieving 
pain and improving joint function have been 
tried: either conservative treatment with physical 
medicine and rehabilitation and analgesics or 
surgical such as arthroscopic joint debridement. 
In patients with mild to moderate elbow osteoar-
thritis (OA) and in young patients, these thera-
peutic options are preferable, as they delay the 
need for TEA. For each patient, the most appro-
priate implant should be chosen on the basis of its 
stability and extensibility; that is, a decision 
should be made whether to use an unlinked 
implant, which has less intrinsic stability, or a 
linked implant, which has more intrinsic stabil-
ity; it should also be decided whether or not the 
replacement of the ulnohumeral joint should be 
accompanied by a replacement of the radiocapi-
tellar joint [1].

Total joint replacements for the treatment of 
elbow arthritis were developed in the late 1960s, 
at the same time as total joint replacements for 

the treatment of knee arthritis. Since then, the 
number of arthritis patients treated with total 
knee joint replacements has been steadily increas-
ing, in contrast to TEA, which has been decreas-
ing since its peak in the 1990s. The main reasons 
for this decline are the continuing controversy 
over implant design, the relatively high rates of 
complications associated with TEA, the difficul-
ties often encountered in revision surgery, and 
recent changes in the population of patients 
treated with TEA [2].

As published in 2021 by Poff et al., TEA is an 
effective treatment for multiple elbow patholo-
gies. However, those authors identified a marked 
decline in the use of TEA after 2011. The article 
by Poff et al. also showed that from 2002 to 2017, 
TEA was primarily performed on fracture-related 
elbow problems. However, inflammatory 
arthropathy- related TEA steadily decreased dur-
ing that time period, although it was the second 
most frequent diagnosis. The aforementioned 
article also showed that during the period 2002–
2017, TEA was most frequently used in women 
over 65 years of age with various comorbidities 
[3].

The Australian Orthopaedic Association 
National Joint Replacement Registry 
(AOANJRR) was analyzed in 2019 by Vivieen 
et  al. to determine trends in primary TEA use, 
types of prostheses used, primary diagnoses, 
causes and types of revision, and whether pri-
mary diagnosis or prosthetic design influenced 
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a b

Fig. 13.1 (a, b) Loosening of both components. A major 
cause for loosening of both components is infection and 
should always be ruled out. When loosening affects only 
to one component, infection still remains the first cause to 

investigate but component loosening due to bushing wear 
or an incorrect cementing technique can be contributing 
factors. (a) Lateral view and (b) anteroposterior (AP) 
view

revision rate. During 2008–2018, 1220 primary 
TEAs were recorded, of which 140 were revised. 
Kaplan-Meier survival estimates were used to 
determine time to first revision and hazard ratios 
from Cox proportional hazard models, adjusted 
for age and sex, to compare revision rates. The 
annual number of TEAs performed was held con-
stant. The three most frequent diagnoses for a 
primary TEA were fracture/dislocation (trauma) 
(36%), OA (34%), and rheumatoid arthritis (RA) 
(26%). The cumulative percentage of revision of 
all TEAs performed for any reason was 10%, 
15%, and 19% at 3, 6, and 9 years, respectively. 
TEAs performed for OA had a higher revision 
rate than TEAs performed for trauma. The most 
commonly used prosthetic designs were Coonrad- 
Morrey (50%), Latitude (30%), Nexel (10%), 
and Discovery (9%). There was no difference in 
revision rates when comparing the four afore-
mentioned designs. The most common causes of 
revision were infection (35%) and aseptic loosen-
ing (34%) (Fig.  13.1). Vivieen et  al. also noted 
that the indications for primary and revision TEA 
in Australia were similar to those reported in 
other registries. However, revisions for trauma 

were lower than previously published in other 
registries [4].

In this chapter we will review the literature on 
primary and revision TEA in an attempt to clarify 
some of the current controversies surrounding 
these surgical interventions.

13.2  Primary TEA

13.2.1   Biomechanics

To optimize outcomes and minimize complica-
tions of a primary TEA, it is critical to understand 
its biomechanics. Nonconstrained TEA prosthe-
ses have little intrinsic stability and rely on soft 
tissue balance. The medial and lateral collateral 
ligaments are the main stabilizers of noncon-
strained TEAs. The anterior capsule, posterior 
capsule, and surrounding muscles act as second-
ary stabilizers. There are implants not bound by a 
hinge mechanism that can be very constrained by 
virtue of their high degree of articular compli-
ance. Semiconstrained TEAs use a hinge mecha-
nism that allows small degrees of off-axis 
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movement in order to reduce stress on the bone- 
cement interface of the components. During 
implantation, the components reproduce the 
alignment and rotation of the elbow axis. 
Malalignment of the components will increase 
the bending and torsional loading of the implant 
and may contribute to premature aseptic 
 loosening and polyethylene wear. However, axis 
landmarks may not be present in some revision 
surgeries or fracture surgeries, which hinder 
proper implantation. Most current TEA systems 
employ Morrey’s anterior flange design on the 
humeral implant, which reduces rotational stress 
at the bone-cement interface (as compared to a 
purely intramedullary humeral component) and 
counteracts extension forces at the elbow. If the 
flange does not have adequate contact with the 
anterior cortex, it should be augmented with a 
bone wedge. The anterior flange and the semi-
constrained articulation are considered to be the 
main reasons why current designs outperform 
constrained hinged designs [5].

13.2.2   Patient Selection

Most of the existing TEA designs since the early 
1970s have been successful in treating patients 
with severe degenerative changes secondary to 
RA, which was originally the main surgical indi-
cation. In the mid-1990s, the type of patients 
changed, as effective drugs against RA became 
available and, consequently, patients with RA 
became rare. The disease-modifying drugs have 
served to preserve normal bone architecture and, 
as a result, the elbows of RA patients increas-
ingly resemble those of patients with 
OA. However, TEA has been less successful in 
treating patients with OA than in treating patients 
with RA.  Consequently, since the mid-1990s, 
surgeons performing TEA have become increas-
ingly aware that their results are less satisfactory 
than those they obtained in the past. Thus, despite 
further improvements in implant design, sur-
geons are increasingly reluctant to recommend 
TEA for the treatment of elbow arthritis. The use 
of TEA for fractures began in rheumatic patients 
with severe joint involvement who suffered a 

fracture of the columns. Good initial results facil-
itated its extension of use to patients without 
inflammatory disease [2, 6].

13.2.3   Preoperative Planning

The preoperative planning of a TEA is relatively 
handcrafted. There are several stem thicknesses, 
various stem lengths, and anterior lozenge 
(flange) lengths, providing hundreds of possible 
combinations. Component orientation is based 
on coarse bone references, although these are 
assumed to be predictable. The use of newer 
technologies for planning may help to improve 
component positioning and, perhaps, improve 
implant survival.

In 2018, Iwamoto et al. analyzed the role of 
computed tomography-based three-dimensional 
preoperative planning for unlinked TEA.  In a 
basic science (computer modeling) study, they 
observed that 3-D surgical planning enabled 
accurate calculation of implant size and proper 
placement of implant components. They ana-
lyzed 28 patients operated on for TEA with an 
unlinked total elbow implant (unlinked-type 
K-NOW implant [Teijin-Nakashima Medical, 
Okayama, Japan]). With two-dimensional plan-
ning, humeral stem sizes were accurately esti-
mated in 57% of patients and 68% of ulnar stems, 
compared with 86% for the humerus and 96% for 
the ulna with 3D planning. The mean differences 
between the prosthesis positions after surgery 
with respect to the planned positions were 0.8° of 
varus and 1.5° of flexion for the humeral compo-
nent and 0.7° of varus and 2.9° of flexion for the 
ulnar component. Rotational position was not 
evaluated in this study. The method described by 
Iwamoto et al. could help reduce the complica-
tion rate of TEA and improve its long-term out-
comes [7].

13.2.4   Surgical Approaches for TEA

Most elbow approaches use a posterior midline 
skin incision with full-thickness flaps and iden-
tify the ulnar nerve early. It is generally accepted 
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that the nerve should be identified early and 
decompressed superficially and protected 
throughout the procedure. However, the nerve is 
at risk when manipulated, and whether or not to 
transpose it depends on the surgeon’s preference. 
Transposition is recommended when there is a 
previous nerve deficit or when the prosthesis 
affects the usual nerve pathway. However, the 
risk of injuring the blood supply to the nerve has 
led some authors to advocate leaving it in its bed 
with its deep soft tissues, in order to reduce the 
risk of postoperative neuritis. Trans-olecranon 
osteotomy is rarely used due to the involvement 
of the ulna for insertion and fixation of the com-
ponent. Approaches can be broadly classified 
into triceps-on and triceps-off. Triceps-on 
approaches maintain the triceps mechanism and 
its insertion into the ulna. Triceps-off approaches 
imply that part or all of the triceps is removed 
from its insertion into the ulna or that the triceps 
mechanism is cut at some point. Triceps-off 
approaches can be subdivided into triceps turn-
down, triceps elevating, or triceps splitting. A tri-
ceps turndown involves cutting the triceps tendon 
above the ulnar insertion. A triceps elevating 
approach elevates the triceps off the ulna subperi-
osteally. A triceps splitting approach splits the 
triceps tendon longitudinally along its length and 
across its insertion. The triceps-on approach has 
functional advantages over the other approaches, 
although it provides reduced exposure that may 
compromise the correct position of the implants 
[8].

Some patients with inflammatory disease may 
have a compromised triceps insertion and in these 
cases a triceps-on approach may be chosen, gen-
erally respecting the triceps tendon. The most 
commonly used are the Alonso-Llames bilatero-
tricipital approach and the lateral para-olecranial 
approach [9]. All of them affect in some way the 
comfort of implant placement, especially the 
ulnar component. Recently, Celli and Bonucci 
published their experience with the anconeus- 
triceps lateral flap approach for TEA in patients 
with RA. They suggested that the decision not to 
separate the medial insertion of the triceps influ-
enced the risk of triceps insufficiency and allowed 
patients to begin an active, unrestricted rehabili-

tation program earlier. It also provided adequate 
surgical exposure of the olecranon articular sur-
face, particularly in patients with severe elbow 
joint deformity. This type of approach allowed 
adequate alignment between the olecranon and 
the posterior surface of the ulna, without interfer-
ing with the entire triceps muscle tendon between 
the two planes. The relationship between the two 
aforementioned planes was an important land-
mark during the implantation of the ulnar compo-
nent. Whichever triceps-on approach is used, two 
windows are used (one medial and one through 
the per se approach), and one must try to dislo-
cate the elbow through the surgical window in the 
position where the ulnar nerve is protected and 
free of tension and the exposure is adequate to 
achieve the correct orientation of the implant 
[10].

In 2018, in a level IV therapeutic study (case 
series), Na et al. evaluated the clinical outcomes 
and extensor strengths of primary TEAs 
implanted with a modified triceps fascial tongue 
approach. They concluded that it was an easy and 
effective approach for primary TEA, which pre-
vented triceps weakness after arthroplasty. 
Triceps strength was normal (Medical Research 
Council [MRC] grade V) in 10 elbows (48%) and 
good (MRC grade IV) in 11 (52%). Triceps 
strength after arthroplasty was significantly 
improved over preoperative strength. This 
approach is a modification of the classic Campbell 
approach. They share the advantage that supra-
fascial dissection is minimal compared to 
approaches in which the triceps is approached 
medially and laterally but carries the potential 
risk of fascial tongue necrosis [11].

According to a level IV therapeutic study 
reported by Cottias et al., the digastric olecranon 
osteotomy approach allowed excellent joint 
exposure and preserved the main vascular supply 
and continuity of the extensor apparatus. These 
authors evaluated the early clinical and radiologi-
cal results after Coonrad-Morrey-type TEAs 
were implanted using the aforementioned 
approach. The mean age of the patients was 
80 years (range: 50–96). The causes of the inter-
ventions were 20 fractures, 2 malunions, and 4 
elbows with RA. The mean follow-up time was 
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30 months (range: 6–132). At the last evaluation, 
the mean flexion arc increased from 23° to 112°. 
The Mayo Elbow Performance Score (MEPS) 
was 92 points on average. Mean triceps strength 
in extension and flexion was 1.9 and 4.7  kg, 
respectively. All elbows were stable. There was a 
single wound infection in the immediate postop-
erative period, which did not require any surgical 
revision. Heterotopic ossifications were observed 
in one elbow. One patient suffered an elbow dis-
location due to fracture of the axe’s component. 
The clinical and radiological results encountered 
were considered promising and supported the use 
of the digastric olecranon osteotomy for the 
implantation of TEAs [12].

13.2.5   Outcomes of TEA

13.2.5.1  Thirty-Day Readmissions 
and Reoperations After TEA

Cutler et  al. have published that the 30-day 
unplanned reoperation rate was 2.4%, and the 
unplanned readmission rate was 5.1%. A low 
BMI (body mass index) predicted readmission. 
Contaminated or dirty wounds were predictors of 
reoperation. Dependent functional status and 
contaminated wounds were predictors of local 
complications. The indication for TEA (fracture 
vs. OA vs. RA) was a risk factor for reoperation 
or readmission after TEA [13].

13.2.5.2  Long-Term Outcomes of TEA
Davey et al. published a systematic review of the 
literature (level IV evidence) in which they evalu-
ated functional outcomes and dislocation and 
revision rates of TEA. The mean minimum fol-
low- up was 10 years. They analyzed 23 publica-
tions that included 1429 elbows (60.4% linked 
TEA) that met the inclusion criteria. There were 
1276 patients (79% female), with a mean age of 
64.7 years (range: 19–93). The mean follow-up 
was 137.2  months (range: 120–216). At final 
evaluation, the mean MEPS, Oxford Elbow 
Score, and Quick DASH (Disabilities of the Arm, 
Shoulder and Hand) scores were 89.1, 64.4, and 
39.2, respectively. Further, 63.3% of patients 
claimed to be pain-free. The rates of aseptic loos-

ening, infection, implant dislocation, and nerve 
injury were 12.9%, 3.3%, 4.2%, and 2.1%, 
respectively. The overall complication and revi-
sion rates were 16.3% and 14.6%, respectively 
[14].

13.2.5.3  Risk Factors for Reoperation 
After TEA

A traumatic indication has a higher risk of reop-
eration than other indications according to sev-
eral studies. The reason is unclear and may be 
related to a worse patient condition that may 
affect immune status, wound healing capacity, 
use of canes for ambulation, or increased fre-
quency of falls.

In a level IV evidence therapeutic study (case 
series), primary TEAs performed in two hospitals 
were retrospectively reviewed. Perretta et  al. 
identified 102 primary TEAs in 82 patients per-
formed by nine surgeons. The mean age of the 
patients was 61 years. Women accounted for 81% 
of the TEAs performed. The mean follow-up was 
6.1 years. The main diagnosis was inflammatory 
arthritis in 63 patients (62%), acute or posttrau-
matic trauma in 28 (27%) and primary OA in 9 
(8.8%). The mean reoperation rate was 41%. The 
mean time to first reoperation was 1.8 years. The 
percentage of elbows in which one or both com-
ponents were revised was 30%. The most fre-
quent indication for reoperation was component 
loosening (Fig.  13.1). Six elbows were treated 
with resection arthroplasty, and in one elbow 
fusion was performed. The implant revision rate 
was 27% for inflammatory arthritis, 11% for OA, 
and 57% for trauma. Trauma-related TEA was 
more likely to require additional reoperation and 
implant revision [15].

13.2.5.4  Mid- to Long-Term 
Survivorship of Cemented 
Semiconstrained 
“Discovery” TEA

In 2021, Borton et al. presented a mid- to long- 
term survivorship study of the “Discovery” TEA, 
with a follow-up of 5–12 years. This implant con-
tains a spherical bearing designed to minimize 
polyethylene wear. According to the Kaplan- 
Meier method, they demonstrated an implant sur-
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vival of 76.8% at 119  months. Borton et  al. 
analyzed 67 TEAs in 58 patients, with a mean 
follow-up since surgery of 98.5  months. Four 
cases (6%) were lost to follow-up. The implant 
was revised in 14 cases (20.9%). There was a sig-
nificant difference in survival between dominant 
and nondominant elbows (Breslow test 
p = 0.012). Elbow dominance implied a 4.5-fold 
increased risk of revision [16].

13.2.6   Complications After TEA

13.2.6.1  Periprosthetic Infection: 
Resection Arthroplasty

Resection arthroplasty is sometimes the best or 
only effective alternative to treat some of the 
complications of failed implants. It is surprising 
how well some of these patients can function, in 
some cases with remarkable elbow stability and 
good hand grip strength.

In 2016, Rhee et  al., in a level IV evidence 
therapeutic study (case series), published their 
results on the use of resection arthroplasty for the 
treatment of infections after TEA and the factors 
that influenced them. They stated that resection 
arthroplasty may be an acceptable salvage treat-
ment for infections after TEA in low-demand 
patients. They published that to achieve a suc-
cessful outcome, both columns of the distal 
humerus should be preserved at the time of 
implant removal. They analyzed 10 resection 
arthroplasties (nine patients) for infection after 
TEA.  The mean follow-up was 52.4  months. 
According to the remnant distal humerus bone 
stock, the elbows were divided into three groups: 
lateral column, medial column, and both col-
umns. The mean time to resolution of clinical 
infection symptoms and normalization of sero-
logic markers after resection was 6.8  days and 
68.5  days, respectively. The mean MEPS and 
DASH scores changed from 50 and 46.5 preop-
eratively to 73.5 and 53 at the end of follow-up 
(p < 0.001 and p < 0.001, respectively). Although 
not significant, the both-column group showed 
better functional outcomes (MEPS 80; DASH 
score 43.7) than either the lateral column (74, 
54.6) or medial column (62.5, 63) groups. The 

mean satisfaction score at the end of follow-up 
was 70. Only one case required additional opera-
tions to treat recurrent infection. There were no 
refractory infections, no fractures, and no perma-
nent nerve lesions. This work reflects the impor-
tance of the integrity of the columns in the 
stability of the ulnar remnant after resection. It is 
important to note that in distal fractures of both 
columns, many surgeons choose to resect the col-
umns for the sake of quick and operative resolu-
tion. It is neither clear whether devoting surgical 
time to reconstructing the columns is an appro-
priate strategy, nor is it clear what the ideal 
method of achieving such fixation is [17].

13.2.6.2  Heterotopic Ossification 
Following TEA

In 2018, Robinson et al. analyzed the incidence 
of heterotopic ossification in 55 elective (n = 29) 
and traumatic (n  =  26) TEAs (52 patients). 
Throughout follow-up 15 patients (17 TEAs) 
died of unrelated causes. There were 14 men and 
38 women, with a mean age of 70  years. The 
mean clinical follow-up was 3.6  years and the 
mean radiological follow-up was 3.1 years. The 
overall incidence of heterotopic ossification was 
84%. The overall incidence was higher in the 
trauma group (96%) than in the elective arthro-
plasty group (72%). In addition, patients in the 
trauma group had heterotopic ossification of 
higher Brooker class. The presence of hetero-
topic ossification did not significantly affect 
elbow range of motion (ROM) within the trauma 
or elective groups. These findings are not surpris-
ing and in general are not going to affect the evo-
lution of the patients so it is not advisable to 
perform any associated medical (indomethacin) 
or physical (radiotherapy) treatment in the trauma 
group [18].

13.2.6.3  Component Fracture 
After TEA

Component fracture can be defined as a failure of 
the material to withstand cyclic loading 
(Fig. 13.2). This is more frequent in some designs 
with material changes, with wedges, notches, or 
different surface treatments on the same compo-
nent. The presence of osteolysis in which the 
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Fig. 13.2 Component fracture. The radiograph shows a 
broken ulnar component at the site of a notch of this par-
ticular ulnar component. The site of rupture occurs usu-
ally at the point where the ulnar component becomes 
unsupported from the ulna, typically at the olecranon in 
patients in which the ulnar component insertion was intro-
duced slightly in flexion

implant is uncovered and has to bear the full 
mechanical load seems to favor this 
complication.

According to Lee et al., ulnar or humeral com-
ponent stem fractures after TEA are serious com-
plications. In a retrospective therapeutic level III 
evidence study, they reported that a component 
stem fracture after TEA appears to be caused by 
fatigue failure at or near the junction between an 
unsupported stem and well-fixed stem (Fig. 13.2). 
This area of unsupported stem occurs as a result 
of osteolysis caused by bushing wear. To avoid 
fracture of the components, bushing wear needs 
to be addressed. A total of 2637 primary and revi-
sion TEAs were analyzed. It was found that 47 
operations (in 46 patients) were performed to 
treat component stem fractures. Bushing wear 
was graded according to percentage loss of poly-
ethylene thickness and metal wear. In the 39 
cases in which bushing wear could be quantified, 
it was severe in 34, moderate in 2, and mild in 3. 
All 47 cases showed evidence of periarticular 
osteolysis, which was found in zone 1 in 17 cases, 
in zones 1 and 2  in 29, and diffusely in 1 case. 
The mean length of the well-fixed stem, expressed 
as a percentage of the total length of the stem, 

was 63%. Stem fractures occurred most fre-
quently (27 of 47 cases) at the junction between 
the well-fixed stem and unsupported stem. Some 
studies have associated bushing wear with the 
presence of osteolysis, but it is probably not the 
only cause. Measurement of polyethylene wear is 
sometimes complex because it is performed in 
static positions and may risk underdiagnosis. It is 
important to recognize that different designs have 
different degrees of freedom and it is necessary to 
be aware of these in order to correctly calculate 
polyethylene wear [19].

13.2.6.4  Humeral Amputation 
Following TEA

Claxton et  al. analyzed the incidence and etiol-
ogy of upper extremity amputations in patients 
who had previously undergone TEA implantation 
(n = 1906). Upper extremity amputation was per-
formed in seven (0.36%) elbows (seven patients): 
five transhumeral amputations and two shoulder 
disarticulations. There were five women and two 
men, mean age 64  years. The TEAs had been 
implanted for RA (n = 2), for RA with acute frac-
ture (n  =  2), for radiation-associated nonunion 
(n  =  2), and for metastatic cancer (n  =  1). The 
mean follow-up after amputation was 3  years. 
The mean time between amputation and TEA 
was 5  years. Indications for amputation were 
uncontrolled deep infection in six (86%) elbows 
and tumor recurrence in one (14%) elbow. Only 
one (14%) elbow was fitted with a prosthesis. Six 
(86%) patients died after a mean of 3 years after 
amputation [20].

13.2.7   Inpatient Versus 
Outpatient TEA

There is a trend in the USA to transition arthro-
plasty procedures from inpatient to outpatient 
centers, generally in ambulatory surgical centers. 
The change is that the cost of the episode 
decreases dramatically and that there is a favor-
able alignment between the interests of providers 
and funders. Whether this benefit extends to 
patients is under study. In 2020, Furman et  al. 
compared the outcomes and short-term compli-
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cations of TEA in the inpatient and outpatient 
operative settings in a level III evidence-based 
retrospective therapeutic study using a large data-
base. They analyzed 575 patients operated on for 
TEA (458 were inpatient procedures and 117 
were outpatient procedures). Inpatient TEA had a 
higher rate of complications than outpatient TEA, 
including non-home discharge (14.9% vs. 7.5%, 
p = 0.05), unplanned hospital readmission (7.4% 
vs. 0.9%, p = 0.01), surgical complications (7.6% 
vs. 2.6%, p = 0.04), and medical complications 
(3.6% vs. 0%, p = 0.04). Obviously, the criteria to 
perform this procedure on an outpatient basis is 
stricter, so there is a bias in what type of patients 
go to the outpatient center, and generally patients 
with a higher risk of complications go to a center 
with hospital admission [21].

13.2.8   Elective TEA Versus TEA 
for Fracture in Elderly 
Patients

In 2009, McKee et  al. published a prospective, 
randomized, controlled trial comparing func-
tional outcomes, complications, and reoperation 
rates in elderly patients with displaced intra- 
articular fractures of the distal humerus treated 
with open reduction and internal fixation (ORIF) 
or primary semiconstrained TEA.  Twenty-one 
patients were randomized to each treatment 
group. Inclusion criteria were age greater than 
65 years; displaced, comminuted, intra-articular 
fractures of the distal humerus (Orthopaedic 
Trauma Association [OTA] type 13C) and closed 
or open Gustilo grade I fractures treated within 
12 h of injury. Two patients died before follow-up 
and were excluded from the study. Five patients 
randomized to ORIF were intraoperatively con-
verted to TEA because of extensive comminution 
and inability to achieve sufficiently stable fixa-
tion to allow early joint mobility. Finally, in the 
ORIF group, 15 patients (3 men and 12 women) 
with a mean age of 77 years were analyzed, while 
in the TEA group, 25 patients (2 men and 23 
women) with a mean age of 78 years were ana-
lyzed. Baseline demographics regarding mecha-
nism of injury, classification, comorbidities, 

fracture type, activity level, and ipsilateral inju-
ries were similar in the two groups. The mean 
duration of surgery was 32  min shorter in the 
TEA group (p = 0.001). Patients who had a TEA 
implanted had significantly better MEPS at 
3 months (83 vs. 65, p = 0.01), 6 months (86 vs. 
68, p = 0.003), 12 months (88 vs. 72, p = 0.007), 
and 2 years (86 vs. 73, p = 0.015) than patients in 
the ORIF group. Patients operated on using TEA 
had significantly better DASH scores at 6 weeks 
(43 vs. 77, p = 0.02) and 6 months (31 vs. 50, 
p = 0.01), but not at 12 months (32 vs. 47, p = 0.1) 
or 2 years (34 vs. 38, p = 0.6). The mean flexion- 
extension arc was 107° (range, 42°–145°) in the 
TEA group and 95° (range, 30°–140°) in the 
ORIF group (p  =  0.19). Reoperation rates for 
TEA (3/25 [12%]) and ORIF (4/15 [27%]) were 
not statistically different (p = 0.2). According to 
MEPS, TEA for the treatment of comminuted 
intra-articular distal humerus fractures provided 
better and more predictable functional outcomes 
than ORIF at 2-year follow-up. DASH scores 
were better in the TEA group in the short term, 
but were not statistically different at 2-year fol-
low- up. Considering that 25% of fractures ran-
domized to the ORIF group were not amenable to 
internal fixation, it appears that ORIF may cause 
the reoperation rate to decrease. Ultimately, 
McKee et  al. concluded that in elderly patients 
with complex fractures of the distal humerus not 
amenable to stable fixation, implanting a TEA is 
preferable to performing an ORIF [22] (Fig. 13.3).

An additional question is what happens to these 
patients after some time. Given that ORIF com-
plications are early and TEA complications occur 
throughout the history of the implant, with equal 
complications the only difference between the two 
indications would be the postoperative restrictions 
of TEA.  In a long-term follow-up of 12.5  years 
in the surviving patients, the authors noted that 
there were 3/25 reoperations in the TEA group 
and 4/15  in the ORIF group. Only one patient 
with TEA required implant revision and 15 of the 
patients who died during follow-up did so with the 
implant in situ and functioning well [23].

It is important to appreciate that it is unclear 
what constitutes stable fixation in an osteopo-
rotic patient. Additionally, the age range of the 
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a b

c d e

Fig. 13.3 (a–e) TEA for a distal humerus fracture is a 
good indication in cases where there is poor distal bone 
for fixation or extensive comminution and the patient is 
compliant with postoperative restrictions. However, TEA 
for fractures in elderly and weakened patients is subject to 
periprosthetic fractures which require complex revision 
surgery. (a, b) A patient with rheumatoid arthritis and 
elbow disease sustained a fall with a fracture of the proxi-

mal humerus and the distal humerus. (c) A linked TEA 
was implanted with a good outcome. (d) After 8 years the 
patient sustained a new fall with a humeral periprosthetic 
fracture at the tip of the humeral stem. (e) At revision the 
implant was found to be loose and a one-stage revision 
with longer implants and augmentation with strut allograft 
was performed with a good outcome

patients included is very wide and may not 
reflect well the different circumstances of an 
ORIF procedure in a 63-year-old patient versus 
an ORIF in an 82-year-old patient. It does seem 
clear that the best outcome is obtained from a 
single operation and that the outcome of a TEA 

after a failed ORIF is worse than that of a pri-
mary TEA [24].

In 2013, Mansat et al., in a case series (thera-
peutic study with level IV evidence), observed 
that reliable results can be obtained in patients 
with RA and in traumatic conditions and that the 
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survival rate was similar or better than that pub-
lished for unlinked implants. They analyzed 70 
consecutive patients (78 elbows) who underwent 
implantation of a Coonrad-Morrey design TEA 
for inflammatory arthritis (45 elbows) or trau-
matic conditions (33 elbows: 18 acute distal 
humerus fractures, 10 nonunions, and 5 posttrau-
matic arthritis). Coonrad-Morrey-type TEA 
allowed treating a wide spectrum of indications 
with satisfactory results. Better results were 
obtained in patients with RA than in trauma 
patients. The complication rate was high, 
although the implant revision rate was low. 
However, with follow-up, there was an increased 
incidence of lucent lines around the ulnar compo-
nent and bushing wear (which were of concern). 
After a mean follow-up of 5  years (range: 
2–11 years), the mean MEPS for the RA group 
(89 points) was significantly higher than that of 
the trauma group (80 points). The QuickDASH 
score was not significantly different according to 
etiology. Radiolucencies were observed in 17 
cases around the humeral component and in 14 
cases around the ulnar component. Bushing wear 
was observed in 14 cases. There were 27 compli-
cations, 9 of which required revision surgery. 
Considering revision for aseptic loosening as an 
end point, the survival rate was 97.7% at 5 years 
and 91% at 10 years [25].

In 2016, Sánchez-Sotelo et al., in a therapeutic 
study with level IV evidence, published that 
elbow arthroplasty using a cemented linked semi-
constrained design provided satisfactory clinical 
results in the treatment of RA, with a reasonable 
mechanical failure-free survival rate at 20 years. 
Although bushing wear was identified on radio-
graphs in a quarter of the patients, revision for 
isolated bushing wear was infrequent. A total of 
461 primary TEAs were performed with the 
Coonrad-Morrey prosthesis in 387 patients with 
RA.  Fifty-five of the arthroplasties were per-
formed to treat concurrent traumatic or posttrau-
matic conditions. A total of 305 women (365 
elbows, 79%) and 82 men (96 elbows, 21%) 
underwent surgery. Ten patients (10 elbows) 
were lost to follow-up, 9 patients (10 elbows) 
died, and 6 patients (6 elbows) underwent revi-
sion surgery in the first 2 years. In the 435 elbows 

(362 patients, 94%) that had a minimum follow-
 up of 2 years, the median follow-up was 10 years 
(range: 2–30 years). At final evaluation, 49 (11%) 
of the elbows were found to have undergone sur-
gical revision or component removal (10 elbows 
for deep infection, 39 elbows for mechanical fail-
ure). In another 8 elbows there was radiographic 
evidence of loosening. In the surviving implants, 
with a minimum follow-up of 2 years, the median 
MEPS was 90 points; in 71 (23%) of these 
implants bushing wear was identified radiograph-
ically; however, only 2% of the elbows had 
required surgical revision for isolated bushing 
wear. The rate of survivorship free of implant 
revision or removal for any reason was 92% at 
10 years, 83% at 15 years, and 68% at 20 years. 
Survival at 20 years was 88% with revision for 
aseptic loosening as the end point and 89% with 
isolated bushing exchange as the end point. Risk 
factors for implant revision for any cause were 
male sex, history of concomitant traumatic 
pathology, and implantation of an ulnar compo-
nent with polymethylmethacrylate surface finish 
[26].

In 2016, Prasad et al. published their experi-
ence with the Coonrad-Morrey TEA in distal 
humerus fractures in nonrheumatoid patients. 
The minimum follow-up was 10 years. Between 
1996 and 2004 they performed TEAs through a 
triceps splitting approach in 37 nonrheumatoid 
patients with distal humerus fractures. One 
patient could not be located and 17 died before 
the tenth anniversary of surgery. Therefore, the 
study group consisted of 19 patients, with a mini-
mum follow-up of 10 years. Of these, 13 patients 
were still alive at the time of the final assessment. 
The other 6 had died, but after at least 10 years of 
follow-up. The mean follow-up of the 19 patients 
was 156 months (range: 120–210). Two patients 
required revision surgery. Another patient under-
went two-stage revision surgery for infection, but 
died before the 10-year follow-up. Six other 
patients showed signs of loosening or wear. Two 
were clinically symptomatic and were offered 
revision surgery. Male patients showed a higher 
incidence of loosening and wear. Survivorship, 
with revision and definite loosening as end points, 
was 89.5% at 10 years in patients with a mini-
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mum follow-up of 10 years and 86% in the entire 
group of 36 patients. Prasad et al. observed that 
only 53% of nonrheumatoid patients operated on 
for TEA for distal humerus fracture survived to 
the tenth anniversary of surgery. In those who 
survived, TEA provided acceptable results in 
terms of function and implant survival [27].

In 2017, in a level IV evidence study, Barco 
et al. evaluated the long-term outcomes of TEA 
after distal humerus fractures and compared 
elbows with or without inflammatory arthritis at 
the time of fracture. In surviving patients, they 
observed that the selective use of a TEA for the 
treatment of distal humerus fractures in elderly 
and less active patients and in patients with 
inflammatory arthritis had acceptable longevity, 
but with significant complications. Forty-four 
TEAs were performed on distal humerus frac-
tures; minimum follow-up was 10  years. Pain, 
joint mobility, MEPS, complications, and reop-
erations were evaluated. Outcomes were com-
pared between elbows with and without 
inflammatory arthritis and a Kaplan-Meier survi-
vorship analysis was performed. TEA provided 
good pain relief and joint mobility. The mean 
visual analog scale for pain was 0.6. The mean 
joint flexion was 123° and the mean joint exten-
sion loss was 24°. The mean MEPS was 90.5 
points, and three patients scored less than 75 
points. Five elbows (11%) developed deep infec-
tion, which was treated surgically with compo-
nent retention (three acute) or resection (two 
chronic). In eight elbows (18%) implant revision 
or resection was performed: three for infection 
(one reimplantation and two resections), three for 
ulnar loosening (associated with a periprosthetic 
fracture in one) and two for ulnar component 
fractures. Periprosthetic fractures occurred in 
five other elbows. Survival rates of TEAs in 
patients with RA were 85% at 5 years and 76% at 
10  years. Survival rates for TEAs in patients 
without RA were 92% at both 5  years and 
10 years. The most important risk factor for sur-
gical revision was male sex. Since mechanical 
failure due to component fracture has been elimi-
nated with the change in component design, the 
mechanical complications of the implant are 
small and most patients when they die during 

follow-up do so with the component “in place” 
[6].

In 2020, Strelzow et al., in a therapeutic study 
with level IV evidence, reviewed the results and 
complications of a cemented convertible TEA 
system in a linked configuration in patients with 
distal humerus fractures. Forty patients met the 
inclusion criteria (35 women, 5 men). The mean 
follow-up was 4 years (range: 2–13 years). The 
mean age of the patients at the time of surgery 
was 79  years. All implants were linked. Seven 
patients had heterotopic ossification. Lucent lines 
were observed mainly in the V-zone of the 
humeral implant. No lucent lines were observed 
around the ulnar component in any radiographic 
area. Complications occurred in nine patients 
(22%) and two surgical revisions were per-
formed: one for infection and one for late peri-
prosthetic fracture. Fracture TEA in elderly 
patients provided pain relief, functional range of 
motion, and good patient-reported outcome 
scores. No implant-related complications of this 
convertible implant system were encountered 
[28].

In 2021, Aziz et  al. compared TEA in distal 
humerus fracture and arthritis cases. They ana-
lyzed in-hospital and postoperative complica-
tions 30 days after TEA implantation. A total of 
646 TEAs were implanted, of which 149 (23.1%) 
were implanted in distal humerus fractures. 
Patients undergoing TEA for fracture had an 
overall complication rate of 13.42%, compared 
with a complication rate of 12.47% in patients 
undergoing elective primary TEA (p = 0.76). In 
univariate analysis, patients undergoing TEA for 
fracture were not significantly more likely to 
require reintervention within 30 days (1.34% vs. 
4.63% for RA and 4.11% for OA, p = 0.24) or to 
require readmission within 30  days (5.37% vs. 
4.63% for RA and 4.88% for OA, p  =  0.52). 
Multivariable logistic analysis found that fracture 
TEA was not independently associated with 
readmission, reoperation, or major or minor com-
plications. Increasing age was associated with an 
increased risk of minor complications. Female 
sex was associated with a lower risk of major 
complications, and higher ASA (American 
Society of Anesthesiology) classification was 
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associated with higher odds of readmission. 
Ultimately, patients undergoing TEA surgery for 
distal humerus fracture did not have a higher risk 
of acute postoperative complications than 
patients undergoing elective primary TEA 
implantation [29].

13.2.9   TEA in Rheumatoid Arthritis 
Patients

The use of biologic medication has decreased the 
TEA implantation rate of these patients. At the 
same time, it has delayed their implantation and 
has decreased the severity of the lesions at the 
time of implantation. On the other hand, the 
increased activity that these patients engage in 
may not make valid the scientific papers describ-
ing the results of rheumatoid arthritis patients 
when such medication did not allow them to lead 
such an active lifestyle.

The fundamental controversy in patients with 
an inflammatory disease is which design to use. 
Although good results have been achieved with 
linked and unlinked systems, the pathogenesis of 
the disease would explain the failure of unlinked 
arthroplasties due to residual instability, making 
it a good option to opt for an unlinked but link-
able implant (convertible system). The use of a 
linked, semiconstrained system has provided 
good results in the medium and long term and is 
the safest option with similar loosening figures 
to nonlinked implants. Obviously the decision 
depends on the degree and severity of joint and 
soft tissue involvement, assessed through the clin-
ical and radiological examination. Implantation 
of a nonlinked implant requires accurate and bal-
anced reconstruction of the collateral ligaments, 
which may be difficult to attain in practices with 
low annual case volume. The challenge in these 
patients depends on the degree of bone loss, the 
incidence of intraoperative fractures, the dif-
ficulty in component orientation due to lack of 
accurate bony landmarks, and the prevention of 
infection.

In 2005, Little et al. compared, in a level III 
evidence study, three TEA designs (Souter- 
Strathclyde, Kudo, Coonrad-Morrey) in patients 

with RA. The Souter is an unlinked implant with 
a highly congruous articulation with a metal dis-
tal humerus without an anterior flange and a 
polyethylene ulnar component. The Kudo is an 
unlinked elbow implant with less constraint than 
the Souter with a metallic unflanged humeral 
component and the option of a metallic or an all- 
poly ulnar component. The Coonrad-Morrey is a 
semiconstrained linked elbow arthroplasty 
through a loose hinge where there is a metal on 
polyethylene bearing. They found that all three 
implant types relieved pain. The sustained 
improvement in range of flexion was comparable 
among the three groups. No design drastically 
modified fixed flexion deformity and all three 
improved maximum flexion. Indications for revi-
sion surgery were infection, dislocation, and 
aseptic loosening. Survival of the Coonrad- 
Morrey implant was better than that of the other 
two implants. The 5-year survival rates, with 
revision and radiographic signs of loosening as 
end points, were 85% and 81% for the Souter- 
Strathclyde implant, 93% and 82% for the Kudo 
implant, and 90% and 86% for the Coonrad- 
Morrey implant. Although radiological signs of 
loosening of the Coonrad-Morrey implants were 
less frequent, adjacent focal osteolysis was 
observed in 16% of the ulnar components, and in 
fact, half of these cases progressed to clear loos-
ening. All three implants were similar in terms of 
pain relief and elbow ROM. Little et al. consid-
ered that component linkage with the Coonrad- 
Morrey component prevented dislocation without 
increasing the risk of loosening [30].

In 2015, Mukka et  al. investigated the out-
comes and survival of the Discovery design of 
TEA in patients with RA. In a prospective cohort 
study, an elbow surgeon performed 31 TEAs in 
25 consecutive patients. They had complete 
results in only 19 of the patients (25 elbows). The 
mean range of motion (ROM) improved in flex-
ion/extension from 88° to 113° and in pronation/
supination from 55° to 68° (p < 0.05). The mean 
QuickDASH score also improved from 66.5 to 
40.2 (p < 0.01). The mean EQ-5D (EuroQol-5D) 
score improved from 0.68 to 0.75, but was not 
statistically significant (p = 0.09). Three patients 
were revised for loosening and two were reoper-
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ated. Thus, the Kaplan-Meier survival was 90%. 
The Discovery system showed satisfactory results 
in patients with RA, although the complication 
rate was relatively high [31].

In 2017, Kodama et  al. evaluated the long- 
term results (more than 10 years of follow-up) of 
the Kudo type-5 elbow prosthesis in patients with 
RA. They analyzed 41 elbows (Larsen grade IV, 
n = 21; grade V, n = 20) in 31 patients with RA 
who had undergone such type of arthroplasty. In 
all patients the humeral component was cement-
less and the all-polyethylene ulnar component 
cemented. The clinical outcome was assessed 
using the MEPS. The revision rate was calculated 
and potential risk factors for revision were 
assessed. The mean follow-up was 141  months 
(range: 120–203). Aseptic loosening of the ulnar 
component occurred in 11 elbows. There was no 
radiolucency around any humeral component. 
There was one deep infection. The survival rate 
by Kaplan-Meier survival analysis was 87.8% at 
5 years and 70.7% at 10 years. The mean exten-
sion/flexion amplitude was −38°/105° before 
surgery and −40°/132° at final evaluation. The 
mean MEPS was 43 before surgery and 80 at 
final assessment. Significant risk factors for revi-
sion or aseptic loosening were a duration of RA 
to TEA of less than 15 years and a preoperative 
ROM of >85°. The conclusion was that, although 
Kudo type-5 TEA provided satisfactory short- 
term results, aseptic loosening increased after 
5 years. In most cases, elbow function was main-
tained in the long term, without implant loosen-
ing [32].

In 2019, Strelzow et al. compared in patients 
with RA the outcomes and complications of 
linked and unlinked TEA using a convertible sys-
tem. They found that such type of TEA provided 
good patient-reported outcomes in the medium 
term. This study found no difference between 
linked and unlinked designs. Eighty-two patients 
with RA (27 with nonlinked TEA and 55 with 
linked TEA) were evaluated. The mean age at the 
time of surgery was 61 years. The mean follow-
 up was 6  years. Demographic characteristics 
were similar in the two groups, with the excep-
tion of longer follow-up in the unlinked group 
(8 years vs. 5 years, p = 0.001). No differences in 

ROM were observed. Elbow strength was similar 
except for pronation strength (74% in the 
unlinked group vs. 100% in the linked group, 
p = 0.03). The mean MEPS was 83; the Patient- 
Rated Elbow Evaluation score, 15; and the 
QuickDASH score, 34. There were no differ-
ences in reoperation (17% vs. 24%, p  =  0.4), 
complication (32% vs. 31%, p = 0.4), or revision 
(13% vs. 17%, p = 0.3) rates between the unlinked 
and linked prostheses. Four patients presented 
instability, all of them with unlinked designs, and 
required revision to a linked design. Four patients, 
all with linked designs, required revision due to 
aseptic loosening of the smooth short-stem ulnar 
components [33].

In a systematic review (therapeutic study with 
level IV evidence) on TEA in patients with RA, 
Chou et al. found in general satisfactory results. 
However, TEA had a much higher implant failure 
and complication rates than hip and knee arthro-
plasties. Patient age and sex and whether a 
cemented fixation or an unlinked prosthesis was 
used influenced the results. Thirty-eight studies 
(2118 TEAs) were included in the study. The 
mean follow-up was 80.9 months. Implant failure 
and complication rates were 16.1% and 24.5%, 
respectively. Aseptic loosening was the most 
common cause of failure (9.5%). The mean post-
operative ROM was flexion 131.5°, extension 
29.3°, pronation 74°, and supination 72.5°; the 
mean postoperative MEPS was 89.3. Meta- 
regression analysis identified that younger 
patients and implants with unlinked design cor-
related with higher failure rates. In addition, 
younger patients had a higher complication rate, 
and female sex and unlinked prostheses were 
associated with aseptic loosening [34].

13.2.10   TEA in Juvenile Idiopathic 
Arthritis (Juvenile 
Rheumatoid Arthritis) 
Patients

Patients with juvenile idiopathic arthritis (JIA) 
have the problem of age of indication (under 
16 years of age) and underlying deformity which 
poses a therapeutic challenge. Some of these 
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patients may have systemic symptoms that 
require the use of interleukin inhibitors. Despite 
this, some of them develop severe elbow arthro-
sis. Technically, these patients are characterized 
by significant stiffness, even ankylosis, requiring 
shortening of the humerus, and narrow canals 
that can facilitate the creation of false pathways. 
Flexible drills are now recommended for endo-
medullary canal preparation and the tip of the 
stems may have to be shaped, cut, or bent to fit 
the canals and the preexisting deformity. Some of 
these patients postoperatively compromise their 
implants because of the need to use crutches or 
unloading systems to ambulate due to lower limb 
involvement.

In 2014, in a level IV therapeutic study 
(case series), Baghdadi et  al. evaluated the 
clinical benefit and prosthetic longevity of pri-
mary semiconstrained linked TEA performed 
to treat patients with JIA.  Between 1983 and 
2005, 29 elbows were replaced in 24 patients 
(20 women and 4 men) because of JIA. Their 
mean age was 37 years. Because of the under-
lying deformity, the implant contour was modi-
fied in 9 elbows (31%) and a customized 
implant was inserted in 5 elbows (17%). The 
mean follow-up was 10.5  years. During the 
follow-up period, 8 elbows were reoperated, of 
which 6 (21%) underwent implant revision. At 
final evaluation, 22 elbows (76%) had subjec-
tively satisfactory overall functional outcome. 
The mean MEPS was 78 points. In 18 elbows, 
the result was considered excellent or good. 
Compared with preoperative ROM, the mean 
extension-flexion arc improved from 65 to 89 
(p = 0.01); mean flexion improved from 113 to 
126 (p = 0.02); mean extension improved from 
48 to 37 (p  =  0.08). Using the Kaplan-Meier 
survivorship method, the rate of TEA survival 
from any revision was 96.4% and 79.9% at 5 
and 10  years, respectively. In short, primary 
TEA in patients with JIA often required 
implant modification or the use of customized 
designs. In addition, these patients had high 
rates of complications and revisions. However, 
in the long term most of them benefited from 
the intervention [35].

13.2.11   TEA in Osteoarthritis 
Patients

Primary OA is a disease of functionally demand-
ing adults (manual laborers or weightlifters) and 
is usually treated with debridement, osteophyte 
removal, and capsulectomy, which usually results 
in improvement. Some of these patients do not 
improve with this procedure and continue to 
manifest joint pain in addition to the typical ter-
minal motion pain. If this occurs in patients who 
are not very active or older, TEA is a good option, 
but unfortunately few patients fit this profile, so it 
is a rare procedure in this indication.

Technically the most important characteristic 
of these patients is stiffness and the presence of 
osteophytes which can limit joint access. For this 
reason, the soft tissue dissection has to be exten-
sive and it is generally recommended to perform 
a linked arthroplasty. If the soft tissues are in 
good condition and the patient has minimal 
deformity, the patient may be a candidate for an 
unlinked (linkable) arthroplasty. These patients 
may develop heterotopic ossification although it 
does not usually limit postoperative function.

In 2017, Schoch et al., in a therapeutic level 
IV evidence study (case series), stated that in 
patients with primary OA, TEA was a reliable 
surgical option to relieve joint pain. However, 
they did not always achieve extension recovery, 
which indicated that more aggressive soft tissue 
releases or even bony resection might be neces-
sary. Twenty TEAs were performed. Two patients 
died before 2 years of follow-up. The mean age at 
the time of surgery was 68 years. The mean fol-
low- up was 8.9  years. Three elbows suffered 
mechanical failure. Regarding complications, 
there was one intraoperative fracture, one wound 
irrigation and debridement, one bony ankylosis, 
one humeral loosening, one humeral component 
fracture, and one mechanical failure of radial 
head component. Fifteen elbows that had not suf-
fered mechanical failure were analyzed. In them, 
pain improved from 3.6 to 1.5 (p < 0.001). ROM 
remained unchanged (p > 0.05), and preoperative 
flexion contractures did not improve. The mean 
MEPS of 13 elbows without mechanical failure 
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was 81.5 points; in 5 elbows the results were con-
sidered excellent, in 2 good, and in 6 fair. All 
patients without mechanical failure were subjec-
tively satisfied with the outcome [36].

13.2.12   TEA in Posttraumatic 
Arthritis

Posttraumatic OA is usually the result of persis-
tent instability, joint incongruity maintained by 
malreduction of a fracture, or secondary to exten-
sive chondral injury. Generally, patients have 
undergone an average of three operations before 
opting for a TEA so it is important to investigate 
and rule out infection, and it occasionally requires 
removal of the implants and sampling in a first 
operation and placement of the TEA implant in a 
second operation. Ulnar nerve involvement is 
common and usually needs to be identified, dis-
sected, and transposed at surgery. Ideally in these 
patients with posttraumatic sequelae, a linked 
implant is used due to the frequent associated 
instability and bone loss or deformity. Bone loss, 
stiffness, and three-dimensional deformity neces-
sitate extensive but selective soft tissue releases 
and the use of a linked implant is often advisable. 
It is important to make patients aware of the life-
long restrictions of having an elbow implant and 
patients must understand that longevity is linked 
to the use of their elbow.

In 2014, Barthel et al., in a retrospective level 
IV evidence study, stated that in posttraumatic 
conditions, semiconstrained TEAs provided ROM 
recovery and stable, pain-free elbows. However, 
age at the time of surgery was a risk factor for 
complications. Nineteen patients underwent a 
semiconstrained Coonrad-Morrey TEA, in 12 
cases for posttraumatic elbow arthritis (group 1) 
and in seven cases for 7 distal humerus nonunions 
(group 2). The mean age at the time of surgery 
was 60 years (56 in group 1 and 67 in group 2). 
The mean delay between the initial trauma and 
arthroplasty was 16 years (group 1) and 22 months 
(group 2). In group 1, after a mean follow-up of 
5.5 years, the QuickDASH score was 34 points, 
with results considered good to excellent in 75% 
of cases according to the MEPS.  Radiographic 

progressive radiolucencies were identified in 33% 
of cases and moderate polyethylene insert wear in 
17%. There were seven complications (58%) 
requiring revision in three cases (25%). In group 
2, after a mean follow-up of 4.6  years, the 
QuickDASH score was 39 points, with good and 
excellent results in 86% according to the 
MEPS. Radiolucency was observed in 28% and 
moderate wear of the inserts in 14%. There were 
two complications (28%), one of which (14%) 
required surgical revision. The indication for TEA 
in patients younger than 60 years should be care-
fully considered in relation to other therapeutic 
options [37].

13.2.13   Outcomes Following TEA 
for Rheumatoid Arthritis 
Versus Posttraumatic 
Conditions

A systematic review and meta-analysis published 
in 2019 by Wang et al. compared the outcomes of 
TEA performed for RA with the outcomes of 
TEA performed in posttraumatic conditions. The 
parameters evaluated were implant failure, func-
tional outcome, and perioperative complications. 
Of 679 TEAs, 482 operated for RA and 197 for 
posttraumatic conditions were analyzed. All 
TEAs were cemented with linked components. It 
was shown that the RA group had a higher risk of 
septic loosening after TEA. However, in the post-
traumatic group there was a higher risk of bush-
ing wear, axle failure, component disassembly, or 
component fracture. The MEPS was higher in the 
AR group. There were no significant differences 
in ROM, DASH questionnaire scores, and risk of 
aseptic loosening, deep infection, perioperative 
fracture, or ulnar neuropathy. After TEA, patients 
with RA had a better functional outcome [38].

13.2.14   Primary Versus Secondary 
TEA for Distal Humerus 
Fractures

In 2019, Ellwein et  al., in a level III evidence 
study, analyzed 35 patients who had a semicon-
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strained, cemented total elbow prosthesis 
(Latitude, Tornier, Bloomington, IN, USA) 
implanted using a modified Campbell approach. 
It was observed that the primary TEA provided 
better functional results than the secondary 
TEA. Subjective assessment was better in the pri-
mary TEA group due to less pain than in the sec-
ondary TEA group. Despite the longer duration 
of surgery in secondary TEA, complication rates 
were comparable. Ellwein et al. stated that frac-
ture reconstruction remains the treatment of 
choice due to the lifelong limitation of weight- 
bearing of up to 5  kg. Furthermore, revision 
options are limited and may result in complete 
loss of elbow function. When considering TEA, 
the 10- and 20-year survival rates are 81% and 
61%, respectively, which are much lower than 
those of knee and hip arthroplasty. In view of the 
poor results after reconstruction, primary TEA 
should be recommended for elderly or selected 
patients, since primary TEA produces better 
functional results with less pain than secondary 
TEA. If complications develop after reconstruc-
tion, early revision to TEA should be recom-
mended, as late conversion results in worse 
outcomes. Although secondary TEA requires 
removal of the implant in most cases, which 
implies a considerable prolongation of operative 
time, the rates of major complications were not 
significantly different [39].

13.3  Revision TEA

13.3.1   Outcomes After Revision TEA

In 2013, Plaschke et al. published the short- and 
midterm results of 20 Coonrad-Morrey revision 
TEAs. With a mean follow-up of 4.4 years, the 
results after revision TEA using the Coonrad- 
Morrey prosthesis were acceptable. The short- 
and midterm failure rate was low. Revision 
improved ROM and relieved pain. In one case 
there was a deep infection, which required fur-
ther revision. In addition, two patients had ulnar 
nerve paresthesia postoperatively [40].

In 2016, De Vos et al. stated that revision sur-
gery using the Latitude TEA improved elbow 

function, reduced joint pain, and provided greater 
elbow stability. Between 2006 and 2010, they 
used the Latitude TEA to revise 18 elbows (17 
patients); their mean age was 53 years; 14 were 
women. Kudo TEAs were reviewed in 15 elbows 
and Souter-Strathclyde TEAs in three. Although 
the ulnar nerve was routinely identified during the 
operation, two patients (11.8%) had some sensory 
disturbance postoperatively. In one there was com-
plete recovery 2 years postoperatively. In another 
patient there was a slight sensory loss of the radial 
nerve 2 months postoperatively, after removal of 
K-wires that had been used to fix a fracture of the 
medial epicondyle. Sensory loss was fully recov-
ered at 6 months’ follow-up. Intraoperative frac-
ture occurred in seven patients (38%) [41].

In a systematic review (level of evidence 
IV) published in 2019, Geurts et  al. stated that 
an improvement in functional outcomes is to be 
expected after revision TEA, but its complica-
tion rate remained high. Revision TEA should 
still be considered a salvage procedure of a failed 
TEA (Fig. 13.4). Linked designs of revision TEA 
give better results than unlinked designs in the 
medium term. Twenty-one articles with 532 cases 
were included in the study. The mean age at the 
time of review was 61 years. The mean interval 
between primary and revision arthroplasty was 
77 months, and the mean follow-up period was 
65  months. Different types of prostheses were 
included, with 69% of revision prostheses with 
linked designs and 31% with unlinked designs. 
The visual analog scale score, MEPS, Oxford 
Elbow Score, and ROM improved significantly 
after revision surgery. Complications occurred 
in 232 of 532 cases (44%), resulting in reopera-
tions in 22%. After revision with linked pros-
theses, MEPS, flexion- extension, and pronation 
amplitude improved significantly more than with 
unlinked designs [42].

In 2020, DeBernardis et  al. determined the 
impact that the cause of failure of a primary TEA 
could have on the failure rate of revision surgery 
(therapeutic level IV evidence study, case series). 
Forty-six patients were analyzed, whose mean 
age was 62.7  years. The minimum follow-up 
was 2 years. The causes of failure were infection 
(n  =  20), aseptic loosening (n  =  17), peripros-
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a b

c d

Fig. 13.4 (a–d) Revision total elbow arthroplasty sur-
gery requires complex techniques including performing 
osteotomies for removal of the stem to decrease the risk of 
inadvertent fracture and allograft augmentation for appro-
priate reconstruction. (a) Longitudinal osteotomy with the 
aid of an oscillating saw and osteotomies is carried to the 

tip of the ulnar stem. (b) After opening the osteotomy, the 
stem is exposed, and after careful decortication, it can be 
easily extracted. (c) An allograft is prepared to obtain one 
or two struts. (d) After replacing the cortical window, strut 
allograft augmentation is performed with the use of wires, 
rather than cables

thetic fracture (n = 6), and bushing wear (n = 3). 
All noninfectious etiologies were grouped into 
an additional cohort. Patients who underwent 
revision for infection showed a significantly 
higher failure rate and number of new revisions 
per patient than those who underwent surgery 
for aseptic loosening, periprosthetic fracture, or 
noninfectious cause; they also showed a shorter 

time to failure than in the noninfectious group. 
Patients in whom primary TEA failed due to 
infection were more likely to have revision fail-
ure and required a greater number of subsequent 
operations than patients with other causes of 
primary TEA failure. This study questioned the 
efficacy of revision surgery in the treatment of 
infected TEA [43].
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In 2021, in a level IV therapeutic study, Barret 
et  al. evaluated the long-term outcomes of 
 revision TEA using a single semiconstrained 
prosthesis design. They stated that revision TEA 
with this type of prosthesis could provide good 
clinical outcomes, which could be maintained 
during follow-up. However, the complication rate 
was high. They stated that proper evaluation of 
the risk-benefit ratio is essential for each revision 
TEA and the risk-benefit ratio should be dis-
cussed with each patient. Thirty-four revisions of 
TEA with Coonrad/Morrey prosthesis were per-
formed in 32 patients; two patients were operated 
bilaterally. Their mean age was 61 years, and the 
revision TEA was performed at a mean time of 
7.8 years after the primary TEA. The causes of 
revisions were humeral and ulnar aseptic loosen-
ing (n  =  14), ulnar aseptic loosening (n  =  8), 
humeral aseptic loosening (n = 6), septic arthritis 
(n = 4), and unstable unlinked prostheses (n = 2). 
The mean follow-up was 11.4 years. The MEPS 
at last follow-up was excellent in 6 cases, good in 
18, fair in 8, and poor in 2, with a mean improve-
ment between preoperative values of 42.4 points 
and postoperative values of 81.8 points 
(p < 0.001). Mean pain scores improved signifi-
cantly from 6.7 points preoperatively to 1.4 
points postoperatively (p < 0.001). The flexion- 
extension arc increased significantly (p  =  0.02) 
from 74 preoperatively to 100 postoperatively. 
The total number of complications in 19 revision 
TEA was 29 (56%). Twenty of the 29 complica-
tions simply required management without surgi-
cal intervention. Six repeat surgical procedures 
were required and three implant revisions were 
performed (9%) [44].

13.3.2   Revision TEA: Comparison 
of Infected 
and Noninfected TEA

In 2019, Kwak et  al. published the clinical and 
radiological results of revision TEA surgery 
according to the cause of failure (infection vs. 
noninfection). Those authors observed that revi-
sion TEA clinically improved elbow function and 
produced satisfactory results. Outcomes were 

worse in the infected group than in the nonin-
fected group. Comorbidities and advanced age 
were risk factors for infected TEA.  Twenty 
revision- operated patients were retrospectively 
evaluated. The mean follow-up was 52.7 months. 
Patients were classified into infected and nonin-
fected based on radiological and serological evi-
dence. Clinical outcomes included ROM and 
MEPS, and radiological outcomes included signs 
of loosening on anteroposterior and lateral plain 
radiographs at final assessment. Complications 
were also evaluated in both groups. Overall, the 
mean MEPS was 79.7 and the mean ROM was 
97.9° at final follow-up. Nine patients required 
revision surgery due to infection, and 11 due to 
noninfectious causes. The mean MEPS in these 
two groups was 75.6 and 83.5, respectively, and 
the mean ROM for flexion-extension was 89.4° 
and 108°, respectively. Two (22%) of the nine 
patients in the infected group required a second 
revision surgery due to recurrent infection. No 
patient in the noninfected group required second 
revision surgery. The most frequent complication 
in the infected group was osteolysis, observed in 
five patients, four of them with symptomatic 
aseptic loosening and one with nonsymptomatic 
osteolysis. Two patients in the noninfected group 
showed a nonprogressive radiolucent line, which 
was asymptomatic at final evaluation [45].

13.3.3   Outcomes Following Revision 
of the Revision TEA

In 2020, Domos et  al. published a level IV 
evidence- based therapeutic study (case series) in 
which they presented their results of the revision 
of revision TEA (RRTEA). Twenty-two patients 
operated on for RRTEA were identified. Of these, 
14 were available for evaluation (2 died of unre-
lated causes, 2 could not be contacted, 2 declined 
to participate because of travel difficulties, and 2 
had incomplete data). The mean age of the patients 
was 73  years. Follow-up since the last surgical 
procedure was 4.5 years. The mean number of pre-
vious revision arthroplasty procedures per patient 
was 3. The indications for RRTEA were aseptic 
loosening (60%), bushing wear (16%), fracture 
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(14%), and infection (10%). Of the patients, 30% 
required extra-long or  custom- made implants 
and 50% required allograft augmentation. At 
final clinical evaluation, 56% of patients had tri-
ceps insufficiency, the mean flexion- extension 
arc was 90°, and the mean pronation- supination 
arc was 95°. Functional elbow scores revealed 
good results in most patients (mean visual ana-
log scale score, 5; mean Oxford Elbow Score, 
22; mean Mayo Elbow Performance Index 
score, 55; and mean QuickDASH score, 63). 
Eighty-one percent of patients were satisfied 
with their RRTEA.  Encountered complications 
were infection in 2 patients (1 superficial and 
1 deep), symptomatic aseptic loosening of the 
humeral component in 1, ulnar nerve sensory 
symptoms in 2, and radial nerve injury in 1. One 
patient required ulnar nerve release. Radiologic 
review revealed asymptomatic loosening in 1 
patient (humeral component), and overall pros-
thesis alignment with cementation was adequate 
in 81%. Heterotopic ossification was present in 
38% of cases. RRTEA was considered a satis-
factory treatment option in these complex cases, 
with good short- and medium-term survival rates, 
but with a relatively high complication rate [46].

13.4  Conversion of a Surgical 
Elbow Arthrodesis to TEA

In 2015, Rog et al. published the first case in the 
English literature of conversion of a surgical 
elbow arthrodesis to a TEA. This was a 49-year- 
old man whose elbow had been surgically fused 
following trauma sustained 31  years earlier. 
However, the conversion of a surgically fused 
elbow had already been published in the German 
literature in 2013 by Burkhart et  al. Rog et  al. 
stated that in carefully selected patients who were 
dissatisfied with the functional limitations of 
elbow fusion, conversion of an elbow arthrodesis 
to a TEA was a feasible intervention. In addition, 
the duration of fusion and any anatomic altera-
tions related to previous surgical interventions 
performed on the elbow had to be taken into 
account when performing preoperative planning 
[47, 48].

13.5  The Future for TEA

According to Pooley, TEA is now increasingly 
used to treat comminuted fractures of the dis-
tal humerus, especially in elderly patients. TEA 
has been shown to be superior to ORIF in such 
patients, which is why it is the most logical thera-
peutic choice, especially in type C distal humerus 
fractures of the OTA classification. However, com-
plication rates associated with TEA remain much 
higher than those associated with replacement of 
other extremity joints (hip, knee). It seems logi-
cal to think that the improvements that are occur-
ring in TEA design will reduce complication rates, 
especially implant wear and loosening [2].

TEA is a complex surgical technique, which 
when well indicated and in experienced hands 
can give excellent clinical results. The overall 
complication rate has decreased from 49% in 
1993 to 25% in 2009. Some of the complications 
that occur may be facilitated by inadequate com-
ponent orientation. Improved imaging and plan-
ning systems and possibly intraoperative 
navigation with or without virtual reality meth-
ods will improve proper component orientation. 
However, as with any arthroplasty surgery, soft 
tissue management is the key to achieving good 
functional outcomes. Lifestyle modifications 
after TEA are imperative to ensure optimal 
implant longevity. Patients should never lift 10 
pounds or more and should not repeatedly lift 
weights of 2 pounds or more. To optimize the 
results of TEA, it is imperative to choose the right 
implant and patient type [49].

We know that patients do not remember post-
operative restrictions after some time, which 
makes it extremely difficult for them to comply 
with them. Forty percent of patients perform 
high-demand activities, especially male patients 
and those who have undergone surgery for frac-
ture or nonunion [50].

13.6  Conclusions

Currently, TEA is increasingly used for the 
treatment of traumatic elbow pathology (com-
minuted fractures of the distal humerus and 
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posttraumatic OA), while the indication for 
inflammatory arthropathy has decreased due to 
the advance of medical treatments. TEA has 
proven to be a good option in elderly patients. It 
is therefore a logical therapeutic option, espe-
cially in type C distal humerus fractures of the 
OTA classification. The three most frequent 
indications for a primary TEA are fracture/dis-
location (trauma) (36%), OA (34%), and RA 
(26%). The cumulative revision rate of all TEAs 
implanted for any reason is 10%, 15%, and 19% 
at 3, 6, and 9  years, respectively. TEAs per-
formed for OA have a higher revision rate than 
TEAs performed for trauma, highlighting the 
importance of patient selection in achieving 
good results. The most commonly used prosthe-
sis designs are linked (Coonrad-Morrey, 
Latitude) and linkable (Nexel and Discovery), 
with no differences between them in terms of 
revision rates. The most common causes of revi-
sion TEA are infection and aseptic loosening. A 
recent systematic review of the literature (level 
IV evidence) with a mean follow-up of at least 
10 years showed that the rates of aseptic loosen-
ing, infection, implant dislocation, and nerve 
injury were 12.9%, 3.3%, 4.2%, and 2.1%, 
respectively. Moreover, the overall complication 
and revision rates were 16.3% and 14.6%, 
respectively. These figures are inferior to the 
ones reported with arthroplasties of other joints. 
We should reflect on the way forward in the evo-
lution of these implants, including better patient 
selection, improvement of current designs, more 
refined preoperative planning, and more precise 
surgical technique with virtual, navigated, or 
robotic technical aids.
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14Distal Radius Fractures 
in the Elderly: Current 
Controversies

E. Carlos Rodríguez-Merchán, Carlos A. Encinas- Ullán, 
and Primitivo Gómez-Cardero

14.1  Introduction

Distal radius fractures (DRFs) in the elderly pop-
ulation, above 65 years old, represent 18% of all 
fractures and are thereby the second most fre-
quent fracture in the elderly [1]. These fractures 
are often the result of low-energy falls from a 
standing or seated position [2]. They are often 
comminuted and intra-articular fractures [3].

After hip fracture, DRF is the second most 
common fracture in the elderly. Peak incidence is 
in Caucasian women who are over 65  years of 
age. Osteoporosis is a common risk factor and 
occurs in 40% of postmenopausal women. Other 
significant risk factors for DRFs in patients older 
than 50  years include prior falls, prior fragility 
fractures, corticosteroid use, and advanced age. 
Dementia is also a risk factor in patients older 
than 75 years of age. In older patients, each addi-
tional risk factor conveys increased probability of 
suffering a DRF.  DRFs extending into a joint 
space are twice as common in women with diabe-
tes [4]. The incidence of DRFs is increasing as 
life expectancy grows, leading to a larger popula-
tion of patients who are at risk for these injuries 
[3].

The purpose of this chapter is to revise the 
most important current controversies on DRFs in 
the elderly.

14.2  Conservative Treatment

14.2.1  Objective Outcome Measures 
Continue to Improve from 6 
to 12 Months

In DRFs dislocation and comminution are often 
used to determine whether nonoperative or oper-
ative treatment is indicated. In a prospective case 
series of minimally displaced DRFs treated with 
closed reduction (CR) and cast immobilization, 
Thorninger et al. assessed the complication rate 
and patient-reported outcome measures. This 
study analyzed 50 conservatively treated DRF 
patients for 1  year [1]. Primary outcomes were 
complications and Quick Disability of Arm, 
Shoulder, and Hand (qDASH) score. Secondary 
outcomes were range of motion (ROM), grip 
strength and pain, and Patient-Rated Wrist/Hand 
Evaluation (PRWHE). Results showed only 
minor complications with a return to prior ROM, 
qDASH score, and pain after 12 months and ame-
lioration in results after 6–12 months. Most DRF 
patients who were treated nonoperatively with 
CR and 5-week casting recovered fully after min-
imally displaced DRFs. Therefore, this approach 
was considered safe (Fig. 14.1) [1].
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a b

Fig. 14.1 (a, b) Distal radius fracture (a) treated conservatively with a cast for 6 weeks (b)

14.3  Surgical Treatment

14.3.1  Preoperative Planning

Yoshii et al. used a three-dimensional preopera-
tive planning for the osteosynthesis of DRF (trial 
registration: registered as NCT02909647 at 
ClinicalTrials.gov). They evaluated the reproduc-
ibility of three-dimensional preoperative plan-
ning for the osteosynthesis of DRFs with 
three-dimensional reference points [5]. Sixty- 
three wrists of 63 DRF patients who experienced 
osteosynthesis with three-dimensional preopera-
tive planning were assessed. After taking preop-
erative computed tomography (CT) scans of the 
injured wrists, 3D images of the distal radius 
were created. Fracture reduction, implant 
choices, and placement simulation were carried 
out based on the 3D images. One month after the 
surgery, postoperative CT images were taken. 
The reproducibility was assessed with preopera-
tive plan and postoperative 3D images. The 
images were compared with the three- 
dimensional coordinates of the radial styloid pro-
cess, volar and dorsal edges of the sigmoid notch, 
and the barycentric coordinates of the three refer-
ence points. The reproducibility of the preopera-
tive plan was assessed by the distance of the 
coordinates between the plan and postoperative 
images for the reference points. The reproduc-
ibility of radial inclination and volar tilt on three- 
dimensional images were assessed by intraclass 
correlation coefficient (ICC). The distances 
between the preoperative plan and the postopera-

tive reduction for each reference point were 
2.1 mm, 1.9 mm, and 1.9 mm, respectively. The 
distance between the preoperative plan and post-
operative reduction for the barycentric coordi-
nate was 1.3 mm. ICCs were 0.54 and 0.54 for 
the volar tilt and radial inclination, respectively 
(p < 0.01). The conclusion of this study was that 
three-dimensional preoperative planning for the 
osteosynthesis of DRFs was reproducible, with 
an error of about 2 mm for each reference point 
and the correlations of reduction shapes were 
moderate. Therefore, the analysis method and 
reference points may be helpful to understand the 
accuracy of reductions for the three-dimensional 
preoperative planning in the osteosynthesis of 
DRFs [5].

14.3.2  Percutaneous Pinning 
Fixation

According to Zhao et  al., percutaneous pinning 
(PP) fixation has been utilized for the treatment 
of DRFs for decades, especially in the elderly 
with fragile soft tissue. However, getting and 
maintaining a sound anatomic reduction prior to 
PP is difficult if we utilize the manipulative 
reduction method alone. In their study Zhao et al. 
utilized the Steinmann pin retractor for CR com-
bined with PP [6]. Forty-nine patients were ana-
lyzed in this retrospective cohort study. Sixteen 
patients were treated with Steinmann pin 
retractor- assisted CR combined with PP (S-PP), 
19 patients were treated with the manipulative 

E. C. Rodríguez-Merchán et al.

http://clinicaltrials.gov


179

reduction combined with PP (M-PP), and 14 
patients were treated with the manipulative 
reduction combined with cast splint (M-C). All 
these patients received a positive postoperative 
radiological and clinical assessment. All the 
patients were followed up for a minimum of 
2  years. The radiological parameters in each 
group improved significantly after surgery (post-
treatment). In the S-PP group, the values of radial 
height (postoperative, 13.33 mm; first follow-up, 
13.27 mm; last follow-up, 13.16 mm) and ulnar 
variance (postoperative, −0.10 mm; first follow-
 up, −0.05  mm; last follow-up, −0.12  mm) sig-
nificantly improved as compared to the M-PP and 
M-C groups. While the patients in the M-C group 
experienced significant re-displacement at the 
first and last follow-ups, in the S-PP group the 
range of wrist motion including extension 
(89.94%), radial deviation (90.69%), and supina-
tion (90.25%), ulnar deviation (89.81%) and 
qDASH score (2.70), and grip strength (92.50%), 
pronation (90.50%), and Modified Mayo Wrist 
Score (MWS) (90.94, the excellent rate reached 
up to 75%) improved as compared to the M-PP 
group, M-C group, or both groups at the last fol-
low- up. The conclusion was that S-PP improved 
fracture reduction and wrist function and can 
serve as an efficacious technique for A2 (AO/
OTA) and A3 type of DRFs in the elderly with 
limited dorsal comminution, including intra- 
articular fractures with displacement less than 
2 mm [6].

14.3.3  Dorsal Bridge Plate

In a systematic review (level IV of evidence) 
published in 2021, Fares et al. presented patient 
demographics, injury characteristics, results, and 
side events associated with dorsal bridge plating 
(DBP) in the treatment of DRFs [7]. Average age 
was 55 years, median follow-up was 24 months, 
and the most common indication was commi-
nuted (92%), intra-articular (92%) DRF caused 
by fall (58%), or motor vehicle collision or 
motorcycle collision (27%). A minority of 
patients had open fractures (16%) and most of 
these were cases of polytrauma (65%). The 

median time from placement to DBP removal 
was 17 weeks (mean, 119 days). At the final fol-
low- up, the mean wrist ROM was 45° flexion, 
50° extension, 75° pronation, and 73° supination. 
The mean DASH score was 26.1, and the mean 
qDASH score was 19.8. The overall rate for any 
complication was 13%; the most common was 
hardware failure (3%) followed by symptomatic 
malunion or nonunion (3%) and persistent pain 
after hardware removal (2%). In this study, DBP 
was found to be utilized most commonly in intra- 
articular, comminuted DRF reporting overall 
functional wrist ROM, moderate patient-reported 
disability, and a 13% complication rate at follow-
 up [7].

14.3.4  IlluminOss System

Van Oijen et al. assessed the functional and clini-
cal results after treatment of DRFs with the 
IlluminOss® System in adult patients. A retro-
spective case series was carried out in a single- 
level two-trauma center [8]. All consecutive adult 
patients with a DRF, treated with the IlluminOss® 
System between August 01, 2012, and August 15, 
2015, were included in this study. Baseline 
patient characteristics and clinical data were ret-
rospectively extracted from the medical records. 
Radial inclination, volar/dorsal tilt, ulnar vari-
ance, and radial length were measured on the lat-
est available standard radiographs. Besides, 
patients were prospectively subjected to physical 
examination and were asked to complete the 
DASH, Patient-Rated Wrist Evaluation (PRWE), 
and Short Form-36 (SF-36) questionnaires. 
Twenty-six patients with 31 DRFs were included. 
The median age at the time of trauma was 
77  years and 96% were females. Five patients 
developed a total of seven complications. Due to 
persisting pain, one reoperation was carried out, 
removing a small prominent part of the implant. 
Both patient-reported outcome scores and radio-
graphic outcomes were good to excellent. It was 
stated that the IlluminOss® System appeared to 
be a feasible alternative to treat DRFs with seem-
ingly good clinical and functional result. One out 
of seven complications required surgical 
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 intervention. These results justified more detailed 
prospective research [8].

14.3.5  Volar Locking Plate 
Preserving Pronator 
Quadratus Through 
the Minimally Invasive 
Approach

According to Fan et al., the VLP technique with 
an L-shaped incision of the pronator quadratus 
(PQ) muscle through the classic volar Henry 
approach is a popular technique for treating 
DRFs. Recently, they revised and improved this 
traditional technique by performing mini- 
invasive surgery [9]. They assessed the clinical 
effects after fixation of DRFs with VLPs while 
preserving the PQ through the minimally inva-
sive approach. Fifty-eight patients (38 males 
and 21 females) with an age range of 22–72 years 
(mean age 44.6  years) and with DRFs under-
went open reduction and internal fixation with 
VLPs. The patients were classified as 23A-2 
through 23C-2 according to the AO/OTA frac-
ture classification system. The group that 
received VLPs of distal radius performed with 
the traditional method through the Henry 
approach involved 33 patients (21 males and 12 
females) and the group that received PQ through 
the minimally invasive approach group involved 
25 patients (16 males and 9 females). Fan et al. 
compared the two groups for wrist pain, forearm 
ROM, grip strength, preoperative complica-
tions, and wrist functional recovery score. The 
minimum follow- up for the whole cohort was 
1 year. The differences between the two groups 
were significant in terms of wrist pain, forearm 
ROM, grip strength, and wrist function at 1, 2, 
and 6 weeks postoperatively, but insignificant at 
3 and 12  months postoperatively. In the mini-
mally invasive group, a case of limited exten-
sion of the forefinger 3 months postoperatively 
was encountered. No significant differences 
were found for preoperative complications and 
radiographs postoperatively. The conclusion 
was that fixation with VLPs through the mini-
mally invasive approach was a satisfactory and 

optional technique in the treatment of DRFs. 
This method yielded better early wrist function, 
shortened rehabilitation time, and high psycho-
logical satisfaction [9].

14.3.6  Bridge Plating with Bone 
Graft Substitutes 
in Combination with Systemic 
Romosozumab 
Administration

Uemura et al. have published a case report of a 
distal radius nonunion in which they used romo-
sozumab (a humanized, anti-sclerostin monoclo-
nal antibody used to treat osteoporosis, which 
augments bone formation and decreases bone 
resorption). It enhances fracture healing and sys-
temic romosozumab administration may have 
therapeutic potentials for accelerating bone heal-
ing of nonunions. A 61-year-old heavy smoker 
male with distal radius nonunion who achieved 
successful bone union by combination therapy of 
romosozumab and spanning distraction plate fix-
ation with bone graft substitutes was presented 
[10]. Through the dorsal approach, atrophic com-
minuted nonunion of the distal radius was suffi-
ciently debrided. Reduction of the distal radius 
was performed using indirect ligamentotaxis, and 
a 14-hole locking plate was fixed from the third 
metacarpal to the radial shaft. A beta (β) trical-
cium phosphate block was mainly packed into 
the substantial metaphyseal bone defect with 
additional bone graft from the resected ulnar 
head. Postoperatively, systemic administration of 
monthly romosozumab was continued for 
6  months. Complete bone union was achieved 
20 weeks postoperatively and the plate was, then, 
removed. During romosozumab treatment, bone 
formation marker levels increased rapidly and 
finally returned to baseline, and bone resorption 
marker levels remained low. In conclusion, the 
combination of systemic romosozumab adminis-
tration and grafting β-tricalcium phosphate with 
bridge plating provided an efficacious treatment 
alternative for difficult cases of comminuted dis-
tal radius nonunion with risk factors such as 
smoking, diabetes, and fragility [10].
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14.3.7  Combined Palmar and Dorsal 
Plating of Four-Part Distal 
Radius Fracture

In 2021, Kibar analyzed the radiological and 
clinical results of four-part intra-articular DRF 
treated with a volar anatomically locked plate 
and 2-mm low-profile plates using both the volar 
and dorsal approaches [11]. The retrospective 
study included 20 patients (8 males, 12 females; 
mean age 47; range, 25 to 67 years) who received 
open reduction and internal fixation with com-
bined volar and dorsal plating to treat complex 
four-part DRFs (shaft, radial styloid area, dorsal 
medial facet, volar medial facet). According to 
the AO/OTA classification, all fractures were 
2R3-C3. The mean follow-up time was 
21 months. Union was achieved in all fractures. 
The mean tourniquet time was 103  min. The 
mean DASH questionnaire score was 10, and the 
mean Visual Analog Scale (VAS) score was 2.1. 
According to MWS, five patients had excellent, 
six had good, six had satisfactory, and three had 
poor outcomes. The mean grip strength was 25.2 
(range, 15–40) kg and 78% of the opposite side. 
The mean wrist flexion was 48.7° (range, 30° to 
80°), extension was 52.2° (range, 25° to 80°), the 
radioulnar deviation arc was 40.7° (range, 30° to 
55°), and the mean forearm rotation arc was 
152.3° (range, 130° to 170°). The conclusion was 
that this plating method with a dual approach 
may be an alternative for four-part intra-articular 
DRFs given its early mobility advantage and sat-
isfactory functional and radiological outcomes 
[11].

14.3.8  Cobra Prosthesis in Complex 
Distal Radius Fractures

According to Benedikt et al., the Cobra prosthe-
sis provides an alternative treatment option for 
complex fractures where conservative therapy 
seems not acceptable and osteosynthesis seems 
not possible [12]. In a retrospective follow-up 
study, they investigated the clinical and radiolog-
ical midterm result of the Cobra implant in com-
plex DRFs of elderly patients. Thirteen patients 

(mean age 73.5 years, range 65–87 years) were 
retrospectively assessed with at least a 1-year 
follow-up after surgery. Objective and subjective 
clinical parameters as well as the radiological 
results and side events were analyzed. The mean 
follow-up period was 31.2 months. Seven cases 
required a cemented prosthesis. The mean rela-
tive ROM compared to the healthy side was 
72.3% and 51.8% for extension and flexion, 
respectively, and 87.9% and 85.7% for pronation 
and supination, respectively. The mean grip 
strength was 78.3% compared to the non- operated 
side. Eight patients were very satisfied, and five 
patients were partly satisfied with the outcome. 
The DASH, PRWE, Michigan Hand Outcome 
questionnaire (MHOQ), and Lyon Scores aver-
aged 39.1, 36.2, 64.9, and 63.3 points, respec-
tively. The mean VAS score for pain was 1.1 at 
rest and 3.2 during activities. Perioperative com-
plications included one dissection of the extensor 
pollicis longus tendon, one heterotopic ossifica-
tion, one radiocarpal dislocation, and two cases 
of an ulnar impaction syndrome due to implant 
subsidence. The conclusion was that the pros-
thetic treatment of complex DRFs in elderly 
patients with the Cobra implant led to clinically 
and radiologically satisfactory midterm out-
comes. The Cobra prosthesis can be regarded as a 
feasible salvage option for complex DRFs when 
osteosyntheses may not be possible and nonop-
erative treatment will lead to further functional 
restrictions and wrist pain when performing 
activities of daily life in high functional demand 
patients [12].

14.4  Do We Need to Restore 
Anatomy to Have 
Satisfactory Clinical Result?

Marchewka et al. assessed the long-term results 
and complications associated with conservative 
and operative treatment of DRFs to determine if 
restoration of radiographic parameters influenced 
functional results [13]. They analyzed 207 
patients with isolated DRFs (mean age 64 years, 
women 150 [72.5%], 101 treated operatively, 106 
treated nonoperatively). There were no  significant 
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differences in sex, age, and AO/OTA-type frac-
ture between study groups. After 3.9 years, clini-
cal, functional, and radiological assessment was 
conducted using the DASH, PRWE, 9-Hole Peg 
Test (9-HPT), and grip and pinch strength tools. 
Marchewka et al. found higher rates of malunion 
in the nonoperative group (p < 0.0001) and worse 
radiologic parameters such as volar tilt 
(p < 0.0001) and teardrop angle (p < 0.0001) ver-
sus the operative cohort. Nevertheless, radiologi-
cal parameters were not correlated with DASH 
and PRWE results. Moreover, patients aged 
50 years and above treated operatively had simi-
lar functional outcomes (DASH, PRWE) to those 
treated nonoperatively. The conclusion was that 
restoration of anatomic and thus radiologic 
parameters of the radius may not be obligatory to 
get a satisfactory functional result in patients 
with DRF aged 50 years or above. The patient is 
the most important “factor” in determining the 
adequate and successful treatment technique for 
DRFs [13].

14.5  Treatment of Malunited 
Distal Radius Fracture

14.5.1  Corrective Osteotomy: 2D 
Imaging Techniques 
for Preoperative Alignment 
Planning Versus a Novel 
Patient-Specific Plate Which 
Features Navigation 
and Fixation of Bone 
Segments As Preoperatively 
Planned in 3D

According to Dobbe et al., corrective osteotomy 
of a malunited DRF conventionally relies on 2D 
imaging techniques for alignment planning and 
evaluation. However, this approach results in 
suboptimal bone repositioning, which is associ-
ated with poor patient outcomes. In a case series, 
Dobbe et  al. assessed the utilization of novel 
patient-specific plates (PSPs), which feature nav-
igation and fixation of bone segments as preop-
eratively planned in 3D (level of evidence IV) 
[14]. Ten participants with distal radius malunion 

underwent CT scans for preoperative alignment 
planning. Patient-specific guides and plates were 
designed, 3D-printed, and sterilized for utiliza-
tion in corrective surgery of the distal radius. Pre- 
and postoperative outcomes were compared in 
regard to clinical, functional, and radiographic 
results. The application of a PSP was successful 
in seven of the ten cases. After treatment, the 
residual alignment error was diminished by 
approximately 50% compared with conventional 
treatment. The use of PSPs reduced pain signifi-
cantly. Pre- and postoperative outcomes were 
pooled and showed significant correlations 
between pain and malpositioning; the range of 
pro- and supination motion, the MHOQ score, 
the EuroQol EQ-5D-5L questionnaire 
(EQ-5D-5L) score, and dorsovolar angulation; 
and MHOQ score and proximodistal translation. 
The conclusion was that the correlation between 
malalignment and MHOQ score, EQ-5D-5L 
score, pain, and ROM showed that alignment 
should be restored as well as possible. Compared 
to the conventional approach, which relies on 2D 
imaging techniques (Fig.  14.2), corrective oste-
otomy based on 3D preoperative planning and 
intraoperative fixation with a PSP has been shown 
to ameliorate bone alignment and diminish pain 
[14].

14.5.2  Corrective Osteotomy 
Through Planning 
with Prototyping in 3D 
Printing

According to Belloti et  al., about one-third of 
DRFs can result in malunion with restriction of 
movement and pain in the wrist; the treatment in 
these cases consists of corrective osteotomy of 
the deformity. Due to its 3D complexity, careful 
preoperative planning is a paramount step in cor-
rection. The prototyping from the 3D reconstruc-
tion of the CT scan of the affected wrist allows 
the real understanding of the deformity. Patients 
with malunion of the distal radius with indication 
for surgical treatment were included in the group 
of corrective osteotomies through planning with 
prototyping in 3D printing [15]. The  postoperative 
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a b

Fig. 14.2 (a, b) Conservatively treated wrist fracture (a) with malunion (b)

functional result was evaluated by the DASH and 
VAS. Radiographic data including radial inclina-
tion, volar tilt, and joint step were recorded from 
standard posteroanterior and lateral radiographic 
views. A total of nine patients were included. The 
mean age was 47 years. The average postopera-
tive DASH value of the patients was 24.9 and 
VAS was 3.6. Radiographically, the palmar tilt 
had an average improvement of 25.22°, and the 
radial inclination had an average improvement of 
2°. The conclusion was that corrective osteotomy 
through planning with prototyping in 3D printing 
was an efficacious technique of treating symp-
tomatic distal radius malunions. The possibility 
of performing the osteotomy in a 3D model, sim-
ulating the surgery, makes the procedure more 
predictable [15].

14.6  Comparative Studies

14.6.1  Comparison of Surgical Effects 
Between Extension 
and Flexion Type of Distal 
Radius Fracture

Zhang et  al. compared the therapeutic effects 
of internal fixation with VLP in treating exten-
sion and flexion type of DRF [16]. They ana-
lyzed 103 patients with DRF.  According to the 
original fracture displacement direction, patients 
were divided into extension fracture (Colles) 
group and flexion fracture (Smith) group. In the 
Colles fracture group, there were 24 males and 
44 females aged from 20 to 79  years old with 

an average of 59 years old; according to the AO/
OTA classification, 9 patients were of type A2, 
13 patients of type A3, 16 patients of type C1, 17 
patients of type C2, and 13 patients of type C3; 
the time from injury to operation ranged from 
2 to 9 days with an average of 3.9 days. In the 
Smith fracture group, there were 15 males and 
20 females, aged from 27 to 87 years old with an 
average of 60.1 years old; according to the AO 
classification, 4 patients were of A2, 7 patients 
of A3, 14 patients of C1, 5 patients of C2, and 
5 patients of C3; the time from injury to opera-
tion ranged from 2 to 6 days with an average of 
4.1 days. Operation time, fracture healing time, 
and postoperative complications were recorded 
between the two groups. The DASH score at 6 
and 8 weeks and 6 and 8 months were used to 
evaluate the functional recovery of the affected 
limbs during each follow-up. The volar tilt, radial 
inclination, and radius height were measured at 
8  months after the operation. The Mayo score 
was measured at 8 months after the operation to 
assess the recovery of limb function. All patients 
were followed up for 8–30 months with an aver-
age of 14.8 months, and there was no difference 
in follow-up between the two groups (p > 0.05). 
There were no statistical differences in operation 
time, fracture healing time, and postoperative 
complications between groups (p  >  0.05). The 
DASH scores at 6 and 12  weeks in the Colles 
fracture group were 37.24 and 19.68, while in the 
Smith fracture group were 39.05 and 23.44; the 
Colles fracture group results were better than that 
of the Smith fracture group (p  <  0.001), while 
there were no differences in the DASH score at 6 
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and 8 months between the two groups (p > 0.05). 
The volar tilt of the Smith fracture group (11.1°) 
was better than that of the Colles fracture group 
(8.6°), and there were no significant differences 
in radial inclination and radius height between 
groups (p > 0.05). Moreover, there was no sig-
nificant difference in the MWS (p > 0.05). The 
conclusion was that patients with Colles fracture 
and Smith fracture could receive good reduc-
tion and fixation through VLP. The radiographic 
parameters of both groups recovered satisfacto-
rily after the operation. Recovery of the volar tilt 
of the Smith fracture group was better than that 
of the Colles fracture group, and early recovery 
function of the Colles fracture group was bet-
ter than that of the Smith group, but there was 
no significant difference in long-term wrist joint 
function and incidence of postoperative compli-
cations between the two groups [16].

14.6.2  A Comparison of Six Outcome 
Measures Across the Recovery 
Period After Distal Radius 
Fixation: Which to Use 
and When?

According to Fang et  al., many standardized 
outcome measures exist to measure recov-
ery after surgical fixation of DRFs; however, 
choosing the optimal instrument is difficult. 
In a study with level II of evidence, Fang et al. 
assessed the responsiveness, ceiling/floor 
effects, and criterion validity over multiple time 
intervals across a 2-year follow-up period for 
six commonly utilized instruments [17]. A total 
of 259 patients who received open reduction 
and internal fixation for DRF between 2012 
and 2015 were recruited. Patients were admin-
istered the PRWE, qDASH, Green and O’Brien 
score (Cooney modification) (CGNO), Gartland 
and Werley score (Sarmiento modification) 
(SGNW), flexion-extension arc (FEArc), and 
grip fraction test (GripFrac) at 1.5, 3, 6, 12, 
and 24 months postoperatively. Responsiveness 
was assessed by calculating the standardized 
response means (SRM) and Cohen’s d effect 

sizes (ES) and by correlating each instru-
ment’s change scores against those of qDASH 
and PRWE, which were also utilized as exter-
nal comparators to evaluate criterion validity. 
Ceiling/floor effects were calculated for all 
measures at each time point. The SRM (1.5–
24  months) were 1.81, 1.77, 1.43, 1.16, 2.23, 
2.45, and ES (1.5–24 months) were 1.81, 1.82, 
1.95, 1.31, 1.99, and 2.90 for qDASH, PRWE, 
CGNO, SGNW, FEArc, and GripFrac, respec-
tively. Spearman correlation coefficients against 
qDASH at 24 months were 0.809, 0.248, 0.563, 
0.285, and 0.318 for PRWE, CGNO, SGNW, 
FEArc, and GripFrac, respectively. Significant 
(>15% of patients reaching maximum score) 
ceiling effects were observed before 6 months 
for PRWE and SGNW. This study supported the 
use of qDASH, PRWE, FEArc, and GripFrac 
up to 6  months postsurgery and qDASH and 
PRWE after 6 months [17].

14.6.3  Surgical Plating Versus Closed 
Reduction

In 2021, Lawson et  al. evaluated whether cur-
rent surgical treatment for displaced DRFs 
provided better patient-reported wrist pain and 
function than nonsurgical treatment in patients 
60 years and older. In this multicenter random-
ized clinical trial and parallel observational 
study, 300 eligible patients were screened from 
19 centers (trial registration, http://anzctr.org.
au; identifier, ACTRN12616000969460) [18]. 
A total of 166 participants were randomized to 
surgical or nonsurgical treatment and followed 
up at 3 and 12  months by blinded assessors. 
Those 134 individuals who declined randomiza-
tion were included in a parallel observational 
cohort with the same treatment options and 
follow-up. The primary analysis was intention 
to treat; sensitivity analyses included as-treated 
and per-protocol analyses. Surgical treatment 
was open reduction and internal fixation using 
a VLP. Nonsurgical treatment was CR and cast 
immobilization. The primary outcome was the 
PRWE score at 12 months. Secondary outcomes 
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were the DASH questionnaire score, health-
related quality of life, pain, major complica-
tions, patient-reported treatment success, bother 
with appearance, and therapy use. In the 300 
study participants (mean age, 71.2  years; 269 
[90%] female; 166 [81 VLP and 85 CR] in the 
randomized clinical trial sample and 134 [32 
VLP and 102 CR] in the observational sample), 
no clinically important between- group dif-
ference in the 12-month PRWE scores (mean 
score of 19.8 for VLP and 21.5 for CR; mean 
difference, 1.7 points) was observed. No clini-
cally important differences were found in the 
quality of life, wrist pain, or bother at 3 and 
12 months. No significant difference was found 
in total complications between groups (12 of 
84 [14%] for the CR group vs 6 of 80 [8%] for 
the VLP group; risk ratio [RR], 0.53; 95% CI, 
0.21–1.33). Patient-reported treatment success 
favored the VLP group at 12 months (very suc-
cessful or successful: 70 [89%] vs 57 [70%]; 
RR, 1.26; 95% CI, 1.07–1.48; p = 0.005). There 
was greater use of postoperative physical ther-
apy in the VLP group (56 [72%] vs 44 [54%]; 
RR, 1.32; 95% CI, 1.04–1.69; p  =  0.02). This 
randomized clinical trial found no between-
group differences in improvement in wrist pain 
or function at 12 months from VLP fixation over 
CR for displaced DRFs in older people [18].

14.6.4  Plaster Immobilization Versus 
Anterior Plating for Dorsally 
Displaced Distal Radius 
Fractures

A prospective, multicentered, randomized trial 
analyzed results of 3- and 12-month follow-ups of 
159 elderly patients aged more than 75 years with 
isolated DRF, treated by anterior locking plate or 
CR and cast immobilization (level III of evidence) 
[19]. The primary outcome was the PRWE score. 
The PRWE score at 12  months was not signifi-
cantly different between the two groups; however, 
the radiological results and complications rates 
were worse in the CR group [19].

14.6.5  5 Cast Immobilization Versus 
Volar Locking Plate

Hasselund et al. compared operative and nonop-
erative treatment for displaced DRFs in patients 
aged over 65 years [20]. A total of 100 patients 
were randomized in this non-inferiority trial, 
comparing CR and cast immobilization with 
operation with a VLP.  Patients with displaced 
AO/OTA A and C fractures were eligible if one 
of the following were found after initial closed 
reduction: (1) dorsal angulation >10°, (2) ulnar 
variance >3  mm, or (3) intra-articular step-off 
>2 mm. The primary outcome measure was the 
qDASH after 12  months. Secondary outcome 
measures were the PRWHE, EQ-5D-5L, ROM, 
grip strength, “satisfaction with wrist function” 
(score 0 to 10), and complications. In all, 89 
women and 11 men were included. The mean age 
was 74 years (65–91 years). Nonoperative treat-
ment was non-inferior to operation with a five- 
point difference in median qDASH score after 
12  months (p  =  0.206). After 3 and 6  months, 
the qDASH scores favored the operative group 
(p = 0.010 and 0.030, respectively). The median 
values for PRWHE were 19 in the operative group 
versus 10 in the nonoperative group at 3 months 
(p = 0.064), 9 versus 5 (p = 0.020) at 6 months, 
and 2 versus 0 (p = 0.019) after 12 months. ROM 
was similar between the groups. The EQ-5D-5L 
index score was better (mean difference 0.07) in 
the operative group at 3 and 12 months (p = 0.008 
and 0.020, respectively). The complication rate 
was similar (p  =  0.220). The operated patients 
were more satisfied with wrist function (median 
8 vs 6) at 3  months (p  =  0.002; 9 versus 8 at 
6 months, p = 0.002; and 10 vs 8 at 12 months, 
p < 0.001). The conclusion was that nonoperative 
treatment was non-inferior to operative treatment 
based on the qDASH score after 1 year. Patients 
in the operative group had a faster recovery and 
were more satisfied with wrist function. Results 
from previous trials comparing operative and 
nonoperative treatment for displaced DRFs in 
the elderly vary between favoring the operative 
group and showing similar results between the 
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treatments. This randomized trial suggested that 
most elderly patients may be treated nonopera-
tively [20].

14.6.6  Open Reduction and Volar 
Locking Plate Versus External 
Fixation with or Without 
Supplementary Pinning 
Versus Percutaneous Pinning

According to Chung et  al., DRFs are common 
injuries among older adults and can result in sub-
stantial disability. Current evidence regarding 
long-term results in older adults is scarce. Chung 
et al. compared results across treatment groups at 
24 months among adults with DRFs who partici-
pated in the WRIST trial [21]. The Wrist and 
Radius Injury Surgical Trial (WRIST) random-
ized, international, multicenter trial was con-
ducted from April 1, 2012, through December 31, 
2016 (trial registration, ClinicalTrials.gov; iden-
tifier, NCT01589692). Participants were adults 
aged 60  years or older with isolated, unstable 
DRFs at 24 health systems in the United States, 
Canada, and Singapore. Participants were ran-
domized to open reduction and VLP, external 
fixation (EF) with or without supplementary pin-
ning (EFP), and closed CR and percutaneous pin-
ning (CRPP). The remaining participants chose 
closed reduction and casting. The primary out-
come was the 24-month MHQ summary score. 
Secondary outcomes were scores on the MHQ 
subdomains hand strength and wrist motion. A 
total of 304 adults were recruited for the study, 
and 187 were randomized to undergo surgery, 65 
to VLP, 64 to EFP, and 58 to CRPP; 117 partici-
pants opted for closed reduction and casting. 
Assessments were completed at 24  months for 
182 participants (160 women [87.9%]; mean 
[SD] age, 70.1 [8.5] years). The mean MHQ 
summary scores at 24 months were 88 for VLP, 
83 EFP, 85 for CRPP, and 85 for casting, with no 
clinically meaningful difference across groups 
after adjusting for covariates (χ23  =  1.44; 
p = 0.70). Pain scores also did not differ across 
groups at 24 months (χ23 = 2.64; p = 0.45). MHQ 
summary scores changed from 82 (95% CI, 

80–85) to 85 (95% CI, 83–88) (p = 0.12) between 
12 and 24 months across groups. The rate of mal-
union was higher in the casting group (26 partici-
pants [59.1%]) than in the other groups (4 
participants [8.0%] for VLPS, 8 participants 
[17.0%] for EFP, and 4 participants [9.8%] for 
CRPP; χ23 = 43.6; p < 0.001), but malunion was 
not associated with the 24-month result differ-
ence across groups. This study did not find clini-
cally meaningful patient-reported outcome 
differences 24  months after injury across treat-
ment groups, with little change between 12 and 
24 months. These findings suggested that long- 
term results need not necessarily be considered in 
deciding between treatment options. Patient 
needs and recovery goals that fit to relative risks 
and benefits of each treatment type will be more 
valuable in treatment decision-making [21].

14.6.7  Variable-Angle Volar Plate 
Versus Bridging External 
Fixator with K-Wire 
Augmentation in Comminuted 
Distal Radius Fractures

Mishra et  al. compared the functional results 
between variable-angle volar plating and EF with 
K-wire augmentation in open reduction and 
internal fixation of DRFs [22]. A total of 62 adult 
patients with comminuted intra-articular DRFs 
were randomized into two groups: volar plate 
group and EF group. These patients aged between 
18 and 60  years had unilateral fractures and 
agreed to be included in the study. Patients with a 
history of fracture, bilateral fracture, other asso-
ciated injuries, delayed injury for more than 
2  weeks, open fracture, preexisting arthrosis or 
disability, psychiatric illness, and pathological 
fracture were excluded. Patients were followed 
up at 6 weeks, 3 months, 6 months, and 1 year. 
The assessment of pain, functional activity, 
ROM, and grip strength was done at each stage of 
follow-up. The pain and functional activities 
were assessed by the PRWE and DASH scores. 
Patients in the volar plate group had superior 
PRWE and DASH scores at each stage of follow-
 up. At 1-year follow-up, the mean PRWE scores 
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were 7.48 for the volar plate group and 7.35 for 
the EF group, while the mean DASH score was 
4.65 for the volar plate group and 5.61 for the EF 
group, showing better flexion and extension 
ROM. They also had better pronation and supina-
tion ROM at initial follow-up; however, the dif-
ference was attenuated by 1 year. The volar plate 
group had significantly better grip strength than 
the EF group. Complication rates were higher in 
the EF group. The conclusion was that fixation 
with variable-angle volar plate resulted in early 
wrist mobilization, better ROM, less pain and 
disability, and early return of function [22].

14.6.8  Bilateral Distal Radius 
Fractures: External Fixation 
Versus Plate-Screw Treatment

Dagtas and Ünal compared the results of two sur-
gical treatment options, EF or open reduction and 
internal fixation (ORIF), in patients with bilateral 
DRFs [23]. Twenty-one patients (11 males and 
10 females; mean age, 40.0  years; range, 
20–67 years) who underwent ORIF (n = 10) or 
EF (n = 11) due to bilateral DRF were retrospec-
tively analyzed. The qDASH was used to calcu-
late functional and symptomatic evaluation. The 
MWS was utilized to assess pain, functional sta-
tus, ROM, and grip strength and the MHQ was 
used to measure hand performance in daily life. 
The operation time was statistically significantly 
longer in the ORIF group, compared to the EF 
group (p < 0.001). Radial shortening was statisti-
cally significantly greater in the EF group, com-
pared to the ORIF group (p < 0.001). While the 
qDASH score was lower in the EF group on day 
15 and at 1 and 2 months (p < 0.001, for each), it 
was similar between the groups at 1  year 
(p  =  0.507). The MWS was higher in the EF 
group on day 15 and at 1 and 2 months and 1 year 
(p < 0.05, for each). While the MHOQ score was 
higher in the EF group on day 15 and at 1 and 
2  months (p  <  0.001, for each), it was similar 
between the groups at 1  year (p  =  0.557). The 
conclusion was that in bilateral DRF cases, hand 
functions in the first 2  months after treatment 
were better in the EF group, compared to the 

ORIF group. This functional difference between 
the two groups gradually decreased in the first 
year and reached similar levels. This study dem-
onstrated that EF can be a good alternative in the 
surgical treatment of bilateral DRFs owing to its 
acceptable outcomes, particularly in the short 
term [23].

14.7  Predictors of Management 
of Distal Radius Fractures 
in Patients Aged >65 Years

According to Walsh et al., treatment of DRFs in 
patients aged >65 years is controversial. They 
performed a study to identify what patient and 
fracture characteristics may influence the deci-
sion to pursue surgical versus nonsurgical treat-
ment in patients aged >65  years sustaining a 
DRF.  They queried their institutional DRF 
database for patients aged >65 years who pre-
sented to a single academic, tertiary center 
hand clinic over a 5-year period [24]. In all, 164 
patients treated operatively were identified, and 
162 patients treated nonoperatively during the 
same time period were selected for comparison 
(total n  =  326). Demographic variables and 
fracture- specific variables were recorded. 
Patient and fracture characteristics between the 
groups were compared to determine which vari-
ables were associated with each treatment 
modality (operative or nonoperative). The aver-
age age in their cohort was 72 years, and 274 
patients (67%) were women. The average 
Charlson Comorbidity Index (CCI) was 4.1. 
The CCI is a validated tool that predicts 1-year 
mortality based on patient age and a list of 22 
weighted comorbidities. Factors associated 
with operative treatment in their population 
were largely related to the severity of the injury 
and included increasing dorsal tilt (odds ratio 
[OR], 1.09; 95% confidence interval [CI], 
1.05–1.12; p  <  0.001) and AO classification 
type C fractures (OR, 5.42; 95% CI, 2.35–
11.61; p < 0.001). Increasing CCI was the only 
factor independently associated with nonopera-
tive management (OR, 0.84; 95% CI, 0.72–
0.997; p = 0.046) (Fig. 14.3). Fracture severity 
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a b

Fig. 14.3 (a, b) Distal radius and ulna fracture (a) treated with ORIF (open reduction and internal fixation)

was a strong driver in the decision to pursue 
operative management in patients aged 
>65  years, whereas increasing CCI predicted 
nonoperative treatment [24].

14.8  Conclusions

Distal radius fractures (DRFs) in the elderly pop-
ulation above 65 years of age represent 18% of 
all fractures and are therefore the second most 
common fracture in the elderly. The prevalence 
of DRFs is augmenting as life expectancy grows, 
leading to a larger population of patients who are 
at risk for these fractures. Most patients with 
minimally displaced DRFs can be treated nonop-
eratively with CR and 5-week cast immobiliza-
tion, with satisfactory outcomes. However, DRFs 
in the elderly are often comminuted and intra- 
articular, therefore requiring surgical treatment. 
Three-dimensional preoperative planning for the 
osteosynthesis of DRFs has been proved to be 
reproducible with an error of about 2  mm for 
each reference point. It has been reported that 
Steinmann pin retractor-assisted CR combined 
with PP ameliorates fracture reduction and wrist 
function and can serve as an efficacious tech-
nique for A2 (AO/OTA) and A3 type of DRFs in 
the elderly with limited dorsal comminution, 
including intra-articular fractures with displace-
ment less than 2 mm. DBP has been used most 
commonly in intra-articular, comminuted DRFs 
with overall functional wrist ROM, moderate 

patient-reported disability, and a 13% complica-
tion rate at follow-up. IlluminOss® System is a 
feasible alternative to treat DRFs with seemingly 
good clinical and functional result. However, one 
out of seven complications required surgical 
intervention. Fixation with VLP through the min-
imally invasive approach is a satisfactory and 
optional technique in the treatment of DRFs. This 
technique yields better early wrist function, 
shortens rehabilitation time, and obtains high 
psychological satisfaction. The plating method 
with a dual approach (dorsal and volar) may be 
an option for four-part intra-articular DRFs given 
its early mobility advantage and satisfactory 
functional and radiological results. It has been 
reported that prosthetic treatment of complex 
DRFs in elderly patients with the Cobra implant 
led to clinically and radiologically satisfactory 
midterm outcomes. However, the Cobra prosthe-
sis still does not represent a gold standard but can 
be regarded as a feasible salvage option for com-
plex DRFs when osteosynthesis may not be pos-
sible and nonoperative treatment will lead to 
further functional restrictions and wrist pain 
when performing activities of daily life in high 
functional demand patients. Restoration of ana-
tomic and thus radiologic parameters of the 
radius may not be obligatory to achieve satisfac-
tory functional result in patients with DRF aged 
50 years or above. It has been reported that the 
patient is the most important “factor” in deter-
mining the adequate and successful treatment 
method for DRFs. A randomized clinical trial 
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found no between-group differences in improve-
ment in wrist pain or function at 12 months from 
VLP fixation over CR and cast immobilization 
for displaced DRFs in older people. Other ran-
domized trial suggested that most elderly patients 
may be treated nonoperatively. A randomized 
study compared open reduction and VLP, exter-
nal fixation with or without supplementary pin-
ning, PP, and CR and casting. The study did not 
find clinically meaningful patient-reported out-
come differences 24  months after injury across 
treatment groups, with little change between 12 
and 24  months. Other reports compared a 
variable- angle volar plating and external fixator 
with K-wire augmentation in open reduction and 
internal fixation of DRFs. The conclusion was 
that the technique resulted in early wrist mobili-
zation, better ROM, less pain and disability, and 
early return of function. It has been reported that 
factors associated with operative treatment in 
elderly patients are largely related to the severity 
of the injury and included increasing dorsal tilt 
and AO/OTA classification type C fractures. 
Increasing Charlson Comorbidity Index (CCI) 
was the only factor independently associated 
with nonoperative treatment. This study stated 
that fracture severity was a strong driver in the 
decision to pursue operative treatment in patients 
aged >65  years, whereas augmenting CCI pre-
dicted nonoperative treatment.
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15Scapholunate Dissociation

Pablo Vadillo-Cardona, Alfonso Vaquero-Picado, 
and Fernando Corella

15.1  Introduction: Anatomy 
and Histology

The scapholunate interosseous ligament (SLIL) 
is an intrinsic, C-shaped ligament between the 
scaphoid and the lunate bones. The SLIL is ana-
tomically divided in three portions: dorsal, proxi-
mal or membranous, and volar.

The dorsal SLIL is a taut structure composed 
of parallel collagen fibers and contributes to most 
of the tensile strength. Overstraeten et  al. 
described the dorsal capsuloligamentous scaph-
olunate septum (DCSS) [1]. It is an attachment 
between the dorsal wrist capsule, the dorsal part 
of the SLIL, and the dorsal intercarpal ligament. 
It inserts on to the scaphoid, the lunate, and the 
SLIL and it may play an important role in the sta-
bilization of the scapholunate articulation.

The volar segment is similar in length and 
width but is approximately half as thick as the 
dorsal component and contains obliquely ori-
ented fibers.

The proximal portion is histologically distinct 
because it is composed of fibrocartilage. It is dif-

ficult to identify the limits between the ligament 
and the scaphoid and lunate cartilage [2].

Hagert and Mataliotakis studied the histology 
of the SLIL.  They described the different mor-
phology of every portion of the ligament [3–5]. 
The dorsal portion is the strongest, rich in dense 
collagen fibers with few mechanoreceptors. The 
volar portion is well innervated and vascularized 
and there are fewer collagen fibers, but it is rich 
in mechanoreceptors. Finally, the proximal part 
is formed by conjunctive tissue centrally sur-
rounded by fibrocartilage. There are some mech-
anoreceptors close to the palmar portion. 
According to these findings, the SLIL could be 
divided into a more mechanic dorsal portion and 
a more sensitive volar portion.

15.2  Pathomechanics

In a normal wrist there is an equilibrium between 
the flexion force applied over the scaphoid and 
the extension force applied over the triquetral. 
Both bones are stabilized to the lunate through 
the scapholunate and lunotriquetral ligaments. 
The scaphoid tends to flex the lunate and the tri-
quetrum to extend it (Fig. 15.1).

The dorsal portion of the SLIL is the primary 
stabilizer of the scapholunate interval. The most 
important secondary stabilizers are the 
radioscaphocapitate (RSC), scaphocapitate (SC), 
and volar scaphotrapeziotrapezoid (STT) liga-
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ments. After complete lesion of the SLIL, there is 
no visible alteration in normal X-ray. However, 
under load, in stress X-rays, we can identify signs 
of scapholunate dissociation. Overstretching of 

secondary stabilizers with time may cause atten-
uation and rupture of these ligaments. In normal 
X-rays, we will identify scaphoid flexion and an 
increased scapholunate (SL) gap [6].

In these cases, the scaphoid and lunate sepa-
rate under the application of force, the lunate 
rotates into extension, and the scaphoid flexes, 
pronates, and moves dorsally and radially. The 
scaphoid proximal pole translates dorsoradially 
causing an alteration in the distribution of forces 
in the wrist. There is an increase of pressure in 
the dorsoradial area of the distal radius that may 
explain the frequent development of degenerative 
changes in the dorsolateral margin of the 
radioscaphoid fossa.

The extended lunate remains stable with the 
radius due to the fact that both articular surfaces 
have the same radius of curvature. Progression of 
the degenerative changes in the articulation with 
time may end in a predictable degenerative pat-
tern termed scapholunate advanced collapse 
(SLAC) defined by Watson et al. [7]. Classically, 
it was thought that all SLIL lesions will progress 
to SLAC wrist. However, it is unclear which 
patients will end with an arthritic wrist. Some 
authors have described progressive deterioration 
of strength and mobility over time in an untreated 
SL lesion but the speed of progression in still 
unclear [8] (Fig. 15.2).

Fig. 15.1 The scaphoid tends to flex and the triquetrum 
to extend the lunate. The scapholunate and lunotriquetral 
ligaments stabilize the lunate in neutral position

Fig. 15.2 Scapholunate advanced collapse (SLAC) clas-
sification. On the left: SLAC 1, degenerative changes lim-
ited to the dorsum of the scaphoid fossa. On the middle: 

SLAC 2, degenerative changes in the whole scaphoid 
fossa. On the right: SLAC 3, degenerative changes affect-
ing the scaphoid and capitate

P. Vadillo-Cardona et al.
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15.3  Diagnosis

The most common mechanism of injury of SLIL 
is a fall with the wrist in extension, ulnar devia-
tion, and midcarpal supination. This mechanism 
can cause several lesions including concomitant 
fractures of the scaphoid or the distal radius.

Symptoms of SLIL injury may vary depend-
ing of the degree of disruption and the time from 
the lesion. A high index of suspicion is needed to 
avoid missing this injury. Most common com-
plaints are poor grip strength, decreased mobility, 
and tenderness over the dorsal SLIL. Pain is vari-
able and usually increased with activity. 
Sometimes the patients describe a “clunk” in the 
wrist after some movements due to the disloca-
tion and reduction of the scaphoid.

15.3.1  Physical Exams

Scaphoid Shift Test or Watson Test: The examiner 
places four fingers in the dorsum of the radius 
and the thumb on the distal pole of the scaphoid. 
The other hand moves the wrist passively from 
ulnar to radial deviation. In SLIL lesions, pres-

sure over the distal pole of the scaphoid during 
ulnar to radial deviation prevents flexion of the 
scaphoid. The scaphoid could be subluxated dor-
sally in complete lesions. When pressure is 
released, a painful “clunk” could be felt when the 
scaphoid reduces into the fossa. It is important to 
compare both wrists. Watson test could be posi-
tive in cases of hyperlaxity [9] (Fig. 15.3).

Scapholunate Ballottement Test: The lunate is 
stabilized with one hand and the scaphoid is dis-
placed dorsally and volarly. The test is positive 
when there is pain, crepitus, or increased mobil-
ity (Fig. 15.4).

15.3.2  Radiological Examination

Radiological examination should include dorso-
palmar, lateral, and stress views. AP fist with 30° 
ulnar deviation and clenched-fist views have the 
most consistent increase in scapholunate distance 
[10]. Contralateral views should be obtained for 
comparison (Fig. 15.5).

The radiographical signs of SLIL lesions are 
as follows:

Fig. 15.3 Watson test

15 Scapholunate Dissociation
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• Terry-Thomas sign, defined as a scapholunate 
distance >3  mm. Nevertheless, significant 
variability exists between patients.

• Signs of scaphoid flexion as the ring sign and 
shortening of the scaphoid in the PA view.

• Measurement of radiocarpal angles is difficult 
because of the irregular shape of the carpal 
bones. Small changes in wrist positioning can 
severely change measurements. High-quality 
views are needed for proper interpretation. 
Good-quality lateral views should show inter-
position of the scaphoid tubercle and pisiform 

and radius. Capitate and third metacarpals 
should be aligned.
 – Scapholunate angle >70° is considered a 

sign of abnormal flexion of the scaphoid; 
normal scapholunate angle ranges between 
30° and 60°.

 – Radiolunate angle >15° is a defined sign of 
dorsal intercalated segment instability 
(Fig. 15.6).

SLIL injuries could be classified according to 
the radiological findings in four stages:

 1. Pre-dynamic instability: standard and stress 
radiographs are normal. It corresponds to a 
partial SLIL rupture that can only be diag-
nosed by MRI or arthroscopy.

 2. Dynamic instability: standard radiographs are 
normal and only stress views show signs of 
SLIL instability. It is associated with a com-
plete SLIL rupture.

 3. Static instability: there are radiographic signs 
of SLIL dissociation in standard and stress 
radiographs. It is associated with a complete 
rupture of the SLIL and attenuation of sec-
ondary stabilizers.

Fig. 15.5 Clenched-fist view showing and increased 
scapholunate (SL) gap

Fig. 15.6 A positive Terry-Thomas sign (marked as 1) 
and a ring sign (marked as 2)

Fig. 15.4 Scapholunate ballottement test

P. Vadillo-Cardona et al.
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 4. Scapholunate advanced collapse (SLAC) 
wrist: Watson et  al. described four different 
stages, which will be described later.

15.3.2.1  Advance Imaging
Magnetic resonance imaging (MRI) is not so 
accurate as in other joints due to the complex 
anatomy of the wrist ligaments [11]. According 
to a comparative study between magnetic reso-
nance arthrography (MRA) and MRI, the sensi-
tivity for detection of SLIL injury of 1.5 T MRI 
was 45% and 75.7% for 3  T.  MRA sensitivity 
was higher but similar to 3 T MRI at 82.1% [12]. 
The use of 3 T MRI has improved the visualiza-
tion of the ligaments of the wrist; however, SLIL 
lesions are still difficult to identify in 
MRI. Dietrich et al. published an interdisciplin-
ary consensus on imaging of SL instability [13]. 
The consensus agreement suggested that radio-
graphs, radiographic stress views, dynamic fluo-
roscopy, MRA, and CTA are currently the most 
useful and accurate imaging techniques for SL 
instability diagnosis.

15.3.2.2  Arthroscopic Examination
Arthroscopy is considered the gold standard for 
the diagnosis of SLIL injuries. It allows the diag-
nosis and treatment of multiple pathologies. 
Initially, wrist arthroscopy was performed using 
constant saline flow irrigation [14]. The concept 
of dry wrist arthroscopy was developed by del 
Piñal et al. and it is very suitable for the diagnosis 
and treatment of SL lesions [15] (Fig. 15.7).

Geissler defined a treatment-oriented classifi-
cation that evaluates the scapholunate interval. 
SLIL should be evaluated both through the radio-
carpal and midcarpal joints [16]. When visual-
ized from the radiocarpal joint, SLIL is best 
viewed through the 3–4 portal with a probe in the 
6R portal. The normal scapholunate ligament is 
confluent between the scaphoid and the lunate 
and it is usually difficult to differentiate under 
direct visualization. On palpation, the scapholu-

nate ligament is softer than the scaphoid and 
lunate. In the midcarpal joint, the SLIL is visual-
ized through the midcarpal ulnar portal (MCU) 
and the probe in the midcarpal radial portal 
(MCR) (Table 15.1) (Fig. 15.8).

The European Wrist Arthroscopy Society 
(EWAS) modified in 2009 Geissler’s classifica-
tion [17] (Table 15.2):

The arthroscopic scaphoid 3D (dorsal, 
dynamic, displacement) test was described by 
Corella et al. to check the abnormal dorsal dis-
placement of the scaphoid. To perform the test, 
traction should be released and the arthroscope 
set under the lunate (in the radiocarpal joint) or 
on the lunate (in the midcarpal joint). The scaph-
oid is manually pushed dorsally at the scaphoid 
tubercle. A negative test is defined when all the 
proximal row bones are minimally displaced, and 

Fig. 15.7 Wrist arthroscopy. The scope is placed in the 
6R portal
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Table 15.1 Geissler classification of scapholunate ligament injuries

Stage Radiocarpal view Midcarpal view
I Attenuation and hemorrhage of SL ligament Tight SL interval. Probe cannot be inserted.
II Attenuation and hemorrhage of SL ligament Probe can be inserted but not rotated.
III Radiocarpal step-off, SL tear Probe enters SL interval and can be rotated.
IV Radiocarpal step-off, SL tear 2.7-mm scope can be driven through the SL interval.

Fig. 15.8 On the left, Geissler grade III lesion; on the right, Geissler grade IV lesion

Table 15.2 European Wrist Arthroscopy Society (EWAS) classification of scapholunate ligament injuries

EWAS Description Arthroscopic test
I As Geissler type I Tight SL joint space; probe cannot be inserted.
II As Geissler type II Entry of the probe but not its rotation.
IIIA Type II + volar SL ligament disruption Volar laxity, no tension of the volar ligament when tested 

with the probe.
IIIB Type II + dorsal SL ligament disruption Dorsal laxity, no tension of the dorsal ligament when tested 

with the probe.
IIIC Type II + volar and dorsal SL ligament 

disruption
Volar and dorsal laxity; probe can be rotated in SL interval.

IV IIIC + SL gap, no misalignment or 
reducible

A 2.7 mm scope can be driven through the SL interval to 
the radiocarpal joint

V IV + misalignment, not reducible SL gap with radiographic abnormalities.

there is no scapholunate instability. A positive 
test is found when the scaphoid is displaced dor-
sally while the lunate remains static; this indi-
cates scapholunate instability [18].

After evaluating SLIL lesions, it is impor-
tant to check the rest of the joint for the pres-

ence of arthritis or other ligamentous injuries. 
These findings will help us to differentiate an 
acute lesion from a chronic rupture or a SLAC 
wrist.
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Table 15.3 Garcia-Elias classification

I II III IV V VI
Is there a partial rupture with a normal dorsal SL ligament? Yes No No No No No
If ruptured, can the dorsal SL ligament be repaired? Yes Yes No No No No
Is the scaphoid normally aligned (RS <45°)? Yes Yes Yes No No No
Is the carpal malalignment easily reducible? Yes Yes Yes Yes No No
Is the articular cartilage normal? Yes Yes Yes Yes Yes No

15.4  Principles of Treatment

Treatment of SLIL lesions is controversial. There 
are numerous techniques described supported by 
limited evidence-based studies. Most treatment 
recommendations are based on expert opinions.

Garcia-Elias et  al. proposed six questions to 
grade the scapholunate lesions in six stages, from 
a minor problem (stage I) to severe pathology 
(stage VI). Treatment recommendations were 
given for every stage [19] (Table 15.3).

15.4.1  Stage I: Partial SLIL Injury

The SLIL is only stretched or partially disrupted, 
and the dorsal portion of the ligament is intact. 
The degree of SLIL lesion varies from a disten-
sion (Geissler I) to a partial rupture (Geissler II). 
Wrist alignment is not altered but there is 
increased motion between the scaphoid and 
lunate causing cartilage loading and synovitis.

In standard and stress radiographs, there is no 
gap in the SL interval or malalignment. The SLIL 
lesion can only be diagnosed arthroscopically or 
by MRI. According to the radiographic findings, 
some authors defined this as occult or pre- 
dynamic instability [20].

These patients, when symptomatic, could be 
treated by (1) arthroscopic debridement, (2) 
arthroscopic debridement and ligament shrink-
age, or (3) reeducation of wrist proprioception.

15.4.1.1  Arthroscopic Debridement 
and Electrothermal 
Ligament Shrinkage

Synovectomy and debridement of torn and unsta-
ble ligament portions is performed in the radio-
carpal and midcarpal joints. Electrothermal 

treatment is administered in short, non-ablative 
pulses over the SL ligament to produce a visible 
color and texture change. Specific focus is paid in 
the dorsal portion of the SLIL. The synovial fluid 
temperature should be monitored to avoid high 
temperatures that could cause chondrolysis.

Good clinical results, diminishing pain, and 
improving function are expectable with this tech-
nique, but the duration of the clinical relief is 
controversial. Lee et al. published good results in 
Geissler I and II lesions, reducing pain and 
improving grip strength in 14 patients with a 
mean follow-up of 53  months [21]. Burn et  al. 
demonstrated excellent results in 9 patients with 
a follow-up of 5 years [22]. Patients had a mean 
grip strength equal to the contralateral extremity, 
near symmetric wrist motion, and a QuickDASH 
score improvement of 39 points.

15.4.1.2  Reeducation of Wrist 
Proprioception

Muscles act as carpal dynamic stabilizers; their 
contraction counteracts the displacement of the 
scaphoid in disrupted SLIL.  Hagert et  al. 
described the presence of mechanoreceptors in 
carpal ligaments that act as sensors to activate 
the contraction of the muscles to counteract the 
forces deforming the carpal bones [23]. Under 
axial load, the scaphoid tends to flex and pro-
nate. Muscles that supinate the distal row com-
pensate these forces. The abductor pollicis 
longus (APL) and extensor carpi radialis longus 
(ECRL) have demonstrated to supinate the car-
pal distal row, whereas the extensor carpi ulnaris 
(ECU) acts as a pronating muscle. The flexor 
carpi radialis (FCR) acts as a pronator muscle 
that supinates the scaphoid because of its rela-
tions to the scaphoid tuberosity [24]. 
Conservative management should focus on 
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strengthening and proprioception reeducation of 
the supinator muscles (APL, ECRL, and FCR) 
while avoiding activation of the ECU.  Certain 
orthosis could be modeled to place the wrist in 
slight extension, ulnar deviation, and supination 
to avoid contraction of the ECU [25, 26].

15.4.2  Stage II: Complete SLIL Injury, 
Repairable

In this stage, SLIL is completely disrupted but the 
dorsal portion is repairable. Arthroscopically, a 
complete Geissler grade III lesion is visualized. 
There is no malalignment and the secondary stabi-
lizers are competent but tend to fail when loaded. 
There are only radiographic signs of instability in 
stress radiographs, SL gap or scaphoid flexion. 
This stage corresponds to a dynamic instability.

Anderson et al. described four types of dorsal 
SLIL ruptures: avulsion from the scaphoid 
(42%), avulsion from the lunate (18%), mid- 
substance rupture (20%), and partial rupture and 
elongation (22%) [27].

SLIL repairability depends on the quality of 
the ligament remnant. Mid-substance ruptures 
tend to degenerate very quickly and are often 
non-repairable. Bone avulsions are usually more 
favorable to repair. Lesions occurring after 
3–4  months tend to degenerate and are usually 
not suitable for repair.

Treatment options for direct repair are (1) 
open reduction and dorsal ligament repair and (2) 
Arthroscopic repair.

15.4.2.1  Open Reduction and Dorsal 
SL Ligament Repair

A longitudinal, “Z-shaped,” or transverse skin 
incision is made. The extensor retinaculum is 
open over the third extensor compartment, pro-
tecting the extensor pollicis longus tendon. 
Capsule incision varies depending of the poste-
rior interosseous nerve. It could be excised, and a 
capsulotomy is made following the dorsal fiber- 
splitting approach described by Berger [28] or 
preserved using a nerve-sparing approach as 
described by Garcia-Elias. After exposing the SL 
interval, the ligament rupture is explored. 
According to the Anderson classification, the 

repair can be made by direct suture (mid- 
substance rupture) or by reinserting the ligament 
to the bone using an anchor. Usually, the repair is 
protected by transfixing the SL and SC joint with 
K-wires. Several authors recommend performing 
a dorsal capsulodesis during closure to reinforce 
the repair. Wires are removed after 8–10 weeks 
and a splint is maintained for a total of 12 weeks. 
A retrospective review of 82 patients showed 
acute repairs have better results than chronic ones 
[29]. Rosati et al. reported, in 18 patients with an 
average follow-up of 32  months, excellent or 
good functional outcomes in 88% of the patients 
[30]. Recently, Loisel et  al. reported significant 
changes in carpal bone stability after performing 
the dorsal fiber-splitting approach in a cadaveric 
study [31]. They described a “window” approach 
that preserved the critical dorsal stabilizers and 
did not alter bone alignment (Fig. 15.9).

15.4.2.2  Arthroscopic Repair 
and Capsular Reinforcement

Arthroscopic repair and capsular reinforcement 
are performed through the four standard portals: 
3–4, 6R, midcarpal radial (MCR), and midcarpal 
ulnar (MCU). The 6R portal is used for vision 
and the 3–4 as a working portal. Under direct 
vision, an anchor is introduced in the scaphoid or 

Fig. 15.9 Berger approach to reach the carpal bone
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lunate upon the insertion of the SLIL, depending 
on where the SLIL has been detached. One side 
of the suture is passed through the remaining 
SLIL and both sutures are tied together. 
Depending on the lesion, sometimes more than 
one anchor is needed. The sutures of the implant 
are used for dorsal capsular plication. One side of 
the suture is passed to the midcarpal joint through 
the ligament and recovered to the radiocarpal 
joint between the capsule and the extensor ten-
dons. Finally, both ends are tied together making 

a dorsal plication of the capsule. Carratala et al. 
reported good to excellent results in 79% of 19 
patients with a follow-up of 1  year using this 
technique [32].

Mathoulin et al. described a capsuloligamen-
tous repair performing a direct repair of the liga-
ment and the dorsal capsule [33]. The indications 
were acute and chronic cases–Geissler 2, 3, and 
4. K-wires were added in stage IV cases. 
Published results were good to excellent in most 
of cases (Fig. 15.10).

Fig. 15.10 Arthroscopic repair of a torn dorsal scapholu-
nate (SL) ligament. Top left image: avulsion of the dorsal 
scapholunate interosseous ligament (SLIL). Top right 

image: anchor placement over the SLIL insertion. Down 
left image: suture passing through the SL remnant. Down 
right image: suture of the ligament
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15.4.3  Stage III: Complete SLIL 
Lesion, Non-Repairable, No 
Malalignment

This is a complete lesion of the SLIL with poor 
healing potential, irreparable. There is still no 
malalignment because secondary stabilizers are 
still competent. This stage is radiographically 
defined as dynamic instability.

Most treatments for stage III utilize local tis-
sues, like capsule, ligaments, or 
 bone-ligament- bone autografts, to supplement 
local stabilizers. Treatment options are (1) dorsal 
capsulodesis, (2) bone-ligament-bone autografts, 
and (3) ligamentoplasties.

Dorsal Capsulodesis: It is carried out like the 
Blatt technique or Mayo Clinic scapholunate lig-
amentoplasty, using the capsule or the dorsal 
intercarpal ligament, respectively, to prevent 
scaphoid flexion. Both techniques showed 
improvement of symptoms but also significant 
reduction in range of motion and strength [34, 
35].

Bone-Ligament-Bone Autografts: Grafts from 
the distal radius and dorsal retinaculum, or third 
metacarpal-capitate, have been used. There is 
still no long-term evidence of the results, but they 
have shown limited effect on preserving carpal 
alignment and preventing wrist arthritis.

Ligamentoplasties: Due poor results and 
decreased mobility of the aforementioned tech-
niques, there is a trend to directly treat stage III 
lesions using scapholunate ligamentoplasties. 
These techniques will be described in the next 
section.

15.4.4  Stage IV: Complete, 
Irreparable SLIL Injury, 
Reducible Malalignment

In stage IV, there is a complete, irreparable SLIL 
lesion. Secondary stabilizers are stretched or dis-
rupted. Plain radiographs show an increased SL 
gap in PA view and scaphoid flexion in lateral 
view. There is no cartilage damage. This stage is 

radiographically defined as static instability. The 
scaphoid will assume a flexed and pronated posi-
tion and the lunate will be extended.

Three different treatment options have been 
described for this stage:

 1. Reconstruction of the ruptured ligaments with 
tendon grafts:

 (a) Open reconstruction
 (b) Arthroscopic scapholunate 

ligamentoplasty
 (c) Arthroscopically assisted ligament 

reconstruction
 2. Reduction-association of the SL joint (RASL) 

procedure

15.4.4.1  SLIL Ligamentoplasty Using 
a Tendon Graft

The “three-ligament tenodesis” uses the flexor 
carpi radialis (FCR) tendon to reconstruct the 
SLIL. The FCR is divided proximally, maintain-
ing its insertion in the second metacarpal. A tun-
nel is made in the scaphoid from the insertion of 
the dorsal SLIL to the palmar tuberosity. The ten-
don strip is retrieved dorsally and fixed to the 
dorsum of the lunate using an anchor. The 
remainder of the tendon is pulled through the 
radiotriquetral ligament and sutured back in the 
lunate. K-wires are placed between the scaphoid 
and lunate and between the scaphoid and capitate 
to protect the reconstruction. Wrist immobiliza-
tion is maintained for 6 weeks, and then a remov-
able splint for additional 6  weeks. K-wires are 
removed at 8 weeks postoperatively. Garcia-Elias 
et  al. published a series of 38 patients with an 
average follow-up of 46 months [36]. Pain relief 
at rest was obtained in 28 patients, 8 patients 
complained of mild discomfort during strenuous 
activity, and 2 had pain in most activities. Range 
of motion was 75% compared with the contralat-
eral wrist and there was recurrence of malalign-
ment in two wrists. Kakar et al. described a 360° 
reconstruction with tendon graft augmented with 
an internal brace [37]. The results in a cadaver 
study showed a significant superior biomechani-
cal stability than tenodesis alone.
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15.4.4.2  Arthroscopic Scapholunate 
Ligamentoplasty

Arthroscopic scapholunate ligamentoplasty com-
bines the advantages of the arthroscopic and open 
techniques. Corella et  al. described an 
arthroscopic ligamentoplasty that reconstructs 
the dorsal and volar SL ligament with a strip of 
the FCR [38]. To perform the technique, seven 
portals are used, and one more is needed to 
retrieve the FCR tendon: the four standard portals 
(3–4, 6R, MCR, and MCU), dorsal central (DC), 
volar central (VC), and radial distal (RD). A tun-
nel is created from the dorsal insertion of the SL 
ligament to the scaphoid tubercle. Another tunnel 
is drilled in the lunate parallel to the radiocarpal 
joint line. The tendon is retrieved through the 

scaphoid tunnel dorsally and then to the dorsum 
of the lunate intra-articularly. The tendon is then 
passed through the lunate tunnel volarly, passed 
extra-articularly to the scaphoid, and fixed to the 
scaphoid with an anchor. Interference screws are 
used to fix the tendon to the scaphoid and lunate. 
A removable splint is used for the first 6 weeks, 
and a dart-throwing motion is started at 2 weeks 
and progressive flexion-extension exercises at 
4  weeks. At 6  weeks, progressive strength and 
proprioceptive exercises are started, and after 
12  weeks, normal activity is resumed. They 
recently published the results in 46 patients 
showing a significant increase in grip strength 
and decrease in pain scales at 1 and 2 years post-
operatively [39] (Fig. 15.11).

Fig. 15.11 Arthroscopic ligamentoplasty. Scaphoid tun-
nel is drilled from the dorsal insertion of the scapholunate 
ligament to the scaphoid tubercle. The second tunnel is 
drilled parallel to the joint surface of the lunate. A loop is 
passed from the dorsal to the 3–4 portal. Passage of the 
graft through the scaphoid tunnel and fixation using an 
interference screw. The graft is captured in the loop and 
recovered intra-articularly and dorsally on the lunate. The 
graft is passed through the lunate dorsal to volar and 

recovered through the volar central portal. The graft is 
fixed with a tenodesis screw. The graft is passed extra- 
articularly to the scaphoid and fixed with an anchor. 
Reprinted with permission from Corella F, Del Cerro M, 
Ocampos M, Simon de Blas C, Larrainzar-Garijo 
R.  Arthroscopic scapholunate ligament reconstruction, 
volar and dorsal reconstruction. Hand Clin. 
2017;33:687–707
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15.4.4.3  Arthroscopically Assisted 
Ligament Reconstruction

Ho et  al. described a combined limited open 
reconstruction with the assistance of arthroscopy 
[40]. They reconstructed the dorsal and volar por-
tion of the SLIL using a palmaris longus tendon 
graft. The scaphocapitate joint was transfixed 
with Kirschner wires for 6–8 weeks after surgery. 
The authors published their results in 17 patients 
with a follow-up of 48.3 months. Eleven patients 
had no pain and 6 had some pain on maximum 
exertion or extreme motion. The mean grip was 
120% of the preoperative status and motion 
improvement between 13% and 27%.

15.4.4.4  Reduction-Association 
of the SL Joint (RASL) 
Procedure

The reduction-association of the SL joint (RASL) 
procedure was initially described by White et al. 
[41]. They used a Herbert screw placed between 
the scaphoid and the lunate to develop a soft tis-
sue nonunion that stabilized the bones. The 
results published with the RASL technique are 
controversial, and some authors endorse good 
results using this technique but there are cases 
describing hardware failure and recurrence of 
deformity [42].

15.4.5  Stage V: Chronic SL Injury 
with Irreducible Malalignment 
and Normal Joint Cartilage

In stage V, there is a chronic, irreparable SL 
lesion and a fixed malalignment. The cartilage is 
still preserved. Like stage IV, it is defined as a 
static instability. Treatment options are limited 
intercarpal arthrodesis. The goal of treatment is 
to reduce pain and preserve some range of motion 
at this stage [43].

15.4.5.1  Scapholunate Arthrodesis
Scapholunate arthrodesis has been attempted 
with little success, and published union rates are 
around 50%.

15.4.5.2  Scaphoid-Trapezium- 
Trapezoid Arthrodesis

Scaphoid-trapezium-trapezoid (STT) arthrodesis 
has a higher rate of union up to 86% (Stewart) 
with reduced range of motion and strength. There 
is a significant limited radial deviation and flex-
ion of the scaphoid due to the arthrodesis. A 
radial styloidectomy has been described by some 
authors to increase mobility [44].

15.4.5.3  Radioscaphoid-Lunate 
Arthrodesis

Radioscaphoid-lunate fusion was developed to 
restore scaphoid position. Initially, wrist flexion 
was severely limited due to the scaphoid fixation. 
Garcia-Elias et al. described the excision of the 
distal pole of the scaphoid to allow more motion 
and decrease STT arthritis [45]. The midcarpal 
joint motion is preserved in the dart-thrower’s 
plane when the distal pole is excised. Garcia- 
Elias et al. published, in 16 patients with an aver-
age follow-up of 37 months, complete pain relief 
in 10 patients, slight pain in 3 patients, and occa-
sional pain in 3 patients. The average postopera-
tive range of motion was 32° of flexion, 35° of 
extension, 14° of radial deviation, and 19° of 
ulnar deviation [45].

15.4.6  Stage VI: Chronic SL Injury 
with Irreducible Malalignment 
and Cartilage Damage

In stage VI, the ligament is irreparable, malalign-
ment is not reducible, and the cartilage is damaged. 
Standard radiographs will show a static dissocia-
tion with osteoarthritis changes in the wrist. This 
stage corresponds to a scapholunate advance col-
lapse (SLAC). SLAC wrist was divided in four 
stages as defined by Watson et al. [7].

 1. Stage I is defined by limited osteoarthritis in 
the dorsum of the scaphoid fossa in the radius.

 2. Stage II exhibits osteoarthritis and joint space 
narrowing in the whole scaphoid fossa in the 
radius.

P. Vadillo-Cardona et al.
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Fig. 15.12 Degenerative changes limited to the dorsum 
of the scaphoid fossa (scapholunate advanced collapse 
[SLAC] 1)

Table 15.4 Scapholunate advanced collapse (SLAC) 
treatment

SLAC Treatment
I Dorsal styloidectomy
II PRC or 4CA
III 4CA
IV Total wrist arthrodesis

 3. Stage III adds to stage 1 and 2 osteoarthritis 
between the lunate and capitate.

 4. Stage IV is defined by the presence of osteo-
arthritis in the radiolunate fossa.

15.4.6.1  SLAC 1 Treatment
In stage I SLAC, the recommended treatment for 
symptomatic patients is a styloidectomy of the dor-
sum of the radioscaphoid fossa. It has been described 
as open or arthroscopically. In the arthroscopic 
technique, the 1 and 2 portals are commonly used to 
perform the styloidectomy [46] (Fig. 15.12).

15.4.6.2  SLAC 2 Treatment
Main options of treatment are a proximal row 
carpectomy (PRC) or the “four-corner 
arthrodesis.”

PRC is performed by excising the scaphoid, 
lunate, and triquetrum bones. A new joint 
between the proximal pole of the capitate and the 
radius is created. Wall et al. published that in 16 
patients, 35% required another surgery in a mini-
mum follow-up of 20  years [47]. A 72% grip 
strength compared to contralateral wrist and an 
average flexion-extension arc of 68° was reported.

The four-corner arthrodesis (4CA) involves 
excision of the scaphoid and fusion of the capi-

tate, hamate, lunate, and triquetrum. Arthrodesis 
could be performed open or arthroscopically 
using screws or specific plates. Traverso et al. fol-
lowed 15 patients for an average of 18 years [48]. 
They reported a wrist flexion/extension arc of 68° 
and QuickDASH scores of 7.8 on average. Bain 
et al. reported significant pain relief and no reduc-
tion of grip strength in 31 patients at 1 and 
10 years after surgery [49].

When comparing 4CA and PRC, there are no 
significant clinical differences between both 
techniques. In practice, although the decision is 
based on the etiology and extent of joint involve-
ment, it is mostly influenced by the patient’s 
functional demands and state of the wrist. PRC is 
contraindicated in stage III SLAC wrist due to the 
arthritic capitate that would become the focal 
point of wrist loading causing pain. PRC results 
are slightly better in terms of motion. Four-corner 
arthrodesis patients have higher grip strength 
with less mobility than PRC ones. Usually PRC 
is preferred in older patients who prefer mobility 
over strength and four-corner arthrodesis in 
younger patients who need a stronger wrist [50].

15.4.6.3  Stage III SLAC Treatment
Stage III SLAC wrist should not be treated by 
PRC. Four-corner arthrodesis is recommended.

15.4.6.4  Stage IV SLAC Treatment
Stage IV SLAC wrist has degenerative changes 
in the radiolunate joint. In cases of significant 
pain, a total wrist arthrodesis is frequently indi-
cated. Published results show significant pain 
relief and functional grip strength [51]. Loss of 
wrist motion is well tolerated in selected patients. 
Wrist arthroplasty may be indicated in certain 
patients with SLAC IV wrist (Table 15.4).
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Table 15.5 Author-preferred treatment summary

Instability Garcia-Elias EWAS Geissler Treatment
Pre-dynamic 1 I, II, or IIIa I or II Synovectomy
Dynamic 2 IIIb or IIIc III Suture and capsular plicature
Dynamic 3 IV IV Ligamentoplasty
Static 4 Ligamentoplasty
Static 5 V Limited arthrodesis
SLAC 6 Salvage procedure

15.5  Authors’ Preferred 
Treatment

Wrist arthroscopy has improved the knowledge 
of SLIL lesions, allowing a precise diagnosis. In 
addition, it permits to repair carpal lesions with-
out extensive approaches that may damage sec-
ondary stabilizers, blood vessels, and wrist 
proprioception. We systematically performed 
wrist arthroscopy in cases of suspected SL 
lesions.

Stage I: In cases of symptomatic partial 
lesions, we usually perform a synovectomy and 
limited debridement of the torn ligament.

Stage II: Cases of complete reparable disrup-
tion are treated by direct repair. Suture and dorsal 
capsule plicature are used as described by 
Carratala et al. or Mathoulin.

Stages III and IV: In cases of complete, irrepa-
rable rupture or reducible malalignment, we per-
formed a ligamentoplasty as described by Corella 
et al.

Stage V: We usually recommend observation 
and perform a radiolunate-scaphoid partial 
arthrodesis in cases of intolerable pain.

Stage VI: In SLAC wrists, we do salvage pro-
cedures according to the stage of SLAC. In stage 
I arthroscopic dorsal styloidectomy, stage II 
arthroscopic proximal row carpectomy or four- 
corner fusion, stage III arthroscopic four-corner 
fusion, and stage IV total wrist arthrodesis 
(Table 15.5).

15.6  Conclusions

Injury to the scapholunate interosseous ligament 
(SLIL) is the most common cause of carpal insta-
bility and can cause important functional impair-

ment to the patient. Initially, SLIL lesions are 
well tolerated due to the function of the second-
ary stabilizers. Nevertheless, chronic lesions may 
cause instability and osteoarthritis, as evidenced 
by clinical conditions such as dorsal intercalated 
segment instability (DISI) and scapholunate 
advanced collapse (SLAC).

References

1. Overstraeten LV, Camus EJ, Wahegaonkar A, Messina 
J, Tandara AA, Binder AC, et al. Anatomical description 
of the dorsal capsulo-scapholunate septum (DCSS)-
arthroscopic staging of scapholunate instability after 
DCSS sectioning. J Wrist Surg. 2013;2:149–54.

2. Rajan PV, Day CS.  Scapholunate interosseous liga-
ment anatomy and biomechanics. J Hand Surg Am. 
2015;40:1692–702.

3. Hagert E, Forsgren S, Ljung BO. Differences in the 
presence of mechanoreceptors and nerve structures 
between wrist ligaments may imply differential roles 
in wrist stabilization. J Orthop Res. 2005;23:757–63.

4. Hagert E, Garcia-Elias M, Forsgren S, Ljung 
BO. Immunohistochemical analysis of wrist ligament 
innervation in relation to their structural composition. 
J Hand Surg Am. 2007;32:30–6.

5. Mataliotakis G, Doukas M, Kostas I, Lykissas M, 
Batistatou A, Beris A. Sensory innervation of the sub-
regions of the scapholunate interosseous ligament in 
relation to their structural composition. J Hand Surg 
Am. 2009;34:1413–21.

6. Short WH, Werner FW, Green JK, Masaoka 
S.  Biomechanical evaluation of ligamentous stabi-
lizers of the scaphoid and lunate. J Hand Surg Am. 
2002;27:991–1002.

7. Watson HK, Ballet FL.  The SLAC wrist: scapholu-
nate advanced collapse pattern of degenerative arthri-
tis. J Hand Surg Am. 1984;9:358–65.

8. O'Meeghan CJ, Stuart W, Mamo V, Stanley JK, Trail 
IA. The natural history of an untreated isolated scaph-
olunate interosseous ligament injury. J Hand Surg Br. 
2003;28:307–10.

9. Watson HK, Ashmead D IV, Makhlouf 
MV. Examination of the scaphoid. J Hand Surg Am. 
1988;13:657–60.

P. Vadillo-Cardona et al.



205

10. Lee SK, Desai H, Silver B, Dhaliwal G, Paksima 
N.  Comparison of radiographic stress views for 
scapholunate dynamic instability in a cadaver model. 
J Hand Surg Am. 2011;36:1149–57.

11. Daunt N. Magnetic resonance imaging of the wrist: 
anatomy and pathology of interosseous ligaments 
and the triangular fibrocartilage complex. Curr Probl 
Diagn Radiol. 2002;31:158–76.

12. Hafezi-Nejad N, Carrino JA, Eng J, Blackmore C, 
Shores J, Lifchez SD, et al. Scapholunate interosse-
ous ligament tears: diagnostic performance of 1.5 T, 
3 T MRI, and MR arthrography-a systematic review 
and meta-analysis. Acad Radiol. 2016;23:1091–103.

13. Dietrich TJ, Toms AP, Cerezal L, Omoumi P, Boutin 
RD, Fritz J, et  al. Interdisciplinary consensus state-
ments on imaging of scapholunate joint instability. 
Eur Radiol. 2021:10.1007/s00330-021-08073-8. 
Online ahead of print.

14. Palmer AK. Triangular fibrocartilage disorders: injury 
patterns and treatment. Arthroscopy. 1990;6:125–32.

15. del Piñal F, García-Bernal FJ, Pisani D, Regalado 
J, Ayala H, Studer A. Dry arthroscopy of the wrist: 
surgical technique. J Hand Surg Am. 2007;32: 
119–23.

16. Geissler WB, Freeland AE, Savoie FH, McIntyre LW, 
Whipple TL. Intracarpal soft-tissue lesions associated 
with an intra- articular fracture of the distal end of the 
radius. J Bone Joint Surg Am. 1996;78:357–65.

17. Messina JC, van Overstraeten L, Luchetti R, Fairplay 
T, Mathoulin CL. The EWAS classification of scaph-
olunate tears: an anatomical arthroscopy study. J 
Wrist Surg. 2013;2:105–9.

18. Corella F, Ocampos M, Cerro MD.  Arthroscopic 
scaphoid 3D test for scapholunate instability. J Wrist 
Surg. 2018;7:89–92.

19. Garcia-Elias M, Lluch AL, Stanley JK.  Three- 
ligament tenodesis for the treatment of SL dissocia-
tion: indications and surgical technique. J Hand Surg 
Am. 2006;31:125–34.

20. Watson HK, Weinzweig J, Zeppieri J: The natu-
ral progression of scaphoid instability. Hand Clin 
1997;13:39–49.

21. Lee JI, Nha KW, Lee GY, Kim BH, Kim JW, Park 
JW. Long-term outcomes of arthroscopic debridement 
and thermal shrinkage for isolated partial intercarpal 
ligament tears. Orthopedics. 2012;35:e1204–9.

22. Burn MB, Sarkissian EJ, Yao J. Long-term outcomes 
for arthroscopic thermal treatment for scapholunate 
ligament injuries. J Wrist Surg. 2020;9:22–8.

23. Hagert E. Proprioception of the wrist joint: a review 
of current concepts and possible implications on the 
rehabilitation of the wrist. J Hand Ther. 2010;23:2–17.

24. Esplugas M, Garcia-Elias M, Lluch A, Llusá PM. Role 
of muscles in the stabilization of ligament-deficient 
wrists. J Hand Ther. 2016;29:166–74.

25. Lluch A, Salvà G, Esplugas M, Llusá M, Hagert E, 
Garcia-Elias M.  El papel de la propiocepción y el 
control neuromuscular en las inestabilidades del 
carpo. Revista Iberoamericana de Cirugía de la Mano. 
2015;43:70–8.

26. Salvà-Coll G, Garcia-Elias M, Leon-Lopez MT, 
Llusa-Perez M, Rodríguez-Baeza A. Effects of fore-
arm muscles on carpal stability. J Hand Surg Eur. 
2011;36:553–9.

27. Andersson JK, Garcia-Elias M. Dorsal scapholunate 
ligament injury: a classification of clinical forms. J 
Hand Surg Eur. 2013;38:165–9.

28. Berger RA. The ligaments of the wrist: a current over-
view of anatomy with considerations of their potential 
functions. Hand Clin 1997;13:63–82.

29. Rohman EM, Agel J, Putnam MD, Adams 
JE.  Scapholunate interosseous ligament injuries: a 
retrospective review of treatment and outcomes in 82 
wrists. J Hand Surg. 2014;39:2020–6.

30. Rosati M, Parchi P, Cacianti M, Poggetti A, Lisanti 
M.  Treatment of acute scapholunate ligament 
injuries with bone anchor. Musculoskelet Surg. 
2010;94:25–32.

31. Loisel F, Wessel LE, Morse KW, Victoria C, Meyers 
KN, Wolfe SW. Is the dorsal fiber-splitting approach 
to the wrist safe? A kinematic analysis and introduc-
tion of the “window” approach. J Hand Surg Am. 
2021:S0363-5023(21)00368-3.

32. Carratalá V, Lucas FJ, Miranda I, Prada A, Guisasola 
E, Miranda FJ.  Arthroscopic reinsertion of acute 
injuries of the scapholunate ligament technique and 
results. J Wrist Surg. 2020;9:328–37.

33. Mathoulin CL, Dauphin N, Wahegaonkar 
AL.  Arthroscopic dorsal capsuloligamentous repair 
in chronic scapholunate ligament tears. Hand Clin. 
2011;27:563–72.

34. Moran SL, Cooney WP, Berger RA, Strickland 
J. Capsulodesis for the treatment of chronic scapholu-
nate instability. J Hand Surg. 2005;30:16–23.

35. Megerle K, Bertel D, Lehnhardt M, Guenter P, 
Hellmich S. Long-term follow-up of modified Blatt’s 
capsulodesis for the treatment of scapholunate liga-
ment injuries. J Hand Surg Am. 2011;36(8):52.

36. Garcia-Elias M, Lluch AL, Stanley JK.  Three- 
ligament tenodesis for the treatment of scapholunate 
dissociation: indications and surgical technique. J 
Hand Surg Am. 2006;31:125–34.

37. Kakar S, Greene RM, Denbeigh J, Van Wijnen 
A. Scapholunate ligament internal brace 360 tenode-
sis (SLITT) procedure: a biomechanical study. J Wrist 
Surg. 2019;8:250–4.

38. Corella F, Del Cerro M, Ocampos M, Simon de Blas 
C, Larrainzar-Garijo R.  Arthroscopic scapholunate 
ligament reconstruction, volar and dorsal reconstruc-
tion. Hand Clin. 2017;33:687–707.

39. Nakamura T, Cheong Ho P, Atzei A, Corella F, 
Haugstvedt JR. Revolutions in arthroscopic wrist sur-
geries. J Hand Surg Eur. 2022;47:52–64.

40. Ho PC, Wong CW, Tse WL.  Arthroscopic-assisted 
combined dorsal and volar scapholunate ligament 
reconstruction with tendon graft for chronic SL insta-
bility. J Wrist Surg. 2015;4:252–63.

41. White NJ, Raskolnikov D, Crow SA, Swart E, 
Rosenwasser MP.  Reduction and association of the 
scaphoid and lunate (RASL): long-term follow-up of 

15 Scapholunate Dissociation



206

a reconstruction technique for chronic scapholunate 
dissociation. J Hand Surg Am. 2017;35:16–7.

42. Larson TB, Stern PJ.  Reduction and association 
of the scaphoid and lunate procedure: short-term 
clinical and radiographic outcomes. J Hand Surg. 
2014;39:2168–74.

43. Stewart DT, Froelich JM, Shin AY.  Intercarpal 
arthrodeses. J Hand Surg. 2014;39:373–7.

44. Bain GI, McGuire DT.  Decision making for partial 
carpal fusions. J Wrist Surg. 2012;1:103–14.

45. Garcia-Elias M, Lluch A, Ferreres A, Papini-Zorli 
I, Rahimtoola ZO.  Treatment of radiocarpal degen-
erative osteoarthritis by radioscapholunate arthrod-
esis and distal scaphoidectomy. J Hand Surg Am. 
2005;30:8–15.

46. Yao J, Osterman AL.  Arthroscopic techniques 
for wrist arthritis (radial styloidectomy and 
proximal pole hamate excisions). Hand Clin. 
2005;21:519–26.

47. Wall LB, Didonna ML, Kiefhaber TR, Stern 
PJ. Proximal row carpectomy: minimum 20-year fol-
low- up. J Hand Surg. 2013;38:1498–04.

48. Traverso P, Wong A, Wollstein R, Carlson L, Ashmead 
D, Watson HK.  Ten-year minimum follow-up of 
4-corner fusion for SLAC and SNAC wrist. Hand (N 
Y). 2017;12:568–72.

49. Bain GI, Watts AC.  The outcome of scaphoid exci-
sion and four-corner arthrodesis for advanced carpal 
collapse at a minimum of ten years. J Hand Surg Am. 
2010;35:719–25.

50. Laulan J, Bacle G, de Bodman C, Najihi N, Richou 
J, Simon E, et  al. The arthritic wrist. II--the degen-
erative wrist: indications for different surgical treat-
ments. Orthop Traumatol Surg Res. 2011;97(4 
Suppl):S37–41.

51. Rauhaniemi J, Tiusanen H, Sipola E.  Total wrist 
fusion: a study of 115 patients. J Hand Surg Br. 
2005;30:217–9.

P. Vadillo-Cardona et al.



207

16Wrist Arthritis: Total Versus 
Limited Fusion Versus 
Arthroplasty

Emmet Thompson and Olivia Flannery

16.1  Introduction

Wrist arthritis is a progressive, destructive, 
deforming and debilitating disease (Fig.  16.1) 
that results in severe loss of hand function for 
those affected. This broad term is often used to 
describe degenerative changes seen in the radio-
carpal joint, the intercarpal joints or, in some con-
ditions, both. It can affect the younger, 
higher-demand patient population as the end 
stage of Kienböck disease or more commonly in 
the post-traumatic setting of a SNAC (scaphoid 
non-union advanced collapse) or SLAC (scaph-
olunate advanced collapse) wrist, post-traumatic 
arthritis following distal radius fracture or frac-
ture malunion. In older patients it may also pres-
ent as a post-traumatic condition or as a sequelae 
of inflammatory arthropathy such as rheumatoid 
or psoriatic arthritis or as primary osteoarthritis. 
The diversity of the underlying aetiologies and 
functional demands of those affected has led to 
considerable debate and controversy on the opti-
mal management of this condition, namely, 
motion-sacrificing versus motion-sparing tech-
niques. A significant volume of work has been 
published on the surgical management of wrist 
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Fig. 16.1 Radiograph of end-stage degenerative change 
in the wrist of a patient suffering from rheumatoid arthri-
tis. Note the apparent partial auto-fusion at the radiocarpal 
joint, the destructive change and subsequent instability at 
the thumb metacarpal phalangeal joint and previous distal 
ulnar resection arthroplasty
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arthritis and the authors aim to highlight the evo-
lution and changing trends in this field focusing 
on total wrist fusion, limited or partial wrist 
fusion and wrist arthroplasty and the related areas 
of controversy and debate. It is by no means a 
treatise on surgical technique or an exhaustive 
review, the likes of which have already been pub-
lished and can be easily found through any scho-
lastic online search engine. However, we hope 
these discussion points might better inform the 
reader of the surgical options available, evidence 
behind these options and potential future devel-
opments while also drawing attention to several 
key questions which remain to be answered.

16.2  Treatment Algorithm 
for the Surgical Management 
of Wrist Arthritis

Many authors and surgeons have their own treat-
ment algorithm which they employ in the 
decision- making process to tailor their surgical 
interventions for each individual patient. These 
are often based on training, experience and per-

sonal preference. Below is an example of the 
senior author treatment algorithm for the surgical 
management of wrist arthritis based on the loca-
tion and extent of the degenerative process 
(Fig. 16.2). We advocate the use of a detailed, but 
focused history and examination, as well as 
appropriate radiographs and higher-order 
 imaging including computed tomography (CT), 
single- photon emission computed tomography 
(SPECT) and magnetic resonance imaging (MRI) 
to fully evaluate each patient. We also advocate 
the use of diagnostic wrist arthroscopy (Fig. 16.3), 
particularly in cases where the extent of degen-
erative change is uncertain, where there is ambi-
guity between the clinical and radiographic 
findings and in cases where there is the potential 
to perform and limited fusion procedure. It 
should be noted that this algorithm does not 
include the many patient demographics such as 
age, aetiology, hand dominance, previous and 
current hand function, occupation and post- 
treatment expectations of the patient. Each of 
these factors should be taken into account when 
developing a treatment plan in tandem with 
patient wishes, with reason.

Wrist Arthritis

Radiolunate Radioscaphoid Radioscapholunate Pan-carpal

Total wrist Fusion (TWF)
or

Total Wrist Arthroplasty
(TWA)

Radioscapholunate
Fusion

Four Corner
Fusion or PRC

Radiolunate
Fusion

Fig. 16.2 Treatment algorithm for the surgical management of wrist arthritis based on the confirmed location and 
extent of the degenerative changes within the wrist
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Fig. 16.3 Intraoperative photo taken during diagnostic 
wrist arthroscopy showing severe articular cartilage loss 
with bone-on-bone arthritis at the radioscaphoid articula-
tion (left) and severe degenerative change at the radiolu-

nate articulation. The remaining intercarpal articulations 
were well preserved and this patient went onto radioscaph-
olunate (RSL) fusion

16.3  Normal Wrist Motion 
and Biomechanics and Its 
Importance in the Surgical 
Management of Wrist 
Arthritis

The importance of dart thrower’s motion (DTM) 
has been emphasized in the literature [1–3]. 
This describes one of the most frequently used 
planes of wrist motion, bringing the wrist from 
a radially deviated extended position (radial 
extension) to an ulnarly deviated flexed position 
(ulnar flexion), occurring mainly in the midcar-
pal joint [4]. This is not aligned with the ana-
tomic sagittal or coronal axes of the wrist [5]. 
Mapping of all possible wrist positions results 
in an ellipsoidal shape oriented obliquely to the 
sagittal plane of motion. It is now believed that 
DTM actually consists of several different paths 
that cumulatively contribute to a wide variety of 
functional activities [6]. Previous total wrist 
arthroplasty designs have tried to recreate the 
contour and kinematics of the radiocarpal joint 
with little attention paid to the midcarpal joint 
which is either defunct due to PRC or fused. 
Thus, many total wrist arthroplasties (TWAs) 
restrict motion to the anatomical directions and 

minimizing the important dart thrower’s arc. 
Fourth-generation TWA using ellipsoidal poly-
ethylene articular surfaces may improve the 
general range of motion possible but do not 
allow for the true replication of the DTM and its 
functional benefits.

In terms of fusion procedures, total wrist 
fusion (TWF) abolishes any DTM. Partial wrist 
fusions such as radioscapholunate (RSL) fusion 
preserves critical midcarpal motion and carpal 
height, thus retaining possible DTM.  However, 
RSL fusion may reduce total wrist movement by 
40% [7] but has the potential to maintain a greater 
degree of midcarpal motion and DTM.

16.4  Partial/Limited Wrist Fusion

Partial/limited wrist fusions are most commonly 
performed for debilitating painful arthritis. The 
goal of a partial wrist fusion is to fuse the painful, 
diseased joints while preserving movement of the 
healthy joints. There are various options of par-
tial wrist fusions, depending on the extent of the 
disease process. The most common fusions per-
formed include radiolunate, radioscapholunate 
and four-corner fusions.

16 Wrist Arthritis: Total Versus Limited Fusion Versus Arthroplasty
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16.4.1  Radiolunate Fusion (Chamay 
Fusion)

Indications for radiolunate (RL) fusion include 
post-traumatic osteoarthritis of the radiolunate 
joint typically following die-punch distal radial 
fractures, rheumatoid arthritis with ulnar and 
volar translocation of the carpus and complex 
ligament instabilities deemed unreconstructable 
[8, 9]. An RL fusion may also be considered for 
advanced Kienböck disease [10]. The neighbour-
ing radioscaphoid and midcarpal joints need to 
be free of disease. Methods for fixation include 
headless compression screws, staples, plate and 
screws and Kirschner wires.

The lunate is fused in neutral alignment rela-
tive to the radius. Radiolunate fusions appear to 
be associated with low rates of non-union and low 
rates of progression to total wrist arthrodesis [11].

16.4.2  Radioscapholunate (RSL) 
Fusion

It is more common to have RSL osteoarthritis 
than RL osteoarthritis in isolation. The midcarpal 
joint must be intact to proceed with an RSL 
fusion. However, there is concern regarding the 
high rates of non-union and progression to mid-
carpal arthritis [12]. Change from the use of 
k-wires to memory staples, compression screws, 
plate and screw fixation and modification of the 
surgical technique have improved union rates. 
Wrist motion is significantly affected as the 
immobile scaphoid bridges the remaining mid-
carpal joint. Distal scaphoid excision has been 
shown to release the midcarpal joint. This results 
in a significantly greater wrist motion as well as 
reduces the risk of scaphotrapeziotrapezoid 
(STT) joint and midcarpal joint osteoarthritis and 
improves union rates [13]. Given the preservation 
of the midcarpal joint, wrist motion at or above 
the level of functional wrist motion required to 
perform most activities of daily living is main-
tained [11]. The addition of triquetrum excision 
has been shown to improve range of movement 
while providing extra bone for grafting [14, 15]. 
The senior author’s preference is distal pole 

scaphoidectomy, excision of triquetrum and RSL 
fusion using the purpose-designed RSL fusion 
plate (Fig. 16.4).

16.4.3  Four-Corner Fusion

Four-corner fusions are widely used to treat 
symptomatic arthritis seen in scaphoid non-union 
advance collapse (SNAC) and scapholunate 
advanced collapse (SLAC). It is typically used 
when there is involvement of the capitolunate 
joint but can also be used if the capitolunate joint 
is preserved and if a fusion is preferred over a 
proximal row carpectomy. Various methods of 
fixation include K-wire, screws, staples and more 
commonly a circular plate and screws, which is 
the senior author’s preference (Fig. 16.5).

Moreover, 40% to 50% of movement and grip 
strength can be expected post-operatively and 
overall good long-term outcome is achieved [16]. 
Non-union remains a concern, particularly at the 

Fig. 16.4 Intraoperative photo taken during radioscaph-
olunate (RSL) fusion for the treatment of end-stage 
radioscapholunate arthritis using a purpose-specific plate. 
Note the obvious defect created by the excision of the tri-
quetrum being pointed out by the Freer elevator. This 
patient also had a distal pole scaphoidectomy
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Fig. 16.5 Preoperative and intraoperative images of a 
patient with localized degenerative at the radioscaphoid 
articulation treated with a limited intercarpal/four-corner 
fusion. Note the multiple screw options to ensure appro-
priate fixation and compression of the fusion mass. Note 

also how this system allows recession of the plate to limit 
impingement of the plate against the dorsal lip of the dis-
tal radius during wrist extension and to reduce the risk of 
extensor tendon irritation. Images courtesy of Ms. 
E. Conroy, University Hospital Kerry
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triquetrum. However, union is typically achieved 
following regrafting and fusion.

More recently, a three-corner fusion has been 
described, where the triquetrum is excised in 
addition to the scaphoid. This gives extra bone 
for grafting and improves ulnar deviation. Higher 
union rates have also been reported [17]. At the 
time of writing, the PARTE (PARtial wrist fusion 
with or without Triquetral Excision) trial is cur-
rently underway [18]. This multi-centre double- 
blind prospective randomized clinical trial will 
assess the impact of four-corner arthrodesis 
(without triquetral excision) or three-corner/capi-
tolunate arthrodeses with triquetral excision on 
grip strength and range of motion in eligible par-
ticipants with SNAC or SLAC wrist arthritis who 
have been deemed operative candidates. The 
results of this study may help to conclude which 
salvage procedure is best for this cohort.

16.5  Total Wrist Arthroplasty

Total wrist arthroplasty (TWA) has the potential 
to alleviate pain, improve wrist function and pre-
serve motion for patients with end-stage pancar-
pal wrist arthritis. These benefits are somewhat 
offset by their higher complication rates.

Since wrist arthroplasty was first reported in 
the early 1890s by the German physician and sur-
geon, Themistocles Gluck (1853–1942) [19], 
there has been a slow but gradual evolution and 
refinement in implant design.

First-generation wrist arthroplasties consisted 
of a single-piece silicone implant that acted as a 
dynamic spacer at the radiocarpal joint. Although 
initial studies were encouraging [20], later reports 
revealed problems such as implant fracture, sili-
cone synovitis [21], osteolysis and implant sub-
sidence. However, the general design principle 
with a proximal intramedullary radial component 
and transcapitate/third metacarpal intramedullary 
distal component is used in fourth-generation 
implants such as the Motec® (Swemac 
Orthopaedics, Linkoping, Sweden) prosthesis.

Second-generation designs such as the Meuli 
(Sulzer Orthopaedics Ltd., Winterthur, 
Switzerland, and later revised to the MWP III 

Total Wrist Prosthesis, Zimmer, Warsaw, IN, 
USA) and Volz (Howmedica Company, 
Rutherford, NJ, USA) type implants sought to 
improve durability by using titanium (Meuli) or 
cobalt chrome (Volz), which were unconstrained 
ball and socket (Meuli) or semi-constrained 
hemispherical (Volz) designs with separate radial 
and carpal components that relied on proximal 
and distal cement fixation. Unfortunately, distal 
implant loosening and difficulties in centring the 
implants in the distal radius and metacarpals due 
to design constraints made balancing the wrist 
technically challenging.

Third-generation implants such as the tri- 
spherical implants, Biax total wrist prosthesis 
(DePuy Orthopaedics, Warsaw, IN, USA) and the 
Universal total wrist implant (Kinetikos Medical, 
Carlsbad, CA, USA) incorporated features 
including an axle constraint to lock the radial and 
carpal components, ellipsoidal (Biax) or toroidal 
(Universal) polyethylene articulating surface, 
screw fixation and reduced bone resection to 
restore soft tissue balance and stability [22–24]. 
These improvements lead to enhanced patient 
outcomes but were still hampered with complica-
tions including loss of fixation, periprosthetic 
fracture due to stem breakout and dislocation.

Current fourth-generation designs aim to 
reduce design-related difficulties and complica-
tions, improve biomechanics of the articulation, 
minimize instability and maximize long-term 
fixation and bone stock [25]. This has been 
achieved through improved centralization and 
greater contact during the total arc of motion, 
using an ellipsoidal ultrahigh-molecular-weight 
polyethylene articular surface [26] and unce-
mented fixation using porous textured surface 
and locking and fixed-angle screws to encourage 
osseointegration. The most commonly used mod-
ern implants include the Universal 2 and Freedom 
Total Wrist Implant Systems (Integra Life 
Sciences, Plainsboro, NJ, USA; Fig.  16.6), 
ReMotion Total Wrist (Small Bone Innovations, 
Morrisville, PA, USA) and Maestro Total Wrist 
System (Biomet, Warsaw, IN, USA), although 
the latter was voluntarily withdrawn from the 
marketplace in 2018 despite excellent results. 
Single-component interposition pyrocarbon 
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Fig. 16.6 Radiograph of a total wrist arthroplasty using the Freedom Total Wrist Implant System. Images courtesy of 
Mr. K. O’Shea, National Orthopaedic Hospital, Cappagh, Dublin

arthroplasty such as the Amandys (Tornier SAS–
Bioprofile, St. Martin, France) has been recently 
introduced with encouraging PROMs results. 
This very different concept uses a quadric 
 elliptical component that acts like a mobile spacer 
and potentially allows for a ligament-sparring 
approach to the wrist. However, like the other 
fourth-generation implants for TWA, only short- 
term data on their performance is currently 
available.

Hemiarthroplasty should also be mentioned. 
As there is less bone and soft tissue resection and 
dissection, this procedure has been advocated for 
use in managing younger patients and those with 

post-traumatic causes including SNAC and SLAC 
wrist and even in distal radius fractures [27–29]. 
Depending on the underlying aetiology, a proxi-
mal row carpectomy may be undertaken followed 
by either replacement of the distal radius articular 
surface alone [27] or in combination with midcar-
pal resection hemiarthroplasty [28] with mainte-
nance of the distal carpal row or with replacement 
of the distal carpal row articular surface and main-
tenance of the distal radius articular surface [29]. 
Replacement of the distal radius articular surface 
in isolation has been reported in several centres in 
Europe for the management of acute distal radius 
fractures. Midcarpal resection involves using a 
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monoblock prosthesis implanted into the distal 
radius and designed to recreate the contour of the 
proximal carpal row. This is believed to maintain 
the centre of rotation of the wrist and allow for the 
dart thrower’s motion to occur and hence produce 
a better functional range of movement [28]. 
However, due to the very small number of patients 
treated in specialist and designer centres, the lack 
of long-term follow-up, significant failure rates 
reported and availability of reliable, proven pro-
cedures, wrist hemiarthroplasty is currently not 
recommended at this time by the authors.

16.6  Total Wrist Fusion

Total wrist fusion (TWF) is considered the gold 
standard for the management of end-stage symp-
tomatic wrist arthritis by any surgeon. It affords 
the ability to correct significant deformity while 
providing stability and reliable pain relief with 
lower rates of complications compared to TWA, 
with high levels of patient-reported satisfaction 
and function [30] despite the loss of wrist motion 
requiring adaptation of functional tasks such as 
perineal hygiene. Failed wrist arthroplasty may 
be used to salvage wrist fusion, although manag-
ing bone loss and achieving bone union are chal-
lenging in this setting [30]. There are few 
contraindications to TWF.  These include active 
infection at the wrist joint or lack of an adequate 
soft tissue envelope. Poor bone stock in patients 
with rheumatoid arthritis or after failed wrist 
arthroplasty has been considered a relative con-
traindication but modern-day locking plates and 
refinement in surgical technique have generally 
overcome this.

During wrist fusion the radiocarpal, intercar-
pal and midcarpal joints are denuded of articular 
to expose the preferably bleeding subchondral 
bone to create the fusion bed. At this time addi-
tional procedures involving the extensor tendons 
or the distal radioulnar joint (DRUJ) can be per-
formed if required depending on the pre-existing 
pathology and as functional deficits. In the case 
of patients with severe deformity, proximal row 
carpectomy (PRC) can be included to de-tension 
soft tissue structures and help in reducing the 

hand onto the distal radius. The secondary benefit 
of this is a ready supply of autologous bone graft 
from the resected carpal bones. Alternatively, the 
triquetrum, radial styloid or distal scaphoid can 
be excised in isolation or in combination to avoid 
impingement or ulnocarpal impaction.

Historically, fusion constructs consisted of 
retrograde trans-carpal intramedullary pins (Rush 
or Steinman, either single or multiple) traversing 
from the second or third metacarpal to the distal 
radius. This provided compression and some 
rotational control, with the use of one or more 
staples used in modified techniques to provide 
complimentary fixation. Although largely super-
seded by plate-assisted fusion (discussed below), 
this procedure is still advocated in patients requir-
ing concomitant metacarpophalangeal joint 
implant arthroplasties or in those in whom fore-
arm dissection can be problematic. In such situa-
tions, rotational control is achieved using two 
Steinmann pins [31].

The growing use of the AO (Arbeitsgemeins-
chaft für Osteosynthesefragen) plating philoso-
phy in the 1970s and 1980s heralded the advent of 
plate-assisted fusion with plates spanning the 
metacarpals to the distal radius. Subsequent itera-
tions resulted in purpose- designed pre-contoured, 
low-contact, dynamic compression titanium and 
stainless-steel plating systems for wrist arthrode-
sis, with modern implants employing locking 
screw holes. Such systems allow compression of 
the fusion mass by the plate itself and can provide 
rigid fixation, even in patients with poor bone 
stock (Fig. 16.7a, b).

From a technical standpoint, ideal wrist fusion 
position and the joints that should be included in 
the fusion are still hotly debated in the literature, 
with no consensus regarding optimal positioning, 
particularly if arthrodesis is to be performed on 
both wrists.

Classical techniques are somewhat limited in 
the position the wrist could be placed because the 
pin was straight, and the wrist was fused in a neu-
tral flexion-extension position. Some ulnar devia-
tion could be built into the fusion by placing the 
pin in the second metacarpal, hence offsetting the 
longitudinal axis of the wrist. In plate-assisted 
fusion, the position is set by the contour of the 
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a

b

Fig. 16.7 (a) Radiograph of a total wrist fusion using a 
purpose-specific pre-contoured wrist fusion plate span-
ning from the distal radius to the third metacarpal. (b) 
Radiograph of a total wrist fusion using a modern, low- 
profile pre-contoured locking wrist fusion plate. Note how 
the plate extends only as far as the distal carpal row, thus 
preserving the carpometacarpal (CMC) articulations and 
also preserving the intramedullary canal of the metacarpal 
allowing for concomitant metacarpophalangeal (MCP) 
joint arthroplasty if necessary

plate itself with some minor customization 
 possible. Most modern plates lend themselves to 
fusing the wrist in some extension and ulnar devi-
ation to maximize post-operative power grip.

The few contraindications to total wrist 
arthrodesis include an active wrist infection or 
lack of an adequate soft tissue envelope. Although 
inadequate bone stock for fusion in patients with 
rheumatoid arthritis or after failed wrist arthro-
plasty was historically considered a relative con-
traindication to plate fixation, the advent of 
locking plate technology has largely overcome 
this issue. Major complications include non- 
union, ulnocarpal impaction syndrome and 
implant-related problems, such as plate promi-
nence requiring plate removal due to tenderness 
and/or extensor tendon irritation and peripros-
thetic fractures around the plate, mostly metacar-
pal fractures.

16.7  TWA Versus TWF

Despite the growing body of publication regard-
ing TWA in general, there is a limited volume of 
level 1 evidence comparing total wrist arthro-
plasty versus total wrist fusion, the popularly 
accepted current gold standard. Furthermore, 
much of this literature deals specifically with 
rheumatoid arthritis patients [32–34] and hence 
may not be applicable to other conditions, 
although this concept is being challenged. There 
have been several systematic reviews that have 
tried to address and answer the questions of who 
the appropriate patients for TWA are and what 
are the functional benefits for the recipients [30, 
32–35].

16.7.1  Indications and Patient 
Selection

Perhaps the most controversial topic regarding 
wrist replacement versus fusion is the debate sur-
rounding indications and patient selection with 
many experts predominantly polarized between 
the rheumatoid wrist and idiopathic or post- 
traumatic arthritis. Life expectancy, bone stock 
and functional demands are frequently cited as 
determining factors.

TWA may be ideal for frail, low-demand 
patients with rheumatoid arthritis (RA) or 
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 osteoarthritis, looking for pain relief and mainte-
nance of wrist motion. It is a more functionally 
acceptable option for patients with a contralateral 
wrist fusion who wish to maintain wrist motion 
in one wrist, or in patients with arthritis affecting 
another ipsilateral upper extremity joint, such as 
the shoulder, elbow and hand [22], which limits 
the ability to compensate for a stiff wrist. 
Ironically, patients with a better soft tissue enve-
lope and bone stock are more likely to achieve 
better outcomes from TWA [23], which is seldom 
the case in patients with end-stage inflammatory 
arthritis.

Whereas wrist arthrodesis may be better suited 
in younger patients, manual labourers, where 
there is a history of infection or those requiring 
the use of a walking aid, or have a pre-existing 
lack active wrist motion [36]. A wrist arthrodesis 
is more appropriate in patients whose function 
will not be improved by a motion-saving proce-
dure such as those suffering from nerve palsy; 
cervical spinal cord or brachial plexus injury; 
paralytic, spastic or connective tissue disorders; 
and bone loss due to underlying inflammatory 
conditions, trauma or following tumour resec-
tion. Wrist fusion can also be considered the 
treatment of choice in complex carpal instability 
and salvage for failed total wrist replacement, 
proximal row carpectomy or limited intercarpal 
arthrodesis [37].

As the reported functional benefits and sur-
vival of TWA improve with fourth-generation 
implants and modern surgical techniques, includ-
ing perioperative management, so too have the 
indications expanded for its use as a treatment 
method for an increasing number of conditions. 
In keeping with the management of hip, proximal 
(and to a lesser extent distal) humeral fractures, 
TWA has been reported in the primary treatment 
of acute irreparable distal radius fractures in the 
elderly [38]. This is still very much experimental, 
and although good objective and subjective func-
tion at 1-year follow-up is reported, its long-term 
benefit and survival are currently unknown. This, 
along with other proposed expanded indications 
for TWA such as SLAC and SNAC wrist, mal-
united intra-articular distal radius fractures and 
Kienbock disease, lacks the robust weight of evi-

dence published relating to its use in rheumatoid 
arthritis, and as such, the authors are reluctant to 
promote TWA in these conditions currently. 
However, the Norwegian Registry has reported 
no difference in revision rates comparing RA 
with other aetiologies [39] and there is some evi-
dence of equivalent results in rheumatoid and 
non-rheumatoid patients [36, 40]. In addition, 
medical advances in the treatment of RA through 
the use of disease-modifying antirheumatic drugs 
(DMARDs) has led to the reduction in severe RA 
progression and subsequent need for hand sur-
gery [41–43]. Therefore, with careful selection, 
patients may do equally well but there is still a 
lack of evidence to help surgeons identify which 
indications lead to the best results with the fewest 
complications.

16.7.2  Quality Assessment of Studies 
and Outcomes Reporting 
Tools

The surgical management of wrist arthritis is by 
its nature a subspecialist field within hand sur-
gery and does not lend itself to large multi-centre 
prospective or randomized control trials. Bearing 
that in mind, it is clear from the literature that 
most data relate to retrospective observational 
studies from single surgeons or implant design-
ers, with no blinding, often missing data or high 
numbers of patients lost to follow-up. 
Furthermore, significant heterogeneity is com-
monly observed in terms of the underlying 
pathology, interventions and procedures under-
taken, implants used and outcome measures 
along with small sample sizes [33, 40]. The 
nature of the reported data is not amenable to 
robust statistical testing, so much so that authors 
have had to choose to do systematic reviews of 
the topic rather than a meta-analysis [32]. Finally, 
generic non-validated assessment tools lacking 
specificity and sensitivity may not be designed to 
measure specific impairment in this patient 
cohort and thus fail to recognize if any true func-
tional advantages exist. For example, the DASH 
(Disabilities of the Arm, Shoulder and Hand) 
score is frequently used in assessment after TWA 
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or TWF. This tool is potentially subject to misin-
terpretation in patients with multiple-joint 
involvement such as in the case of RA as their 
scores may be affected by concurrent impairment 
in other joints of the same upper limb [44]. 
Generally, it is felt that the GRADE (Grading of 
Recommendations, Assessment, Development 
and Evaluations) quality assessment in this field 
is low, at best.

16.7.3  Motion, Function 
and Satisfaction After TWA 
and TWF

As discussed above, wrist biomechanics and 
kinematics are a complex interplay of radiocarpal 
and midcarpal movements in several plains 
occurring simultaneously. Despite advances in 
component design, current generations of 
implants simplify normal wrist kinematics to cre-
ate a stable platform with a functional range of 
motion. TWA has been shown to improve range 
of motion (ROM) in absolute terms in all planes 
with mean post-operative increases of 9o in flex-
ion/extension, 12o in radial/ulnar deviation and 
31o in pronation/supination [33]. Although an 
increase from baseline can be seen, the average 
total wrist arthroplasty patient fails to achieve a 
functional active arc of motion as described by 
Palmer et  al. [1]. Moreover, there is little evi-
dence to assess the impact of TWA on improving 
the dart thrower’s motion (DTM), arguably the 
most important functional wrist movement. Some 
newly licenced total wrist arthroplasties 
(KinematX total wrist arthroplasty, Extremity 
Medical, Parsippany, NJ, USA, and WristMotion 
Total Wrist Arthroplasty, Anika Therapeutics, 
Bedford, MA, USA) claim to reproduce the 
DTM, but long-term, large sample studies in non- 
designer centres have not been performed to cor-
roborate these claims.

Arthroplasty may improve wrist motion, but 
for many patients, it offers the potential to pre-
serve their current level of movement. Despite 
this perceived advantage, it does not appear to 
reflect an obvious benefit on objective assess-
ment of function, pain relief or complications. 

That being said, several studies have reported 
improved function and patient preference towards 
replacement in those initially treated with TWF 
and who subsequently received a TWA on the 
contralateral wrist [45–47]. In contrast, the 
restricted ROM caused by arthrodesis does not 
necessarily translate into dissatisfaction or poor 
function as there are multiple reported retrospec-
tive reviews which have found that patients are 
overall happy with their function after bilateral 
wrist fusions and have adapted well and the over-
whelming majority would repeat the surgery 
[48]. Greater increases in grip strength for 
arthrodesis (76% increase from pre-op) com-
pared to arthroplasty (31%) have been reported 
[33]. Despite these data relating to a group of 
rheumatoid patients, this raises the possibility 
that arthrodesis may be a better option for those 
requiring enhanced grip strength. Satisfaction 
rates have been found to be high for both inter-
ventions (arthroplasty 91% vs. arthrodesis 93%), 
but TWF provided more reliable pain relief, a 
lower rate of complications and less frequent 
need for revision than TWA [31].

16.7.4  Financial Factors Influencing 
the Choice Between TWA 
and TWF

TWA is more costly than wrist fusion due to the 
cost of the implants themselves as well as those 
associated with complications and revisions 
should they arise. Counterintuitively, when 
quality- adjusted life years (QALYs) are taken 
into account, the incremental cost per QALY 
accrued for TWA relative to TWF is substantially 
less ($2328) than the national standard of 
$50,000/QALY deemed acceptable for adoption 
in the USA [49] or the £20,000–£30,000/QALY 
threshold range for adopting new treatment rec-
ommended by the National Institute for Health 
and Care Excellence (NICE) in the UK [50]. 
Both TWA and total wrist arthrodesis can be con-
sidered as very cost effective, and the price of a 
TWA seems to be within the reasonable cost 
range. Be that as it may, we believe that total 
wrist arthroplasty outcomes should be markedly 
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better than those of TWF to justify the additional 
costs and risks of the procedure, and the evidence 
currently available does not support this 
viewpoint.

16.7.5  Changing Complication Rates 
Between TWA and TWF

Historically, TWA for end-stage rheumatoid dis-
ease of the wrist has been hampered by high rates 
of complications post-operatively compared to 
TWF.  In counterpoint to this, recent systematic 
reviews now suggest similar complication rates 
between TWA and TWF [33, 40]. Complications 
in TWA are primarily related to prosthetic loosen-
ing and dislocation, which in time may be over-
come by better prosthetic designs. Indeed, the 
complication profile of newer fourth- generation 
prosthesis appears to be improved relative to ear-
lier generations, at least in the short to medium 
term [33, 40]. However, the complications related 
to TWF are primarily related to carpal tunnel syn-
drome, metal work prominence and extensor ten-
don issues, which may be inherent to the procedure 
itself and may be less amenable to remedy despite 
procedural refinement. As the perceived high rate 
of complications may deter surgeons from offer-
ing TWA on a more generous basis, this levelling 
of the risk profile for TWA could be interpreted as 
an argument for more widespread, liberal use of 
TWA.  To accurately capture complication rates, 
as well as long-term clinical outcomes, implant 
survival and revision data, national joint registries 
with compulsory reporting for wrist arthroplasty, 
like those widely seen in hip, knee, shoulder, 
elbow and ankle arthroplasty, should be estab-
lished. Such registries are few and far between but 
may help to address publication bias and portray 
real-life practices outside of subspecialist and 
designer centres.

16.8  Conclusions

Multiple surgical options are available for the 
management of symptomatic wrist arthritis. 
Partial wrist fusions can be tailored to the specific 

wear patterns and demographics of the patient, 
providing good pain relief while still maintaining 
wrist motion. Total wrist fusion sacrifices effec-
tively all wrist movement but is still considered 
the gold standard by many because of its reliable 
outcomes. Total wrist arthroplasty is an attractive 
option for patients with diffuse symptomatic 
wrist arthritis. However, due to its complexity, 
cost implications, high rate of complications 
(although this may be less problematic with mod-
ern implants and arthroplasty techniques) and the 
existence of reliable alternatives [51], it is best 
reserved for a select cohort of patients.

Similar to the utility of total hip and knee 
national joint registries, total wrist arthroplasty 
registries in conjunction with prospective, ran-
domized controlled trials comparing total wrist 
arthroplasty with wrist fusion are needed to draw 
meaningful conclusions on which treatment path-
ways are likely to provide superior clinical out-
comes for patients with wrist arthritis. 
Standardized pre- and post-operative functional 
evaluations, quality of life assessments, patient- 
reported satisfaction and long-term follow-up 
will be essential to determine the true benefit of 
these interventions. These robust data will help to 
inform both patients and surgeons during the 
decision-making process to identify which 
patients are likely to gain the greatest benefit 
from either procedure [4] and will foster discus-
sion and debate to definitively settle the areas of 
controversy that still remain.
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17Controversies in Carpal Tunnel 
Syndrome in Adults: Endoscopic 
Versus Open Carpal Tunnel 
Release

Juan Ameztoy-Gallego, Alfonso Vaquero-Picado, 
and Pablo Vadillo-Cardona

17.1  Introduction

Carpal tunnel syndrome is the most common 
compression neuropathy in the human body, aris-
ing from increased pressure in the carpal tunnel. 
Trauma, systemic conditions such as diabetes, or 
hypothyroidism amongst other clinical condi-
tions may lead to carpal tunnel syndrome. 
However, the idiopathic condition is the most fre-
quent. If conservative treatment fails, a procedure 
to release carpal tunnel is usually indicated [1].

Surgical treatment for carpal tunnel syndrome 
involves cutting the transverse carpal tunnel liga-
ment to release pressure on the median nerve. 
Traditional open surgery requires a wide incision 
from the wrist creases to the middle of the palm 
to fully visualize the ligament and surrounding 
structures.

The development of endoscopic techniques in 
orthopedic surgeries drove a new horizon for car-
pal tunnel release. Over the last decades, orthope-
dic surgeons realized potential advantages of 
applying an endoscopic, minimally invasive, 
technique to treat carpal tunnel syndrome symp-
toms. Endoscopic carpal tunnel release is 

expected theoretically to yield better outcomes in 
terms of pain, speed of healing, and return to nor-
mal activities because it is minimally invasive 
and leave structures overlying the transverse car-
pal tunnel ligament intact.

Endoscopic procedure was first described by 
Okutso [2]; he described a one-portal endoscopic 
approach. Local anesthesia was used, without 
tourniquet. A transverse incision was made 
including skin and fascia approximately 3  cm 
proximal to the proximal carpal crease through 
which the endoscope was introduced into the car-
pal tunnel. The transverse carpal ligament was 
examined under the endoscope, paying special 
attention to the location of the superficial palmar 
arch and possible anatomic variations of the 
motor branch of the median nerve. The transverse 
carpal ligament was incised in its ulnar side using 
a knife under complete endoscopic vision.

Hereafter, Chow [3] developed a two-portal 
endoscopic technique. Using the same proximal 
incision, a trocar is introduced and advanced dis-
tally with the wrist in hyperextension under the 
carpal tunnel ligament and then subcutaneously 
and pushed through a second small incision. A 
hook knife is inserted, and the carpal tunnel liga-
ment is released completely from proximal to 
distal. Here the ligament can be inspected both 
distally and proximally. The ligament is sepa-
rated distally and proximally in two steps, each 
one within view of the endoscope from the oppo-
site end.
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17.2  Clinical Results

Endoscopic carpal tunnel release and open carpal 
tunnel release are two procedures which provide 
satisfactory results in terms of symptom relief, 
with a relatively short recovery time [4]. Both 
procedures have been compared in multiple stud-
ies without evidence of significant difference in 
terms of clinical results [5]. Open release efficacy 
is well proven, but since the irruption of the endo-
scopic technique, multiple studies have compared 
both techniques.

Parajdi et al. [6] analyzed 14,871 patients that 
had an endoscopic carpal tunnel release scattered 
in 15  years. They obtained an 88% pain and 
symptom relief in the first 10 days after surgery, 
which raised to a 100% at 2 months after surgery. 
They also described an 88% recovery in grip 
strength in 40  days which raised to a 93% in 
6 months.

When comparing the open traditional 
approach versus the endoscopic technique, sev-
eral authors like Sayegh et  al. [5] described an 
overall improvement of carpal tunnel syndrome 
symptoms having equal likelihood after endo-
scopic and open release, with no differences 
between both groups in the rate of persistent 
symptoms, including pain, numbness, paresthe-
sia, subjective weakness, or night symptoms. 
Also, the digital sensibility testing showed no dif-
ferences between the open and endoscopic tech-
nique according to the Semmes-Weinstein 
monofilament test score, static two-point dis-
crimination, or static two-point sensory thresh-
old. Both strategies showed similar improvement 
in the components of the Boston Carpal Tunnel 
Syndrome Questionnaire (BCTQ) score includ-
ing symptom severity and functional status 
scores. The findings of this meta-analysis suggest 
that symptom relief and clinical outcomes, 
according to the validated BCTQ symptom sever-
ity and functional status indices, were no differ-
ent for patients treated with endoscopic versus 
open surgery. Table  17.1 shows the advantages 
and disadvantages of endoscopic carpal tunnel 
release.

17.3  Recurrence/Reoperation

Theoretically, endoscopic release carries the dis-
advantage of not directly identifying the distal 
edge of the carpal tunnel ligament which poten-
tially can lead to incomplete release and recur-
rence of symptoms (recurrence defined as 
documented carpal tunnel syndrome after resolu-
tion from prior surgical technique). Incomplete 
carpal tunnel release has been identified as a 
cause for recurrence and reoperation.

The distal border of the retinaculum is embed-
ded in a 3-mm average layer of palmar fat and is 
therefore not directly endoscopically visible. 
Findings from cadaver studies using the Agee or 
Chow endoscopic technique report incomplete 
retinaculum transection rates, ranging from 0% 
to 56% [7–12]. In this context, Shinya et al. [13] 
recommended to first separate the distal third of 
the retinaculum and then to advance the endo-
scope distally to confirm complete transection. 
Following the complete carpal tunnel release, the 
palmar fat prolapses into the carpal tunnel; the 
view is therefore inhibited especially distally, and 
remaining fibers may thus be overlooked. 
However, there is still controversy regarding the 
importance of the division of the distal end of the 
carpal tunnel ligament. Research made by Cobb 
and Cooney [14] showed that dividing the distal 
4 mm of the carpal tunnel ligament had no impact 
on carpal arch widening when compared to 
incomplete division. Several studies suggest that 
endoscopic release is equally effective clinically, 
presumably resulting in a complete release of the 

Table 17.1 Advantages and disadvantages of endoscopic 
carpal tunnel release

Advantages Disadvantages
Earlier return to work Costs
Reduced postoperative pain “Blind” technique
Earlier mobility Higher risk of 

neurapraxia
Reduced scar complications Higher skills/training
Minimal incision
Earlier recovery of grip 
strength
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carpal tunnel, although it is unclear if this is cor-
related to a complete division of the carpal tunnel 
ligament. Langloh et al. [15] published a series of 
2053 open carpal tunnel release procedures; 
1.6% required reexploration for recurrence. 
Concannon et al. [16] reported a 1% recurrence 
rate after endoscopic carpal tunnel release, 
whereas Chow [17] published one (0.96%) recur-
rence in 104 wrists treated endoscopically.

Vasiliadis et  al. [18] published a systematic 
review and meta-analysis to evaluate recurrence 
and reoperation rates, comparing endoscopic car-
pal tunnel release with the traditional open 
approach. The meta-analysis revealed no statisti-
cal difference in recurrence between open and 
endoscopic release, and the cumulative meta- 
analysis illustrates a decreased odds ratio for 
endoscopic release versus open since 1992, 
which suggests a learning effect over the years. 
In terms of reoperation, endoscopic release had 
to be converted to open release in 15 cases, in five 
studies of the 16 included, due to intraoperative 
difficulties, but there were no differences in the 
incidence of reoperation between endoscopic and 
open release.

Schmelzer et al. [19] suggested that recurrence 
may be due to multiple factors besides incomplete 
release of the transverse carpal ligament, such as 
fibrous proliferation, scarring within the tunnel, 
entrapped palmar cutaneous nerve, reflex sympa-
thetic dystrophy, painful scars, and psychological 
or legal motivation. Baranowski et al. [20] found 
that of 50 revision procedures following open car-
pal tunnel release, 31 had a wall of scar tissue 
around the median nerve and 28 had incomplete 
transection of the retinaculum (a combination of 
results was possible). Büchler et al. [21] described 
35 cases of incomplete carpal tunnel release in 56 
revisions following open procedure. They found, 
in 8 patients, an “early epineural fibrosis” which 
was the result of excess scar tissue. In the other 8 
cases, they found “late fibrosis,” as a result of the 
formation of a wall of scar tissue around the 
epineurium.

Consequently, multiple recent reports have 
shown a similar incidence of recurrence, incom-

plete release, and reoperation around 1% in 
patients that underwent an open or endoscopic 
carpal tunnel release, without statistical differ-
ence between these techniques.

17.4  Major Complications

Since the rise of endoscopic carpal tunnel release 
in literature, attention has focused on the 
increased risk of neurologic complications of the 
endoscopic technique reported in the available 
studies. Therefore, this technique is not exempt 
of potential complications, and special attention 
must be drawn to the higher risk of nerve injury 
compared to the traditional open approach. 
Sayegh et  al. [5] amongst others described in 
their meta-analysis, comparing open versus 
endoscopic carpal tunnel release, a relative risk 
of nerve injury in the endoscopic approach com-
pared to the open approach of 2.84 (1.08–7.46), 
though the majority were transient nerve neura-
praxia, not showing a significant difference when 
comparing the two-portal technique versus the 
one-portal technique.

In order to avoid nerve injury, we must bear in 
mind the anatomic landscape of the median 
nerve and its anatomical variations. The thenar 
motor branch, sometimes described as the 
million- dollar nerve, as it is a source of litiga-
tion, was studied in depth by Poisel and further 
on by Lanz.

Lanz et al.’s [22] studies resulted on a classifi-
cation system of median nerve motor branch ana-
tomical variations. They included a scheme of the 
different nerve curses. Group 0 belongs to the 
extra-ligamentous thenar branch pattern; group 1 
describes a series of variations that range from a 
sub-ligamentous branch, a trans-ligamentous 
branch, an ulnar-wards branch and a supra- 
ligamentous branch. Group 2 belongs to the dis-
tal accessory thenar branch and group 3 to the 
high median division which can be avascular, 
with artery or with lumbrical muscle. Finally, 
group 4 is the proximal accessory thenar branch, 
intramuscular or conjoint.

17 Controversies in Carpal Tunnel Syndrome in Adults: Endoscopic Versus Open Carpal Tunnel Release
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Table 17.2 Prevalence of the anatomical variations of the thenar branch of the median nerve classified by Lanz [22]

0: extra-ligamentous 1: thenar branch variations 2: distal accessory 3: high median division 4: proximal accessory
75.2% 24.8% 4.6% 2.6% 2.3%

Henry et al. [23] published in 2015 a system-
atic review and meta-analysis to determine the 
prevalence of the anatomical variations of the 
median nerve described before. His results 
showed that the rates of extra-ligamentous, 
 sub- ligamentous, and trans-ligamentous courses 
were 75.2%, 13.5%, and 11.3%, respectively. 
The prevalence of Lanz groups 2, 3, and 4 were 
4.6%, 2.6%, and 2.3%, respectively. Ulnar-side 
branching of the thenar motor branch was found 
in 2.1%. They also reported that the trans- 
ligamentous course of the thenar motor branch 
was more commonly found in the hands with 
hypertrophic thenar muscles compared to those 
without hypertrophic musculature and an identi-
cal bilateral course of thenar motor branch in 
72.3% of patients. Therefore, Gould et  al. [24] 
recommend an open ulnar approach with a layer- 
to- layer skin dissection, because unless clearly 
visualized, the rates of motor thenar branch 
injury can be as high as 25%. Table 17.2 shows 
the prevalence of the anatomical variations of the 
thenar branch of the median nerve classified by 
Lanz [22].

In Benson et  al.’s [25] review of 80 articles 
describing complications of open and endoscopic 
carpal tunnel release, they divided major compli-
cations in four distinct categories: transient 
neurapraxias, major nerve injuries, tendon inju-
ries, and arterial arch injuries.

17.4.1  Transient Neurapraxias

Benson et  al. found that transient neurapraxias 
were reported in 1.45% of cases of endoscopic 
release and in 0.25% cases of open releases with 
a statistically higher proportion on the endo-
scopic release side [25].

It is clear from the literature that transient 
neurapraxias are present in a significantly higher 
proportion of endoscopic releases, relative to 
open releases. Despite this, if we further analyze 

the endoscopic release technique, we find that the 
transbursal approach to the carpal tunnel—which 
was popular when the endoscopic technique was 
first developed—is associated with higher com-
plication rates of neurapraxia. As the transversal 
approach has fallen out of favor since the mid- 
1990s and the extrabursal approach has since 
then evolved as a more standard technique 
(whether a single-portal or two-portal system 
was used), there has been a reduction of this com-
plication. It is clear that a high percentage of 
neurapraxias is related to the transbursal approach 
due to pressure applied to the median or ulnar 
nerves while the endoscope is manipulated 
through a transbursal path. For this reason, we 
believe that it is important to subdivide endo-
scopic cases according to the surgical approach 
to the flexor tendon bursa. When only extrabursal 
endoscopic release procedures are considered in 
the comparison, a significantly larger proportion 
of open release procedures are associated with 
complications as compared with the endoscopic 
release procedure [25].

Benson et al. [25] analyzed a number of con-
ditions which could be a source of neurapraxia in 
the endoscopic carpal tunnel release technique. 
Conditions that may be the cause of ulnar neura-
praxia are excessive pulling of a retractor on the 
ulnar side in the insertion site with compression 
of the superficial branch of the ulnar nerve, com-
pression of the ulnar nerve when advancing the 
dilator, accidental entry in Guyon’s canal, and 
friction on the ulnar nerve when the blade attach-
ment is pulled back. They suspect that the actual 
cause is most probably the result of the insertion 
of the instruments in the flexion groove of the 
wrist where the entry point is on the ulnar side 
and results in the compression of the proximal 
ulnar nerve. To ensure that the instrument is not 
inserted into Guyon’s canal, after the incision is 
made, the median nerve should be revealed and 
followed from distal to proximal, to the border of 
the retinaculum. This guarantees the correct entry 
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into the carpal tunnel. In the literature, a greater 
number of complications are reported with 
Chow’s method than with Agee’s one. The ques-
tion remains unanswered whether this is due to 
technical aspects of the procedure, or whether it 
is because Chow’s method is more commonly 
used. Finally, the experience of the surgeon cer-
tainly is a decisive factor.

When transient neurapraxias were eliminated 
from the analysis and complications were rede-
fined as structural injury to the nerves, arteries, or 
tendons, results from the comparison of the two 
techniques showed that a statistically significant 
larger proportion of open release procedures was 
associated with complications, as compared with 
endoscopic release procedures [25].

17.4.2  Major Nerve Injuries

Major nerve injuries, defined as damage to the 
median or ulnar nerve, were reported in 0.13% of 
endoscopic release cases and in 0.10% of open 
release cases; digital nerve injuries were reported 
in only 0.03% of endoscopic release cases and in 
0.39% of open release cases [25]. Other studies 
show a rate of major nerve injuries of 0.11% in 
the open approach versus a 0.13% in endoscopic 
release. This difference does not achieve statisti-
cal significance. Boeckstyns et  al. [26], who 
directly compared 9516 endoscopic and 1203 
open releases regarding permanent structural 
injury, reported a 0.3% rate of complications for 
the endoscopic approach and a 0.2% complica-
tion incidence for the open technique. Structural 
complications from endoscopic and open tech-
niques were numerically close with no statistical 
difference.

In Vasiliadis et al.’s [18] review, major nerve 
complications where scarcely found; of the 25 
studies included, there were no differences 
between the open and endoscopic approach. The 
major complications recorded in these studies 
included one injury to the deep motor branch of 
the ulnar nerve in an open treated patient [27] and 
a case treated with endoscopic approach who 
developed symptoms compatible with common 
digital nerve injury [28]. Müller et  al. [29] 

reported 14 lesions of nerve structures of the 31 
complications that were found in his study. 
Albers et al. [30] (Chow technique) reported an 
instance in which the median nerve was com-
pletely severed. De Smet et al. [31] (Agee tech-
nique) also described one instance of the motor 
branch of the ulnar nerve being injured.

Several authors have reported injuries to the 
nerve arcade between the median and ulnar 
nerves causing neuromas [32]. According to 
Ferrari et  al. [32], this superficial nerve arcade, 
formed by sensitive fibers from the ulnar to the 
median nerve (or the common middle hand nerve 
of the third and fourth fingers) is found in 90% of 
cases (45 of 50 cases in their cadaver study). 
They innervate part of the radial side of the ring 
finger and in 24% of cases run less than 4 mm 
parallel to the distal border of the retinaculum. 
They conclude this nerve arcade is a possible 
source of postoperative pain and neuroma 
formation.

17.4.3  Tendon and Artery Injuries

Benson et al. [25] found that tendon injuries were 
noted in 0.008% of endoscopic release cases as 
compared with none in open release cases. 
Similarly, arterial arch injuries occurred in 0.02% 
of endoscopic release cases and none in open 
release cases. Boeckstyns et al. [26] found simi-
lar results when comparing the two groups for 
other complications including tendon and arterial 
injuries. Atroshi et al. [33], in another compara-
tive study, reported no nerve, vascular, or tendon 
injuries and no wound complications at 1-year 
follow-up.

The overall proportion of complications was 
0.74% for the open release technique and 1.63% 
for the endoscopic release technique. This differ-
ence was statistically significant [25]. 
Nevertheless, Schmelzer et al. [19], in their large 
analysis of 54 publications, demonstrated that 
open carpal tunnel release and endoscopic carpal 
tunnel release have similar rates of complica-
tions. Therefore, it is clear that endoscopic 
release carries a similar rate of major complica-
tions compared with the open approach, but it is 
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also clear that the endoscopic release carries a 
statistically higher rate of transient neurapraxia 
of the median or ulnar nerve compared with the 
open approach.

17.5  Minor Complications

Minor complications were analyzed by Benson 
et al. [25] in a meta-analysis, revealing that endo-
scopic release resulted, on average, in a lower 
rate of minor complications compared with the 
open release. The summary effect indicated that 
endoscopic release is associated with an average 
relative decrease in odds of minor complication 
of 50% compared to the open approach. However, 
in-depth analysis of minor complications revealed 
that endoscopic release was associated with a 
higher rate of transient nerve problems, such as 
neurapraxia, numbness, or paresthesia, when 
compared to the open release. Nonetheless, all 
the cases reported in this meta-analysis were 
transient and subsided within 2–3  weeks. Also, 
open release was associated with a higher rate of 
wound complications compared to the endo-
scopic release. The incision in the endoscopic 
approach does not harm the overlying subcutane-
ous nerves of the palm which could explain the 
fewer painful scars following endoscopic tech-
niques. By contrast, the palmar incision used in 
open release results in an incision through the 
skin and subcutaneous tissue, increasing the risk 
of painful neuromas. Schmelzer et  al. [19] 
reported that 12% of the patients complained of 
occasional scar tenderness and 4% complained of 
hypersensitivity over the scar to touch, cold, or 
heat. On postoperative day 84, 61% of open car-
pal tunnel release patients had painful scars, 
whereas only 36% of endoscopic carpal tunnel 
release patients had similar complaints.

Therefore, endoscopic release seems to be sig-
nificantly superior to the open release in terms of 
minor complications, especially the ones related 
to wound problems. The endoscopic approach 
has been associated with reduced postoperative 
pain and an early return to work. Table  17.3 
shows the complications after endoscopic versus 
open carpal tunnel release [34].

17.6  Return to Work

The endoscopic surgical technique, with minimal 
incisions and minimal soft tissue damage, would 
theoretically provide improved results in terms of 
scar tenderness, less discomfort for patients, less 
postoperative pain, and subsequently earlier 
return to work and higher patient satisfaction.

Vasiliadis et  al.’s [18] systematic review and 
meta-analysis revealed a statistically significant 
reduction of time out of work or daily activities 
with endoscopic release; hence, patients treated 
with endoscopic release returned to work or to 
daily activities on an average of 10 days earlier 
than those with an open release. The greater sur-
gical trauma of open release is associated with 
increased pain, and therefore, it increases time 
out of work. However, inconsistency is likely to 
arise from the different definitions used, social 
and economic factors (the generosity of the pub-
lic system in terms of sick leave), and the occupa-
tion of the participants enrolled in the studies. 
Concordantly, in Benson et  al.’s [25] study, 
3 months after the operation they observed a very 
high rate of patient satisfaction (average score 
1.7) and a short absence from work (average 
16.2 days). In the available literature the average 
reported recovery time until the patient returns to 
work is 40–50 days. As the length of time that a 
patient was absent from work depends on many 
sociomedical variables (e.g., type of insurance 
and individual motivation), it cannot be 

Table 17.3 Complications after endoscopic vs open car-
pal tunnel release. ECTR: endoscopic carpal tunnel 
release. OCTR: open carpal tunnel release. Modified from 
Palmer and Toitoven [34]

Complication
ECTR (n: 
708)

OCTR (n: 
616)

Median nerve injury 100 147
Palmar cut branch 
injury

17 117

Ulnar nerve injury 88 29
Digital nerve injury 77 54
Tendon injury 69 19
Superficial palmar arch 
injury

86 21

Ulnar artery injury 34 11
Total complications 708 616
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 considered a reliable parameter. It does, however, 
play an important role in hand surgery, where 
absence from the workplace accounts for approx-
imately two-thirds of the costs.

Therefore, although the recovery time until 
the patient is able to work is a variable difficult to 
be objectively measured, as many subjective fac-
tors have merged (individual motivation, insur-
ance, psychological issues, etc.), the reported 
literature tends to agree that the endoscopic car-
pal tunnel release provides a clear advantage in 
terms of reducing the recovery period, allowing a 
faster return to working duties when compared to 
the open release technique.

17.7  Reporting Bias/Learning 
Curve

It is interesting to note that in the published 
studies since 1966, there are twice as many 
cases of endoscopic carpal tunnel release than 
open carpal tunnel surgery cases, even though 
the endoscopic approach has been used only 
since the past decade. In addition, we can find 
higher numbers of studies on. Moreover, the 
debate about their safety and complications as a 
novel technique could have possibly led to over-
reporting of its complications. All these facts 
suggest that a reporting bias exists regarding 
this issue.

Another explanation could be the lack of 
experience in performing a technically demand-
ing novel technique that led to an increase in the 
rate of complications. It has been suggested that 
endoscopic carpal tunnel release has a relatively 
long learning curve. Meticulous training is man-
datory before starting clinical practice in order to 
complete a safe procedure. Institutional courses 
and practice in cadavers are highly recom-
mended and have shown to reduce the incidence 
of complications. Similarly, Schmelzer et  al. 
[19] dictate that the risk of complications seems 
to be somewhat dependent on the experience of 
the surgeon. Several clinical studies such as 
Serra et al. [35] have shown that decreased com-
plication rates correlate with increased surgical 
experience.

17.8  Costs

When analyzing the controversies of choosing 
between two treatments that have demonstrated 
to be safe and clinically and methodologically 
well accepted in the literature, it is of special 
importance to spend some time talking about 
costs and efficiency.

Koehler et al. [36] scrutinized costs related to 
the endoscopic and open carpal tunnel release 
techniques. He emphasized in his study that the 
total intraoperative time was found to be signifi-
cantly longer in the endoscopic procedure 
(44.8 min) than in the open procedure (40.5 min) 
(P < 0.05). The main difference in resource con-
sumption between the endoscopic and the open 
surgery was recognized for the orthopedic sur-
geon (32.7 min vs 21.3 min) and the central ster-
ilization employees. The total procedural cost for 
the endoscopic carpal tunnel release was 43.9% 
greater ($841.64) than the open technique 
($2,759.70 vs $1,918.06). This cost difference 
was primarily driven by the disposable endo-
scopic blade assembly ($217.14), direct operat-
ing room costs related to procedural duration 
($582.12 vs $457.32), and orthopedic surgeon 
fees ($213.53 vs $139.09). Endoscopic equip-
ment costs and the additional labor required for 
sterilization were not significant cost drivers.

Endoscopic carpal tunnel release was found to 
be more expensive than open carpal tunnel 
release, compared with the time-driven activity- 
based costing methodology at an academic medi-
cal center employing resident trainees. The cost 
of the disposable endoscopic blade assembly, 
direct operating room costs related to the proce-
dural duration, and the attending surgeon labor 
costs were the greatest drivers of the identified 
cost discrepancy. The authors believed that the 
statistically significant difference recognized in 
procedural duration is also meaningful because it 
results in a substantive difference in the collec-
tive intraoperative labor costs ($118.52) and 
direct operating room costs ($120.71). The real-
ization of cost savings from reduced labor 
requirements depends upon each institution’s 
ability to reallocate and redistribute those labor 
resources. They demonstrated that open carpal 
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tunnel release is less expensive than endoscopic 
release, but their analysis did not include down-
stream complications because the study was not 
designed, nor powered, to detect differences in 
complications between these two surgical 
techniques.

In order to achieve cost neutrality between the 
two techniques for carpal tunnel release, Koehler 
et  al. stated that the duration of the endoscopic 
procedure would have to be decreased by 
20.2 min. An alternative cost reduction strategy 
could be for the institution to seek a reduction in 
the purchase price of the disposable endoscopic 
blade assembly. If the institution was able to 
negotiate a 50% decrease in the price of the blade 
assembly, the endoscopic procedure would have 
to be decreased by 14.8 min to reach cost neutral-
ity. Finally, cost containment could be achieved 
by strategically optimizing the time the attending 
orthopedic surgeon spends in the operating room. 
This can potentially be achieved by delegating 
noncritical portions of the care cycle to residents 
or advanced practice personnel. Differences in 
training level not captured by the study design 
may have an impact on the duration of attending 
supervision, as it pertains to the endoscopic pro-
cedure; however, the variation observed in the 
present study was relatively limited.

Another recent study [24] highlighted the cost 
of open versus endoscopic carpal tunnel release 
performed in the clinic versus in the operating 
room. They found operating time to be 60 min in 
the operating room and 30 min in the clinic and 
that the opportunity cost of using the operating 
room was approximately $2700. The cost per 
patient in the clinic was $985 for endoscopic ver-
sus $670 for open carpal tunnel release. In the 
operating room, endoscopic surgery was cheaper, 
$2273 versus $3469 for open surgery.

Chung et  al. [37] examined cost, long-term 
quality of life, and costs of complications. They 
noted a cost of $2202 for open versus $2944 for 
endoscopic carpal tunnel release. The adjusted 

cost differential was $46 for endoscopic versus 
open release, which included the cost from 
Medicare relative value units, adjusted for out-
comes. The same authors acknowledged differ-
ences in quality of life by decade for patients, 
meaning that benefits for endoscopic surgery are 
higher for younger patients. Here was a marginal 
benefit (for all age groups) of cost for endoscopic 
versus open release, which was feasible in the 
hypothetical case in which the rate of median 
nerve injury was 1% lower for endoscopic versus 
open surgery (this has not been reported in the 
literature). The authors concluded that if 70% of 
carpal tunnel release were performed in the clinic 
instead of the operating room, it could translate 
to a cost saving of $400 to $500 million per year.

As we have seen, cost estimates vary widely in 
the available literature, but there are certain state-
ments in which most authors agree. Those state-
ments that seem to be well accepted in literature 
are that overall costs of open carpal tunnel release 
are less than endoscopic tunnel release, perform-
ing a carpal tunnel release in the clinic is cheaper 
than in the hospital, and costs should include 
potential complications of the procedure selected.

17.9  Conclusions

Controversy continues when deciding the “gold 
standard” surgical technique for surgical carpal 
tunnel syndrome. Traditionally, open surgical 
release has proven excellent clinical results with 
a very low incidence of complications and accept-
able postoperative recovery time. Nonetheless, 
the endoscopic technique has proven to achieve 
equal excellent clinical results with the advantage 
of an accelerated postoperative recovery and 
patient satisfaction. It is still in debate whether 
the observed higher incidence of transient neura-
praxia experienced in the endoscopic surgical 
release is a decisive factor to restrain the use of 
this procedure or if it is an acceptable risk.

J. Ameztoy-Gallego et al.
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18Distal Radioulnar Joint: Resection 
Arthroplasty or Prosthetic 
Arthroplasty

Ciara Fox and Patrick Groarke

18.1  Introduction

Arthritis of the distal radioulnar joint (DRUJ), 
whether it be primary osteoarthritis, post- 
traumatic or inflammatory, is a difficult condition 
to adequately manage. This is due to the complex-
ity of the anatomy and biomechanics of the joint 
and our inability as surgeons to truly replicate 
those factors in any operation. It is also not a very 
common pathology to encounter in the clinical 
setting, and therefore, studies comparing surgical 
options are relatively few with small numbers.

Resection of the DRUJ was performed as early 
as 1855 [1]. It provided good pain relief and was 
the mainstay of management for many years. Over 
time, it was acknowledged that the rate of longer-
term pain, limitation of movement and potential 
for distal radioulnar convergence was relatively 
high. This sparked the development of prostheses 
for the DRUJ in order to enhance stability and 
function while reducing pain. Prostheses have also 
evolved from interposition implants to replace-
ment of the ulnar head to total DRUJ replacement. 
Early results of arthroplasty are somewhat encour-
aging but studies are lacking in sample size and 
longevity. Therefore, the management of DRUJ 
pathology remains controversial.

18.2  Distal Radioulnar Joint 
(DRUJ) Anatomy

The DRUJ is composed of the bony articulation 
between the styloid notch of the distal radius and 
the ulnar head. There is a significant mismatch in 
the radius of curvature of these two bony compo-
nents with the styloid notch having a much 
greater radius of curvature than that of the ulnar 
head [2]. There can also be variability in both the 
sagittal and coronal plane alignment of the joint. 
In the axial plane, a “flat face” sigmoid notch is 
present in about 42% of patients and predisposes 
to instability [3]. With regard to the sagittal plane, 
differences in the slope of the articular surface of 
the sigmoid notch in comparison to the long axis 
of the ulna do not have a direct impact on DRUJ 
function but are one of the challenges that need to 
be addressed when considering the use of a pros-
thesis [3, 4]. Regardless of the morphology of the 
sigmoid notch or distal ulnar/radial articulation, 
the bony structures provide little mechanical 
stability.

Most of the stability of the DRUJ is attribut-
able to the surrounding soft tissue structures, 
including the triangular fibrocartilage complex 
(TFCC) [5]. The TFCC is comprised of the dorsal 
and volar radioulnar ligaments, ulnocarpal liga-
ments, meniscus homologue, articular disc and 
tendon sheath of the extensor carpi ulnaris 
(ECU). The TFCC originates on the distal radius 
at the styloid notch and inserts at the base of the 
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ulnar styloid both dorsally and volarly [6]. 
Anatomical studies have shown a role not only of 
the TFCC, but also of the interosseous membrane 
and  pronator quadratus muscle in providing sta-
bility to the joint [7, 8]. Interestingly, sectioning 
of any one of these components in isolation does 
not result in DRUJ instability, suggesting that 
there is very much a shared role of all of the soft 
tissue elements in maintaining stability [7–9]. 
Therefore, it is important in performing any sur-
gical intervention to the DRUJ; that respect is 
given to, not only addressing the articular sur-
faces, but also preserving the soft tissue struc-
tures if possible.

18.3  DRUJ Biomechanics

The DRUJ is important in both weight-bearing 
and forearm rotation. Forearm rotation occurs 
through an axis of rotation from the centre of the 
radial head proximally to the centre of the distal 
ulnar fovea distally. The ulna is constrained prox-
imally in the ulnohumeral joint; therefore, the 
forearm rotation occurs by rotation of the mobile 
radius around the fixed ulna [10]. Mismatch 
between the larger axis of rotation of the shallow 
sigmoid notch of the radius and the smaller ulnar 
head results in movement at the DRUJ occurring 
due to a combination of rotation and sliding. The 
ulna moves from the dorsal position in pronation 
to the volar position in supination as well as mov-
ing longitudinally relative to the radius.

The distal radius usually takes 80% of the load 
on axial weight-bearing with the distal ulna tak-
ing 20% when the forearm is in neutral position 
[11, 12]. The percentage of weight-bearing 
through the ulna varies depending on the position 
of the forearm (20% axial load through the ulna 
in neutral position but up to 50% in pronation and 
ulnar supination) [11, 12]. Load transmission 
through the ulna also varies depending on the 
ulnar length [13]. Shortening the ulna by 2.5 mm 
reduces its axial load to 4%, while lengthening 
by 2.5 mm increases it to 42% [12]. While ulnar 
shortening can increase peak pressure within the 
DRUJ, it may also aid in stability of the DRUJ by 
increasing TFCC tension [14, 15].

18.4  Management of Distal 
Radioulnar Joint Arthritis

The DRUJ can be affected by post-traumatic 
osteoarthritis (OA), primary OA or inflammatory 
arthropathies. Abnormalities of the joint surfaces 
can result in painful forearm rotation, limitation 
in range of movement, tenderness over DRUJ and 
instability. Given the complexity of the anatomy 
required to maintain the normal biomechanics of 
the DRUJ, surgical management is challenging.

As with any other pathology of any other joint 
in the body, the first step in management should 
be non-operative. In the case of DRUJ arthritis, 
conservative management includes activity mod-
ification, gentle physiotherapy, splinting, steroid 
injections and analgesia. When these measures 
fail, operative intervention is broadly divided into 
resection arthroplasty or prostheses. There are 
benefits and complications of each surgical 
option. The definitive treatment approach should 
be determined on a patient-to-patient basis by a 
highly skilled upper limb surgeon.

18.4.1  Resection Arthroplasty

Resection arthroplasty for the DRUJ was first 
performed in 1855 [1]. Overall, proponents 
would argue that patient satisfaction rates are 
relatively high. There are multiple long-term 
studies [16–18].

Pitfalls of resection procedures are persistent 
pain, instability of ulnar stump and radioulnar 
impingement. Opponents to the resection arthro-
plasty would suggest that these procedures do not 
reconstruct the complex anatomy of DRUJ.

These complications are relatively high but 
conversion to ulnar implant is an option.

18.4.1.1  Darrach Procedure

Description and History
Excision of the distal end of the ulna was first 
described as a technique for open DRUJ disloca-
tion in the 1800s [1, 19]. It was later utilised as a 
method for addressing distal radial malunions 
[20–22]. Finally, it was popularised by Darrach 
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Fig. 18.1 Preoperative (left) and postoperative (right) imaging of Darrach resection arthroplasty

in 1912 as a management for rheumatoid arthritis 
and post-traumatic DRUJ OA [23].

Darrach’s procedure is an excision arthro-
plasty of the ulnar head through the neck but with 
attempt at preservation of the ulnar styloid and 
TFCC attachments (Fig. 18.1).

Intended Benefits
Good longer-term studies exist for resection 
arthroplasty. Patient satisfaction is high. Range of 
movement is satisfactory in the longer term. 
Though radiological follow-up can show a sig-
nificant percentage of radioulnar impingement, 
this does not directly correlate with clinical out-
comes [16]. Darrach has a role to play particu-
larly in older patients as outcomes in younger 
more active patients are less favourable.

Potential Complications
There are multiple potential downsides to perform-
ing a DRUJ resection arthroplasty. These include 

instability of the distal ulnar stump, impingement 
of the stump on the distal radius (radioulnar con-
vergence) and ulnar carpal translation.

Outcomes
Good results are observed in post-traumatic and 
chronic DRUJ OA [18] as well as after distal 
radius fracture. Retrospective case series report 
satisfactory patient outcomes in more than 75% 
of patients undergoing the Darrach procedure for 
post-traumatic OA of the DRUJ after distal radius 
fracture [24].

Multiple studies have shown satisfactory or 
good long-term outcomes both from objective 
measures and patient-related subjective outcomes 
[16, 18].

High levels of postoperative dynamic ulnar 
convergence are present but do not seem to influ-
ence clinical outcomes [16].

Boretto et  al. reviewed elderly patients with 
acute DRUJ instability secondary to concomitant 
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distal ulna and distal radius fractures [25]. They 
compared open reduction and internal fixation 
(ORIF) of the distal ulnar fracture to resection of 
the distal ulna in patients greater than 70 years of 
age. Overall, there was no significant difference 
in either objective (active range of movement and 
grip strength) or subjective measures (pain and 
Mayo wrist score) between the two groups but 
complication rates were significantly higher in 
the ORIF group.

Several methods have been suggested to 
address the issue of stump instability and radioul-
nar impingement including the use of a slip of 
ECU or flexor carpi ulnaris (FCU) to stabilise the 
stump and interposition soft tissue to reduce 
impingement pain [17, 26, 27]. There are also 
reports of the use of Achilles tendon allograft 
used in the interosseous space to aid stability 
[28]. None of these alterations to the original 
described procedure have been shown to be clini-
cally effective.

Studies have shown that the use of an ECU 
tendon slip to stabilise the remaining stump do 
not show superiority when compared to cases in 
which no tendon is used.

Barret et al. describe a technique of performing 
matched distal ulnar resection in combination 
with reconstruction of the sixth dorsal compart-
ment and dorsalisation of the ECU tendon in order 
to improve stability [29]. They looked at 50 wrists 
in three groups—isolated matched distal ulnar 
resection (12), distal ulnar resection in combina-
tion with total wrist arthrodesis (21) and distal 
ulnar resection in combination with radius to 
proximal row arthrodesis (17). The majority of 
their patients had rheumatoid arthritis. With a 
mean follow-up of 8.2 ± 5.4 years, 72% of patients 
were pain-free and 90% would have the proce-
dure performed again. Only two patients (4%) 
had both clinical and radiological instability with 
ulnar convergence. This was attributed to an 
excessively proximal resection of the distal ulna. 
Two other patients (4%) suffered from ulnocarpal 
impingement post-op due to a too- distal resection. 
Range of motion and grip strength were similar 
across all three groups postoperatively.

Tips
It is important to avoid the dorsal sensory branch 
of the ulnar nerve on approach. While one can 
use a strip of ECU or FCU to stabilise the stump, 
however, these do not bear out in the literature as 
truly aiding stability and therefore are not per-
formed in our unit.

Rather than a completely horizontal cut, the 
cut of the distal ulna can be shaped in order to 
match the opposing surface of the radius. It is 
important to try to maintain static and dynamic 
stabilisers of the DRUJ as much as possible—
anchor the TFCC to the cut surface of the distal 
ulna and preserve the interosseous membrane by 
not cutting too proximally.

Summary
There is very much a role still for distal ulnar 
resection in treating DRUJ pathology. Rates of 
radioulnar convergence and persistent stump 
instability remain high; however, this does not 
appear to correlate directly with poorer patient 
outcomes. Several soft tissue methods have been 
utilised in order to improve stability of the DRUJ 
post-resection [29] with varying success. Perhaps 
the most important factor is to be mindful both of 
the length (not too long—impingement or too 
short—instability) and shape of the distal ulnar 
cut as well as an attempt to preserve as much 
native soft tissue structure as possible.

Similar Procedures
Similar resection arthroplasty procedures include 
the hemiresection with interposition of the ten-
don (HIT) first described by Bowers in 1985 [30] 
and the “matched ulna” resection arthroplasty 
described by Watson in 1986 [31]. The hemire-
section with interposition of the tendon theoreti-
cally reduces distal ulna instability as it maintains 
the ulnar border of the distal ulna and the soft 
tissue attachments (TFCC). It can be useful for 
younger patients with intact TFCC. These proce-
dures have comparable outcomes to the Darrach 
procedure. Additional soft tissue-stabilising 
 procedures do not result in better clinical out-
come [32].
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18.4.1.2  Sauvé-Kapandji Procedure

Description and History
The Sauvé-Kapandji procedure involves the 
fusion of the sigmoid notch of the distal radius 
with the distal ulna along with a more proximal 
ulnar osteotomy to allow pseudoarthrosis at the 
ulnar neck. This radioulnar fusion with metaphy-
seal resection was first described by Kapandji in 
1936 [33].

Intended Benefits
There are multiple theoretical benefits of the 
Sauvé-Kapandji procedure over the Darrach 
resection. It maintains normal force transmission 
through the wrist and preserves the ulnar support 
of the carpus. It allows for the ulna to be short-
ened if needed and, as long as fusion does occur, 
results in a stable distal joint. As the distal ulnar 
attachments are left in situ, the TFCC and distal 
radioulnar ligaments are preserved.

The Sauvé-Kapandji procedure has been high-
lighted as an option for inflammatory arthropathy 
patients as it, theoretically, avoids the distal ulnar 
instability of a Darrach procedure. It has also 
been used in younger patients with post- traumatic 
OA of the DRUJ as it claims to provide better 
weight-bearing in the joint.

Potential Complications
The potential complications in performing a 
Sauvé-Kapandji procedure are similar to the 
Darrach procedure in that ulnar stump instability 
and radioulnar convergence can still be an issue. 
Many authors argue that impingement/conver-
gence, present in almost all cases of any kind of 
resection arthroplasty, is not clinically significant.

As the procedure depends on a successful dis-
tal fusion, issues with non-union or delayed 
union can arise. In addition, the development of a 
fibrous or osseous union at the ulnar neck pseu-
doarthrosis site is a concern.

Outcomes
Studies looking at the Sauvé-Kapandji procedure 
are primarily small in number and retrospective. 

Overall, the trend suggests that the majority of 
patients have good pain relief which improves up 
to 1 year postoperatively, improved grip strength 
and preservation of movement at the wrist. There 
is a high rate of successful union at the 
DRUJ. However, complication rates remain very 
high.

A group from Switzerland have reported high 
levels of ulnar instability following the Sauvé- 
Kapandji procedure [34]. They reported that 6 
out of 15 patients, at a mean follow-up of 
13 years, required revision surgery for persistent 
instability of the ulnar stump. They also found 
that increased ulnar instability (when measured 
sonographically) was strongly correlated with 
worse DASH (Disabilities of the Arm, Shoulder 
and Hand) and PRWE (Patient-Rated Wrist 
Evaluation) scores as well as lower grip strength 
and supination torque. There was no significant 
difference in outcomes between those patients 
who had soft tissue stabilisation (FCU or retinac-
ular flap) or no soft tissue stabilisation at the time 
of index surgery. Despite these issues, the pro-
supination range in all patients was good. As a 
result of these findings, this group restricts the 
use of the Sauvé-Kapandji procedure to only very 
selected cases.

To minimise ulnar instability, minimal resec-
tion of the distal ulna with a very distally based 
pseudoarthrosis has been proposed. Lluch et al. 
performed the pseudoarthrosis at the level of the 
ulnar head and only removed 5 mm of the bone in 
70 patients [35]. Despite these adjustments, all 
patients had ulnar stump instability. However, the 
instability was painless.

Complication rates following the Sauvé- 
Kapandji procedure have been reported to be as 
high as 58% [36] and 63% [37].

Munaretto et  al. reviewed 35 patients with a 
mean follow-up of 49.5  months following the 
Sauvé-Kapandji procedure [38]. Pain scores were 
significantly improved postoperatively. Ninety- 
one percent of the patients had improvement in 
pain with 64% having complete resolution of 
pain. However, 9% had either no change or 
 worsening of their pain following the procedure. 
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The mean grip strength improved in patients. 
They noted reduced wrist flexion in their patients 
postoperatively and attributed this to dorsal cap-
sular plication which is performed routinely in 
their group to aid stability. Otherwise, there was 
some improvement in pronation, supination and 
wrist extension which did not reach statistical 
significance. Again, complication rates were high 
at 34%. Two cases had persistent ulnar stump 
instability, one case had persistent DRUJ pain 
and there was one case of painful heterotrophic 
ossification which all required re-operation. The 
other complications were described as “minor”, 
including pin tract infection and prominent hard-
ware. All patients had successful arthrodesis of 
the DRUJ.

Giberson-Chen et al. retrospectively reviewed 
57 patients showing that patient-related outcome 
measures (QuickDASH score) improved up to 
12  months postoperatively for both OA and 
inflammatory arthritis patients [39]. Interestingly, 
at 6  weeks postoperatively, QuickDASH scores 
were worse than those preoperatively for both 
groups but declined below the preoperative mean 
by 3  months and continued to improve until 
12 months. While QuickDASH scores improved 
over time from pre- to post-op for OA patients, 
they remained lower than those for inflammatory 
arthritis patients at all time points. Supination 
improved significantly postoperatively, while 
range of movement in other planes of the wrist 
was unchanged.

Overall, there was a high revision rate of 21% 
including removal of hardware and revision oste-
otomy. Only one patient had ulnar stump instabil-
ity requiring a revision stabilisation procedure. 
The group suggests that the low rate of instability 
of the ulnar stump post-op can be attributed to 
their surgical technique of a distal site of pseudo-
arthrosis only just proximal to the DRUJ articula-
tion, thereby preserving soft tissue-stabilising 
structures such as the periosteum, pronator qua-
dratus and interosseous membrane.

This paper is particularly helpful in counsel-
ling patients preoperatively regarding expected 
outcomes and recovery following the Sauvé- 
Kapandji procedure. Patients can expect that pain 
will worsen in the initial postoperative period but 

improve by 3 months. Functional improvements 
will continue for up to 12  months. The Sauvé- 
Kapandji procedure can also improve supination, 
for those patients with limited preoperative pro-
suppination, without compromising other wrist 
movements.

Tips
It can decrease the risk of non-union/delayed 
union at arthrodesis by ensuring good clearance 
of soft tissue/periosteum between the styloid 
notch and distal ulna, debridement down to the 
bleeding subchondral bone and good alignment + 
compression at arthrodesis site with the use of a 
compression screw.

It decreases the risk of fibrous or osseous 
union at the pseudoarthrosis site by carrying out 
minimal soft tissue retraction at that site and 
remove bone debris and periosteum.

By making pseudoarthrosis as close as possi-
ble to the head of the ulna, it can minimise ulnar 
stump painful instability by leaving the smallest 
bone defect as possible.

Summary
Different types of resection/Sauvé-Kapandji pro-
cedure all have similar benefits/perform the same 
function (no one procedure superior to others), 
but the rate of post-op pain is high and the range 
of movement is decreased.

Distal radioulnar convergence and impinge-
ment are ongoing issues. Most papers argue that 
radioulnar convergence does not correlate with 
clinical symptoms. However, measurement of 
ulnar stump instability as measured by ultrasound 
(as opposed to weight-bearing plain films) sug-
gests that stump instability is significantly corre-
lated with poorer outcomes on both objective and 
subjective measures [34]. Perhaps we are mea-
suring the impingement/convergence inaccu-
rately and should be using ultrasound studies 
more routinely.

The only statistically significant predictor of 
poor outcome is a high body mass index (BMI). 
Patients with raised BMI are found to have higher 
rates of persistent post-op pain. Other postopera-
tive complications such as limited range of 
 movement and need for revision surgery are not 
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easily predictable. As such, it suggests that resec-
tion procedures for the DRUJ are poor options in 
themselves rather than the technique utilised or 
the comorbidities of the patients that result in 
poorer outcome [32].

There is still a role for both the Darrach and 
Sauvé-Kapandji procedures as surgical options 
for patients with DRUJ arthritis with careful 
patient selection, adequate preoperative educa-
tion as to expected outcomes and correct surgical 
technique.

18.4.1.3  Comparison of the Darrach 
Versus Sauvé-Kapandji 
Procedure

There is paucity of literature directly comparing 
the outcomes of the Darrach versus Sauvé- 
Kapandji procedure. Those studies that seek to 
compare the two procedures are retrospective 
with small sample sizes. However, those that are 
out there show comparable long-term outcomes 
between the two procedures. Both the Sauvé- 
Kapandji and Darrach procedures have similar 
outcomes. No significant difference has been 
shown between the Sauvé-Kapandji and Darrach 
procedure [32, 36]. However, the Sauvé-Kapandji 
procedure is more complex and technically more 
demanding.

When patients less than 50 years of age under-
went either the Darrach or Sauvé-Kapandji pro-
cedure to address post-traumatic DRUJ arthritis 
following distal radius fractures, no significant 
difference in grip strength or ulnar carpal shift 
was found [36]. Verhiel et al. showed similar out-
comes for pain and function between the Darrach 
and Sauvé-Kapandji groups in post-traumatic 
DRUJ OA from both distal radius fractures and 
other causes [40]. Complication rates were higher 
in the Sauvé-Kapandji group (50% in patients 
who underwent the Sauvé-Kapandji procedure 
versus 30% in Darrach cases), but this was not 
statistically significant.

Yayac et al. reviewed 117 patients with DRUJ 
OA (post-traumatic, primary and inflammatory 
arthritis) at a mean follow-up of 70.6 months who 
underwent either the Darrach, Bowers (distal 
ulna hemiresection) or Sauvé-Kapandji proce-
dures [32]. Overall, 25.6% of the patients experi-

enced persistent pain postoperatively and 19.7% 
were limited in their range of movement postop-
eratively. The patients who underwent the Sauvé- 
Kapandji procedure were significantly younger 
than the Bower’s hemiresection and Darrach 
groups (42.4 years versus 60 years). This age dif-
ference likely represents surgeon choice. DRUJ 
arthrodesis provides greater stability which is 
theoretically beneficial for the younger higher- 
demand patient. However, there was no signifi-
cant difference between the groups with regard to 
pain or function. The study did highlight that 
patients with a raised body mass index (BMI) 
were at a significantly increased risk of persistent 
postoperative pain.

Traditionally, the Darrach procedure is highly 
utilised in the elderly population, while the 
Sauvé-Kapandji procedure is used in younger 
patients or manual labourers. The Sauvé- 
Kapandji procedure is more technically demand-
ing. Multiple studies have shown that when 
patients are age-matched, pain, strength, range 
of movement, patient satisfaction and stump 
instability do not differ between the two proce-
dures [41]. However, surgical revision rates were 
significantly higher in the Sauvé-Kapandji 
group.

Given the lack of superiority of the resection 
procedures discussed, it is difficult to advise on 
one rather than another. The traditional thinking 
that a Sauvé-Kapandji procedure was a better 
option for younger higher-demand patients as it 
resulted in greater stability has not been borne 
out in the current literature. Studies are limited 
by small numbers and retrospective design. 
Given that the Sauvé-Kapandji procedure is asso-
ciated with a higher rate of revision surgery and 
is a more technically demanding procedure, 
should we be doing it at all?

Nikkhah et  al. have called for a multicentre 
prospective study to be performed in the UK to 
determine the role of each operation given that 
there is no clear superiority of either [42]. Until a 
properly powered and well-designed study is car-
ried out, the authors cannot advocate for one type 
of resection procedure over another. However, 
overall, pain seems to improve in majority of 
patients regardless of the procedure carried out.
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18.4.2  Prosthetic Arthroplasty

The pitfalls of resection arthroplasty of the 
DRUJ, including persistent pain and radioulnar 
convergence, stimulated the introduction of pros-
thetic implant arthroplasty. Theoretically, pros-
thetic implants maintain more normal joint 
kinematics. They allow for restoration of the nor-
mal axis and rotation of the forearm as well as act 
to resist tensile and compressive forces across the 
wrist. The goal of any DRUJ implant arthroplasty 
is to reestablish the distal pivot joint necessary 
for the sufficient or adequate tensioning of the 
IOM allowing optimal transfer of load between 
the radius and ulna.

DRUJ implants are of three main types: 
Silastic, ulnar replacement alone and total DRUJ 
replacement with components on both the radius 
and ulna. Silastic implants are historical in per-
spective. Their use was related to significant bone 
resorption and silicon synovitis. They are no lon-
ger used due to high failure rates [43, 44]. The 
distal ulnar head prosthesis can be a partial or 
complete ulnar head replacement. In total DRUJ 
arthroplasty, the device is semi-constrained with 
components on both the distal radius and distal 
ulna.

Despite the advances in technology, it remains 
difficult for any prosthesis to fully address all 
aspects of the complex DRUJ anatomy and truly 
restore normal biomechanics. Surgeons should 
also be aware of the learning curve associated 
with the use of the newer prosthetic implants.

18.4.2.1  Partial or Complete Ulnar 
Head Replacement

Description and History
Ulnar head prostheses were introduced to address 
the limitations of resection arthroplasty at the 
DRUJ. Their aim was to improve patient’s pain 
and maintain the normal DRUJ biomechanics 
while addressing the issues of radioulnar conver-
gence and instability seen with resection proce-
dures. They can be utilised when the distal radius 
sigmoid notch is well maintained and the joint is 
stable in cases of primary pathology. They are 
also indicated for use in salvage operations fol-

lowing resection arthroplasty with ongoing distal 
ulnar stump pain and radioulnar convergence.

In partial ulnar head replacement, the ulnar 
styloid, and its soft tissue attachments, is left 
intact. In a complete ulnar head replacement, the 
entirety of the distal ulna is excised (Fig. 18.2). 
However, the excision is performed sub-TFCC in 
order to protect the soft tissues. The complete 
ulnar head prosthesis is designed with a hole dis-
tally to allow the passage of sutures from the 
ulnar capsule and TFCC to the implant in order to 
maintain stability from the soft tissues.

Intended Benefits
An ulnar head replacement (UHR) allows for 
normal weight-bearing through the DRUJ.  It 
aims to restore a normal axis and forearm rota-
tion while resisting the tensile and compressive 
forces across the wrist joint. By maintaining the 
soft tissue-stabilising structures around the 
DRUJ, it also addresses the issue of instability. 
The benefit of an ulnar head replacement over a 
resection arthroplasty is to prevent stump pain, 
radioulnar convergence and instability. Multiples 
studies have shown that ulnar head replacement 
is a successful operation, and superior to distal 
ulnar resection, in restoring normal kinematics of 
the forearm [45–47].

Potential Complications
Despite adherence to careful surgical technique 
and repair of soft tissues, instability of the implant 
can be an issue particularly if the morphology of 
the native sigmoid notch is quite flat. This can be 
addressed by a gentle and careful “shaping” of 
the sigmoid notch at the time of ulnar head 
implant using a burr.

Sigmoid notch erosion and stress shielding are 
other concerns with UHR.  The metallic ulnar 
head may erode into the sigmoid notch of the dis-
tal radius over time. While the distal ulnar 
replacement enables normal weight-bearing 
through the DRUJ, the force transmission on 
loading passes down the implant stem to the more 
proximal ulnar diaphysis, thus bypassing the 
remaining more distal ulnar diaphysis. This can 
result in stress shielding and osteolysis around 
the implant.
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Fig. 18.2 Anteroposterior (left) and lateral (right) images of total ulnar head replacement (UHR)

Stress shielding of the distal ulna can produce 
significant osteolysis around the implant at short- 
term follow-up. This has been reported to occur 
in 90%–100% of patients [48, 49]. Although it is 
argued that the radiological presence of stress 
shielding and osteolysis does not directly corre-
late with clinical outcome [50]. However, one 
paper does suggest that the presence of a “pedes-
tal” at the tip of the ulnar stem correlates with a 
worse functional result [51].

Outcomes
In reviewing the outcomes of UHR implants, 
there are only relatively small studies that are ret-
rospective in nature. However, patient satisfac-
tion and outcomes are generally good.

Baring et al. looked at 10 patients who under-
went distal ulnar replacement with mixed aetiol-
ogies (primary OA, post-traumatic OA, 
rheumatoid and failed Darrach procedure) [50]. 
Nine out of ten patients had developed osteolysis 
of the distal ulna at a mean follow-up of 
48 months. Despite this, the patient-related out-
come measures were good. The mean visual ana-
logue scale (VAS) for pain was 2.7 and the mean 
DASH score was 37. Of the nine patients with 
osteolysis, eight felt their condition was either 
“better” or “much better”. Though this was a 
small single-surgeon study with some limitations 
(no clearly defined preoperative functional or 
pain measurements and no postoperative mea-
surement of grip strength), it is important in 
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 discussing the relevance of stress shielding of 
these implants. The majority of patients seem to 
develop distal ulnar osteolysis but the radiologi-
cal findings do not directly correlate with patient 
outcomes.

Sauerbier et  al. reviewed 25 patients who 
underwent UHR either as a primary procedure 
for DRUJ arthritis or as a salvage procedure post 
resection arthroplasty [48]. There was a statisti-
cally significant improvement in pain and pain 
scores during stress of the DRUJ in both groups. 
However, patient outcomes were significantly 
better when the procedure was done as a primary 
operation rather than as salvage. This may be due 
to the meticulous maintenance of soft tissue 
structures when the ulnar head implant in utilised 
as an index procedure.

Warwick et  al. presented their results of 56 
UHRs performed in 52 patients with a mean 
follow- up of 60  months [52]. The mean pain 
score was 2.2, while the mean DASH score was 
18. While there were no preoperative scores 
recorded to allow a direct evaluation of objec-
tive improvement, patient satisfaction was high. 
Forty-seven of the patients would have under-
gone the same procedure again. There were five 
complications reported, of which three required 
surgical interventions (two-stage revision for 
infected loosening, impaction grafting for asep-
tic loosening, tendon transfers for delayed 
extensor tendon rupture). There were five radio-
logically confirmed patients with styloid notch 
erosion, but all of these patients were asymp-
tomatic. Overall, this study reports low pain 
scores, good function and high patient satisfac-
tion with UHR.

Tips
Regardless of which specific implant is utilised, 
careful dissection and protection of the TFCC 
and surrounding soft tissue structures should be a 
priority. If the corresponding styloid notch of the 
distal radius is particularly flattened, it can be 
contoured by gently and carefully using a burr to 
develop a more “C-shaped” notch to improve sta-
bility of the implant.

Summary
There is a lack of robust studies regarding UHRs. 
However, the small retrospective studies that are 
available all report high levels of patient satisfac-
tion and improvement in pain postoperatively. 
The best outcomes are when a UHR is carried out 
as an index procedure rather than as a salvage 
procedure after a failed resection. This is likely 
due to the integrity of the soft tissues.

No significant difference has been docu-
mented between partial or total UHR.  Partial 
UHRs show some decrease in range of move-
ment but higher grip strength and rotational force 
postoperatively when compared to total UHRs, 
but these differences do not reach statistical sig-
nificance [53]. As no firm evidence has shown a 
benefit for total UHR over a partial UHR, we 
advise that surgeons would use whichever 
implant they are most familiar and comfortable 
with.

18.4.2.2  Total DRUJ Arthroplasty

Description and History
While ulnar head replacements were a benefit in 
restoring normal forearm kinematics in DRUJ 
pathology, complications such as instability and 
styloid erosion due to the implant drove the devel-
opment of a total distal ulnar replacement. The 
main implant that we refer to in our discussion 
here is the Scheker or Aptis implant. Schuurman 
also developed a total DRUJ replacement. While 
the Schuurman implant has been adapted over 
time and later designs show superiority over ear-
lier devices, studies have shown better longevity 
with the Aptis prosthesis when compared to the 
Schuurman [54, 55]. Most of the current literature 
available relates to the Aptis implant and it is the 
prosthesis we use in our unit. The Aptis implant is 
a semi-constrained, modular implant. It is 
designed to replace the function of the ulnar head, 
sigmoid notch of the radius and TFCC. It can be 
used in inflammatory arthritis, primary OA, post-
traumatic OA and congenital DRUJ pathology 
and has also been shown to be of benefit in failed 
resection arthroplasty cases (Figs. 18.3 and 18.4).
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Fig. 18.3 Anteroposterior (left) and lateral (right) preoperative images of patient post-failed Darrach procedure for 
post-traumatic distal radioulnar joint (DRUJ) osteoarthritis with ongoing significant pain

Fig. 18.4 Postoperative images of the same patient following conversion to total distal radioulnar joint (DRUJ)—
Scheker prosthesis—with improvement in pain and function
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Intended Benefits
The aim of performing a total distal radioulnar 
joint replacement is to reproduce a stable pain-
less joint and restore normal biomechanics allow-
ing full pronation and supination, radial migration 
and variable angle of rotation. It has a particu-
larly significant role as a salvage implant for pre-
vious failed operations on the DRUJ.

Potential Complications
The total DRUJ arthroplasty theoretically 
addresses both instability and restores normal 
biomechanics of the DRUJ but it is not a panacea 
for all of DRUJ arthritis. It involves significant 
soft tissue dissection which could lead to injuries 
of the DRUJ stabilisers. As a semi-constrained 
device, the Aptis implant attempts to overcome 
these issues and maintain stability. However, the 
semi-constrained design may predispose young 
active patients to loosening over time.

Stress shielding and osteolysis around the 
ulnar component, similar to UHRs, is another 
concern. While it has a role as a salvage implant 
in patients who have failed previous DRUJ oper-
ations, concern exists over what options are avail-
able if the Aptis itself fails. This is a particular 
worry in younger patients.

Outcomes
Overall high patient satisfaction rates and good 
survival are reported with the Aptis implant but 
high complication rates and high rates of re- 
intervention are also recorded. There is concern 
that using this implant in young active patients 
may predispose to loosening over time given its 
semi-constrained design. Loosening was reported 
with early studies [54].

Late complications requiring secondary sur-
gery are very common with the Scheker implant 
and shown to occur in 21% of patients [55]. 
Synovitis of the ECU tendon is reported to occur 
in up to 44% of patients [56]. Other complica-
tions include irritation of the superficial radial 
nerve and first dorsal compartment tenosynovitis 
which may occur secondary to the length of the 
radial screws.

The Aptis implant has a wide range of indica-
tions for use with good outcomes reported across 

the board. Galvis et  al. report on its benefit in 
rheumatoid patients [57]. Pain scores and range 
of movement were both improved postopera-
tively. Axelsson et al. have reported positive out-
comes when the Aptis is used for failed previous 
DRUJ surgery [58]. DASH scores are signifi-
cantly improved. Other objective parameters, 
such as grip strength, are improved but do not 
reach significance. Significant bone resorption 
was noted at the distal ulna in most patients but 
there was no evidence of implant loosening. 
However, the mean follow-up was only 3.7 years 
[58].

Frost in 1994 described stress shielding as 
relating to Wolff’s law and bone’s structural 
adaptations or remodelling based on the stresses 
applied to it [59]. Therefore, if an implant results 
in force bypassing the bone, the bone will become 
weaker and less dense as there is no stimulus for 
continued bone remodelling. This is seen com-
monly with hip prostheses but can also be present 
in upper limb prostheses such as humeral stems 
and even in the distal radius following wrist 
arthroplasty. While we have noted evidence of 
stress shielding with the UHRs and total DRUJ 
replacements, it is not clear whether there is any 
clinical significance to this finding and whether it 
can act as a predictor of aseptic loosening in 
longer- term follow-up.

Rampazzo et al. reviewed the use of the Aptis 
prosthesis in younger patients [60]. This group 
looked at 46 arthroplasties performed at a mean 
age of 32  years with a mean follow-up of 
61 months. Both objective and subjective param-
eters were significantly improved postopera-
tively, including grip strength, pain scores, DASH 
scores, PRWE scores and range of movement. 
The overall survival rate was 96% at 5 years.

Calcagni et al. in Europe reviewed his results 
of the Aptis implant at both midterm and longer- 
term follow-up [55, 61]. This group again 
reported good pain relief and patient satisfaction 
with significant improvement in strength and 
weightlifting. There was no significant change in 
the range of movement. Their overall survival 
was 80% at 5 years. Calcagni et al. report that, 
despite it being a “delicate” procedure with care-
ful dissection of soft tissues and the need for a 
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meticulous surgical technique, the learning curve 
with this implant is quite flat.

Multiple studies have shown very good results 
with regard to patient satisfaction and functional 
scores with a mean implant survival of 96%–
100% at 5  years [60, 62–64]. However, longer 
follow-up and assessment are needed to truly 
assess the outcomes of this implant.

Tips
While the Aptis total DRUJ replacement has very 
good early results, the surgical technique is 
somewhat challenging and requires a good deal 
of soft tissue dissection. We feel that its primary 
role at present is as a salvage implant as a last 
option for patients. Therefore, we would suggest 
attempting other surgical options first. 
Preoperative planning is important for this 
implant. It is essential to have high-quality radio-
logical imaging, anteroposterior (AP) and lateral 
views of the full length of the forearm, in order to 
plan for the most appropriate implant insertion. 
Care should be taken to protect soft tissues intra-
operatively. It is essential to ensure adequate soft 
tissue flap to cover the prosthesis and protect the 
ECU in order to reduce the complications of 
ECU irritation.

Summary
Overall, 5-year survival rates are good with 
DRUJ arthroplasty. However, the difficulty then 
becomes options for revision when the implants 
do fail. This is particularly relevant in the setting 
of DRUJ arthritis in a young person.

The National Institute for Health and Care 
Excellence (NICE) guidelines published in 
November 2017 suggest that this is a useful pros-
thesis but that it should be used in very limited 
setting and by a very small number of surgeons in 
order to accrue the specialist technique [65].

Even with comprehensive review, very few 
papers with proper pre−/post-op data are avail-
able and very few reached statistical significance. 
Therefore, it is difficult to comment.

By not addressing the ulnocarpal joint with 
total DRUJ replacement, we are increasing the 
axial load to the radiocarpal joint similar to what 
would occur with an excision arthroplasty.

These need to be added to the National Joint 
Registry in order to truly calculate accurate pre-
operative and postoperative outcomes and to 
compare different prostheses. Without stan-
dardised follow-up, early identification of com-
plications and major issues with these implants is 
very difficult particularly given that they are per-
formed in such small numbers.

Calcagni et al. performed a systematic review 
of the literature surrounding DRUJ arthroplasty 
with implants in 2017 [55]. This review high-
lighted the paucity of data available for review. 
Very few papers have complete preoperative and 
postoperative data collection. There are no large 
studies to reference, and therefore, very few 
reach statistical significance given the small 
patient numbers. However, this review did show a 
patient satisfaction rate of 95% with UHRs and 
98% with the Aptis total DRUJ replacement. The 
UHRs were found to have a 95% survival at or 
beyond 5 years and the total DRUJ had a survival 
rate of 98% at or beyond 5 years.

A further systematic review by Moulton et al. 
in 2017 reviewed both distal ulnar replacements 
and total DRUJ replacements [66]. Fourteen 
studies had shown an implant survivor rate of 
93% at a mean of 45 months for the ulnar head 
replacements and 97% survivorship for the total 
DRUJ prosthesis (primarily Aptis implant) at 
56 months.

Certainly the shorter-term results with DRUJ 
implant arthroplasty are very encouraging but we 
are somewhat cautious with the use of these 
implants in younger patients given the lack of 
long-term outcome data. We feel that a prospec-
tive multicentre trial is needed in order to most 
accurately assess the outcomes in these implants.

18.4.3  Authors’ Preferred Treatment 
Methods

In general, we prefer a Darrach procedure in 
older less-demanding patients. It is a relatively 
straightforward procedure with overall high sat-
isfaction rates. As a local group, we do not tend to 
do Sauvé-Kapandji procedure as we feel that, in 
our hands, the high complication rates and rates 
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of revision surgery outweigh the benefits. In the 
younger patient, we would tend to favour an ulnar 
head replacement. We have found that some of 
these implants are becoming increasingly diffi-
cult to obtain and to have adequate surgical rep 
support as larger companies take over smaller 
ones and drop these from their portfolio as they 
are utilised in a much smaller volume than other 
upper limb implants. In cases of prior failed sur-
gery as a salvage operation or for that subset of 
patients with concomitant DRUJ arthritis and 
instability, we favour a Scheker total DRUJ 
prosthesis.

While the newer implants for either ulnar head 
or total DRUJ replacements show good outcomes 
in the short term and hold great potential, there is 
certainly an added cost issue with their use. In the 
current age of careful resource utilisation, each 
surgeon needs to decide what is best for their 
patient based on the resources available in their 
unit as well as their own surgical expertise while 
still maintaining a focused individualised optimal 
patient care.

18.4.4  Conclusions

It is difficult to propose an algorithm to aid with 
treatment options in DRUJ arthritis. It remains an 
area of great controversy. We would recommend 
that surgeons decide management options on a 
case-by-case basis dependent on both patient fac-
tors (i.e. BMI, function, age) and joint factors 
(stability, congruency, morphology).

We need robust, prospective long-term studies 
to assess the true outcome of these procedures. 
These are all done in such a small number; it is 
difficult to reach statistical significance. Our 
understanding may always be somewhat limited 
as a result.

The authors hesitate to suggest a rigid algo-
rithm of management for these cases. There is 
definite potential for the prostheses; however, 
their complication rate is high and the number 
of studies, long-term follow-up and rigid pre- 
and post-op data are limited. Prosthetic replace-
ment of the DRUJ is not something for the 
“casual” hand surgeon to undertake. If done, 

they should be carried out in very specialist cen-
tres by a very small number of surgeons in order 
to improve the learning curve of any newer 
technology.

It is perhaps one of those conditions where 
arthritis in a young patient does not have an easy 
management option and conservative measures 
should be employed first at all costs.

We think it is important when considering any 
of the surgical options for DRUJ arthritis that we 
counsel patients appropriately. Most of these 
options (resection and prosthesis) will provide 
pain relief and functional improvement. However, 
when we discuss supposedly “good” outcomes, 
we must emphasise to our patients that no surgi-
cal procedure offers 100% pain relief in all 
patients. Functional range of movement is still 
considered flexion/extension of 40°/40°, radial- 
ulnar deviation combined of 40° [67] and prona-
tion/supination of 50°/50° [68]. These may be 
very disappointing figures for some young and 
active patient’s, particularly in this contemporary 
age where the use of computer keyboards or 
smart phones requires a greater degree of prona-
tion [69].

In this age, particularly with younger patients, 
expectations are high. It is important to explain 
what we interpret as “good” results.
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19Controversies in the Treatment 
of Fingertip Amputations 
in Adults: Conservative Versus 
Surgical Reconstruction

Elena Bravo and E. Carlos Rodríguez-Merchán

19.1  Introduction

It is the most common amputation injury treated 
by hand surgeons. It is estimated that approxi-
mately 45,000 fingers amputations are performed 
in the USA per year with an incidence rate of 
7.5/100,000 people [1]. This results in some 
4.8 million visits to emergency departments each 
year. The highest rates of fingertip injuries are 
usually seen in children under 5 years of age and 
in working-class adults, due to occupational 
activities.

Multiple treatments are available, but none is 
the gold standard. However, the goals of treat-
ment of these injuries are clear: minimize pain, 
optimize healing time, preserve sensation and 
digit length, prevent painful neuromas, avoid or 
limit nail deformity, minimize lost time at work, 
and achieve an acceptable cosmetic appearance. 
The face and hand are the most looked at part of 
our body [2].

Fingertip is defined as the part of the digit dis-
tal to the insertion of the extensor and flexor ten-
dons at the distal phalanx. Injuries to this area can 
present in various forms including lacerations, 

avulsions, and crush injuries and result in post-
traumatic fingertip amputation. The severity of 
soft tissue, bone, artery, and nerve damage will 
depend on the mechanism and will guide thera-
peutic decision-making [1].

The fingertip is vital for sensation, as it has a 
high concentration of sensory receptors, and 
therefore, the restoration of sensation is the most 
important goal of treatment. The three main goals 
of treatment are restoration of sensation, durabil-
ity of the tip, and ensuring adequate bone support 
to allow nail growth. Many complications can 
arise after fingertip amputation, such as delayed 
wound healing, nail deformities with poor aes-
thetic results, hypersensitivity, residual pain, cold 
intolerance, scar retraction, flexion contractures, 
chronic ulceration, infection, and flap loss.

The treatment algorithm can often be com-
plex, as a wide variety of physicians, including 
orthopedic surgeons, general surgeons, plastic 
surgeons, and emergency physicians, may care 
for these injuries, depending on the location and 
local culture. Sindhu et  al. stated that in the 
United States, up to 90% of fingertip amputations 
were treated with techniques without replanta-
tion. However, most amputations are replanted in 
Asian countries due to moral values and the 
importance of bodily integrity [3]. Tip amputa-
tion injuries can be managed with local debride-
ment, complex reconstruction, or simply with 
irrigation and application of a sterile dressing. 
The precise management of a fingertip injury in 
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adults will depend on the extent of the injury 
itself, and various surgical and nonsurgical tech-
niques can be successfully employed. 
Psychosocial factors and clinician experience are 
determinant in selecting the most appropriate 
option. Psychosocial factors to be considered are 
occupation, hobbies, cultural norms, socioeco-
nomic status, secondary motive, and clinician 
bias.

In this chapter we will present the various 
therapeutic options available for the management 
of injuries to the fingertips and the data available 
to support them.

The first step should be a physical examina-
tion to assess the sensitivity, mobility, and capil-
lary refill of the injured finger. In addition, 
anteroposterior, lateral, and oblique radiograph 
views should be requested to detect dislocations, 
fractures, or foreign bodies.

19.2  Nonoperative Management

This treatment promotes secondary healing by 
granulation with occlusive dressing. Nonoperative 
management achieves a fast recovery and do not 
normally experience functioning issues with the 
fingers. Its results may be aesthetically superior 
to graft or flap reconstruction, without incurring 
donor site morbidity [4]. For fingertip amputa-
tions that have less than 1 square centimeter skin 
loss and no exposed bone and tendon, nonopera-
tive treatment is recommended because healing 
by secondary intention is an effective and simple 
procedure. It remains a preferred treatment and 
multiple publications support this management.

19.2.1  Occlusive Dressing

In 1977, Fox et al. published a study on the non-
surgical treatment of 18 fingertip pulp amputa-
tions in adult patients. After wound cleansing and 
debridement, the wound was covered with an 
occlusive dressing. Healing of the amputated fin-
gertip occurred within 4 weeks. The healed fin-
gertips showed excellent sensory perception, a 
normal range of motion, and an acceptable cos-

metic appearance. These satisfactory results were 
achieved with less than 10 days lost from work 
[5].

Even exposed bone and tendon promote gran-
ulation, which supports healing through second-
ary intention [6]. Farrell et al. in 1977 published 
a study of 17 patients (21 amputations), evaluat-
ing a nonoperative management for fingertip 
amputations which allowed spontaneous healing 
of the defects. Six patients had exposed bone in 
the lesion. These lesions healed with excellent 
results in terms of maintenance of maximum fin-
ger length, minimal aesthetic, and functional 
deformity. Rapid return to work was possible in 
most cases. In addition, morbidity associated 
with surgery was avoided [7].

In 2014, Krauss and Lalonde stated that con-
servative wound treatment with dressings and 
protective splints allowed patients to avoid 
immobilization and donor site morbidity; further-
more, good results were usually achieved with 
near-normal sensibility, minimal cold intoler-
ance, and tip durability; early return to work was 
possible, which reduced overall healthcare costs 
and burden to society [8].

Champagne et al. support that fingertip ampu-
tation with exposed bone take the longest time to 
heal. Nonetheless, gradual formation of a granu-
lation pad covers the exposed bone and healing is 
achieved. The wound begins to contract with 
time and the surrounding skin expands, resulting 
in a scar that covers the amputated finger. To per-
form this secondary healing treatment, a digital 
block is sometimes necessary to relieve acute 
pain and clean the wound. The bone should not 
be shortened to minimize the deformity of the 
nail even if it protrudes slightly above the ampu-
tation level. It is not necessary to cover the 
exposed end of the distal phalanx with soft tissue. 
Any nonadherent dressing material is adequate, 
and wound care is simple, with soap-and-water 
cleansing and dressing changes once or twice a 
week. Initial tenderness usually diminishes 
greatly by 7–10  days, and comfort, rather than 
healing, will indicate when patients will be ready 
to return to work. Complete healing usually 
occurs in 4–6  weeks. These authors stated that 
conservative healing was more likely to result in 
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a sensate, nontender, and cosmetically acceptable 
fingertip than surgical treatment in many clinical 
scenarios. They also presented a classification 
that allowed prognosis and prediction of the need 
for secondary corrective surgery, Champagne 
classification [9].

There are multiple classifications to describe 
fingertip lesions and to guide us in choosing the 
appropriate therapeutic option. The most com-
monly used are the Allen [10] and Urbaniak [11] 
classifications. Other classifications are those of 
Merle and Dautel [12].

Boudard et  al. in 2019 analyzed a series of 
patients who underwent a distal finger amputa-
tion and who were treated with occlusive dress-
ing. They performed a retrospective study of 19 
patients. At evaluation, an independent examiner 
assessed the time required for wound healing, 
the number of occlusive dressings used, fingertip 
trophic skin changes, epicritic sensibility using 
the Weber two-point discrimination (2PD) test, 
sensitivity based on the monofilament test, com-
plications, the presence of dysesthesia or cold 
intolerance, and the QuickDASH score. The 
mean follow-up was 12.6 months. A mean of 3.2 
occlusive dressings were used per patient, and 
the mean healing time was 4.3 weeks. The skin 
texture, fingertips, and nail bed were good to 
excellent in 18 cases. The 2PD test was good or 
normal in 16 cases. Eighteen patients were satis-
fied or very satisfied with the outcome. The mean 
QuickDASH score was 5.53. In the literature, the 
recovery of tactile sensation was good after the 
use of occlusive dressings (2PD from 2.5 to 
4 mm). The mean sensitivity reported in various 
studies is better than that observed after the use 
of a skin flap. Although the sample size of this 
study was small, the functional outcome and 
appearance were good. Therefore, Boudard et al. 
preferred to use occlusive dressings in zone 1 
and 2 fingertip amputations, and flaps in zones 3 
and 4 according to the Merle and Dautel classifi-
cation to ensure better fingertip viability and 
sensation [13].

In 2021, Masaki et al. presented the case of a 
36-year-old woman suffering from Allen type III 
fingertip amputation injury with her right middle 
finger crushed in a thick iron door. The ampu-

tated fingertip was not recovered. The attending 
plastic surgeon initially recommended recon-
structive surgery to the patient. However, the 
patient opted for conservative treatment. 
Conservative management with moist wound 
dressings (Plus moist™) was performed, and the 
wound healed after 12 weeks, with outstanding 
aesthetic and functional results. Therefore, con-
servative management with moist wound dress-
ings can be a successful treatment modality for 
Allen type III fingertip amputation injury [14].

19.2.2  Semiocclusive Dressing 
and Splint Caps

In 2020, Ng et al. described a method for treating 
fingertip amputation injuries consisting of a 
semiocclusive dressing and splint cap and pre-
sented their short-term results. They performed a 
retrospective study of patients with isolated fin-
gertip amputation injuries who were treated with 
the aforementioned method. The semiocclusive 
dressing used was UrgoTul. The splint cap was a 
three-dimensional thermoplastic splint to cover 
the semiocclusive dressing of the injured finger. 
Twenty-eight patients (31 fingers) were analyzed. 
The mean age was 39.9  years. Further, 89.3% 
were men, 75% were foreign workers, 96.4% 
were blue-collared workers, 40% had injuries in 
the dominant hand, and 25.8% had nail bed 
involvement. The mean duration of follow-up 
was 66  days and the mean duration of hospital 
leave was 6.5 weeks. The splint cap was applied 
for a mean of 18.1  days. Total tissue regrowth 
time was 27.5  days. Residual nail deformities 
were 14.8% and return of sensation took 
31.5 days. Grip strength was 82.5% of the unaf-
fected hand. The mean ROM at the distal inter-
phalangeal, proximal interphalangeal, and 
metacarpophalangeal joints was 58.8°, 86.9°, and 
81.4°, respectively, and 63.9° and 66.3° at the 
interphalangeal and metacarpophalangeal joint 
of the thumb, respectively. In short, fingertip 
amputation injuries had a potential for regenera-
tion through healing by secondary intention 
under semiocclusive dressing conditions. The 
splint cap provided an easy to fashion, cost- 
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efficient, and comfortable addition to semiocclu-
sive dressings for fingertip injuries [15].

In spite of simplicity and good results of nonop-
erative management, it requires a few basic princi-
ples: not to remove bone length to avoid hook nail 
and to have adherence to dressings to avoid infec-
tion. Finally, there will be cases that will be man-
aged surgically because of the type of lesion and 
patient choice (fear of having an open wound or 
thinking that surgery achieves better results).

19.3  Surgical Treatment

19.3.1  Primary Closure

This procedure usually entails shortening the 
protruding bone to close the wound. This man-
agement achieves fast return to work (Fig. 19.1). 
However, the process involves losing part of the 
skin, digital length, and fingernail deformities. 
This treatment occasionally causes function 

a b

c d

Fig. 19.1 (a–d) Amputation of the second finger without bony exposure. (a) Palmar view after trauma. (b) Dorso- 
medial view after trauma. (c) and (d) Direct closure
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issues related to cold intolerance. Cold intoler-
ance may be caused by the damaged nerves at the 
time of the injury rather than the treatment proce-
dure [1].

19.3.2  Grafts

19.3.2.1  Composite Grafting
The outcome of composite graft is generally pre-
dictable in young children [16] but outcomes 
were less predictable in adults [17]. In adults, the 
appearance of contour distortion and nail defor-
mity is common, but if the patient accepts these 
limitations of the technique, it is a good surgical 
option without donor site morbidity.

In 2003, Adani et al. stated that the treatment 
of very distal finger amputations when the ampu-
tated portion is saved remains controversial. Both 
reattachment of the amputated portion as a com-
posite graft and microvascular anastomosis may 
fail in this distal location. In fact, replantation is 
often associated with technical difficulties, risk 
of failure due to poor venous drainage, and high 
costs. Except for children, amputations at the 
level of the lunula tend to survive poorly direct 
replantation. To solve this problem Adani used 
the replantation model without vascular anasto-
mosis described by Hirase or cooling composite 
graft. It consists of using ice water and aluminum 
foil to enhance survival of the composite graft. 
Cooling the entire recipient site retarded cellular 
degeneration in the graft until neovascularization 
occurred [18].

Adani et al. used the Hirase method in seven 
cases in which a finger amputation had occurred 
between the tip and the lunula. In four cases, the 
method was completely satisfactory; however, in 
two cases, an area of tip necrosis was observed. 
The Hirase method proved to be a simple and 
reliable surgical technique for fingertip reattach-
ments [19].

In 2016, Idone et  al. published their experi-
ence with the Hirase technique considering it a 
reliable alternative to microsurgery implantation. 
They analyzed eight patients and reported their 
clinical results after a 10-month follow-up. The 
amputated part survived almost completely in six 

patients; in these cases, the finger amputations 
were classified according to Allen’s classification 
as level I in two cases, level II in three cases, and 
level III in one case [10]. Ultimately, Idone et al. 
considered that reattachment of an amputated fin-
ger with the Hirase technique was possible and 
could provide good distal soft tissue coverage 
and recovery of sensory and motor functions. 
Therefore, they stated that reattachment of the 
amputated portion as a composite graft repre-
sented an important alternative to microsurgery 
[20].

In 2011, Chen et  al. stated that composite 
grafting was often used to treat nonreplantable 
fingertip amputations and that this technique had 
a high success rate and good results in the treat-
ment of finger amputations in children, although 
in adults the success rate was lower. The authors 
analyzed 27 patients with 31 fingers with trau-
matic fingertip amputation. All 31 injured fingers 
had a nonreplantable distal amputated fingertip 
and underwent composite grafting. The surgical 
technique was refined by excising the bony seg-
ment, defatting, deepithelialization, tie-over 
suturing, and finger splinting to increase graft 
survival. The mean age of the patients was 
40.5  years. The mean lesion size was 2.4  cm. 
Twenty-one fingers (67.7%) had been injured by 
crushing injury and the other 10 fingers (32.3%) 
by cutting injury. The overall graft survival rate 
was 93.5% (29 of 31). The average two-point dis-
crimination was 6.3 mm at 6 months postopera-
tively. The aesthetic outcome assessed by a 
self-report questionnaire was 93.1% satisfaction, 
and 86.2% of patients were able to use their 
injured finger normally in daily work. In short, 
for Chen et al. a one-stage surgical procedure of 
easy performance was a reliable method for treat-
ing microsurgically nonreplantable fingertip 
amputations caused by hand trauma. The high 
success rate, satisfactory aesthetic outcome, and 
good functional preservation allowed patients to 
quickly return to their daily lives [17].

In 2016, Lai et al. published their experience 
using composite grafting with pulp adipofascial 
advancement flaps for treating nonreplantable 
fingertip amputations and thus improving finger-
tip contour. They analyzed 14 patients (16 digits). 
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a b c

Fig. 19.2 (a–c) Composite pulpal graft: (a) Palmar view after surgery; doubtful viability of grafted tissue. (b) Palmar 
view 3 weeks after surgery. Viability of grafted tissue is visualized. (c) Dorsal view 3 weeks after surgery

The mean age of the patients was 43.9 years. All 
patients underwent the procedure under digital 
block anesthesia. First, a pulp adipofascial 
advancement flap for better soft tissue coverage 
of bone exposure stump was performed. The 
amputated parts were defatted, trimmed, and 
reattached as composite graft. The age and sex of 
the patients, injured finger, Hirase classification, 
mechanism of trauma, overall graft survival area, 
two-point discrimination (2PD) (mm) at 
6  months, finger shortening length, average 
Disabilities of the Arm, Shoulder, and Hand 
(DASH) score, and subjective self-evaluation 
questionnaire score at 6 months were recorded. 
The mean graft survival was 89%. The mean 
shortening length was 2.2  mm. The 2PD at 
6 months postoperatively was 6.3 mm on average 
(5–8 mm). The mean DASH (Disabilities of the 
Arm, Shoulder, and Hand) score at 6 months was 
1.45. The self-assessed cosmetic results showed 
that 12 patients (85.7%) were very satisfied, and 
no patient was completely dissatisfied. Ultimately, 
in Hirase’s [18] traumatic amputation of finger 
zone IIA, in which replantation is difficult, the 
modified technique of composite grafting with 
pulp adipofascial advancement flap provided an 
alternative option with a high success rate and 
acceptable functional and aesthetic results [21].

In 2021, Elzinga et al. stated that after a fin-
gertip amputation, if vessels are present and in 
adequate condition, microsurgical replantation is 
the preferred therapeutic technique. Also, com-
posite grafting has a limited role in the treatment 
of fingertip amputations due to its unreliable 
nature, but may be an option when the amputated 
fingertip is not replantable and the patient wishes 
to restore the length and aesthetics of the finger-
tip (Fig.  19.2). When composite grafting is 
selected as the treatment of choice for a particular 
patient, there are methods to optimize the chances 
of revascularization and graft survival, such as 
early grafting, graft cooling, and a moist wound 
healing environment [22].

19.3.2.2  Skin Grafts
Fingertip skin grafts are rarely used and must be 
full-thickness skin graft (FTSG). It is well 
known that a thin graft over bony prominence is 
the cause of tenderness and sensitivity [23, 24]. 
FTSG can be reliably and useful for pulp recon-
struction [25], but sometimes loss of pulp con-
tour and hypo- or hyperesthesia may appear 
[26]. The ulnar aspect of the hand has been used 
as a donor site, but we would avoid it because it 
is often a surface on which the hand rests during 
activity [27]. Skin grafts are associated with 
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more tenderness, diminished sensitivity, and 
cold intolerance than what is seen after second-
ary healing [9].

19.3.3  Flap Reconstruction

There are a large number of flaps that can be used 
for fingertip reconstruction. Most fingertip ampu-
tations are adequately treated with V-Y advance-
ment flaps and cross-finger flaps. The choice of 
flap is based on the type and location of injury, 
surgeon experience, and patient characteristics. 
Heterodigital flaps are usually avoided to limit 
the lesion to a single finger, and cross-finger flaps 
are avoided in older patients because of the risk 
of joint stiffness. Dissection and mobilization of 
the neurovascular bundle up to the common digi-
tal artery bifurcation with or without adjacent 
arterial division is routinely performed to facili-
tate flap advancement of 15–20 mm. Flexion of 
the IFP joint should be avoided and early mobil-
ity facilitated to minimize joint stiffness. 
Retrograde or reverse-flow flaps offer good cov-
erage and thumb flexion and always check that 
the palmar arch is well preserved. Local flaps are 
tedious to perform and are associated with risk of 
flap failure and iatrogenic sensory loss is com-
mon even when experienced hand surgeons per-
form the surgery [9].

19.3.3.1  Volar V-Y Plasty
V-Y plasty can be used from the volar (Fig. 19.3), 
unilateral (Fig. 19.4), or bilateral side of the fin-
ger. Limited length is the major disadvantage of 
this technique [28, 29]. In 1985, Tupper et  al. 
stated that V-Y plasty was a well-accepted 
method for the treatment of transverse fingertip 
amputations. Some authors had suggested that 
fingertip sensation was almost normal after the 
procedure. Tupper et  al. analyzed 16 patients 
with 20 fingertip injuries, who reported a mean 
sensitivity estimate of 73% of normal. There was 
decreased sensitivity in two-point discrimination 
and/or von Frey monofilament testing in all fin-
gertips compared with the digitocontralateral. 
Eight patients (12 digits) reported hypersensitiv-

ity, especially cryalgia. In almost all fingertips 
treated by V-Y plasty for transverse amputations, 
the sensitivity was not normal [30].

19.3.3.2  Advancement Flap
These are flaps such as V-Y plasty that use tissue 
close to the amputated area to cover the loss of 
substance. Their design and shape are variable. 
Dissection consists of releasing the structures 
that attach the cutaneous and subcutaneous tissue 
to the deep structures without injuring the neuro-
vascular bundles of the digit (Fig. 19.5).

19.3.3.3  Cross-Finger Flap 
and Thenar Flap

These flaps require a two-stage surgery. Between 
two operations, patients must use a short-arm 
splint for approximately 3 weeks. The major dis-

a b

c d

Fig. 19.3 (a–d) Palmar V-Y flap for first finger: (a) 
Palmar view 3  weeks after trauma. (b) Lateral view 
3  weeks after trauma. (c) Dorso-medial view 3  weeks 
after trauma (d) Result 2 months after surgery
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a b

Fig.19.4 (a, b) Palmar V-Y flap: (a) Palmar view 1 week after trauma. (b) Medial view 1 week after trauma

a b

Fig. 19.5 (a, b) Moberg advancement flap for first finger: (a) Palmar view 1 week after trauma. (b) Medial view 
1 week after trauma

advantage of the splint is joint stiffness [29, 
31–33].

In 2016, Rabarin et al. performed a level IV 
evidence study in which they evaluated the long- 
term clinical outcomes of the use of cross-finger 
flap (CFF). It was a retrospective analysis of 28 
patients operated on for fingertip amputation: 16 
type III, 8 type II, and 4 type IV. The CFF was 
obtained from an adjacent finger on the dorsal 
side of the middle phalanx down to the epitenon. 
A dorsopalmar hinge was retained to ensure vas-
cularization. The CFF was divided a mean of 
18.7  days later. The following parameters were 
assessed: pulp volume (injured compared to con-

tralateral finger), presence of neuroma, occur-
rence of complications (necrosis, infection, and 
donor site morbidity), cold discomfort, static and 
tactile discrimination, and patient satisfaction 
(from 0 to 10 on the VAS). The mean follow-up 
was 19.7 years; 22 patients (78.6%) were reex-
amined in person or contacted by telephone. The 
mean ratio of healthy to reconstructed pulp was 
1.03. No postoperative complications, such as 
neuromas, were found. Cold sensitivity was pres-
ent in seven patients. The flap was resensitized in 
all patients. There was no morbidity at the donor 
site. The mean patient satisfaction score was 9 
(range 8–10). Ultimately, in the long term, the 
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use of CFF resulted in near-normal fingertip 
metabolism, no complications, and good distal 
sensitization without pain or neuromas. CFF was 
found to be a simple, reliable, and durable recon-
struction technique [34].

In 2017, Kwon et al. stated that although the 
thenar flap for single-finger amputation was a 
common and popular surgical technique, the dou-
ble thenar flap technique for patients with two- 
finger amputations had rarely been published in 
the literature. In their case-control study, they 
presented the double thenar flap technique and 
compared the clinical outcomes between single 
thenar flap and double thenar flap surgical treat-
ments. Over a 10-year period, 92 patients with 
single-finger amputations were treated with sin-
gle thenar flap (group I) and 28 patients with two- 
finger amputations were treated with double 
thenar flap (group II). All 120 patients were fol-
lowed up for a minimum of 12 months after sur-
gery. At the last assessment, pain, cold intolerance 
in the reconstructed finger, functional outcomes 
according to Chen’s criteria [35], and subjective 
patient satisfaction were evaluated in the two 
groups. At the last evaluation, all flaps in both 
groups had survived. No flap failure occurred. 
There were no significant differences in cold 
intolerance, donor site pain, fingertip pain, or 
paresthesia between the two groups. A total of 
100 (83.3%) patients were completely or fairly 
satisfied. There was no significant difference in 
satisfaction between the two groups. According 
to Chen’s criteria, 102 (85%) patients had excel-
lent or good results. Ultimately, this study dem-
onstrated that the double thenar flap technique 
used in patients with two-finger amputations pro-
duced complete survival with functional out-
comes comparable to those of the single thenar 
flap technique [36].

19.3.3.4  Vascular and Neurovascular 
Island Flap

Vascular island flaps offer good skin coverage 
and are usually distant from the amputated area. 
They require experience in hand surgery for their 
dissection (Fig. 19.6). Direct-flow neurovascular 
island flap have better results in terms of sensitiv-
ity, providing direct blood flow without sacrific-

ing a major artery. This technique is more 
favorable than reverse-flow flaps [37, 38] and it is 
elevated from the area close to the defect.

In 1986, Tsai and Juen analyzed 16 patients 
who had been treated with a neurovascular island 
flap for volar-oblique fingertip amputations with 
at least 2  years of follow-up. The mean active/
passive ROM was 54/55 degrees at the DIP joint, 
96/98 degrees at the PIP joint, and 83/83 degrees 
at the MP joint. Twelve of the 16 flaps (75%) had 
a two-point discrimination less than 10  mm. 
Moderate and severe problems included cold 
intolerance (6 patients), hypersensitivity (3 
patients), stiffness (3 patients), and numbness (2 
patients). Of the 16 patients treated with this 
technique, 14 were satisfied with the surgical out-
come. This technique was safe and reliable for 
reconstructing volar-oblique fingertip amputa-
tions [39].

19.3.3.5  Reverse Homodigital Artery 
Flap Coverage

In reverse-flow flaps, the blood supply comes 
from the contralateral digital artery and has 
higher flow insufficiency rates. It requires dissec-
tion and transection of the major digital artery, 
has higher rate of insufficiency, and is elevated 
distantly from the defect area [37]. This flap is 
not indicated when direct-flow flap is possible 
[38].

In 2006, Alagoz et al. performed homodigital 
artery flaps to cover the bone and nail bed grafts 
taken from the amputation to restore fingertip 
function with acceptable results. They chose this 
flap because it provides vascularization of the 
grafts. Alagoz et al. mentioned how important it 
was to take into account venous insufficiency, as 
it could increase the likelihood of flap failure. 
They proposed to preserve a certain amount of 
soft tissue around the vascular pedicle to over-
come venous insufficiency; they further opined 
that to preserve the length of the finger and the 
aesthetic appearance of the nail would mean sac-
rificing the digital artery [40].

In 2018, Sir et  al. used reverse homodigital 
artery flap to cover the naked bone-nail complex 
and called it reposition flap [41], with good 
results as with homodigital artery flap.
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Fig. 19.6 (a–g) Comet distal pedicled flap for first fin-
ger: (a) Injury and flap design. (b) Immediate postopera-
tive period. Graft in donor site. (c) Immediate postoperative 

period. Flap in the thumb. (d) Result 1 week after surgery. 
(e) Result 1  month after surgery. (f) and (g) Result 
4 months after surgery
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19.3.4  Purse-String Suture 
as a Complementary 
Technique with Conventional 
Flaps in Repairing Fingertip 
Amputation

In 2011, Hassanpour et  al. analyzed the use of 
purse-string suture as a complementary tech-
nique accompanying conventional flap repair in 
fingertip amputation. They studied 54 patients 
with fingertip amputations on the nail bed who 
had been referred to their hospital for fingertip 
reconstruction. Of these, 41 patients with at least 
one-third of the nail remaining (to preserve the 
nail) were chosen to undergo the aforementioned 
technique. Patient satisfaction with the functional 
results (pain and motion) was as follows: 32 
excellent, 8 good, and 1 fair. Likewise, patient 
satisfaction with regard to the esthetic results 
obtained was excellent in 7 and good in 2 women 
(n = 9) and excellent in 19, good in 7, and fair in 
6 men (n = 32). Ninety-three percent of patients 
(38 patients) had a two-point discrimination of 

less than 3 mm. No flap necrosis was observed in 
this study. The flap donor site was covered by pri-
mary closure (in 24 cases), secondary intention 
(in 11 cases), and skin graft (in 6 cases). The nail 
and finger contours were important to achieve a 
satisfactory esthetic and functional result. 
Hassanpour et  al. considered that this comple-
mentary technique could be an easy way to 
achieve such a result. It was recommended that 
this technique was applied to all fingertip injuries 
to preserve the nail [42].

19.3.5  The Palmar Pocket Method

This technique consists of making a palmar sub-
cutaneous pocket to cover the exposed areas of 
the fingertip amputation. This flap requires a two- 
stage surgery as cross-finger or thenar flap.

Brent in 1979 described a reimplantation tech-
nique, without vascular anastomosis, using a sub-
cutaneous pocket. Brent chose the contralateral 
chest wall as a pocket site [43]. However, other 
clinical reports had used the abdominal wall. 
Complications, such as stiffness in the wrist, 
elbow, and shoulder joints and anxiety about 
pulling out the pocketed finger, were published in 
both locations.

Arata et al. in 2001 published their results using 
the Brent technique. To overcome these problems, 
they chose the ipsilateral palm and named this 
method the palmar pocket method. They used this 
technique in 16 cases in which amputation of a fin-
ger other than the thumb had occurred between the 
tip and lunula. In 13 cases, the method was com-
pletely successful, and in 3, there was a small area 
of tip necrosis. According to Arata et al., the pal-
mar pocket method was a simple and reliable oper-
ation for fingertip reattachment and more 
comfortable for patients than pocketing in the 
chest wall or abdominal wall [44].

g

Fig. 19.6 (continued)
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In 2012, Jung et al. used the pocket principle 
to treat 10 patients. All patients were adults and 
underwent complete fingertip amputation from 
the tip to the lunula in a digit. In all patients, the 
amputation was due to a crush or avulsion-type 
injury, and a microsurgical replantation was not 
feasible. In these patients we used the palmar 
pocketing method following a composite graft 
and prepared the pocket in the subcutaneous 
layer of the ipsilateral palm. Of the 10 cases, 
nine had complete replantation survival and one 
had 20% partial necrosis. In all cases, nail pres-
ervation was achieved, resulting in acceptable 
cosmetic results. In conclusion, a composite 
graft and palmar pocketing in adult cases of fin-
gertip injury constituted a simple, reliable opera-
tion for digital amputation extending from the 
tip to the lunula. This method had satisfactory 
results [45].

19.3.6  Fingertip Replantation

Replantation is the primary option for amputa-
tion in terms of preserving function of the finger 
and getting good aesthetic result [46]. It uses the 
missing part by utilizing its original tissue and 
minimizes donor site morbidity (Fig. 19.7).

As published in 2021 by Van Handel et al., fin-
gertip replantation is technically challenging, 
although in motivated patients, excellent aes-
thetic and functional results can be achieved [47].

This technique can provide excellent results 
and possibly reduce the risk of cold intolerance 
and painful neuroma when it is successful [9]. 
However, after fingertip replantation, cold intol-
erance was reported in 0%–35% [48, 49]. Hattori 
et al. compared 23 patients who had undergone 
fingertip replantation and 23 patients with finger-
tip revision amputation and found no statistically 
significant difference (P > 0.05) between the two 
groups in cold intolerance: 35% for replantation 
and 40% in revision amputation [48].

It is important to note that cold intolerance is 
assumed to be the result of vascular insufficiency 
and peripheral nerve injury rather than as a result 
of treatment [50, 51].

The publication’s results can aid surgeons and 
patients to choose the best surgery option. After 
finger revision amputation, sensation can be simi-
lar or better than following fingertip replantation. 
Cold intolerance as well as DIP and PIP joint 
motion is similar to outcomes reported in the lit-
erature for replantation. The return to work time is 
shorter than what is reported after fingertip replan-
tation. Future studies should evaluate health-
related quality of life of both treatments [52].

In 2019, Yoon et al. concluded that with patient 
selection, replantation of all finger amputation pat-
terns, whether single-finger or multifinger injuries, 
may be cost-effective compared with revision 
amputation. Multifinger replantations had a higher 
probability of being cost-effective than single-fin-
ger replantation. Cost-effectiveness may depend 
on injury pattern and patient factors [53].

Careful preoperative patient and lesion selec-
tion is essential to develop an appropriate treat-
ment plan that takes into account the following 
factors [54]: (1) patient factors (medical comor-
bidity, age, physical and occupational demands, 
social factors, cultural and personal values, and 
psychiatric disease), (2) injury factors (level of 
injury, digits involved, mechanism, injury to 
adjacent fingers, and incomplete or complete 
amputation), and (3) Circumstantial factors (time 
to presentation and availability of post- 
replantation care).

Early indications for replantation are injuries 
threatening a catastrophic functional deficit 
(hands, thumbs, multiple digits, pediatric) [54–
57]. Contraindications to fingertip replantation 
are consistent with those for amputation at any 
level and include severely crushed or mangled 
parts, multilevel injury to the same digit, comor-
bid or otherwise injured patients, severe athero-
sclerotic disease, and mental illness. A prolonged 
warm ischemia time is also a traditional contrain-
dication to replantation, but the absence of 
ischemia- sensitive muscle at the fingertip level 
makes these amputations less time-sensitive. The 
traditional limit of warm ischemia for a digit 
replantation is 6–12 h [58], but even in excess of 
12 h, success rates of more than 90% have been 
reported [59].
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Fig. 19.7 (a, f) Reimplantation of the thumb: (a) Palmar 
view of the amputated fragment. (b) Dorsal view of the 
amputated fragment. (c) Radio-palmar view of the imme-

diate postoperative result. (d) Dorsal view of the immedi-
ate postoperative result. (e) Palmar view 5  weeks after 
surgery. (f) Dorsal view 5 weeks after surgery

a b
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19.4  Do We Need to Repair 
the Nerves When Replanting 
Distal Finger Amputations?

In 2010, Wong et al. stated that distal replanta-
tion was an excellent model to study the results 
of nerve repair. In their study they attempted to 
demonstrate the differences in aesthetic, sensory, 
and functional outcomes in fingertip replanta-
tion, with and without nerve repair. They ana-
lyzed 28 fingers in 28 patients who underwent 
successful distal replantation over a 5-year 
period. Nerve repair was performed in half of the 
fingers. The mean follow-up was 39  months. 
Symptoms of pain, numbness, cold intolerance, 

scar hypersensitivity, pulp atrophy, and weak-
ness were reported. Nail width, pulp length, two-
point discrimination, Semmes-Weinstein test, 
and power were evaluated. No significant asso-
ciation was found between nerve repair and 
symptoms. No significant differences were 
found between groups, with and without nerve 
repair. All fingers showed a mean two-point dis-
crimination of 5.6 mm, and Semmes-Weinstein 
test results were green in 3 fingers and blue in 
17. There was no significant difference in the 
overall results when repairing or not repairing 
the nerve in distal finger replantation. Both 
groups had satisfactory results. Possibly sponta-
neous neurotization took place and nerve repair 
was not necessary [60].

e f

Fig. 19.7 (continued)
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19.5  Digit Tip Regeneration

This is a very promising field under study. The 
distal tip of the human is capable of endogenous 
regeneration after amputation and the identifica-
tion of critical components of this response has 
led to treatments that expand the regenerative 
capabilities of nonregenerative amputation 
wounds. It is necessary to know the regeneration 
component cells and morphogenetic agents which 
are present at traumatic injury wound sites to 
stimulates a multi-tissue response that culminates 
in structural regeneration. Currently, regenerative 
failure is caused by a toxic wound environment 
that minimally lacks the signaling profile of a 
morphogenetic agent necessary to coordinate a 
multi-tissue regenerative response [61].

19.6  Conclusions

Injuries to the fingertips cause some 4.8  million 
visits to emergency departments in the USA each 
year. Multiple treatments are available (surgical 
and nonsurgical), but none is currently the gold 
standard. However, the goals of treating these inju-
ries are clear: minimize pain, optimize healing 
time, preserve sensation and digit length, prevent 
painful neuromas, avoid or limit nail deformity, 
minimize lost time at work, and achieve an accept-
able cosmetic appearance. Nonsurgical treatments 
include occlusive dressings and splint caps. 
Surgical techniques include the following: volar 
V-Y plasty, neurovascular island flap for volar 
oblique fingertip amputations, reconstruction of 
fingertip amputations with full-thickness peri-
onychial grafts from the retained part and local 
flaps, cooling composite graft (Hirase technique), 
reverse homodigital artery flap coverage for bone 
and nail bed grafts, purse-string suture as a comple-
mentary technique with conventional flaps in 
repairing fingertip amputation, composite grafting, 
cross-finger flap, thenar flap, the palmar pocket 
method, reconstruction of incomplete distal thumb 
amputations, graft reposition on flap in Allen type 
IV amputation, and fingertip replantation.

Currently with the development of microsur-
gery, if the amputated part is in good condition, 
replantation is the favored intervention. If replan-
tation is not performed, multiple chirurgical/non-
surgical options are available depending on the 
type of injury, patient characteristics, and sur-
geon preferences. The development of regenera-
tive medicine would offer an ideal solution that is 
still in its very early stages.
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20Metacarpophalangeal (MCP) 
and Proximal Interphalangeal 
(PIP) Joint Arthroplasty

Elena Bravo and E. Carlos Rodríguez-Merchán

20.1  Introduction

Arthritis (degenerative or inflammatory) of the 
small joints of the hand is a common problem. 
Nonsurgical treatment includes splinting, oral 
analgesics, and in some situations local injec-
tions. Pain is the main indication for arthroplasty 
and arthrodesis of small joints of the hand. Other 
indications are joint deformity, stiffness, and 
incongruity seen in degenerative and inflamma-
tory arthritis.

Surgical treatment of arthritis of the metacarpo-
phalangeal (MCP) and finger proximal interpha-
langeal (PIP) joints should be well indicated. 
Existing surgical options are debridement of pain-
ful osteophytes, arthroplasty, and arthrodesis. For 
an implant to function well, bone and soft tissue 
stability is essential. Therefore, the treatment of 
each patient will depend on the soft tissue envelope 
and the amount of joint destruction. In most cases 
arthrodesis is a better alternative to arthroplasty [1].

Silicone implant arthroplasty has been the 
most widely accepted and widely performed 
technique for the treatment of small joint defor-
mities of the hand in patients with rheumatoid 
arthritis (RA). The implant is placed as a joint 

spacer without bony fixation to provide adequate 
stability and alignment until scar tissue forms. 
Several studies have confirmed the benefits of 
silicone MCP arthroplasty, including pain relief 
and improved functional and cosmetic appear-
ance of the hand [2–7]. However, fractures of sili-
cone implants are very common. This is because 
the implant is subjected to high stress concentra-
tions during active flexion [8–10]. The published 
survival of silicone implants, considering implant 
fracture as the end point, is 58% at 10 years and 
34% at 17 years. Although at 17 years two-thirds 
of the implants are ruptured on radiographs, the 
published survival rate considering revision sur-
gery as the end point is 63% at 17 years [11]. The 
aforementioned disparity indicates that high sili-
cone implant fracture rates are not necessarily 
associated with clinical failure rates. There are 
several silicone implants on the market. One- 
piece silicone implants (Swanson finger joint 
implants, Wright Medical Group NV, Memphis, 
TN, USA) have been used since the 1960s [12]. 
The volar hinge silicone implant (Small Bone 
Innovations, Inc., Avanta Orthopaedics, LLC, 
Morrisville, PA, USA) was introduced in 1987 
[13]. Its center of flexion is palmar with respect 
to the longitudinal axis, unlike the Swanson type, 
in which the center of flexion is slightly dorsal 
with respect to the longitudinal axis. It has been 
published that the range of motion (ROM) after 
surgery and implant fracture rates vary depend-
ing on the type of implant used [13–17]. Several 
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authors have reported that the volar hinge sili-
cone implant is associated with better ROM than 
the one-piece silicone implant; however, reported 
fracture rates have been higher with the volar 
hinge silicone implant [9, 18].

Implant fracture has not been directly related 
to reoperation. Furthermore, it has been observed 
that the rate of reoperation is much lower than the 
rate of radiographic implant fracture [11]. 
However, patients with active hand use may have 
increased pain and deformity shortly after surgery 
due to implant fracture, a complication that will 
require a revision procedure [19]. Although pre-
vention of early implant fracture is important to 
attain a satisfactory outcome and to avoid an early 
revision procedure, few publications have ana-
lyzed the risk factors for implant fracture [11, 18].

This chapter discusses the current controver-
sies concerning the previously mentioned arthro-
plasties. Finally, it should be remembered that in 
most cases arthrodesis is a better alternative than 
arthroplasty.

20.2  Metacarpophalangeal (MCP) 
Joint Arthroplasty

Degeneration of the MCP joint is more often the 
result of rheumatoid arthritis (RA) than of 
OA. For this reason, MCP arthrodesis is poorly 
tolerated, and implant arthroplasty is the pre-
ferred surgical option [20].

20.2.1  Primary MCP Joint 
Arthroplasty

The most common implants used are the pyrocar-
bon and silicone implants, with the metal-plastic 
SRA a distant third [20].

20.2.1.1  Unconstrained MCP Joint 
Arthroplasties

Pyrocarbon MCP Joint Arthroplasty 
in Noninflammatory Arthritis
Due to its unconstrained design, its use is a 
valid option in OA.  However, concerns have 
been raised in RA patients. Pyrocarbon implants 

have been associated with excellent pain relief, 
improved hand appearance, increased postop-
erative motion, and high patient satisfaction 
[21, 22].

In 2015, Dickson et al. published the results, 
complications, and survival of pyrocarbon MCP 
joint arthroplasty in noninflammatory arthropa-
thy with a minimum follow-up of 5 years (level 
IV evidence study). They retrospectively ana-
lyzed 51 implants in 36 patients. Patient demo-
graphics, complications, subsequent surgeries, 
and implant revision were recorded. Objective 
outcomes were assessed by grip strength, ROM, 
and radiological assessment of alignment, loos-
ening, and subsidence. Subjective outcomes 
were assessed by Patient Evaluation Measure, 
Quick Disabilities of the Arm, Shoulder and 
Hand, and Visual Analog Scale scores (0, best; 
10, worst) for appearance, satisfaction, and pain. 
There were 35 index fingers and 16 middle fin-
gers. The mean follow-up was 103 months. The 
mean ROM was 54°. There was no difference in 
grip strength between the operated and unoper-
ated side. Six implants were revised, of which 
three required additional surgery. The average 
Patient Evaluation Measure and Quick 
Disabilities of the Arm, Shoulder and Hand 
scores were 27 and 29, respectively. The mean 
Visual Analog Scale (VAS) score for pain, satis-
faction, and appearance were all 1, with ranges 
of 0–7, 0–4, and 0–6, respectively. The majority 
of the implants were Herren grade 1 lucency, 
while the remaining 5 proximal and 12 distal 
implants were grade 2. The mean subsidence 
was 2 mm in the proximal component and 1 mm 
in the distal component. The degree of loosening 
or subsidence did not correlate with the outcome. 
Implant survival evaluated by Kaplan-Meier 
analysis was 88% at 10 years. Ultimately, good 
pain relief, functional ROM, and high satisfac-
tion were observed in most patients. All implant 
revisions were performed within 18  months of 
the initial procedure [21].

In 2017, Aujla et  al. performed a systematic 
literature review on the outcomes of uncon-
strained MCP joint arthroplasty. They observed 
that pyrocarbon implants reduced pain by 85%, 
increased pinch grip by 144%, and improved 
ROM by 13° in both osteoarthritis (OA) and 
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inflammatory arthritis (IA). Patients implanted 
with metal on polyethylene (MoP) arthroplasties 
showed a decrease in pinch strength. Satisfaction 
rates were 91% and 92% for the OA and IA 
groups, respectively. There were 9 failures in 87 
joints (10.3%) during a mean follow-up of 
5.5 years in the pyro-OA group. There were 18 
failures in 149 joints (12.1%) during a mean 
period of 6.6 years in the pyro-IA group. Due to 
the heterogeneity of the studies and the limited 
presentation of the data, a meta-analysis was not 
possible [23].

Pyrocarbon arthroplasty of the MCP joint 
leads to better improvements in total arc motion 
as compared to arthroplasty of the PIP joint [24, 
25], although complication rates after pyrocar-
bon arthroplasty tend to be greater than those 
after silicone arthroplasty [26, 27]. Drake and 
Segalman proposed that there is a well-defined 
patient who may benefit from this arthroplasty: 
young people with posttraumatic arthritis, no 
angular deformities, and adequate soft tissue cov-
erage [28]. Srnec et  al. considered pyrocarbon 
arthroplasty as the treatment of choice for OA 
MCP joint [20]. Generally speaking, this proce-
dure should be avoided in RA for progressive 
destruction of capsuloligamentous support.

20.2.1.2  Silicone MCP Arthroplasty
Alfred B. Swanson first introduced the concept of 
a silicone rubber spacer for joint replacement in 
1962 [29]. To this day, the Swanson finger joint 
silicone arthroplasty implant is the most widely 
used small joint arthroplasty [30].

The hinged MCP joint silicone implant is 
designed to maintain a joint space and alignment 
while relying on the formation of a capsule 
around the arthroplasty and proper tendon and 
ligament balance to maintain stability. Although 
silicone is generally well tolerated in the body, 
microscopic debris may cause pain and destruc-
tion secondary to local inflammatory response 
(Figs. 20.1 and 20.2).

In 2012, Chung et al. analyzed patients with 
rheumatoid arthritis (RA) treated with silicone 
MCP joint arthroplasty (SMPA). In a prospective 
multicenter study, 162 patients with severe sub-
luxation and/or ulnar deviation of MCP joints 
were analyzed [31]. The long-term results of a 

group operated with SMPA (N = 67) were com-
pared with those of a group of nonoperated 
patients (N = 95). Patients could choose whether 
to undergo SMPA or not. Results were assessed 
using the Michigan Hand Outcomes 
Questionnaire (MHQ), Arthritis Impact 
Measurement Scales 2 (AIMS2), grip/pinch 
strength, Jebsen-Taylor test, ulnar deviation, 
extensor lag, and ROM measurements at the 
MCP joints. There were no significant differ-
ences in mean age, race, education, and income 
at baseline between the two groups. Surgical 
patients had worse MHQ function and functional 
measurements at baseline. At 3 years, the mean 
MHQ global score and MHQ function, activities 
of daily living, aesthetics, and satisfaction scores 
were significantly better in the surgical group 
than in the nonsurgical group. Ulnar deviation, 
extensor lag, and arc of motion in the MCP and 
proximal interphalangeal (PIP) joints also 
improved significantly in the surgical group. No 
improvement in mean AIMS2 scores or grip/
pinch strength was observed. Complications 
were minimal, and there was a fracture rate of 
9.5%. Ultimately, compared with nonsurgical 
controls, AR patients had long-term improve-
ment in hand function and appearance after 
SMPA treatment [31].

In a randomized controlled trial on silicone 
MCP joint arthroplasty, Chung et  al. in 2015 
demonstrated excellent patient satisfaction and 
better outcomes for the surgically treated group 
of RA patients with severe hand deformities [6].

Patients suffering from nonrheumatic arthritis 
also experience pain relief, increased ROM, and 
satisfaction with silicone arthroplasty [32].

Compared to PIP arthroplasties, MCP joint 
silicone ones show greater improvement in total 
range of motion [5]. Neral et al. reported a statis-
tically significant 15° improvement in total arc of 
motion after MCP joint arthroplasty [32]. 
However, Hansraj et al. found a decrease in ROM 
after surgery [33] and Olsen et al. observed vari-
able pain relief and satisfaction [34].

In 2013, Chetta et al. stated that RA patients 
with swan neck deformities have greater MCP 
joint ROM because of their need to flex the joint 
to make a fist, whereas the boutonniere deformity 
places the fingers into the flexed position, creat-
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Fig. 20.1 (a–d) 
Rheumatic hand with 
metacarpophalangeal 
(MCP) joint subluxation 
operated with silicone 
prosthesis: (a) 
anteroposterior (AP) 
radiological view 
presurgery, (b) oblique 
radiological view 
presurgery, (c) AP 
radiological view 1 year 
postsurgery, and (d) 
oblique radiological 
view 1 year postsurgery

ing less demand on the joint for grip [35]. They 
conducted a study (level II evidence) in which 
they analyzed the effect of the aforementioned 
deformities on joint ROM and hand function. 
They measured the ROM of the MCP joint in 73 
surgically treated patients. The data was distrib-
uted into groups according to finger and hand 
deformity. Functional outcomes were measured 

using the Michigan Hand Outcomes 
Questionnaire and the Jebsen-Taylor test. 
Nineteen fingers had boutonniere deformity, 95 
had gooseneck deformity, and 178 had no defor-
mity. The no deformity group had the lowest 
ROM at baseline (16 degrees) compared to the 
boutonniere (26 degrees) and swan neck (26 
degrees) groups. The mean ROM in the no- 
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Fig. 20.2 (a–d) 
Rheumatic hand with 
joint 
metacarpophalangeal 
(MCP) dislocation and 
severe ulnar deviation 
operated with silicone 
prosthesis: (a) 
presurgical 
anteroposterior (AP) 
radiological view, (b) 
presurgical oblique 
radiological view, (c) AP 
radiological view 
6 months postsurgery 
showing third-finger 
prosthesis dislocation, 
and (d) oblique 
radiological view 
6 months postsurgery 
showing third-finger 
prosthesis dislocation

deformity group compared with the boutonniere 
group at baseline was statistically significant, but 
all groups had similar ROM at long-term follow-
 up. Only the mean Jebsen-Taylor test scores at 

baseline between the boutonniere and 
 no- deformity groups were significantly different. 
Ultimately, the results did not support the hypoth-
esis that swan neck deformity has a better ROM 
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than boutonniere deformity. The boutonniere 
deformity had worse function at baseline, but in 
the long term there was no difference in function 
between groups [35].

Long-term results have been less satisfactory, 
often noting recurrence of deformity.

In 2018, Boe et al. published an analysis (level 
IV evidence) of 325 silicone MCP arthroplasties 
prospectively collected from a single institution’s 
total joint registry over a 14-year period to assess 
long-term radiographic and functional outcomes 
[36]. Patients were followed for a mean of 
7.2 years or until revision. Survival at 5, 10, and 
15  years without revision was 98%, 95%, and 
95%, respectively. Survival rates at 5, 10, and 
15  years without radiographic implant fracture 
were 93%, 58%, and 35%, respectively. The 5-, 
10-, and 15-year survival rates without coronal 
plane deformity greater than 10° were 81%, 37%, 
and 17%, respectively. Patients had significant 
improvements in postoperative pain levels and 
MCP joint ROM.  Neither implant fracture nor 
coronal plane deformity >10° had a significant 
association with worse function. Overall, pain 
relief and functional improvement were reliable, 
although silicone implants did not protect against 
progression of coronal plane deformity and had a 
high fracture rate [36].

Implant fracture is a complication unique to 
silicone arthroplasty [37]. Fractures are typically 
caused by a tear in the implant from excessive 
wear from sharp bone edge. In the literature, 
implant fractures are reported to range from 0% 
to 63% [8, 11]. A fracture implant is not neces-
sarily correlated with pain, decreased patient sat-
isfaction, disability, or need for reoperation or 
revision [11].

In 2018, Morrell and Weiss set out a study to 
demonstrate that MCP silicone arthroplasty pro-
vides excellent long-term outcomes with a low 
complication rate in patients with osteoarthritis 
(OA) (therapeutic level IV evidence study) [38]. 
A group of 35 patients with OA of one or more 
MCP joints undergoing anatomically neutral 
MCP silicone arthroplasty was followed for a 
period of 15 years. Functional outcomes, includ-
ing strength and ROM, as well as complications 
were recorded. All patients were available for 

long-term evaluation including radiographs and 
an outcome questionnaire. The mean follow-up 
of the 35 patients (40 implants) was 8.3  years. 
The mean age was 58 years, with 22 men and 13 
women. Only one MCP joint was affected in 31 
patients (middle finger, 20; index finger, 10; 
small finger). The dominant hand was affected in 
23 patients. Seven (out of 14) patients underwent 
radial collateral ligament (RCL) reconstruction 
of the MCP joint of the index finger; no other fin-
gers required collateral ligament reconstruction. 
The mean final VAS pain score was 0.3 over 10. 
The mean final active ROM was 4° to 73° of flex-
ion. One patient underwent revision MCP arthro-
plasty with a clinical survival of 97%. 
Radiographs demonstrated implant fracture in 5 
of 40 (12.5%) implants, but none showed insta-
bility, pain, or ROM impairment. The mean 
Michigan Hand Outcomes Questionnaire score 
was 82 (out of 100) at the end of follow-up. 
Ultimately, silicone arthroplasty was effective in 
the treatment of MCP joint OA.  Long-term 
implant survival was 97% (clinical) and 88% 
(radiographic) [38].

In 2021, Iwamoto et al. attempted to identify 
risk factors associated with early fracture of the 
MCP silicone arthroplasty implant using the 
volar hinge silicone implant in patients with RA 
(therapeutic level IV evidence study) [39]. They 
retrospectively reviewed 113 fingers from 31 
hands that underwent MCP arthroplasty, with a 
minimum follow-up of 3 years. An implant frac-
ture within 3 years after surgery was considered 
an early implant fracture. Patient records were 
reviewed for possible risk factors of age, affected 
toes, ulnar drift angle, and ROM of the MCP joint 
before surgery and 1 year after surgery. Candidate 
risk factors were compared at the digit level and 
at the patient level. With implant fracture as the 
end point, the estimated Kaplan-Meier survival 
rate was 74.3% at 3 years and 67.9% at 5 years. 
Early implant fracture was detected in 29 fingers. 
Bivariate analyses showed significant associa-
tions between early implant fracture and MCP 
joint ROM before surgery, MCP joint flexion 
range 1 year after surgery, and MCP joint ROM 
1 year after surgery. Multiple logistic regression 
analysis showed that increased MCP joint flexion 
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range 1  year after surgery was an independent 
risk factor for early implant fracture. Ultimately, 
increased MCP joint flexion arc was associated 
with increased implant fractures. Iwamoto et al. 
proposed that the MCP joint flexion range should 
be restricted to less than 60° in postoperative 
rehabilitation. This required educating patients to 
avoid excessive MCP joint flexion [39].

In 2015, Squitieri et  al. performed an eco-
nomic evaluation of the long-term outcomes of 
silicone MCP arthroplasty in patients with RA 
[40]. In a 5-year prospective study, they analyzed 
170 patients (73 surgical and 97 nonsurgical). 
They assessed objective functional measure-
ments and patient-rated outcomes using the 
Michigan Hand Outcomes Questionnaire and the 
Arthritis Impact Measurement Scales 2 at 3 and 
5  years. A cost-effectiveness analysis was per-
formed using direct costs from Medicare outpa-
tient claims data (2006–2010) to estimate 
incremental cost-effectiveness ratios for the 
Michigan Hand Outcomes Questionnaire and the 
Arthritis Impact Measurement Scales 2. At 
5  years, a statistically significant difference in 
outcomes (Michigan Hand Outcomes 
Questionnaire) was observed between the two 
groups, with surgical patients having better out-
comes. The costs associated with improved out-
comes at 5 years after surgery ranged from $787 
to $1150 when measured with the Michigan 
Hand Outcomes Questionnaire and from $49,843 
to $149,530 when measured with the Arthritis 
Impact Measurement Scales 2. The incremental 
cost-effectiveness ratios did not increase substan-
tially with the observed surgical revision rate of 
5.5% (approximately 4% incremental cost- 
effectiveness ratio increase) or with previously 
published long-term revision rates of 6.2% 
(approximately 6% incremental cost- 
effectiveness ratio increase).

Ultimately, the short-term improvements in 
the outcomes of silicone MCP arthroplasty were 
maintained over the 5-year follow-up. Moreover, 
these results were achieved at a relatively low 
cost, even when the cost of potential surgical 
complications was added [40].

In 2020, Esterman et al. attempted to identify 
the causes of satisfaction of patients with inflam-

matory disease undergoing hand reconstruction 
with silicone MCP arthroplasty [41]. Their 
hypothesis was that patients taking biologic 
drugs would be more satisfied with the outcome. 
The minimum follow-up was 1  year. Patients 
rated their satisfaction with treatment outcome 
and hand appearance on a 5-point Likert scale, 
with a score of 5 indicating “very satisfied” and 1 
indicating “very dissatisfied,” and completed the 
brief Michigan Hand Outcomes Questionnaire 
(MHQ). MCP ROM, ulnar drift, and grip strength 
were measured. Forty-one patients with 118 
operated fingers were available for follow-up 
after a mean of 5.6 years. Patients were satisfied 
with the overall treatment outcome (score 4.4), 
but only somewhat satisfied (score 3.3) with the 
appearance of their hand. The total ROM of the 
MCP was 61° with an ulnar deviation of 10°. 
Appearance and ulnar deviation were determi-
nants of satisfaction. There was no difference in 
the results between patients who used biologic 
drugs and those who did not. The hypothesis that 
patients taking biologic drugs were more satis-
fied after surgery could not be proved. Hand 
appearance and ulnar deviation were the most 
important determinants of satisfaction after 
reconstruction of the MCP deformity [41]. 
Finally, with respect to MCP arthritis, silicone 
remains the gold standard for RA [20].

20.2.1.3  Surface Replacement 
Arthroplasty (SRA)

SRA was design to create a more anatomical 
joint. It tries to reproduce a physiologic articula-
tion while preserving bone stock and collateral 
ligaments for stability. Preservation of collateral 
ligaments would decrease endosteal contact 
forces, minimizing osteolysis and subsidence 
[42]. The implant consists of a proximal cobalt 
chromium (CoCr) component and a distal metal- 
backed polyethylene-titanium component. The 
material properties of the implant allow better 
coronal plane deformity because of its modular-
ity. However, it lacks the inherent stability of the 
hinged silicone implant that can be of interest in 
patients with poor soft tissue stabilizers.

In 2020, Claxton et al. investigated the results 
of surface replacement arthroplasty (SRA) in RA 

20 Metacarpophalangeal (MCP) and Proximal Interphalangeal (PIP) Joint Arthroplasty



272

patients with MCP joint involvement. It was a 
retrospective study of 80 SRAs performed in 27 
patients. The parameters analyzed were demo-
graphics, SRA revisions, reoperations, complica-
tions, pain, and ROM of the MCP joint. The 
mean follow-up was 9.5  years (minimum 
2 years). Thirteen fingers (16%) required revision 
arthroplasty and 29 (36%) required reoperation. 
Survival rates at 5, 10, 15, and 20  years after 
implant revision were 95%, 85%, 80%, and 69%, 
respectively. Survival rates at 5, 10, 15, and 
20  years from global reoperation were 80%, 
65%, 55%, and 46%, respectively. MCP joint 
ROM, grip strength, and pain intensity were sig-
nificantly improved after surgery. Ultimately, 
MCP joint SRA improved function and pain in 
patients with AR. However, the high overall reop-
eration rates were of concern, although most did 
not involve revision arthroplasty [43].

This procedure has limited use because of the 
high reoperation rate and its 5-year low survival 
rate of 67% compared to 85% for pyrocarbon and 
silicone implants [44].

20.2.1.4  Dorsal Capsule 
Interpositional Arthroplasty 
of the MCP Joint

In isolated MCP joint degenerative or traumatic 
arthritis, dorsal capsule interposition arthroplasty 
is a technique that provides short-term pain relief 
and has the advantage of preserving the bony 
anatomy, collateral ligaments, and volar plate, 
thus not excluding further implant arthroplasty.

In 2020, Walker et al. analyzed the results of a 
novel soft tissue arthroplasty technique that inter-
poses the dorsal capsule, with a mean follow-up 
of 2 years [45]. They performed a retrospective 
review of 10 dorsal capsule interposition arthro-
plasties of the MCP joint in eight patients. 
Physical evaluation assessed MCP joint ROM, 
grip strength, and pain. The outcome tests used 
were the Michigan Hand Outcomes 
Questionnaire, Visual Analog Scale (VAS), and 
Quick Disabilities of the Arm, Shoulder, and 
Hand (QuickDASH) scores. The Kellgren and 
Lawrence classification assessed the severity of 
MCP joint osteoarthritis on preoperative radio-
graphs. The mean follow-up was 29 months. The 

mean VAS score was 2/10 postoperatively and 
the mean postoperative ROM improved 7 degrees. 
The mean postoperative grip strength of the oper-
ated hand was 30 kg. The mean Michigan Hand 
Outcomes Questionnaire final score was 70. 
Patients with Kellgren’s grade 2 or 3 osteoarthri-
tis scored highest on the QuickDASH and 
Michigan Hand Outcomes Questionnaire. All 
patients who were working before surgery 
returned to work. No patient required a second 
surgery. Ultimately, this technique of dorsal cap-
sule interposition arthroplasty was considered a 
viable technique for isolated degenerative or 
traumatic arthritis of the MCP joint after a mean 
follow-up of 2 years. Pain relief was more intense 
in patients with less severe radiographic findings. 
The advantage of this procedure is that it pre-
serves the bony anatomy, collateral ligaments, 
and volar plate, thus not excluding further implant 
arthroplasty [45].

20.2.2  Revision MCP Arthroplasty

The main complications of MCP arthroplasty are 
subsidence, osteolysis, dislocation, and implant 
fracture. These complications are more frequent 
in patients with joint deformities and loss of joint 
stability and do not always require revision sur-
gery. Different materials have been used and dif-
ferent techniques have been developed to achieve 
favorable results after revision MCP arthroplasty. 
It should not be forgotten that the main problem 
of this technically complex surgery is the loss of 
bone tissue and soft tissue support.

In 2007, Ikavalko et  al. stated that MCP 
arthroplasty after silicone implant arthroplasty 
had frequent complications, such as severe bone 
loss, osteolysis, and diaphyseal perforations. 
Also, impacted, morselized allografts were fre-
quently used to treat bone loss in revision surgery 
[46]. They described a new treatment method 
using a bioreconstructive poly-L/D-lactic acid 
(PLDLA) joint scaffold and allograft bone pack-
ing, after complete removal of the original 
 silicone implants. This method restored bone 
deficiencies, corrected malalignment, and 
improved hand function. In a prospective, non-
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randomized study, the authors presented the clin-
ical and radiographic results of 21 patients with 
52 MCP revision arthroplasties using PLDLA 
implants and allograft bone packing, with 1-year 
follow-up. Recurrent volar displacement of the 
proximal phalanges occurred in 33 of the 52 
joints. No surgical wound healing problems were 
encountered. Some patients suffered transient 
loss of tactile sensation. Bone packing appeared 
to be successful in restoring host bone stock and 
PLDLA implantation provided a bioresconstruc-
tive scaffold for fibrous tissue ingrowth that pro-
moted adequate stability and function. However, 
Ikavalko et al. also mentioned that the role of the 
described method should be assessed in the long 
term [46].

In 2012, Tiihonen et  al. stated that revision 
arthroplasty of MCP joint in patients with chronic 
inflammatory arthritis after silicone implants was 
technically challenging due to severe bone loss 
and existing soft tissue deficiencies [47]. In their 
study they evaluated the results of the revision 
MCP arthroplasty using poly-l/d-lactic acid 96:4 
(PLDLA) interposition implant and morcelized 
allograft or autograft bone packing in patients 
with failed MCP arthroplasties and severe oste-
olysis. They analyzed 15 patients (15 hands and 
36 joints) with a mean follow-up of 7 years. They 
reviewed radiographs for osteolysis and incorpo-
ration of the grafted bone. The clinical parame-
ters evaluated were active ROM, pain, subjective 
outcome, and grip power. The technique provided 
satisfactory pain relief, but function was limited. 
Radiographic analysis showed complete incorpo-
ration of the grafted bone into the diaphyseal por-
tion of the metacarpal bones and into the host 
phalanges in 30 of 36 joints. All patients had very 
limited grip strength on both the operated and 
nonoperated sides. Ultimately, due to soft tissue 
deficiencies, long-term functional and alignment 
problems could not be resolved with the PLDLA 
interposition implant [47].

In 2019, Wagner et al., in a level IV evidence 
study, analyzed the results of 128 revision MCP 
arthroplasties performed in 64 patients [44]. The 
mean age of the patients was 62 years. Fifty non-
constrained (31 pyrocarbon and 19 surface- 
replacing arthroplasty) and 78 constrained 

silicone implants were used for revisions. With a 
mean follow-up of 6  years, 20 (16%) implants 
required secondary revision surgery. The 5- and 
10-year survival rates were 81% and 79%, 
respectively. Postoperative dislocation occurred 
in 17 (13%) MCP joints. Subgroup analysis dem-
onstrated a 5-year survival rate of 67% in surface- 
replacing arthroplasties, compared with 83% for 
both pyrocarbon and silicone implants. 
Postoperatively, improvements in pain and ROM 
of the MCP were observed in most patients. 
Ultimately, MCP revision arthroplasty was a dif-
ficult procedure, with one in five patients requir-
ing a revision procedure at 5 years and a relatively 
high rate of postoperative dislocations. However, 
most patients who did not require secondary revi-
sion surgery improved in terms of pain and 
ROM. The worst results were obtained in patients 
with a history of MCP dislocations [44].

In 2020, Notermans et al. stated that MCP sili-
cone arthroplasty had a high revision rate and 
that the preoperative degree of ulnar and radial 
wrist deviation had been suggested to influence 
the duration of revision [39]. They conducted a 
study to evaluate what factors were associated 
with reoperation after MCP silicone arthroplasty. 
They retrospectively evaluated 73 adult patients 
(252 arthroplasties). The treated fingers included 
66 index, 67 long, 60 ring, and 59 small fingers. 
The overall reoperation rate was 9.1% (N = 23). 
Indications for reoperation were implant rupture 
(N = 11), instability (N = 4), soft tissue complica-
tions (N  =  4), infections (N  =  3), and stiffness 
(N  =  1). Patients operated on a single finger 
showed a greater tendency to have higher revi-
sion rates (19% vs. 3.5%, p = 0.067). Radiographic 
follow-up demonstrated joint incongruity in 50% 
of cases, bone erosion in 58%, and implant break-
age in 19%. There was a tendency to have a 
higher revision rate in patients without preopera-
tive MCP joint subluxation (19% vs. 6.7%, 
p  =  0.065). Implant survival rates at 1, 5, and 
10 years were 96%, 92%, and 70%, respectively. 
Revision surgery occurred at the first 14 months 
in 15 patients (65%) and after 5 years in 8 (35%) 
patients. In short, revision surgery after MCP sili-
cone arthroplasty appeared to be bimodal. 
Patients with greater preoperative hand function 
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may be at greater risk of needing revision surgery 
[48]. This is consistent with Iwamoto’s statement 
that increased arc of flexion of the MCP joint is 
associated with increased implant fractures [39].

20.3  PIP Joint Arthroplasty

The complexity of the PIP joint makes manage-
ment particularly challenging.

Treatment of the PIP joint has evolved over 
time and requires an understanding of the biome-
chanics of the joint. Normal functional range of 
motion is between 23° and 87°. It is important to 
consider functional ROM when evaluating the 
results of arthroplasty. The PIP joint destruction 
is often related to OA or posttraumatic degenera-
tion and to a lesser extent to RA. The most com-
mon implants used are silicone arthroplasty, 
metal-plastic SRA, and pyrocarbon arthroplasty.

20.3.1  Emergency Arthroplasty 
of the PIP Joint for Complex 
Fractures with Silicone 
Implant

Silicone arthroplasty usually provides good pain 
relief and patient satisfaction [49–52] (Figs. 20.3 
and 20.4). However, ROM improvements are less 
predictable than in the MCP joint. Swanson 
reported a 35° increase in PIP joint arc of motion 
[12], but in a larger study he later noticed only a 
10° increase in arc of motion [53]. Other studies 
reported little changes in total PIP range of 
motion [24, 49–51]. Conolly and Rath demon-
strated that preoperative contracture was inversely 
related to the arc of motion that could be restored 
[54]. Long-term survivorship has been satisfac-
tory, between 80% and 90% at 8–10 years [51, 
52, 55]. This implant has been shown to be inef-
fective for the correction of boutonniere and 
swan neck deformities, subluxation, and ulnar 
and radial deviation [51].

In 2020, Laurent evaluated emergency finger 
silicone implants in complex and comminuted 
fractures of the PIP joint, as well as their clinical 
and radiological complications [56]. In commi-

nuted fractures, arthroplasty with a silicone 
implant is a controversial therapeutic option in an 
emergency setting. Joint destruction is often 
accompanied by soft tissue injuries (skin, ten-
dons, devascularization), which makes recon-
struction even more complex. In their 
retrospective study they analyzed 13 patients 
undergoing emergency surgery with a PIP 
NeuFlex arthroplasty 1. PIP joint reconstruction 
was associated with soft tissue repair at the same 
time (skin cover, tendons, nerves) in all patients. 
The mean age of the patients was 57.7 years, and 
there was a predominance of male sex (92%). 
Injuries were caused by domestic accident in 
61% of cases. The mean follow-up was 4.7 years. 
The mean total active ROM was 183°. The mean 
QuickDASH score was 24. There was one case of 
implant rupture without functional consequences. 
There were no cases of infection or instability. 
Arthroplasty with a silicone implant was a sim-
ple, reliable, fast, and durable solution for com-
plex PIP joint fractures when conservative 
treatment was impossible. This solution is a good 
alternative to arthrodesis or even amputation of 
the finger and they stated that the PIP joint was 
particularly vulnerable to trauma [56].

The complications of this implant are instabil-
ity, implant fracture, and synovitis.

As for instability or deviation of the postop-
erative axis, we will discuss it later with the 
SRA.  Implant fracture varies between 0% and 
55% according to the studies [49–52, 55].

A fractured implant is not necessarily associ-
ated with disability, pain, and revision surgery. 
Bales et al. reviewed 21 fractures of which only 3 
required revision for pain and concluded that 
radiographic alterations did not correlate with 
prognosis [52].

Silicone synovitis and granuloma formation 
are another clinical problems that may require 
implant removal due to pain and bone loss. It has 
been reported but is rare (0%–24%) at the PIP 
and MCP joint in contrast to the higher incidence 
after silicone total wrist arthroplasty [50–52, 57].

Silicone arthroplasty has remained a good 
treatment option for PIP joint arthritis, and it has 
the longest follow-up studies of all available 
implant arthroplasties.
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Fig. 20.3 (a–d) 
Posttraumatic lesion of 
the proximal 
interphalangeal (PIP) 
joint third finger 
operated with silicone 
prosthesis: (a) 
presurgical 
anteroposterior (AP) 
radiological view, (b) 
presurgical oblique 
radiological view, (c) AP 
radiological view 1 year 
postsurgery, and (d) 
lateral radiological view 
1 year postsurgery
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Fig. 20.4 (a–f) Posttraumatic arthritis of proximal inter-
phalangeal (PIP) joint of the fourth finger treated with sili-
cone prosthesis: (a) anteroposterior (AP) radiological 
view before surgery, (b) lateral radiological view before 

surgery, (c) AP radiological view 1 year postsurgery, (d) 
lateral radiological view 1 year postsurgery, (e) AP radio-
logical view 2 years postsurgery, and (f) lateral radiologi-
cal view 2 years postsurgery
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20.3.2  Surface-Replacing Implant 
Arthroplasty

The aim of this procedure was to create an 
implant with more physiological articulation and 
stability, particularly with laterally directed ten-
sion [42]. Linscheid et  al. reported their data 
using the SRA PIP implant, and total pain relief 
was achieved in 86.1% of patients and a 12° 
increase in mean total ROM [42]. Jennings et al. 
observed good pain relief but no improvement in 
PIP joint ROM [58]. Daecke et al. found a 2° loss 
of PIP joint motion at 3-year follow-up [26]. 
Stoecklein et al. reported a 27° increase in total 
ROM using a volar approach that maintains the 
integrity of the extensor mechanism allowing 
early postoperative motion [59].

In 2020, Bodmer et al. compared the results of 
volar, Chamay, and tendon-splitting approaches 
for PIP arthroplasty using a superficial replace-
ment implant (CapFlex-PIP) (level IV evidence 
study) [60]. One thousand patients were studied 
prospectively, with a 2-year follow-up. PIP ROM, 
brief Michigan Hand Outcomes Questionnaire 
scores, and complications were analyzed. The 
mean PIP joint ROM increased in the volar (53° 
to 54°), Chamay (38° to 53°), and tendon- splitting 
(40° to 61°) approaches. The volar approach pro-
duced the greatest flexion and the greatest exten-
sion deficit. The mean Michigan Hand Outcomes 
Questionnaire scores at baseline and 2 years were 
45 and 74 (volar), 45 and 66 (Chamay), and 41 
and 75 (tendon splitting), respectively. Seven 
patients in the Chamay group and two in the volar 
group required reintervention, which consisted of 
teno−/arthrolysis. Compared with the volar and 
Chamay approaches, the tendon-splitting 
approach showed a tendency to produce the best 
results, which were associated with fewer com-
plications [60].

SRA has been used with or without cement 
and its results have been examined. Johnstone 
et al. in a long-term retrospective study found no 
difference in pain score or range of motion, 
although cemented implants had a higher revi-
sion rate (26% vs. 8%) and uncemented compo-
nents had a higher rate of radiographic loosening 
of the implant [61]. Murray et al. reported no dif-

ference in clinical or radiographic outcomes 
between cemented and uncemented PIP-SRA 
implants [62].

Many surgeons avoid the use of cement since 
revisional surgery becomes more difficult and 
heat released during cement curing may nega-
tively affect bone and soft tissues [42].

Other possible complications are tendon adhe-
sions, joint instability, swan neck deformity, bou-
tonniere deformity, intraoperative fracture, 
malalignment, dislocation, and infection [26, 42, 
63]. Revision surgery or conversion to arthrode-
sis is necessary in 9.1%–27% [26, 42, 61].

20.3.3  Complications After Surface- 
Replacing and Silicone PIP 
Arthroplasty

In 2021, Helder et  al. analyzed complications 
after surface-replacing and silicone PIP joint 
arthroplasty [64]. They studied complications, 
reoperations (subsequent intervention without 
implant modification), and revisions (subse-
quent surgery with implant modification or 
removal) in two groups of patients: those oper-
ated with a surface-replacing arthroplasty at the 
PIP joint using the CapFlex-PIP prosthesis and 
those operated with a PIP silicone implant. In 
addition, they evaluated radiographs for devia-
tions of the longitudinal axis of the finger. They 
analyzed 279 surface-replacing implants and 
424 silicone implants. The overall complication 
rate was 20% for surface-replacing implants and 
11% for silicone implants (p ≤ 0.01), with soft 
tissue-related events being the most frequent in 
both groups. Reoperations were significantly 
more frequent after surface replacement (5.4%) 
than after silicone arthroplasty (0.5%; 
p ≤ 0.001); however, revision rates did not differ 
significantly (4.4% and 3.3%, respectively; 
p = 0.542). Postoperative axis deviations were 
significantly less frequent in the surface replace-
ment group (19% vs. 58% for silicone arthro-
plasty; p  ≤  0.001). Ultimately, Helder et  al. 
recommended using a surface- replacing implant 
in cases with preoperative axis deviations and a 
correctable anatomical situation [64].
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20.3.4  Lateral Stability in Healthy PIP 
Joints Versus Surface 
Replacement and Silicone 
Arthroplasty

In 2020, Hensler et al. attempted to quantify the 
lateral stability of healthy PIP joints using a 
three-dimensional motion capture system and to 
compare it to affected joints after surface replace-
ment or silicone arthroplasty [65]. The three 
study groups were healthy individuals, patients 
with osteoarthritis of the PIP joint treated with a 
surface-replacing implant (CapFlex-PIP), and 
patients with osteoarthritis treated with silicone 
arthroplasty. All participants were matched for 
gender and digit, and the two groups of patients 
were also matched for duration of follow-up. An 
optical tracking system was used to measure lat-
eral stability. Radial and ulnar stability of the PIP 
joint were measured as the maximal lateral devia-
tion angle of the middle phalanx under loads of 
40 g, 90 g, and 170 g at 0°, 20°, and 45° of PIP 
joint flexion. Thirty joints were evaluated (5 
index and 5 middle fingers in each of the three 
study groups). Lateral deviation increased pro-
portionally with the applied load. Silicone arthro-
plasty joints had a higher mean lateral deviation 
angle (5.18) than healthy joints (3.08) and sur-
face replacement joints (3.38) at 45° flexion and 
under a 170-g load. After PIP joint arthroplasty, 
the lateral stability of the PIP joint was highly 
variable in both healthy participants and patients. 
Surface replacement PIP joint arthroplasty 
showed a tendency to provide better anatomical 
stability than flexible silicone implants [65].

Despite favorable reports with SRA implants 
for RA of the PIP joint, some authors prefer the 
use of silicone in this patient group [20].

20.3.5  Pyrolytic Carbon PIP 
Arthroplasty

Pyrocarbon is biologically inert, has elastic mod-
ulus similar to that of bone, and its implant stem 
has no bony ingrowth. PCA for PIP joint was 
developed to provide patients with an alternative 
to silicone and SRA. The primary indication for 

PIP arthroplasty is pain. Literature suggests that 
PCA has been relatively successful in improving 
pain, shows low complications, and presents rea-
sonable implant survival [27, 66–70].

However, other studies have demonstrated 
high rates of complications and revision surgery. 
Pyrocarbon implant is vulnerable to dislocation, 
implant migration, contracture, and squeaking. 
Sweets and Stern found a gradual decrease in 
motion over time, high rate of revision surgery, 
dislocation, stiffness, and implant fracture [25]. 
Due to the lack of bony ingrowth, pyrocarbon 
rates of migration and loosening have been high 
(64%) [25, 68]. A meta-analysis reported higher 
rates of complications associated with the use of 
pyrocarbon (30%) versus silicone implant (8%) 
and the authors have abandoned this technique 
[71].

In 2020, Mora et al. stated that the use of pyro-
lytic carbon arthroplasty (PCA) for the proximal 
interphalangeal (PIP) joint is still controversial 
[72]. They conducted a prognostic study (grade 
IV evidence) to evaluate the midterm clinical and 
radiographic outcomes of PCA of the PIP joint. 
Patients were assessed after a mean of 6.4 years. 
Evaluation included grip and pinch strength and 
digital range of motion (ROM). The study 
included 29 PIP joint PCAs implanted in 23 
hands of 19 patients. Seven implants required 
further surgical procedures. Three implants were 
removed and revised by silicone implants due to 
two dislocations and one implant migration. One 
was revised with a larger distal component. Three 
required soft tissue surgical revisions in which 
the implant was retained (one flexor digitorum 
superficialis tenodesis and two capsulectomies). 
At the end of follow-up, the survival of the origi-
nal implant was 86.2%. Final radiographic review 
of the remaining 26 implants showed two swan 
neck deformities and two implant migrations. 
Postoperative grip strength (38.4 lb) and postop-
erative pinch strength (13.8  lb) were 92% and 
91% of nonsurgical grip and pinch strength, 
respectively. The final mean ROM for the MCP 
joint was 82.1° and for the PIP joint was 60.6°. 
Mean outcome scores were visual analog scale, 
1.6; Michigan Hand Outcomes Questionnaire, 
71.6; and Disabilities of the Arm, Shoulder, and 
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Hand, 24. Ultimately, midterm follow-up (mean 
6.4  years) of 29 PCA implants in 19 patients 
revealed a surgical revision rate of 24.1%. Of the 
29 implants, 13.8% were removed after a mean 
of 4.6 years. Strength, ROM, and pain relief were 
satisfactory [72].

The indications of pyrocarbon implant arthro-
plasty are young patients with posttraumatic 
arthritis, no angular deformity, and adequate soft 
tissue coverage [28] and its use should be avoided 
in the rheumatoid hand secondary to progressive 
destruction of capsuloligamentous support.

20.4  Autologous Tissue for Small 
Joint Arthroplasty

Autologous tissue transfer affords complete bio-
compatibility and the opportunity for composite 
reconstruction. The first island, vascularized joint 
transfer was performed by Buncke in 1967 [73] 
and subsequent studies of vascularized joint 
transfer have shown both maintenance of hyaline 
cartilage and preservation of the joint space [74].

A systematic review of outcomes after vascu-
larized toe joint transfer, silicone implant arthro-
plasty, and pyrocarbon arthroplasty found that 
vascularized joint transfer for posttraumatic PIP 
joint reconstruction had worse arc of motion 
(37 ± 11°) than either silicone (44 ± 11°) or pyro-
carbon arthroplasty (43  ±  11°). Despite limited 
improvement in arc of motion, relatively higher 
major complication rates, and need for secondary 
surgery, vascularized joint transfer is the only 
procedure that allows future growth [75].

Another treatment option is perichondrium 
grafting. In 2020, Muder et  al. compared the 
long-term results of perichondrium transplanta-
tion and those of two-component surface replace-
ment (SR) implants to the MCP and PIP joints 
(therapeutic study with level III evidence) [76]. 
They evaluated 163 joints (in 124 patients), 
divided into 138 SR implants (in 102 patients) 
and 25 perichondrium transplantations (in 22 
patients). The primary outcome was any revision 
surgery of the index joint. The mean follow-up 
was 6  years for SR implants and 26  years for 
perichondrium transplantations. Patient age at 

the time of surgery was 64 years for SR implants 
and 45 years for perichondrium transplantations. 
MCP joint survival was slightly better in the peri-
chondrium group (86.7%) than in the SR implant 
group (75%), but not statistically significant. PIP 
joint survival was also slightly better in the peri-
chondrium group (80%) than in the SR implant 
group (74.7%), but below the threshold of statis-
tical significance. Ultimately, resurfacing of fin-
ger joints using transplanted perichondrium is a 
technique worth considering, as its low midterm 
revision rates were similar to those of SR implants 
[76].

Another technique to avoid silicone or pyro-
carbon arthroplasty is to perform arthroplasty 
using cadaveric meniscus for osteochondral 
defects in hand joints. The cadaveric meniscus 
provides resurfacing of the affected bone and 
serves to maintain the articular space. Hoang 
et  al. reported improvement in both ROM and 
pain relief, no complications occurred, and only 
two patients (14%) required postoperative revi-
sion surgery for tenolysis and capsulotomy [77].

The development of biotechnology and the 
application of stem cells to degenerated articular 
surfaces may render implant arthroplasty obso-
lete in the future. However, for the time being, it 
is necessary to continue improving the design 
and longevity of implants.

20.5  Prevalence of Complications 
and Cost of Small Joint 
Arthroplasty for Hand 
Osteoarthritis 
and Posttraumatic Arthritis

In 2020, Billig et al. stated that osteoarthritis of 
the hand is commonly treated by implant arthro-
plasty [78]. However, despite the increasing 
 prevalence of hand OA, data on the complica-
tions and associated cost of patients undergoing 
PIP joint and MCP joint arthroplasty were lack-
ing. Therefore, they evaluated the complications 
and cost of PIP joint and MCP joint arthroplasty 
in patients undergoing such interventions after a 
2-year follow-up (prognostic study with level II 
evidence). They analyzed insurance claims from 
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2009 to 2016 using Truven MarketScan data-
bases for adult patients undergoing PIP and 
MCP arthroplasty after a diagnosis of OA or 
posttraumatic arthritis. They analyzed 2859 
patients, of whom 36% had received an MCP 
arthroplasty and 64% had received a PIP arthro-
plasty. The mean complication rate was 35%. 
PIP arthroplasty patients were more likely to suf-
fer a prosthetic fracture than MCP arthroplasty 
patients (3.4% vs. 1.5%, respectively). Each 
complication resulted in an additional cost of 
$1076 [78].

20.6  Conclusions

Arthritis of the hand (proximal interphalangeal 
[PIP] and metacarpophalangeal [MCP] joints) is 
frequent and can result from osteoarthritis (OA), 
inflammatory arthritis, or posttraumatic arthritis. 
The main clinical presentation is pain and loss of 
range of motion. Initial treatment is conservative, 
including splinting, oral analgesics, and some-
times local injections. Cases where pain persists 
despite conservative treatment warrant surgery. 
Continued pain is considered the main indication 
for arthroplasty of MCP and PIP joints. Other 
surgical indications are deformity, stiffness, and 
joint incongruity. Surgical options are debride-
ment of painful osteophytes, arthroplasty, and 
arthrodesis. Improvements in implant materials 
and developments in MCP and PIP joint arthro-
plasty have provided physicians and patients 
more options in treating these joints. Several 
designs of primary MCP joint arthroplasty are 
available: unconstrained pyrocarbon has shown 
good results in OA, silicone implant is the gold 
standard for RA, and little can be said about sur-
face replacement arthroplasty (SRA) for the 
MCP joint. Primary PIP joint arthroplasty with 
silicone implants remains the gold standard for 
OA. The use of a pyrolytic carbon implant is con-
troversial because of its high reoperation rate 
compared to silicone and surface-replacing 
implants. The SRA implant for PIP joint has 
shown good clinical and survival results at 
medium follow-up. However, silicone prostheses 
are often preferred for the PIP joint. Early results 

have demonstrated improvements in pain and 
ROM, but lower rates in complications and long- 
term follow-up studies are required. Nowadays, 
there is no clear consensus in the arthroplasty 
option.
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