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authors who persevered over these past couple of years to 
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times painful.
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had and even better grandparents to my three children. They 
continue to support me both professionally and personally.
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certainly have been memorable. I have been extremely 
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surgery.
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Dr. Agarwal and his team of experts have created a thorough and very useful 
textbook that can be employed quite efficiently to assess and treat fracture 
malunions of all types. This work complements Dr. Agarwal’s earlier text-
book on nonunions and he has once again built upon the rich San Antonio 
tradition begun by Rockwood and Green to clearly define the fracture prob-
lem and then provide, in an easily understandable manner, a roadmap for 
treatment.

The chapters in this text cover all the anatomic areas and in every case are 
written by experts in the field. In addition to thoroughly reviewing the litera-
ture, each author, or group of authors, brings a wealth of personal experience 
to their chapter and presents the “Author’s Preferred Treatment” reflecting 
that substantial clinical expertise. In addition, each chapter has a few repre-
sentative case examples that effectively illustrate the best treatment for these 
challenging cases. The solutions each chapter describes are practical and 
have proven to be effective in the hands of the experts. The reader will be well 
served by the guidance provided in this textbook when he or she must decide 
upon the best way to manage a malunited fracture.

Manchester, VT, USA James D. Heckman, MD
July 2020

Foreword



ix

The only source of knowledge is experience.
– Albert Einstein

Despite modern fracture techniques and implants, malunions can still occur. 
They can be quite disabling for the patient and challenging for the orthopedic 
surgeon. Prevention by adhering to fracture fixation principles is the best way 
to “treat” a malunion. The principles of malunion management vary accord-
ing to anatomical site, amount of deformity, functional limitations, and pain. 
Iatrogenic causes are common but certainly avoidable to a certain degree. 
Patient factors can come into play as well as injury factors that may make 
anatomical restoration of length, alignment, and rotation problematic, lead-
ing to malalignment. Tips and tricks to restore the proper anatomy at the ini-
tial surgery can help to avoid primary malalignment from occurring.

Over the last 22 years of my practice, malunions have been challenging 
but also very rewarding. Realigning a deformed limb after years of malalign-
ment is especially satisfying when the patient is able to walk better, their pain 
resolves, and their overall function improves. This text was designed to pro-
vide a reference for the basic principles of malunion diagnosis, evaluation, 
and management. Chapters are divided by anatomical area and common mal-
union situations are covered, but the principles of deformity analysis and 
treatment decisions can be applicable to all types of malunions. There is no 
one solution to each type of malunion, and treatment must be 
individualized.

The contributors to this text were selected based on their interest and 
expertise in this subject. Malunion management is learned by doing, and thus 
surgeons have learned through years of performing these difficult operations, 
oftentimes by trial and error. Their experience has become the knowledge 
provided in this book. We hope that it provides the reader with a basis for 
tackling these difficult problems.

Boerne, TX, USA Animesh Agarwal, MD 

Preface
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Malunions: Introduction and 
Brief Overview

Animesh Agarwal

1.1  Introduction

Malunions historically have occurred due to non-
operative or closed treatment of fractures. With the 
improvement of modern fixation techniques, and 
improvement of implants especially locked plat-
ing, malunions are less likely. Unfortunately, how-
ever, they still occur despite this. Many still occur 
from benign neglect in many underdeveloped 
countries or even closed treatment. Malunions 
may or may not require surgical intervention, and 
much of it depends on the patients and their expec-
tations and desires. In cases where the malunion 
results in limited or poor function of the extremity, 
surgical correction may be warranted. Malunions 
in the upper extremity tend to cause functional 
limitations. In the lower extremity, functional limi-
tations, leg length discrepancies, and post-trau-
matic arthritis are all sequelae of lower extremity 
malunions. The malalignment can occur in length, 
rotation, angulation, translation, or any combina-
tion of the above. Each anatomical area has its own 
parameters that define what is considered a mal-
union [1]. A complete analysis and characteriza-
tion of the deformity prior to surgical correction 
for preoperative planning is an absolute require-
ment [2]. A common theme throughout the book is 
that prevention is the best treatment!

1.2  Patient History and Physical 
Exam

When first evaluating a patient with a malunion, 
a complete history is always needed. This 
includes not only the medical history with comor-
bidities but especially a surgical/nonsurgical his-
tory especially in regard to the involved extremity. 
It is important to know the trauma mechanism, 
management for the particular fracture whether it 
be operative or closed treatment that occurred, 
and any surgical complications, if any. Obviously 
with a malunion, either the fracture was treated 
closed with a less than ideal reduction or, if the 
fracture was treated with surgical intervention, 
was the original reduction and fixation accept-
able or was there loss of reduction and fixation 
during the postoperative course? If there was a 
failure of hardware, loosening, or breakage, how 
long was the time to failure? In the lower extrem-
ity, when did weight-bearing occur, or was there 
a second trauma? In the upper extremity, was 
there a particular event that may have led to this 
failure? It is important to determine whether or 
not there was any history of infection to include 
prior culture results, whether the fracture was 
closed or open, and the number of surgeries the 
limb has undergone. Although a radiographic 
“malunion” may be present, there may not be any 
functional consequences from this; therefore, it is 
important to determine whether the patient has 
pain, functional limitations, or both. In general, 
upper extremity malunions result in functional 
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limitations with or without pain, whereas lower 
extremity malunions can result in leg length dis-
crepancy, gait abnormalities, and, in long- 
standing cases, post-traumatic arthritis (PTOA) 
that can develop with varying degrees of pain.

When examining the affected extremity, it is 
important to evaluate the skin for all healed inci-
sions or traumatic wounds, any open wounds or 
sinus tracts, and drainage if present. The range of 
motion of the joints of the involved extremity in 
the malunion should be noted and compared to 
the contralateral normal limb if possible. 
Compensatory fixed deformities may have 
occurred in adjacent joints and may require treat-
ment in addition to the bony malunion. Addressing 
both issues should be part of the plan to ensure 
correction of the functional disability. Determining 
any limb length discrepancy is especially impor-
tant in the lower extremity and can be done clini-
cally by exam. In the lower extremity, varying 
size standing blocks to equalize leg lengths can be 
used and placed under the affected limb until the 
patient feels that their legs are equal. Always 
remember that some of the leg length inequality 
can be purely due to angulation. Obtaining leg 
length radiographs with a ruler can also aid in the 
precision of determining the exact leg length dis-
crepancy but realize that many patients have 
inherent leg length discrepancies unbeknownst to 
them. Clinical and subjective equalization of leg 
lengths with blocks tends to be accurate for each 
individual. Palpation and stressing the malunion 
site should be performed to evaluate for any pain 
or motion. If either of these occurs, the patient 
may instead have a nonunion which obviously 
requires a different approach. A complete neuro-
vascular exam should also be performed when 
evaluating any extremity.

1.3  Risk Factors for Malunion

Malunions can develop for a variety of reasons. 
Overall, however, the principal cause of the mal-
union is failure to maintain the reduction of the 
fracture either with nonoperative or operative 
means. Obviously, the reduction has to be 
obtained before one can maintain it with either 

casting, external fixation, or internal fixation. 
Factors that can contribute to the loss of reduc-
tion include age [3], osteoporosis, noncompli-
ance with weight-bearing, diabetes and Charcot 
arthropathy, and iatrogenic reasons such as poor 
surgical technique including suboptimal fixation 
or casting techniques. Failure to obtain the reduc-
tion is obviously provider related. Oftentimes 
open internal fixation “OIF” is performed with-
out the reduction or “R.” Anneberg and Brink 
described this as “primary malalignment.” This is 
dependent upon the surgeon’s abilities and essen-
tially iatrogenic and thus is obvious at the outset. 
They also described “secondary malalignment” 
which occurs when there is a change in the frac-
ture reduction during the postoperative period 
[1]. This can be due to many factors as described 
above. Segmental bone loss or comminution can 
contribute to the development of a malunion, 
especially in terms of rotation and limb length 
discrepancy because of the lack of cortical con-
tact, making reduction of the fracture much more 
difficult. Each specific anatomical area also has 
its own unique risk factors which will be 
addressed separately in each chapter.

1.4  General Principles

1.4.1  Diagnosis

The diagnosis of a malunion is primarily based 
on radiographic evaluation. Oftentimes, however, 
a malunion presents as a cosmetic issue which is 
what the patient may complain about initially. 
This may or may not be associated with symp-
toms. In patients that are obese, the soft tissue 
envelope may obscure any clinical deformity. 
Patients may present with joint pain if the 
 deformity is long-standing as they may have 
developed PTOA (Fig. 1.1).

1.4.2  Radiographic Evaluation

Radiographic evaluation should always begin with 
an anteroposterior (AP) and lateral imaging of the 
affected extremity to include both the proximal 

A. Agarwal
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and distal joints. If possible, getting the original 
injury films along with the postoperative films can 
be helpful in elucidating the etiology of the mal-
union. The follow-up radiographs after the origi-
nal fixation can show the progression of the 
development of the malunion, in some cases, when 
there is loss of fixation and gradual deformity. In 
the lower extremity, AP standing of bilateral lower 
extremities (Fig.  1.2a) and a sagittal long leg 
standing films of both sides (Fig. 1.2b, c) are help-
ful to evaluate the mechanical axis of the limbs. 
Additionally, it is used to evaluate what normal is 
for that patient from the opposite normal side. In 
the upper extremity, AP and lateral imaging of the 
normal opposite can also be helpful for preopera-
tive planning purposes. The current radiographs 
should be used to determine the limb alignment, 
anatomical and mechanical axes, center of rotation 
and angulation (CORA), and joint orientation and 
then compare to the contralateral normal. This can 
be done manually or with specific digital templat-
ing such as TraumaCAD™ (Brainlab AG, Munich, 
Germany) (Fig. 1.3). The CORA is determined by 
the intersection of the center line of the proximal 

fragment and the center line of the distal segment 
on both AP and lateral imaging. In cases of short 
fracture segments, the joint line can be used instead 
of the center line method (Fig. 1.4). This allows for 
determination of the deformity parameters in the 
sagittal and coronal planes. However, often the 
true maximum deformity and plane of the defor-
mity are somewhere in between. Trigonometric 
calculations can define the true plane and magni-
tude of the deformity. Additionally, a no angula-
tion view can be determined via fluoroscopy. An 
orthogonal view to this angle is the plane of maxi-
mum angulation.

If there is concern for a rotational malunion, 
then CT scanning is the gold standard to confirm 
the degree of malrotation [4–7], although clinical 
evaluation should also be performed. In cases 
where stress examination or palpation of the 
“malunion” site results in motion and/or pain, a 
CT scan of the area can also delineate between a 
malunion and nonunion as fractures with exuber-
ant callus may falsely be diagnosed as malunions 
when in fact there is incomplete bridging and a 
persistent nonunion. Additionally, sagittal and 

a b c

Fig. 1.1 A 35-year-old Latin American male presented 
with right ankle arthritis. The patient had a right ankle 
fracture 20  years prior that was casted. He had a varus 
malunion and had gone on to develop post-traumatic 

arthritis (PTOA) of the right ankle. He was referred for a 
fusion. Radiographs of the right ankle. (a) Anteroposterior 
view. (b) Mortise view. (c) Lateral view. Note the PTOA 
and varus deformity

1 Malunions: Introduction and Brief Overview
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coronal reconstructions along with three- 
dimensional (3D) reconstructions can be useful 
for preoperative planning as well. If hardware is 
present, CT scans performed with metal suppres-
sion software can be helpful.

Magnetic resonance imaging (MRI) can be 
useful in some circumstances if there is concern 
for infection in light of a malunion. The presence 
of hardware can be problematic, however, but 
newer software can also limit artifacts from hard-
ware. Otherwise, an MRI is usually not needed 
for evaluation of a malunion.

Nuclear medicine studies also are usually not 
needed as well but may be beneficial in cases 
where there is a history of infection, current 

draining wounds, or elevated laboratory markers 
(complete blood count, erythrocyte  sedimentation 
rate, and C-reactive protein). If needed, a bone 
scan should be performed first and, if positive, 
followed by an indium scan. If the indium scan is 
positive, then a colloid scan should be performed 
to delineate between marrow changes and true 
infection. Any discordant uptake between the lat-
ter two studies indicates probable infection.

1.4.3  Laboratory Evaluation

Laboratory evaluation should always include a 
complete blood count (CBC), erythrocyte sedi-

a cb

Fig. 1.2 An 18-year-old Latin American male presented 
with right distal femur valgus deformity after sustaining a 
fracture several years earlier. (a) Anteroposterior standing 

of the bilateral lower extremities with ruler. (b) Standing 
full-length right (affected) leg sagittal view. (c) Standing 
full-length left (normal) leg sagittal view

A. Agarwal
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mentation rate (ESR), and C-reative protein (CRP) 
along with a full metabolic profile to include vita-
min D as well. In some cases where the original 
fixation was felt to be adequate, yet the patient 
developed failure of the fixation with loss of reduc-
tion after an extended period of time, metabolic 
studies may indicate reasons for a delay in healing. 
Any fracture fixation is always a race between the 
fracture healing and the hardware failing. If ade-
quate time had passed for a fracture that treated 
properly should have healed, but didn’t, leading to 
a delayed union and/or nonunion with subsequent 
hardware failure, then laboratory studies may pro-
vide some metabolic reason for the issue at hand. 
Diabetics should have their Hgb A1C checked. 
Metabolic studies such as thyroid function tests, 
parathyroid hormone levels, and vitamin D levels 
can be useful. Many of our trauma patients are 

vitamin D deficient and may have elevated para-
thyroid hormone (PTH) indicating secondary 
hyperparathyroidism which usually resolves with 
vitamin D replacement.

1.5  Definitions and Classification

A malunion is defined, in general terms, as a frac-
ture that has healed in a non-anatomical position. 
The malunion can be intra-articular, extra- articular, 
or both. The malunion can occur in any single plane 
or be multiplanar, rotational, or with or without limb 
length inequalities. Classifications for malunions 
have been described but are unique to each anatomi-
cal area and will be described in each chapter along 
with parameters of what is considered a malunion.

1.6  Ramifications of Malunions

A malunion in and of itself may not be problem-
atic. If there are no functional limitations or pain 
associated with the malunion, treatment may not be 
required. Long-standing malalignment in the lower 

Fig. 1.3 AP standing of the bilateral lower extremities 
showing TraumaCAD™ deformity analysis. The right 
side is the abnormal side in comparison to the patient’s 
left side. Joint angles are determined via the program and 
shown allowing comparison

Fig. 1.4 The patient in Fig. 1.1 undergoing gradual cor-
rection with Taylor Spatial Frame. The deformity analysis 
is done with a joint reference line for the extremely short 
distal segment (yellow line). Standard center line for the 
diaphysis (green line). The intersection of the two lines 
indicates the center of rotation and angulation (orange 
dot)

1 Malunions: Introduction and Brief Overview



6

extremity can cause alterations in the mechanical 
axis with resultant degenerative changes. In the 
upper extremity, functional limitations can occur 
due to malunion depending on the bone involved. 
Cosmetic deformity can also accompany func-
tional limitations, but cosmesis alone may not be 
an indication for correction. It is important to note 
that angular deformities not only result in a change 
in the mechanical axis but also length changes. 
Varus deformities shorten the limb, and conversely, 
the limb is lengthened by valgus deformities. Any 
shortening or lengthening will obviously lead to a 
leg length discrepancy that has been related to back 
pain as well as gait disturbances [8].

1.6.1  Lower Extremity 
Biomechanics

To fully evaluate malunions of the lower extrem-
ity, it is important to understand the normal 
mechanics. In the coronal plane, the mechanical 
axis of the lower extremity runs from the center of 
the femoral head to the center of the ankle joint on 
radiographic examination. The line passes through 
the knee joint, on average, about 10 mm medial to 
the center of the knee joint. In the sagittal plane, 
the center of the femoral head and the ankle are 
the same endpoints, but the line crosses the knee 
just anterior to the center of rotation of the knee 
joint. When looking at the femur versus the tibia, 
the femoral anatomical axis varies with the 
mechanical axis by 6° valgus, whereas the tibial 
mechanical axis and anatomical axis coincide.

Additionally, the joint orientation in both the 
coronal plane and sagittal plane should be evalu-
ated. For the proximal femur, a line drawn from 
the center of the femoral head to the tip of the 
greater trochanter which intersects with the femo-
ral mechanical axis is the proximal femoral orien-
tation angle and should roughly be approximately 
90°. The knee joint line is roughly 3° of valgus 
relative to the mechanical axis, with the distal 
femur in valgus and proximal tibia in slight varus 
relative to the mechanical axis (Fig. 1.5).

Incidence of malunions varies from anatomi-
cal site but can occur anywhere from any frac-
ture. The issue becomes which ones are clinically 

relevant to warrant surgical intervention. Each of 
the subsequent chapters will go in depth into 
these aspects.

1.6.2  Long-Term Effects 
of Malunions

It has not been fully established that a malunion 
will directly result in altered mechanical loads 
leading to post-traumatic arthritis, although many 
studies support this. Most likely the etiology is 
multifactorial, but malalignment after a fracture 
does seem to contribute especially when the 
deformity exceeds certain parameters depending 
on the anatomical area in question [9]. It is fairly 
clear that intra-articular malunions and incon-
gruities lead to post-traumatic arthritis (PTOA) 
[10]. Intra-articular malunions will be addressed 
specifically in each anatomical chapter as the 
treatment of these varies considerably depending 
on the joint involved as well as patient age. 
Prevention, by anatomic reduction and rigid fixa-
tion of the articular component, again is the best 
treatment.

Kettelkamp et  al. reviewed 14 patients that 
had degenerative arthritis of the knee and a his-
tory of either a tibia fracture of femoral fracture. 
They found a strong association between either a 
valgus or varus deformity at the knee and knee 
arthritis [11]. In a study of 88 patients followed 
for an average of 15 years after sustaining a frac-
ture of the lower leg, van der Schoot et al. found 
a malunion incidence of 49% (malalign-
ment > 5°). These patients had significantly more 
degenerative changes than those with normal 
healed fractures. The association was more in the 
knee and malalignment as opposed to the ankle 
[12]. Palmer et al. recently published a longitudi-
nal cohort study looking at 1329 knees in 955 
individuals. They found that when the medial 
proximal tibia angle (MPTA) was in varus, there 
was a significant association with structural pro-
gression of arthritis. Additionally, for every one 
degree increase in varus in the MPTA, there was 
21% increase in the odds ratio of joint space nar-
rowing progression in the medial compartment 
[13]. Mochizuki et al. found a similar association 
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with varus tibias and the development of arthritic 
changes [14]. In a cadaveric skeleton study, 
Weinberg et  al. found an association between 
malalignment in tibia fractures and the presence 
of arthritic changes. There were 37 tibia fractures 
found in 36 skeletons (total inspected 2898), and 
knee arthritis was found on the injured side when 
compared to the contralateral limb (p < 0.001). 
Furthermore, if the coronal plane deformity was 
greater than 5° (p = 0.006) and combined with a 
rotational deformity of greater than 10° 
(p = 0.004), the knee arthritis was even greater. If 
the tibia was short more than 10 mm, arthritis in 
the ipsilateral hip was found as well (p = 0.009) 

[15]. In contrast, Philips et  al. evaluated 62 
patients with femoral shaft fractures and found 
no association between femoral deformity and 
knee arthritis. However, the mean coronal plane 
malunion was only 5° in this group of patients 
[16]. Milner et al. reported on a 30-year follow-
 up on a group of tibia fracture patients. They had 
a 29% coronal malalignment of greater than 5°. 
They did not find a clear association between 
arthritis and malalignment [17].

Rotational malalignment can also cause issues 
requiring surgical intervention. Gugenheim et al. 
showed in a computer model that femoral rota-
tion, internal or external, can cause frontal plane 
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Frontal

NSA = 130˚
(124-136˚)

aMPFA = 84˚
(80–89˚)

mMPTA = 87˚
(85-90˚)

mLPFA = 90˚
(85–95˚)

aLDFA = 81˚
(79–83˚)

mLDFA = 88˚
(85–90˚)

JLCA = 2˚
(1–3˚ medial)

D = 4 mm
(4–16 mm)

MAD = 10 mm medial
(3–17 mm)

mLDTA = 89˚
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Fig. 1.5 Schematic drawings of normal values for various joint angles when evaluating malunions. (a) Normal param-
eters in the coronal plane. (b) Normal parameters in the sagittal plane

1 Malunions: Introduction and Brief Overview
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malorientation. They felt that such malalignment 
can lead to altered mechanical loads and knee 
arthritis as well as gait abnormalities [18]. 
Clinically, rotational deformities have been 
shown to cause difficulties with demanding activ-
ities such as running, sports, and climbing stairs. 
External rotation of the femur was more prob-
lematic than internal rotation [19].

1.7  Management Principles

Each chapter will discuss the specifics of man-
agement for each anatomical area. The goal of 
any malunion surgery is first and foremost to 
restore function. Pain relief, if due to develop-
ment of degenerative changes in the joint, may 
improve once re-alignment occurs. Cosmesis 
should be a secondary goal only and not the sole 
reason for surgery. Correction can occur as a sin-
gle stage or two stages and can be either acute 
(plates and nails) or gradual (external fixation 
and internal lengthening nails) [20–25]. If there 
is any concern for pre-existing infection, then 
staged surgery is recommended, with the first 
stage to take out pre-existing hardware and evalu-
ate the surgical site (cultures, etc.). The second 
stage would be the planned corrective osteotomy 
and fixation. The author’s preference is usually 
two stages when hardware is present.

1.7.1  Preoperative Planning 
(Fig. 1.6)

Careful deformity analysis should always be per-
formed as part of the preoperative plan to deter-
mine the amount of correction required. 
Additionally, the osteotomy site and surgical tactic 
should be carefully planned out [2]. If hardware is 
present, this includes making sure that instruments 
to get the previous hardware out are available. 
There should also be specialty instruments avail-
able in the event that failed hardware (especially 
screws or nails) is encountered. Correction of the 
deformity requires decisions regarding the loca-
tion and type of osteotomy as well as the method 
or implant to stabilize the osteotomy.

1.7.2  Osteotomy Overview

It is important to understand the basic principles 
and techniques for osteotomies. It is imperative 
to ensure that the soft tissue envelope at the site 
of the osteotomy is pristine and without compro-
mise which could lead to wound problems. The 
ideal location for any osteotomy is in “virgin” 
bone but as close to the CORA as possible. When 
the osteotomy is located directly at the CORA, a 
pure correction occurs without translation to re- 
establish the mechanical axis. As the osteotomy 
site moves away from the CORA, increased 
translation occurs to re-establish the mechanical 
axis [26] (Fig.  1.7). Metaphyseal bone tends to 
heal better overall as well as create better regen-
erate in cases of gradual correction. The osteot-
omy can be done via a percutaneous technique or 
open. Our preference is for a Gigli saw osteot-
omy in gradual correction cases, trying to pre-
serve the periosteum as best possible in the 
method of Ilizarov. It can also be done with the 
multiple drill hole technique with an osteotome.

Numerous types of osteotomies have been 
described [26, 27]. Closing wedge and opening 
wedge osteotomies result in shortening and 
lengthening of the extremity, respectively. A dome 
or neutral wedge osteotomy does not appreciably 
affect the length. An oblique  single- cut osteotomy 
can also be performed but is much harder to exe-
cute when there is a multiplanar deformity and is 
mathematically derived [28]. One must define the 
angular and rotational deformities as well as 
determine the no angulation view for the limb. 
This allows for single cut and fixation with cor-
rection of the malunion. This will preserve the 
length or restore the length depending on the 
deformity parameters. In cases of pure rotation or 
pure leg length discrepancies, or with gradual cor-
rection, a transverse osteotomy is sufficient. 
Opening wedge osteotomies in cases with internal 
fixation will require some type of bone graft/sub-
stitute to be placed into the gap. Distraction osteo-
genesis is used in cases of gradual correction or 
leg lengthening to regenerate the bone (Fig. 1.7b–
d). Intra-articular osteotomies have also been 
described extensively when there are intra-articu-
lar malunions or incongruities [29].
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Fig. 1.6 The TraumaCAD™ preoperative plan for the patient in Fig. 1.2; the planned cut and correction can be seen on 
the right side of the image

1 Malunions: Introduction and Brief Overview
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1.7.3  Future Technology

Three-dimensional imaging is allowing newer 
techniques to be used to facilitate malunion 
management. The use of patient-matched 
instruments to create patient-specific treatment 
options are coming to light. Rosseels et  al. 
published their results when using patient-spe-
cific 3D printed guides to aid in osteotomy 
planning. Although their results were satisfac-
tory, they felt that the majority were under 
 corrected [30]. Oka et  al. created 3D patient-
matched osteotomy jigs using 3D rapid proto-
typing technology based on the normal 
contralateral limb. They had 16 patients with 
upper extremity malunions that underwent 3D 
corrective osteotomies with patient-matched 
instruments with excellent results, achieving 
accurate correction and functional recovery 
[31]. As 3D printing becomes more prevalent 
and imaging techniques continue to evolve, the 
use of such 3D printed cutting jigs to perform 

precise osteotomies will become more 
widespread.

1.8  Summary

The best management in treating malunions is 
their prevention. The surgeon should adhere to 
basic AO (Arbeitsgemeinschaft für 
Osteosynthesefragen) principles of fracture fixa-
tion and first obtain and then maintain a reduc-
tion. When the joint is involved, anatomic 
restoration of the joint and bone grafting as 
needed to support the joint in cases where it is 
needed can help mitigate subsidence. In cases of 
diaphyseal fractures, restoration of length, align-
ment, and rotation are key. Unfortunately, iatro-
genic causes have been shown to be a significant 
contributor to the development of a malunion. In 
cases where corrective osteotomy is needed, 
careful and detailed preoperative planning will 
help to ensure a successful outcome.

Fig. 1.7 The patient from Fig. 1.1. The osteotomy site is 
seen proximal to the center of rotation and angulation 
(CORA) (refer to Fig. 1.4). Due to the distance from the 
CORA, translation has to occur to allow for re-alignment 
of the mechanical axis utilizing distraction osteogenesis to 
create bone regenerate. (a) Radiograph orthogonal to the 

distal ring showing the osteotomy site in relation to the 
CORA (orange dot). (b) Anteroposterior (AP) view of the 
right ankle after correction – note translation. (c) Lateral 
view of the right ankle after correction – note translation. 
(d) AP view of the right tibia showing re-establishment of 
the mechanical axis of the tibia (green line)

a b
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Malunions of the Clavicle

Claudia C. Sidler-Maier, Laura A. Schemitsch, 
Emil H. Schemitsch, and Michael D. McKee

2.1  Clavicle Fractures

2.1.1  Introduction

Clavicle fractures are common injuries encoun-
tered by orthopedic surgeons [1–12]. They repre-
sent 2–15% of all adult fractures [1–28] and 
between 35% and 66% of fractures to the shoul-
der girdle [5, 7, 8, 12, 18, 29]. The incidence of 
clavicle fractures is bimodal, with a peak inci-
dence in young, active individuals [20, 21, 24] 
and another peak later in life. Young patients with 
clavicle fractures are predominantly male, and 
older patients are typically female [3, 6, 11, 17, 
23, 28].

Two mechanisms of injury can be identified as 
the most common causes of clavicle fractures [6]. 
The most common occurs in around 90% of cases 
[6] and results from a fall [12, 30] or a direct 
blow [19, 28, 31] to the outer side of the shoulder. 
The second most frequent mechanism of clavicle 
fractures tends to occur after a fall onto an out-
stretched arm [2, 6, 12]. Clavicle fractures in 
young patients are frequently observed in rela-
tion to leisure and high-performance sports [32]. 
Fractures in the elderly are often acquired during 
low-energy domestic falls [17, 20] and are also 
often found in osteoporotic bone [28].

Evaluation of clavicle fractures begins with a 
thorough history and physical examination and 
typically progresses to plain radiographs identi-
fying the fracture site and pattern [11]. Fractures 
of the middle third of the clavicle are the most 
common [2, 23, 24, 30, 33] and account for 
66–85% of all cases [3–7, 12, 16, 19, 24, 28–30, 
32]. Injuries to the midshaft occur where the 
clavicle changes its cross-sectional shape and is 
devoid of muscular protection [26]. Most shaft 
fractures (approximately 70%) are displaced [3, 
19]. Displacement is much more likely to occur 
in the middle part of the clavicle compared with 
fractures of the medial and lateral thirds [17, 23]. 
There is an increasing incidence of multi- 
fragmentary and displaced fractures of the clavi-
cle due to an increased participation by patient 
populations in high-speed sports [2].
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2.1.2  Initial Fracture Treatment

Traditionally, the majority of clavicle fractures, 
especially midshaft clavicular fractures in adults 
[32], have been treated non-operatively [1, 2, 9, 
22, 26, 34]. Investigators have cited high union 
rates and low associated functional deficits as a 
basis for such management [12]. The goal of non- 
surgical clavicle fracture treatment is to achieve 
bony union while minimizing dysfunction, mor-
bidity, and cosmetic deformity [23]. Conservative 
treatment usually consists of wearing a simple 
sling [3, 5, 6, 8, 16, 17, 23, 26, 27, 30, 35] or a 
figure-of-eight bandage [2, 3, 5, 6, 8, 16, 17, 23, 
30, 35] until the fracture is healed according to 
radiographs and clinical assessment [11].

According to the literature, due to a low risk of 
nonunion or malunion, the following clavicle 
fractures can be treated non-operatively: frac-
tures with little or no displacement [2, 23, 24], 
simple fractures, fractures of the medial or lateral 
third [2], multi-fragmentary fractures with little 
or no displacement [2, 23, 24], and fractures in 
low-demand patients [16], patients with low 
compliance or substance abuse [2], or patients 
with medical contraindications to surgery [16]. In 
these patients, conservative treatment is recom-
mended as there is an increased postoperative 
risk of complications or the benefit of surgery is 
minimal [2]. Furthermore, conservative treat-
ment offers the advantage of low costs [16]. 
Despite these benefits, surgery for clavicle frac-
tures is playing an increasingly important role in 
the clinical setting. This is mainly accomplished 
through open reduction and internal fixation [26] 
with either compression plating or intramedul-
lary nail fixation [16]. The goal of surgery is to 
improve the functional outcome of the shoulder 
as well as to avoid nonunion and symptomatic 
malunion by achieving anatomic reduction [3].

2.1.2.1  Initial Outcome
Following conservative treatment of clavicle 
fractures, union typically occurs within 
8–12 weeks [36] with patients regaining function 
after 3–6 months [22]. Fractures treated conser-
vatively often heal uneventfully and are rarely 
complicated by significant morbidity [27] such as 

functional disability [26]. Although clinical 
results of non-operative treatment have generally 
been considered favorable [4, 31, 32, 37] result-
ing in minimal to no persistent symptoms [38], it 
is widely recognized that not all clavicular frac-
tures treated conservatively will have a good out-
come [8, 16, 23, 27, 39]. It is apparent that union 
alone may not result in clinical success [40], and 
sequelae following non-surgical treatment of cla-
vicular fractures are not uncommon [41]. A 
recent, prominent study showed a high preva-
lence of symptomatic malunion and nonunion 
following non-operative treatment of displaced 
midshaft clavicular fractures [42]. Another large 
clinical study has shown that more than 10% of 
patients with clavicle fractures that were treated 
conservatively exhibited unsatisfactory radio-
logic and cosmetic results and 3–5% of cases suf-
fered significant mobility deficits in the affected 
shoulder [10].

While it is unclear why there is such a differ-
ence between the outcome of clavicular fractures 
in previous reports and those in more recent stud-
ies, there are several possibilities [42]. The earlier 
reports often included data on clavicular fractures 
in children, who have inherent healing abilities 
and remodeling potential [28]. This may have 
artificially improved the overall results of the 
data in those reports [28, 42]. Moreover, most of 
the previous studies based the success of non- 
operative treatment on radiographic bony union 
which occurred in more than 95% of the cases 
[15]. There was a lack of data in the literature 
regarding functional and especially “patient- 
based” outcomes following clavicular fractures 
[22, 34]. Patient-oriented outcome measures and 
scores report upper extremity functional deficits 
that might not be detected by surgeon-based 
scores [28, 42]. Additionally, it is clear that 
patient-based outcome measures reveal residual 
impairment after clavicular fractures that 
surgeon- based or radiographic measures do not 
[34]. Another relevant issue is changing patient 
expectations. Most active clinicians are acutely 
aware that a patient today is more likely to expect 
a rapid return to pain-free function following a 
fracture (and be more vocal when this does not 
occur) than was the case previously [42]. 
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Conversely, it may also be that injury patterns are 
changing [42].

2.1.2.2  Non-operative Versus Surgical 
Treatment

While non-operative care remains the standard 
for the majority of minimally displaced clavicle 
fractures [3, 12], open reduction and internal fix-
ation has demonstrated superior results when 
compared with conservative management in 
recent trials of management of displaced frac-
tures [3, 9, 11]. Surgery has been shown to 
decrease the rates of malunion [3, 43, 44], non-
union [3, 43, 44], and functional impairment [23, 
44]. This could be explained by the fact that sur-
gical treatment with open reduction and internal 
fixation achieves an anatomic reduction, which 
non-operative treatment does not in most cases 
[45]. Despite these recent findings, the optimal 
treatment for acute, displaced midshaft clavicle 
fractures is still controversial [3, 12, 24, 25, 43]. 
Despite patient-based outcome measures reveal-
ing an increased incidence of clavicular malunion 
following non-operative treatment [12], there is 
limited evidence of these sequelae available from 
randomized controlled trials [6].

With regard to surgical treatment, fixation and 
healing of fractures in the middle third of the 
clavicle are affected by anatomic and biomechan-
ical conditions of the clavicle [46]. As implant 
technology and surgical techniques have 
improved, surgical outcomes have been enhanced 
and fewer complications resulted [1]. According 
to the Canadian Orthopaedic Trauma Society 
[42], open reduction and internal fixation (ORIF) 
of displaced clavicle fractures compared to con-
servative treatment showed better functional out-
come and less cases of malunion and nonunion at 
1  year of follow-up. This was confirmed by 
McKee et al.’s meta-analysis [21] of randomized 
controlled trials showing, in addition to the above 
mentioned, a decreased overall complication rate 
with operative intervention. Additionally, Xu 
et  al.’s meta-analysis [43] showed that patients 
treated non-operatively were more likely to 
develop a complication, especially a malunion, 
than those treated with primary operative repair. 
Moreover, recent research has suggested that 

operative intervention has fewer long-term 
sequelae [22].

Lenza et  al. [6] concluded that treatment 
options should be chosen on an individual patient 
basis, with careful consideration of the relative 
benefits and harms of each intervention and 
patient preferences. Presently, clavicular fracture 
treatment is largely determined by fracture char-
acteristics [11], stability of fracture segments 
[23], displacement [23], and localization [11]. 
When making the decision for surgery, attention 
must be paid to the patient’s psychophysical fea-
tures and expectations, as well as age and gender 
[11, 23, 24]. It has been reported that patients 
within a younger female population tend to be 
more often unsatisfied by a poor cosmetic result 
[24]. Physicians should determine whether there 
have been previous injuries to the ipsilateral clav-
icle as well as the patient’s hand dominance, 
since these factors may alter the treatment deci-
sion [11].

The following factors have been shown to be 
predisposing to less favorable results after non- 
surgical treatment of midshaft clavicle fractures: 
displacement, comminution, shortening, and 
fractures of the dominant arm [19]. Nonetheless, 
cases in which osteosyntheses should be consid-
ered as the primary treatment are still under 
debate [19]. For details about the indications of 
surgery reported in literature, see Table  2.1 [2, 
4–6, 11, 14, 18, 19, 22–24, 28, 44, 47–49].

2.1.2.3  Complications After Initial 
Fracture Treatment

Complications following fractures to the clavicle 
are relatively uncommon but include the follow-
ing: malunion (after non-operative treatment 
9–36%; after surgical treatment 0–4%) [3, 16, 21, 
25, 42, 50, 51] or nonunion (15–20%) [8, 21, 27], 
pneumothorax (3%) [27], brachial plexus injury 
(1%) [27], posttraumatic arthritis (3%) [27], 
refracture (4%) [21, 27], infection, and complica-
tions of surgical treatment [27] (including hard-
ware removal needed in one third of cases 
because of prominence) [19, 21]).

A malunion of the fractured clavicle indicates 
that the fracture has healed in a less than ideal 
position. This is often associated with large  callus 
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formation [13, 19, 52] leading to a narrowing of 
the thoracic outlet with compression of the bra-
chial plexus [19, 30, 34, 35, 38, 52–54] and sub-
clavian vessels [5, 19, 34, 54]. Aside from 
neurologic symptoms [21] such as nerve pares-
thesia, brachial plexus neuropathy [27], and ulnar 
neuropathy [27] and the abovementioned tho-
racic outlet syndrome [8], malunion of the clavi-
cle can also cause vascular injuries such as 
thrombosis, pseudoaneurysm, vessel compres-
sion [27, 54], and laceration or rupture [5] and 
the development of Paget-Schroetter syndrome 
[55] which is a primary upper extremity deep 
vein thrombosis of either the axillary or subcla-
vian vein. In McKee et  al.’s systematic review 
comparing non-operative with operative treat-
ment of midshaft clavicle fractures [21], the pre-
dominant complications in the non-operative 
group were nonunion, neurologic problems 
(including brachial plexus irritation and com-
pression), and symptomatic malunion. The most 
common complications following surgery con-
sisted of local hardware irritation or pin protru-
sion (treated with removal of hardware) and 
wound infection [21]. Another study reported 
additional complications such as plate loosening, 
plate breakage, infection, painful implants, 
refracture after plate removal, and discomfort 
[44].

2.2  Malunion of the Clavicle

2.2.1  Introduction

Historically, clavicle malunion has been assumed 
to be clinically innocuous [56]; however, mal-
united fractures are not always benign entities 
[36] as a malunion can affect the function of the 
shoulder [31]. Despite the clavicle’s “excellent 
reparative powers” (as reported in literature), res-
toration of length, translation, and rotational 
deformities of the clavicle following a fracture 
does not occur [19]. It is therefore becoming 
increasingly apparent that clavicular malunion is 
a distinct clinical entity with radiographic, ortho-
pedic, neurologic, and cosmetic features [28, 42].

Table 2.1 Indications for primary fixation of a displaced 
fracture of the clavicle

Fracture pattern and inspection
Prominence over the fracture [11]
Significant cosmetic or clinical deformity 
of the shoulder [23, 28, 47, 48]
Ecchymosis [11]
Soft tissue compromise, skin breaks, or 
tenting [2, 11, 14, 23, 28, 44]
Impending open fractures [6, 28, 47]
Open fractures [2, 4–6, 23, 28, 44, 47]
Segmental fractures [28]
Comminution [6, 18, 19, 28, 44]

Displacement [18, 23, 48]
Of more than 20 mm [4, 23, 28, 49]
Of greater than 15 mm [2, 23]
Significant, severe fracture displacement 
[5, 6, 23]
>100% of a shaft width [2]
Cranio-caudal displacement of the 
fragments greater than 2.3 cm [24]
Two or more diameters of displacement 
[22]
Severe dislocation and angulation [4]

Shortening
≥ 13% associated with fragment 
displacement ≥2 cm [24]
Greater than 15% [24]
More than 20 mm [28]

Associated injuries
Floating shoulder [23, 28, 44, 47]
Scapulothoracic dissociation [47]
Scapular malposition and winging [28]
Mediastinal structures at risk (because of 
displacement) [23]
Ipsilateral upper extremity injuries/
fractures [28]
Multiple ipsilateral upper rib fractures [28]
Bilateral clavicle fractures [28]

Neurovascular problems
Neurovascular injuries [2, 6, 28, 47]
Post-neurovascular repairs [47]
Neurovascular compromise [4, 14, 23]
Progressive neurologic deficit [28]

Patient 
factors

Higher activity level [47]
Increasing functional demands [48]
Younger active patients [23]
Advancing age [18]
At higher risk of malunion, nonunion, or 
other sequelae [2]
Fractures of the dominant arm [19]
Polytrauma [2, 23, 28, 47]
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2.2.2  Development of Clavicular 
Malunion

Fracture healing following a displaced midshaft 
fracture of the clavicle can lead to the develop-
ment of a clavicular malunion. According to 
Davies [22], midshaft clavicle fractures generally 
have greater deformity than lateral fractures 
(p = 0.03) following conservative treatment.

In the literature, authors have stated that 
“maintaining the alignment after closed reduc-
tion of a displaced clavicular fracture is wishful 
thinking” [19]. Despite the description of more 
than 200 closed reduction methods in cases of 
closed fractures of the midshaft clavicle, no 
methods have been reported as the gold standard 
in achieving [36] and maintaining a reduction 
[15, 34, 57]. Therefore, a certain amount of 
deformity secondary to angulation and shorten-
ing [11, 17] is to be expected [1, 10, 12, 15, 17, 
19, 34, 36, 46, 50, 58].

According to McKee et  al. [57], midshaft 
fractures of the clavicle heal in pretty much the 
position noticed on fracture radiographs (dis-
placement and elevation of the medial fragment 
due to the pull of the sternocleidomastoid mus-
cle with shortening due to the medialization of 
the lateral fragment) [4, 10, 17, 19, 26, 36, 59]. 
Consequently, this increases angulation at the 
sternoclavicular joint [36]. However, this has 
been recently challenged. Additionally, a rota-
tional component to the deformity can result 
with the distal fragment and attached shoulder 
girdle rotating anteriorly in the coronal plane 
[36, 59]. The weight of the arm causes the distal 
fragment to displace inferiorly as well [10, 17, 
36, 59]. Furthermore, the clavicle fragments 
seem to heal in a cranially convex position (apex 
superior malposition) [10].

2.2.3  Incidence of Clavicular 
Malunion

There is a disparity among the reported rates of 
symptomatic malunion following conservative 

treatment of clavicle fractures [39]. Though 
symptomatic malunions have been reported to be 
relatively rare [11, 13, 46, 51, 52], recent studies 
have shown that the rate of malunion after non- 
operative treatment may be much higher than 
previously indicated [2].

There are several reasons for the increased 
incidence. The first reason for this might be the 
fact that the survival rate of critically injured 
trauma patients (with more complex fracture pat-
terns) has increased. Secondly, patient expecta-
tions have changed, and the follow-ups are more 
regular and thorough (with possible patient- 
oriented outcome measures). The recent litera-
ture may have excluded outcome information of 
children (presenting with a fabulous healing 
potential) which might have further increased the 
rate of malunion after clavicle fractures [42]. The 
rate of symptomatic malunion or nonunion of 
displaced fractures of the clavicle has ranged 
from 3% to 5% [38]. Fortunately, symptomatic 
malunion is less frequently observed than non-
union overall [1].

According to Jorgensen et  al. [25] and Ban 
et  al. [3], close to 30% of all non-operatively 
treated patients experienced a symptomatic mal-
union. Kulshrestha et al.’s randomized controlled 
trial [50] showed a malunion rate of 36% in the 
non-operatively treated patients, whereas the rate 
after surgical treatment was only 4%. The 
Canadian Orthopaedic Trauma Society reported a 
symptomatic malunion rate of 0% in cases of sur-
gically treated clavicular fractures and a rate of 
18% if patients were treated conservatively [42]. 
In McKee et al.’s meta-analysis [21] of random-
ized controlled trials, the malunion rate was 9% 
among patients treated conservatively, whereas it 
was 0% in the surgically treated patient group. 
Liu et  al.’s meta-analysis [16] revealed a mal-
union rate of 0.8% in the surgically treated group 
compared to 14% found following conservative 
treatment of clavicular fractures. Leroux et al.’s 
study [51] revealed a low malunion rate of 1.1% 
in the 1350 patients initially treated with open 
reduction and internal fixation of an isolated, 
closed midshaft clavicular fracture.

2 Malunions of the Clavicle
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2.2.4  Features of Clavicular 
Malunion

A malunion of the clavicle is a three-dimensional 
deformity [2, 36]. According to the literature, a 
symptomatic malunion of the clavicle will dis-
play one or more of the following features: short-
ening [4, 10, 15, 19, 26, 29, 36, 50, 57] (of more 
than 14–20  mm [26]), medial and inferior dis-
placement [36, 50], anterior rotation [4] (of the 
distal fragment [36]), a change of angulation [50] 
(in a horizontal or vertical plane of greater than 
20° [58], and/or an axial deviation of 10–30° 
[10]) [58]. See Table 2.2 [4, 10, 15, 19, 26, 29, 
36, 50, 57, 58, 60].

2.2.5  Consequences of Clavicular 
Malunion

The clavicle has several important functions 
intrinsic to its length and curvature [29]. 
Malunion of the clavicle can result in negative 
consequences to the biomechanics of the shoul-
der joint [31] as well as the anatomic relation-
ships [29] of the shoulder girdle and the 
coordination between its elements [10]. In the 
case of a malunion, the directions of muscle pull 
(inserting at the clavicle) are changed which can 
also lead to dysfunction [10].

Due to clavicular shortening, the lever arm of 
the arm/shoulder girdle also shortens [58] which 
can change the glenoid orientation [19, 26]. This 
can possibly increase the shear forces at the level 
of the glenohumeral joint [19, 31]. Also, the mus-
cular balance is disturbed due to the diminished 
muscle-tendon tension [19, 31] causing a loss of 
strength and endurance. This can possibly cause 
pain [26] and functional problems of the shoulder 
especially in overhead movements [10, 19, 24] 

and also a decrease in abduction strength [10] 
and reduced range of motion [15, 31]. In addi-
tion, it has been shown that shortening of the 
clavicle promotes arthritis of the acromioclavicu-
lar joint and increases the risk of refracture [10].

2.2.6  Predisposing Factors 
for Clavicular Malunion

It is still not clear which patients are more likely 
to develop late complications following clavicu-
lar fractures, such as malunion [8]. Prognostic 
indicators that would identify individuals who 
are most at risk for developing malunion follow-
ing this injury would be very useful in refining 
operative indications [21]. However, there are no 
studies thus far that report on predictors for 
developing symptomatic malunions [25], 
although in general greater degrees of displace-
ment, especially more than 2 cm of shortening, 
are associated with a higher incidence of symp-
toms. In addition, there probably exist as yet 
unrecognized features of the displaced fracture of 
the clavicle which predisposes it to become a 
symptomatic malunion [39]. Patients with a dis-
placed midshaft clavicle fracture seem to have a 
higher risk of developing residual pain [18], 
unsatisfying cosmesis, and a dysfunctional shoul-
der [18, 22, 61]. In the presence of comminution 
or complete displacement, especially when 
occurring in females or elderly patients, there 
seems to be a higher risk of nonunion, malunion, 
and poor outcome in general [2, 62].

According to Nowak et al. [18], the location of 
the initial fracture as well as shortening did not 
predict outcome except for cosmetic defects. 
They based this on the fact that there is intraindi-
vidual variability between clavicles for subjects 
without previous clavicle injuries. That study 
indicated that shortening, defined as the differ-
ence in length between the injured and non- 
injured clavicle, seemed unlikely to be a reliable 
predictor for sequelae [18]. Nevertheless, short-
ening has been reported to be a critical deficit for 
the development of a symptomatic malunion in 
multiple other studies [19, 62]. Although many 
efforts have been made to quantify and correlate 
the degree of clavicular shortening with symp-

Table 2.2 Features of clavicular malunion

Shortening [4, 10, 15, 19, 26, 29, 36, 50, 57, 60]
Medial and inferior displacement [36, 50, 60]
Anterior rotation of the distal fragment [4, 36, 60]
Angulation of more than 20° [50]
Hyperabundant callus formation [58]

Note: These features are often accompanied by pain and 
cosmetic or functional complaints [50]. See Sect. 2.2.4
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toms, there is still no clear single measure that 
can accurately predict which patients will be 
symptomatic with a clavicle malunion [56]. See 
Table 2.3 [2, 7, 18, 19, 21–23, 28, 29, 34, 35, 39, 
56, 61–63].

2.2.7  Prevention of Clavicular 
Malunions

Appropriate initial management of a clavicle 
fracture can prevent later complications such as 
malunion of the clavicle [30]. Many unsatisfac-
tory results attained after conservative therapy 
for midclavicular fractures can be detected rela-
tively early in a patient’s post-injury course and 
may prompt surgical intervention. Unfortunately, 
studies have shown that immobilization in exten-
sion (i.e., a figure-of-eight bandage) is no better 
than a sling for midshaft fractures [19, 58]. There 
is no closed method of reduction shown to obtain 
and maintain improved alignment in displaced 
fractures of the clavicle.

In contrast, various authors recommend initial 
surgical intervention in order to avoid painful 
sequelae and functional deficits after clavicular 
shaft fractures [2]. According to the literature, 
only a percutaneous or open reduction and inter-
nal fixation seems to prevent the development of 
a clavicle malunion in a displaced fracture of the 
midshaft clavicle, especially in the young, active 
age group [19, 26]. This is confirmed by the 
results of Liu et al.’s meta-analysis [16] showing 
a significant difference in malunion rate between 
operative and non-operative treatment for clavi-

cle fracture (RR 0.11, 95% CI 0.04–0.29), which 
indicates that operative treatment reduces the rate 
of malunion. The meta-analysis of McKee et al. 
[21] has shown an absolute risk reduction for 
developing a clavicle malunion of 9% (ranging 
from a 9% risk with non-operative treatment to a 
0% risk with operative care). Additionally, Xu 
et al. [43] demonstrated with their meta-analysis 
that operatively treated displaced midshaft cla-
vicular fracture patients had a lower nonunion 
and malunion rate compared with those treated 
non-operatively (2% versus 15%). Furthermore, 
Kulshrestha et  al. [50] showed a 4% malunion 
rate in the operative group versus a 36% rate after 
non-operative management.

In any case, fracture healing should be moni-
tored and patients be made aware of the risks of 
returning to full activity levels before complete 
healing of their clavicle fracture. According to 
Cooney et al. [5], emergency physicians should 
properly educate patients concerning the need to 
follow recommendations restricting strenuous 
activity, lifting, and load bearing in an attempt to 
limit re-injury and subsequent complications, 
both vascular and otherwise. Moreover, patients 
should be referred for outpatient follow-up to 
allow for proper monitoring of recovery and frac-
ture healing [5]. See also Sects. 2.1.2.2 and 2.2.6.

2.2.8  Diagnosis and Evaluation 
of Clavicular Malunions

2.2.8.1  Presentation
Introduction A malunited clavicular fracture 
has historically been considered a cosmetic prob-
lem [11, 35], with functional limitations [34, 46] 
or symptoms being rare [17, 35, 46, 64]. Previous 
reports indicated that unless there was a visible 
deformity, most patients with a malunion would 
function well and be asymptomatic [13, 34]. 
More recent studies, in which the outcome mea-
sures after clavicular fracture healing were more 
patient based rather than simply radiological, 
showed that there were less favorable outcomes 
of a malunion [1, 4, 11, 43, 58]. Also, non- 
operative treatment of displaced shaft fractures is 
associated with a higher rate of functional defi-
cits than previously reported [17].

Table 2.3 Predisposing factors for the development of 
clavicular malunion with conservative treatment

Displacement [18, 22, 34, 35, 61, 62]
Complete displacement [2, 21]
Two clavicular diameters or more [22]

Comminution [18, 62]
Female patient [2]
Older or elderly patient [2, 18]
Shortening [28, 34, 56, 62]

More than 14 mm in females, 18 mm in 
males [29]
More than 1.4–2 cm [19]
More than 1.5 cm [63]
More than 2 cm [7, 23, 39]

2 Malunions of the Clavicle
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Symptomatic malunion can result in signifi-
cant disabling symptoms [13, 36] and become 
especially problematic in patients with signifi-
cant fracture shortening [12, 58]. Within the lit-
erature, there is a relative consensus about the 
amount of shortening needed to cause shoulder 
discomfort and dysfunction, generally agreed to 
be 15 mm [11, 26, 33] to 20 mm [7, 27, 59] or 
more. Patients with pain and functional impair-
ment may adapt to a lower functional level in 
order to overcome the shortcomings caused by 
the dysfunction [41].

Symptoms Malunion following clavicular frac-
ture may be associated with orthopedic, neuro-
logic, and cosmetic complications [34]. Patients 
report pain, cosmetic concerns, and muscular, 
neurovascular, and functional impairment. 
Complaints vary from mild to serious impair-
ment in daily activities [19], and there is increas-
ing evidence that patients can have substantial 
dissatisfaction and disability following a clavicu-
lar malunion [36, 59]. Although the cosmetic 
consequences of injuries are rarely a focus of 
orthopedic reports, it is clear that many young 
patients are discontent with the appearance of the 
asymmetric, “droopy” shoulder that can be asso-
ciated with clavicular malunion [34]. See 
Table 2.4 [1, 4, 5, 10, 11, 13, 19, 24, 28, 33, 34, 
36, 46, 56, 57, 59, 60, 64, 65].

2.2.8.2  Physical Exam
Certain consistent features are seen in patients 
who present with symptoms [34]: on observation, 
one will notice the affected shoulder to droop 
(ptosis) and be “driven in” when the arms are 
rested at the patient’s side [36] (Fig.  2.1). The 
shortening of the mediolateral length of the clav-
icle [10, 60] with inferior displacement of the 
distal fragment [34, 60] and anterior rotation [59, 
60] frequently emerges as the characteristic find-
ing. One can measure the relative lengths of the 
injured and uninjured clavicle by marking the 
acromioclavicular joint on either side and mea-
suring the distance to the sternal notch [36], as 
these landmarks are easily palpable [36]. 
However, at present, there is no validated method 
for measuring clavicular shortening [2]. The rota-
tional aspect of the deformity could be seen as 
scapular winging [36]. Observing the patient 
from behind as they raise and lower their arms in 
forward flexion will aid in the detection of this 
aspect of the deformity [36]. At the same time, 
angulation of the sternoclavicular joint is fre-
quently observed [27]. Objective measures of 
shoulder strength and endurance often show defi-
cits compared with their uninjured side [36]. 
McKee et  al. [59] reported deficits in strength 
(specifically endurance strength) following non- 
operative care of displaced clavicular fractures 
[59]. Bony spurs or bulky space-occupying callus 
has been sporadically reported [58]. Furthermore, 

Table 2.4 Symptoms of clavicular malunion

Muscular impairment
Weakness [4, 10, 11, 19, 24, 28, 34, 36, 53, 56, 59]
Fatigue [4, 19, 34, 36, 56, 57, 59]
Atrophy [10]

Pain [1, 4, 5, 10, 11, 13, 19, 33, 34, 36, 46, 57, 59, 64]
Periscapular pain [36, 56]
Problems with sleeping on the back [19]

Neurovascular impairment [11, 13, 36, 60, 64]
Numbness/paresthesia [4, 19, 57]

Cosmetic concerns [4, 5, 19, 60]
Bump or prominence [36, 59]
Deformity [5, 59]
Sense of displacement [59]
“Droopy shoulder” [34, 65]
Shoulder asymmetry [56]

Functional impairment [1, 60]
Decreased range of motion [10, 13]

Fig. 2.1 Clinical pictures demonstrating severe shorten-
ing and deformity of the right shoulder following a right 
clavicular malunion. Note the shortened, “ptotic” position 
of the shoulder
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a clavicular malunion at the lateral end of the 
clavicle with a posterior bony projection reduc-
ing the capacity of the supraspinous fossa before 
it enters the subacromial space can result in rota-
tor cuff impingement syndrome [14]. A summary 
of clinical findings is provided in Table 2.5 [10, 
14, 27, 36, 58–60].

2.2.8.3  Diagnostic Imaging
Radiographs (Figs. 2.2, 2.3, 2.4, and 2.5) Radio-
graphic evidence of a malunion is universal fol-
lowing the closed treatment of displaced fractures 
of the clavicle [21, 34]. However, the radiographic 
assessment of deformity is difficult due to the 
S-curve of the clavicle in the coronal plane [36]. 
Anterior-posterior radiographs may not accu-
rately reflect the degree of deformity [10, 36]. 
Nevertheless, radiographs give a rough estimate 
of deformity by measuring overlap of the fracture 

Table 2.5 Clinical findings in cases of clavicular 
malunion

Ptosis (droop, driven in) of the shoulder [36]
Deformity [60]
Shortening of the mediolateral length of the clavicle 
[10, 60]
Inferior displacement of distal fragment [60]
Anterior rotation of the clavicle [59, 60]
Scapular winging [36]
Angulation of the sternoclavicular joint [27]
Decreased strength (residual and endurance) [36, 59]
Bone spikes or bulky space-occupying callus [58]
Rotator cuff impingement [14, 60]

Fig. 2.2 Radiograph of the left clavicle demonstrating 
the typical shortened, inferiorly displaced position of the 
distal fragment. This is part of a complex three- 
dimensional deformity that includes anterior displace-
ment and rotation of the distal fragment

Fig. 2.3 Radiograph demonstrating malunion with short-
ening and typical deformity

Fig. 2.4 Chest radiograph demonstrating a left clavicular 
malunion (white arrow) following non-operative treat-
ment of a displaced midshaft fracture of the clavicle. 
Significant chest/shoulder asymmetry resulted with 
patient complaints of weakness and thoracic outlet 
syndrome

Fig. 2.5 An angular malunion in a young 18-year-old 
patient following closed treatment of an angulated mid-
shaft clavicle fracture. Significant clinical deformity 
resulted: in addition, this patient is at risk for refracture
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fragments as shortening [36]. One can compare 
the injured and uninjured sides [66] on separate 
radiographs or compare them directly on a neu-
trally rotated chest radiograph [36].

According to McKee et al. [59], fractures of the 
clavicle midshaft usually heal in the same position 
as initially seen on X-rays. Initial anterior- posterior 
radiographs of clavicle fractures often demon-
strate clavicular shortening [12] with an inferior-
posterior [12] displacement or ptosis of the lateral 
fragment [58]. (See also Sect. 2.2.2.) In clavicular 
malunion, shortening of the clavicle in the medial-
lateral plane (with the abovementioned displace-
ment) is therefore a common radiographic finding 
in symptomatic patients [34].

Computed Tomography (Fig.  2.6) Computed 
tomography scanning may also be helpful in the 
setting of clavicular malunions but is not typi-
cally a part of the initial evaluation [11]. It can be 
helpful to assess the three-dimensional deformity 
associated with malunions and its effect on scap-
ular orientation [36]. CT scanning is particularly 
helpful in those fractures located medially, which 
are difficult to evaluate fully with conventional 
radiographs [58]. Three-dimensional reconstruc-
tion is also extremely helpful in understanding 
the deformity in the most laterally located frac-
tures that are prone to angulation [58].

Others For diagnostic purposes in relation to 
clavicular malunion, nerve conduction studies 

and magnetic resonance imaging (MRI) are used 
in order to demonstrate dysfunction of, and com-
pression of, respectively, the brachial plexus [8].

2.2.9  Management of Clavicular 
Malunions

2.2.9.1  Non-surgical Treatment
So far, there has been no literature on closed 
treatment of clavicle malunions, but it seems evi-
dent to begin with non-operative measures before 
considering surgery [19] including physiotherapy 
or pain medication [19]. If a satisfactory result 
cannot be achieved, surgical treatment should be 
discussed with the patient [19].

2.2.9.2  Surgical Treatment
Introduction Although the treatment of mal-
unions of the clavicle continues to evolve [49] 
and distinct clinical entities can be treated suc-
cessfully [19], clavicular malunions continue to 
present challenges for orthopedic surgeons [1, 
13, 60]. This is due to the technical difficulty of 
accurately restoring anatomy to a complex three- 
dimensional deformity and securing adequate 
skeletal stabilization [13, 60]. Nevertheless, the 
treatment of symptomatic malunions by open 
reduction and internal fixation usually results in 
high patient satisfaction [49]. The objective of 
treatment in patients with symptomatic clavicular 
malunion is to restore the normal anatomic con-
figuration and length of the clavicle, thereby 
reducing local pressure on the adjacent neurovas-
cular structures, as well as to relieve typical 
symptoms of malunion, and to improve func-
tional outcome and aesthetic results [64, 67]. In 
general, the following surgical interventions for 
treatment of clavicular malunion have been 
described in the literature: excision of callus, 
resection of clavicle, claviculoplasty (resection 
of protruded bone), and corrective osteotomy of 
the clavicle [53, 60].

Contraindications According to Bosch et  al. 
[46], corrective osteotomy is not indicated in 
patients with a malunited clavicular fracture who 
are asymptomatic and function well in their daily 

Fig. 2.6 This CT scan taken at the scapular level of a 
patient with a left clavicular malunion demonstrates the 
result of the malunion with anterior translation and pro-
traction of the left scapula and shoulder girdle (white 
arrow) compared to the normal scapular position on the 
right side
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activities [67]. Also, some physicians may advise 
against surgical correction because of the long- 
standing tradition of non-operative treatment of 
clavicular fractures and because of an appropri-
ate concern that operative treatment of the 
 malunited fracture is associated with a risk of 
damage to the underlying neurovascular struc-
tures [38]. Other authors have advised not to sur-
gically correct a clavicular malunion in cases of 
severe osteoporosis or low patient functional 
demands [40, 67]. For McKee et al. [40], further 
contraindications for surgical correction of a 
malunion were inadequate soft tissue coverage, 
an active infection at or near the operative site, 
and an unreliable, noncompliant patient. For 
details of contraindications for surgery, see 
Table 2.6 [40, 67].

Indications Since many clavicular malunions 
are asymptomatic, careful patient selection and 
counseling before surgery (with its inherent risk 
of complications) is recommended [17]. The 
careful assessment and selection of patients is 
mandatory for determining who may benefit 
from a corrective osteotomy [34]. Despite the 
abovementioned contraindications and risks of 
surgical intervention, correction after a malunion 
seems to be a good treatment option in cases of a 
symptomatic malunion of a midshaft fracture of 
the clavicle [4]. Patients with symptomatic clavi-
cle malunions benefit from a corrective osteot-
omy of the clavicle to restore a more anatomic 
position [56]. The indications for surgical inter-
vention in patients are primarily clinically based 
[1]. Thus, symptomatic malunion [36, 60], not 
asymptomatic radiographic malunion [40], is the 
indication for operative correction [11]. Most 
authors would not offer operative treatment for 

cosmetic reasons alone [34, 36], and for Smekal 
et  al. [7] and McKee et  al. [40], dissatisfaction 
with the appearance of the shoulder girdle [60] 
must be accompanied by some functional com-
plaints or increased callus formation [60] to war-
rant surgical correction of a clavicular malunion 
[67]. Furthermore, difficulty using straps, back-
packs, etc. is considered a relative indication for 
a surgical correction [40]. Correction of the 
deformity should be considered when there is 
radiographic displacement or shortening associ-
ated with pain [1, 4, 40, 60, 67]. Also, in case of 
thoracic outlet syndrome or brachial plexus com-
pression, surgical treatment should be considered 
[60]. Less commonly reported indications for 
malunion correction reported in literature were 
supraclavicular nerve entrapment, costoclavicu-
lar syndrome, Paget-Schroetter syndrome, sub-
clavian and axillary vein compression, and 
supraspinatus impingement [60]. For McKee 
et  al. [40], this is indicated by clavicular mal-
union with substantial shortening (>1  cm, typi-
cally 2–3 cm), angulatory deformity (>30° at the 
fracture site), or translation (>1 cm). Another sur-
gical indication is functional impairment [1, 13, 
15] such as weakness and rapid weakness of the 
shoulder girdle muscle [67], especially in over-
head or resisted activities [40]. If there are persis-
tent symptoms of neurovascular compression 
[40, 46, 60] distally in the arm [13, 67] as a result 
of either clavicular deformity or massive callus 
formation after fracture [13, 46], then correction 
by osteotomy and callus resection is a reliable 
solution [46]. This is particularly imperative if 
the signs and symptoms of neurologic compres-
sion persist after maturation of the callus [13]. 
Other reasons for secondary surgical treatment 
are malunion with sequelae such as arthritic 
changes of the acromioclavicular joint [4]. For 
details of surgical indications, see Table 2.7 [1, 4, 
11, 13, 14, 23, 34, 40, 41, 46, 60, 66, 67].

Timing of Surgical Intervention Surgical 
correction of a clavicular malunion is an elec-
tive operation that can be performed with con-
sistent and reliable results at any time after 
injury [36], although the optimal timing of sur-
gical correction is unknown [19]. It has been 

Table 2.6 Contraindications for surgical correction of 
clavicular malunion

Inadequate soft tissue coverage [40]
Active infection at or near the operative site [40]
Radiographic malunion only (no symptoms) [40]
Asymptomatic malunion [67]
Coexisting clavicular nonunion [40, 67]
Unreliable, noncompliant patient [40]
Osteopenic bone, osteoporosis [40, 67]
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reported that corrective osteotomy performed 
within 2 years of the fracture seemed to lead to 
a better outcome than when done once the frac-
ture has healed for a long time [19]. Hillen 
et  al.’s study [4] suggested that better results 
can be obtained by correcting the deformity 
within the first year after injury. Leroux et  al. 
[51] reported a median time to osteotomy for 
malunion (15 cases) of 14 months (range 7.8–
15.7  months) after initial open reduction and 
internal fixation of isolated, closed midshaft 
clavicle fractures. The systematic review of the 
surgical treatment of clavicular malunions by 
Sidler-Maier et al. [60] did not find an impact 
of time to surgery on the outcome after correc-
tion of the clavicle malunion. Nonetheless, it 
seems to be beneficial to consider early correc-
tion of a clavicle malunion, as early surgical 
correction easier restores the clavicle anatomy 
with less bony and soft tissue dissection when 
compared to delayed reconstruction of a clavi-
cle malunion especially for acute displaced 
midshaft clavicle fractures [39, 60].

Surgical Techniques The systematic review of 
the current literature by Sidler-Maier et al. [60] 
has shown that the majority of patients (n = 77) in 
29 included studies were treated with an osteot-
omy and subsequent ORIF (open reduction and 
internal fixation). The next most frequent man-
agement choice was debridement, excision, or 
removal of excess callus or bone (n  =  19), but 
also other techniques like resection of the clavi-
cle or nerve exploration and decompression were 
reported [60]. As for the approach, mostly a 
supraclavicular incision or a sagittal incision (in 
Langer’s lines) was used. Rarely, a horizontal or 
transverse incision was used [60].

Corrective Osteotomy Symptomatic mal-
unions may be addressed with open reduction 
and internal fixation, bone grafting, and correc-
tive osteotomy as needed [11, 19, 60]. In this 
regard, anatomic restoration is usually achieved 
by an osteotomy of the malunited site and its 
realignment [64]. Despite the initial rare use of 
an osteotomy to restore pre-injury anatomy being 
recommended in the literature as a therapeutic 
alternative to correct symptomatic clavicular 
malunion [10], it has led to rapid reduction of 
symptoms in the reported cases [10, 33, 46]. 
Overall, corrective osteotomy has been reported 
to improve symptoms and shoulder function sig-
nificantly in cases of malunion [11, 17, 34, 39, 
60] and seems to be required to adequately 
restore the anatomic alignment (length and rota-
tion of clavicle) [60].

Planning of the osteotomy is critical [36]. In 
general, in order to correct the clavicle malunion, 
the initial fracture line should be recreated [36] 
with a microsagittal saw plus/minus osteotomes. 
Once the osteotomy is done, a drill can be used to 
enter the medullary canal at each end of the oste-
otomy. This can increase the healing potential by 
allowing intramedullary osteo-progenitor cells 
access to the osteotomy site [36]. The fracture 
fragments are then realigned [65], the proximal 
and distal fragments are distracted, and the “orig-
inal” length of the clavicle can be corrected [17]. 
There is usually excess bone present due to the 
healing response after injury [36] which can be 
morselized and used as bone graft [60]. See also 
“The Role of a Bone Graft.”

Method of Fixation The surgical correction of a 
malunion is usually stabilized with a pre- 
contoured clavicle plate or intramedullary pin [1, 
52, 60]. In the systematic review of the surgical 
treatment of clavicle malunions by Sidler-Maier 
et al. [60], the preferred method of fixation after 
corrective osteotomy was plate fixation (53 of 77 
patients), followed by intramedullary pin fixation 
(n = 6) though no method of fixation seemed to 
be superior when reviewing the study outcomes.

Plate Osteosynthesis A pre-contoured clavicle 
plate is typically used for osteosynthesis in this 

Table 2.7 Indications for surgical correction of clavicu-
lar malunion

Radiographic displacement or shortening associated 
with the following sequelae:
Pain, discomfort [1, 4, 11, 34, 40, 46, 60, 67]
Shoulder dysfunction [1, 11, 13, 14, 34, 40, 46, 60, 67]
Acromioclavicular arthritic changes [23]
Neurovascular impairment [11, 13, 34, 40, 41, 46, 60, 
66, 67]
Cosmetic dissatisfaction [40, 60, 67]
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setting and can be positioned on the superior or 
anterior surface of the clavicle, depending on the 
surgeon’s preference [19]. In addition to being 
technically easier to apply intra-operatively, the 
use of a pre-contoured plate decreases soft tissue 
irritation and reduces the rate of subsequent hard-
ware removal. For example, McKee et  al. [34] 
used a 3.5 dynamic compression plate for fixa-
tion and Hillen et al. [4] a pelvic reconstruction 
plate [60]. According to literature, plate fixation 
seems to be the standard surgical fixation [68]. 
This is possibly because, in comparison with 
intramedullary devices, it provides more stability 
regarding rotation and distraction [60]. Even if 
clavicle plates need bigger skin incisions and 
more soft tissue stripping than intramedullary 
devices, they appear to have a quick functional 
improvement 6 months postoperatively [69]. See 
also “Surgical Technique Described by McKee 
et al.” [40].

Intramedullary Device An intramedullary 
device has also been reported for stabilization 
after corrective osteotomy of the clavicle [19, 35, 
60, 63] and was described in detail using an elas-
tic stable intramedullary nail (ESIN) by Smekal 
et  al. [52, 67]. Though hardware migration has 
been a common problem, intramedullary fixation 
seems to have the shorter operative time [69]. In 
addition to that, the preservation of the soft tissue 
envelope and periosteum can accelerate fracture 
healing [68]. After stable fixation, the shoulder 
can be mobilized immediately, but resisted activ-
ities or strengthening should be limited to prevent 
hardware failure [19]. The advantages of this 
technique are the lack of hardware-related prob-
lems caused by prominent subcutaneously posi-
tioned plates [57] and the fact that bone grafting 
from the iliac crest is typically not necessary 
[57]. See also “Surgical Technique Described by 
Smekal et al.” [67].

Claviculectomy Claviculectomy is reserved for 
cases where multiple reconstructive procedures 
have failed and the patient is left with residual 
pain, deformity, and typically an infection [5]. 
While it is not ideal and should not be considered 
as a first choice for reconstruction, claviculec-

tomy provides excellent pain relief, restoration of 
reasonable function, and a very low re-operation 
rate. Historically, some authors have recom-
mended merely resecting the clavicular segment 
for the treatment of a clavicular malunion, but 
this should not be considered as a preferred oper-
ation as superior alternatives exist [38]. See also 
“Surgical Technique Described by Connolly 
et al.” [38].

Callus Excision In cases of malunion causing 
neurovascular impairment such as thoracic outlet 
syndrome due to hyperabundant callus, surgical 
management may include removal of the imping-
ing hypertrophic callus or bone fragment, with 
corrective osteotomy and subsequent open reduc-
tion and internal fixation of the clavicle, followed 
by rehabilitation [30]. Removal of excessive cal-
lus and scar tissue around the clavicle after a mal-
united clavicular fracture can reduce or relieve 
disabling paresthesias and pain even if surgery is 
done several years after the fracture [41]. This is 
usually done in conjunction with a corrective 
osteotomy. It has been reported that adequate res-
toration of the thoracic outlet allows the index 
finger of the surgeon to pass between the clavicle 
and the rib [41]. Nevertheless, correction of the 
excessive callus will not improve the biomechan-
ics of the shoulder joint, though it might be a 
good surgical treatment option in case of neuro-
vascular impairment due to compression [60].

Claviculoplasty (Resection of Protruded 
Bone) Fujita et  al. [54] reported resolution of 
thoracic outlet syndrome secondary to clavicular 
malunion by resection of the inferiorly protruded 
part of the clavicle formerly compromising the 
subclavian artery running just beneath the mal-
union site. However, this procedure alone is gen-
erally discouraged if significant deformity exists: 
it is best reserved for cases with malunited spic-
ules or fragments that extend inferiorly and 
encroach on the thoracic outlet.

The Role of a Bone Graft In many previous 
studies in which surgical correction was used to 
treat clavicular malunion, an intercalary struc-
tural bone graft was implanted to re-establish 
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the length and contour of the clavicle [27, 34] as 
well as to facilitate bone healing [60], although 
this is often not required [17, 36, 60]. Since the 
proximal and distal fragments of the clavicle 
can usually be distinguished as they are embed-
ded in the callus of the malunion [34], the com-
bination of a microsagittal saw and osteotome 
can be used to recreate the major fracture frag-
ments and return them to anatomic position 
without using an additional bone graft [34]. This 
technique also avoids the morbidity associated 
with harvesting iliac crest bone graft [34]. 
Nevertheless, the use of bone grafting may be 
necessary when there is compromise of the local 
environment [49].

Examples of Surgical Techniques
1. Surgical Technique Described by McKee 
et  al. [40] The technique described by McKee 
et al. [40] to treat clavicle malunion recommends 
an osteotomy through the original fracture plane. 
In order to know the exactly required correction 
(especially the amount of clavicular length), pre-
operative planning is done (clinically and 
radiologically).

A bone graft might be needed, should the clin-
ical shortening of the clavicle exceed the radio-
logical shortening to a large amount.

Patients are positioned in a semi-sitting fash-
ion using a beach chair, under general anesthesia, 
and the involved upper shoulder/arm is draped in 
a sterile manner. The iliac crest is only draped 
free when the need for bone grafting is expected. 
Then, an oblique incision along the upper clavi-
cle border is performed. Once the skin and myo-
fascial layers have been dissected, the malunion 
can be visualized. The original fracture plane is 
usually identifiable because of the typical pattern 
of the fracture ends relative to each other 
(Fig. 2.7).

The osteotomy is performed after appropriate 
marking. If the original fracture cannot be easily 
recognized, an oblique sliding osteotomy can be 
performed. Osteotomes and a microsagittal saw 
are both used in a continuously cooled manner 
(irrigation) to re-establish the previous fracture 
line.

The proximal and distal fragments are then 
held together with reduction forceps to recreate 
normal clavicle anatomy and alignment. The 
medullary canal is re-opened using a 3.5 mm drill 
in both the distal and proximal parts of the clavi-
cle. In case of extensive bone loss, a bone graft 
can be interpositioned between the two frag-
ments. The length and alignment is restored with 
the opposite side as a reference for length mea-
surement. The relatively flat superior surface of 
the distal clavicle can be used as a guide to restore 
rotational alignment. Following re- approximation 
of the proximal and distal fragments, the osteot-
omy site is fixed with a pre-contoured plate with 
a minimum of six cortices of screw purchase in 
both fragments (three in each fragment) (Fig. 2.8).

At the end, flattening of the bony fragments 
using a rongeur, and morselized local callus can 
be put next to the recreated fracture line (osteot-
omy). A standard closure is performed in layers, 
and the arm is placed in a sling (radiographic 
result: Figs. 2.9 and 2.10).

2. Surgical Technique Described by Smekal 
et  al. [67] Surgery is performed under general 
anesthesia using a beach chair. Skin incision 
directly over the deformed clavicle. Identification 
of the osteotomy site is made using X-rays. 
Osteotomy is performed using an oscillating saw. 
By means of a 2.7 mm drill, the medullary canal 
is re-established in both the distal and proximal 

Fig. 2.7 Intra-operative photograph of clavicular mal-
union prior to osteotomy and correction
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fragments. At the site of the sternoclavicular 
joint, a 1.5 cm skin incision is used, and a tita-
nium nail (elastic stable intramedullary nail, 
diameter of 2.5 mm) is inserted (under rotational 
movement) from the sternal end of the clavicle. 
The two fragments are held together by the surgi-
cal assistant to ensure restoration of the original 
clavicle anatomy. Once the nail is in both frag-
ments, it is shorted as much as possible on the 
medial end of the clavicle. Then, standard wound 
closure in layers.

3. Surgical Technique Described by Connolly 
et al. [38] Connolly et al. [38] reported a double 
osteotomy through the antero-superior aspect of 
the clavicle 2 cm medial and 2 cm lateral to the 
malunited clavicle fracture site. This clavicle 
fragment is then elevated superiorly, followed by 
a complete dissection protecting the underlying 
clavipectoral fascia. After removal of the mid-
shaft clavicle fragment and excision of exuberant 
callus, the reshaped middle segment was re- 
inserted in between the distal and proximal frag-
ment followed by fixation using an eight-hole 
reconstruction plate. Excessive callus was then 
put superiorly to the reshaped fragment followed 
by anterior placement of the plate for fixation of 
the osteotomy.

Postoperative Treatment The postoperative 
treatment following corrective osteotomy of 
clavicular malunion with consecutive plating is 
fairly routine and similar to that used following 
primary fixation of acute fractures. McKee 
et al. [34] allowed patients to begin pendulum 
exercises immediately postoperatively and 
active- assisted exercises 2  weeks postopera-
tively, when the sling was discontinued. At 
4 weeks, if radiographs showed a stable situa-
tion, full active and passive range-of-motion 
exercises were started [34]. Resistance and 
strengthening exercises were allowed at 
6–8 weeks post-surgical intervention [34]. See 
also “Surgical Technique Described by McKee 
et al.” [40].

According to Smekal et  al. [67], there is no 
postoperative immobilization or limitations in 
range of motion. Patients are supposed to use the 

Fig. 2.8 Intra-operative photograph following osteot-
omy, correction of deformity, lag screw fixation, and plate 
application

Fig. 2.9 Clavicle radiograph postoperatively. Prompt 
healing with relief of symptoms ensued

Fig. 2.10 Radiograph taken following corrective osteot-
omy. This is the preferred surgical treatment for patients 
with this condition: a “bumpectomy” alone does nothing 
to correct the underlying structural deformity and result-
ing scapular malposition/dyskinesia

2 Malunions of the Clavicle



28

arm in daily activities [63], but heavy weight- 
bearing is not allowed for the first 3 months fol-
lowing surgery or until bony consolidation [67]. 
Contact sports are forbidden until hardware 
removal has taken place, which is only performed 
6 months following bony union. After removal of 
hypertrophic callus, a NSAID (non-steroidal 
anti-inflammatory drug) treatment for 3 weeks is 
recommended in order to decrease the risk for 
new callus formation [41]. See also “Surgical 
Technique Described by Smekal et al.” [67]. As 
far as Connolly et al.’s postoperative treatment is 
concerned, the operated arm should be supported 
in a sling for 3  weeks, then starting range-of- 
motion exercises. See also “Surgical Technique 
Described by Connolly et al.” [38].

Surgical Outcome The literature suggests that 
bony union as well as restoration of the length of 
the clavicle can be reliably achieved after surgical 
management of clavicle malunions [1, 19, 60]. 
Generally, the outcome after surgical treatment 
for malunion of midshaft displaced clavicle frac-
tures has been described as favorable and nearly 
equal to results of primary fracture fixation [39]. 
Late reconstruction of a malunion after a dis-
placed midshaft clavicle fracture is reported to be 
a reproducible and also reliable procedure restor-
ing muscle strength similar to the one seen with 
initial surgical fixation [39]. Potter et  al. [39] 
found that there were no significant differences 
between acute fixation and delayed reconstruction 
(after clavicular fractures) with regard to strength 
of shoulder flexion, shoulder abduction, and 
external or internal rotation, although endurance 
strength and shoulder scores were slightly inferior 
in the delayed reconstruction group. Furthermore, 
several reports on the operative treatment of mal-
united clavicular fractures have been published. 
See also “Examples of Surgical Techniques.”

All of these reported good results and gener-
ally satisfied patients [19]. Resolution of symp-
toms and improved function with a high degree 
of patient satisfaction have been noted following 
clavicular osteotomy, correction of deformity, 
and internal fixation [34, 35, 40, 60]. Extension 
osteotomy combined with autogenous bone 
grafting seemed to produce particularly good 

results in those patients with flexion or anterior 
translation deformity at the malunion site [46]. 
By lengthening the clavicle, normal anatomy is 
restored with proper tension on the muscles about 
the shoulder girdle [63]. It also corrects the cos-
metic deformity and yet is minimally invasive to 
the soft tissue about the clavicle [63]. According 
to Cooney et  al. [5], excellent functional out-
comes are reported after total claviculectomy as a 
salvage procedure as long as the trapezius muscle 
function is intact preoperatively. Nowak et  al.’s 
study [41] shows that removal of excessive callus 
in patients with persistent symptoms even several 
years after the fracture has a good outcome.

The systematic review of the surgical treat-
ment of clavicle malunions by Sidler-Maier et al. 
[60] showed that all of the included studies had a 
favorable outcome after clavicle malunion correc-
tion though comparing the outcome of the studies 
was difficult because of different outcome assess-
ment methods. Performing a corrective clavicular 
osteotomy, Bosch et al. [46] and Skutek et al. [70] 
reported similar University of California, Los 
Angeles (UCLA) scores. Both showed a compa-
rable improvement regarding Constant and 
Murley scores, similar to what Nowak et al. [41] 
presented with a callus resection. Smekal [57], 
McKee et al. [34], and Hillen et al. [4] all reported 
similarly improved Disabilities of the Arm, 
Shoulder, and Hand (DASH) scores (values twice 
as good postoperatively versus preoperatively) 
after corrective osteotomies. Unfortunately, as the 
time to union had only been reported in some of 
the included studies (also varying, and not men-
tioned how often X-rays had been performed), a 
comparison of the different surgical techniques 
was not possible in this regard.

Complications After Surgery Surgical man-
agement of symptomatic clavicular malunion is 
associated with a number of potential complica-
tions [1, 4, 60] such as persistent malunion, hard-
ware complication or fixation failure, nonunion 
[19, 60], and fracture deformity or callus causing 
brachial plexus or subclavian vessel compression 
[1]. Whereas hardware needs to be removed in 
about one third of cases after fracture healing 
having used open reduction and internal fixation 
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for initial clavicle fracture because of promi-
nence [19], a second operation to remove the 
hardware after malunion correction might be 
necessary [4] in about 5–10% of cases because of 
irritation, infection, or failure of fixation [19, 60]. 
It is not mandatory, but done at patients’ request 
only, and can possibly be minimized through the 
use of a pre-contoured plate. In general, patients 
with surgical treatment of clavicle malunion 
present a good healing potential. The overall 
complication rate reported in Sidler-Maier et al.’s 
systematic review [60] comparing studies with 
surgical treatment of clavicle malunions was less 
than 6% and mostly found after correction oste-
otomy, which was the technique most often 
applied, including loosening of reconstruction 
plate, non-union, and infection [4, 34, 70]. 
Nowak et al. [41] had one refracture after callus 
removal ending in a nonunion. Table 2.8 provides 
a summary of possible complications after surgi-
cal malunion correction [1, 4, 19, 53, 60].

2.2.10  Conclusion

Clavicle fractures are common injuries encoun-
tered by orthopedic surgeons. Improper fracture 
healing following a displaced midshaft fracture 
of the clavicle can lead to the development of a 
symptomatic clavicular malunion. Clavicular 
malunion is a distinct clinical entity that gener-
ally develops in higher-demand patients with 
more severely displaced fractures and has ortho-
pedic, neurologic, cosmetic, and functional 
symptoms. A corrective osteotomy that re- 
establishes the pre-injury anatomy of the involved 
clavicle, especially the restoration of length, and 
subsequent fixation with a pre-contoured plate to 

prevent rotation and allow early range of motion 
seems to be the standard surgical procedure for 
this condition [60]. It is a reliable operation with 
a high success rate and low complication rate.
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3.1  Introduction

3.1.1  Proximal Humerus Fractures

Proximal humerus fractures are one of the most 
common orthopedic injuries comprising 4–5% of 
total fractures [1, 2]. Decreasing bone mineral 
density as patients age has been linked to the 
increasing incidence of these fractures in the 
aging population [3]. Age-related fractures are 
expected to rise as the population continues to 
age with an estimated threefold increase by the 
year 2030 [4]. Following successful union of 
these fractures, a proportion develop painful 
deformities that can result in poor functional out-
comes. As fracture rates increase, the rate of mal-
union would similarly be expected to increase.

Fortunately, most types of malunion are gen-
erally well tolerated in the low-demand elderly 
patient and can be managed non-operatively. 
Difficulty occurs in attempting to predict which 
patients will develop symptomatic malunion and, 
as such, may benefit from early surgical interven-
tion. For those surgical candidates presenting in a 
delayed fashion, the challenge then lies in decid-
ing between the numerous surgical treatments 
that will result in the best outcome while mini-
mizing complications.

3.1.2  Epidemiology

Currently the majority of proximal humerus frac-
tures can be managed non-operatively. Iyengar 
et  al. attempted to more clearly determine the 
rates of complications following non-operative 
treatment of proximal humerus fractures. They 
performed a systematic review of 12 studies 
comprising 650 patients with a mean age of 
65 years who underwent non-operative treatment 
of proximal humerus fractures. They found the 
most common complication of non-operative 
treatment to be varus malunion with an overall 
incidence of 7%. However, when including only 
three- and four-part fractures, the rate of mal-
unions rose to as much as 23% suggesting that 
malunion rates are heavily dependent on the orig-
inal Neer fracture classification [5].

Locking plate technology was anticipated to 
be the solution to combat failure of non-operative 
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treatment in three- and four-part fractures. 
Unfortunately, even with the use of locking plate 
fixation, high rates of malunion have persisted 
with rates as high as 63% [6]. Sprout et al. per-
formed a systematic review including 12 studies 
with 514 patients and found a rate of varus mal-
union of 16.3% for proximal humerus fractures 
treated with locking plate fixation [7]. These 
studies did not include malunions involving the 
tuberosities or humeral head likely underestimat-
ing the true incidence of malunion associated 
with locking plate fixation.

Regardless, due to variable treatment patterns, 
evolving technology, and changing treatment 
indications over the past 20 years, the incidence 
of malunions of the proximal humerus has not 
been clearly defined; however, estimates have 
ranged between 4% and 20% [8].

3.1.3  Classification

There have been limited classification schemes 
for proximal humerus malunions developed over 
the years with minimal consensus on proposed 
schemes. Initially, Beredjiklian et  al. developed 
the first and most simple classification during 
their experience treating different malunions. 
They found a high rate of concomitant bony 
deformity and soft tissue abnormalities that 
affected subsequent outcomes and based this 
classification on this fact. The authors defined 
bony deformities as type I with tuberosity malpo-
sition greater than 1 cm, type II with incongruity 
or step-off of the articular surface greater than 
5  mm, and type III with malalignment of the 
articular segment greater than 45° in any plane. 
They further defined soft tissue abnormalities as 
those with soft tissue contractures, rotator cuff 
(RC) tears, and subacromial impingement. This 
was the first classification system of proximal 
humerus malunions that provided a basis for 
determining obstacles to correction and identified 
both bony and soft tissue considerations that need 
to be corrected to achieve satisfactory results [9]. 
Additionally, this allowed comparison to be 
drawn between various types of malunions with 
different treatments. This classification system, 
although useful in describing structural mal-

unions and associated soft tissue pathology, has 
not been widely applied.

Subsequently, Boileau et al. proposed a differ-
ent classification system for sequelae of proximal 
humerus fractures based on the dominant bony 
abnormality. They suggested that sequelae of 
proximal humerus fractures could be grouped into 
two categories: intracapsular pathology or 
impacted fractures and extracapsular pathology or 
disimpacted fractures. These categories were 
defined further with type I sequelae dominated by 
head collapse and minimal tuberosity malunion 
all with Ficat III–IV stage avascular necrosis, type 
II sequelae demonstrating locked dislocation or 
fracture-dislocations, type III sequelae with surgi-
cal neck nonunion, and type IV sequelae with 
severe tuberosity malunions where reconstruction 
cannot be addressed without tuberosity osteot-
omy. This classification system is often used 
when addressing sequelae of proximal humerus 
fractures with arthroplasty [10].

The system proposed by Beredjiklian helps to 
characterize problems associated with malunions 
of the proximal humerus giving the practitioner 
the forethought to think about not just the bony 
anatomy but also the soft tissue envelope that can 
lead to less than satisfactory outcomes when 
attempting to treat these rare and difficult inju-
ries. Boileau proposed a complementary system 
that assesses prognostic factors that predict poor 
outcomes particularly category three or four 
sequelae that require an osteotomy of the tuber-
osities. Unfortunately, neither of these systems 
provides full direction in determining the optimal 
treatment, likely due to the heterogenous nature 
of this injury, complications, and subsequent dif-
ficulties in management.

3.2  Patient Evaluation

Patients commonly present with complaints of 
pain, loss of motion, limited function, or a com-
bination thereof. It is paramount to determine the 
main complaints and specific goals of the patient 
to maximize patient satisfaction and help 
 determine an individualized treatment plan. 
Defining initial fracture pattern, mechanism of 
injury, and presence of dislocation are important 
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in anticipating concomitant soft tissue abnormal-
ities. Previous treatments, including surgeries 
and rehabilitation programs, may reveal possible 
contributing factors to the development of mal-
union. Current medical comorbidities such as 
osteoporosis, diabetes mellitus, or tobacco use 
should be recognized as these conditions typi-
cally contribute to poor healing potential. Social 
history including work status and type, mental 
status, and activity level should be elicited as 
these factors play a role in postoperative rehabili-
tation protocols and may help guide the treatment 
plan. Finally, functional status and goals of care 
should be ascertained to determine optimal treat-
ment with either operative or non-operative 
management.

3.2.1  Clinical Examination

A detailed physical examination is important to 
help clarify the etiology of the patient’s com-
plaints, whether it be pain, weakness, or loss of 
motion. On inspection, patients may have shoul-
der girdle muscular atrophy, abnormal shoulder 
contours, or scapular winging. A significant num-
ber of patients will have undergone several surgi-
cal procedures prior to presentation. Scars should 
be appreciated and can give clues to prior surgi-
cal approaches utilized and subsequent scarring 
or soft tissue injuries that can be anticipated. 
Presence of sinus tracts or poorly healed wounds 
may indicate continued or prior infection. 
Regardless of prior procedures, the most com-
mon complaints of symptomatic malunions are 
often pain and limited range of motion.

Pain is often absent at rest and occurs with 
either passive or active motion. Impingement of 
malunited tuberosities typically causes pain at 
extremes of motion. The position of the arm and 
degree at which pain is elicited should be docu-
mented. Pathology of the rotator cuff and long 
head of the biceps should be investigated during 
examination. The long head of the biceps tendon 
is a common pain generator of the shoulder but 
often goes underappreciated [11] and can often 
mimic other pathologic conditions of the shoulder 
[12]. Malunion of the greater tuberosities can dis-
tort the shape of the bicipital groove leading to 

disease and degeneration of the biceps tendon 
[13]. Painful biceps tendon pathology presents 
with anterior shoulder pain and point tenderness 
within the bicipital groove. Several tests have 
been described in aiding to determine long head 
of biceps pathology. Yergason’s test is positive 
with elicitation of pain with resisted supination 
with the elbow at 90°. Speed’s test is positive with 
elicitation of pain with resisted forward elevation 
of a fully extended elbow and supinated forearm. 
Unfortunately, no tests nor combinations of tests 
have been reported as reliable measures in detect-
ing long head of biceps pathology [12]. Selective 
injections can be utilized to aid in diagnosis 
including injection of the bicipital groove to help 
differentiate painful stimuli [14].

Range of motion and strength testing are often 
influenced by pain and should be intensely scru-
tinized. Determination of underlying causes of 
painful motion can be difficult as soft tissue and 
bony abnormalities often coexist and both cause 
similar clinical pictures. Nevertheless, differenti-
ating active and passive motion can be exception-
ally helpful in determining major causes of 
limited motion. Loss of both active and passive 
motions typically occurs with soft tissue contrac-
tures and bony impingement. Depending on the 
chronicity of malunion, patients will often have 
some degree of soft tissue contracture. Capsular 
contractions cause decreased range of motion 
with variable production of pain. Beredjiklian 
found 81% of patients treated for proximal 
humerus malunions to have capsular contractures 
that required release at time of surgery at a mean 
time of 2.5 years from initial injury [9].

Malunited fractures may cause diminished 
active and passive motion due to bony impinge-
ment. Lesser tuberosity fractures may heal in a 
medial malunited fashion blocking internal rota-
tion with impingement on the glenoid or coracoid 
process [15]. This can be tested by using the cor-
acoid impingement test by passively placing the 
shoulder in crossed-arm adduction, forward 
 elevation, and internal rotation to bring the mal-
united tuberosity in contact with the coracoid or 
glenoid [16]. Varus impaction generates relative 
medialization of the greater tuberosity leading to 
early subacromial impingement and limited 
abduction [17]. Differences in range of motion 
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from contralateral comparison or elicitation of 
pain may indicate symptomatic impingement. 
Similarly, displaced greater tuberosity fractures 
may heal in a posterior-superior fashion blocking 
forward flexion and abduction and causing pain 
with impingement on the acromion [9, 18]. This 
can be tested with several examination maneu-
vers including the Neer impingement sign, 
Hawkins-Kennedy impingement test, Jobe’s test, 
or Yocum’s test in an attempt to separate signs of 
impingement from rotator cuff tears. The Neer 
sign involves the reproduction of pain during pas-
sive abduction of the arm with resolution of the 
pain following injection of a local anesthetic into 
the subacromial space. Hawkins-Kennedy 
impingement test involves the passive position-
ing of the shoulder at 90° in the scapular plane 
with elicitation of pain with internal rotation of 
the arm. Jobe’s test involves active forward flex-
ion of the shoulder against resistance with the 
arm internally rotated, so thumbs are pointing 
toward the floor with elicitation of pain or weak-
ness as a positive test. Yocum’s test involves posi-
tioning the patient’s hand on the contralateral 
shoulder and actively elevating the elbow past the 
horizontal plane with elicitation of pain upon 
elevation. These tests have all shown appropriate 
sensitivities over 53% albeit with low specificity 
that affects their discriminatory ability. The true 
power in these tests is their ability to rule out 
impingement and rotator cuff tears with negative 
tests especially when used in combination with 
each other [19–22]. With positive impingement 
tests, it is prudent to evaluate for other causes of 
shoulder pain with advanced imaging.

On the contrary, loss of active motion with 
preservation of passive motion is indicative of a 
rotator cuff tear or nerve injury. Careful physical 
examination to assess for neurovascular injury 
should be performed. Axillary and suprascapular 
nerves are commonly injured in proximal 
humerus fractures. Tavy et  al. investigated 143 
consecutive proximal humerus fractures for asso-
ciated nerve lesions with electromyograms. They 
found a 58% incidence of axillary nerve and 48% 
incidence of suprascapular nerve lesions. 
Neurologic injuries were also more common 
among patients with displaced fractures com-

pared to nondisplaced fractures. Interestingly, 
despite high rates of nerve lesions, muscle weak-
ness recovered well in all patients with no effect 
on amounts of shoulder stiffness [23]. Moreover, 
rates of axillary nerve injury associated with gle-
nohumeral dislocation may be as high as 65% 
[24]. Axillary nerve function can be determined 
by assessing sensation over the lateral deltoid and 
functional deltoid muscle contraction. 
Supraspinatus nerve function is determined by 
testing infraspinatus and supraspinatus muscle 
strength. Any patient with evidence of neurologic 
insult should be considered for further testing 
with electromyography and nerve conduction 
studies.

Weakness or early fatigue may also be pres-
ent, due to altered shoulder biomechanics from 
malunited greater tuberosity or underlying rota-
tor cuff tears. Alteration of the rotator cuff attach-
ment from greater tuberosity malunion can lead 
to abnormal shoulder mechanics. Biomechanical 
studies have determined that even 5 mm of supe-
rior displacement of the greater tuberosity can 
increase the force required of the deltoid for 
abduction by 16% and 1.0 cm superior displace-
ment increases this by 27% [18]. Standard 
strength testing of the supraspinatus, infraspina-
tus, and subscapularis should be evaluated. 
Comparing abduction strength to the contralat-
eral side is often useful in determining maximal 
shoulder strength. When distinct differences in 
strength and function exist between normal and 
affected sides, the integrity of the rotator cuff 
musculature should be evaluated. Rotator cuff 
injuries are common following proximal humerus 
fractures and subsequent malunions. Up to 42% 
of patients can be expected to suffer a rotator cuff 
tear within 1 year of a proximal humerus fracture 
[25]. Similarly, during treatment for proximal 
humerus malunion correction, Beredjiklian found 
48% of patients had significant rotator cuff tears 
[9]. In some situations, rotator cuff dysfunction 
including weakness of shoulder girdle muscula-
ture involves atrophic changes of the muscle due 
to prolonged disuse. Willis et  al. demonstrated 
some degree of rotator cuff atrophy in all patients 
they treated, with significant supraspinatus and 
subscapularis atrophy in 13% and infraspinatus 
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atrophy in 7% [26]. In these situations, advanced 
imaging should be considered to improve detec-
tion of potentially deleterious rotator cuff tears.

The complex nature of proximal humerus 
malunions must not go unrecognized, and a thor-
ough examination to determine causes of pain, 
restricted motion, and function must be under-
taken in order to properly treat these complicated 
problems.

3.2.2  Radiographic Imaging

Imaging of a proximal humerus malunion 
should begin with plain radiographs. This 
includes the standard trauma series – anteropos-
terior (AP), scapular Y, and axillary views. 
Supplemental internal and external AP views 
can provide additional information [27]. The AP 
view allows for calculation of the glenohumeral 
angle (defines the amount of valgus tilt of the 
head fragment) and the amount of varus or val-
gus malalignment based on the neck-shaft angle 
[8]. The neck-shaft angle is also used during 
preoperative planning for a lateral closing 
wedge osteotomy [28]. The axillary view is use-
ful for evaluating the glenoid and concentricity 
of the glenohumeral joint. Some authors also 
used a scanogram to determine proper length of 
the humerus in planning for placement of a 
prosthesis and determining proper tension of 
soft tissues during reconstruction [27]. Willis 
et al. also state that templating radiographs are a 
valuable tool to assist preoperatively in deter-
mining reverse shoulder arthroplasty implant 
position and describe strategies to alter surgical 
technique to accommodate bony deformities 
[26]. It may also be helpful to classify the type 
of fracture sequelae for anticipated surgical 
prognosis as described by Boileau et al. [29].

Although plain films allow for a thorough 
assessment of the malunion characteristics, there 
are often combined osseous deformities that can-
not be adequately quantitated on radiographs [9]. 
CT allows for a more detailed evaluation of the 
bony malunion, size and degree of tuberosity dis-
placement, glenoid surface and remaining bone 
stock, humeral head integrity, and volume and 

quality of rotator cuff muscles. It also allows for 
better appreciation of rotational deformities, 
although the bicipital groove has been shown to be 
unreliable for use in guiding humeral retroversion 
during prosthetic implantation, in favor of fracture 
jigs [30]. CT is especially useful in determining 
whether a humeral head-sacrificing procedure will 
be necessary, including glenohumeral incongruity, 
humeral head Avascular Necrosis (AVN), or exten-
sive damage to the articular surface of the head as 
sequelae from post-traumatic arthritis or head 
impression defects involving >40% of the articular 
surface [27]. Three-dimensional CT reconstruc-
tion allows for even greater appreciation of defor-
mities [28]. As previous studies have shown poorer 
outcomes in patients undergoing Total Shoulder 
Arthroplasty (TSA) requiring tuberosity osteoto-
mies [31], fully appreciating the degree of tuberos-
ity malunion is critical in deciding between 
potential surgical interventions.

Finally, MRI is useful for detecting early 
osteonecrosis and assessing the status of sur-
rounding soft tissue structures, including the 
rotator cuff, capsule, long head of biceps tendon, 
and labrum [28]. As was reported by Beredjiklian 
et  al. [9], 79 percent of patients with malunion 
were found to have both osseous and soft tissue 
abnormalities, and any unaddressed pathology 
resulted in worse outcomes. Soft tissue pathology 
is readily seen on MRI, and the status of the rota-
tor cuff is critical in deciding between arthro-
plasty techniques. In addition to deficient RC 
musculature, shoulder instability has also been 
shown to be associated with poor outcomes in 
patients undergoing TSA [31]. It is also impor-
tant to obtain a reference EMG prior to perform-
ing any procedure in patients with a clinical nerve 
deficit [8].

3.2.3  Laboratory Testing

Depending on the initial treatment, various labo-
ratory studies may be appropriate prior to any 
planned surgical procedures. If the possibility of 
infection from prior procedures exists, preopera-
tive laboratory testing including a complete blood 
count with differential, C-reactive protein, and 
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erythrocyte sedimentation rate should be per-
formed. However, it should be noted that these 
studies are non-specific markers of systemic 
inflammation and may be elevated for concomi-
tant processes. If these are elevated and concern 
for prior infected hardware exists, then the gold 
standard for diagnosing infection would be surgi-
cal cultures. When there is no concern for infec-
tion, no specific laboratory testing is required.

3.2.4  Surgical Timing

Determining optimal timing for when a patient 
qualifies as a surgical candidate to address a pre-
sumed malunion can be challenging. Several stud-
ies have demonstrated that acute treatment 
routinely results in improved outcomes. Tanner 
and Cofield reported on late arthroplasty for proxi-
mal humerus fractures demonstrating higher com-
plication rates (43% vs 34%) when arthroplasty 
was performed in a delayed fashion, attributing 
these results to surgical difficulty and extensive 
scarring. Frich et al. demonstrated in reviewing 42 
arthroplasties performed on acute or chronic prox-
imal humerus fractures, 60% of acute arthroplas-
ties achieved good or excellent results with reliable 
pain relief compared to 22% of chronic arthroplas-
ties achieving good results often with unreliable 
pain relief [32]. Similarly, Seidl et al. determined 
from a study of 40 patients undergoing reverse 
total shoulder arthroplasty for proximal humerus 
fracture, patients treated acutely demonstrated 
100% tuberosity healing rate with an average 
Single Assessment Numeric Evaluation (SANE) 
score of 80.9 and external rotation 28° compared 
to only 42% tuberosity healing rate with an aver-
age SANE score of 69.1 and external rotation of 
only 18° when treated in a delayed fashion. 
However, determining which patients will develop 
symptomatic malunions is difficult. Many patients 
will regain good shoulder function with mild dis-
ability despite poor reduction and radiographic 
appearance [33]. Additionally, shoulder motion 
has been shown to steadily improve for up to a 
year after proximal humerus fracture but rarely 
improves after that time point [34]. Thus, the sim-
plest treatment for proximal humerus malunions is 
prevention [8], although clearly factors in addition 

to bony alignment must contribute to poor func-
tional outcomes in delayed fractures necessitating 
further operative treatment.

Despite the strikingly poor outcomes associ-
ated with delayed fracture treatment, the effect of 
surgical timing of established malunions on 
patient outcomes has variability in the literature. 
Average time to surgery following malunion var-
ies between 19 months [35] and 7.6 years [31]. 
Beredjiklian et al. initially determined improved 
satisfactory outcomes for malunion treatment 
when treated within a year of injury. A satisfac-
tory result was obtained in 84% of patients treated 
within 1 year; conversely, in those treated over 1 
year from fracture, only 55% achieved a satisfac-
tory result. They concluded that a delay in treat-
ment over 1 year might allow scar tissue 
maturation and disuse atrophy leading to unsatis-
factory results [9].

On the other hand, several subsequent studies 
have been unable to verify their claim and have 
even concluded that no association between tim-
ing and outcome exists particularly when treated 
with arthroplasty [31, 36, 37]. Both Benegas and 
McKee were able to demonstrate good results 
with osteotomies even in patients that had been 
delayed an average of 65.5 and 23 months from 
injury, respectively. Furthermore, good results 
with arthroscopic management have also been 
demonstrated even with mean times to surgery of 
9 and 19 months from injury.

Despite a paucity of data indicating optimal 
timing, ideally a malunion of the proximal 
humerus should logically be addressed once it 
has been identified and determined to be symp-
tomatic, and patient improvement has ceased in 
order to limit soft tissue contractures and atrophy 
of the rotator cuff.

3.3  Treatment Options

3.3.1  Non-operative Treatment

Multiple studies have consistently demonstrated 
satisfactory results with non-operative treatment 
in functionally low-demand patients [5, 33, 34, 
38, 39]. Iyengar et  al. performed a systematic 
review of 12 studies regarding proximal humerus 
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fracture treatment. They were able to demon-
strate, among one- and two-part fractures, excep-
tional healing rates and average active forward 
flexion as high as 151°. Three- and four-part frac-
tures demonstrated comparatively high healing 
rates with marginally reduced active forward flex-
ion of 127°, lower shoulder outcome scores, and a 
much higher complication rate with a 23 percent 
incidence of varus malunions and 14 percent inci-
dence of avascular necrosis. After 1 year follow-
ing proximal humerus fracture, prospective 
non-operatively treated patients demonstrated a 
side-to-side difference in Constant scores of only 
8 points with the suggestion of worse improve-
ment being influenced by fracture pattern. 
Additionally, overall post-injury Disabilities of 
the Arm, Shoulder, and Hand (DASH) scores 
were only 10 points lower than their pre- injury 
level. Interestingly, these differences were slightly 
higher for those that experienced a fracture- 
related complication most notably episodes of 
shoulder impingement [34]. Court- Brown et  al. 
reviewed both varus and valgus proximal humerus 
fractures discovering a 100% fracture union rate 
and 80% good or excellent outcomes at 1  year. 
Additionally, Neer and Constant scores gradually 
improved throughout the succeeding year. 
Interestingly, subjective assessments of strength, 
reach, and stability showed greater improvement 
than objective assessments, and patients consid-
ered their improvement to be about 90% of the 
contralateral side. Despite their perceived 
improvements, the average abduction and flexion 
power in valgus fractures only returned to 75% of 
the normal side. Similarly, in the varus group, 
flexion returned to 70%, and abduction returned 
to 53% of normal at 1-year follow-up. Multiple 
regression analysis demonstrated no effect of 
increasing varus angulation on overall outcomes. 
These studies also demonstrated that increasing 
age was associated with lower shoulder scores 
and lower objective shoulder measures including 
motion and strength [38, 39]. Most patients dress 
themselves and partake in personal hygiene by 
4–5 weeks, return to household chores by 8 weeks, 
and return to shopping at 8  weeks. Few differ-
ences were perceived between functional out-
comes and those that were treated with physical 
therapy at 1-year follow-up [39].

It should be inferred from these studies that 
non-surgical management of displaced proximal 
humerus fractures and subsequent malunions can 
yield satisfactory outcomes in the majority of 
patients, regardless of age. Almost all proximal 
humerus fractures will heal with varying degrees 
of malunion as is inherent to non-operative treat-
ment. Regardless of radiographic studies, most 
patients will consistently improve in shoulder 
function up to 1 year with some residual loss of 
motion and strength that are relatively well toler-
ated regardless of the utilization of physical ther-
apy. Interestingly, younger patients often obtain 
better objective outcomes than their older coun-
terparts albeit with similar or worse subjective 
measures. Thus, non-operative management of 
proximal humerus fractures commonly results in 
asymptomatic malunions of the proximal 
humerus; however, development of a symptom-
atic malunion is always a concern during the 
treatment process.

Even though patients demonstrate an amazing 
tolerance for proximal humerus malunions, stud-
ies have suggested that higher complication rates 
and worse outcomes occur during delayed oper-
ative treatment compared to prompt acute frac-
ture management [32, 40]. Frich et al. examined 
the functional outcomes of 42 proximal humerus 
fractures treated with arthroplasty for either 
acute or chronic fractures. When treating this 
cohort of patients, acute management within 
13  days of fracture provided satisfactory pain 
relief in all fractures, whereas those treated on an 
average delay of 14  months had unpredictable 
pain relief. Additionally, those treated acutely 
had 60% good to excellent results, whereas those 
treated as chronic fractures had only 22% good 
results. Furthermore, only 13% in the acute 
treatment group had outcomes graded as poor, 
whereas the chronic treatment group had 40% 
poor results [32]. Thus, appropriate surgical 
management can be expected to decrease the 
number of malunions that require treatment. 
Despite early appropriate treatment, secondary 
displacement, non- compliance, and loss of fixa-
tion can lead to loss of reduction and develop-
ment of malunion. Unfortunately, by the time a 
symptomatic malunion has been recognized, sig-
nificant time has typically elapsed causing 
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increased scarring and stiffness. Despite the pos-
sibility of poorer outcomes compared to acute 
fractures, patients with persistent dysfunction 
and pain can successfully be treated with sur-
gery. These patients should be counseled that the 
goal of surgery is to improve pain and function 
rather than completely restore it.

3.3.2  Surgical Treatment

The techniques used to address proximal humerus 
malunions are guided by the underlying defor-
mity and the integrity of the articular segment 
[29]. Surgical options can be classified into two 
large categories: humeral head-sacrificing and 
humeral head-sparing [9, 10]. The mainstay of 
treatment thus depends on the integrity of the 
blood supply to the humeral head and the preser-
vation of the articular cartilage. In the absence of 
articular step-off, avascular necrosis, or glenohu-
meral osteoarthritis, head-preserving techniques 
can be utilized. The main head-preserving proce-
dures consist of surgical neck osteotomies, tuber-
osity debridement and/or repositioning, and soft 
tissue releases. Head-sacrificing procedures are 
utilized when significant osteoarthritis, avascular 
necrosis, or intra-articular step-offs are identified 
on preoperative imaging. These techniques have 
all been well described and include hemiarthro-
plasty, total shoulder arthroplasty, and more 
recently reverse total shoulder arthroplasty. 
Regardless of surgical technique, the highest pri-
ority should be in determining the limiting fac-
tors a patient presents with and tailoring treatment 
specifically to each patient. It can be difficult to 
determine whether symptoms are related to soft 
tissue contracture, bony impingement, or a com-
bination of these, and failure to address the 
underlying etiology will undeniably result in a 
poor outcome [9].

3.3.2.1  Osteotomy
When the articular surface of the humeral head is 
congruent and sufficient bone stock remains, spe-
cific morphological alterations of the proximal 
humerus may be adequately addressed with an 
isolated osteotomy.

3.3.2.1.1 Tuberosity Osteotomy
Greater tuberosity osteotomy is a viable option 
for patients with limited shoulder motion and evi-
dence of subacromial impingement with greater 
than 1.5 cm of greater tuberosity displacement as 
evidenced by CT imaging. Early reports of iso-
lated tuberosity osteotomy produced good out-
comes. Morris et  al. treated six patients with 
greater tuberosity osteotomy and repositioning of 
the displaced fragment. They found that reposi-
tioning of the fragment led to substantial improve-
ments in shoulder function [41]. Beredjiklian 
et al. demonstrated similar results with successful 
treatment of ten patients with congruent joint sur-
faces but malposition of the greater or lesser 
tuberosity. These patients were managed with 
tuberosity osteotomy with greater than 1.5 cm of 
displacement. Nine patients had satisfactory 
results at 1-year follow-up. The remaining patient 
treated with osteotomy and fixation with intra-
medullary rod subsequently developed avascular 
necrosis and required a total shoulder arthro-
plasty 4 months after the index procedure. When 
compared to other deformities, this group of 
patients had the highest success rate and best 
results following successful correction of both 
osseous and soft tissue abnormalities. They did 
not specify what soft tissue procedures these 
patients required but did mention that many 
required capsular releases, subdeltoid and sub-
acromial releases, and subscapularis releases 
with or without lengthening. Their results dem-
onstrate that successful osteotomy can provide 
good outcomes as long as all soft tissue and osse-
ous abnormalities are addressed at the time of 
surgery. Interestingly, when the osseous 
 abnormality was not addressed in two patients 
and only manipulation was performed, a poor 
result occurred. Isolated acromioplasty was also 
adequate to treat malpositioned tuberosities with 
less than 1.5 cm of displacement in their series of 
patients.

3.3.2.1.2 Surgical Neck Osteotomy
Varus deformity of the proximal humerus is com-
mon [5, 33, 34] and typically occurs with some 
degree of apex anterior angulation [42]. This 
combination of deformity often leads to limited 
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active abduction and forward flexion with vari-
able production of pain due to subacromial 
impingement. Whereas isolated acromioplasty 
may adequately treat patients with less than 1 cm 
of tuberosity malpositioning [9], patients with 
varus deformity rarely improve with this treat-
ment. As such, efforts at treatment with surgical 
neck osteotomy have been attempted with limited 
numbers of patients. Solonen and Vastamaki first 
described a technique of surgical neck osteotomy 
in 1985 for treatment of humeral neck varus 
deformity. Their initial case series included seven 
patients treated with lateral closing wedge oste-
otomy through the surgical neck and fixated with 
preformed AO T plates. Five patients achieved 
normal or near-normal shoulder motion. Average 
forward flexion improved from 91° to 147° at 
5-year follow-up, while average abduction 
improved from 64° to 134°. Two patients experi-
enced little to no improvement with continued 
poor function following osteotomy. Interestingly, 
these two patients also had several factors that 
likely precipitated failure including capsular con-
tracture, rotator cuff atrophy, and poor compli-
ance with rehabilitation postoperatively [43]. 
Benegas et  al. reported on five patients treated 
similarly with lateral closing wedge osteotomy 
fixed with a pre-contoured T plate. They reported 
a range of varus proximal segments between 28 
and 37°. Following osteotomy and fixation, they 
reported an average improvement in forward flex-
ion of 94°, and all but one patient improved to full 
flexion strength, with improvement of UCLA 
shoulder scores (3 excellent and 2 good outcomes) 
and 100% satisfaction with the procedure [44]. 
Although these small case series demonstrated 
good union rates following proximal humerus 
osteotomy, there remains concern that there is a 
higher loss of fixation with T plates in older osteo-
porotic bone [45]. To avoid concerns regarding 
bone quality, McKee et  al. utilized an angular 
blade plate for fixation, which also allows 
improved compression at the osteotomy site. 
They reported an average 40-degree varus neck- 
shaft angle preoperatively with average correction 
of 33° postoperatively. Average active forward 
flexion improved by 30°, and shoulder pain was 
improved in all patients. Unfortunately, two cases 

of surgical neck nonunion occurred when com-
pression with the articulated tension device was 
not utilized. These two failures subsequently 
required revision surgery including revision to 
total shoulder arthroplasty in one and an addi-
tional bone grafting procedure in the other [42].

When more complex malunions present, an 
isolated uniplanar osteotomy may not adequately 
correct all bony deformities. Russo et  al. 
attempted to treat 13 complex proximal humerus 
malunions with biplanar and triplanar osteoto-
mies and reported good early functional results. 
They used only screws, Kirschner wires, and 
bone suture as well as corticocancellous iliac 
crest bone graft. They reported improvements in 
forward flexion and abduction with an average of 
67 and 80° at 4.5 years, respectively. However, 
three cases of avascular necrosis of the head 
(23%) developed, drawing into question the 
safety of this procedure [46].

Recently, a description of custom-made oste-
otomy guides from 3D printed deformities has 
been utilized with good success, although the 
price of such a tool was not discussed and may be 
prohibitive. In all cases, careful dissection with 
precise wedge cuts must be performed for obtain-
ing optimum bony contact to maximize healing 
rates. These guides are created from 3D printed 
models generated from a CT scan and designed 
to secure to the proximal humerus to allow repro-
ducibly precise cuts capable of addressing com-
plex deformities. This case report demonstrated a 
simple osteotomy jig that was created to provide 
correction of a complex biplanar deformity. The 
authors were able to achieve improvement in 
motion with forward flexion to 160°, abduction 
to 140°, and external rotation to 65°. Postoperative 
Constant score improved from 17 to 74 with 
excellent satisfaction [47].

These procedures are very technically 
demanding and have associated risks but, how-
ever, can be rewarding especially in the younger 
patient with a well-preserved articular segment. 
Blade plate fixation is optimal to allow higher 
amounts of compression and decrease theoretical 
concern for T plate failure in poor-quality bone. 
If these plates are utilized, care should be taken to 
compress the osteotomy site with an articulated 
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tension device to help improve healing rates. 
Rotational misalignment can be avoided by care-
fully planning cuts to realign the bicipital groove 
with the biceps tendon or through utilization of a 
3D printed custom guide. Patients can expect 
improvements in both pain and function as long 
as healing of the osteotomy occurs.

Proximal humerus osteotomy is a viable 
option for younger patients with good bone stock 
yielding good return of function and high union 
rates. Due to small numbers, short-term follow-
 up, and few patient-reported outcomes, these 
studies provide limited prognosis regarding this 
treatment option. Regardless, they do highlight 
the need to address all forms of osseous and soft 
tissue abnormalities and attempt to restore the 
proximal humeral anatomy to allow efficient and 
unrestricted subacromial motion.

3.3.2.2  Greater Tuberosity 
Debridement and Rotator Cuff 
Advancement

Just as arthroscopic rotator cuff repair has become 
increasingly attractive, with advancements in 
techniques and technology, expanded indications 
for arthroscopic malunion treatment have also 
shown promising results. Arthroscopy allows 
direct visualization of the greater tuberosity, soft 
tissue abnormalities, and the resulting passive 
mechanics of the shoulder joint to identify both 
intra- and extra-articular causes of pain and lim-
ited motion, including impinging structures, rota-
tor cuff tears, biceps tendon pathology, labral 
tears, and chondral defects. When it comes to the 
osseous abnormalities of proximal humerus mal-
unions, arthroscopy is best suited at addressing 
greater tuberosity malunions and associated soft 
tissue abnormalities. Depending on the patient 
complaint and activity level, various arthroscopic 
techniques can be performed alone or in concert 
to address various pathologies. Displacement of 
the greater tuberosity tends to occur after proxi-
mal humerus fractures often leading to a more 
posterior and superior position which may result 
in early impingement and weakness with forward 
flexion and external rotation from loss of normal 
cuff tensioning [18]. Prior to arthroscopy, greater 
tuberosity displacement less than 15  mm from 

anatomic position was successfully treated with 
acromioplasty alone, whereas malunions with 
greater than 15  mm of displacement generally 
required an open osteotomy with repositioning 
[9]. Tuberoplasty represents an early attempt at 
utilizing arthroscopy principles to treat tuberosity 
malunions causing impingement. Calvo et  al. 
first described an arthroscopic tuberoplasty tech-
nique that involves the arthroscopic resection of 
excessive greater tuberosity bone with preserva-
tion of the rotator cuff insertion. They described 
taking advantage of partial-thickness tears as 
openings through which to debride bony protu-
berances causing impingement. This was per-
formed in two steps: the first being intra-articular 
resection of the bone up to the insertion of the 
rotator cuff, followed by introduction of a longi-
tudinal split within the supraspinatus tendon 
allowing detachment of anterior and posterior 
cuff insertions and eventual bone resection [48, 
49]. This approach allows for the removal of 
intra-articular sites of bony impingement that 
would be inaccessible through an open approach. 
Herrera et  al. reported on eight patients treated 
with tuberoplasty utilizing rotator cuff detach-
ment and reattachment combined with 
arthroscopic acromioplasty. All patients had 
between 5 and 10 mm of greater tuberosity mal-
union displacement. There were no noted com-
plications, and results were deemed excellent in 
one case, good in six, and poor in one. Pain rat-
ings improved in all patients with significant 
improvements in range of motion of 50° forward 
flexion and 20° external rotation [48]. An alterna-
tive tuberoplasty technique involves the complete 
detachment of the rotator cuff from the displaced 
fragment with electrocautery followed by reshap-
ing using a powered burr and re-tensioning of the 
rotator cuff combined with an arthroscopic 
acromioplasty. Burckhardt et  al. performed re- 
tensioning of the repair in nine patients that 
resulted in improvement in motion with average 
increases of 43° forward flexion and 12° external 
rotation. Pain scores improved in all patients, 
UCLA scores improved from 12 to 30, and 
American Shoulder and Elbow Surgeons (ASES) 
scores improved from 41 to 81 at last follow-up. 
This represented three excellent results, three 
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good results, and three fair results [35]. These two 
combined techniques appear to allow improve-
ments in function and pain with low morbidity. 
The limitation of arthroscopy is that it is likely 
only useful in treating patients with minor tuber-
osity displacements less than 15  mm although 
studies to support this claim are lacking. Ji et al. 
[50] and Kim et  al. [51] have described similar 
techniques that include tuberosity osteotomy with 
fixation using the suture bridge technique, which 
allows bone-to-bone healing without taking down 
the entire rotator cuff insertion.

Malunions of the lesser tuberosity are less com-
monly described in the literature, and their treat-
ment is even more scarce. Only case reports of 
arthroscopic treatment exist in the literature. One 
case report describes successful treatment of a 
four-part proximal humerus malunion with a 
medially displaced lesser tuberosity causing gle-
noid impingement. Arthroscopic decompression 
of the lesser tuberosity with capsular release was 
performed resulting in return of motion and 
decreased pain [15]. A similar case report describes 
the successful treatment of a malunited lesser 
tuberosity causing subcoracoid impingement. 
Arthroscopic coracoplasty was performed with 
similar improvement in pain and function [52].

These techniques are extremely technically 
complicated and require expertise in arthroscopic 
shoulder surgery and intricate rotator cuff repair 
techniques that should not be attempted without 
formal training. Isolated lesser tuberosity mal-
unions can be successfully treated with 
arthroscopic decompression of the offending 
impingement while avoiding violation of the 
rotator cuff. Unfortunately, the reliability of these 
procedures is currently unknown.

3.3.2.3  Arthroplasty
While varus or greater tuberosity malunion has 
shown encouraging results with osteotomy, intra- 
articular incongruity is poorly tolerated. 
Beredjiklian et al. demonstrated early failure and 
poor results with attempted osteotomy of mal-
unions with intra-articular head incongruity. 
When incongruity is not corrected, patients uni-
formly experienced unsatisfactory results due to 
pain and poor function. When shoulder arthro-

plasty was performed with good deformity cor-
rection, average pain scores improved from 1.6 to 
4.2, and average functional scores improved from 
41 to 70 percent. In contrast, when adequate bony 
correction was not obtained, pain scores only 
improved to 2.8, and functional scores did not 
improve. Additionally, shoulder motion improved 
by 32° with adequate correction and decreased 
by 15° with inadequate correction. These results 
correspond to a 74% rate of satisfactory results 
following treatment with shoulder arthroplasty. 
However, these early reports demonstrated com-
plication rates approaching 30% chiefly related 
to intra-operative fracture and postoperative 
instability [9]. Cofield et al. paralleled these find-
ings in an analysis of 49 shoulders undergoing 
prosthetic replacement for acute or chronic frac-
tures. In the chronic fracture grout, three early 
complications occurred, related to nerve and 
rotator cuff injury, and six late complications 
occurred, related to tuberosity or rotator cuff 
healing and reflex sympathetic dystrophy, repre-
senting a 32% complication rate. They attributed 
complications to extensive scarring and anatomi-
cal distortion leading to increased surgical diffi-
culty [40]. Thus, shoulder arthroplasty can 
provide improvements in pain and function but 
with an extraordinarily high complication rate.

Despite relatively high rates of complications 
in early reports, overall improved outcomes have 
universally been demonstrated with variable 
complication rates when treating these difficult 
sequelae with prosthetic replacement [9, 10, 36, 
37, 40, 53, 54]. Dines et  al. performed a 
 retrospective review of 20 patients treated for 
post- traumatic changes of the proximal humerus 
with modular hemiarthroplasty or total shoulder 
arthroplasty. Unfortunately, these groups were 
not separated to allow for head-to-head compari-
son. Regardless, overall HSS scores improved 
from an average preoperative score of 26.3 to 77 
postoperatively. Additionally, 90% of patients 
reported satisfactory pain relief at rest with 63% 
reporting no pain at rest. Furthermore, 75% of 
patients reported satisfactory pain with activity. 
Range of motion demonstrated average forward 
flexion of 111° and external rotation of 30° post-
operatively. Patient outcomes were judged by 
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HSS scoring and revealed 20% excellent, 50% 
good, 20% fair, and 10% poor results [36]. 
Bouileau et al. subsequently reviewed 71 sequelae 
of proximal humerus fractures treated with either 
hemiarthroplasty or total shoulder arthroplasty. 
Average pain scores were 10.7 out of 15, active 
anterior elevation improved 28° to a total of 102°, 
and active external rotation improved 34° from 
preoperative 0°. Similarly, they demonstrated 
overall functional results as good or excellent in 
42%, fair in 25%, and poor in 33% as judged by 
Constant score. Satisfaction with the procedure 
was high, with 81% declaring themselves as sat-
isfied or very satisfied with their result, and these 
results correlated with Constant scores [10]. 
Mansat et  al. evaluated 28 patients undergoing 
shoulder arthroplasty for sequelae of proximal 
humerus fractures. They reported overall func-
tional results as excellent in 25%, satisfactory in 
39%, and unsatisfactory in 36%. Satisfaction 
with the procedure was again high with 75% 
declaring satisfied or very satisfied, whereas 7% 
thought they were worse than before the proce-
dure. Average Visual Analogue Scale (VAS) pain 
scores improved from average 1.8 to 11, average 
Constant activity levels improved from 6.2 to 14, 
and average Constant mobility levels improved 
from 11 to 23. Active anterior elevation improved 
from 71 to 107°, and active external rotation 
improved from −8 to 20° [37]. Cofield et al. eval-
uated 109 patients treated with hemiarthroplasty 
or total shoulder arthroplasty for proximal 
humeral malunion. They noted pain scores 
improved from 7.8 to 3.1, average active elevation 
increased from 69° to 109°, and average active 
external rotation increased from 8° to 39°. Overall 
functional results demonstrated 52% excellent or 
satisfactory improvement [31]. It should be noted 
that although on average patients’ range of motion 
and functionality improved, no average postoper-
ative forward flexion was greater than 120° or 34° 
external rotation. Additionally, pain and activity 
levels all improved but were not “normal.”

In contrast to general agreement that proximal 
humerus malunions gain significant improve-
ment in pain, mobility, and function, very little 
agreement on the ideal prosthesis persists. Dines 
et  al. demonstrated at average follow-up of 

33 months that HSS functional scores improved 
more for hemiarthroplasty (79.7) than total shoul-
der arthroplasty (70.3). Further, when comparing 
postoperative motion, hemiarthroplasty again 
outperformed total shoulder arthroplasty with an 
average improvement to 114° compared to 103°. 
Conversely, Boileau and Mansat both demon-
strated no difference in functional scores between 
those treated with total shoulder or hemiarthro-
plasty at 19 and 47 months, respectively. Cofield 
et al. found similar results with arthroplasty and 
total shoulder arthroplasty albeit greater improve-
ments in pain scores for those receiving total 
shoulder arthroplasty. Additionally, they found 
that complaints of pain at last follow-up were sig-
nificantly correlated to presence of glenoid wear 
and rotator cuff tears in the hemiarthroplasty 
group.

Several factors have been suggested to impact 
overall outcome following shoulder arthroplasty 
for proximal humerus malunions. Dines et  al. 
reported more improvement in HSS scores when 
patients were younger than 70 (HSS score 83.3) 
compared to those over 70 (HSS score 71.4). 
However, Bouileau, Mansat, and Cofield all 
found no significant differences in overall func-
tional outcomes based on age. Time to arthro-
plasty was initially demonstrated to have a 
significant effect on surgical outcomes by 
Beredjiklian demonstrating 84% satisfactory 
results when treated prior to 1 year and only 55% 
satisfactory results when treated further than 1 
year from fracture. However, Dines, Bouileau, 
Mansat, and Cofield all disputed this finding later 
and were unable to find any differences between 
patient outcomes based on time to prosthesis.

The only agreed-upon negative factor associ-
ated with poor functional outcome following 
shoulder arthroplasty is utilization of a greater 
tuberosity osteotomy. Dines et al. found signifi-
cantly higher HSS scores for patients that were 
treated without an osteotomy of the greater tuber-
osity (82.3) compared to those treated with an 
osteotomy of the greater tuberosity (73.6). 
Similarly, Bouileau et  al. noted patients that 
required a greater tuberosity osteotomy had 
worse functional recovery with less active flexion 
with a mean of 82° compared to 123° without an 
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osteotomy. Conversely, lesser tuberosity osteot-
omy has no significant effect on anterior eleva-
tion compared to those without, achieving an 
average of 132°. Additionally, complication fol-
lowing greater tuberosity osteotomy led to sig-
nificantly worse function as judged by Constant 
scores. Mansat et  al. found significantly worse 
functional outcomes with Constant score of 36 
and unsatisfactory results when greater tuberos-
ity osteotomy was required for treatment with 
arthroplasty. Finally, Cofield et  al. attempted to 
avoid the use of greater tuberosity osteotomy by 
altering the insertion point of the prosthesis or 
altering the prosthesis to allow passage without 
osteotomy. These patients trended toward having 
worse active elevation (101° vs 115°) and exter-
nal rotation (34° vs 42°) and more unsatisfactory 
Neer scores (46% vs 34%) compared to those 
that did not require osteotomy. Further analysis 
revealed that of the 31 shoulders that required 
osteotomy, 35% did not heal or were resorbed 
and 19% of these demonstrated unsatisfactory 
Neer result ratings. Furthermore, they found that 
radiographic signs of instability including 
humeral head translation had much poorer out-
comes compared to those without subluxation. 
Range of motion suffered in this group with aver-
age active elevation of 94° compared to 131° in 
those without, average external rotation of 10° 
compared to 47° in those without, and 78% 
unsatisfactory outcomes in this subgroup of 
patients. Interestingly, Mansat et  al. found the 
most important factor affecting overall function 
and pain was the integrity of the rotator cuff. In 
their study, eight patients had rotator cuff tears, 
and half of these were unable to be repaired at the 
time of surgery. These patients demonstrated sig-
nificantly worse postoperative pain and mobility 
including anterior elevation and external rotation. 
This correlated with a 14% result of excellent or 
satisfactory results compared to 77% when an 
intact cuff was present.

Although successful outcomes have clearly 
been demonstrated when proper patient selection 
is performed, complications are still common. 
Beredjiklian initially described 12 complications 
in 11 patients representing a 28% complication 
rate. These comprised both intra-operative com-

plications, including fracture during canal prepa-
ration, and early postoperative complications, 
including component subluxations requiring 
revision hemiarthroplasty and humeral compo-
nent loosening. Late complications occurred in 
patients that sustained attritional re-tears of the 
rotator cuff. Cofield and Tanner described their 
early experiences as well and found 12 complica-
tions in 27 shoulders comprising 44% complica-
tion rate, including 2 early dislocations, an 
intra-operative nerve injury, 5 rotator cuff inju-
ries, and 2 tuberosity malunions. They attributed 
most of these complications to surgical difficulty 
due to extensive scarring and anatomy distortion. 
Subsequently, Dines et al. noted their complica-
tion rate dropped to 10% owing to a modular 
prosthesis design that allowed individualized soft 
tissue tensioning and centering the humeral com-
ponent within the glenoid. Interestingly, they 
reported 2 complications in 20 shoulder arthro-
plasties both related to instability, 1 with superior 
subluxation related to a greater tuberosity non-
union and the other with posterior subluxation 
related to postoperative neuropathy. Interestingly, 
Bouileau et al. demonstrated a 27% complication 
rate of shoulder arthroplasty even with a modular 
prosthesis design. Their major complications 
echoed those of Beredjiklian with five periopera-
tive fractures, nine complications related to the 
greater tuberosity (loss of fixation, nonunion, and 
osteolysis), one anterior instability, one neuro-
logic injury, and two late infections. Both infec-
tions occurred after prior attempts at fixation. By 
altering their surgical technique to avoid 
 tuberosity osteotomies for traditional shoulder 
arthroplasty implantation, Cofield et al. reported 
a 17% complication rate. They reported one bra-
chial plexopathy and two hematomas. The 
remaining 13 complications required 10 re-oper-
ations. They reported nine patients experienced 
postoperative instability requiring six re-opera-
tions, two incidents of painful glenoid erosion 
requiring total shoulder arthroplasty, one deep 
infection, and one periprosthetic humerus frac-
ture. They also performed Kaplan-Meier survival 
analysis and determined a 94.8% retention at 
5 years, 90.1% at 10 and 15 years, and 85.1% at 
20  years. Interestingly, despite advances in 
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 surgical technique and prosthesis design, out-
comes of surgical treatment did not significantly 
improve between those treated between 1976 and 
1997 and those treated between 1998 and 2007.

With the high rate of failures reported for 
patients requiring greater tuberosity osteotomy, 
alternative treatment options have been investi-
gated. Ballas et al. attempted to avoid osteotomy 
by utilizing a newer stemless prosthesis that 
avoids the need for humeral canal preparation, 
thus circumventing the need for greater tuberos-
ity preparation. In all of the included 27 patients, 
the prosthesis was successfully implanted with-
out tuberosity osteotomy. All clinical outcomes 
improved following surgery with an average 
improvement in active elevation from 81° to 129° 
and external rotation from 5° to 40°. Additionally, 
Constant scores improved from 27% to 62% [55]. 
These results demonstrate that even when tuber-
osity malunion is ignored, good results with 
improvement in pain and function can be 
obtained. While these newer stemless prostheses 
are attractive for these reasons, currently there 
only exists short-term data on their use prompt-
ing the need for more long-term studies.

Shoulder arthroplasty for proximal humerus 
malunion has proven to be a technically challeng-
ing treatment option. It requires an intimate 
knowledge and appreciation of proximal humerus 
anatomy and associated soft tissue abnormalities. 
While arthroplasty generates reproducible 
results, favorable deformities do not exist. Rather, 
all bony and soft tissue abnormalities must be 
addressed to obtain satisfactory results. Thus, in 
the setting of humeral head incongruity, osteone-
crosis, or degenerative changes, arthroplasty can 
result in satisfactory results [9, 10, 32, 37, 40, 
56]. Despite these successful results, shoulder 
arthroplasty remains a highly technical procedure 
wrought with complications [10, 29, 36, 37, 53, 
54]. The most common acute complications are 
related to the degree of technical challenge. 
Scarring and contracture create an environment 
that limits exposure and makes implantation dif-
ficult leading to intra-operative fracture and iatro-
genic rotator cuff injury. Delayed complications 
are typically related to the integrity of the rotator 
cuff. Greater tuberosity nonunion, capsular fail-

ure, or rotator cuff tears were common complica-
tions between all studies and associated with 
poor outcomes and high failure rates. If the 
greater tuberosity or rotator cuff tendons are 
damaged in any way, one can expect a high likeli-
hood of poor function and dissatisfaction with the 
procedure. Prior to performing shoulder arthro-
plasty to address a proximal humerus malunion, 
the rotator cuff should be inspected and con-
firmed to be of good quality to support surgical 
repair to avoid major perioperative instability 
that may produce a poor result. Additionally, the 
risks of greater tuberosity osteotomy should be 
deeply considered and consequences of nonunion 
discussed with the patient prior to surgery. 
Stemless prostheses represent newer technology 
that appears to be safe with equivalent outcomes; 
however, without long-term data, these proce-
dures should be left to those with particular 
experience.

3.3.2.4  Reverse Shoulder Arthroplasty
On the basis of poor results using total shoulder 
arthroplasty for sequelae of proximal humerus 
fractures due to the frequent need for osteotomy, 
reverse shoulder arthroplasty has been investi-
gated as an alternative surgical option. Since the 
inception of reverse total shoulder arthroplasty, 
the indications for its use have expanded. Reverse 
total shoulder arthroplasty was first described as 
a salvage procedure; however, recent literature 
has supported its use in several areas including 
proximal humerus malunions [26, 57–60]. 
Reverse total shoulder arthroplasty has been 
advocated for when there is poor bone stock to 
support a total or hemiarthroplasty, little or no 
reconstructable glenoid component, and chronic 
atrophied rotator cuff tears. Due to a high failure 
rate due to instability of conventional total shoul-
der arthroplasty, Bouileau first advocated for 
their use in patients requiring greater tuberosity 
osteotomies. Much like total shoulder arthro-
plasty and hemiarthroplasty, Martinez et  al. 
investigated the effectiveness of reverse shoulder 
arthroplasty for the treatment of proximal 
humerus malunions. Surgical technique focused 
on soft tissue release and resection of prominent 
tuberosity malunion and attempted to achieve 20° 
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of stem retroversion. This resulted in a significant 
increase in Constant scores from 28 to 58, 
increased active forward flexion from 40° to 
100°, abduction increase from 41° to 95°, and 
external rotation increase from 15 to 35°. Similar 
to conventional arthroplasty, their complication 
rate was 27%. One case of glenoid loosening 
occurred requiring conversion to hemiarthro-
plasty, one superficial infection, one transient 
axillary nerve palsy, three periprosthetic frac-
tures, and six prosthetic dislocations. Four dislo-
cations required revision to hemiarthroplasty, 
whereas increasing humeral offset successfully 
treated the other two dislocations. Despite this 
high complication rate, a satisfaction rate of 87% 
was achieved; the only unhappy patients were 
those that experienced postoperative dislocation 
and revision. Due to a high risk of dislocation, the 
authors cautioned surgeons to attempt repair of 
the subscapularis [57].

Willis et  al. demonstrated similar outcomes 
with a lower complication rate. They reported 
62.5% excellent rating and an 18.75% good and 
satisfactory rating with no reported failures. 
ASES scores significantly improved from mean 
28 preoperatively to 63 postoperatively. Pain 
scores significantly improved from 7 to 3 VAS 
score and 15 to 35 ASES score. Functional scores 
also significantly improved from 0 to 5 VAS 
score and 15 to 27 ASES score. Overall motion 
improved for all movements including forward 
flexion from 53° to 105°, abduction from 48° to 
105°, and external rotation from 5° to 30°. The 
authors noted that in order to avoid a greater 
tuberosity osteotomy, all patients required altera-
tion of the humeral preparation. This included 
retroverting the humeral stem to greater than 30° 
to accommodate the deformity, and glenospheres 
were sized as large as possible to maximize soft 
tissue tensioning while lateralizing the humeral 
component to avoid bony impingement. 
Amazingly, they reported no clinical complica-
tions but noted two cases of notching and a single 
instance of proximal humeral resorption; but no 
adverse outcomes were presented for these 
patients [26].

Walch et al. performed their own review of 42 
patients with four-part proximal humerus mal-

unions at short to intermediate term 4-year fol-
low- up. In their series of patients, similar results 
were again attained with improvements in pain 
from 3.8 to 11.6, Constant scores from 19.7 to 
54.9, and improved range of motion including 
forward flexion from 53.6° to 120.5° and external 
rotation from −5° to 9°. These outcomes resulted 
in a 98% satisfaction rate with ratings of very 
good in 43%, good in 45%, satisfactory in 10%, 
and unsatisfactory in 2%. Interestingly, they 
found no difference between those with a sub-
scapularis repair and those without. Four compli-
cations occurred yielding a 9.5% complication 
rate. Only one dislocation occurred which was 
the result of trauma. Postoperative radiographs 
were monitored, and a high rate of scapular 
notching was found, but this finding is of 
unknown clinical concern as the Constant scores 
appear to be unaffected at their intermediate time 
point [58].

While only short to intermediate data exist on 
the use of reverse total shoulder arthroplasty to 
treat these difficult fracture sequelae, early 
reports suggest this treatment is safe and effec-
tive. Additionally, reverse arthroplasty yields 
similar but slightly worse overall function with 
similar pain relief compared to conventional 
shoulder arthroplasty. Retroverting the humeral 
stem and increasing the glenosphere size to ten-
sion the soft tissues can achieve a high degree of 
satisfaction with a low short- to intermediate- 
term complication rate.

3.4  Conclusion

Fractures involving the proximal humerus are a 
common entity with the majority resolving with 
uneventful unity. Small study sizes present in the 
available literature make it difficult to estimate 
the true incidence rate of malunion; however, 
variable rates have been quoted with greater inci-
dence with increasing Neer fracture type. Despite 
the popularity of proximal humeral locking tech-
nology, rates of malunion have experienced little 
alteration. Malunions of the proximal humerus 
present unique challenges that must be addressed 
including subacromial impingement, capsular 
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contractures, rotator cuff tears, avascular necro-
sis, post-traumatic arthritis, and proximal 
humeral deformity.

Patients developing symptomatic malunions 
have few prognostic factors to allow for predic-
tion of future surgical needs. Most patients expe-
rience improving motion and pain for up to 1 
year following proximal humerus fractures. The 
most common unifying feature of malunion 
development is continued pain and motion limi-
tation after fracture healing. Once malunion has 
been identified to be symptomatic, efforts should 
be made to address the offending deformities as 
soon as possible to avoid further soft tissue con-
tracture and limit rotator cuff muscle atrophy that 
may adversely affect patient outcomes. 
Interestingly, no literature supports the need for 
early malunion correction with most reports 
reporting equal outcomes for patients regardless 
of time to surgical intervention.

Treatment options vary widely depending on 
patient-specific complaints and proximal humeral 
deformity. Non-surgical management can yield 
satisfactory outcomes but is best reserved for 
low-demand elderly patients. Operative treat-
ments are based on the combination of specific 
malunion geometry, patient-reported complaints, 
and viability of the articular surface. Surgical 
options include head-sparing procedures, includ-
ing arthroscopy and osteotomy, and head- 
sacrificing procedures, including 
hemiarthroplasty, total shoulder arthroplasty, and 
reverse total shoulder arthroplasty. Arthroscopy 
is reserved for patients with little deformity iso-
lated to malpositioned tuberosities with com-
plaints of tuberosity impingement. When more 
significant deformity is present, osteotomies can 
improve proximal humerus deformity and pro-
vide good improvement in pain and function 
when successful osteosynthesis is achieved. 
Patient factors that portend better bone quality 
are thought to improve these outcomes such as 
younger age and lesser medical comorbidities; 
however, the small studies that have addressed 
this treatment regimen have not specifically stud-
ied these variables. When the humeral head is no 
longer viable, conventional arthroplasty options 
including hemiarthroplasty or total shoulder 

arthroplasty provide similar results with improve-
ments in pain and function albeit conditional to 
greater tuberosity osteotomy healing and suc-
cessful cuff repair. Unlike conventional arthro-
plasty, alternatives to avoid complications 
associated with greater tuberosity osteotomy 
have been investigated with similar improve-
ments in pain and function. Reverse shoulder 
arthroplasty can successfully be implanted with 
little proximal humerus preparation resulting in 
good short-term follow-up with the advantage of 
avoiding greater tuberosity osteotomy. 
Nevertheless, additional research is required to 
determine long-term outcomes following treat-
ment of proximal humerus malunion.

3.5  Case Discussions

3.5.1  Case 1

A 71-year-old male who sustained a surgical 
neck fracture of humerus after a ground-level 
fall. Plain films obtained at time of injury include 
AP, scapular Y, and axillary views (Fig.  3.1a), 
which demonstrate a varus angulated fracture 
with typical apex anterior angulation on lateral 
imaging. Significant medical comorbidities pre-
cluded surgical intervention, and he was treated 
expectantly with non-operative care in a sling.

Subsequent imaging at 3 months (Fig.  3.1b) 
demonstrated sustained varus positioning, but 
pain control had markedly improved. Physical 
therapy was initiated with initial motion of 30° 
forward flexion and abduction. Range of motion 
slowly improved, and at 4  months, he demon-
strated 90° forward flexion and abduction but 
with noted weakness. Imaging shows robust cal-
lus formation (Fig. 3.1c).

Final follow-up imaging demonstrates resid-
ual varus angulation (Fig. 3.1d). Patient had no 
complaints of pain but still experienced difficulty 
with certain overhead activities. Final range of 
motion demonstrated 130° of forward flexion and 
90° of abduction. He declined any further treat-
ment and was extremely happy with his progress 
and was able to fulfill all activities of daily 
living.
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3.5.2  Case 2

A 58-year-old male sustained a proximal humerus 
fracture from a ground-level fall. He was a very 
active individual with no prior shoulder pain. 
Initial imaging demonstrated a complex proximal 
humerus fracture with varus alignment and rela-
tive elevation of the greater tuberosity (Fig. 3.2a). 

He initially refused any type of surgery. Patient 
was lost to follow-up for 1 year and returned with 
a healed malunion of the proximal humerus and 
significant arthritic wear of the humeral head and 
glenoid surface (Fig.  3.2b). He complained of 
difficulty with overhead activity and pain with 
motion of the shoulder. Aggressive physical ther-
apy did little to improve his symptoms. An MRI 

Fig. 3.1 (a) Initial AP, scapular Y, and axillary lateral 
imaging of a two-part surgical neck proximal humerus 
fracture. (b) Radiographs at 6 weeks demonstrating callus 
formation at the prior fracture site and maintained align-

ment. (c) Radiographs at 3 months demonstrating matur-
ing callus. (d) Radiographs at final follow-up with varus 
malunion

a

b
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was obtained which demonstrated an intact rota-
tor cuff (Fig. 3.2c). He continued to complain of 
pain and restricted motion and underwent total 
shoulder arthroplasty (Fig. 3.2d). During the pro-
cedure, tuberosity realignment was not per-
formed, and the prosthesis was placed in an 
orientation to lateralize greater tuberosity offset 
and achieve a more anatomic alignment. 
Postoperatively he did very well with improve-

ment in both pain and range of motion. At 1 year, 
he has overhead motion to 150° with external 
rotation to 30° and remains pain-free.

3.5.3  Case 3

A 39-year-old female sustained a three-part proxi-
mal humerus fracture after a ground-level fall. 

c

Fig. 3.1 (continued)

C. B. Hayes et al.



51

d

Fig. 3.1 (continued)
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Initial imaging demonstrated a displaced three- part 
proximal humerus fracture involving the surgical 
neck and greater tuberosity (Fig. 3.3a). Her outside 
orthopedic surgeon attempted non- operative treat-
ment with sling immobilization. She apparently 
did well for several months but returned 1 year 
later after successfully healing her proximal 
humerus fracture but with a malunion (Fig. 3.3b). 

She began to experience increasing pain in the 
shoulder. She exhibited signs of impingement on 
clinical exam and complaints consistent with early 
arthritis. Overall, her malunion morphology would 
have been amenable to corrective osteotomy of the 
greater tuberosity and advancement of her rotator 
cuff; however, an MRI was obtained (Fig.  3.3c) 
demonstrating focal areas of avascular necrosis 

a

dc

b

Fig. 3.2 (a) Initial AP imaging of a three-part proximal 
humerus fracture with varus malalignment. Relative supe-
rior greater tuberosity elevation is demonstrated due to 
inferior displacement of the humeral head fracture frag-
ment. (b) Successful healing of prior proximal humerus 
fracture with development of glenoid and humeral head 

arthritic wear and large inferior humeral osteophyte. (c) 
Select T1 MRI cut of the humeral malunion demonstrat-
ing intact rotator cuff attachments to the displaced greater 
tuberosity. (d) Successful total shoulder arthroplasty with 
anatomic positioning of the previously displaced tuberos-
ity. (Courtesy of Srinath Kamineni)
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with full-thickness cartilage loss on the humeral 
head. Glenoid articular cartilage appeared well 
maintained. Due to her young age, she underwent 
short stem hemiarthroplasty to preserve her rotator 
cuff and preserve proximal humeral bone stock 
(Fig. 3.3d). The prosthesis was placed in an orien-
tation to avoid greater tuberosity osteotomy with 
restoration of anatomic alignment. She has done 
very well postoperatively with significant improve-
ment in pain and motion. Last follow-up at 1 year 
after surgery exhibited significant improvement 
in both forward flexion and external rotation with 
no pain.

3.5.4  Case 4

A 62-year-old male sustained a proximal humerus 
fracture and underwent open reduction and inter-
nal fixation at an outside institution. 
Postoperatively he reportedly underwent exten-
sive rehabilitation with little improvement in pain 
or motion. At 6 months, he was experiencing 
exquisite pain with all movement and still experi-
enced continued difficulty with forward flexion 
and external rotation. Imaging demonstrated a 
complex proximal humerus malunion with 
greater tuberosity malunion and persistent 

a b

c d

Fig. 3.3 (a) Initial AP imaging of a valgus impacted 
three-part proximal humerus fracture with displaced 
greater tuberosity fragment. (b) Imaging upon initial eval-
uation with healed proximal humerus malunion with dis-
placed greater tuberosity fragment. (c) T1 and T2 imaging 

of proximal humerus malunion with focal areas of 
increased signal on T2 and decreased signal on T1 indica-
tive of avascular necrosis. (d) Short stem hemiarthroplasty 
with improvement in greater tuberosity positioning and 
alignment. (Courtesy of Kaveh Sajadi)
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 anterior dislocation (Fig.  3.4a). Glenoid bone 
stock remained intact without significant carti-
lage wear. The original surgeon then decided to 
perform removal of the hardware, and a hemiar-
throplasty was performed with osteotomy and 
repositioning of the malunited greater tuberosity 
(Fig.  3.4b). Postoperatively pain improved, but 
he reportedly continued to display reduced range 

of shoulder motion, including 90° flexion and 30° 
external rotation. Radiographs at 3-month fol-
low- up (Fig. 3.4c) demonstrated resorption of the 
greater tuberosity fragment with superior migra-
tion indicative of rotator cuff failure. He was sub-
sequently referred to our institution for further 
evaluation and possible revision. He continued to 
have complaints of difficulty with overhead 

Fig. 3.4 (a) Initial AP imaging of healed proximal 
humerus fracture with intact plate and screw fixation and 
malpositioned greater tuberosity and anterior dislocation 
of the humeral head. (b) Subsequent revision to hemiar-
throplasty with a repositioned greater tuberosity fragment 
over the lateral flange of the humeral prosthesis. (c) 

Radiographs obtained at 3 months demonstrating greater 
tuberosity resorption, maintained reduction of prosthesis 
on lateral imaging, but persistent elevation of the humeral 
head prosthesis on AP imaging. (d) Subsequent conver-
sion to reverse total shoulder arthroplasty. (Courtesy of 
Srinath Kamineni)

a
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activity and worsening shoulder motion but did 
not wish for any further surgery at that time. He 
continued to exhibit poor motion with about 70° 
of forward flexion and inability to comb his hair 
or brush his teeth and 6 months later returned 
requesting revision surgery. He subsequently 

underwent explant of his hemiarthroplasty and 
conversion to reverse total shoulder arthroplasty 
(Fig. 3.4d). Afterward, he was able to regain for-
ward flexion to 90° with significant improvement 
in his ability to perform activities of daily living 
and remained pain-free at 1 year.

c

d

Fig. 3.4 (continued)
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b

Fig. 3.5 (a) Initial AP and lateral imaging of healed proximal humerus fracture with varus malunion and proximal 
humeral plate and screws. (b) Subsequent conversion to reverse total shoulder arthroplasty. (Courtesy of Kaveh Sajadi)
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3.5.5  Case 5

A 73-year-old female sustained a proximal 
humerus fracture and underwent open reduction 
and internal fixation at another institution 3 years 
prior. Her pain initially improved after her frac-
ture surgery, and she was able to undergo exten-
sive postoperative rehabilitation. She complained 
of continued pain with external rotation and con-
tinued to have significant weakness. Imaging 
upon presentation demonstrated a varus proximal 
humerus malunion with posterior superiorly mal-
positioned greater tuberosity (Fig.  3.5a). She 
attempted several rounds of physical therapy tar-
geted at rotator cuff and anterior deltoid strength-
ening. Despite her attempts, she continued to 
have difficulty with washing her hair, feeding 
herself, and putting on shirts. On physical exami-
nation, she displayed active forward flexion to 
80° with preserved passive forward flexion to 
130°. She also had limited active and passive 
external rotation with signs of posterior glenoid 
impingement. Additionally, she demonstrated 
significant rotator cuff weakness with obvious 
signs of posterior shoulder atrophy on physical 
examination. Due to her age and significant rota-
tor cuff atrophy, a reverse total shoulder arthro-
plasty was recommended. She eventually decided 
to proceed with surgery, and a reverse total shoul-
der arthroplasty was performed (Fig.  3.5b). 
Postoperatively she did very well with significant 
improvement in range of motion. At 1 year, she 
was very happy and able to wash her hair, dress 
herself, and feed herself independently.
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Malunions of the Humeral Shaft

Jacob J. Triplet and Benjamin C. Taylor

4.1  Introduction

4.1.1  Humeral Shaft Fractures

Humeral shaft fractures account for roughly 3% 
of all fractures with a reported incidence of 13 
per 100,000 per year; a higher incidence in 
elderly patients has been shown with reported 
rates as high as 100 per 100,000 persons per year 
[1–7]. Most often it follows a direct blow or indi-
rect twisting injury. Fractures of the humeral 
shaft account for nearly 20% of adult humeral 
fractures [4]. Defined as the area between the 
upper margins of the pectoralis major tendon or 
the surgical neck of the proximal humerus to the 
region of the supracondylar ridge [8], these frac-
tures most often demonstrate a bimodal age dis-
tribution with occurrence following high- and 
low-energy trauma in young and elderly osteopo-
rotic patients, respectively [9, 10]. Often, the 
fracture pattern helps the surgeon to understand 
the load applied at the time of injury. Transverse, 
oblique, spiral, butterfly, and comminuted frac-
ture patterns suggest a tension, compression, tor-
sional, bending, or high-energy loading force, 
respectively [2, 7].

Understanding of the humeral shaft anatomy 
is imperative in guiding management. The 
humerus changes to a triangular shape distally, 

and the medullary canal tapers to an end about 
the supracondylar region. The blood supply to the 
humeral shaft is primarily derived from the bra-
chial, profunda brachial, and posterior humeral 
circumflex vessels [11]. The humeral diaphysis is 
dependent on these perforating branches of the 
brachial artery, and the main nutrient artery enters 
the medial aspect of the humerus just distal to the 
midshaft. The radial nerve is particularly vulner-
able following humeral shaft fractures. 
Accompanied with the profunda brachial artery, 
the radial nerve courses along the posterior aspect 
of the humeral shaft in a proximal-medial to 
distal- lateral direction, emerging between the 
brachialis and brachioradialis muscles. Fractures 
of the humeral shaft place the radial nerve at risk 
of injury and entrapment [12–14]. A radial nerve 
palsy should be suspected with a spiral distal 
one-third fracture pattern (Holstein-Lewis frac-
ture) (Fig.  4.1); an 18% occurrence has been 
reported [15]. Additionally, the musculocutane-
ous nerve lies deep to the biceps muscle and may 
be injured following humeral shaft fractures. 
Several muscles attach to the humeral shaft, serv-
ing as deforming forces following a fracture. The 
humeral shaft serves as the origin of the brachia-
lis, triceps, and brachioradialis muscles. It also 
acts as the insertion site for the deltoid and cora-
cobrachialis, in addition to the three powerful 
adductors and internal rotators: pectoralis major, 
teres major, and latissimus dorsi. These deform-
ing forces, along with the patient’s body habitus, 
play an important role in overall limb alignment 
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following humeral shaft fracture. Most often, the 
limb will present in a shortened and varus- 
angulated position (Fig. 4.2).

With a thorough knowledge of the humeral 
shaft anatomy, proper management of humeral 
shaft fractures may be better undertaken. 
Managing these fractures often depends on sev-
eral factors. First, open versus closed fracture 
presentation often dictates the need for operative 
management; nearly 5% of these injuries are 
open (Fig. 4.3) [9]. Although reports of conserva-
tive management following open humeral shaft 
fractures have been reported [16], the gold stan-
dard is a formal irrigation and debridement of the 
open wound followed by operative stabilization 

of the fracture. However, it has been shown that 
infection rates following non-operative and oper-
ative management of these fractures are approxi-
mately 3.2% and 4.7%, respectively [17]. 
Additionally, neurovascular compromise often 
demands surgical intervention; it is important to 
be aware that radial nerve palsy is common fol-
lowing these injuries and is not an operative indi-

Fig. 4.1 A spiral distal third humeral shaft fracture is 
commonly referred to as a Holstein-Lewis fracture

Fig. 4.2 Humeral shaft fractures typically displace in a 
varus position due to muscle pull and body habitus

Fig. 4.3 Open humeral shaft fractures are associated 
with an increased rate of neurovascular injury as well as 
postoperative complications
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cation alone [3, 14, 18]. Most often, radial nerve 
palsies are observed for up to 6–12  months to 
monitor for nerve recovery. Arterial injury may 
also potentiate an ensuing compartment syn-
drome or even hemodynamic instability. In such 
cases, close monitoring and clinical judgment 
should dictate the need for operative intervention. 
Concomitant injuries such as those seen in poly-
trauma and bilateral humeral shaft fractures or in 
cases of a floating elbow (Fig.  4.4) most often 
necessitate operative stabilization as well. An 
understanding of the fracture characteristics is 
important to recognize at the time of injury. 
Certain fracture characteristics may benefit from 
operative stabilization [19]. In cases of segmental 
injury of the humeral shaft, displaced, 
 comminuted, and those fractures with intra-artic-
ular extension may undergo surgical intervention 
to enhance appropriate alignment and mitigate 
the risk of malunion or nonunion. Limb align-
ment following closed reduction and splint appli-
cation helps predict whether conservative 
management will be successful. As the humerus 
is the most freely moveable long bone, anatomic 
reduction is not required for successful outcomes 
with non- operative management. However, an 
acceptable limb alignment is required if non-
operative management is to be pursued. 
Acceptable limb alignments that favor non-oper-
ative measures are less than 30° of varus-valgus 
angulation, 20° of anterior- posterior angulation, 
and 3  cm of shortening [20, 21]. The patient’s 
body habitus, especially those with large pendu-
lous breasts, plays an important role in overall 
limb alignment and may reduce successful out-
comes with conservative management. If overall 
limb alignment following closed reduction and 
immobilization does not meet this criteria, opera-
tive stabilization should be considered to circum-
vent the risk of a functionally limiting malunion 
or nonunion. In the setting of a pathologic frac-
ture, operative stabilization may be recom-
mended [4]. Lastly, it is widely accepted that in 
cases of humeral shaft nonunion, operative stabi-
lization with bone grafting should be performed 
to optimize outcome (Fig. 4.5) [22, 23].

If operative management of a humeral shaft 
fracture is to be utilized, there are several surgical 

modalities available (Fig. 4.6) [4, 24–27]. Plate 
osteosynthesis remains the gold standard for the 
operative treatment of humeral shaft fractures 
requiring surgical stabilization [4, 27–29]. 

Fig. 4.4 Fractures of the humeral shaft and forearm are 
referred to as floating elbow injuries and are an indication 
for surgical fixation
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a b

c

d

Fig. 4.5 AP and lateral radiographs showing a humeral 
nonunion from a morbidly obese 44-year-old female with 
a 9-month history of pain after an acute fracture treated 

with a simple sling (a,b). After the patient underwent 
treatment of her nonunion with realignment, iliac crest 
autograft placement, and plating (c,d)
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Additionally, intramedullary nailing is another 
popularized and viable treatment modality for 
humeral shaft fractures, [3, 30], and it is impor-
tant to note that both antegrade and retrograde 
humeral intramedullary nails are available [26, 
31]. Also, while less commonly applied in the 
treatment of primary operative stabilization of 
humeral shaft fractures, external fixation is an 
available treatment modality and is especially 
beneficial in cases where “damage control ortho-
pedics” are merited or in cases requiring a tempo-
rizing fixation [32]. External fixation is also 
useful for humeral shaft fractures with concomi-
tant burns or in the setting of large open contami-
nated wounds. Additionally, use of the Ilizarov 
fixator has been reported to have success in the 
setting of humeral shaft nonunion [33–37].

Nonetheless, despite the several surgical treat-
ment modalities available, the majority of 
humeral shaft fractures are managed conserva-
tively, with reported union rates exceeding 94% 
[14]. Described by the Egyptians more than 
3500  years ago with the use of splints, non- 
operative management of humeral shaft fractures 
tends to yield favorable outcomes [20]. Again, 
obtaining an acceptable overall limb alignment is 

important to optimize outcomes with conserva-
tive management. With widespread motion at the 
adjacent shoulder and elbow joints, shortening, 
axial, angular, and/or rotational malunion of the 
humeral shaft is often well tolerated with little 
functional or cosmetic deficits [2]. Following 
acute injury, humeral shaft fractures are most 
commonly managed initially with a closed reduc-
tion and application of a coaptation or posterior 
elbow splint or a hanging arm cast (Fig. 4.7) [38]. 
Dependent on swelling and patient comfort, 
approximately 2 weeks later, a prefabricated frac-
ture brace is often utilized (Fig.  4.8); this has 
reproducibly demonstrated success [16, 39–41]. 
In the setting of humeral shaft fractures, func-
tional fracture bracing provides the benefits of 
gravity and allows for a hydraulic soft tissue 
compression, adequate bony alignment, and frac-
ture site motion leading to the promotion of 
osteogenesis [42, 43]. Moreover, functional brac-
ing allows for the early preservation of shoulder 
and elbow motion, a reduced cost, and improved 
patient comfort and hygiene [8, 12, 14, 40]. In a 
review of the literature, Papasoulis et al. reported 
an average of 10.7-week time to union of humeral 
shaft fractures managed conservatively with 

a b c

Fig. 4.6 A representative example of treatment of humeral shaft fractures with plating (a), intramedullary nailing (b), 
and external fixation (c)
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functional fracture bracing [14]. A longer time to 
union has been reported with functional brace 
treatment in cases of open humeral shaft frac-
tures, averaging 13–14 weeks [8, 14, 44]. With 
excellent results reported, functional bracing is 
considered the gold standard for treatment of 
humeral shaft fractures (Fig. 4.9) [14, 30, 38].

4.1.2  Defining Malunion

Although a malunion may simply be defined as a 
malunited fracture that has healed in a non- 
anatomical position, a more encompassing defi-
nition is needed to help guide treatment. First, 
one must scrutinize the initial fracture reduction. 
Close scrutiny of humeral shaft fractures is 

important as alignment, length, rotation, and 
angulation may lead to healing in a malunited 
position. Second, determining the location of the 
fracture is essential, whether it is diaphyseal, 
metaphyseal, or intra-articular. Fractures with 
intra-articular extension often will require opera-
tive intervention, as anatomic reduction of articu-
lar surfaces is necessary for proper function of 
the involved joint. Assessment of whether the 
humeral shaft fracture is simple or complex is 
also key; this refers to those fractures that occur 
in a single plane compared with those that occur 
in multiple planes. Generally, malunion of the 
humeral shaft is defined as >20° of angulation in 
any plane (anterior/posterior or varus/valgus) or 
shortening of ≥2.5 cm [38]. However, in addition 
to the >20° of angulation in anterior/posterior 

a b

Fig. 4.7 (a) A 53-year-old female with a segmental 
humeral fracture in a coaptation splint approximately 4 h 
after injury. (b) An example of an inadequate coaptation 

splint, with the medial limb of the splint not extending to 
the humeral shaft fracture
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a b

c

d

Fig. 4.8 (a–c) A properly applied fracture brace 
(Sarmiento brace), with either a regular or over the shoul-
der version (for proximal fractures) (c). Unfortunately, 

patients may present with the brace worn improperly (d), 
where the brace is not holding the fracture at all
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plane, other reports assert that >30° of angulation 
in the coronal plane and >3  cm of shortening/
bayonet apposition constitute a humeral shaft 
malunion as deformity less than these may be 
well tolerated with minimal functional or cos-
metic deficit (Fig. 4.10) [20, 21].

4.1.3  Distinguishing Malunion 
from Nonunion

It is critical to distinguish between malunion and 
nonunion of humeral shaft fractures. As the cau-
sality of both malunion and nonunion usually dif-
fers, the surgical intervention required to treat each 
can also vary. To distinguish between the two, 
serial imaging of the humeral shaft fracture is 
often necessary, as it will reveal the progression to 

fracture union or nonunion. Demonstration of 
insufficient bridging between bone edges, lack of 
callus progression, or loss of acceptable bone 
alignment when evident within 6  months will 
often satisfy the general criteria for humeral shaft 
nonunion [22, 45]. Several factors are associated 
with nonunion following conservative treatment. 
Among these are noncompliance with bracing, 
morbid obesity, unfavorable fracture pattern (i.e., 
transverse), open or pathologic fractures, history 
of alcohol abuse, significant angulation, soft tissue 
interposition, comorbidities (diabetes, rheumatoid 
arthritis, osteoporosis), anti-inflammatory medica-
tion use, and smoking [46]; however, most com-
monly a nonunion has a multifactorial origin [22]. 
Nonunion of the humeral shaft is relatively uncom-
mon with a reported range of 3–5% following 
operatively treated humeral shaft fractures [8, 47, 

a b

Fig. 4.9 (a,b) Closed treatment of humeral shaft fractures generally results in abundant callus formation due to motion 
and secondary bone healing
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48]. However, there are scattered reports that cite 
nonunion rates as high as 50% following operative 
intervention [4, 40, 49, 50]. In humeral shaft non-
union that occurs following operative stabiliza-
tion, the most common cause has been shown to be 
inadequate fixation (Fig.  4.11) [22]. It has been 
demonstrated to occur following improper reduc-
tion or fracture site distraction, inadequate plate 
size or implant choice, incorrect bone fixation in 
osteoporotic bone, poor screw purchase, or other 

technical errors [15, 51]. Humeral shaft nonunions 
have been reported to occur in as many as 23% of 
humeral shaft fractures following conservative 
management in some series [10, 17, 40, 50], with 
other series demonstrating excellent union rates 
[8, 42]. Proximal third injuries, Arbeitsgeme-
inschaft für Osteosynthesefragen (AO) type A 
humeral fractures, and periprosthetic fractures 
have been shown to have the highest nonunion rate 
(Fig. 4.12) [14].

Fig. 4.10 A healthy, active female sustained a distal 
humeral shaft fracture with some displacement and healed 
uneventfully (a,b). Her motion remains unrestricted (c–e), 

with a nearly imperceptible difference between her two 
upper extremities

a b
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Generally, two distinct types of nonunions are 
frequently described. They either demonstrate 
fragment ends that are hypervascular or hypertro-
phic with capability to obtain biologic reaction or 
that are avascular or atrophic and incapable of 
biologic reaction [45]. Irrespective of the type of 
nonunion, either may be complicated by the pres-
ence of infection, soft tissue injury, articular 
incongruities, or non-acceptable overall limb 
alignment [45]. These worsen the prognosis of 
the nonunion and often require extensive multi-
stage surgery and/or amputation. Understanding 
of the need for stability or biology, along with 
assessment of bone loss, is imperative [22]. Often 
these fractures will respond well to open reduc-
tion and internal fixation with bone grafting [22, 
23]. Following operative stabilization, union is 
achieved in approximately 90–98% of cases fol-
lowing plate fixation and in as much as 91–98% 
following intramedullary nailing in some series 
[52]. Humeral shaft nonunions have a substantial 
associated economic cost [53, 54].

Much more common to occur than humeral 
shaft nonunion is humeral shaft malunion. The 
vast majority of humeral shaft fractures will be 
managed with conservative measures, most com-
monly with the use of functional bracing. 
Justification of non-operative management of 
these fractures is supported in the literature with 
excellent union rates [14]. Although union rate is 
high in these patients, more than 85% of patients 
will demonstrate a residual deformity of <10° 
[14]. Therefore, some degree of malunion is to be 
expected following conservative management. 
However, the degree of malunion is important to 
consider despite the humerus being able to 
accommodate a significant amount of deformity 
with little functional or cosmetic deficit. 
Additionally, malunion may also occur following 
operative stabilization of humeral shaft fractures. 
In these cases, the malunion is more likely to 
occur from improper reduction at the time of fix-
ation, improper construct, noncompliance, or sig-
nificant comminution or bone loss.

c d

e

Fig. 4.10 (continued)

J. J. Triplet and B. C. Taylor



71

4.1.4  Incidence of Malunion

As previously discussed, the incidence of humeral 
shaft malunion is much more common than non-
union and is to be expected in most cases, par-
ticularly those managed by means of 
non-operative treatment. Several reports have 
demonstrated that a residual deformity of <10° is 
found in more than 85% of patients treated with 
conservative measures following humeral shaft 
fractures [14]. While humeral shaft malunion 
may ensue following either operative or conser-
vative management, a higher incidence of resid-
ual deformity, most commonly in the frontal 
plane leading to varus angulation, has been dem-
onstrated after non-operative treatment [12, 14, 
17, 38, 44, 50, 55–57]. Applying a more stringent 

definition to humeral shaft malunion of >20° of 
angulation in any plane (anterior/posterior or 
varus/valgus) or shortening of ≥2.5  cm [38], a 
general incidence of 4.4%, with some literature 
reporting rates as high as 16% following non- 
operative management, has been reported, poten-
tially leading to functional impairment and/or 
cosmetic deformity [14, 17, 38, 50, 55, 56, 58].

4.1.5  Ramification of Malunion

The humeral shaft is very accommodating of 
deformity. Several studies have demonstrated 
that angular deformity <20° is well tolerated both 
functionally and cosmetically [14, 16, 42, 50, 
55]. However, some studies have demonstrated 

a b

Fig. 4.11 Inadequate fixation can consist of the use of fixation constructs that are too short (a) or even with use of small 
fragment implants in muscular, noncompliant patients (b)
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b

Fig. 4.12 A 59-year-old female underwent right shoulder 
arthroplasty and five subsequent revisions for loosening 
and humeral shaft fracture. Due to the poor quality and 
limited amount of distal bone in the humerus (a), a total 
humeral replacement was performed (b)

that the degree of radiographic malalignment 
may not correlate with functional outcomes [50]. 
In a recent study, Devers et  al. [38] evaluated 
functional outcomes of malunion of non- 
operatively treated humeral shaft fractures, and 
they reported good functional outcomes in 
patients with malunion following conservative 
management. However, they also demonstrated 
that 25% of patients reported trouble with over-
head activity and 75% reported noticeable cos-
metic deformity, with many of these citing it as a 
major reason for dissatisfaction. Cosmetic 
 deformity of humeral shaft malunion is a serious 
concern in patients managed conservatively.

One concern following malunion of humeral 
shaft fractures treated with non-operative man-
agement is a limitation in shoulder motion, par-
ticularly external rotation [55, 59, 60]. This has 
been demonstrated to be more pronounced in 
elderly patients compared with those younger 
than 45 years of age [55]. Previously, Sarmiento 
et al. postulated that loss of external rotation of 
the shoulder may be influenced by shrinking of 
the capsule [59]. In a study investigating 67 
humeral diaphyseal fractures, Fjalestad et  al. 
demonstrated a 38% loss of external rotation of 
the shoulder following conservative management 
with functional bracing [55]. With the use of 
computed tomography (CT), consolidation of the 
fracture in a malrotated position was frequently 
encountered. Although use of the CT was not 
definitive in demonstrating a clinically signifi-
cant correlation among the CT-measured angular 
difference between the involved and uninvolved 
extremity with loss of external rotation, it sug-
gested that the malrotation likely influences these 
findings. They postulated that the timing between 
the injury and the application of the functional 
brace might influence this. Patients with loss of 
external rotation compared with those without 
external rotation deficit had an earlier application 
of functional bracing (12 versus 16 days, respec-
tively). Therefore, early functional bracing may 
reduce the incidence of conservatively treated 
humeral shaft malunions and subsequently 
reduce external rotation deficit. They further 
elaborated that malunion with retroversion of the 
distal fragment was observed in patients who 
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maintained their initial form of immobilization 
for a prolonged period of time before functional 
brace application. As the initial form of immobi-
lization is likely to cause internal rotation of the 
forearm and distal fragment of the humerus rela-
tive to the proximal fragment, it was postulated 
that this would lead to a loss of external rotation. 
With the shoulder evaluated in an abducted posi-
tion of 90°, loss of external rotation was observed 
in 20% of patients. They concluded that the loss 
of external rotation of the upper extremity fol-
lowing humeral shaft fractures treated with func-
tional bracing is likely due to both the malrotation 
of the consolidation and changes within the 
shoulder capsule. Conversely, other studies have 
reported a 10–15-degree loss of internal or exter-
nal rotation of the shoulder following non- 
operative treatment with little functional 
impairment and good patient satisfaction [38]. It 
has been shown that in addition to impairment of 
external rotation, abduction of the shoulder and 
extension of the elbow may also be affected [14].

4.2  Causes of Malunion

Malunion may occur following both conservative 
and operative treatments of humeral shaft frac-
tures. Several factors may be associated with 
malunion following conservative treatment. 
Among these are noncompliance with bracing, 
body mass index, unfavorable fracture pattern 
(i.e., transverse), significant angulation, soft tis-
sue interposition, comorbidities (diabetes, rheu-
matoid arthritis, osteoporosis), anti-inflammatory 
medication use, and smoking [46]. Additionally, 
as previously mentioned, time to application of 
functional bracing has been postulated to be a 
risk factor for humeral shaft malunion [38]. 
However, studies have shown that malunion of 
the humeral shaft is frequently encountered even 
in patients who are compliant with functional 
bracing [38]. Moreover, potential risk factors 
such as obesity and comorbidities did not differ 
significantly from patients who healed without 
humeral shaft malunion [38]. Similar to non-
union, in cases of malunion after operative treat-

ment, the most common cause is believed to be 
inadequate fixation. Improper reduction or frac-
ture site distraction, inadequate plate size or 
implant choice, incorrect fixation in osteoporotic 
bone, poor screw purchase, or other technical 
errors are likely to contribute to consolidation in 
a malunited position.

4.2.1  Patient Considerations

Patient factors are important in consideration to 
properly manage humeral shaft malunion. Age of 
the patient, consideration of socioeconomic fac-
tors, functional demand, and soft tissue integrity 
are often first to be considered. As previously 
mentioned, systemic factors and medical comor-
bidities such as smoking, diabetes control, and 
nutritional status may have an effect on outcome 
[46]. Understanding that malunion is often pres-
ent in patients with osteopenia is an important 
consideration as it may redirect treatment 
selection.

First, patients should be educated on treatment 
options. They should understand that the major-
ity of humeral shaft fractures may be success-
fully treated with conservative management. 
However, they should be made aware of the prob-
ability that some degree of malunion will ensue 
and that in most instances it is not associated with 
functional or cosmetic deficit. Nonetheless, it is 
imperative that the patient recognize the possibil-
ity of cosmetic deformity and potential limita-
tions in motion, particularly external rotation [38, 
55]. Although several factors are important to 
consider, functional demand of the patient and 
expectations following treatment are perhaps the 
most important in the setting of humeral shaft 
malunion. Patients with significant medical 
comorbidities or those with low functional 
demand may tolerate a malunion well. Malunion 
of the upper extremity tends to be better tolerated 
than those occurring in the lower extremity. 
Reports have demonstrated a lack of significant 
pain, good functional outcomes, and patient sat-
isfaction with malunion following non-operative 
management [38].
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4.3  Evaluation and Treatment

4.3.1  History

Obtaining a proper history is imperative in prop-
erly managing patients with humeral shaft mal-
unions. Understanding of the original injury, 
patient medical comorbidities, ability to comply 
with the initial treatment modality, functional 
demands, and investigating for evidence of infec-
tion are important to ensure proper treatment. As 
mentioned above, several factors may contribute 
to the incidence of humeral shaft malunion, but 
many reports have demonstrated that no signifi-
cant differences are observed between those with 
malunion and those without [38]. Additionally, 
humeral shaft malunions have been reported to 
occur in up to 16% of patients treated with func-
tional bracings who were compliant with treat-
ment [38]. However, more recently a 37% 
fracture brace failure rate and a 27% conversion 
rate to operative intervention have been reported 
following conservative management [61].

One should also always consider the possibil-
ity of a re-fracture through a previously united 
humeral shaft fracture and ask whether the patient 
had experienced any trauma since the initial 
injury that must be investigated. Lastly, patient 
outcome measures are important to obtain, par-
ticularly the ability to perform activities of daily 
living. As malunion of the humeral shaft has been 
demonstrated to affect shoulder motion [55, 59], 
it is important to evaluate for these shoulder 
 limitations, and quite often, patient-reported out-
come measures are useful in obtaining subjective 
data [62, 63].

4.3.2  Physical Examination

As with any examination in orthopedics, a thor-
ough evaluation of the involved extremity should 
be performed. Begin with observing any cos-
metic deformity at rest and with motion. Next, 
assess active range of the motion of both the 
shoulder and elbow. With the understanding that 
shoulder motion may be impaired following non- 
operative management of humeral shaft fractures 

treated with functional bracing, motion should be 
assessed in several planes. Fjalestad et al. demon-
strated a functional loss of external rotation in 
these patients that differed when assessed at 90° 
of abduction [55]. Flexion, extension, abduction, 
adduction, and internal and external rotation of 
the shoulder should be assessed and compared to 
the contralateral upper extremity. Elbow motion 
of flexion, extension, pronation, and supination 
are important to evaluate, as these motions are 
needed to perform activities of daily living. Most 
importantly, patients that are unable to perform 
activities of daily living may necessitate opera-
tive intervention to correct the deformity. In a 
recent study, Namdari et  al. defined functional 
shoulder range of motion for activities of daily 
living [64]. They demonstrated that shoulder 
range of motion needed to perform functional 
tasks for flexion, extension, abduction, cross- 
body adduction, abduction at 90°, and internal 
rotation with the arm at the side were 121, 46, 
128, 116, 59, and 102°, respectively. Next, re- 
assessing shoulder and elbow motion passively 
should be performed. This is important to assess 
potential capsular changes of the shoulder which 
would limit both active and passive motions [59]. 
Again, while obtaining complete shoulder motion 
is ideal, findings re-confirm that some degree of 
motion loss may be well tolerated to perform 
activities of daily living [64]. All of this informa-
tion is consolidated to evaluate any limitations of 
the patient.

4.3.3  Laboratory Evaluation

In the setting of malunion of the humerus, labora-
tory work may be helpful in certain instances. As 
these patients have consolidation of the fracture, 
usually an extensive workup to investigate nutri-
tional, infectious, or other causative etiologies is 
not merited, as they are in cases of humeral shaft 
nonunion. However, in cases where nonunion 
versus malunion is difficult to discern, a thorough 
workup is recommended. Basic infectious labs 
such as a complete blood count (CBC) with dif-
ferential, erythrocyte sedimentation rate (ESR), 
and C-reactive protein (CRP) are recommended. 

J. J. Triplet and B. C. Taylor



75

In suspected cases of malnutrition, metabolic 
labs including albumin, vitamin D, parathyroid 
hormone (PTH), serum calcium, phosphate, and 
alkaline phosphatase should be considered.

Bone quality is important to assess when con-
sidering operative intervention for a humeral 
shaft malunion. Bone density is often appreciated 
on radiographic imaging. However, it is impor-
tant to note that when poor bone quality is recog-
nized on plain radiographs, significant 
deterioration has already occurred. In fact, it is 
well established that one must lose approximately 
30–50% of bone mass before being able to be 
detected on plain radiographs [65]. In such cases, 
CT imaging or dual-energy X-ray absorptiometry 
(DEXA) should be considered. The DEXA scan 
provides detailed information regarding bone 
mass while minimizing radiation exposure asso-
ciated with CT imaging.

4.3.4  Radiographs

High-quality radiographs are the cornerstone of 
monitoring for malunion following either conser-
vative or surgical management of humeral shaft 
fractures. Again, from the time of the initial 
injury, radiographs should be scrutinized for ini-
tial fracture reduction, alignment, length, rota-
tion, and angulation of the fracture fragments, 
number of planes in which any deformity occurs, 
and location of the fracture, whether it is diaphy-
seal, metaphyseal, or intra-articular. As dis-
cussed, fractures with intra-articular extension 
often will require operative intervention, as ana-
tomic reduction of articular surfaces is necessary 
for proper function of the involved joint. 
Obtaining fracture union is dependent on the bio-
logical environment and mechanical properties 
of the fracture [66]. As previously conferred, dis-
cerning between humeral shaft malunion and 
nonunion is imperative as treatment options and 
workup differ. An understanding of how to prop-
erly assess union is important, and this is compli-
cated in that quantifying union radiographically 
may be challenging as bone bridging occurs in 
varying patterns such as periosteal, endosteal, 
and intercortical [67]. Generally, fracture union 

is defined as the radiographic presence of bridg-
ing callus in at least three of the four cortices on 
both the anteroposterior (AP) and lateral X-ray 
[68, 69]. In general, once consolidation of the 
fracture has been established, the deformity that 
ensued should be quantified; malunion of the 
humeral shaft is defined as >20° of angulation in 
any plane (anterior/posterior or varus/valgus) or 
shortening of ≥2.5 cm [38]. However, in addition 
to the >20° of angulation in anterior/posterior 
plane, other reports assert that >30° of angulation 
in the coronal plane and >3 cm of shortening con-
stitute a humeral shaft malunion as deformity 
less than these may be well tolerated with mini-
mal functional or cosmetic deficit [20, 21].

4.3.5  CT/MRI

As described previously, diagnosing malunion of 
the humeral shaft is often accomplished with 
high-quality radiographs. Thus, advanced imag-
ing such as computed tomography (CT) or mag-
netic resonance imaging (MRI) is not needed in 
such cases. Most often, functional limitations or 
cosmetic deformity will dictate the need for sur-
gical intervention. However, advanced imaging 
may have a select role in preoperative planning 
for surgical correction of humeral shaft mal-
union. CT imaging allows for better assessment 
of fracture consolidation as bone bridging may 
be better assessed than on plain radiographs; this 
also helps distinguish between malunion and 
nonunion. Moreover, CT and MR imaging are 
useful in cases to assess for infection or patho-
logic lesions. CT imaging may better assess 
deformity than plain radiographs as landmarks 
are more reproducibly visualized. By using the 
transepicondylar axis (TEA), one may assess the 
degree of rotational malunion of the humeral 
shaft fractures. Therefore, it may provide useful-
ness in preoperative planning that will require an 
osteotomy. Lastly, magnetic resonance imaging 
(MRI) is useful to assess soft tissue structures 
and aid in measurement of limb alignment. 
Recently, a methodology of presurgical planning 
to utilize complex deformity of long bones with a 
single-cut osteotomy has been publicized [70].
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4.4  Treatment

4.4.1  Initial Treatment of Humeral 
Shaft Fracture

4.4.1.1  Non-operative Management 
of Humeral Shaft Fractures

As the vast majority of humeral shaft fractures 
will be managed with conservative measures, a 
thorough understanding of the primary non- 
operative treatment modality should be dis-
cussed. Despite the non-operative treatment 
options available, at the time of injury, the initial 
treatment modality is closed reduction followed 
by the application of a coaptation or posterior 
elbow splint, sling and swathe, or a hanging arm 
cast [38]. Often, a formal closed reduction is not 
needed, as gravity and the weight of the arm are 
likely to accomplish this. However, frequently a 
valgus mold to the splint is necessary to counter 
the varus-producing deforming forces. This is 
especially true in patients with a large body habi-
tus or breasts, which potentiates the varus angu-
lation of the deformity. One must understand the 
deforming forces and expected displacement of 
fracture fragments based on location of the frac-
ture. Fractures occurring proximal to the pectora-
lis major insertion should result in a proximal 
fragment that is abducted and externally rotated 
by way of the rotator cuff muscles; the distal 
fragment will have medial and proximal dis-
placement from the deltoid and pectoralis major 
muscles. Those fractures occurring between the 
pectoralis major insertion and the deltoid tuber-
osity will lead to medial displacement of the 
proximal fragment from the pull of the pectoralis 
major, teres major, and latissimus dorsi muscles; 
the distal fragment will lead to lateral and proxi-
mal displacement as a result of the deltoid mus-
cle. Lastly, fractures occurring distal to the 
deltoid tuberosity will cause abduction of the 
proximal fragment by the deltoid muscle; the dis-
tal fragment will be medially and proximally dis-
placed from the biceps and triceps muscles.

Hanging arm casts depend on traction by the 
weight of the arm in the cast to help aid in frac-
ture reduction. Generally, this treatment option is 
reserved for shortened and displaced midshaft 

humerus fractures with spiral or oblique fracture 
patterns. Transverse and short oblique fracture 
patterns are a relative contraindication, as dis-
traction is likely and may impede healing. 
Coaptation splinting acts similarly to a hanging 
arm cast with increased fracture stabilization and 
less potential for distraction and is best for acute 
injuries. Additionally, while transverse and short 
oblique fracture patterns are a relative contraindi-
cation to the hanging arm cast, these fracture pat-
terns are well tolerated in the coaptation splint, 
but maintaining the position of the splint and 
axillary irritation are common complaints. A 
Velpeau dressing, also referred to as thoracobra-
chial immobilization, is another conservative 
treatment modality that is generally indicated in 
elderly patients with minimally displaced frac-
tures that do not require a reduction, and the ben-
efit of this treatment is reported comfort. Finally, 
the shoulder spica cast is rarely utilized but is 
indicated in fractures requiring abduction and 
external rotation.

Although several non-operative treatment 
modalities have been presented to manage 
humeral shaft fractures conservatively, the most 
popularized is the use of the functional brace. 
Popularized by Sarmiento [16], and often referred 
to as the Sarmiento brace, functional bracing has 
demonstrated good results, which have been both 
reproducible and reliable [8, 10, 40, 42, 43, 56, 
59]. Again, as the shoulder and elbow allow for a 
significant amount of motion, malunion in sev-
eral planes and shortening are often well toler-
ated with little functional or cosmetic deformity 
[2]. Therefore, obtaining anatomic alignment 
after the injury is not necessary. However, obtain-
ing an acceptable overall limb alignment is 
important to optimize outcomes with conserva-
tive management. Due to these factors, conserva-
tive management capable of obtaining an 
acceptable overall limb alignment following 
humeral shaft fractures should yield good results. 
Historically, this was definitively managed with 
bandages, U-casts, hanging arm casts, or coapta-
tion, posterior, or abduction splinting [38, 71]. 
However, some of these treatment modalities 
require elbow immobilization. Elbow stiffness 
may subsequently ensue; this is a major disad-
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vantage with these forms of non-operative man-
agement. Therefore, a conservative treatment 
modality that preserves elbow motion while 
allowing for adequate fracture alignment is ideal. 
These limitations with current non-operative 
treatment modalities were recognized, and the 
design of the functional brace was implemented 
to circumvent them.

In the setting of humeral shaft fractures, the 
functional, or Sarmiento, brace provides the ben-
efits of gravity and allows for a hydraulic soft tis-
sue compression, adequate bony alignment, and 
fracture site motion leading to the promotion of 
osteogenesis [42, 43]. Additionally, it circum-
vents shoulder and elbow motion restrictions and 
has demonstrated a reduced cost and improved 
patient comfort and hygiene [8, 12, 14, 40]. 
However, the functional brace is usually not well 
tolerated in the acute period. Dependent on swell-
ing and patient comfort, approximately 2 weeks 
after the injury and application of temporary 
immobilization, most commonly with a coapta-
tion splint, a prefabricated fracture brace is often 
utilized [16, 39–41]. However, timing of func-
tional brace application may be important to 
reduce the incidence of external rotation limita-
tions [55]. In general, early functional bracing 
will likely yield favorable functional outcomes 
without significant cosmetic deformity. In a 
recent review of the literature, it was reported the 
time to union averaged 10.7  weeks following 
humeral shaft fractures managed conservatively 
with functional fracture bracing [14]. In cases of 
open humeral fractures, a longer time to union 
has been demonstrated with functional brace 
treatment, averaging 13–14 weeks [8, 14, 44]. In 
their review of 922 patients, Sarmiento et  al. 
demonstrated an overall union rate of 97% [8]. 
Other reports have demonstrated similar results; 
in a study evaluating 233 patients, Zagorski et al. 
demonstrated a 98% union rate with 95% excel-
lent functional results [44]. However, more 
recently, non-operative management has been 
demonstrated to have a 37% fracture brace fail-
ure rate and a 27% conversion rate to operative 
intervention [61].

The functional fracture brace is designed to be 
worn throughout the day. Although the average 

time to union has been reported to average 
10.7 weeks, several factors play into the duration 
of brace use [55]. Rehabilitation is usually started 
quickly after the application of the functional 
brace beginning with active non-weight-bearing 
exercises of the hand and elbow along with pen-
dulum exercises of the shoulder. Assisted exer-
cises of the shoulder and gradual weight-bearing 
are usually started around 3 and 6 weeks, respec-
tively [4].

Time to union may be affected by several vari-
ables, and often chief among these is the overall 
health of the patient. Tobacco use, vasculopathies, 
and diabetes often require a prolonged duration of 
non-operative treatment to achieve fracture union. 
Therefore, success of the functional brace is very 
much dependent on the compliance of its use, 
with hours per day, duration of treatment, and 
using the brace in an appropriate manner. 
Additionally, noncompliance with functional 
bracing may result in functionally limiting or a 
cosmetically noticeable malunion or nonunion 
(Fig. 4.13). Some studies have questioned conser-
vative management as nonunion rates have been 
reported to be as high as 50% in some series [4, 
17, 39, 40, 50]. Concerns of malunion after non-
operative treatment have led to an increase in sur-
gical intervention, with some emerging evidence 
supporting this [4, 19, 30]. In short, with excellent 
union rate, good reported functional outcomes, 
and acceptable cosmetic deformity following 
conservative management with functional brac-
ing, it is generally the gold standard for treatment 
of humeral shaft fractures [14, 30, 38].

4.4.1.2  Operative Stabilization 
of Humeral Shaft Fractures

While the vast majority of humeral shaft frac-
tures are managed with conservative measures, 
operative stabilization has several indications. 
Among these are the polytrauma patient, patho-
logic fractures, unacceptable closed reduction or 
failed conservative management, associated vas-
cular injury, concomitant forearm fractures 
(floating elbow), segmental fractures, those with 
intra-articular extension, bilateral humerus frac-
tures, open fractures, nonunion, and neurological 
injury following penetrating trauma.
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Several surgical techniques are available. 
Open reduction and internal fixation (ORIF) 
offers direct fracture visualization and reduction 
while providing fixation without rotator cuff vio-
lation. Intramedullary fixation is ideal for seg-

mental fractures that would require a large and 
potentially morbid approach, pathologic frac-
tures, or significantly osteoporotic bone. 
However, with antegrade nailing, shoulder pain is 
a common complaint due to rotator cuff viola-

a
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Fig. 4.13 A 72-year-old male sustained a proximal 
humeral shaft fracture (a) and refused splinting or brac-
ing. Follow-up radiographs at 4 months post-injury in the 
emergency room (due to an unrelated fall) (b). He again 
refused any orthopedic treatment, but final radiographic 

evaluation (again in the emergency room due to an 
alcohol- related incident) at over 3 years post-fracture (c) 
revealed a well-aligned atrophic nonunion that was mini-
mally symptomatic per his report
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tion, and the axillary, lateral antebrachial cutane-
ous, and radial nerves are at risk with locking 
screw insertions. External fixation may be indi-
cated in cases of infected nonunion, burns, or sig-
nificant soft tissue injury, but pin site infections, 
neurovascular injury, nonunion, and cosmesis are 
reported complications with this technique.

Union rates following operatively treated 
humeral shaft fractures have been reported, with 
union rates as high as 98% [4, 18, 26, 72, 73]. 
Few studies have compared operative and conser-
vative treatment of humeral shaft fractures [3, 
74–76]. Currently, multicenter randomized con-
trolled trials comparing operatively treated 
humeral shaft fractures with conservative man-
agement are lacking [4]. Ongoing trials are 
attempting to evaluate patient-reported outcome 
measures and cost-effectiveness comparing those 
that are conservatively managed with those that 
undergo surgical stabilization. Similarly, in a ret-
rospective review of 186 patients evaluating time 
to union and complications between conservative 
and operative management of humeral shaft frac-
tures, Mahabier et  al. showed variable time to 
consolidation with similar rates of delayed union. 
However, no direct comparison evaluating mal-
union was made [3]. In a multicenter prospective 
observational cohort study of 47 patients treated 
with either a functional brace or retrograde 
unreamed humeral nail, van Middendorp et  al. 
reported a >90% union rate in both groups with 
no difference in pain, range of motion of the 
shoulder or elbow, or return to work. However, 
operatively treated patients had greater shoulder 
abduction strength, elbow flexion strength, func-
tional hand positioning, and return to recreational 
activities at 6  weeks; but no differences were 
found at 1 year [75]. They concluded that despite 
early benefits in the operatively treated group, 
those managed conservatively may expect simi-
lar functional outcomes and satisfaction at 1 year. 
Again, malunion was not primarily investigated 
in this study.

Several investigators have evaluated operative 
stabilization of humeral shaft fractures with dif-
ferent types of plate fixation and/or intramedul-
lary nailing [27, 29, 77–84]. In a meta-analysis of 
randomized controlled trials and nonrandomized 

studies, Dai et  al. compared dynamic compres-
sion plating with locked intramedullary nailing 
of humeral shaft fractures, and they reported no 
significant difference with respect to nonunion 
and revision rate [27]. Similarly, Ouyang et  al. 
concluded similar treatment effects on humeral 
shaft fractures between these treatment modali-
ties [79]. In a prospective study comparing inter-
locking nails with locking compression plating 
for humeral shaft nonunions, Singh et  al. con-
cluded that both implants yield good functional 
outcomes and acceptable rates of complications 
[85]. Padhye et  al. evaluated plating, nailing, 
Ilizarov external fixation, and use of non- 
vascularized fibular cortical strut grafting in the 
treatment of humeral shaft nonunions, and they 
concluded that compression plating yielded the 
best results [37]. They also noted that the Ilizarov 
external fixator is ideal for temporary fixation in 
infected nonunions and that non-vascular fibular 
cortical struts are beneficial when additional sta-
bility is needed. Irrespective of the surgical man-
agement of humeral shaft fractures, there are 
risks associated with them; among these are non-
union, infection, and radial nerve palsy, all of 
which have a less than 10% reported incidence 
[4, 18, 72, 86].

4.4.2  Treatment of Humeral Shaft 
Malunion

Treatment of humeral shaft malunion is dictated 
by several factors. Most importantly, functional 
demands of the patient should be considered in 
selecting treatment. As previously discussed, the 
humerus is well accommodating of malunion, 
often having little functional limitation or cos-
metic deformity. However, in cases of functional 
limitation or cosmetic deformity, patient expecta-
tions and ability to perform activities of daily liv-
ing should be assessed. Even in the presence of a 
functionally limiting or cosmetically deformed 
malunion of the humeral shaft, continued non- 
operative management should be considered. 
This is ideal in patients with low functional 
demand and surgically limiting comorbidities, 
those in palliative care, or patients not interested 
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in surgical intervention. In other cases, surgical 
intervention may offer correction of the malunion 
to improve functional limitations or obvious cos-
metic deformity. However, the surgical insult is 
not without its own risks.

Operative intervention increases the risk of 
radial nerve injury, which is confounded by expo-
sure limitation of the radial nerve from callus. 
Most often the nerve is identified distally between 
the brachialis and brachioradialis, and proximally 
it lies medial to the spiral groove. It is important 
to dissect the nerve free from the malunion site 
prior to definitive surgical intervention 
(Fig.  4.14). Transient sensory or motor radial 
nerve dysfunction may occur following surgical 
exposure.

4.5  Author’s Preferred Methods 
of Treatment

 1. Asymptomatic: No treatment necessary and 
follow-up is generally on an as-needed basis.

 2. Symptomatic Malunion with Atrophic- 
Appearing Union Site: Osteotomy of the mal-
union is carried out in a closing wedge when 
possible, as the humerus can tolerate shorten-

ing without creation of significant functional 
deficit. Shortening will also allow improved 
bony apposition of the osteotomy site. If res-
toration of length is necessary, an opening- or 
sliding-type osteotomy would be recom-
mended. Contralateral humeral radiographs 
can be of help when planning surgical realign-
ment, and CT scans of both humeri can be 
useful to assess the rotational correction 
needed. If the previous union site is relatively 
atrophic appearing, autologous bone grafting 
is recommended, and either iliac crest graft or 
intramedullary femoral graft (DePuy Synthes 
Reamer-Irrigator-Aspirator, Warsaw, IN, 
USA) is generally utilized.

 3. Symptomatic Malunion with Hypertrophic- 
Appearing Union Site: General recommenda-
tions are similar to those of less robustly 
healed, with the exception of the use of autol-
ogous bone graft; this is typically only uti-
lized if a defect is present after osteotomy 
fixation.

 4. Use of External Fixation: Although techni-
cally possible, circular external fixation for 
humeral malunion is not typically utilized but 
can allow controlled restoration of length, 
alignment, and rotation of the humerus. 
Patients must be advised of the nature of these 
devices and the time required, as this is highly 
life-altering during the correction.

 5. Arthroplasty: In cases of patients with 
advanced adjacent joint arthritis (especially 
glenohumeral) or adjacent arthroplasty, cor-
rection of the malunion may require an oste-
otomy cut close to or even through an 
arthroplasty stem. In these instances, revision 
or tumor prostheses are employed and provide 
a method of correction of the malalignment 
that does not require fracture healing. Patients 
can generally begin very early range of 
motion, but in instances of distal humeral/
elbow replacement, permanent lifting limita-
tions are a required consequence of the 
procedure.

Fig. 4.14 The radial nerve must be identified in all 
humeral shaft malunion or nonunion cases, and patients 
must be aware preoperatively concerning the risk of radial 
nerve palsy
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4.6  Case Discussions

4.6.1  Case 1

A 68-year-old male with a past medical history 
significant for Parkinson’s disease presented to 
the emergency department approximately 1  h 
after falling down two steps and landing on his 
right arm. He was found to have a humeral shaft 
fracture (Fig. 4.15). He was placed into a coapta-
tion splint and sent to an upper extremity special-
ist for further management. Due to his Parkinson’s 
disease and acceptable alignment of fracture 
fragments, non-operative management was 
selected, and 11 days after injury, he was placed 
into a Sarmiento brace. Approximately 4 weeks 
later, the Sarmiento brace was discontinued, and 
the patient was transitioned to a simple sling. He 
was weaned from his sling around 5 weeks later 
and was in formal therapy during this time; he 
remained non-weight-bearing of the right upper 
extremity but was allowed to increase weight- 
bearing over the next several weeks.

At 5 months after the injury, the patient was 
free of any restrictions and instructed to follow 
up on an as-needed basis. At this visit, patient had 
full painless range of motion about the elbow 
with minor residual stiffness of the shoulder. 
Final radiographic imaging of the humeral shaft 
malunion was obtained (see Fig.  4.15). Despite 
the humeral shaft malunion, the patient was satis-
fied with his outcomes and his decision of non- 
operative management.

4.6.2  Case 2

A 67-year-old female sustained the right proxi-
mal humeral shaft fracture as shown in Fig. 4.16a 
as the result of a fall from a ladder while clean-
ing. As this was an isolated injury and no neuro-
vascular deficits were seen, this was treated 
conservatively initially in a coaptation brace and 
then switched to a fracture brace at 19 days after 
injury (Fig.  4.16b). She began a simple elbow, 
forearm, and hand self-directed therapy program 

and then was weaned from her fracture brace 
approximately 4 months after injury.

At nearly 11  months after injury, she was 
referred for second opinion after being displeased 
with the cosmesis of her arm. She had returned to 
work and was able to perform her mostly secre-
tarial tasks without complaint. She noted mild 
pain with any heavy lifting as well as some shoul-
der stiffness and objective loss of overhead abili-
ties. Repeat radiographs are shown in Fig. 4.16c, 
d. Given her questionable union, a CT scan was 
ordered and did show bridging callus across the 
fracture site, albeit a small amount. Laboratory 
evaluation, including infectious and metabolic 
labs, was all within normal limits, with the excep-
tion of 25-hydroxyvitamin D, which was 22 ng/
mL.  She also declined any current tobacco use 
and did not have any history or medicine use oth-
erwise concerning for bony healing ability.

Due to her frustration with the appearance of 
her arm, she declined non-operative treatment to 
increase her bone mass at the fracture site and 
requested corrective osteotomy. Now at almost 1 
year post-fracture, she underwent an osteotomy 
through the previous primary fracture line, as the 
proximal comminution and fracture extensions 
had healed without issue. The intercalated seg-
ment was left in a malunited position to avoid 
iatrogenic stripping, and an osteotome was used 
to separate the two primary fragments. The edges 
were further cut with an oscillating saw to create 
a congruent bony apposition, and the long pre-
contoured proximal humerus plate was applied 
via an anterolateral exposure to the shoulder and 
humeral shaft.

Postoperatively, she was happy with the 
appearance of her extremity, but recovery was 
complicated by a radial nerve palsy (complete 
motor, partial sensory); this fully recovered by 
her 6-month follow-up visit. She began unre-
stricted range of motion of the entire upper 
extremity immediately postoperatively, with lift-
ing restrictions of no more than 10 pounds for the 
first 6 weeks. At final follow-up 1 year postopera-
tively, she continues to work and reports improved 
upper extremity function and appearance.
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Fig. 4.15 A mildly comminuted humeral shaft fracture (a) with the same fracture in an extended fracture brace (b). 
Final follow-up of the asymptomatic malunion (c,d)
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Malunions of the Distal Humerus

Joseph Borrelli Jr., Tracey A. DeLucia, 
and Tsuyoshi Murase

5.1  Introduction

Distal humerus fractures are defined as those 
fractures that involve the distal aspect of the 
humerus, at or below the level of the metaphy-
seal/diaphyseal junction, and these fractures may 
be extra-articular or involve the articular surface 
of the distal humerus. Typically, distal humerus 
fractures that occur in the skeletally immature 
patients are further classified as to whether they 
occurred from an extension force on the elbow or 
a flexion force on the elbow. Identifying the cause 
of the fracture is important for understanding the 
fracture pattern and structures at risk of injury as 
a result of the fracture and may give insight into 
which reduction techniques would be most suc-
cessful. Also, identifying the position of the dis-
tal fracture fragment will give insight as to 
whether the posterior or anterior periosteal sleeve 
is intact and therefore how best to use this intact 
sleeve to aid in the reduction of the fracture 
fragments.

Fractures of the distal humerus in skeletally 
immature patients are commonly classified 
according to Gartland. In 1959, Gartland 
described a simple classification scheme to 
emphasize principles underlying treatment of 
patients with a supracondylar humerus fracture 
and discussed a method of injury management 
that has proven to be practical and effective with 
time [1]. Gartland described a rotatory and 
translational deformity, with posterior displace-
ment (extension) of the distal fragment occur-
ring most often. He noted three types of 
extension injury based on the degree of dis-
placement: type I, nondisplaced; type II, moder-
ately displaced; and type III, severely displaced 
injury; flexion-type injuries were considered 
separately (Fig. 5.1) [2]. Treatment of pediatric 
supracondylar humerus fractures has evolved 
since Gartland’s first description; however, cur-
rent treatment recommendations from the 
American Academy of Orthopaedic Surgeons 
remain based on the modified Gartland classifi-
cation [3]. In general, type I injuries are immo-
bilized with a cast for 3–4  weeks, with 
radiographic alignment checked at 1 week. Type 
IIA injuries can be treated with closed reduction 
and casting or percutaneous pinning, whereas 
type IIB injuries should have closed reduction 
and percutaneous pinning to prevent coronal 
and/or rotational malalignment. Type III and IV 
injuries also are treated with closed reduction 
and percutaneous pinning, as are flexion-type 
injuries, with possible open reduction and 
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I II III

Fig. 5.1 Gartland’s distal humerus classification scheme (From Lasanianos et al. [3], with permission Springer Nature)

Bone: Humerus (1) Location: Distal segment (13)

Types:
A. Extra-articular fracture (13-A)

Groups:
Humerus distal segment, extra-articular (13-A)
1. Apophyseal  2. Meta-  3. Meta-
avulsion(13-A1)  physeal  physeal multi-
 simple tragnentary
 (13-A2) (13-A3)

Humerus distal segment, partial articular (13-B)
1. Lateral  2. Medial  3. Frontal
sagittal (13-B1)  sagittal  (13-B3)
 (13-B2)

Humerus distal segment, complete articular (13-C)
1. Articular  2. Articular 3. Articular,
simple,  simple, meta-  metaphyseal
metaphyseal physeal multi- multifragmen-
simple (13-C1) fragmentary tary (13-C3)
 (13-C1)

B. Partial articular fracture (13-B) C. Complete articular fracture (13-C)

Fig. 5.2 AO distal humerus fracture classification scheme (From Athal [5] with permission Wolters Kluwer)
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 internal fixation (ORIF) if closed reduction is 
unsuccessful [2].

In patients, in whom the distal humeral 
growth plate has closed, these fractures are rou-
tinely classified according to the 
Arbeitsgemeinschaft für Osteosynthesefragen 
(Association for the Study of Internal Fixation)/
Orthopaedic Trauma Association (AO/OTA) 
classification system that is designed to make 
documentation of these fractures more accurate 
and consistent and guide treatment and help in 
predicting outcomes [4]. Fractures of the distal 
humerus that are entirely extra-articular are 
referred to as AO/OTA type 13-A, where the 
humerus is labeled as no. 1, the supracondylar 
area of the humerus is labeled as no. 3, and the 
extra-articular nature of the injury is designated 
“A.” Adult fractures that involve only a portion 
of the distal humerus are referred to as “partial 
articular” and classified as AO/OTA type B, and 
those fractures in which the entire articular sur-
face has been fractured off of the distal “com-
plete articular” fractures are classified as AO/
OTA type C (Fig. 5.2) [5]. In general displaced 
fractures of the distal humerus in healthy adults 
are treated with open reduction and internal fix-
ation using a combination of plates and screws. 
The choice of the various approaches and 
implants available for the treatment of distal 
humerus fractures is beyond the scope of this 
chapter. Suffice it to say that if these fractures 
are malreduced and poorly stabilized or fracture 
reduction is subsequently lost during the heal-
ing process, a distal humerus malunion will 
develop.

Fractures of the distal humerus are serious 
injuries that are often difficult to treat no matter 
how or in whom they occur. Because the anat-
omy of the distal humerus is so complex, retor-
ing the normal relationship between the distal 
humerus and the proximal ulnar and radius is 
essential to restore the normal functioning and 
appearance of the arm. Additionally, the prox-
imity of the surrounding neurovascular struc-
tures to the distal humerus challenges surgeons 
further during the acute management of distal 
humerus fractures and during the treatment of 
distal  humeral malunions. A very common 

time for these fractures to occur is during time 
of accelerated growth of the distal humerus, 
and these fractures commonly result from a fall 
onto the outstretched hand, generally while the 
child is climbing or playing on elevated struc-
tures. Distal humerus fractures in this patient 
population are most common between the ages 
of 2 and 12 years, with >50% occurring in chil-
dren between the ages of 3 and 6  years [6]. 
Distal humerus fractures are also relatively 
common in young adults between the ages of 
18–45  years. These individuals are generally 
associated with high-energy trauma commonly 
occurring in motorcycle or motor vehicle 
crashes [7]. Distal humerus fractures in these 
young adults involved in high-energy trauma 
come in a variety of different fracture patterns. 
The fracture patterns are generally thought to 
depend on the mechanism and intensity of the 
forces applied either directly to the elbow or 
indirectly through the forearm, wrist, and hand. 
This trauma can result in fracture patterns, 
which range from simple extra-articular, trans-
verse fractures to comminuted, open, displaced, 
contaminated fractures involving the distal 
humerus in addition to the articular surface. 
The third most common age group for distal 
humerus fractures to occur in is older individu-
als, generally with accompanying poor bone 
quality. Fractures in this age group (65+ years 
old) are generally the result of a ground-level 
fall (GLF). Due to the underlying poor bone 
quality, these fractures are often comminuted 
and displaced and may involve the articular sur-
face of the distal humerus [8, 9].

5.2  Fracture Treatment

The need for management of these fractures in 
children depends upon the initial displacement of 
the fracture, the perceived stability of the fracture 
reduction, the presence of complicating factors 
(vascular injury, neurologic injury, and the integ-
rity of the surrounding soft tissue envelope), and 
the surgeon’s ability to obtain and maintain an 
acceptable reduction throughout healing. In cer-
tain cases, this treatment involves closed 
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 reduction and the application of a long arm cast. 
A certain percentage of young patients can be 
managed nonoperatively with acceptable out-
comes. However, those patients with unstable 
distal humerus fractures involving the articular 
surface, and those where an acceptable reduction 
cannot be obtained or maintained, benefit from 
surgical intervention [10]. There are numerous 
successful means to reduce and stabilize these 
fractures; a description of all is beyond the scope 
of this chapter. Suffice it to say that surgical inter-
vention generally involves closed reduction and 
percutaneous pin fixation or, occasionally, open 
reduction and percutaneous pin fixation or even 
internal fixation. Unfortunately, a portion of these 
patients go on to develop a malunion of the distal 
humerus which when severe is associated with 
limited upper extremity motion, limited function, 
as well as a cosmetic deformity and potentially 
delayed neurologic compromise [10]. The man-
agement of distal humerus fractures in adults and 
older individuals has evolved over the last several 
decades. Prior to the latter half of the twentieth 
century, nonoperative treatment was considered a 
viable management strategy for most patients 
with distal humerus fractures. Nonoperative 
treatments included no treatment (bag of bones), 
traction methods to obtain and maintain reduc-
tion, and manual reduction with subsequent cast 
immobilization. In most of these cases, the frac-
tures went on to heal but often with associated 
deformity and joint stiffness, which produced 
decreased upper extremity function [11, 12].

Early attempts at surgical management of 
these fractures focused primarily on re-approxi-
mation of the fracture fragments and occasion-
ally limited internal fixation. Unfortunately, these 
“limited techniques” often lead to compromised 
functional outcomes and significant complica-
tions including:  malunion, nerve injury, vascular 
injury, infection, and elbow stiffness. The intro-
duction of modern internal fixation techniques by 
the AO and others has ushered in a new era of 
management for these fractures resulting in fewer 
malunions and improved functional outcomes 
[13–15]. Yet, fractures of the distal humerus in 
adults and older adults continue to trouble the 
treating surgeon. Several biomechanical investi-
gations have established that the most rigid fixa-

tion constructs using readily available small 
fragment plates involve placing these plates 
either at 90° to one another (medial and postero-
lateral) or parallel to each other along the pos-
teromedial and posterolateral aspects of the distal 
humerus after reduction of the fracture [16–18]. 
Several authors have reported good results with 
these techniques while stressing the need to 
obtain rigid internal fixation of the medial and 
lateral column while preserving the blood supply 
to the fracture fragments as well as the surround-
ing soft tissues [19, 20]. In general, patients with 
distal humerus fractures that undergo ORIF by 
surgeons familiar with state-of-the-art techniques 
while using newer, readily available implants do 
not routinely go on to develop symptomatic mal-
unions. The development of symptomatic distal 
humerus malunions in adults requiring osteot-
omy and revision surgery is uncommon.

Therefore, the majority of this chapter will 
focus on the treatment of symptomatic malunions 
of the distal humerus resulting from distal 
humerus fractures that occurred early on in life.

5.3  Distal Humerus Malunions

Malunions of the distal humerus are known to 
negatively influence one’s elbow range of motion 
and when severe make it difficult for individuals 
to perform their activities of daily living. Also, 
moderate to severe malunions of the distal 
humerus can create an unpleasant appearance of 
the limb, particularly with full elbow extension/
hyperextension. Malunions can also negatively 
affect ipsilateral forearm rotation, making it dif-
ficult for individuals to accurately position the 
hand in space thus further limiting upper extrem-
ity function. With varus deformity of the distal 
humerus being the most common coronal plane 
deformity, the carrying angle of the limb is either 
decreased or even reversed further affecting one’s 
ability to carry objects at their side.

5.3.1  Evaluation

Prior to considering any treatment options for the 
malunited distal humerus, a complete history and 
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physical examination must be undertaken. The 
surgeon should gain insight into when the initial 
fracture occurred, if it was a closed or open frac-
ture (and if so the degree of contamination and soft 
tissue injury), how the fracture occurred, and how 
it was initially and ultimately treated. A detailed 
history of all surgical interventions that were 
undertaken in the past must be ascertained as well 
as any complications that may have occurred as a 
result of these treatments. It is important to note a 
history of and number of re- operations or closed 
manipulations. Initial injury complications such as 
compartment syndrome and associated vascular or 
neurologic injuries (including repairs) should be 
discussed. A history of infections or delays in the 
healing of the previous incisions as well as if the 
patient received any oral or intravenous antibiotics 
longer than is routinely recommended for opera-
tive fixation of a closed fracture is important in the 
overall evaluation.

With regard to a physical examination, both 
the malunited and the contralateral limbs must 
be examined. Firstly, the range of motion of 
the ipsilateral shoulder, wrist, and hand should 
be assessed. Following this detailed evaluation, 
the overall appearance of the upper extremity 
should be documented including photographs of 
the malunited limb and the previously uninjured 
limb. The range of motion of the ipsilateral and 
contralateral elbow and forearm should also be 
assessed and clearly documented and compared. 
The appearance and location of previous incisions 
and traumatic wounds should also be definitively 
determined. Muscle strength and a detailed sen-
sory examination of the ipsilateral limb should be 
performed and the findings documented.

5.3.2  Diagnosis: Radiographic 
Examination

Detailed plain radiographs of the malunited distal 
humerus should be performed. These images should 
include an AP, lateral, oblique, and radial head 
views of the elbow and a PA and lateral X-ray of the 
forearm and humerus. Similar radiographic views 
of the contralateral side should also be obtained for 
comparison and preoperative planning.

A computed tomography (CT) scan of the 
affected elbow including all of the humeral defor-
mity and the entire elbow joint and proximal 
forearm should be obtained. CT images should 
include axial, coronal, and sagittal images of the 
area of interest and ideally three-dimensional 
(3D) of the distal humerus and elbow joint to 
allow a more complete three-dimensional assess-
ment of the deformity.

Magnetic resonance imaging (MRI) of the 
elbow is generally not necessary unless there is 
reasonable concern for the presence of infection 
or the status and position of previously repaired, 
or transposed, neurologic or vascular structures.

Indications for surgical intervention are soft and 
usually depend upon the appearance and function 
of the limb as most malunions of the distal humerus 
do not cause pain. However, when severe, the con-
sequences of cubitus varus are real and worsen 
with time and use of the extremity. These conse-
quences include an increased risk of lateral condy-
lar fractures, pain, tardy posterolateral elbow 
rotatory instability, tardy ulnar nerve palsy, internal 
rotational malalignment, and poor cosmesis. 
Historically, treatment for cubitus varus has been 
considered for cosmetic reasons only. Recent 
reports, however, show that the consequences of 
cubitus varus may also be indications for operative 
reconstruction. Lateral condylar fractures follow-
ing cubitus varus remain a common complication 
seen by pediatric orthopedists. Furthermore, cubi-
tus varus is thought to shift the mechanical axis 
medially and lead to external rotational torque. 
Chronically present, this torque stretches the lateral 
collateral ligament, leading to posterolateral rota-
tory instability (PLRI). Additionally, some children 
may even develop posterior shoulder instability. 
Finally, subluxation of the ulnar nerve and medial 
head of the triceps over the medial epicondyle can 
produce pain, snapping, and parenthesis [20–28].

5.3.3  Treatment: Indications 
and Options

The treatment of supracondylar humerus frac-
tures in children continues to be a topic of discus-
sion and controversy.
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Complications of a supracondylar fracture and 
its treatment have included vascular compromise, 
compartment syndrome, neurological deficit, 
elbow stiffness, pin tract infections, myositis 
ossificans, nonunion, osteonecrosis, loss of 
reduction, and malunion [29]. Cubitus varus mal-
unions remain the most common complication of 
the more displaced supracondylar humerus frac-
tures [1]. Modern techniques of repairing supra-
condylar fractures have significantly reduced the 
incidence of cubitus varus malunion. However, 
despite modern orthopedic treatment, malunions 
continue to occur. The consequences of cubitus 
varus have included an increased risk of lateral 
condylar fractures, pain, tardy posterolateral 
rotatory instability, tardy ulnar nerve palsy, inter-
nal rotational malalignment, and poor cosmesis 
[29]. Historically, treatment for cubitus varus has 
been considered for cosmetic reasons only. 
Recent reports, however, show that these other 
consequences of cubitus varus may also be indi-
cations for operative reconstruction.

Lateral condylar fractures following cubitus 
varus remain a common complication seen by 
pediatric orthopedists [30]. Furthermore, cubitus 
varus is thought to shift the mechanical axis 
medially and lead to external rotational torque. 
Chronically present, this torque stretches the lat-
eral collateral ligament, leading to posterolateral 
rotatory instability [26, 27, 30–32]. Finally, sub-
luxation of the ulnar nerve and medial head of the 
triceps over the medial epicondyle can produce 
pain, snapping, and paresthesias [30, 32, 33]. The 
distal humerus malunion typically includes ele-
ments of varus, internal rotation, and hyperexten-
sion. The accuracy of the initial reduction of the 
fracture best predicts the incidence of subsequent 
deformity [34].

Numerous osteotomy techniques for treating 
supracondylar humerus malunions have been 
described. Traditional approaches include 
French, dome, and wedge osteotomies. Bellemore 
et al. reported their use of a supracondylar oste-
otomy on 16 patients using a modified French 
method. This technique, originally described in 
1959 as a lateral closing wedge through a poste-
rior approach, uses an intact periosteal hinge 
medially and two screws with a wire loop later-
ally to control the distal fragment [34]. Bellemore 

et al. found this technique to be safe and satisfac-
tory, with no infections or neurovascular compli-
cations [35]. Kanaujia et al. reported the use of a 
dome osteotomy to treat varus supracondylar 
malunions in 11 children. They performed this 
procedure through a posterolateral approach and 
the use of Ikuta’s fixation device and crossing 
Kirschner wires for fixation. The correction was 
satisfactory in all of the cases, and there was no 
serious complication [36]. Additionally, the use 
of various wedge osteotomies has been reported 
for the treatment of supracondylar malunions. 
Voss et al. and Wong et al. described lateral clos-
ing wedge osteotomies through lateral approaches 
in 36 and 27 patients, respectively [37, 38]. In 
general, all 63 patients did well postoperatively 
although Wong et  al. had concerns regarding 
prominence of the lateral condyle in 14 patients.

Other described techniques for the correction 
of supracondylar malunions include step-cut, 
interlocking wedge, and arc osteotomies. DeRosa 
and Graziano used a step-cut technique of distal 
humerus valgus osteotomy using one cortical 
screw for fixation in 11 patients. They found no 
radial or ulnar nerve injuries, nonunions, infec-
tions, or hypertrophic scars [39–41]. The most 
common means of stabilization of the osteoto-
mies have included casting alone, internal fixa-
tion, Kirschner pin fixation, and on occasion 
external fixation. These various types of osteoto-
mies address only the varus or extension compo-
nents of the malunion, leaving a residual 
rotational malalignment and at times disappoint-
ing results [42]. Three-dimensional osteotomies 
address varus, internal rotation, flexion/exten-
sion, and lateral translation [43].

A study of 25 patients who were randomized 
and underwent either the French (lateral closing 
wedge osteotomy) or a dome osteotomy found 
improved rotational correction using the dome 
method, but this technique was associated with an 
inadequate angular correction, nerve palsy, loss of 
motion, and circulatory compromise [44]. Ippolito 
et  al. performed 24 supracondylar osteotomies 
and reported 6 immediate postoperative compli-
cations, including ulnar nerve palsy, hematoma, 
and circulatory disturbance. Disappointingly after 
an average follow-up of 23 years, they found that 
all but 2 of the patients lost correction, 14 of the 
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patients were dissatisfied with the appearance of 
the scar, 12 of the patients had measurable  atrophy 
of the affected arm, and 10 of the patients had loss 
of motion [45].

Oppenheim et  al. performed 45 corrective 
supracondylar osteotomies in 43 children with a 
24% complication rate, including neurapraxia, sep-
sis, and cosmetically unacceptable scarring [46].

Newer techniques of percutaneous pin fixation 
versus casting alone and closer postoperative obser-
vation for correction of the deformity have decreased 
the complication rate to less than 15% [47].

5.4  Case Presentations

5.4.1  Case 1: Supracondylar 
Humerus Fracture

Patient is a 6-year-old female who sustained a 
supracondylar humerus fracture of her dominant 

right arm in a fall from a swing. Upon examina-
tion, she was found to have a Gartland type II 
fracture with minimal extension deformity with-
out a coronal plane deformity (Fig. 5.3). She was 
treated in a long arm cast for 4 weeks.

At 4 weeks, new radiographs showed that the 
fracture had angulated into more extension but 
the fracture was allowed to heal in this position 
(Fig.  5.4). After fracture union, the patient 
regained her motion over the next several months, 
but she developed a recurvatum deformity of the 
right elbow (Fig. 5.5a) but regained normal range 
of motion (Fig. 5.5b).

The patient presented at 1 year post-injury 
with complaints that she could not put weight on 
the arm due to it bending backward and she could 
not flex her elbow enough to reach her hair. She 
had no pain in her right arm. On physical exami-
nation, she was found to have 25° of recurvatum 
deformity and only 1000 of elbow flexion of her 
dominant right elbow.

a b

Fig. 5.3 Anteroposterior (a) and lateral (b) radiographs of the right elbow showing a displaced extension-type supra-
condylar humerus in a child (Gartland type II)
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Radiographs at that time demonstrated signifi-
cant extension deformity of the distal left 
humerus (Fig.  5.6a, b) but good coronal plane 
alignment as compared to the contralateral unin-
jured elbow (Fig. 5.6c, d).

After a thorough preoperative plan was devel-
oped and the potential risks and benefits of surgi-
cal correction were explained to the patient and 
her parents, a corrective, anterior closing wedge 
osteotomy of the distal humerus was 
undertaken.

Author’s Preferred Technique The patient was 
anesthetized and placed supine on the operating 
room table. A pneumatic tourniquet was applied 
to her right proximal arm, and the arm was 
prepped and draped in the usual sterile fashion. 
Preoperative motion was assessed under fluoros-
copy. A lateral approach to the distal humerus was 
performed through an incision positioned between 
the brachioradialis and the lateral head of the tri-
ceps. Care was taken to avoid injury to the radial 

nerve. A subperiosteal exposure was created to 
allow for small Hohmann retractors to be placed 
anteriorly and posteriorly around the distal 
humerus to provide adequate exposure and pro-
tect the surrounding soft tissues of the arm. A 
1.6 mm Kirschner wire (K-wire) was placed per-
pendicular to the shaft of the humerus at the level 
of maximal deformity, and a second K-wire was 
placed proximal to the first, in a 300° cephalad to 
caudal orientation to guide the osteotomy. The 
osteotomy was made through the anterolateral 
cortex and approached, but did not pass through, 
the posterior cortex. At this time, two 2.0  mm 
K-wires were placed percutaneous into the lateral 
epicondyle and passed up to the level of the oste-
otomy, and these K-wires were placed in a diver-
gent position, under fluoroscopic guidance. 
Osteoclasis was then performed with gentle elbow 
flexion to complete the osteotomy of the posterior 
humeral cortex while maintaining the integrity of 
the periosteum. Once the extension deformity was 
corrected and confirmed by  fluoroscopy, the 

a b

Fig. 5.4 Anteroposterior (a) and lateral (b) radiographs of the right elbow with the supracondylar fracture having 
healed with considerable extension deformity
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K-wires were advanced across the osteotomy and 
into the distal humeral diaphysis medially 
(Fig. 5.7). Final elbow range of motion was con-
firmed to be 0–130° and the exposure irrigated 
and closed in layers with absorbable sutures. The 
K-wires were then cut and bent 90° and wrapped 
with Xeroform gauze and their bases. A long arm 
cast was placed and univalved in the operating 
room prior to the patient being awoken (Fig. 5.8). 
Plans were made for cast and K-wire removal at 
4 weeks post-op in the office.

After K-wire removal, a long arm cast was 
replaced for an additional week to allow for 
additional healing of the osteotomy. Weight-
bearing and sports were prevented for 8 weeks 
after final radiographs to allow for recovery of 

elbow motion and strength and further healing of 
the osteotomy. At that point, the patient had a 
well- healed incision (Fig.  5.9), full pain-free 
elbow motion from 0° to 135° (Fig. 5.10), and a 
nicely aligned and healed distal humerus 
(Fig. 5.11).

5.4.2  Case 2: Supracondylar 
Humerus Fracture with Varus 
Alignment

Patient is a 16-year-old male who had sustained 
an elbow injury involving his nondominant left 
arm in a fall in Columbia, South America, at the 
age of 10. He was treated in a long arm splint for 
2  months and went on to heal his apparent 

a b

Fig. 5.5 Clinical photographs of the patient demonstrating a recurvatum deformity of the right elbow (a) and limited 
flexion of the right elbow (b)
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 supracondylar humerus fracture with consider-
able varus alignment.

Upon presentation, the patient denied elbow 
pain or instability and had full range of motion of 
his left elbow, but with an obvious varus “gun 

stock” deformity. His elbow motion was −5 to 
130° of flexion, with full forearm supination and 
pronation, but with obvious deformity. 
Radiographs demonstrated a 25° varus deformity 
of the left distal humerus and 10° of valgus, of 

a b

c

d

Fig. 5.6 Anteroposterior (a) and lateral (b) radiographs 
of the right elbow 1 year post-injury. The anterior humeral 
line (red line) does not pass through the capitellum (a). No 
varus or valgus deformity is appreciated (b). 

Anteroposterior (c) and lateral radiographs (d) of the con-
tralateral left elbow with the anterior humeral line (red 
line) passing through the capitellum (d). Each elbow has 
Baumann’s angle of 11° (a,c)
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the right humerus (Fig. 5.12). Baumann’s angle 
could not be measured as his physeal plates had 
already closed. After a thorough review of his 
radiographs and physical examination, the poten-

tial treatment options as well as the risks and ben-
efits were explained to his parents, and plans 
were made for a valgus-producing, closing wedge 
osteotomy of his distal humerus. Careful  attention 

a b

Fig. 5.7 Intraoperative fluoroscopic anteroposterior (a) and lateral (b) images of the right elbow without change in 
Baumann’s angle (a) and correction of the extension deformity (b)

a b

Fig. 5.8 Anteroposterior (a) and lateral radiographs (b) of the right elbow 4 weeks after osteotomy and correction of 
extension deformity with the arm maintained in a long arm cast
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Fig. 5.9 Clinical photograph of the right elbow after the 
K-wires and long arm cast had been removed

a

b

Fig. 5.10 Clinical photographs 8  weeks postoperative 
demonstrating full elbow extension (a) and flexion (b)

a b

Fig. 5.11 Anteroposterior (a) and lateral radiographs (b) of the right elbow after correction of the deformity and heal-
ing of the osteotomy. The anterior humeral line (red line) now transects the capitellum
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was made to avoid overcorrection of his varus 
deformity in an effort to avoid stretching of his 
ulnar nerve, in this 6-year-old deformity.

Author’s Preferred Treatment After exposure 
of the lateral distal humerus in the supine posi-
tion, two 1.6 mm K-wires are inserted from lat-

a

c

b

Fig. 5.12 Clinical photograph of a 15-year-old male with a “gun stock” deformity of his left elbow (a). Anteroposterior 
(b) and lateral radiographs (c) of his left elbow demonstrating a 25° varus malunion of the distal humerus
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eral to medial across the humerus at the level of 
the previous fracture/deformity. A single K-wire 
is placed perpendicular to the long axis of the 
humeral shaft, and then the second was placed at 
a 25° angle to the first with the tips of the K-wires 
meeting at the medial cortex. These K-wires are 
placed with fluoroscopic guidance. An oscillat-
ing saw was then used to create the 25° closing 
wedge osteotomy at the level of the maximum 
deformity. In each case, the saw was passed to 
the level of the medial cortex but not through it. 
Prior to completing the final osteotomy, two 
2.0  mm K-wires were placed percutaneously 
through the lateral humeral epiphysis to the oste-
otomy level. At this point, osteoclasis of the dis-
tal humerus was performed by gentle 
manipulation of the arm to close the osteotomy 
and translate the distal segment medially to 
avoid a prominent lateral condyle. The K-wires 
were then advanced across the osteotomy to pro-
vide stability to the osteotomy, and a third 
K-wire was added, to further stabilize the distal 
humerus osteotomy site. A long arm cast was 
applied and univalved in the operating room 
(Fig. 5.13).

The patient had his K-wires removed in the 
office at 4 weeks (Fig. 5.14), but the cast remained 
for an additional week. At 9 weeks  postoperatively, 
radiographs confirmed the correction of the 
angular deformity (Fig.  5.15), and physical 
examination revealed restoration of elbow motion 
(−10–130°) (Fig. 5.16).

5.4.3  Case 3: Long-Standing 
Deformity Following Humerus 
Fracture in Childhood

A 51-year-old Asian female who had sustained a 
fracture of the left and right elbows when she 
was 3 years and 5 years old, respectively. The 
fracture on the left side healed with a mild varus 
deformity after conservative treatment. The 
fracture on her right side healed with a severe 
varus deformity despite initial surgical treat-
ment at an outside hospital. Despite her defor-
mity, she ultimately worked as a nurse for 

30  years. When she started experiencing right 
elbow pain, she was referred for assessment and 
treatment. On examination, the patient was 
found to have severe varus deformity of her 
right elbow with elbow flexion of 1350° and 
elbow extension of −20°. Range of motion of 
her contralateral elbow was −10°/135° 
(Fig. 5.17). Plain radiographs of the right elbow 
demonstrated severe cubitus varus deformity 
with osteoarthritic changes of the ulnohumeral 
joint (Fig. 5.18).

A 3D deformity evaluation of the distal 
humerus was conducted using CT data. To obtain 
CT images, a low-radiation protocol (scan time, 
0.5  s; scan pitch, 0.562:1; tube current, 
20–150 mA; tube voltage, 120 kV) was employed. 
Bilateral 3D surface models of the humerus, 
radius, and ulna were then created from the CT 
data. Deformity was evaluated by comparing the 
affected side with the mirror image of the contra-
lateral side. Based on the 3D deformity evalua-
tion, a corrective osteotomy was simulated 
(Fig. 5.19) [48, 49].

A patient-specific guide (PSG) was designed 
and manufactured as a plastic model; it was made 
to fit exactly onto the surface of the humerus and 
assist in the creation of the osteotomy in accor-
dance with the preoperative simulation 
(Fig.  5.20a). A correction guide, which 
 maintained the correction of the osteotomy while 
internal fixation was being applied, was also 
manufactured (Fig. 5.20b). These plastic guides 
were created using a 3D printing machine 
(Eden250, Objet Geometries, Rehovot, Israel) 
with medical grade resin (RenShapeTM SL Y-C 
9300, Basel, Switzerland).

The osteotomy was created using the custom 
surgical cutting guide, followed by the use of 
the custom reduction guide restored the normal 
anatomy of the distal humerus. The distal 
humerus was exposed via the lateral approach, 
taking care to avoid the radial nerve, with the 
patient in the supine position if he/she has open 
physes, or via the posterior approach with the 
patient in the lateral decubitus position if he/she 
has closed physes. Once the posterolateral 
aspect of the humerus was exposed, the osteot-
omy guide was applied onto the posterolateral 
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a

b

Fig. 5.13 Anteroposterior (a) and lateral radiographs (b) 
after a closing wedge osteotomy was performed and the 
osteotomy stabilized with three K-wires and the applica-
tion of a long arm, univalved cast

a

b

Fig. 5.14 Anteroposterior (a) and lateral radiographs (b) 
4 weeks postoperatively of the left elbow following clos-
ing wedge osteotomy, pin removal, and re-application of a 
long arm cast
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surface of the distal part of the humerus, where 
the lateral epicondyle and lateral half of the 
olecranon fossa serve as good landmarks. We 
verified that all edges of the guide were in exact 
contact with the bone surface. The guide was 
then fixed to the humerus with Kirschner wires 
(2.0  mm) inserted through the metal sleeves 
mounted on the guide. The osteotomy was cre-
ated with a bone saw through the cutting slits on 
the guide, and the wedge-shaped bone segment 
was removed. The deformity correction was 
then achieved by bringing the Kirschner wires 
into a parallel position and held reduced with 
the aid of the reduction guide (Fig. 5.21). Stable 
internal fixation was accomplished with plates 
and screws, while the correction was main-
tained, per the preoperative plan (Fig. 5.22).

One year postoperatively, the osteotomy was 
healed, and the previous varus deformity was 
corrected (Fig. 5.23). Patient recovered her elbow 
range of motion, had improved appearance and 

decreased pain, and was very satisfied with her 
overall outcome (Fig. 5.24).

5.4.4  Case 4: Residual Deformity 
of Childhood Humerus 
Fracture Treated 
Nonoperatively

An 18-year-old Asian male who sustained a frac-
ture of his left elbow at the age of 7 years. The 
fracture was treated nonoperatively and healed 
with a residual deformity. Patient had good func-
tion and little difficulty with ADLs until he started 
feeling pain after falling onto his left elbow while 
playing basketball 2 years prior to his presenta-
tion. Upon presentation, the patient reported 
elbow pain and a sense of instability of the elbow.

Physical examination revealed a cubitus varus 
deformity of the left elbow with a range of motion 
of 120° of flexion and full extension (Fig. 5.25a). 
Range of motion of his contralateral elbow was 
135°/10°. Radiographs of the left elbow were 
consistent with a healed varus deformity and lat-
eral collateral ligament instability (Fig. 5.25b, c). 
Range of motion of his left shoulder revealed 
increased internal rotation of 30° compared to his 
contralateral side, implying the presence of a 
considerable external rotation deformity of the 
distal humerus. Varus stress test and PLRI test of 
the left elbow were positive. It was determined 
that his instability resulted from his distal 
humerus malunion.

A 3D deformity evaluation was conducted 
using CT data. To obtain the CT images, a low- 
radiation protocol (scan time, 0.5  s; scan pitch, 
0.562:1; tube current, 20–150 mA; tube voltage, 
120  kV) was performed with the patient in the 
prone position and his arms elevated and extended 
overhead. Bilateral 3D surface models of each 
humerus, radius, and ulna were created. 
Deformity was evaluated by comparing the 
affected side with the mirror image of the contra-
lateral side. Based on 3D deformity evaluation, 
corrective osteotomy was simulated (Fig.  5.26) 
[48, 50].

a

b

Fig. 5.15 Anteroposterior (a) and lateral radiographs (b) 
of the left elbow after complete healing of the osteotomy 
and correction of the alignment of the distal humerus
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a b

c

Fig. 5.16 Clinical photographs confirming the correction of the alignment of the patient’s left elbow (a), with mainte-
nance of the full range of motion of his left elbow (b,c)
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A PSG was designed and manufactured to fit 
exactly on the posterolateral aspect of the distal 
humerus as a guide to creating the osteotomies 
according to the preoperative simulation 
(Fig.  5.27) [48, 49]. A custom-made plate was 
also designed and manufactured specifically for 
this patient (PSG and custom-made plates were 
provided by Teijin Nakashima Medical Co., Ltd., 
Okayama, Japan).

Intraoperatively, the osteotomy was carried 
out using a PMI and a custom-made plate, as per 
our preoperative CT reconstructions (Fig. 5.28a–
c). The loose ulnar collateral ligament was recon-
structed using palmaris longus tendon as a graft 
material (Fig. 5.28d).

At 1-year follow-up, the osteotomy has healed 
with complete correction of the deformity 
(Fig. 5.29a). At 1 year, the patient had regained 
normal limb alignment, and normal elbow range 

of motion, without further complaints of elbow 
instability (Fig. 5.29b–d).

5.4.5  Case 5: AO Type C3 Distal 
Humerus Fracture

A 59-year-old Asian woman injured her left, non-
dominant arm, in a fall from a bicycle, sustaining 
an AO type C3 distal humerus fracture. She was 
treated with closed reduction and pinning with 
K-wires at an outside hospital (Fig. 5.30).

At 5  months after the initial injury, she was 
referred to our institution complaining of pain 
and restricted elbow motion. Her total range of 
elbow motion was 40°, flexion of −50° to flexion 
of 90° (Fig. 5.31). Plain radiograph and CT scan 
were consistent with an intra-articular malunion 
(Fig. 5.32).

a b

c

Fig. 5.17 Clinical photos of a 51-year-old Asian female 
with a long-standing post-traumatic deformity of her right 
elbow following a right distal humerus fracture as a child. 

Patient has a varus deformity of her elbow (a) and a flex-
ion contracture of approximately −35 degrees (b), with 
good elbow flexion (c)
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Three-dimensional computer models of both 
humeri were constructed from CT data and ana-
lyzed using commercially available software 
(BoneViewer™ and BoneSimulator™, Orthree, 
Osaka, Japan). Digitally, each fragment was 
manually segmented, and an intra-articular oste-
otomy was simulated using the mirrored model 
of the contralateral normal humerus. 
Repositioning of the lateral epicondyle by 8 mm 
proximally and the anterior part of the capitu-

lum by 3  mm distally brought about a perfect 
reconstruction of the articular configuration in 
the simulation. In the digital images, the yellow 
and pink segments are the malunited anterior 
portions of the capitellum and lateral condyle, 
which are repositioned distally and proximally, 
respectively, in the post-correction model 
(Fig. 5.33).

For the surgical procedure, the patient was 
positioned supine with a tourniquet applied on 
the upper arm. An olecranon osteotomy was 
made in a chevron fashion through a midline pos-
terior skin incision. The malunited lateral epicon-
dyle was osteotomized and reflected distally, 
while the origins of the common extensor and 
lateral ligamentous structure were maintained. 
Despite the intra-articular step-off, most of the 
articular cartilage remained intact. The intra- 
articular osteotomy was performed through the 
original fracture line at the humeral capitulum 
with an osteotome (Fig. 5.34a). The fragments of 
the capitellum and the lateral epicondyle were 
reduced according to preoperative computer 
planning (Fig. 5.34b). The fragments of the capi-
tellum were fixed with two double-threaded 
headless screws. The lateral epicondyle fragment 
and the olecranon were reduced to the humerus 
and stabilized with a tension band wiring tech-
nique. After closure, a posterior splint was main-
tained for 3 days before range-of-motion exercise 
started.

Eleven months later, the implants were 
removed from the olecranon and lateral epicon-
dyle. Two years postoperatively, the patient 
reported no pain and showed almost normal 
range of elbow motion (5–140°) with good stabil-
ity (Fig. 5.35).

Radiographs at 2 years showed no evidence of 
avascular necrosis or arthrosis, and a CT scan 
demonstrated anatomical reduction of the distal 
humerus articular surface (Fig. 5.36).

5.5  Summary

Supracondylar distal humerus fractures are one 
of the most common, if not the most common, 
fractures in children between the ages of 2 and 

Fig. 5.18 Anteroposterior radiograph of the malunited 
distal humerus demonstrating the ulnohumeral 
osteoarthritis
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a

d e

b c

Fig. 5.19 CT reconstructed images of the right upper 
extremity is compared with the CT reconstructed image of 
the left upper extremity (a, b). The humeri are superim-

posed onto each other enabling 3D quantification of the 
deformity (c), the closing wedge osteotomy is designed 
(d), and the e-correction is simulated on a computer (e)
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12  years. These fractures most commonly 
occur as a result of a fall onto the outstretched 
hand while the child is playing on an elevated 
structure. The majority of the fractures are 
“extension” type although fractures of the 
“flexion” type are also known to occur gener-
ally as a result of a fall directly onto the point 
of the olecranon. The traditional classification 
of these fractures by Gartland delineates the 
direction of displacement of the distal frag-
ment and the degree of its displacement. Acute 
treatment of these fractures generally includes 
either closed or open reduction and fixation 
often with laterally based K-wires and casting. 
Unfortunately, malunions of the distal humerus 
are still known to occur and when significant 
can result in a loss of elbow motion, cosmetic 
deformity, rotational instability of the elbow, 
and late ulnar nerve compromise. The opera-
tive treatment for distal humerus malunions 
generally includes an osteotomy of the distal 
humerus, restoration of normal alignment and 
rotation of the distal fragment, and stable inter-
nal fixation. The goals of treatment include 
restoration of elbow function, prevention and 
avoidance of complications, and improvement 
in the appearance of the elbow. This chapter 
reviews the development and treatment of 
supracondylar malunions and presents several 
case studies utilizing common and effective 
means for malunion corrections.

a

b

Fig. 5.20 The patient-specific guide (a) and correction 
guide (b) were designed and fabricated
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a b c

d e f

Fig. 5.21 With the patient in a prone position, a posterior 
incision and a lateral para-triceps exposure were per-
formed to expose the posterolateral aspect of the distal 
humerus (a). The PSG is attached to the humerus with 
K-wires inserted through the guide holes (b), and the oste-

otomy is created by carefully sawing through the cutting 
guides and the bone wedge removed (c). The distal 
humerus is then reduced and the reduction maintained by 
positioning the correction guide over the originally placed 
K-wires (d–f)
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Fig. 5.22 Fixation plates are pre-contoured to stabilize 
the distal humerus after the correction osteotomy has been 
carried out

Fig. 5.23 The pre-contoured plates are fitted and secured 
medially and posterolaterally to the distal humerus, to sta-
bilize the osteotomy site, and the correction guide is 
removed
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a b

c

Fig. 5.24 One year postoperatively, the patient has a normally aligned right upper extremity with full extension and 
flexion of her right elbow (a–c)

a cb

Fig. 5.25 Left cubitus varus deformity was apparent pre-
operatively (a). Anteroposterior radiograph also shows 
varus deformity with widening of the radiocapitellar joint 
(b, star). Intraoperative fluoroscopic images confirm his 

posterolateral rotatory instability (PLRI) with the radial 
head dislocating posteriorly (c, red arrow) when a valgus 
stress and external rotation force were applied to the 
elbow
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Fig. 5.26 The left upper extremity is compared with the 
mirror image of the contralateral side (a).The proximal 
portions of the humeri are superimposed enabling a 3D 

quantification of the deformity (b). A closing wedge oste-
otomy (c,d) and correction are simulated on a computer (e)

a b c
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e f

Fig. 5.26 (continued)
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Fig. 5.27 Based upon the CT reconstructions and the 
comparisons between the two sides, a PSG is designed 
(a). The PSG is positioned along the posterolateral surface 
of the distal humerus (b). Predrilling for screws and the 
wedge osteotomy was conducted through the drill sleeves 

and cutting slits on the PSG (c,d). Varus deformity is cor-
rected by closing the osteotomy site (e–g). A custom- 
made plate is applied on the lateral aspect of the distal 
humerus and stabilized with screws inserted through the 
predrilled holes (h)

a b c

d e f

5 Malunions of the Distal Humerus



114

g h

Fig. 5.27 (continued)

J. Borrelli Jr. et al.



115

a b

c d

Fig. 5.28 The distal humerus was exposed and through a 
posterior approach as previously described (a). The PSG 
was placed on the lateral aspect of the exposed humerus 
and held in position with several K-wires (b). The osteot-
omy was conducted through the cutting slits of the PSG 

and the bone wedge removed (c). A custom-made plate 
was applied to the lateral side of the distal humerus (d, 
black star). The lateral ulnar collateral ligament was 
reconstructed (white arrow)
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a b

d

c

Fig. 5.29 Anteroposterior radiograph of the distal 
humerus 1 year following osteotomy and correction of 
deformity (a). Clinical photographs of the patient demon-

strating excellent left upper extremity alignment and full 
range of flexion and extension of his left elbow (b–d)
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a b

Fig. 5.30 Anteroposterior (a) and lateral (b) postoperative radiographs of an intra-articular distal humerus fracture 
with residual intra-articular displacement
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a

c

Fig. 5.32 Preoperative anteroposterior radiograph (a) 
demonstrates the intra-articular malunion of the distal 
humerus. A CT scan preoperatively further demonstrates 
the articular step-off of the capitulum (b, arrow)

a

b

Fig. 5.31 Clinical photographs demonstrating the exten-
sion (a) and flexion (b) of the left elbow after healing of 
the original fracture and before corrective osteotomy and 
fixation
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a b

c d

Fig. 5.33 Computer-reconstructed models including an 
anterior (a) and a lateral view (b) of the preoperative distal 
humerus. Computer-reconstructed models including an 

anterior (c) and a lateral view (d) of the osteotomized, 
reduced, and stabilized distal humerus
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a b

Fig. 5.34 Intraoperative photographs of the exposed distal humerus. The anterior portion of the capitulum was osteoto-
mized through the original fracture line (a, star) and reduced, followed by temporary K-wire fixation (b, white arrow)

a

b

Fig. 5.35 Clinical photographs demonstrating full post-
operative extension (a) and flexion (b) of the elbow
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a

c

b

Fig. 5.36 Postoperative radiographs including an anteroposterior (a) and lateral (b) radiograph and CT scan (c) dem-
onstrating excellent correction of the intra-articular malunion
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Malunions of the Forearm

Fred G. Corley and Ben S. Francisco

6.1  Introduction

The forearm is a distinctive anatomic structure in 
that it functions as a joint. Because of this unique 
quality, fractures of the radius and ulna should be 
approached as if they are articular fractures. 
Failure to restore minute perturbations of the 
angulation, length, or rotation of the radius or 
ulna ultimately impacts the function of the proxi-
mal radioulnar joint (PRUJ) and distal radioulnar 
joint (DRUJ). Consequently, forearm supination 
and pronation are altered. These effects, if severe 
enough, lead to impaired function as well as cos-
metic deformity.

However, if the glenohumeral joint has normal 
function, some of the functional limitation can be 
compensated for [1]. In addition, Morrey et  al. 
[2] assessed normal forearm rotation in 33 nor-
mal subjects. They determined that 50° of 
pronation- supination is necessary for most ADLs 
[2]. This is important to note, because even if 
patients have a malunion, they can get along sat-
isfactorily, so long as they can perform the day- 
to- day tasks required of them.

It should be noted however that the bone is not 
the only structure involved in the malunion. 
Significant soft tissue disruption, especially the 
interosseous membrane (IOM), can occur at the 
time of injury. As these structures heal, they too 
can contribute to the final malunion by healing in 
a contracted, non-anatomic position. This, in 
addition to the bony deformity, contributes to 
decreased forearm range of motion, pain, and 
disability.

Grace and Eversmann indicate, “Success in 
the treatment of fractures of one or both long 
bones of the forearm means that union of the 
fracture is achieved with minimum restriction of 
motion in the forearm, wrist, and elbow, and with 
restoration of good muscle strength without pain. 
The merits of any treatment regimen should be 
judged on these criteria because failure to achieve 
any one of them will compromise the functional 
result” [3]. This viewpoint was further validated 
by Schemitsch and Richards who maintained, 
“the recovery of function after a fracture of both 
bones of the forearm is dependent on the return 
of rotation of the forearm, the maintenance of a 
functional range of motion of the elbow and 
wrist, and the recovery of grip strength” [4].

6.2  Historical Perspective

Historically, closed reduction and conservative 
management of forearm fractures lead to unac-
ceptable results [5–8]. However, Sarmiento et al. 
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[9] report satisfactory results with closed reduc-
tion, above-elbow casting, and then transitioning 
to a functional brace. Failure can be multifacto-
rial including, but not limited to, nonunion, angu-
lar or rotational malunion, distal or proximal 
radioulnar joint abnormalities, persistent pain 
and/or discomfort, and limitation of forearm 
supination and pronation. All of these factors can 
lead to impaired daily function.

For example, Knight and Purvis reported 
unsatisfactory outcomes in 71% of their 41 
patients treated conservatively with longer times 
to union and angular and rotational deformities 
resulting in limitations in supination and prona-
tion. In addition, they reported a 12% nonunion 
rate and 60% of the fractures had residual rota-
tional deformities of 25–60° [5]. In their series of 
92 patients treated with closed reduction and 
immobilization in a long arm cast, Bolton and 
Quinlan reported 38% of their patients suffered a 
clinical cosmetic deformity and 4% went on to 
nonunion. With regard to forearm rotation, 41% 
of cases resulted in impaired function, and 26% 
had a major loss of forearm range of motion. 
Perhaps most telling is that 11% of patients were 
unable to return to his or her previous employ-
ment but were able to find a lighter type of work 
or work that did not entail substantial financial 
loss. Twelve percent had significant disability 
and suffered substantial financial loss [7]. 
Hughston stated that of the 38 cases of Galeazzi 
fractures initially managed non-operatively, 92% 
resulted in failure or unsatisfactory results by his 
study group’s standards. Fourteen percent went 
on to nonunion. The criteria for an unsatisfactory 
result are one or more of the following: nonunion, 
shortening, subluxation at the distal radioulnar 
joint (DRUJ), or dislocation of the DRUJ, and 
some degree of limitation of supination [6].

Given the high incidence of failure by closed 
conservative means, this led investigators to treat 
these fractures with internal fixation. Various 
operative methods were employed. Authors 
employed intramedullary pins or rods and differ-
ing types and plates and screws [5, 6, 8, 10–18]. 
These methods improved the overall outcome of 
fractures of the forearm. Union rates were 

improved, and disability from forearm rotation 
deficits was diminished.

Sage and Smith [10] reported on a case series 
of 555 fractures in 338 patients treated with vari-
ous methods of intramedullary fixation and post-
operative immobilization in a long arm cast. 
Satisfactory results of less than 20° elbow range 
of motion (ROM) limitation and less than 60° 
limitation of pronation and supination were pro-
duced in 82% of patients. When the open frac-
tures were excluded, a 17% nonunion rate was 
found.

Hughston [6] presented 41 cases of Galeazzi 
fractures, 3 were operated on without a trial of 
conservative management, and the other 38 were 
initially managed non-operatively. As discussed 
previously, these 38 cases had unsatisfactory out-
comes. Three had good results and required no 
further treatment. Seven of the 38, despite failure, 
refused surgical treatment. Twenty-eight subse-
quently submitted to operative fixation. Twenty- 
one of these cases were operated on within 4 
weeks of fracture, while 7 were operated on after 
4  weeks with average time to operation being 
6 months.

In the early group, a variety of methods were 
employed, including intramedullary pins, screw 
fixation, four-hole plates and screws, double 
onlay bone graft and four screws, and transfix-
ation pins, and one was treated with open reduc-
tion and no fixation. And the late group was 
treated with double onlay bone graft, intramedul-
lary pins and bone graft, distal ulna resection, 
onlay bone graft and ulnar shortening, and 
Kirschner intramedullary wires, bone graft, and 
distal ulna resection.

The early operative group had 14 satisfactory 
outcomes, while the other 7 had unsatisfactory 
outcomes including nonunion, delayed union, 
and persistent angulation and ulnar subluxation. 
Eighty percent of those treated with plates and 
screws or onlay grafts and screws had a satisfac-
tory result. The other methods did not produce 
such good results. In the late group, three had sat-
isfactory outcomes with six having unsatisfac-
tory outcomes of nonunion, delayed union, and 
malunion.
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Sage [11] then reported on 82 fractures in 50 
patients wherein he used intramedullary rods to 
stabilize the fracture and then immobilized them 
in a long arm cast postoperatively. Eighty-nine 
percent of these fracture united, 5% had a delayed 
union but subsequently united, and 6.2% experi-
enced nonunion.

Jinkins et  al. [12] reported on 65 cases of 
both-bone forearm fractures. Forty-nine were 
acute fractures, and 16 were nonunions at the 
time of presentation. These were treated with a 
variety of methods.

Of the 49 acute fractures, 33 were treated with 
open reduction and internal fixation using plates 
(contact splints), 28 with autogenous iliac crest 
bone graft, and 5 without autogenous bone graft. 
Four of the 28 with no bone grafting developed 
nonunions, whereas there were no nonunions in 
the 5 treated with initial bone grafting. Ten of the 
acute fractures were treated with plating of the 
ulna and an intramedullary rod in the radius. 
There were no nonunions in this group. Seven 
were treated with a plate on the radius only and 
no bone grafting, and one went on to develop a 
nonunion. One acute both-bone forearm fracture 
was treated with a plate on the radius and an 
intramedullary rod in the ulna with no bone graft, 
and this healed without problem.

Of the 16 fractures that presented as non-
unions, 11 received plates to the radius and ulna, 
2 without bone graft and 9 with bone graft. Two 
were treated with plating of the ulna and an intra-
medullary rod in the radius and bone graft, and 
these healed. One nonunion was treated with rods 
in both the radius and ulna, and this healed. Of 
the final two, one had a large amount of bone loss 
in the midshafts and was converted to a one-bone 
forearm with a rod from the proximal ulna to the 
distal radius and bone graft. This continued as a 
nonunion. The other was treated with a plate 
from the proximal ulna to the distal radius with a 
plate and bone graft and subsequently united.

Burwell and Charnley [8] reported on a series 
of 150 fractures of radial and/or ulnar shafts 
treated with plates and screws. They noted that if 
three screws were used on both sides of the frac-
tures, 95% united. Of those fractures treated with 
two screws on both sides of the fractures, 64% 

united. Of the 38 failures they reported, 21% had 
osteoporotic bone, 34% had comminution, and 
73% were treated with closed methods initially.

Sargent and Teipner [16] reported 100% union 
in a series of 29 diaphyseal forearm fractures 
treated with plating of both the radius and ulna. 
They divided their patients into three groups. In 
those patients without another associated extrem-
ity injury, they reported a less than 10-degree 
supination or pronation loss. In the three patients 
with an associated soft tissue or bony injury to 
the same, one patient developed a radioulnar syn-
ostosis, one regained near-complete forearm 
rotation, and one lost 10° of supination only. The 
other four patients had associated fractures or 
dislocations at the proximal forearm. The first 
patient developed a radioulnar synostosis, and 
the others had near-complete forearm range of 
motion.

Dodge and Cady [18] reported on a cohort of 
119 fractures in 78 patients treated with open 
reduction and internal fixation using swiss soci-
ety for fracture fixation (ASIF) compression 
plates. Forty-one patients sustained both-bone 
fractures, 28 of which were treated with fixation 
of both the radius and ulna and 13 were treated 
with plating of the radius only. Twenty-one 
patients had Galeazzi fractures, 14 patients had 
fractures of the radius in the middle or proximal 
thirds, and 2 had fractures of the ulna only. They 
reported the following complications: 5% loss of 
fixation, 13% implant corrosion, 13% infection, 
1% refracture, 10% transient neuropathy of the 
superficial branch of radial nerve, and 22% loss 
of motion. Interestingly three of the four patients 
who had loss of fixation had a four- hole plate 
implanted, and they stated that they switched to 
the shortest plate being a five-hole plate.

Neglecting nonunion secondary to infection, 
the authors reported eight cases of delayed union 
and three cases of nonunion. Two of these had 
been treated with a four-hole plate and required 
bone grafting and eventually healed with limited 
forearm ROM, two experienced delayed union, 
and the other seven were in both-bone forearm 
fractures wherein the radius had been plated, but 
the ulna had not, and the ulna experienced 
delayed union.

6 Malunions of the Forearm
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As techniques continued to improve, a shift in 
treatment moved toward plating of both the 
radius and ulna with union rates above 96%, min-
imal complications, and overall satisfactory out-
comes [4, 19–22]. However it should be noted 
that regardless of plate fixation, those with open 
fractures or those with both-bone forearm frac-
tures tend to do worse with regard to forearm 
rotation [3].

6.3  Types of Malunion

Generally speaking, malunions of the forearm are 
due to angular or rotational deformities or a com-
bination of both. Angular deformities are much 
easier to appreciate on standard radiographs. 
Rotational deformities can be much more subtle 
and often require more sophisticated methods for 
evaluation and even then can be difficult to 
identify.

It is vital to assess for rotational malunion, 
especially if the patient’s decreased forearm 
ROM cannot be fully attributed to a marginal 
angular malunion. Otherwise, the patient may 
continue to have decreased forearm ROM even 
after surgical correction of the angular 
malunion.

Various authors [23–28] have looked at these 
aspects of malunion, either in isolation or in com-
bination. Various methods have been employed, 
but unfortunately, much of the work has focused 
on cadaver specimens. Cadaver models cannot 
take into account the inevitable associated soft 
tissue injuries that occur at the time of fracture. 
Consequently, scarring and contracture of the 
IOM that occurs with forearm fractures cannot be 
assessed. This is reflected in the work of 
Sarmiento et al. whose cadaver model when com-
pared to clinical results provided comparable but 
not exact results of forearm rotation. In addition, 
Sarmiento et al. point out that actual angulation 
of fractures sustained by patients are subtly dif-
ferent, “or out of plane,” as compared to fractures 
created in the lab. For example, an actual fracture 
will likely have a component of dorsal or volar 
angulation, in addition to radial and ulnar devia-
tion [25].

Tynan et al. [26] assessed rotational malunion 
in the midshaft of the ulna only using six fresh- 
frozen cadavers with intact soft tissues. After dis-
section was performed, a custom, adjustable, 
internal fixation plate was then applied to the 
osteotomy created in the midshaft of the ulna. A 
simulated rotational malunion of the ulna was 
then created in 0, 15, 30, and 45° of supination 
and pronation. Rotation was then simulated by 
applying torque in increasing increments through 
a cable attached to a wheel. As the degree of ulnar 
pronation malunion increased, pronation 
increased, and supination decreased and vice 
versa for a supination malunion. When the ulna 
was fixed in 45° of pronation malunion and the 
highest torque was applied, a mean loss of 20° of 
supination was noted. A simulated supination 
malunion of 45° leads to a mean loss of 18° of 
pronation. These findings support previously 
reported data that a malunion of the radius results 
in greater losses of forearm rotation [24]. 
Furthermore, if other studies [23–25] are accu-
rate with regard to 20° loss of supination/prona-
tion not interfering with ADLs, then rotational 
malunion of the ulna is clinically insignificant.

Dumont et  al. [28] used five fresh-frozen 
cadavers to create simulated rotational malunions 
in mid-diaphysis of the ulna and radius leaving 
all of the soft tissues intact. The osteotomies were 
rotated by 10° increments if an isolated bone was 
being evaluated or 20° if both bones were being 
evaluated. The bones were then fixed in place 
with the use of a custom-made metal implant. 
Maximum rotational malunion was 80° for each 
isolated bone and 60° if both bones were rotated 
to a malunion spot simultaneously. When looked 
at in isolation, simulated malunion of the radius 
had the greatest effect on reducing forearm ROM, 
especially if the radius was malunited in supina-
tion, rather than pronation. The ulna had the least. 
When both bones were malunited, if they were 
malunited in the same direction, the results were 
similar to the isolated malunion results. If both 
bones were malunited in an opposite direction, 
then ROM was limited the most.

Matthews et  al. [23] used ten fresh cadavers 
with the soft tissues around the osteotomy sites 
removed to create angular malunions of both the 
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radius and ulna. Osteotomies were created in the 
mid-diaphysis of both the radius and ulna, and 
then custom-fabricated plates were applied to the 
osteotomy sites. The plates were fabricated at 
angles in the coronal and sagittal planes of 0°, 
10°, and 20°, respectively. It was impossible to 
create 20-degree malunions of both bones toward 
the IOM. Nor did they test malunions of one or 
both bones away from the IOM, stating that this 
deformity is not frequently found in clinical situ-
ations and if it is seen implies gross damage to 
the soft tissues.

They reported that 10° angulation in any 
direction of a single bone in its middle third 
resulted in reduction of pronation or supination 
of less than 20°. In addition, this degree of 
angulation in some specimens produced an 
unacceptable cosmetic appearance. A simulated 
malunion of 20° in any plane produced a statis-
tically and clinically significant loss of rotation 
due to the bones impinging on each other or by 
tension on the IOM. In addition, this degree of 
angulation produced a significantly deformed 
appearing limb. Supination or pronation or both 
decreased below the necessary 50° of rotation 
threshold as proposed by Morrey et al. [2] when 
the degree of angulation in any plane was 20°. 
As a cadaver study, factors such as grip strength, 
probability of and time to union, how these sim-
ulated malunions truly impact the patient’s 
function, and how long the patient will be dis-
abled by his or her injury are unable to be 
assessed.

Tarr et al. [24] simulated malunions created in 
middle and distal thirds of the radius and ulna in 
six fresh-frozen cadavers, with preservation of 
the soft tissues surrounding the osteotomy sites. 
They replicated malunions in 5-degree incre-
ments from 5° to 30° of angulation in radial and 
ulnar deviation and in volar and dorsal angula-
tion. In general, their results correlated with 
results of Matthews et al. for angular deformities. 
They reported that angular deformities of the dis-
tal third, rather than the middle third, resulted in 
more of a loss of pronation than supination. 
Whereas, angular deformities of the middle third 
resulted in a drastic loss of supination as com-
pared to distal third deformities. This built on the 

results of Matthews et  al. [23] as they investi-
gated malunions in the mid-diaphysis only.

Sarmiento et al. [25] simulated angular defor-
mities of either the radius or ulna at 5°, 10°, or 
15° of volar, dorsal, radial, or ulnar angulation in 
the proximal, middle, or distal third of the respec-
tive bones of 18 fresh cadavers. They noted that 
as the angulation of the radius increased, loss of 
motion increased. Pronation was more affected 
with increasing angulation of the distal third of 
the radius, and supination was most affected with 
increasing angulation of the middle third of the 
radius. They also determined that angulation of 
the middle third of the ulna produced a larger 
decrease in range of motion, than did angulation 
of the proximal third of the ulna.

The data from the cadavers were then com-
pared to clinical and radiographic results of 105 
patients treated conservatively. They also 
included results from their previous cadaver 
study of both-bone forearm malunions [24]. 
Their cadaver results demonstrated that angula-
tion of the radius or ulna in the coronal or sagittal 
planes reduced pronation and supination by less 
than 24° and in most cases less than 20°. When 
the experimental cadaver results were compared 
to the patients’ clinical findings, the study group 
was able to predict the clinical loss of pronation 
and supination to within 17% when the radius 
was fractured and within 8% when the ulna was 
fractured.

They reiterated that the level of the fracture, 
not just the degree of angulation, is important to 
take into account, as a fracture of the distal third 
of the radius limits forearm rotation differently 
than does a fracture of the middle third of the 
radius. The same is also true for the ulna.

McHenry et  al. [27] assessed the effects of 
ulnar displacement on forearm rotation. Using 
seven fresh-frozen cadaver forearms, they cre-
ated osteotomies at the junction of the proximal 
and middle thirds, in the mid-diaphysis, and at 
the junction of the middle and distal thirds of the 
ulna. These were then plated in 0, 50, and 100% 
in radial, ulnar, dorsal, and volar displacement at 
the above stated osteotomy sites. The forearms 
were then taken through a range of motion, and 
supination and pronation deficits were assessed. 
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The amount of supination lost was less than 15° 
regardless of which combination of displacement 
was assessed. Pronation loss was less than 10° at 
the distal osteotomy site, 19 and 20° with 100% 
radial and ulnar displacement at the middle oste-
otomy site, and, at the proximal osteotomy site, 
19° with 50% radial displacement, 41° with 
100% radial displacement, and 33° with 100% 
ulnar displacement. All other combinations of 
displacement resulted in less than 15° of loss of 
pronation. They concluded that forearm range of 
motion might be good with 100% displacement 
of a distal third ulna fracture and 50% displace-
ment of a midshaft ulna fracture. A midshaft frac-
ture with more than 50% displacement and a 
displaced proximal fracture should be treated 
operatively.

6.4  Anatomy of the Forearm

The forearm is composed of the radius and ulna, 
and the “forearm joint” is the result of the inter-
play between these two bones at their two distinct 
articulations proximally and distally, the proxi-
mal radioulnar joint (PRUJ) and the distal radio-
ulnar joint (DRUJ). Interposed between these 
two joints and the two bones is the interosseous 
membrane (IOM), which provides stability to the 
forearm and transfers forces from the distal 
radius and ulna proximally, as well as stabilizing 
the PRUJ and DRUJ [29–32]. The coordinated 
action and stability provided by these three struc-
tures allow the forearm to function appropriately. 
The forearm axis of rotation passes from the cen-
ter of the radial head through the fovea of the dis-
tal ulna [33], thereby allowing the mobile radius 
to rotate around the fixed ulna 150–180° as the 
forearm musculature moves the hand from prona-
tion to supination. Working simultaneously with 
the carpus, this degree of freedom provides the 
forearm with the ability to position the hand intri-
cately in space.

Varying authors have determined forearm 
range of motion with 68–70° pronation and 
75–85° supination being average [2, 24, 34]. 
However, Morrey et  al. noted that only 55° of 
supination and 50° of pronation are needed for 

most activities of daily living (ADLs), indicating 
that supination is needed more than pronation.

6.4.1  Bony Anatomy

The radius is a long bone with proximal and dis-
tal epiphyses. At the proximal end, the radial 
head is nearly round and articulates with the ulna 
in its radial fossa and the capitulum of the 
humerus. As the radius moves distal, it narrows to 
form the radial neck. On its ulnar side, there is a 
bony prominence called the radial or biceps 
tuberosity, where the biceps tendon inserts. In its 
midsubstance, the radius is triangular in shape. 
The ulnar border is the apex of the triangle and is 
the origin of the IOM.

In addition, the radius has three bows. At the 
distal one-fifth, the radius has a convex dorsal 
bow and at the proximal one-fifth a convex ven-
tral bow. The middle three-fifths contains the 
most prominent radial bow. This bow corre-
sponds to the insertion sites of the pronator teres 
and supinator muscles; hence, the radial bow is 
vital in ensuring correct forearm rotation. A frac-
ture in this area leads to the most disability if the 
fracture is not anatomically aligned, as the lever 
arms of these respective muscles are shortened 
[12]. Interestingly, in Burwell and Charnley’s 
series of 231 fractures in 150 adult patients, 93% 
of radius fractures occurred in the middle three- 
fifths of the radius [8], and Sage and Smith 
reported that three-fifths of their radius fractures 
were found in the middle third [10].

Therefore, in forearm fractures, the radial bow 
must be restored, or else loss of rotation will 
ensue. Schemitsch et  al. [4] demonstrated the 
method by which the apex of the radial bow can 
be found. This is foundational in the treatment of 
forearm fractures and the prevention of anatomic 
and rotational malunion.

At its distal end, the radius flares to receive 
articulations with the ulna at the sigmoid notch 
and the lunate and the scaphoid at the lunate and 
scaphoid fossae and also forms the radial styloid 
on the radial side to receive the insertion of the 
brachioradialis. The radius rotates about the ulna 
150–180°. This arc of rotation has a longitudinal 
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axis that is centered in the radial head proximally 
and at its distal end passes through the center of 
the ulnar head and consequently the index finger. 
As the radius rotates around the ulna, the ulna 
moves in a varus-valgus direction about 9° at the 
elbow, thus allowing the ulna to move out of the 
way of the rotating radius distally [35].

The ulna is also a long bone. At its proximal 
end is the olecranon, which receives the insertion 
of the triceps. Anterior to this is the trochlear 
notch, which forms the stable articulation with 
the trochlea of the humerus. The trochlear notch 
terminates in the coronoid process. On its radial 
side is the radial notch or fossa, which together 
with the radial head forms the PRUJ. On the ulnar 
side of the trochlear notch is a small tuberosity, 
which receives the insertion of the brachialis. The 
diaphysis of the ulna is triangular in shape, with 
the apex pointed to the radius. This apex receives 
the insertions of the IOM. At its distal aspect, the 
ulna flares to form the ulnar head and ulnar sty-
loid. On its radial side, the ulna articulates with 
the sigmoid notch of the radius to form the 
DRUJ. The ulnar styloid forms the origin for the 
triangular fibrocartilage complex (TFCC).

6.4.2  Muscle Anatomy

The volar forearm is comprised of 14 muscles, 
whereas the dorsal forearm has 13 involved mus-
cles. As one moves from proximal to distal along 
the shaft of the radius, the following muscles are 
encountered: the insertion of brachioradialis, the 
origin of pronator quadratus, the origin of flexor 
pollicis longus, the origin of flexor digitorum 
superficialis, the insertion of pronator teres, the 
insertion of supinator, and the insertion of biceps.

As one moves distal to proximal along the 
dorsal radius, the following muscles are encoun-
tered: the insertion of brachioradialis, the origin 
of extensor pollicis brevis, the insertion of prona-
tor teres, the insertion of abductor pollicis lon-
gus, and the insertion of supinator [36].

The musculature of the forearm is the driving 
force of forearm motion and plays vital roles in 

hand and wrist function. Their coordinated 
actions contribute to pronation, supination, flex-
ion, and extension needed to perform the many 
gross and fine movements needed in the complex 
functions we are involved in in daily life.

It is also these muscles that can contribute to 
the formation of anatomic and rotational mal-
unions. The muscles responsible for pronation 
are mainly the pronator teres and to a lesser 
extent the pronator quadratus, while the biceps 
brachii and supinator perform supination. It is 
these muscles that produce the majority of defor-
mity in fractures of the forearm, causing the frac-
ture ends to approach each other centrally toward 
the IOM.  Furthermore, the proximal fragments 
tend to be flexed – the ulna by the brachialis and 
the radius by the biceps brachii [12].

The brachioradialis is also a major deforming 
force. Its action is best demonstrated in a Galeazzi 
fracture, where the distal 1/3 of the radius is 
pulled into valgus, as there is no opposing force. 
The pronator quadratus is also involved in this 
fracture wherein it pulls the distal fragment into 
pronation as a result of unopposed action.

6.4.3  Distal Radioulnar Joint 
Anatomy

Distally, the ulna articulates with the radius at the 
sigmoid notch to form the distal radioulnar joint 
(DRUJ). This joint is stabilized primarily by the 
triangular fibrocartilage complex (TFCC). The 
palmar radioulnar ligament (PRUL), dorsal 
radioulnar ligament (DRUL), articular disc, ulno-
carpal ligaments, extensor carpi ulnaris sub-
sheath, and meniscus homolog comprise the 
TFCC. The ligamentous complex is the primary 
stabilizer of the DRUJ, whereas the fibrocartilage 
component transmits force across the ulnocarpal 
joint. The differences in curvatures in the ulnar 
head and sigmoid notch allow for DRUJ incon-
gruity and thus the ability of these two structures 
to rotate and translate relative to one another, 
thereby providing a portion of the rotation neces-
sary for forearm movements [37].
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6.4.4  Interosseous Membrane 
Anatomy

The IOM and its anatomy have been studied both 
anatomically and biomechanically by various 
authors [29, 38–43]. Biomechanically, the IOM 
serves as an origin for forearm musculature, sta-
bilizes the DRUJ [30–32] and the longitudinal 
forearm, transmits loads from the radius to the 
ulna, and allows for smooth forearm rotation [1, 
3, 4, 8–11]. Anatomically, the IOM can be divided 
into distal membranous, middle ligamentous, and 
proximal membranous portions [41]. Together, 
these structures average roughly 22 cm in length, 
with the radial origin being an average of 10.6 cm 
in length and ulnar insertion measuring 10.6 cm 
[42]. The width of the IOM is roughly 3.5 cm and 
0.94 mm at its thickest point [38].

The distal membranous portion is composed 
of the distal oblique bundle. This portion of the 
IOM is found under the pronator quadratus and 
inserts on the inferior rim of the sigmoid notch 
and blends with the DRUJ, TFCC, and dorsal and 
palmar ligaments at its most distal aspect [41]. 
Working in concert, these structures serve to sta-
bilize the DRUJ [30–32].

The proximal oblique cord and dorsal oblique 
accessory cord comprise the proximal membra-
nous portion [41]. The dorsal oblique accessory 
cord has also been called the proximal ascending 
bundle [39], or the proximal interosseous band 
[42]. The proximal oblique cord is found between 
the origin of flexor digitorum profundus and 
supinator. It originates from the anterolateral 
aspect of the coronoid process and inserts just 
distal to the radial tuberosity. The dorsal oblique 
accessory cord is located below the origin of 
abductor pollicis longus [41].

The central ligamentous complex is composed 
of several distinct bands: the stout central band, 
one to five accessory bands, membranous por-
tions, and the proximal interosseous band [41, 
42]. The central ligamentous complex is divided 
into the central and accessory bands. The central 
band is the most robust portion of the IOM and is 
always present and, as such, is considered to be 
of prime importance. Furthermore, it comprises 
40–60% of the total IOM [43]. Hotchkiss et al. 

reported that it provided 71% of the stiffness of 
the IOM [38]. The central band, which is 3.5 cm 
in width or 2.6 cm if measured perpendicular to 
its fibers, originates on the radius an average of 
7.7 cm distal to the articular surface of the radial 
head. As the central band moves distally toward 
its ulnar insertion at a 21° angle relative to the 
longitudinal axis of the ulna, the fibers fan out 
and form an insertion 4.2  cm in length on the 
ulna. The average insertion point of the central 
band is 13.7 cm distal to the tip of the olecranon 
[42]. The accessory bands are distinct anatomic 
structures, separate from the central band, and 
vary in number. Furthermore they are less robust 
of structures [41, 42].

6.4.5  Proximal Radioulnar Joint 
Anatomy

Proximally, the radius articulates with the ulna at 
the PRUJ, which is composed of the radial head, 
the capitulum of the humerus, and the lesser sig-
moid notch of the ulna. The PRUJ is constrained 
and stabilized by the annular ligament, the lateral 
ulnar collateral ligament (LUCL), the radial col-
lateral ligament, and the surrounding elbow joint 
capsule and musculature. The intrinsic bony 
anatomy of the proximal ulna and its articulation 
with the distal humerus allows the ulna to be a 
fixed construct around which the radius can 
rotate.

6.5  Etiology of Forearm 
Malunion

As is true with all fractures, the mechanism of 
injury and vector of force transmission are the 
driving force behind the initial spatial orientation 
of the fracture fragments. The muscle and soft 
tissues further contribute to malalignment. As 
soon as the bones are fractured, the anatomic 
homeostasis of the muscle, bone, and other sur-
rounding soft tissues is disrupted. Subsequently, 
these structures want to rotate or shorten to their 
own respective points of minimal tension. As this 
occurs, the fracture fragments are pulled along 
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with the soft tissues. When these bony and soft 
tissue aspects of fractures are combined, not only 
is range of motion impaired, but muscle strength 
is affected, minimal to debilitating pain can be 
present, arthritis can develop at the PRUJ and/or 
DRUJ, PRUJ and/or DRUJ instability can be 
present, and cosmetic appearance can be 
disfiguring.

If the forces acting on the fracture fragments 
are not balanced and maintained, either by closed 
reduction methods or various operative tech-
niques, then continued malalignment will ensue 
as the fracture fragments unite. As pointed out in 
the previous discussion, not all malunions result 
in significant deficits to patient function. 
However, malunions of the forearm can and do 
impair a patient’s quality of life if severe enough.

6.6  Treatment of Forearm 
Malunions

In order for the clinician to appropriately treat 
forearm malunions, he or she must appreciate 
the radius and ulna’s relationship, not only in a 
radiographic sense but also how the surround-
ing soft tissues and proximal and distal articu-
lations function together to provide forearm 
function.

The goals of treatment for forearm malunion 
are much the same as with other fractures and are 
based on basic AO principles of fracture manage-
ment. This implies, first, restoration of anatomy, 
which includes restoration of length, axial align-
ment, and rotation; second, stable fracture fixa-
tion; third, preservation of blood supply; and, 
fourth, early mobilization of the patient and their 
injured extremity [44]. Specifically, the proximal 
and radioulnar joints need to be realigned, the 
radial bow needs to be restored, and angular 
deformities need to be corrected [28, 45].

6.6.1  Initial Evaluation

6.6.1.1  Patient History and Physical
All patients who present with a forearm malunion 
need a detailed history and physical, as this infor-

mation proves invaluable in the planning and 
execution of the treatment strategy.

Pertinent points in the history should include 
age at which injury was sustained, whether the 
fracture was open or closed, if an infection is or 
ever was present, and initial and subsequent treat-
ments. If at all possible, operative notes should be 
acquired, as well as pertinent physician notes 
relating to the malunion of interest. In addition, 
original radiographs can prove invaluable in for-
mulating a treatment plan.

If there is any suspicion for a current or previ-
ous infection, infectious laboratory studies 
should be obtained. Our initial laboratory evalua-
tion includes a white blood cell count, an erythro-
cyte sedimentation rate, and a C-reactive protein. 
If these are within normal limits, we proceed as 
normal. However, if these are elevated, we initi-
ate more advanced radiologic evaluation, which, 
in addition to standard radiographs, includes a 
triple-phase bone scan, followed by an indium 
scan and sulfur colloid scan if the bone scan indi-
cates the presence of infection.

Regarding the physical, the skin needs to be 
assessed. Things to pay close attention to are the 
location of prior surgical scars, if any, and the 
quality of the skin, including areas of previous or 
current skin deficits. The muscles of the forearm 
and hand should be examined in a sequential 
manner, noting any deficits that may be present. 
The neurovascular status of the limb should be 
assessed as well. This would include an assess-
ment of the anterior interosseous nerve, the pos-
terior interosseous nerve, the superficial branch 
of radial nerve, the dorsal sensory branch of ulnar 
nerve, and the median and ulnar nerves proper. 
The quality of the radial and ulnar arteries should 
also be noted.

The DRUJ and PRUJ should be assessed. The 
PRUJ is assessed by palpating the radial head 
while taking the forearm through a range of 
motion. The DRUJ is assessed by applying a 
volar and dorsal directed force to the ulna while 
stabilizing the radius. If, while applying a mini-
mal volar directed force, the ulna shifts volar and 
then rebounds dorsally, this is termed a positive 
piano key test. An ECU subluxation test can also 
be performed. If the ulnar head of the ECU 
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 subluxes during passive range of motion, this is 
deemed a positive test.

Shoulder range of motion should be evaluated 
as well, because a well-functioning glenohumeral 
joint can compensate for a portion of lost forearm 
rotation, especially pronation. Flexion and exten-
sion of the elbow should also be assessed, as 
there may be concomitant elbow pathology, such 
as in a Monteggia fracture. This is done with the 
shoulder at 30° of forward flexion. The presence 
or absence of elbow pain should also be noted.

Forearm range of motion needs to be carefully 
assessed and documented. The humerus is tucked 
in against the chest wall, and the elbow is held in 
90° of flexion. The forearm is then taken through 
a passive and active range of motion. As with the 
elbow, presence or absence of pain should be 
noted. Wrist range of motion should also be 
assessed, including flexion, extension, and ulnar 
and radial deviation.

The malunion site should be evaluated as well 
by manual palpation. The presence of pain with 
palpation is an important sign to be noted.

6.6.1.2  Imaging and Other Diagnostic 
Studies

The initial method for evaluating forearm mal-
union is obtaining precisely orthogonal anterior 
to posterior and lateral radiographs of both the 
forearm of interest and the contralateral normal 
side. The radiograph should include the entire 
forearm on one plate. It is paramount that the 
radial styloid and biceps tuberosity be well visu-
alized as these anatomic landmarks are used not 
only for clinical evaluation but also are of impor-
tance during radiographic evaluation in the oper-
ating room.

The forearm has unique features that are 
important to consider when approaching their 
treatment. These include, but are not limited to, 
the radial bow, the degree of ulnar variance, the 
spatial relationship of the biceps tuberosity and 
radial styloid, and the ulnar styloid and coronoid 
relationship. The biceps tuberosity should be 
180° opposite the radial styloid in a standard 
anterior to posterior radiograph. The ulnar styloid 
and coronoid process should also be 180° oppo-
site each other on the lateral radiograph.

A radiograph of the contralateral forearm, if 
normal, is also valuable as it can provide you 
with length of the patient’s radius and ulna, as 
well as location of the radial bow. This can then 
be used for preoperative templating for location 
of corrective osteotomies, as well as to determine 
if surgical reduction is appropriate in the operat-
ing room.

Radiographic Evaluation Richards et  al. [46] 
described a reliable way to obtain proper forearm 
radiographs. The patient sits with the shoulder 
abducted to 90°, and the elbow is flexed to 90°. 
The arm is then placed on the imaging table. The 
volar surface of the forearm is then placed against 
the X-ray cassette, and the beam is directed 
orthogonal to the forearm in a posterior to ante-
rior direction. This positioning ensures that the 
forearm will be in a neutral position.

A series of tuberosity views of the normal side 
can also be obtained as described by Evans [47]. 
He initially described this technique to help with 
setting forearm rotation during closed reduction 
and cast application; however, these methods can 
still be used as a surgical aid. The tuberosity view 
can be helpful to determine rotation of the proxi-
mal fragment while in clinic and intraoperatively 
while establishing correct rotation of the proxi-
mal portion of the radius. The patient is set up for 
a standard anterior-posterior (AP) view of the 
elbow, with the humeral condyles being at the 
same level. The tip of the olecranon is placed for-
ward one-third of the distance along the plate. 
The forearm occupies the remaining one-third of 
the plate. The X-ray tube is then angled 20° 
toward the patient. Successive images of the 
tuberosity are obtained as the normal forearm is 
rotated from full supination or 180° to full prona-
tion 0° in 30-degree increments. The tuberosity 
profiles of the normal side can then be traced out 
and taken to the operating room. These will help 
in setting the rotation of the pathologic side. In 
addition, once the physician has a set of tracings 
of a normal tuberosity profile, he/she need not 
perform this radiographic evaluation for every 
patient. Rather he/she can save his/her tracing 
and then obtain a tuberosity view on any patient 
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with a both-bone forearm fracture and simply 
compare the patient’s tuberosity profile to his/her 
standard tracings to determine the rotation of the 
proximal fragment.

As discussed previously, the radial bow plays 
a prime role in forearm rotation. When the radius 
is fractured, the deforming forces, namely, supi-
nator, pronator teres, pronator quadratus, and 
brachioradialis, shorten the fracture, pronate the 
distal fragment, and pull the fracture into valgus. 
If and when the fracture eventually unites, the 
axis of rotation that usually passes from the cen-
ter of the radial head through the ulnar head is 
shifted, and anatomic forearm rotation no longer 
proceeds as normal. Thus, a vital part in the sur-
gical treatment of forearm malunions is correc-
tion and restoration of the radial bow.

Schemitsch and Richards [4] followed 55 
patients with varying severity of both-bone fore-
arm fractures. All of the fractures were fixed with 
plating of both the radius and ulna. The plates 
used were either AO dynamic compression plates, 
semitubular plates, or one-third tubular plates. 
Seven fractures that had severe comminution 
received iliac crest bone grafting at the time of 
surgery.

In addition to the standard clinical evaluation, 
they described a method for evaluation of the 
maximum radial bow as well as the location of 
the maximum radial bow. These are found by 
drawing a line from the biceps tuberosity to the 
ulnar most aspect of the radius at the wrist. A per-
pendicular line is then drawn to this longitudinal 
line at the location of the maximum radial bow. 
The distance from the biceps tuberosity to the 
line marking the maximum radial bow is then 
recorded. This measurement is then divided by 
the overall length of the initial longitudinal line. 
This ratio gives the location of the maximum 
radial bow.

The mean maximum radial bow in the normal 
forearm of their patients was 15.3 +/− 0.3 milli-
meters. The restoration of this radial bow to 
within 1.5 +/− 0.2 millimeters had at least 80% 
forearm rotation as compared to the normal side. 
If the radial bow was restored to within 2.8 +/− 
0.7 millimeters, these patients had less than 80% 
of forearm rotation as compared to the other side. 

The mean location of the maximum radial bow in 
the normal arm of their patients was 59.9 +/− 0.7 
percent. Those patients who had at least 80 per-
cent rotation as compared to the contralateral 
normal forearm had the location of the maximum 
radial bow that was 4.3 +/− 0.7 percent, whereas 
those patients who had less than 80% rotation as 
compared to the contralateral normal forearm 
had a location of maximum radial bow that was 
8.9 +/− 1.8 percent. Grip strength also followed a 
similar pattern.

Determining the maximum radial bow and its 
location preoperatively using the contralateral 
normal forearm is a valuable tool, especially in 
comminuted fractures. Knowing these relation-
ships and seeking to restore the fracture to as 
nearly anatomic as possible can help the surgeon 
be more confident that forearm rotation and grip 
strength will be restored to its maximal attainable 
level.

Rotational malunions and the degree to which 
they need to be de-rotated are evaluated by deter-
mining the relationship of the radial styloid and 
biceps tuberosity on the anterior to posterior 
radiograph and the ulnar styloid to the coronoid 
process on the lateral radiograph. As stated previ-
ously, these anatomic landmarks should be 180° 
apart in the anterior to posterior and lateral radio-
graphs, respectively. The profile of the biceps 
tuberosity can further determine the degree of 
rotation of the proximal radial fragment and con-
sequently the degree of correction needed [47].

Advanced Imaging Standard radiographs are 
often insufficient at providing a true assessment 
of the multi-planar characteristics of a forearm 
malunion, especially the often associated rota-
tional component. For this reason, some authors 
have evaluated the forearm with advanced imag-
ing in preoperative planning, such as computed 
tomography (CT) [48, 49], fluoroscopy with 
goniometer [28], magnetic resonance imaging 
(MRI) [28, 50], or CT with creation of a patient- 
specific osteotomy template [51, 52].

Fluoroscopy with goniometer is an extension 
of the technique described by Evans [47] using 
anatomic landmarks to determine forearm 
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 pronation and supination. Dumont et  al. [28] 
determined that this method was adequate for 
determining the torsion profile of the ulna but 
was poor for the radius. Their results demon-
strated a 0.90 interclass correlation coefficient for 
ulna, but less than 0.65 for the radius.

In the same study, Dumont et al. [28] assessed 
the effectiveness of MRI in determining torsion 
profiles of the radius and ulna. They discovered 
that, while the interclass correlation coefficient 
was higher for MRI than fluoroscopy with goni-
ometer, 0.8 versus less than 0.65, it was only able 
to detect a rotational difference of 35° or more for 
the radius and 20° or more for the ulna. Thus, if a 
patient has a radial rotational malunion of less 
than 35° or an ulnar rotational malunion of less 
than 20°, MRI may not be able to adequately 
detect it.

Bindra et al. [49] employed conventional CT 
scans to assess radial rotational profiles in 39 
pairs of dry cadaver forearms without bony fore-
arm pathology and 4 cadaver forearm pairs with 
previous ipsilateral fracture of the distal radial 
metaphysis. They reported a high interclass cor-
relation coefficient of 0.87–0.94 with a mean 
side-to-side variation in the uninjured forearm 
pairs of 4.9°, while the previously injured forearm 
pairs demonstrated a mean difference of 24.1°.

They concluded that conventional CT is an 
adequate method to determine the rotational pro-
file in skeletally mature forearm malunions, 
wherein a contralateral normal forearm CT can 
be obtained and the malunion is not associated 
with a comminuted fracture at the distal radius. 
Furthermore, they recommend that the patient 
should be positioned prone on the scanner with 
both arms positioned overhead, the elbows 
extended, and forearms pronated.

6.7  Surgical Treatment 
of Forearm Malunions

6.7.1  Osteotomy Planning

A foundation of malunion surgery is the planning 
and execution of the corrective osteotomy. A 
transverse osteotomy can correct rotational or 

translational deformity, but does little to address 
an angular deformity, as this osteotomy cannot be 
used to restore length. An oblique osteotomy can 
help achieve moderate lengthening as well as 
correction of angular deformity. However, the 
oblique osteotomy has it limits. Forearm mal-
unions are often a complex combination of angu-
lar, rotational, and length-deficient deformities, 
and thus more complex osteotomies are often 
required.

If a rotational component to the forearm mal-
union is not suspected based on clinical exam, 
standard radiographs may be sufficient to plan 
the surgical osteotomy. In this instance, obtain 
precise orthogonal anterior-posterior and lateral 
radiographs of the normal and pathologic 
forearms.

As stated previously, it is imperative that the 
proximal and distal radioulnar joints be included 
on the radiographs. Once again, the presence or 
absence of a suspected rotational malunion is 
assessed for using the radial styloid-bicipital 
tuberosity relationship on the AP radiograph and 
the coronoid process-ulnar styloid relationship 
on the lateral radiograph. If these relationships 
are not congruent with the contralateral normal 
side, then a rotational component must be sus-
pected, and advanced imaging should be 
obtained.

Second, the outlines of the bones on the radio-
graphs are then traced on standard tracing paper. 
This exercise facilitates identification of the area 
and magnitude of maximum deformity, with its 
resultant angle of deformity. The true angle of 
deformity can be determined with the use of pre- 
established tables defined by Nagy [53, 54]. In 
addition, the distance to the apex of maximum 
deformity from the proximal or distal end of the 
bone of interest should be notated as this will be 
valuable intraoperatively.

Anticipated osteotomies are then planned. The 
base of this angle, measured in millimeters, is the 
length that needs to be restored or removed by the 
opening or closing wedge osteotomy. An opening 
wedge is indicated if length needs to be restored. 
Comparing the ulnar variance of the malunited 
forearm to the normal forearm can also help 
assess the length discrepancy.
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If a rotational component is suspected, a CT or 
MRI should be obtained. We prefer a CT scan, 
because it is less expensive and is easier for the 
patient to tolerate; in addition, it appears more 
able to accurately detect torsion [28, 49, 50]. 
However, it does expose the patient to radiation, 
which should be considered before ordering.

If resources are available, custom-made oste-
otomy templates can be manufactured using 
computer simulation techniques preoperatively 
[51, 52].

6.7.2  Surgical Approach: Authors’ 
Preferred Treatment

6.7.2.1  Operating Room Setup
An adequate sized room should be obtained to 
allow for an arm table, C-arm, and back tables for 
bone graft. If an arm table is used, the C-arm is 
positioned to enter from the foot to obtain ade-
quate views. The monitor is placed at the location 
most convenient and freely viewed by the 
surgeon.

The arm should be draped out at the shoulder 
and a sterile tourniquet is applied. The draping of 
the patient should also allow the forearm to be 
positioned across the chest. If needed, access to 
the opposite side of the table allows the arm to be 
positioned over the chest.

The surgeon should arrange for capable, inter-
ested assistants to be present and an anesthesiolo-
gist who is engaged in the procedure.

With regard to instruments that should be 
available, bone tools, rongeurs, osteotomes, 
burrs, curettes, screw removal and broken screw 
removal sets, saws, and/or burrs capable of cut-
ting stainless steel and titanium should all be 
readily accessible in the OR suite.

There should also be a discussion with the 
patient about the type of anesthesia to be used. 
Will regional or general anesthesia be adminis-
tered? If no autogenous iliac graft is needed, 
regional anesthesia is preferred.

In addition, the surgeon should discuss post-
 op pain, bleeding, swelling, and compartment 
syndrome with the patient and the appropriate 

treatment and response to these postoperative 
conditions.

6.7.2.2  Surgical Approach 
and Exposure

For the ulna diaphysis, the approach should be 
just dorsal to the subcutaneous border. Choose 
the interval between the flexor carpi ulnaris and 
extensor carpi ulnaris. This is adequate for expo-
sure of all the ulnar diaphysis. The skin incision 
should be over the muscle, not the bone [55].

For the radius, the distal two-thirds of the 
shaft can be approach through a Volar-Henry 
approach [55]:

 1. The skin incision should follow a line drawn 
from the radial styloid distally to the biceps 
tendon proximally.

 2. Sharply incise the skin and subcutaneous tis-
sue to the forearm fascia.

 3. Incise the fascia over the flexor carpi radialis 
tendon down to the tendon itself.

 4. Use a moist lap sponge to dissect the subcu-
taneous tissue off the fascia, exposing the 
interval between the flexor carpi radialis and 
the radial artery.

 5. The artery does not need to be dissected out 
completely unless the incision approaches 
the mid-forearm.

 6. If the fracture requires exposure proximal to 
the mid-forearm, the radial artery needs to be 
dissected so that it can be mobilized and 
retracted either radially or ulnarly.

 7. The deep interval between the flexor pollicis 
longus and the brachioradialis is developed 
proximally and distally.

 8. The pronator quadratus is dissected and sub-
periosteally cleared off the distal radius, 
from its radial styloid attachment.

 9. If proximal exposure is needed, the pronator 
teres is sharply incised and its tendinous 
insertion dissected off the bone.

 10. Volar exposure can be extended proximal to 
the biceps tuberosity by ligating the radial 
recurrent vessels and subperiosteally dissect-
ing the supinator off the radius, with protec-
tion of the posterior interosseous nerve.
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 11. The volar approach to the radius allows 
exposure of the entire diaphysis. One must 
be aware of and protect the radial artery, the 
superficial sensory branch of the radial 
nerve, and the posterior interosseous nerve 
proximally, as well as the brachial artery and 
median nerve.

The posterior Thompson approach [55] can be 
used for those nonunions that require exposure of 
the entire route of the posterior interosseous 
nerve:

 1. The skin incision is made along a line with the 
forearm pronated starting at the lateral epicon-
dyle of the elbow and ending over Lister’s 
tubercle.

 2. The skin is incised, and a moist lap sponge is 
used to dissect the subcutaneous tissue off the 
fascia.

 3. The interval between the extensor digitorum 
communis and the extensor carpi radialis bre-
vis is more easily found distally.

 4. In large individuals, you can use the bovie to 
stimulate the muscle bellies proximally and 
easily separate the extensor digitorum com-
munis from the extensor carpi radialis brevis.

 5. The dissection through the muscle bellies is 
more easily done from distal to proximal.

 6. The glistening fascia over the supinator is eas-
ily identified, and the distal border of the mus-
cle is the anatomic point where the posterior 
interosseous nerve arborizes.

 7. Prior to branching, the posterior interosseous 
nerve lies between the two muscle layers of 
the supinator accompanied by its artery and 
vein. It can be easily found and freed up to the 
radial head.

 8. The supinator then can be easily elevated off 
the proximal radius.

Pitfalls occur when the proper interval is not 
recognized, and denervation of the extensor digi-
torum communis can occur. Vigorous retraction 
of the posterior interosseous nerve can result in a 
posterior interosseous nerve palsy.

6.7.2.3  Essentials of Exposure
 1. Adequate draping to allow full exposure of 

the limb.
 2. Appropriate functioning tourniquet and 

equipment.
 3. Functioning C-arm and easily available 

screens.
 4. Comfortable seating and height for the sur-

geon and assistant along with loupe 
magnification.

 5. Draw incisions with a marker.
 6. If two incisions are needed, allow at least a 

6–8 cm interval between the incisions.
 7. The secret to soft tissue dissection is ade-

quate tension on the tissues in the correct 
vector.

 8. Dissect from normal to abnormal tissue. 
Never seek to identify structures in scar 
tissue.

 9. Dissect with the tips of your scissors.
 10. Scissors work best in normal tissue, and a 

scalpel is needed in scar tissue.
 11. Hemostasis can be obtained with clips, 

sutures, or the bovie. To avoid any intimal 
damage to the artery, bovie at least 1  cm 
away from the artery.

 12. Most exposures in normal tissue can be done 
by dividing fascia and mesentery avoiding 
proximity to major nerves and vessels.

 13. Place retractors appropriately; remember 
“the bone and periosteum are your friends.”

 14. Keep tissues moist.
 15. If, after adequate exposure, there is concern 

about bleeding, let your tourniquet down to 
control it. It is often easier to ligate vessels 
that may be difficult to reach if the fracture is 
not stabilized with a plate. After hemostasis 
is obtained, you can reinflate the tourniquet 
and place the fixation.

6.7.2.4  Bone Preparation
The surgeon should avoid extensive subperiosteal 
stripping. The periosteal elevator should be used 
against the acute angle of the muscle attach-
ments. Once the fracture site is exposed and the 
plate(s) removed, if any, use bone hooks to bring 
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the bone to you. Meticulous attention should be 
placed upon preserving the soft tissues and blood 
supply.

If the malunion involves both the radius and 
ulna, we prefer to realign the ulna first and then 
approach the radius second. However, if the 
radius is significantly more malaligned than the 
ulna, we will osteotomize and correct it before 
the ulna. Using intraoperative fluoroscopy, the 
site of maximal deformity is identified, and a 
ruler can then be used to compare to the preop-
erative radiographs.

The status of the IOM is then inspected to 
assess if it has scarred significantly. If the mal-
union united with the fragments pointing toward 
each other, it is highly probable that the IOM will 
impede reduction, and it can be pre-emptively 
partially released.

Technique for Bone Preparation
 1. If hardware is present, it should be removed.
 2. Curette the screw holes.
 3. Two Kirschner wires are then inserted proxi-

mal and distal to the planned osteotomy site 
to assess for rotational control once the oste-
otomy is made.

 4. Using a rongeur, debride the bone ends back 
to bleeding bone at fracture site.

 5. Reconstitute the medullary canal in both 
fragments to allow ingress of pluripotential 
cells.

 6. Use an osteotome to “rose petal” the cortical 
bone for 1 inch on both sides of the malunion 
site [46].

 7. Select a plate that has at least six cortices in 
non-violated bone on both sides of the mal-
union site. Do not use previous drill holes.

 8. Contour the plate, planning for reestablish-
ment of the radial bow, if indicated.

 9. The planned osteotomy site is then marked.
 10. Either the closing or opening wedge osteot-

omy is then carried out. If a closing wedge 
osteotomy is performed, a periosteal hinge is 
left in place. If an opening wedge osteotomy 
is performed, a compressive resistant cortico- 
cancellous bone graft is fashioned and then 
inserted into the osteotomy site.

 11. The osteotomy site is closed, and then the 
pre-contoured plate is applied with at least 
three screws proximal and distal to the 
osteotomy.

 12. Fluoroscopy is used to confirm that the angu-
lar and rotational deformities have been 
corrected.

 13. With the elbow flexed to 90°, the forearm is 
taken through a range of motion to assess 
pronation and supination.

 14. If the patient does not have at least 50° of 
supination and pronation, rotation and angu-
lation of the malunion should be assessed 
with fluoroscopy again and corrections per-
formed. Also the IOM can be released more 
if needed.

 15. Perform a routine closure without drains, 
and apply a bulky sterile dressing with a 
sugar-tong splint.

 16. Depending upon the stability of the fixation, 
active range of motion can be initiated at 
10 days with a removable orthosis.

6.7.3  Technical Points

 1. Preserve soft tissues as much as possible.
 2. Begin dissection in normal tissue.
 3. Keep tissues moist.
 4. Achieve meticulous hemostasis.
 5. The tourniquet should be released at 60 min 

and possibly reinflated if needed.
 6. Antibiotics should be administered pre-op and 

post-op for 24 h.
 7. Leave sutures in place for 2 weeks.
 8. Obtain radiographs at 2 months unless other-

wise indicated.
 9. The expected healing time is 6–12 months.

6.8  Case Discussion

A 46-year-old left-hand dominant male sustained 
a crushing injury to his left forearm. He was eval-
uated at another institution and found to have a 
Galeazzi fracture. The patient elected to be 
treated non-operatively at that time, despite being 
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told he needed surgery. He presented to our 
 emergency department after he had an increase in 
his pain after moving some mattresses the day 
prior. He was only able to supinate his hand to 
neutral but had full pronation (Figs. 6.1 and 6.2). 
Radiographs demonstrated a malunited Galeazzi 
fracture (Figs. 6.3 and 6.4). Surgical versus non- 
operative treatment options, including risks, ben-

Fig. 6.1 Clinical photo showing neutral supination. 
(Courtesy of Animesh Agarwal)

Fig. 6.2 Clinical photo showing full pronation. (Courtesy 
of Animesh Agarwal)

Fig. 6.3 Anterior-posterior radiograph showing mal-
union of radial shaft. (Courtesy of Animesh Agarwal)
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efits, and alternatives, were discussed with the 
patient, and the patient elected to pursue surgical 
treatment.

The malunion was approached using a stan-
dard volar Henry approach with malunion cor-
rection and application of a 3.5  mm locking 
compression plate (Figs.  6.5 and 6.6). 

Fig. 6.4 Lateral radiograph showing malunion of radial 
shaft. (Courtesy of Animesh Agarwal)

Fig. 6.5 Anterior-posterior radiograph showing correc-
tion of radial shaft and stabilization with meta-diaphyseal 
plate and correction of radial bow. (Courtesy of Animesh 
Agarwal)

6 Malunions of the Forearm



142

Intraoperatively, the patient had full restoration 
of pronation and supination. He was then placed 
in a well-padded volar splint. The patient 
returned to the clinic at 2 weeks for a wound 
check and staple removal. He had near-com-
plete restoration of range of motion (Figs. 6.7 
and 6.8) at this first postoperative visit.

6.9  Conclusion

Malunions of the forearm present a difficult chal-
lenge to the treating physician. The patients are 
often limited in their day-to-day activities, they 
may experience persistent pain and discomfort, 
and they may have a cosmetic deformity, which 
is also of concern to the patient.

Fig. 6.6 Lateral radiograph showing correction of radial 
shaft and stabilization with meta-diaphyseal plate and cor-
rection flexion deformity. (Courtesy of Animesh Agarwal)

Fig. 6.7 Clinical photo showing full pronation at 2 weeks 
postoperative. (Courtesy of Animesh Agarwal)

Fig. 6.8 Clinical photo showing near full supination at 
2 weeks postoperative. (Courtesy of Animesh Agarwal)
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There are many factors to consider when treat-
ing a forearm malunion, some of which include 
angular and rotational relationships of the bones, 
the length of time since the initial injury, the pre-
sumed status of the deep soft tissues, as well as 
the patient’s desires and wishes.

For these reasons, we encourage a systematic 
approach to this problem through patient evalua-
tion, careful preoperative planning, and meticu-
lous operative execution.
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Malunions of the Hand and Wrist
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and Aaron M. Freilich

7.1  Distal Radius

7.1.1  Background

Distal radius fractures are common injuries of the 
upper extremity, accounting for between 8 and 
17% of all upper extremity fractures and repre-
senting the most common injury seen in the 
Emergency Department setting [1, 2]. Given the 
frequency of these injuries, numerous techniques 
have evolved for their management. Depending 
on the severity of the fracture, treatment ranges 
from closed reduction and casting to surgical 
interventions, including percutaneous pinning, 
external fixation, internal fixation with plate and 
screw constructs, and various combinations of 
these methods. Despite the substantial attention 
given to treatment of these injuries, malunion 
remains the most common complication of distal 
radius fractures, occurring in up to 17% of cases 
[2]. Numerous studies have detailed the biome-
chanical effects of a malunited fracture and the 
resulting negative impact on patient function [3–
10]. Distal radius fractures occur in a bimodal 
distribution in society and malunion has a signifi-
cant impact on both. In young, active patients, 
there is a potential for lost wages and increased 
medical costs if a patient is unable to return or 

has a delayed return to work. These injuries are 
typically classified as fragility fractures in the 
elderly population and portend a negative impact 
on quality of life, work potential and recreational 
activities. Given that the percentage of persons 
age 65 or older in the United States is predicted to 
nearly double in the next 25 years, the magnitude 
of this problem is likely to increase [11–13].

Techniques for treatment of distal radius mal-
unions have existed in the literature since the 
1930s, consisting initially of biplanar osteoto-
mies with use of the distal ulna for bone grafting 
[14, 15]. With improving surgical techniques and 
greater understanding of the anatomy and biome-
chanical principles of the distal radius, a stepwise 
approach to malunited fractures is now possible.

7.1.2  Anatomy

The distal radius forms an articular platform on 
which the carpus rests. The stability provided by 
the radiocarpal articulation and its surrounding 
ligaments allows the complex functions per-
formed by the carpus and hand. The distal radius 
has three concave surfaces, which form the foun-
dations of this articulation, the scaphoid fossa, 
lunate fossa, and sigmoid notch. The scaphoid 
and lunate fossas are divided by a sagittal plane 
ridge. The radiocarpal articulation is further sta-
bilized by the strong radial ligamentous struc-
tures, including the radioscaphocapitate (RSC), 
radiolunotriquetral (RLT), radioscapholunate 
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(RSL), and dorsal radiotriquetral (RT) ligaments. 
The sigmoid notch acts an articulation for the dis-
tal ulna, allowing forearm motion through rota-
tion of the radius around the ulna. It has 
well-defined dorsal, volar, and distal walls, with 
further stability provided by the components of 
the TFCC, including deep and superficial volar 
and dorsal radioulnar ligaments [13].

The radiographic anatomy of the distal radius 
and distal radial ulnar joint (DRUJ) articulation 
can best be described in four key parameters: 
radial height, radial inclination, radial tilt, and 
ulnar variance. These measurements, along the 
articular congruity and DRUJ stability, play a 
central role in management of distal radius mal-
unions. Radial height is measured on the PA 
radiograph by drawing two lines tangential to the 
radial styloid and ulnar head articular surface 
and perpendicular to their shaft axes. The dis-
tance between the lines is measured. The average 
normal value is 11 mm with an acceptable limit 
of 4 mm. Radial inclination, also measured on a 
PA radiograph, is the angle formed by one line 
perpendicular to the longitudinal axis of the 
radial shaft and a second line along the distal 
radius articular surface. The normal value for 
this angle is 22° with an acceptable change of 
15° in either direction. Measured on the lateral 
radiograph, radial tilt is the angle between the 
distal radius articular surface and a line perpen-
dicular to the longitudinal axis of the radial shaft. 
It has a normal value of 11° of volar tilt with an 
acceptable limit of 15° of dorsal or 20° of volar 
tilt. Finally, the ulnar variance is calculated on 
the PA radiograph by the axial difference in 
length from lines drawn parallel to the ulnar 
head articular surface and ulnar most edge of 
articular distal radius. It averages neutral to 1 mm 
of ulnar negative variance with an acceptable 
limit of +/−4 mm [13, 16].

7.1.3  Biomechanics

Changes in the above anatomic parameters result 
in significant alterations to biomechanics of the 
radiocarpal and distal radioulnar articulations 
and can exert a profound effect on patient func-

tion. Malunion most commonly results in a com-
bination of wrist pain, decreased range of motion, 
and radiocarpal or midcarpal instability.

In particular, increased dorsal tilt will result in 
a change in axial load orientation to a more dor-
sal position on the radiocarpal joint and with 
increased load across the distal ulna [4]. In neu-
tral radial angulation, the distal radius bears 82% 
of the compressive load across the wrist. With 
45° of dorsal angulation, the load shifts to 65% 
across the distal ulna. Additionally, grip strength 
decreases when dorsal angulation is greater than 
20°. With dorsal angulation, there is commonly a 
loss of wrist flexion and supination. In contrast, 
patients with increased volar angulation will 
experience a loss of wrist extension and prona-
tion [17].

Carpal instability is another effect of increased 
dorsal tilt and will typically follow one of two 
patterns. In the first, patients will develop iso-
lated radiocarpal instability with dorsal sublux-
ation of the carpus relative to the distal radius. 
The second pattern is believed to occur more 
commonly in patients with underlying ligamen-
tous laxity and involves an adaptive dorsal inter-
calated segment instability (DISI) midcarpal 
instability pattern. The resulting DISI pattern can 
be described as either reducible or fixed, depend-
ing on its ability to be corrected by a radial oste-
otomy. On lateral radiographs, the lunate assumes 
an extended position with the capitate lying in 
relative flexion. Both are no longer in line with 
the longitudinal axis of the radius. Reducible 
instability patterns are characterized radiographi-
cally by the presence of a mobile lunate on flex-
ion and extension lateral radiographs. While both 
instability patterns can exhibit significant detri-
mental effects on patient function, it is believed 
the DISI pattern is more likely to be symptomatic 
[7, 18, 19].

Additional parameters that negatively affect 
wrist biomechanics include radial height, inclina-
tion, and ulnar variance. Dorsal angulation and 
loss of radial height in combination result in ten-
sioning of the interosseus membrane and a result-
ing loss of forearm pronation-supination [17]. 
Even in isolation, radial shortening leads to an 
increase in radiolunate contact with axial load 

M. Lyons et al.



147

and decreased wrist and forearm range of motion. 
This can be compounded by a loss of radial incli-
nation, which further shifts axial load bearing 
from the scaphoid fossa to the lunate fossa of the 
distal radius [4]. Additionally, the relative 
increase in ulnar positive variance from radial 
shortening can result in ulnocarpal impaction 
syndrome, manifested by ulnar-sided wrist pain 
and chondromalacia of the ulnar carpal bones.

Given that each parameter exerts its own effect 
on wrist biomechanics, it is difficult to determine 
which parameter is of the greatest clinical impor-
tance. Either in isolation or in combination, 
excessive loss of radial height, radial inclination, 
and radial tilt can result in alteration of the stabil-
ity, motion, and load-bearing relationships of the 
radiocarpal, ulnocarpal, midcarpal, and distal 
radioulnar articulations. Over time, these changes 
can both cause and accelerate degenerative dis-
ease of each of the individual articulations or the 
wrist as a whole [4, 7, 18, 19].

7.1.4  Clinical Evaluation

Patients will most commonly present with a com-
bination of wrist and grip strength weakness, 
pain, decreased wrist motion and forearm rota-
tion, instability, numbness, and cosmetic con-
cerns. Pain can involve radiocarpal, radioulnar, or 
ulnocarpal joints, but ulnar-sided wrist pain is 
most common [20].

As with any initial assessment, it should begin 
with a detailed history of the patient’s injury 
mechanism and attempted treatment. Any previ-
ous surgical treatment may play a role in periop-
erative planning, although it should be noted that 
the majority of malunions result from failed non-
operative management [3, 9, 10, 21]. The loca-
tion, quality, severity, and frequency of the pain 
should be obtained, as the goal of the history and 
physical examination is to localize the pain to the 
radiocarpal, midcarpal, ulnocarpal, and distal 
radioulnar articulations whenever possible. Any 
factors that alleviate or aggravate symptoms, 
along with a history of instability, should be 
noted. All previous radiographs should be 
obtained and reviewed, including, whenever pos-

sible, initial injury films. A complete medical his-
tory should be elicited, with particular attention 
given to the patient’s occupational demands, rec-
reational activities, and goals for treatment. 
Comorbidities that may preclude surgical inter-
vention should be appropriately managed and 
any history of tobacco use should be 
discouraged.

The physical examination should focus on the 
strength, range of motion, and stability of the 
upper extremity from the shoulder to the digits 
utilizing the unaffected side as a comparison 
when possible. Grip strength and wrist range of 
motion, including flexion, extension, pronation, 
and supination, should be tested. A complete 
motor and sensory exam should be performed. 
When combined with provocative tests for carpal 
tunnel syndrome, they can expose an underlying 
median nerve compression or injury. Skin inspec-
tion should be performed for any previous surgi-
cal incisions, which may have an effect on the 
choice for later surgical approach. Also, given the 
association of distal radius fractures with com-
plex regional pain syndrome, special attention 
should be given to disproportionate pain, finger 
stiffness, swelling, allodynia, or paresthesias. 
When the patient describes a history of instabil-
ity, the stress tests should seek to localize it to the 
radiocarpal, midcarpal, or distal radioulnar joints. 
In the adaptive DISI instability pattern that occurs 
with increased dorsal tilt, laxity of volar wrist 
ligaments allows patients to experience provoca-
tive instability with wrist ulnar deviation and 
forearm pronation [22]. Increased anterior to pos-
terior translation of the ulna on the radius com-
pared to the contralateral side can be indicative of 
DRUJ instability. Finally, an Allen’s test should 
be performed to assess the specific vascular sup-
ply crossing the zone of injury [2].

Radiographic examination constitutes the sec-
ond core component of the clinical examination. 
A current series of wrist radiographs should be 
obtained, including PA, lateral, and oblique 
views. High-quality, appropriately aligned radio-
graphs allow measurement of the key parameters 
outlined earlier: radial, height, radial inclination, 
radial tilt, ulnar variance, articular congruity, and 
distal radial ulnar joint stability [13, 16]. Small 
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changes in forearm position can have an effect on 
measurement, so all radiographs should be taken 
with the forearm in a neutral position [23]. 
Pronated PA views may be useful when searching 
for a dynamic component of ulnar positive vari-
ance in a patient with symptoms of ulnocarpal 
impaction. Also, comparison views of the contra-
lateral can aid with preoperative planning. While 
the radiographic parameters serve as a useful 
benchmark in treatment, they should not be used 
as absolute indications. In a biomechanical study 
by Park et  al., dorsal tilt frequently exceeded 
what was measured on radiographs [7]. Each 
patient’s symptoms and function should be taken 
in account when determining a treatment course.

The role of advanced imaging is also difficult 
to define and can be considered on a case-by-case 
basis. Rotational deformity and articular congru-
ity are often difficult to assess on plain radio-
graphs and computed tomography (CT) can be a 
useful adjunct. Three-dimensional reconstruction 
images allow consideration of axial plane defor-
mities in addition to the coronal and sagittal 
planes provided by standard radiographs. They 
also provide the ability to evaluate subtle defor-
mities within the DRUJ or carpus. Some authors 
advocate obtaining a CT scan of the contralateral 
limb for if a comparison is needed [5, 21, 23, 24].

As mentioned previously, the radiographic 
presence of a malunited distal radius fracture is 
not an automatic indication for surgery, as each 
patient should be considered on an individual 
basis. Patients who are experiencing pain, weak-
ness, loss of motion, and instability or mechani-
cal symptoms that limit their work or recreational 
activities should be considered strong candidates 
for surgery if they have failed an adequate trial of 
rest and dedicated hand therapy. While there are 
no strict contraindications to surgery, certain fac-
tors are against a successful outcome. These 
include advanced age with low physical demands, 
complex regional pain syndrome, a medical diag-
nosis or mental illness that would interfere with 
postoperative rehabilitation or patient compli-
ance and advanced degenerative arthritis within 
the radiocarpal or midcarpal joints [2, 13]. In this 
setting, a salvage procedure should be consid-
ered. Motion-preserving procedures may be uti-

lized in young, high-demand patients, such as 
proximal row carpectomy and radioscaphoid or 
radioscapholunate fusion. In older, lower demand 
patients with adequate bone stock, total wrist 
arthroplasty is a consideration [25]. Wrist 
arthrodesis is used as a final salvage procedure, 
but in the setting of extensive radiocarpal and 
midcarpal degenerative changes, it may be the 
only option [13]. In contrast, degenerative find-
ings within the DRUJ are not a contraindication 
to surgery but require a procedure to address the 
problem and will be covered later in this chapter 
[2].

7.1.5  Treatment

Preoperative planning is a key component of 
treatment and should be conducted prior to pro-
ceeding with surgery. Key considerations to be 
made by the surgeon include timing of proce-
dure, surgical approach, type of osteotomy to be 
performed, need for and source of bone graft, 
mode of fixation, and management of the DRUJ.

Many authors have advocated and we agree 
with preoperative templating of the planned oste-
otomy. Printed radiographs and tracing paper can 
be used. More advanced computer-assisted tech-
niques that created a three-dimensional preopera-
tive template for deformity correction utilizing 
CT images have also been developed. The use of 
templating software has been expanded to the 
intraoperative setting. Using three-dimensional 
models, cutting guides are created, which are 
then sterilized and used to perform the surgical 
osteotomy. While clinical trials have shown posi-
tive outcomes, these consist of only small case 
series and single-case reports. Excellent out-
comes have been consistently demonstrated with 
conventional techniques and there is increased 
cost associated with computer-assisted systems. 
Jupiter et  al. have proposed a multicenter ran-
domized control trial comparing conventional 
planning to computer-assisted planning for surgi-
cal correction of distal radius malunions. This 
has yet to be published but may be useful in 
determining if improved outcomes are associated 
with use of computer-assisted intraoperative 
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techniques and in what settings they may be of 
greatest benefit (https://clinicaltrials.gov/ct2/
show/NCT01193010) [21, 26–29].

Timing of surgical intervention represents the 
next key component of surgical planning. Ring 
and Jupiter have characterized malunion as 
nascent or mature. Nascent malunions occur 
between 4 and 12  weeks from injury, in which 
fracture lines are still identified on radiographs. 
In contrast, mature malunions are characterized 
by complete fracture consolidation. Consideration 
for treatment of mature injuries is considerably 
easier, as they will require a surgical osteotomy 
for deformity correction. Nascent malunions pro-
pose the questions of whether to perform early 
intervention or allow fracture healing prior to 
surgical treatment. In strictly adhering to the 
acceptable radiographic parameters as the only 
guide to when to perform surgery, it is possible 
that a significant number of unnecessary proce-
dures could be performed on asymptomatic 
patients. In comparing a group of nascent patients 
treated on average 8 weeks post injury and mature 
patients treated at 40  weeks, Ring and Jupiter 
found no difference in clinical outcomes. 
However, they noted that treatment of nascent 
injuries lessened the period of disability and 
proved technically easier, given the identifiable 
fracture lines and lack of soft tissue and capsular 
contracture [12, 30]. It is most reasonable to con-
sider each patient individually, taking into 
account symptoms, functional demands, limita-
tions in motion, and severity of radiographic 
deformity in deciding which course of action to 
pursue. Bushnell and Bynum also proposed the 
concept of “intentional delay” in the treatment of 
nascent malunions [2]. This idea involves pur-
posely allowing a late presenting, highly commi-
nuted fracture to heal in a malunited position 
with the intention of performing a technically 
easier osteotomy once the fracture fragments 
have consolidated.

The next consideration in the treatment of 
malunions is surgical approach. The choice of 
surgical approach is dependent on a combination 
of the location of the deformity and surgeon pref-
erence. Most commonly, the location of the 
planned osteotomy determines the approach. 

Historically, volarly angulated malunions were 
treated with a volar approach, and dorsal non-
unions were treated with a dorsal one. However, 
with multiple osteotomy options, this is not 
always the case. The standard volar approach is 
centered over the FCR tendon and is a distal con-
tinuation of the Henry approach to the forearm. 
The dorsal approach is performed between the 
second and fourth extensor compartments with 
the EPL mobilized radially and left transposed 
with final closure of the extensor retinaculum. 
While multiple studies have shown similar union 
and complication rates between the two 
approaches, there are some advantages and dis-
advantages to each [13, 31]. In patients with pre-
operative median nerve compression symptoms 
or who require extensive deformity correction 
that may place the median nerve at risk, a volar 
approach is recommended. The FCR approach 
can be extended into the palm, or the hybrid volar 
approach proposed by Chhabra et al. can be uti-
lized to release the carpal tunnel [32]. 
Additionally, the dorsal approach is useful for 
intra-articular deformity correction, as a dorsal 
capsulotomy allows excellent visualization with-
out violating the stouter volar wrist ligaments.

Meticulous and careful handling of soft tis-
sues is of paramount importance with any surgi-
cal approach and can result in decreased 
postoperative complications related to tendon 
adhesions and wound healing. Long-standing 
malunions are also often associated with soft tis-
sue contracture, which must be addressed to 
facilitate complete deformity correction and 
hardware placement [2]. This may require release 
or lengthening of the pronator quadratus and 
flexor tendons from the volar side, first dorsal 
compartment, and other extensor tendons from 
the dorsal side and brachioradialis from either 
approach [2, 13].

The choice of surgical osteotomy is the next 
step in the treatment algorithm and varies depend-
ing on the nature of the deformity. In treatment of 
extra-articular malunions, the categories of avail-
able osteotomies can roughly be divided between 
opening and closing wedge techniques.

Opening wedge osteotomies are the most 
commonly used technique for treatment of distal 
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radius malunions and have an excellent success 
rate [6, 9, 10, 33–38]. The osteotomy is designed 
to generate radial length and correct ulnar vari-
ance. Given that the distal fragment is free from 
the proximal one, a correctly designed osteotomy 
can correct deformity if in the coronal, sagittal, 
and axial planes. The alignment can be further 
manipulated alignment by the position of the 
plate used for fixation and graft size and position 
[25]. A single cortical cut, in which the distal cor-
tex is intentionally left intact can be used for 
angular correction alone, whereas a bicortical cut 
allows both angular correction and lengthening. 
Graham proposed a useful technique utilizing 
K-wires in opening wedge osteotomies to correct 
both radial inclination and sagittal tilt. An initial 
K-wire is placed proximal to the planned osteot-
omy site perpendicular to the radial shaft. For 
correct radial inclination, a second wire is placed 
distal to the osteotomy and perpendicular to the 
radial shaft. The angle of separation between the 
wires after deformity correction corresponds 
with the change in radial inclination. To correct 
sagittal tilt, the second wire is placed distal to the 
osteotomy and parallel to the joint surface of the 
radius. During correction, parallel alignment of 
the wires corresponds to neutral tilt and anything 
beyond will result in increased volar tilt [13]. 
Given the separate fracture fragments, the poten-
tial for instability represents the major disadvan-
tage of an open compared to a closing wedge 
technique. This raises the theoretical risk of 
delayed healing or nonunion related to hardware 
failure but has not been reported as a common 
complication in the literature [2, 6, 9, 33–38].

Closing wedge techniques have some inherent 
advantages, namely, increased stability and the 
lack of need for bone graft due to direct apposi-
tion of the cut bone ends. This is especially effec-
tive in the setting of single-plane deformities. 
Wada et al. have published a technique utilizing a 
volar closing wedge osteotomy to correct dorsal 
tilt, while Fernandez et  al. have successfully 
employed a lateral closing wedge to resolve 
increased radial inclination [23, 39]. Similar to 
opening wedge osteotomies, closing wedge tech-
niques also allow correction of multiplanar defor-
mities. Posner and Ambrose have described a 

biplanar osteotomy for correction of radial incli-
nation and sagittal tilt. They were able to success-
fully restore alignment in all patients treated with 
this technique, including resolution of adaptive 
midcarpal instability when it was present [18]. 
The major disadvantage is shortening of the 
radius relative to the ulna and the risk of ulnocar-
pal impingement, which may necessitate an 
ulnar-sided procedure [2]. In fact, descriptions of 
the techniques of Wada and Posner and Ambrose 
include either ulnar shortening osteotomy or 
ulnar head resection for correction of ulnar posi-
tive variance.

There are a number of variations on the com-
mon closing and opening wedge techniques. 
The trapezoidal osteotomy technique developed 
by Watson and Castle involves harvesting a 
wedge that is long in the longitudinal plane and 
shorter in the transverse plane from the dorsal, 
metaphyseal distal radius. The wedge is then 
rotated 90° into the distal edge of the defect to 
correct dorsal tilt [19]. The sliding osteotomy 
created by Thivaios and McKee requires an 
oblique saw cut in the distal radius from proxi-
mal volar to distal dorsal. The distal fragment 
can then be slid dorsally and/or tilted dorsally 
on the proximal, effectively correcting volar tilt 
and radial height [40]. Finally, Arslan et  al. 
described a distraction osteotomy using an 
Ilizarov-type technique for restoration of radial 
height. The care of the Ilizarov frame would 
require significant patient education and com-
pliance [41].

Distal radius fracture malunions with signifi-
cant intra-articular incongruity represent a more 
technically challenging surgical procedure in 
comparison to extra-articular deformity correc-
tion. Most authors recommend addressing defor-
mity when the articular displacement is greater 
than or equal to 2 mm on the PA radiograph [13, 
16]. While radiographs are excellent at allowing 
visualization of incongruity of 2 mm or greater, a 
CT scan with three-dimensional reconstruction 
images may be useful in accurate preoperative 
planning [16]. Ring et al. have published a tech-
nique for treating intra-articular malalignment 
based on the location of the deformity. Whenever 
possible, they recommend utilizing a dorsal 
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approach to avoid violation of the volar wrist 
ligaments and capsule. Through a standard dorsal 
approach and capsulotomy, a longitudinal oste-
otomy cut is made at the location of the articular 
step-off with a transverse cut performed more 
proximally. The articular surface is realigned uti-
lizing fluoroscopic imaging and fragment- 
specific fixation is used to stabilize the osteotomy. 
A volar approach is typically reserved for iso-
lated volar step-off on the axial CT and cases of 
volar carpal subluxation, such as seen with a 
volar ulnar corner fragment. The volar capsulo-
ligamentous complex is left intact and fluoros-
copy and fragment specific fixation are again 
used to reduce and stabilize the fragment. Similar 
results have been reported for treatment of intra- 
articular and extra-articular osteotomies [16, 30]. 
However, intra-articular deformities are easier to 
correct and may yield improved results when per-
formed in the nascent period [30]. Graham has 
described treatment of isolated malunions of the 
anterior or posterior rim of the radius with bone 
resection and of the lunate facet with radial 
styloidectomy.

The next step in the treatment algorithm for 
distal radius malunions requires filling the void 
created by opening wedge osteotomy techniques. 
There are numerous options for both bone grafts 
and bone graft substitutes, including structural 
cortical graft, cancellous bone, hydroxyapatite, 
calcium phosphate cement, and porous tantalum 
implants. The correct choice of graft is still open 
for debate. Historically, studies have supported 
use of structural cortical graft, which can be har-
vested from the iliac crest, olecranon, or distal 
ulna if resection is required for realignment and 
local graft from the radius is insufficient [5, 9, 18, 
25, 34, 36, 37, 42]. Structural graft provides 
increased stability to the fracture construct, 
allowing increased load bearing potential. In fact, 
early technique descriptions, prior to the com-
mon use of internal fixation, recommended using 
the graft alone [14, 15]. Iliac crest cortical graft is 
probably the most common used structural graft. 
A tricortical or outer table alone graft is harvested 
in a trapezoidal shape from the superior iliac 
crest. It is then contoured to match the size and 
angle needed to fill the defect and correct 

malalignment. The graft is rotated so the superior 
iliac crest becomes the radial cortex of the distal 
radius. Laminar spreaders are useful to over dis-
tract the void and allow graft placement. They are 
then removed, resulting in compression and sta-
bilization of the graft [13].

More recent studies have compared cortical 
graft to alternative graft sources and found simi-
lar results. Ring et  al. examined functional and 
radiographic healing in patients treated with 
either structural cortical graft or cancellous auto-
graft, reporting similar outcomes [34]. Using 
hydroxyapatite as a bone graft substitute in extra- 
articular opening wedge osteotomies, Luchetti 
reported a 100% healing rate with clinically sig-
nificant improvements in range of motion and 
patient outcome scores [33]. In a case report, 
Yasuda et  al. used calcium phosphate bone 
cement as a substitute for graft, reporting com-
plete fracture healing and clinical improvement 
[43]. Finally, a canine model proposed by Adams 
et  al. described the use of osteoconductive 
tantalum- coated wedges to act as structural 
grafts. While successful in demonstrating bony 
ingrowth as early as 4 weeks from surgery, these 
implants likely require further clinical trials 
before their use can be recommended [44].

Stabilization of the osteotomy is the next step 
in treatment and a variety of techniques have 
been described. Internal fixation with a plate 
remains the most commonly used method, with 
implant options including volar locking plates, 
dual dorsal plates, T plates, and fragment-specific 
fixation. As mentioned previously, malunions 
were historically stabilized at the site of the oste-
otomy, with volar T plates used for volar osteoto-
mies and dorsal T plates used for dorsal ones. 
The advent of locking fixed angle devices has 
challenged that concept. Gesenway et al. initially 
demonstrated increased strength and rigidity of a 
dorsally placed locking plate compared to a stan-
dard T plate [45]. This is clinically relevant given 
the higher incidence of dorsally angulated mal-
unions and the need to provide correction through 
a dorsal opening wedge osteotomy. Unfortunately, 
dorsal plating is associated with a number of 
potential soft tissue complications. The most 
concerning complication is tendon irritation and 
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risk of rupture, which can necessitate a secondary 
operation for plate removal [19, 25, 37, 45–47].

The development of volar locking plates 
negated many of the risks and challenges associ-
ated with dorsal plating. Their enhanced biome-
chanical stability allows volar fixation of both 
volar and dorsal osteotomies. The modular and 
fixed angle locking design of the distal screws 
allows for rigid stability to sustain alignment 
after deformity correction. According to studies 
by Orbey, the risk of tendon irritation and even-
tual rupture is reduced by a combination of low- 
profile design of the screw heads, increased 
between the plate, and the ability to cover the 
plate with the pronator quadratus [31, 46]. 
However it should also be noted that a risk of 
flexor tendon rupture still exists with volar 
plates and increases significantly with distal 
placement of the plate beyond the watershed 
area of the volar distal radius. In a model that is 
easily applicable to deformity correction, mul-
tiple studies have demonstrated excellent heal-
ing and low complication rates in both volar and 
dorsal angulated distal radius fractures. The sta-
bility of the construct also permits early postop-
erative range of motion [31, 46–49]. Despite the 
stability afforded by volar locking plates, oste-
otomies, which create a large, dorsal defect, 
may require a dual dorsal approach for adequate 
placement of the graft [2]. As mentioned previ-
ously, graft placement by laminar spreader dis-
traction of the osteotomy site can help facilitate 
graft compression and stability and negate the 
need for dorsal plate stabilization of the graft 
[13]. Cancellous autograft can often be placed 
through the defect or around the plate from the 
volar side.

The standard sequence of steps for surgical 
correction of distal radius malunions is as 
described in this chapter with approach and soft 
tissue release followed by osteotomy, graft place-
ment, and plate fixation. Bushnell and Bynum 
have advocated for distal fixation of a volar plate 
prior to osteotomy. They argue that this allows 
more accurate placement of the distal screws and 
facilitates the “lift maneuver” described by Smith 
and Henry, in which the initial distal fixation of 
the fracture fragments allows correction of dorsal 

tilt through reduction of the proximal end of the 
plate to the diaphyseal distal radius [2, 48].

Other options for osteotomy stabilization 
include external fixation and wire or screw fixa-
tion without plates. External fixation has been 
well studied with variable levels of success [36, 
41, 42, 50]. McQueen reported high healing rates 
in the use of external fixation for the treatment of 
distal radius fractures [50]. In a study by Pennig 
et al., all 14 osteotomies treated with an external 
fixator successfully healed with acceptable align-
ment [36]. However, in the previously referenced 
study using Ilizarov style fixation for distraction 
osteotomies, Arlsan et al. reported a 67% rate of 
unacceptable loss of alignment [41]. Another 
potential use for external fixation is as an adjunct 
for achieving or maintaining alignment prior 
with graft placement and plate fixation [9, 34, 
51]. Case reports and small case series detailing 
the use of Kirschner wires or screws for fixation 
also exist within the literature. Given the 
decreased stability afforded to these constructs 
and the low complication rates associated with 
volar plating, their use is largely limited to sec-
ondary stabilization to plate and screw constructs 
[18, 19, 25, 42]. Whenever possible, it is useful to 
place the distal external fixator pin either through 
the distal radius plate or in a position where it can 
be filled with a screw upon plate placement.

Assessment and treatment of deformity of the 
ulnar side of the wrist marks the final step in 
treatment of distal radius fracture malunions. 
Correction of ulnar-sided deformity should be 
performed as a final step, as corrective osteotomy 
of the radius may be the cause of the deformity. 
An excellently performed realignment of the dis-
tal radius can lead to clinically poor results if the 
proper attention is not given to ulnar-sided defor-
mity. This can be manifested as DRUJ incongru-
ity, instability or contracture, ulnocarpal 
impaction, and ulnar styloid nonunion and result-
ing risk for stylocarpal impaction [2, 20].

Incongruency of the DRUJ can be caused by 
intra and extra-articular malalignment in isola-
tion or in combination [20]. Extra-articular 
malalignment refers to mismatch in orientation 
of the distal radius and ulna that lead to incongru-
ency of the sigmoid notch and can be corrected 
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with the distal radius osteotomy. Fracture dis-
placement that extends into the sigmoid notch or 
ulnar head is the standard cause of intra-articular 
incongruence and is more difficult to treat. When 
posttraumatic arthritis is present on preoperative 
radiographs, treatment is guided by patient age, 
occupational and functional demands, and degree 
of degenerative changes. In young, active patients 
with early DRUJ degenerative changes, an ulnar 
shortening osteotomy has proven effective in 
treatment of symptoms [52].

In the setting of advanced arthritic findings, 
procedures are designed to eliminate the articula-
tion between the distal radius and ulna. These 
include the Sauve-Kapandji, Darrach, and 
Bowers hemiresection arthroplasty and ulnar 
head arthroplasty procedures [2]. Sauve-Kapandji 
procedure relieves pain by creating a pseudar-
throsis through the ulnar neck and performing 
arthrodesis of the distal radioulnar joint. Due to 
the potential complication of proximal stump 
instability, most authors recommend stabilization 
of the stump with slips of the ECU or FCU ten-
dons alone or in combination [53, 54]. It has been 
suggested as a treatment of choice in young per-
sons with advanced degenerative changes, to pro-
vide stability and preserve forearm rotation. The 
Darrach and Bower’s hemiresection arthroplasty 
procedures both seek to resect the distal ulna 
while preserving ligamentous attachments to the 
distal radius. In the Darrach procedure, the distal 
ulna which articulates with the sigmoid notch is 
resected at the ulnar neck. The ulnar styloid and 
its soft tissue attachments can be left in place. 
Instability of the ulnar stump is also a potential 
complication and most authors recommend stabi-
lization with a slip of the ECU or FCU. The pro-
cedure is typically reserved for older, lower 
demand patients. In his description of the 
hemiresection- interposition technique, Bowers 
sought to avoid instability by only resecting the 
articular portion of the ulnar head and preserving 
the ulnar attachments of the TFCC. A flap of the 
extensor retinaculum or dorsal capsule is then 
interposed within the DRUJ and anchored to the 
distal ulna [55]. While theoretically able to be 
performed on younger patients, the procedure 
requires an intact TFCC and may not withstand 

high-demand activities over the long term, lead-
ing to loss of ulnar support of the carpus. Ulnar 
positive variance is another contraindication, as 
ulnocarpal impaction symptoms would be unaf-
fected by the procedure [20]. Finally, distal ulnar 
head arthroplasty is another option for advanced 
degenerative changes within the DRUJ. It is typi-
cally reserved for instability after distal ulnar 
resection in lower demand patients. Intact dorsal 
and volar rims of the sigmoid notch are required 
or instability will persist after surgery. Both par-
tial and complete ulnar head arthroplasty implants 
are available. While limited long-term follow-up 
data is available, most studies have shown excel-
lent pain relief, return of range of motion, 
improved grip strength from preoperative levels 
at 5  years of follow-up. Biomechanical testing 
has demonstrated complete restoration of DRUJ 
kinematics. Although patients are frequently 
restricted to low-demand activities following the 
procedure, Scheker et  al. have reported no 
implant failures at 5 years allowing activities as 
tolerated [56–59].

Delayed treatment of residual DRUJ instabil-
ity most frequently requires a soft tissue stabili-
zation procedure, as the TFCC ligaments are 
often irreparable. If an ulnar styloid base fracture 
is present in the setting of chronic instability, 
fracture fixation alone is usually insufficient, due 
to attenuation of the radioulnar ligaments and 
surrounding soft tissues [56]. Most current tech-
niques focus on anatomic reconstruction of the 
radioulnar ligaments. Scheker et al. published a 
technique using a tendon allograft to reconstruct 
the dorsal radioulnar ligament with a weave 
through drill holes in the radius and ulna [60]. 
Separate techniques by Adams and Berger, as 
well as Jones and Sanders, each describe recon-
struction of both the volar and dorsal radioulnar 
ligaments using a palmaris longus autograft [61, 
62]. The technique by Adams and Berger creates 
an anatomic reconstruction through drill holes 
placed at the ulnar corner of the distal radius and 
fovea of the distal ulna.

DRUJ capsular contracture can limit forearm 
rotation following trauma and should be 
addressed at the same time as malunion. Other 
conditions which limit forearm following trauma 
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should be ruled out. These include radioulnar 
synostosis, DRUJ synchondrosis, interosseus 
membrane contracture, and proximal radial head 
fracture or dislocation [20]. Contracture of the 
pronator quadratus can lead to a fixed pronation 
of the DRUJ. Volar capsulectomy is performed 
for loss of supination, and dorsal capsulectomy is 
done for loss of pronation, with dual approaches 
reserved for bidirectional loss of motion [20, 62].

As described earlier, acquired ulnar positive 
variance from malunion is a risk factor for ulno-
carpal impaction syndrome. In a cadaveric study, 
2.5 mm of ulnar positive variance increased axial 
loading of the ulnocarpal joint by 42% [63]. Over 
time, repetitive abutment of the ulnar head against 
the carpus leads to chondromalacia of the articu-
lar ulna, lunate and triquetrum, tearing of the 
TFCC, and attenuation of lunotriquetral ligament 
[56]. If left untreated, end-stage findings include 
DRUJ instability from TFCC ligament attenua-
tion, carpal instability, and cystic degenerative 
changes within the carpus and ulnar head. 
Treatment should aim to reduce ulnar variance to 
between neutral and 1 mm of negative ulnar vari-
ance [13]. Techniques include arthroscopic wafer 
resection of the distal ulna and ulnar shortening 
osteotomy. Ulnar shortening osteotomy is pre-
ferred in the setting of malunion surgery as it pre-
serves the TFCC ligaments and joint capsule and 
exerts a positive effect on DRUJ stability [20, 
64]. Stylocarpal impaction, which results from 
painful impingement from the tip of an ulnar sty-
loid nonunion on the carpus can be treated by 
excision of the fragment [20].

7.1.6  Postoperative Management

Given that one of the primary indications for sur-
gical intervention is loss of motion, the goal of 
any fixation construct should be to allow early 
range of motion. Patients are immobilized in a 
postoperative splint for a total of 10–14  days. 
Following this, a removable splint can be placed 
and rehabilitation is initiated, focusing on early 

progressive range of motion. Forearm rotation, 
especially supination, can be difficult to recover. 
Strengthening exercises are initiated once there is 
radiographic evidence of healing, usually 
between 8 and 12  weeks from surgery. 
Resumption of all activities typically occurs 
between 3 and 4 months from the index proce-
dure [2].

7.1.7  Distal Radius Malunion: 
Case 1

A 45-year-old female s/p closed treatment of a 
closed distal radius fracture. Figure 7.1a, b dem-
onstrates the malunion with dorsal angulation 
and shortening. The patient had pain and stiffness 
with a loss of wrist flexion and forearm rotation. 
Figure 7.1c, d demonstrates the correction with 
volar plate and osteotomy. The resulting improve-
ment in volar tilt and ulnar variance can be seen 
in these fluoroscopic images. Allograft was then 
used to fill the osteotomy defect with progressive 
healing at 2 months (Fig. 7.1e, f). Note that the 
plate is somewhat prominent volarly due to the 
difficulty in getting full correction of the original 
deformity. This may necessitate hardware 
removal and should be monitored for tendon 
irritation.

7.1.8  Distal Radius Fracture: Case 2

A 40-year-old female s/p closed treatment of a 
distal radius fracture. Figure 7.2a, b demonstrates 
the malunion with ulnar positive variance, 
increased scapholunate angle in compensation 
for loss of normal volar tilt. She had continued 
pain and stiffness despite conservative treatment. 
Figure 7.2c, d shows postoperative images after 
osteotomy and correction of the deformity. Volar 
tilt is restored as is carpal alignment and ulnar 
variance. The correction was in a single plane 
with minimal volar gap so no bone graft was 
used. The osteotomy is healed (Fig. 7.2e, f).
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Fig. 7.2 Distal radius malunion. Case 2. Malunion in a 
40-year-old female after closed treatment of a distal radius 
fracture. (a, b) Malunion with ulnar positive variance, 
increased scapholunate angle in compensation for loss of 
normal volar tilt. She had continued pain and stiffness 
despite conservative treatment. (c, d) Postoperative 

images after osteotomy and correction of the deformity. 
Volar tilt is restored as is carpal alignment and ulnar vari-
ance. The correction was in a single plane with minimal 
volar gap so no bone graft was used. (e, f) The osteotomy 
is healed

a b

c
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7.2  Scaphoid

7.2.1  Background 
and Pathoanatomy

The scaphoid is the most commonly fractured 
bone of the carpus, accounting for 60–70% of all 
fractures [65]. Due to its position in the carpus 
and ligamentous, the healing scaphoid is sub-
jected to numerous complex forces. Without ade-
quate initial management, a combination of 
bending, shearing, and translational forces can 
lead to fracture displacement [65]. Unstable frac-
tures additionally almost always exhibit some 
degree of perilunate ligamentous injury [66]. In 
scaphoid waist fractures, the combination of dis-
placing forces and ligamentous attachments 
results in flexion of the distal pole of the scaphoid 
and extension of the proximal scaphoid pole 
through its attachment to the lunate. Volar bone 
reabsorption prior to fracture healing or inade-
quate surgical reduction lead to the characteristic 
“humpback deformity” [65]. Shortening of scaph-
oid length associated with humpback deformity is 
believed to cause an alteration in carpal mechan-

ics. The resulting carpal instability pattern appears 
to most closely resemble dorsal intercalated seg-
mental instability (DISI) seen in scapholunate 
advanced collapse (SLAC) and scaphoid non-
union advanced collapse (SNAC), both of which 
lead to a predictable pattern of progressive degen-
erative changes [67]. Clinically, this can manifest 
as pain, loss of motion, decrease in grip strength 
and has also been postulated to result in an 
increased risk in the onset and progression of 
degenerative arthritis [68]. Amadio et al. reported 
on 46 scaphoids evaluated with computed tomog-
raphy at least 6 months after scaphoid union. They 
defined malunion as a lateral scaphoid angle 
greater than 35°. In patients with satisfactory 
alignment, they reported satisfactory outcomes in 
83% of patients, with only 22% of patients dem-
onstrating degenerative changes. In contrast, 
when imaging displayed a lateral scaphoid angle 
greater than 45°, only 27% of patients reported 
satisfactory clinical outcomes and 54% had evi-
dence of degenerative arthritis [69]. Despite the 
correlation between scaphoid malalignment and 
degenerative changes, little attention has been 
placed on its management in the literature.

d e f

Fig. 7.2 (continued)
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7.2.2  Clinical Assessment

As with any clinical assessment, a detailed his-
tory of the patient’s injury and any treatment 
should be obtained. If symptomatic, patients 
most commonly report pain, decreased range of 
motion, and inability to perform activities of 
daily living [68, 70]. The physical examination 
should test the strength, range of motion, and sta-
bility of the wrist, utilizing the unaffected side as 
a comparison. Decreased wrist extension, supina-
tion, and radial deviation are more common than 
flexion, pronation, and ulnar deviation [68]. Grip 
strength of both hands should be obtained, as a 
majority of symptomatic patients will demon-
strate a decrease in grip correlating with limita-
tions in hand and wrist function. Tenderness will 
most commonly present over the anatomic snuff 
box and scaphoid tubercle. Patients may also 
demonstrate symptoms indicative of extensor 
tenosynovitis, with dorsal swelling and pain with 
digit extension [68].

Both radiographs and advanced imaging are 
useful in establishing the diagnosis and planning 
treatment. Initial radiographs should include 
standard posteroanterior, lateral, 45-degree pro-
nated oblique and navicular (PA in wrist ulnar 
deviation) views. Views of the contralateral wrist 
are useful for comparison, and any previous 
radiographs should be obtained and evaluated. 
Radiographs will most commonly reveal a 
deformed scaphoid with shortening and flexion 
on the lateral radiograph, and ulnar deviation of 
the distal pole on the PA radiograph. In the navic-
ular view, the scaphoid may overlap the radial 
border of the capitate. The distal fragment is also 
commonly axially rotated and pronated [68]. 
Radiographs should also be examined for evi-
dence of early degenerative changes, which most 
commonly begin at the radioscaphoid 
articulation.

Three-dimensional computed tomography 
(CT) scans provide the most detailed images of 
the osseous anatomy and can be useful in deter-
mining the true nature of the deformity. CT has 
demonstrated high intra-observer reliability in 
determining displacement and fracture union 
[71]. CT images are used to determine angulation 

of the scaphoid with the lateral intrascaphoid 
angle or height to length ratio on sagittal images 
[71]. For accuracy, the CT should be oriented 
perpendicular to the long axis of the scaphoid, 
rather than the wrist [72]. The normal lateral 
intrascaphoid angle is 24°, while an angle greater 
than 45° is predictive of an increased risk of 
arthritis, even in healed fractures [69]. Scaphoid 
collapse is considered significant with a height- 
to- length ratio greater than 0.65 [73, 74]. CT can 
also evaluate for technical errors, such as inade-
quate fracture reduction. Current CT protocols 
with metal suppression are useful in minimizing 
hardware artifacts. CT can provide a more pre-
cise examination for early degenerative changes 
than plain radiographs.

7.2.3  Treatment

As mentioned previously, despite the apparent 
correlation between scaphoid malalignment and 
early degenerative changes, there is a lack of con-
sensus within the literature on the definitive man-
agement of these injuries. As a result, treatment 
should encompass a collaborative effort between 
the surgeon and patient and be based on each 
individual’s symptoms, activity limitations, and 
functional goals, rather than malalignment alone. 
The first step should be to precisely determine the 
degree of malalignment through radiographic 
and CT examination as discussed above. In the 
setting of a nascent malunion, or a fracture 
encountered up to 3 months from initial injury, 
which has yet to completely consolidate, our rec-
ommendation is for early surgical management 
to correct the deformity and hopefully prevent 
any further negative sequelae.

The treatment of established scaphoid mal-
union is more controversial. Three earlier studies 
established symptomatic scaphoid malunion as a 
risk factor for wrist progressive degenerative 
arthritis [69, 75, 76]. This must be balanced 
against potential iatrogenic risk factors associ-
ated with treating a previously united scaphoid 
fracture, including osteonecrosis and nonunion 
[68]. In symptomatic patients, studies have con-
sistently demonstrated improvement in pain, 
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range of motion, and grip strength [68, 70, 77, 
78]. Decision-making becomes significantly 
more complicated in the setting of asymptomatic 
patients, as surgery is aimed at preventing condi-
tions that may not become symptomatic for years 
into the future. Forward et al. reported no differ-
ence in pain, range of motion, or grip strength at 
1-year follow-up between patients with mal-
united and normally aligned scaphoid fractures 
[79]. At an average of 11 years follow-up, Jiranek 
et al. compared patients with either malunion or 
normal alignment after Matti-Russe bone graft-
ing. They found that while there was a significant 
difference in objective findings, including degen-
erative changes, range of motion, and grip 
strength, there was no difference in subjective 
patient satisfaction [80].

Surgical management requires a volar 
approach to the scaphoid, as described by Russe 
and described in detail in the chapter on scaphoid 
nonunion, to accurately correct the humpback 
deformity. Depending on the severity of the 
deformity and degree of volar bone reabsorption, 
structural bone graft may be required for stabili-
zation. Fernandez et al. were the first to describe 
the use of wedge-shaped corticocancellous graft 
from the iliac crest to correct humpback defor-
mity [77]. They reported on three patients treated 
with this technique to correct the standard flex-
ion, pronation, and ulnar deviation humpback 
deformity. At a minimum 4 years of follow-up, 
all patients were pain-free, satisfied with their 
treatment, and demonstrated improved range of 
motion and grip strength [77]. In the largest series 
in the literature to date, El Karif reported on 13 
symptomatic patients treated with the tricortical 
iliac crest graft technique [68]. At an average of 
42  months follow-up, they reported excellent 
results in seven patients, good in four patients, 
and fair in two patients. Compared to the contra-
lateral side, grip strength and range of motion 
improved from 48% and 47% to 82% and 79% at 
the final follow-up. Nakamura et  al. treated ten 
patients with symptomatic scaphoid malunions, 
seven required a volarly placed wedge graft. 
They reported a correlation between the degree 
of deformity and decreased range of motion and 
grip strength. All patients reported satisfactory 

results [70]. Finally, Lynch and Linscheid 
reported on five patients treated with corrective 
osteotomy for symptomatic malunion at an aver-
age of 9 years post-operatively. Using CT imag-
ing, they found that all osteotomies healed and 
scaphoid and carpal alignment was well main-
tained. All patients demonstrated an improve-
ment in grip strength and range of motion [78].

The presence of degenerative changes repre-
sents the final consideration in treatment of these 
patients. Imaging should be carefully reviewed 
for early arthritic changes. The goal of surgical 
deformity correction is the prevention of prema-
ture arthritis in the young patient with high func-
tional demands. With significant radiocarpal or 
midcarpal degenerative changes, surgical treat-
ment of scaphoid malunion is unlikely to produce 
a meaningful outcome. As mentioned earlier in 
the chapter, scaphoid collapse can lead to a DISI 
pattern of carpal instability, with degenerative 
changes progressing in a pattern resembling 
scaphoid nonunion advanced collapse (SNAC). 
Management of this condition consists of salvage 
procedures based on patient symptoms and dis-
cussed in detail in the chapter on scaphoid 
nonunion.

7.3  Thumb Trapeziometacarpal 
Joint

Although relatively rare injuries, fractures involv-
ing the thumb carpometacarpal joint have the 
potential to significantly impact thumb function. 
They tend to occur in a bimodal distribution, 
most commonly involving children and the 
elderly [81]. When occurring in young, high- 
demand patients, malunited fractures of the base 
of the first metacarpal and, less commonly, the 
trapezium can have a detrimental effect on thumb 
range of motion and strength [82, 83]. The trape-
zium forms a saddle-shaped articulation for the 
base of the first metacarpal, allowing a complex 
array of movement, including flexion and exten-
sion, palmar abduction and adduction, and rota-
tion. The articulation is stabilized by ligamentous 
structures, which can also be involved, depend-
ing on the injury pattern. Initial radiographic 
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assessment should include a thumb series with 
standard PA, as well as true thumb AP and lateral 
views. Known as Robert’s view, the true thumb 
anteroposterior view requires the hand to be pro-
nated so the dorsum of the thumb lies against the 
radiographic plate. To obtain the true lateral or 
Bett’s view, the palm is placed flat on the cas-
sette, the hand is pronated between 15 and 35° 
and the beam is directed 15° distal to proximal. 
This allows visualization of the trapeziometacar-
pal joint, as well as the three other articulations of 
the trapezium, with the scaphoid, trapezoid, and 
first metacarpal [81]. Enhanced imaging with 
three-dimensional computed tomography can be 
beneficial to definitively determining the defor-
mity and evaluate for degenerative changes.

7.4  Thumb Metacarpal

Intra-articular fractures of the base of the first 
metacarpal can be divided into simple and com-
plex fracture pattern types. First described by an 
Irish surgeon in 1882, Bennett’s fracture refers to 
a single intra-articular split of volar-ulnar base of 
the metacarpal from the remaining bone. It most 
commonly occurs from axial load of a partially 
flexed metacarpal [81]. The injury is really a 
fracture- subluxation, with the volar-ulnar frag-
ment remaining reduced to the carpometacarpal 
joint by the attachment of the anterior oblique or 
beak ligament to the trapezium. Meanwhile, the 
distal metacarpal shaft displaces in a dorsal, 
proximal, and radial direction, as a result of the 
attachments of the abductor pollicis brevis, 
adductor pollicis, and flexor pollicis brevis [82]. 
Silvio Rolando initially termed Rolando fracture 
for a three-part fracture of the base of the first 
metacarpal in 1910. It is now applied to any com-
minuted fracture of the first metacarpal base [81]. 
Historically, acute treatment of these injuries 
consisted of closed reduction and cast immobili-
zation [82]. While current treatment favors oper-
ative realignment and stabilization, there is 
conflicting literature to support anatomic reduc-
tion and the literature concerning the manage-
ment of malunion is nonexistent. Cannon et  al. 
and Demir et al. examined long-term results fol-

lowing closed and open treatment of these frac-
tures, finding no correlation between the quality 
of reduction and radiographic or subjective out-
comes [84, 85]. Further, a biomechanical study 
by Cullen et  al. demonstrated a significant 
increase in trapeziometacarpal joint contact pres-
sure only with articular displacement greater than 
2  mm, resulting in dorsal shift in contact pres-
sure. They concluded that up 2 mm of articular 
step-off was acceptable [86]. In contrast, Kjaer- 
Petersen et al. noted an increase in symptomatic, 
radiographic arthritis at an average follow-up of 
7.3  year when post reduction joint incongruity 
was greater than 1  mm [87]. Livesley et  al. 
reported diminished strength and range of motion 
and the presence of degenerative arthritis in all of 
17 patients followed for an average of 26 years 
after closed reduction with persistent displace-
ment or joint subluxation [83]. Other studies have 
also demonstrated improved subjective and 
radiographic outcomes from anatomic reduction 
[88–90].

Treatment of a malunited, intra-articular frac-
ture is complicated and should be dependent on 
the patient’s individual function, symptoms, and 
expectations. It is helpful to try to determine 
whether the patient’s functional limitations stem 
from more decreased range of motion or pain. In 
patients with range of motion limitations and 
without intra-articular incongruity or pain, an 
extra-articular osteotomy can be performed to 
restore alignment. The thumb can be approached 
through the standard Wagner incision, with a lon-
gitudinal limb over the dorsal metacarpal between 
the thenar musculature and abductor pollicis lon-
gus tendon, which is extended at the base of the 
trapeziometacarpal joint proximally and ulnarly 
to the radial edge of the flexor carpi radialis [80]. 
The osteotomy is performed either at the site of 
deformity or distal to it, using a compensatory 
deformity to restore overall length and align-
ment. Given the complexity of the standard 
deformity, which includes flexion, adduction, and 
rotation, a compensatory distal osteotomy can 
represent a less technically demanding proce-
dure. Additionally, contracture of the first web-
space may occur from the initial deformity or 
immobilization and require soft tissue techniques 
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such as Z-plasty or webspace release and skin 
grafting to fully restore thumb range of motion.

Management of the articular deformity is 
more technically demanding and involves sound 
preoperative planning. Nascent malunions with 
significant articular incongruity encountered in 
the first 6–8 weeks following injury before frac-
ture consolidation may be amenable to open frac-
ture reduction and stabilization if the native 
fracture lines remain visible and the fragment 
large enough. Correction of chronic injuries is 
only recommended in the setting of a young, 
high-demand patient with significant symptom-
atic incongruity greater than 2 mm and no evi-
dence of radiographic degenerative changes. The 
joint can again be approached through the Wagner 
incision, with a longitudinal osteotomy made at 
the site of deformity and transverse cut made 
more distally. The articular surface is reduced 
and the fragment is stabilized. We recommend 
the use of small 2.0 of 1.5 mm screws or K-wires.

7.5  Trapezium

Fractures of the trapezium are less common than 
the first metacarpal, representing only 1–5% of 
all carpal fractures and rarely occurring in isola-
tion. Trapezial fractures are associated with frac-
tures of the first metacarpal and distal radius, as 
well as carpal tunnel syndrome, tendonitis, and 
rupture of the flexor carpi radialis tendon as it 
passes by the trapezium [65]. Fractures most 
commonly involve the body or longitudinal ridge, 
which extends in a volar direction and serves as 
the attachment point for the transverse carpal 
ligament. The FCR then passes through a groove 
formed by the longitudinal ridge. Overall, frac-
tures of the body are more common and occur 
from a direct blow, in which the base of the thumb 
metacarpal is driven axially into the trapezium 
[65]. With an intra-articular split, the dorsal and 
radial body of the trapezium displaces proximally 
along with the first metacarpal base, resulting in 
trapeziometacarpal subluxation.

As with fractures of the base of the first meta-
carpal, literature on the treatment of these injuries 
is lacking. Given the joint subluxation associated 

with an intra-articular split, most authors recom-
mend acute anatomic reduction and fixation with 
either Kirschner wires or, more commonly, com-
pression screws [91]. The presence of frank joint 
subluxation or mechanically restricted range of 
motion in the nascent period should be an indica-
tion for reduction and stabilization. Additionally, 
fracture displacement is associated with a high 
incidence of delayed or nonunion if fracture lines 
persist beyond the expected time to healing [65]. 
Due to the compressive nature of the injury, bone 
impaction is common and bone graft may be 
required to support the articular surface [65]. 
Similar to the above treatment for thumb metacar-
pal malunion, once a malunited fracture has com-
pletely healed, treatment should be based on a 
combination of patient age, functional demands, 
and symptoms, in addition to deformity. In young, 
high-demand, symptomatic patients, an intra-
articular osteotomy can be performed through the 
Wagner approach. The goal of treatment should 
be to reestablish both articular congruity and tra-
peziometacarpal joint realignment. For malunited 
and nonunited fractures of the trapezial ridge, the 
FCR tendon may be at risk and fragment excision 
can be performed through a volar approach if 
symptomatic [65].

7.6  Salvage

Care of patients with trapeziometacarpal mal-
union should include close radiographic evalua-
tion for degenerative changes, which are a 
contraindication to a joint leveling procedure. 
Often early symptomatic arthritis can be man-
aged conservatively with a combination of ther-
apy, corticosteroid injections, and bracing. If 
conservative management fails, salvage proce-
dures are used as a last result. The procedure cho-
sen depends on the functional demands of the 
patient. For young, active patients or patients 
with heavy labor occupations, trapeziometacar-
pal arthrodesis is the best surgical option [92, 
93]. The procedure is contraindicated in patients 
with arthritis in the scaphotrapeziotrapezoid 
joint. For older, lower demand patients, trapezio-
metacarpal joint arthroplasty is indicated.
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7.7  2nd–5th Carpometacarpal 
Joints

Intra-articular fractures involving the 2nd–5th 
CMC joints are relatively rare injuries but may be 
underreported due to the difficulty associated 
with their imaging [94]. Typically, these fractures 
are imparted with relative stability due the strong 
attachments of the palmar and dorsal carpometa-
carpal ligaments and interosseus ligaments [94]. 
Ligamentous mobility increases in a radial to 
ulnar direction, resulting in significant more 
motion in the 4th and 5th CMC joints than the 
2nd and 3rd. As a result, fractures of the 4th and 
5th CMC joints are inherently less stable than 
their more radial counterparts. Additionally, the 
tendinous insertions of the extensor carpi radialis 
longus (2nd metacarpal), extensor carpi radialis 
brevis (3rd metacarpal), and extensor carpi ulna-
ris (5th metacarpal) can produce avulsion frac-
tures of the base of the metacarpals on which they 
attach and provide a deforming force in fracture 
displacement [94].

Given the rarity of these injuries, there is no 
consensus regarding their treatment. Initial man-
agement of a suspected malunion should include 
a detailed history of injury and previous treat-
ment. The most frequent mechanism is an axial 
force applied through the wrist. With loss of 
alignment and resulting malunion, the most com-
mon complaint is loss of grip strength. Patients 
can also experience loss of wrist extension, 
decreased range of motion, and pain [94]. A com-
plete neuromuscular exam should also be per-
formed. The deep branch of the ulnar nerve lies 
in close proximity to the bases of the 4th and 5th 
metacarpals and is at risk for injury with fracture 
displacement. As mentioned previously, obtain-
ing adequate imaging can be challenging. Initial 
standard anteroposterior, lateral, and oblique 
radiographs of the hand and wrist should be 
obtained. While one should look closely for dor-
sal displacement of subluxation of the CMC 
joints on the lateral radiographs, the trapezium, 
trapezoid, and hamate bones can obscure visual-
ization [95]; 30-degree partially supinated and 
pronated lateral views can help to demonstrate 
metacarpal subluxation [96]. Additional advanced 

imaging with three-dimensional computed 
tomography can give a more detailed picture of 
joint subluxation, fracture pattern, and intra- 
articular incongruity.

As a rule, intra-articular malunions of the car-
pometacarpal joints are rarely amenable to cor-
rective osteotomy. In the setting of a nascent 
malunion, with visible fractures lines, osteotomy 
may be able to restore articular congruity. 
Fractures of the second and third carpometacar-
pal joints have increased stability compared to 
the 4th and 5th. While the 4th and 5th joints pos-
sess some radio-ulnar and pronation-supination 
motion, the 2nd and 3rd move in only flexion and 
extension. There is a lack of consensus in the lit-
erature regarding treatment of fracture displace-
ment. Acute treatment of the radial CMC joints in 
the literature consists of small case series or case 
reports totaling 15 cases of 2nd CMC joint frac-
tures and 7 cases of 3rd CMC fractures. The only 
near consensus for surgical management is in the 
setting of loss of wrist extension from ECRL or 
ECRB avulsion and fracture fragment displace-
ment resulting in tendon irritation and risk of ten-
don rupture [94]. There are no studies detailing 
long-term function or risk of early degenerative 
arthritis. Similar to management of nascent mal-
unions, corrective osteotomy can be considered 
in young, active patients if fracture fragments are 
visible and restoration of wrist extension may be 
accomplished by reduction of the wrist extensor 
tendon attachments.

The 4th and 5th metacarpal bases form an 
articulation with the hamate bone of the carpus. 
The 4th metacarpal can form a secondary articu-
lation with the capitate through a radial facet. 
Unlike the other metacarpal bones, the 4th meta-
carpal is free of tendinous attachments and its 
stability is augmented by an articulation with the 
3rd and 5th metacarpal bases. As a result, frac-
tures of the 4th metacarpal rarely occur in isola-
tion. Fractures of the 5th metacarpal base have 
been termed “baby Bennett” and “reverse 
Bennett” injuries due to the displacing force of 
the extensor carpi ulnaris attachment, which 
results in proximal and dorsal subluxation of the 
metacarpal base [82]. Fractures of the intra- 
articular hamate, as well as the 4th and 5th meta-
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carpal bases, can affect joint congruency. As with 
fracture of the radial CMC joints, there remains a 
lack of consensus regarding acute treatment of 
4th and 5th CMC fracture-subluxations. Petrie 
and Lamb reviewed outcomes of 14 fifth CMC 
fracture-dislocations at an average of 4.5 years. 
Despite persistent radiographic abnormalities, 
including metacarpal shortening, articular incon-
gruity, and joint widening, only one patient 
described significant enough pain to affect work 
[97]. Kjaer-Petersen et  al. compared closed 
reduction versus operative fixation in a total of 50 
patients with 64 fifth metacarpal fracture- 
dislocations at an average of 4.3 years follow-up. 
They discovered that although surgical treatment 
resulted in a lower incidence of joint incongruity 
and early degenerative findings, it had no impact 
on the presence of pain at follow-up. Thirty-eight 
percent of patients (19 of 50) reported significant 
pain at the time of follow-up [98].

As a result, it is difficult to support a role for 
corrective osteotomy in treatment of malunited 
fractures of the 4th and 5th CMC joints. As with 
fractures of the 2nd and 3rd metacarpals, nascent 
malunions with clear fracture lines may be ame-
nable to surgical correction in the symptomatic, 
young, active patient. Similar patients with sim-
ple articular splits in the hamate with resulting 
4th or 5th CMC incongruity may also be amena-
ble to corrective osteotomy stabilized with small 
compression screws through a dorsal approach 
prior to the onset of degenerative changes. For 
patients with activity-limiting symptoms and 
findings of degenerative arthritis, CMC arthrod-
esis with iliac crest bone autograft is a reasonable 
procedure and has been reported to successfully 
relieve symptoms [99].

A final consideration is in patients with intra- 
articular metacarpal base fracture malunions and 
resulting rotational abnormalities of the finger. 
Scissoring over an adjacent finger can produce a 
significant cosmetic deformity and impair grip 
strength. Ignoring any intra-articular incongru-
ity, an extra-articular rotational osteotomy can 
be performed at the base of the metacarpal 
through a dorsal approach and fixed with either 
provisional Kirschner wires or plates [81]. 
Limited by the transverse metacarpal ligament, 

the maximum correction is typically between 
18° and 19° for the index, long and ring fingers, 
and 20–30° for the small finger [100]. Correction 
is determined by a combination of inspecting the 
plane of the fingernails, confirming that all digits 
point to the scaphoid tubercle, and observing the 
tenodesis effect with passive wrist flexion and 
extension [81].

7.8  Metacarpal Fracture 
Malunion

Malunion of metacarpal fractures is one of the 
most common complications after injury. The 
nature of the initial injury often directs the resul-
tant deformity and guides future treatment. 
Metacarpal fractures may be subdivided into 
those involving the shaft, neck, head, or intra- 
articular portion of the bone. The patient’s spe-
cific needs and degree of function as well as the 
location of the fracture and the specific digit 
involved dictate the amount of acceptable angu-
lation, shortening, and rotation which can be tol-
erated and defines what is within reasonable 
limits versus a malunion. Occupational and voca-
tional demands of the patient in addition to other 
patient-specific factors must be taken into account 
when evaluating this complication and determin-
ing an appropriate and individualized treatment 
plan.

The normal anatomy of the metacarpals and 
their role in defining the form and function of the 
hand are important to understand when evaluat-
ing deformity after injury. The metacarpals are 
key in forming the three arches of the hand: the 
longitudinal arch and two transverse arches. The 
metacarpal base at the carpometacarpal joint 
defines the proximal transverse arch and the 
metacarpal neck at the level of the metacarpopha-
langeal joint defines the distal transverse arch. 
The longitudinal arch is formed by the dorsal sur-
face of the metacarpals. Adjacent metacarpals are 
held to each other at their bases by the  interosseous 
ligaments and deep transverse intermetacarpal 
ligaments distally [101]. These strong fibrous 
attachments help in maintaining the arches of the 
hand but can be disrupted by severe crush injury 
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or multiple fractures. Furthermore, these attach-
ments limit the overall shortening that is possible 
after fracture.

Fractures of the metacarpals angulate in a 
predictable pattern as a result of the muscle 
attachments along the ray. Though several mus-
cles attach to the bases of the metacarpals, it is 
the actions of the interossei that is most impor-
tant in creating deformity. Both the dorsal and 
palmar interossei take origins from the metacar-
pals and insert on the extensor hood and lateral 
bands [101]. As a result, transverse or short 
oblique fractures of the head and shaft of the 
metacarpal displace in a characteristic apex dor-
sal pattern given the deforming forces applied to 
each fragment. Primarily, the unopposed pull of 
the interossei results in a flexion deformity of 
the distal fragment of these fractures. As a 
result, malunions tend to occur in this fixed 
position.

Fractures of the metacarpal can be broken 
down into those involving the shaft, neck, or the 
articular surfaces (head and base). Slight varia-
tion exists in the literature regarding acceptable 
amounts of deformity, but in general, 10° of 
angulation through the metacarpal shaft of the 
index and long finger, 20° of the ring, and 30° of 
the small finger are acceptable and treated non-
operatively [1]. This variable amount of accept-
able deformity is a function of compensatory 
motion imparted at the carpometacarpal joints, 
which is greater for the more ulnar digits. The 
index and long finger metacarpals are more rigid 
and part of the longitudinal arch of the hand [82]. 
Fractures of the metacarpal neck may tolerate an 
even greater amount of angulation before signifi-
cant deficit is noted. Angulation of 10–20° of the 
index and long finger, 30–40° of the ring, and up 
to 70° of the small finger can be considered 
acceptable when the deformity is apex dorsal 
[102–105]. Fractures of the articular surfaces of 
the metacarpal are treated primarily when an 
incongruent joint results, in order to limit the risk 
of accelerated arthrosis. When there is less than 
1 mm of articular step-off or 25% joint surface 
involvement, the fracture may be treated nonop-
eratively [82]. Further, fractures of the metacar-
pal base are often associated with an acute 

dislocation of avulsion injury which both warrant 
reduction or fixation [97].

Shortening of a metacarpal after fracture is 
often a result of relative loss in length as a func-
tion of angulation rather than true axial shorten-
ing. Nonetheless, decreasing the functional 
length of a metacarpal can alter the balance of the 
intrinsic and extrinsic systems working in con-
cert to coordinate digital motion. The common 
finger extensors undergo a relative lengthening in 
this scenario resulting in extensor lag at the meta-
carpophalangeal joint which has been calculated 
to be 7° of lag and 8% loss in grip strength per 
2  mm of shortening [106, 107]. However, the 
capacity of the MCP joint to hyperextend (on 
average 20°) provides a mechanism to compen-
sate for this lag, and thus clinically significant 
deficits in function are not noted until greater 
than 6 mm of shortening is present.

Rotational deformity, unlike angulation and 
shortening, is poorly tolerated at the level of the 
metacarpals, and anatomic reduction in this plane 
is required. Relatively small amounts of malrota-
tion at the level of the metacarpal are magnified 
at the fingertip. Each degree of metacarpal malro-
tation may result in as great as 5° of malrotation 
at the fingertip and 1 cm of symptomatic fingertip 
overlap [108]. This is best evaluated with the 
patient making a fist and noting any overlap of 
the digits, or more precisely, any variance from 
the normal cascade of fingers pointing toward the 
tuberosity of the scaphoid. This can be a func-
tionally debilitating issue leading to loss of dex-
terity and deficits in grip strength.

7.9  Phalangeal Fracture 
Malunion

Phalangeal fractures result in predictable defor-
mity due to the ligamentous attachments along 
each phalanx and the relative location of the frac-
ture lines. Short, simple fractures of the phalan-
ges exhibit characteristic patterns of angulation 
and subsequent deformity depending on the 
 location of the initial fracture and the deforming 
forces on each fragment. Those involving the 
shaft of the proximal phalanx typically result in 
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apex volar angulation due to the forces exerted by 
the lumbricals to flex the proximal fragment and 
the central slip to the middle phalanx to extend 
the distal fragment. It is in this position that most 
malunions of the proximal phalanx will occur.

Similar fractures at the middle phalanx may 
result in apex dorsal or apex volar deformity con-
tingent on the location of the fracture relative to 
tendon insertions on this bone. Specifically, the 
relative location of the fracture compared to the 
flexor digitorum superficialis (FDS) is key. Those 
fractures proximal to the FDS insertion result in 
an apex dorsal deformity as a result of the flexed 
distal fragment secondary to the unbalanced pull 
of the FDS tendon and an extended proximal 
fragment due to the pull of the central slip. 
Conversely, fractures distal to the flexor digito-
rum superficialis will angulate volarly as a result 
of the flexion force on the proximal fragment by 
the FDS and extension force on the distal frag-
ment by the terminal extensor. Again, it is in 
these characteristic positions that malunions will 
typically occur.

More complex fractures of the phalanges 
often result in variable amounts of deformity and 
do not fit within the simple rules presented above. 
Long oblique or spiral fractures may display 
varying amounts of angulation and shortening 
and often result in multidirectional deformity.

7.9.1  Phalangeal Fracture 
Malunion: Case 1

A 41-year-old female s/p attempted fixation of a 
5th proximal phalanx fracture. The fracture 
healed but with an extension deformity as well as 
rotation, resulting in digit overlap and functional 
impairment (Fig.  7.3a, b). Fluoroscopic images 
(Fig.  7.3c, d) demonstrate plate fixation after 
osteotomy and correction of multiplane defor-
mity, including both flexion and rotation. 
Subsequent radiographs demonstrate some early 
healing (Fig.  7.3e, f). The mismatch between 
edges of the osteotomy is due to correction of the 
rotational deformity. Also noted is her clinodac-

Fig. 7.3 Phalangeal fracture malunion. Case 1. (a, b) 
Malunion in a 41-year-old female patient after an earlier 
attempted fixation of a 5th proximal phalanx fracture. The 
fracture healed but with an extension deformity as well as 
rotation, resulting in digit overlap and functional impair-
ment. (c, d) Fluoroscopic images of this malunion demon-
strate plate fixation after osteotomy and correction of 

multiplane deformity, including both flexion and rotation. 
(e, f) Subsequent radiograph of correction of this mal-
union. The mismatch between edges of the osteotomy is 
due to correction of the rotational deformity. Note clinod-
actyly at the distal phalanx, which is symmetric to the 
contralateral side

a b c
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tyly at the distal phalanx, which is symmetric to 
the contralateral side.

7.9.2  Phalangeal Fracture 
Malunion: Case 2

A 7-year-old female with a growth abnormality 
and subsequent malunion-like deformity after 
correction of a thumb polydactyly at an earlier 
age (Fig. 7.4a, b). In this case the osteotomy was 
made remote to the physis, and smooth wires 
were used for fixation allowing for correction of 
the functional deformity (Fig.  7.4c–e). X-rays 
demonstrate progressive healing after removal of 
the first wires.

7.10  Nonoperative Management

Treatment for malunion of metacarpal and pha-
langeal fractures is highly successful with rela-
tively low complication rates when performed 
correctly but should not be undertaken without 
steadfast indications [109]. Each patient and indi-
vidual case should be scrutinized to determine 

the amount of functional deficit caused by the 
deformity being considered. Though radio-
graphic evidence of malunion may exist, opera-
tive correction should not be considered for 
asymptomatic malunions, especially those that 
are clinically stable and late presenting (greater 
than 10 weeks from injury) with signs of bridging 
callus. Correction of malunion for purely cos-
metic reasons is not indicated. Patient-specific 
factors that define the amount of functionality 
and demand the patient has of their hand are 
important to consider. Young patients, athletes, 
and those who work in manual labor or require 
high functionality of their hands to perform job- 
related activities are all good candidates for oper-
ative fixation in order to optimize their outcome. 
Appropriate hand therapy for strength and condi-
tioning is a critical factor in management of all 
patients with malunion of the metacarpals of pha-
langes, even when considering surgical interven-
tion. Long-term results are improved even after 
surgery when adequate physical therapy is per-
formed before operation [109]. Appropriately 
counseling patients prior to surgery is key in set-
ting realistic expectations and providing true 
patient-specific care.

d e f

Fig. 7.3 (continued)
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Fig. 7.4 Phalangeal fracture malunion. Case 2. (a, b) A 
7-year-old female with a growth abnormality and subse-
quent malunion-like deformity after earlier correction of a 
thumb polydactyly. (c, d) Anteroposterior (AP) and lateral 

views showing steotomy was made remote to the physis 
and smooth wires were used for fixation, allowing for cor-
rection of the functional deformity. (e) Final AP after pin 
removal showing healed osteotomy
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7.11  Operative Management

When indicated in cases of significant deformity 
or disability, malunion is typically treated with 
corrective osteotomy. Performed correctly, this is 
quite a successful procedure with desirable out-
comes [109]. The procedure is not without risk 
however and patients should be well educated of 
the expectations and limitations associated with 
each individual case. Common risks associated 
with corrective osteotomy are infection (0.01%), 
increased stiffness (10%), implant failure (8%), 
and delayed bone healing (15%) requiring pro-
longed therapy and protected motion [110]. 
Additional difficulty in perfectly restoring func-
tion and cosmesis may result from coexisting ten-
don or joint contractures, factors that are 
exacerbated by increasing chronicity of the 
injury. It is for these reasons that careful patient 
selection and preoperative planning are the keys 
to success.

In approaching operative management, one of 
the first considerations is whether to place the 
osteotomy at the site of deformity or to use a 
compensatory osteotomy to impart a reciprocal 
deformity on the bone resulting in overall correc-
tion. In principle, corrective osteotomy at the site 
of injury is ideal and will allow for full correction 
of the malunion in all planes. However, consider-
ation should be given to other important factors 
such as soft tissue or tendon complication sec-
ondary to its potential proximity to hardware. 
Additionally, malunited fractures at the diaphysis 
have decreased healing potential after osteotomy 
than in metaphyseal bone due to periosteal strip-
ping when approaching the bone and increased 
cortical to cancellous bone ratio [111, 112].

In general, symptomatic malunion of the 
metacarpals is a function of rotational deformity 
and less commonly of shortening or angulation. 
This is not only because rotation is poorly toler-
ated as mentioned previously, but also a result of 
the support provided by the deep intermetacarpal 
ligaments in preventing shortening greater than 
3–4 mm and angulation [113]. When correcting 
rotational malalignment alone, consideration 
must be given to performing a transverse osteot-
omy at the proximal metacarpal metaphysis or 

metadiaphyseal junction instead of utilizing the 
site of malunion. Up to 20° of pure rotational 
deformity can be corrected with proximal meta-
carpal metaphyseal osteotomy that is subse-
quently fixed with Kirschner wires or a 
plate-and-screw construct [100]. Bone healing is 
enhanced by this technique and thus is ideal for 
malunions where the angular component of 
deformity is minimal. In contrast, when the 
deformity is multidirectional or has significant 
angulation, the site of malunion should be uti-
lized for corrective osteotomy.

Similar concepts apply to the phalanges when 
planning for corrective osteotomy. Rotational 
deformity with minimal amounts of angulation 
can be corrected by osteotomy outside the site of 
malunion providing benefits to fracture healing 
and local tissue biology. Both subcondylar and 
phalangeal base osteotomies can be utilized to 
correct the deformity. In the case of proximal 
phalanx osteotomies, the phalangeal base is pre-
ferred because of the increased risk of stiffness of 
the proximal interphalangeal joint relative to the 
metacarpophalangeal joint when a subcondylar 
osteotomy is used [114]. Multiplane deformity 
(sagittal plane deformity in addition to malrota-
tion) often requires osteotomy at the site of defor-
mity for adequate correction.

Intra-articular fractures of the metacarpals and 
phalanges are treated with the same core princi-
ples guiding treatment of all intra-articular frac-
tures. Anatomic restoration of the joint surface 
and fixation with absolute stability to promote 
primary bone healing are the tenets of appropri-
ate care and critical to preventing arthrosis. Early 
presenting malunions (less than 10  weeks) can 
potentially be corrected through the fracture site 
after debriding any soft callus or intervening soft 
tissue from the fracture fragments and fixed with 
miniscrews. With later presenting intra-articular 
malunions, intercondylar wedge resection and 
sliding osteotomy can help recreate the articular 
surface [115]. Bone graft can be used in addition 
to condylar miniplates to secure fixation. 
Importantly, however, the techniques required to 
correct intra-articular malunions require exper-
tise and should not be undertaken lightly. Even in 
the hands of the experienced surgeon, equipment 
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should be available for arthroplasty or arthrodesis 
should fragmentation of the condyles or diffi-
culty arises. With small intra-articular fracture 
fragments, excessive manipulation and fixation 
through these fragments may increase the risk of 
avascular necrosis and subsequent accelerated 
arthrosis.

In cases of malunion of the metacarpals and 
phalanges, bony deformity is often accompanied 
by significant stiffness which is only exacerbated 
by the rigid fixation and postoperative immobili-
zation. As a result, the surgeon should consider 
tenocapsulolysis at the time of fixation to improve 
motion and allow for early guided therapy regi-
mens. Flexor or extensor tenolysis and capsulot-
omy can successfully alleviate tendon adhesions 
or joint contracture in the acute period following 
corrective fixation [116, 117]. This must be fol-
lowed postoperatively by appropriate splinting in 
order to avoid contracture, edema control, and 
adequate analgesia to facilitate early motion 
guided by a specialized hand therapist.

7.12  Surgical Approaches/
Osteotomy Techniques

Recognizing the geometry of deformity in a mal-
union of the metacarpals or phalanges can guide 
the treatment approach and technique. Other fac-
tors such as amount of bone loss, soft tissue and 
neurovascular compromise, and location of the 
deformity are important considerations in surgi-
cal planning. In regard to location, both the digit 
involved and the portion of bone implicated 
(base, midshaft, neck, intra-articular) factor into 
the choice of approach.

Angulation of the metacarpal is often in the 
sagittal plane with an apex dorsal direction of 
displacement due to the deforming force of the 
lumbricals. Malunion in this plane, or less fre-
quently in the coronal plane, can be corrected 
with a simple opening or closing wedge osteot-
omy at the site of deformity. A closing wedge 
osteotomy risks a relative amount of shortening 
of the metacarpal, which could lead to extensor 
lag if significant shortening were to occur. As a 
benefit however, this treatment approach only 

requires a single bone interface to heal after fixa-
tion. An opening wedge osteotomy on the other 
hand avoids loss of length but is not without its 
own inherent risks. Two bony interfaces are 
required to heal after fixation and an interposition 
graft is required. There is subsequent donor site 
morbidity and a slightly higher risk of failed 
union [118, 119]. After performing the chosen 
osteotomy, fixation is required for adequate heal-
ing. This can be achieved through the use of 
K-wires, interosseous wires, or most frequently a 
rigid plate and screw construct. Use of a T-plate 
or mini fragment plate allows for early postoper-
ative mobilization and helps minimize stiffness 
and loss of range of motion.

Rotational deformity is very poorly tolerated 
at the level of the metacarpals and can result in 
significant functional impairment. Deformity in 
this plane can be corrected at the base of the 
metacarpal or through the malunited fracture site. 
Alternatively, a z-shaped step-cut osteotomy can 
be used to correct the deformity [120, 121]. 
Using this technique, a wedge of bone is removed 
longitudinally to allow for varying amounts of 
derotation and the fragments are then fixed with 
lag screws or cerclage wires. However, given the 
constraints of deep intermetacarpal ligaments, 
only up to 18° of correction can be achieved in 
the index, middle, and ringers and up to 30° in the 
small finger [100].

When there is bone loss secondary to crush, 
blast injuries, or soft tissue stripping resulting in 
devitalized bone, significant shortening may 
result if not addressed at the time of presentation. 
Temporizing these types of injuries allows for a 
relatively simpler reconstruction when soft tis-
sues are amenable. Initial thorough debridement 
and damage control in the form of external fixa-
tion, bridge plating, or K-wire fixation into adja-
cent metatarsals is often indicated [122]. Delayed 
primary bone grafting with a corticocancellous 
graft sized to the defect and rigid plate and screw 
fixation is used for definitive treatment.

Intra-articular malunions may involve the 
head or the base of the metacarpal. In addition to 
having the potential to cause disability through 
angulation or rotational malalignment that limits 
range of motion, accelerated joint degeneration 
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and posttraumatic arthritis may result from these 
fractures if the articular surface is not congru-
ently reduced. The former may be treated with an 
extra-articular opening or closing wedge osteoto-
mies as malunions of the shaft are treated. 
Articular step-offs or incongruity should be cor-
rected as soon as possible however in order to 
limit joint degeneration and irreversible arthrosis 
[123]. When intra-articular fractures result in a 
condylar split or have simple fracture lines with 
relatively sizeable fracture fragments, reduction 
and interfragmentary fixation is possible. 
However, more complex fractures with commi-
nution or impaction of the articular surface can-
not be treated this way. In these scenarios an 
osteotomy may be advanced into the metacarpal 
shaft in order to create a large fragment for 
advancement and fixation. The advancement 
osteotomy is then back filled with bone graft for 
support. The entire construct is then fixed with a 
minicondylar plate or T plate [115]. With intra- 
articular malunions involving the metacarpal 
base, advancement osteotomy is not indicated 
however. These deformities are best treated with 
arthrodesis of the carpometacarpal joint to allevi-
ate painful arthrosis with little functional deficit 
through the ray [94].

The most common deformity in the proximal 
phalanx resulting from phalangeal shaft fractures 
is apex volar angulation. This is due to the imbal-
anced pull of the lumbricals and the extensor ten-
dons, which typically counteract each other. 
Beyond 15° of angulation, relative shortening of 
the extensor mechanism may result in extensor 
lag, and beyond 25° can result in pseudoclawing 
and proximal interphalangeal joint contractures 
[124]. Malunion may also less commonly result 
from lateral angulation or shortening. Treatment 
of each of these deformities is ideally achieved at 
the site of malunion prior to the onset of the del-
eterious effects of soft tissue attenuation. Closing 
wedge osteotomies at the fracture site are ideally 
used and secured with a straight plate or T plate 
though interosseous wiring is also an option 
[118, 119]. If there is concern for excessive short-
ening should a closing wedge osteotomy be used, 

an opening wedge osteotomy with interposed 
bone graft is also an option.

The deformity needing to be addressed in the 
middle phalanx is often dependent on the loca-
tion of the fracture lines relative to the insertion 
of the flexor digitorum superficialis tendon. 
Those fractures proximal to the insertion of the 
tendon tend to result in an apex dorsal deformity, 
while those distal to the tendon insertion result in 
a characteristic apex volar deformity. Again, lat-
eral angulation or shortening may also occur 
though less commonly. As with the proximal 
phalanx, treatment of each deformity is ideally 
achieved through the site of the original fracture 
with a closing wedge osteotomy and held in place 
with a rigid plate. Opening wedge osteotomies 
may also be used if additional shortening cannot 
be tolerated [118, 119].

Long oblique or spiral fractures of both the 
proximal and middle phalanges more commonly 
result in malrotation than simple angulation 
deformity [116]. These deformities may be quite 
functionally debilitating and often require correc-
tion. Derotation osteotomies can be used through 
the metacarpal base although this is a more dated 
approach to treating this type of malunion [116]. 
With the advent of lower profile plates and 
screws, the correction of a malrotated malunion 
of the proximal and middle phalanx is more 
effectively achieved at the level of the phalanx 
itself with a transverse osteotomy, derotation, 
and fixation with a 1.3 mm or 1.5 mm plate [118].

Malunion at the distal phalanx rarely results in 
functional deficit [125]. Deformity may be angu-
lar or rotational but when healed is infrequently 
limiting to the function of the hand. Cosmetic 
deformity at this level of the digit is generally not 
an indication for treatment of a healed malunion 
without pain. When there is a functional deficit as 
a result of distal phalanx malunion, osteotomy 
and fixation with K-wires or headless screws is 
the treatment of choice [118]. Articular malunion 
that results in impaired grip through instability or 
a painful joint should be treated. The treatment of 
choice is a formal arthrodesis through the distal 
interphalangeal joint [125].
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Malunions of the Acetabulum 
and Pelvis

Kyle F. Dickson

8.1  Introduction

Malunions and nonunions of the pelvis present 
challenging problems for both the patient and the 
surgeon. Though optimal initial care can poten-
tially prevent these complications, nonunions and 
malunions still occur [1–10]. Tile estimated a 5% 
incidence of residual severe deformity in major 
disruptions of the pelvic ring [11]. However, non-
operative management of vertically unstable pel-
vises can lead to malunions and nonunions in 
55–75% of cases [3, 6, 12, 13]. In the case of 
acetabular fractures, nonunions are only seen in 
0.7% of operatively treated acetabular fractures 
[14]. Deteriorating results are seen if operative 
treatment is delayed [15].Though optimal initial 
care can potentially prevent these complications, 
in some clinical scenarios, other patient factors 
such as soft tissue injuries prevent surgical inter-
vention causing a malunion or a nonunion 
(Fig. 8.1a). If early surgical intervention can be 
performed, anatomical reduction can in most 
cases prevent malunions and nonunions.

When evaluating a patient with a pelvic mal-
union or nonunion, a thorough workup is required 
to identify the cause of the patient’s pain, define 
the deformity of the pelvis, review the expecta-
tions of the patient, and plan treatment. In non-
unions, associated medical morbidities need to be 

diagnosed and corrected before surgery (i.e., 
malabsorption, vitamin D deficiency, diabetes, 
etc.). The amount of peer-reviewed literature on 
the subject is very small. Data from our publica-
tions [1, 5, 10, 13] are used to highlight points of 
assessment (i.e., physical exam, radiology, defi-
nition of deformity) and management of these 
difficult and potentially disabling problems. The 
key to surgical treatment is to define the defor-
mity and perform an adequate release of the soft 
tissue/bone so anatomical reduction can be 
achieved.

Malunions and nonunions of the acetabulum 
present an order of magnitude more difficult prob-
lem than malunions of the pelvis due to the need 
for perfect reductions of the acetabular cartilage. 
In the case of acetabular fractures, deteriorating 
results are seen if operative treatment is delayed 
[15]. The acetabulum portion of this chapter could 
also be titled, “delayed treatment of acetabular 
fractures using the extended iliofemoral (EIF) 
approach” due to the fact that most of the time the 
EIF is chosen because there is a delay in treatment. 
An ilioinguinal (II) or Kocher- Langenbeck (KL) 
may not allow the opposite or indirect column to 
be anatomically reduced due to callous formation. 
Simultaneous II and KL approaches could be an 
alternative to the EIF. However, in the established 
acetabular approach, simultaneous II and KL will 
not give adequate release to achieve anatomical 
reduction. Sequential approach will be effective if 
the second approach is an EIF (Figs. 8.1 and 8.2). 
Because a continuum exists, the actual definition 
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Fig. 8.1 Patient with combined left pelvic ring disruption 
and right “T-”type acetabular fracture. Treatment was 
delayed 3 months secondary to a fungal infected Morel- 
Lavallee lesion. (a) Clinical photograph of fungal infec-
tion at surgical site. (b–f) AP, inlet, outlet, obturator 
oblique, and iliac oblique X-rays of the pelvis at the time 
of injury. (g) Axial CT scan image demonstrating left SI 
joint injury. (h) Axial CT scan image demonstrating a 
right T type with posterior wall acetabular fracture. (i) 

Postoperative AP X-ray of the pelvis following anterior 
release of both the anterior SI joint and the anterior col-
umn of the T-type acetabulum fracture (Stage 1) and pos-
terior release with reduction and fixation of the SI joint 
(Stage 2). (j–l) AP, obturator oblique, and iliac oblique 
X-rays of the pelvis after posterior release of the posterior 
wall and column of the T type and ORIF of the acetabu-
lum using an extended iliofemoral approach (Stage 3) and 
ORIF of the anterior pelvic ring (Stage 4)
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Fig. 8.2 Patient with an associated both-column acetabu-
lar fracture who presented >3  months post injury after 
initially being treated at another institution. (a–c) AP, iliac 
oblique, and obturator oblique X-rays of the pelvis on pre-
sentation showing a malunion of both the anterior and 
posterior column. (d–f) Postoperative AP, iliac oblique, 
and obturator oblique X-rays of the pelvis following a 

two-stage reconstruction. Hardware and callous were 
removed through an ilioinguinal approach with an osteot-
omy of the anterior column (Stage 1) followed by ORIF of 
the acetabulum and pelvis through and extended iliofemo-
ral approach (Stage 2). (g–i) AP, iliac oblique, and obtura-
tor oblique X-rays of the pelvis at 3 years postoperative. 
Patient ambulating without pain
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of delayed fixation is difficult. For transtectal 
transverse (Tr) and “T” fractures, a delay of more 
than 5 days can make the opposite column ana-
tomical reduction impossible, that is, the anterior 
column through the KL approach or the posterior 
column through the II approach (Figs.  8.3 and 
8.4). Most other acetabulum fractures can be oper-
ated on within 2 weeks without added problems. 
Letournel felt there was a significant increase in 
difficulty operating on the acetabulum after 
3  weeks [14]. When evaluating a patient with a 

malunion of an acetabular fracture, a workup is 
required to define the deformity of the acetabu-
lum, review the expectations of the patient, and 
determine whether the patient has a salvageable 
hip or whether the patient would be better served 
with a total hip arthroplasty (THA). If a THA is 
indicated, the surgeon must decide whether an in 
situ THA can be performed with adequate bone 
stock (typically a nonunion exists that requires sta-
bilization prior to a THA) or osteotomies and soft 
tissue releases are required to reduce the columns 

g

i

h

Fig. 8.2 (continued)

8 Malunions of the Acetabulum and Pelvis



182

Fig. 8.3 Delayed reduction of a T-type (posterior column 
anterior hemitransverse) acetabular fracture. (a) AP radio-
graph of a T-shaped (technically a posterior column ante-
rior hemitransverse classified in the T-shape category by 
Letournel) 4 weeks after the injury showing a medial roof 
arc of 32 degree. (b) Obturator oblique radiograph show-

ing an anterior roof arc of 26°. (c) An iliac oblique radio-
graph showing a posterior roof arc of 40°. (d) CT scan 
showing the extensive callous already present and imme-
diate postoperative AP after an extended iliofemoral 
approach (without a greater trochanteric osteotomy)
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(i.e., a severe protrusio to lateralize the hip) prior 
to doing a THA. This chapter will focus on the 
salvageable hips. The amount of peer-reviewed lit-
erature on the subject is very small but with 
detailed cases that will highlight the points of 
assessment (i.e., physical exam, radiology, defini-
tion of deformity) and management of these diffi-
cult and potentially disabling problems [4, 7, 9, 
10]. The mindset of the surgeon who is going to 
undertake these difficult surgeries on the acetabu-
lum is not to make them better but to make them 

anatomical. Otherwise the complications are too 
high and conservative treatment is indicated.

8.2  Clinical Assessment Pelvis

Indications for surgery include pain, pelvic ring 
instability, and clinical problems relating to the 
pelvic deformity (gait abnormalities, sitting prob-
lems, lying problems, limb shortening, genitouri-
nary symptoms, vaginal wall impingement, etc.).
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Fig. 8.4 Patient failed percutaneous fixation of a both- 
column posterior wall acetabular fracture. A 52-year-old with 
a history of obesity, hypertension, and fibromyalgia who suf-
fered an MVA that included a crush foot. (a) CT scout film 
showing the size of the patient; (b) AP radiograph showing a 
both-column fracture with displacement of both the anterior 
and posterior column and some femoral head protrusion; (c) 
2D CT showing the comminuted fracture of the wing; (d) 2D 
CT showing the anterior and posterior column with the intact 
portion of the iliac wing (“spur sign”); (e) 2D CT showing 
the anterior wall comminution and the long posterior spike of 
intact iliac wing with proximal displacement of the posterior 

column; (f) initial AP radiograph postoperative showing sig-
nificant displacement of the crest and the separation of the 
iliopectineal and ilioischial line confirming a unacceptable 
intra-articular reduction. (g) AP radiograph verifying further 
loss of an already poor reduction with protrusion of the femo-
ral head; (h) the preoperative drawing for revision of the 
both-column fracture; (i–k) AP, iliac oblique, and obturator 
oblique radiographs post extended iliofemoral approach, 
anatomical reduction of the joint, and fixation; (l) AP radio-
graph 3 years postoperative. The patient is 5 years postopera-
tive without hip pain but with some pain in the opposite foot 
after the crushing injury
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8.2.1  Pain

Although pain is not always present in malunions 
and nonunions, it is often the primary reason for 
a patient to seek medical consultation. The pain is 

commonly secondary to instability of the pelvis, 
or malreduction, and is most frequently located 
posteriorly in the sacroiliac (SI) region [4]. 
Posterior pelvic pain associated with malunion 
often improves after correction of the malunion, 
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although the reason for this is less apparent than 
with correction of nonunions [1, 2, 8, 13]. Direct 
compression/irritation of the lumbosacral trunk 
or lumbar roots can be so intense that ambulation 
is not possible due to the pain (Figs.  8.5a–d). 
Some residual chronic pain often occurs even 
after anatomical reduction of malunion. In an 
acute injury, instability is readily apparent on 
physical examination of the pelvis. This is more 
difficult to appreciate in chronic malunions and 
nonunions. In these situations, the physician’s 
hands are placed on each of the anterior superior 
iliac spine (ASIS) and the pelvis is rocked from 
side to side. Subtle motion and/or posterior pain 
of the pelvis can be detected in this manner. In 
these chronic cases, radiographic single-leg 
stance anteroposterior (AP) views are usually 
more helpful as will be reviewed later.

Pain secondary to malunion or nonunion of 
the pelvis is often present during weight-bearing 
and improves with rest. Because weight is trans-
mitted posteriorly through the pelvis, pain is 
more commonly associated with sacroiliac joint 
(SI) malunions and nonunions. Malunions and 
nonunions of the anterior pelvic ring are rarely 
painful because less than 10% of the body’s 
weight is transmitted through the anterior part of 
the pelvis [11]. When the rare case of a painful 
malunion or nonunion of the anterior pelvic ring 
does present, it is often following a protracted 
course and multiple consultations with medical 
specialists (gynecologists, general surgeons, 
urologists, rheumatologists, etc.; see the chapter 
in the 2018 companion book on nonunions [16]). 
The patient may also experience low back pain 
secondary to the pelvic deformity or neurogenic 
pain that radiates to the ankle secondary to com-
pression, injury, or distraction of the nerves at the 
level of the roots or the lumbosacral plexus. 
Scarring within the nerve is a common cause of 
chronic pain.

Patients may also complain of pain while sit-
ting or lying (Fig.  8.6a–e). The pain can be 
caused by either partial motion at the nonunion 
site (i.e., a nonunion of the ischium) or a fixed 
malunion (i.e., a vertically elevated ischium). 
The sitting imbalance is caused by different 
heights of the ischial tuberosity (Fig. 8.8h and 

see Fig. 8.6h). AP radiographs are often used to 
determine these height differences. Lying imbal-
ance often occurs when there is an internal rota-
tion and/or a vertical migration of one of the 
hemi-pelvis, and this makes the posterior supe-
rior iliac spine (PSIS) prominent on that side 
(Fig. 8.8a–d and see Fig. 8.7a, b). However, pos-
terior or anterior displacement of the hemi-pel-
vis can also occur either with or without vertical 
translation of the hemi-pelvis causing promi-
nence of the PSIS.

8.2.2  Deformity

Pelvic deformity is responsible for complaints 
in many clinical areas, that is, pain, gait abnor-
malities, genitourinary system, etc. The most 
common deformities include cephalad and pos-
terior translation and internal rotation of the 
hemi- pelvis [1, 2, 5, 13]. One can often appreci-
ate the deformity by physical exam. With sig-
nificant cranial displacement of the hemi-pelvis, 
a constant cosmetic deformity is observed. As 
the patient stands and faces either toward or 
away from the examiner, the shortened side 
appears flattened with the trochanteric area 
medialized. Conversely, the normal (opposite) 
side has the appearance of an exaggerated out-
ward curvature of the hip. Nonobese, female 
patients will have typically identified this defor-
mity and complained about it. This deformity 
will be exaggerated by further innominate bone 
displacement  – such as adduction or internal 
rotation (see Fig. 8.6a–c).

Other patients complain of posterior promi-
nence. The patients notice this when lying supine 
due to lying imbalance. This deformity can be 
seen by comparing the posterior superior iliac 
spines (PSISs) while the patient lies prone. The 
main cause of posterior prominence of the PSIS 
is from an internal rotation deformity of the 
innominate bone which causes PSIS to become 
more prominent (see Figs.  8.6a–c and 8.8a–d). 
However, this condition can also occur from pos-
terior translation of the innominate bone. 
Furthermore, cranial displacement of the hemi- 
pelvis results in the sacrum and coccyx becoming 
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Fig. 8.5 Patient with H-type fracture pattern of the 
sacrum. She presented 6 months post-injury with pain and 
inability to walk. (a) Initial 6-month post-injury AP radio-
graph. (b) Axial CT scan image. (c) Coronal CT scan 
image. (d) Sagittal CT scan image. (e,f) AP and LAT 
intra-operative fluoroscopy images demonstrating use of 
lumbar-pelvic fixation for reduction. After anterior bilat-
eral sacral osteotomies and posterior completion of the 
sacral osteotomies and release of ligaments, reduction is 
performed by hyperextension of bilateral lower extremi-

ties, spinopelvic distraction along bent rods that reduce 
the kyphotic deformity and levering the top of S2 under 
S1 with a cobb between the nerve roots posteriorly. Two 
iliosacral screws are placed bilaterally and the reduction 
spinopelvic fixation is removed during the surgery. (g) 
Postoperative sagittal CT scan image illustrating reduc-
tion of the sacral fracture. (h) Postoperative AP radio-
graph. Patient now >5  year postoperative and walking 
with minimal posterior pain (no narcotic or NSAIA use)
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relatively more prominent, and this bony promi-
nence can be symptomatic (see Fig.  8.6a–c). 
Sacral prominence can become particularly 
severe with bilateral hemi-pelvis displacement 
(“U” or “H” patterns) (see Fig. 8.5a–d). We have 
seen numerous cases where this sacral promi-
nence causes skin breakdown.

This cranial displacement also creates sitting 
problems and is especially noticeable when sit-
ting in hard chairs (see Fig. 8.7a, b). The sitting 
imbalance is due to the ischium being at different 
heights. In addition to vertical migration of the 
hemi-pelvis, this condition may be caused by a 
flexion/extension deformity of the hemi-pelvis 
(see Fig. 8.6a–c). The patient is often observed 
leaning toward one side while sitting, though the 
direction he/she leans is not always consistent. 
The patient will lean toward the short side when 
attempting to sit on each buttock equally. Some 
patients with severe deformity will sit only on the 
uninjured side and lean away from the cranial 
displaced hemi-pelvis. Other patients are 
observed to shift their position frequently or 
place their hand under the cranially displaced 
side for support.

Gait abnormalities can also be caused by mal-
unions. Cranial displacement causes shortening 
of the ipsilateral extremity. In our study of pelvic 
malunions resulting from unstable vertical frac-
tures, the average leg-length discrepancy was 

greater than 3 cm with a range of up to 6 cm [1, 
5]. The malunited pelvis may also cause an inter-
nal or external deformity of the lower extremity 
that alters the patient’s gait. For instance, in 
Fig.  8.6b, the patient has a windswept pelvis, 
where one side is internally rotated and the other 
side is externally rotated, and the patient feels 
that they are “walking crooked.”

8.2.3  Genitourinary System

With significant internal rotation of the hemi- 
pelvis or a rotated and displaced rami fracture, 
impingement of the bladder/vagina can occur. 
This is usually caused by the superior rami which 
can heal in a malrotated position causing 
impingement. Symptoms of impingement include 
frequency, urgency, and hesitancy. The workup 
should include a retrograde urethrogram and 
cystometrogram.

In very unusual cases, the ischium may dis-
place so far medially that it causes impingement 
on the wall of the vagina and subsequent dyspa-
reunia. Clitoral stimulation with weight-bearing 
secondary to an unstable pubic symphysis has 
also been described [11]. In addition, herniation 
of bowel through the rectus abdominis, or hernia-
tion of the bladder through the symphysis pubis 
is possible.
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Fig. 8.6 Patient with windswept pelvic malunion pre-
sented 1-year post injury with pain, deformity, and feeling 
as if they were “walking crooked. ” (a–c) AP, inlet, and 
outlet X-rays of pelvis from the time of injury. (d) Axial 
CT-scan image demonstrating bilateral sacral injuries. (e) 
Axial CT-scan image demonstrating initial rotational 
deformity. (f–h) AP, inlet, and outlet X-rays of pelvis fol-
lowing initial fixation with sacroiliac screws that did not 
address the deformity. (i) Intraoperative photos illustrate 
the application of femoral distractors to create the neces-
sary force vectors for correction of the deformity. This 
was the second part of a two-stage procedure. The first 

stage involved removal of the SI screws. In the second 
stage, bilateral sacral osteotomies were performed in con-
junction with anterior and posterior pelvic fixation. A 
wedge of bone was removed from the osteotomy site on 
the right side and used to graft the opposite left side. (j–l) 
AP, inlet, and outlet X-rays of pelvis 18 months postop-
erative. The patient was back to work walking normal 
without pain. (m) Patient prone with right pelvis and 
femur fixed to the bed (half pins are placed into the PSIS 
and trochanter) so the left side can have skeletal traction to 
reduce vertical translation
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8.2.4  Neurologic Injuries

Permanent nerve damage is a common cause of 
disability following pelvic injuries. A nerve 
injury occurs in 46% of the patients with an 
unstable vertical pelvis [15]. The most commonly 
affected nerve roots are L5 and S1, but any root 
from L2 to S4 may be damaged. In Huittinen’s 
study of 40 nerve injuries, 21 (52.5%) were 

traction injuries, 15 (37.5%) were complete dis-
ruptions, and 4 (10%) were compression injuries 
[15]. Interestingly, the lumbosacral trunk and 
superior gluteal nerve sustained traction injuries 
while most of the disruptions occurred in the 
roots of the cauda equina. Compression injuries 
occurred in the upper three sacral nerve foramina 
in patients with fractures of the sacrum (see 
Fig. 8.5a–d). Furthermore, the traction and nerve 
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Fig. 8.7 Worsening pelvic reduction with an external fix-
ator placed in an emergent situation for hemodynamic 
instability. (a) Initial AP view of pelvis after a pedestrian 
versus motor vehicle showing what looks like an open 
book pelvis. (b) Patient was hemodynamically unstable at 
an outside hospital and an anterior external fixator was 
placed reducing the pelvis anteriorly but widening the 
posterior SI joint. (c) Axial CT showing an internal rota-
tion deformity of the hemi-pelvis with the anterior exter-

nal fixator in place. (d) Axial CT showing the displacement 
at the SI joint. (e) Postoperative AP view after ORIF 
through a posterior approach followed by an anterior sym-
physeal plating. (f) Axial CT showing rotational align-
ment postoperatively. (g) Drawing of an axial CT scan cut 
through the quadrilateral surface, illustrating the tech-
nique for measurement of rotational malalignment (nor-
mal rotation approximately 7° of internal rotation off the 
vertical)
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disruption injuries occurred in the vertically 
unstable pelvic injuries, while the compressive 
nerve injuries occurred following lateral com-
pression of the pelvis. Lateral compression inju-
ries of the pelvis often impact portions of the 
sacral bone into the foramen resulting in com-
pression of the nerve and may require decom-
pression if neurologic exam worsens.

A thorough neurologic examination is neces-
sary to determine any preoperative deficits and 
for intraoperative as well as postoperative nerve 
monitoring. Disruption of peripheral nerves 
should be evaluated by nerve conduction/EMG 
tests. Peripheral disruptions may be repaired with 
some salvage of function or return of protective 
sensation. Myelograms and magnetic resonance 
imaging (MRI) are used to rule out spinal nerve 
avulsions.

Our studies on malunions and nonunions show 
that 57% of the patients had a preoperative nerve 
injury and only 16% were resolving postopera-
tively [1, 5]. Only one patient in our studies would 
not have the nonunion/malunion surgery again, 
and this was due to a postoperative nerve compli-
cation. The patient underwent two operations on a 
16-year-old nonunion that was extremely mobile. 
An L5 nerve root injury occurred from the vertical 
reduction or the posterior fixation. The patient 
required reoperation for persistent nonunion. At 
the time of the second operation, the posterior 
fixation was changed. The complaints of defor-
mity were completely resolved, but the patient 
still suffered from pain in the L5 nerve distribu-
tion, despite having a stable pelvis.

8.2.5  Patient’s Expectations

An important aspect of the preoperative assess-
ment is to discover a patient’s understanding 
and expectations regarding their clinical prob-
lem. Significant discussion is necessary prior to 
making a decision for surgery. The patient must 
make the final decision based upon realistic 
goals and an understanding of the risk of com-
plications. Specific symptoms of deformity such 
as limb shortening, sitting imbalance, vaginal 
impingement, and cosmetic deformity are 
expected to be reliably addressed by surgery. 
The patient must be cautioned however that 
while the majority of the deformity can be cor-
rected, the actual anatomical result is usually 
less than perfect. In our series of pelvic mal-
unions, only 76% of our reductions had less 
than 1 cm of residual deformity [1, 5].

Posterior pelvic pain in the absence of a 
demonstrable nonunion or instability is often dif-
ficult to explain and may not completely or reli-
ably improve with correction of the pelvic 
deformity. Ninety-five percent of patients with 
malunion of the pelvis report improvement of 
their pain; however, only 21% have complete 
relief of their posterior pain [1, 5]. Radiographic 
evidence of sacroiliac joint arthrosis is not a reli-
able indication of the cause of posterior pelvic 
pain. However, in patients with a pelvic non-
union, a significant reduction in pain is seen [8].

8.3  Pelvis Radiographic 
Assessment

Radiographic assessment includes five standard 
pelvis X-ray views (AP, 45-degree obliques, 
40-degree caudad, and 40-degree cephalad), a 
weight-bearing AP X-ray, CT scan, and a 3D 
CT. The CT scan can be used to make a three- 
dimensional pelvic model. This model helps the 
surgeon to understand the deformity and plan 
preoperatively. The displacement and the rotation 
of all fragments needs to be understood so appro-
priate release and reduction of fragments can be 
obtained. An obturator oblique clearly shows the 
sacroiliac joint on the ipsilateral side, while a 
single-leg weight-bearing AP determines stabil-
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Fig. 8.8 Poor treatment initially of a vertically unstable 
pelvis. College football player with a vertically unstable 
pelvic ring injury initially treated at another hospital. (a–
c) AP, inlet, and outlet X-rays of the pelvis >3 months post 
initial surgery. Fixation is insufficient and pelvis remains 
malreduced.  (d) Axial CT scan image demonstrating dis-
location of SI joint with some sacral impaction. (e,f) 

Images illustrating positioning of clamps for reduction of 
the SI joint from the posterior approach (Stage 2). (g–i) 
AP, inlet, and outlet X-rays of the pelvis following three- 
stage (anterior/posterior/anterior) revision ORIF of pelvic 
ring. Patient returned to play football and is without pain 
>10 years postoperatively
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ity of the nonunions. Technetium bone scans may 
be helpful in identifying the activity of the non-
union (atrophic or hypertrophic) but are not rou-
tinely ordered. Together, these multiple plain 
films and CT scans are used to assess nonunions 
and deformities of the pelvis. The displacements 
are often complex and include rotational and 
translational displacements. A three-ordinate axis 
can be used to create a vector of displacement. 
Although there is no point where all rotational 
displacements occur, comparison with the nor-
mal hemi-pelvis allows the deformity to be clas-
sified (Fig.  8.9) [13]. The most common 

Fig. 8.9 Illustration of the three ordinate axes for assess-
ment of rotational and translational displacements
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deformities seen are posterior and cephalad 
translation and internal rotation and flexion of the 
hemi-pelvis [5, 13].

Translation of the pelvis from the normal ana-
tomically positioned pelvis can be described 
using a three-vector axis system. The transla-
tional deformities are as follows:

 1. Impaction/diastasis (x-axis)
 2. Cephalad/caudad (y-axis)
 3. Anterior/posterior (z-axis)

Measuring cephalad translation on the AP X-ray 
is easily performed by measuring the difference in 
height between two fixed points on the pelvis  – 
often the ischium, acetabular sourcil, or iliac crest. 
Classically, the posterior displacement is defined 
using the caudad (inlet) view. However, direct 
cephalad translation of the hemi-pelvis will cause 
an apparent posterior translation on the caudad 
(inlet) view and the apparent posterior lying imbal-
ance because the PSIS becomes more prominent. 
Therefore, the posterior translation is best mea-
sured on the CT scan. The actual cephalad transla-
tion is measured on the AP pelvis X-ray from a line 
in the plane of the sacrum. A perpendicular dis-
tance from this line to the ischium, top of the iliac 
wing, or the acetabular dome demonstrates the 
amount of vertical translation. This distance is 
compared to the other hemi-pelvis. The difference 
between the measurements of the ischia correlates 
with sitting imbalance. The differences in acetabu-
lar dome measurements give the leg length discrep-
ancy. The symptoms of sitting imbalance and leg 
length discrepancies are the deformity complaints 
caused by severely displaced pelvic malunions. 
These values measuring vertical translation may 
differ between ischial height and dome height, for 
instance, because of different degrees of flexion or 
extension between the two hemi-pelvises.

Each axis also has a rotational component. 
Flexion/extension of the hemi-pelvis is defined as 
the rotation of the hemi-pelvis around the x-axis. 
Various anatomic relationships are used to define 
flexion/extension of the hemi-pelvis. They are as 
follows:

 1. Obturator acetabular line to the tear drop (the 
more cephalad the line crosses the tear drop, 
the more flexion of the hemi-pelvis)

 2. The shape of the obturator foramen on the 
cephalad (outlet) or the AP view (the foramen 
becomes more elongated and elliptical with 
flexion)

 3. The position of the ischial spine within the 
obturator foramen on the outlet view (the 
more caudad the ischial spine is in relation to 
the foramen, the more flexion)

The best measurement of flexion is obtained 
from the three-dimensional CT.  The normal 
hemi-pelvis and sacrum are removed from the 
anatomically positioned pelvis. The angle is mea-
sured from a line between the ASIS to the sym-
physis and a line perpendicular to the floor 
(normally this is 90°).

Internal and external rotation of the hemi- 
pelvis is defined around the y-axis. Defining 
internal rotation on plain films is performed by 
the following:

 1. Comparison of the widths of the ischia 
(increased width shows internal rotation)

 2. Width of the iliac wing (greater with external 
rotation)

 3. The relationship of the ilioischial line to the 
tear drop (the more lateral the line, the more 
internal the rotation)

A CT scan can precisely define the degree of 
rotation (Fig. 8.7c, d, f, g). Drawing a line paral-
lel to the constant quadrilateral surface (2–5 mm 
above the dome) and the angle this forms with the 
horizontal line in the plane of the sacrum mea-
sures rotation solely (Fig. 8.7g). Sponseller used 
the line from the ASIS to the PSIS to measure the 
deformity of the hemi-pelvis in children with 
congenital pelvic deformity [17]. However, this 
measurement is a combination of internal/exter-
nal rotation and abduction/adduction.

Abduction/adduction deformity is defined as 
the rotation of the hemi-pelvis around the z-axis. 
This axis passes anterior to posterior. The true 
rotation axis is likely closer to the posterior sac-
roiliac joint, but the axis can be defined in any 
anatomical position. What is important is the 
rotational deformity as compared to a normally 
positioned hemi-pelvis. Therefore, pure abduc-
tion and adduction will not affect the internal/
external rotation measurements. Pure abduction/
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adduction deformities however are rare and are 
usually associated with other rotational deformi-
ties. One can also define the abduction/adduction 
deformities in degrees of rotation on the caudad 
(inlet) view if no internal/external rotation exists. 
The angle formed by a line from the PSIS to the 
symphysis pubis and a line in the plane of the 
sacrum estimates the abduction/adduction defor-
mity. A CT scan can be used to estimate the 
amount of abduction/adduction by comparing the 
distance from the center of the quadrilateral sur-
face to the midline on the injured side to that of 
the non-injured side; however, this does not give 
an actual degree of rotation.

8.4  Pelvis Malunion Treatment

As mentioned earlier, the best treatment is pre-
vention [1, 2, 5]. The problem of malunions and 
nonunions appears most commonly after inade-
quate initial treatment of displaced fractures and 
unstable pelvic ring injuries (see Figs.  8.5a–d, 
8.6a–e, and 8.8a–d) [1, 5]. From the technical 
standpoint, late correction is very difficult 
because the anatomy is altered and less recogniz-
able and the potential complications are 
increased. Nerves are scarred down and difficult 
to mobilize to allow reduction. Osteotomies can 
easily damage the structures that lie on the oppo-
site side of the bone.

Indications for surgery include pain, pelvic 
ring instability, and clinical problems relating to 
the pelvic deformity (gait abnormalities, sitting 
and lying problems, limb shortening, 
 genitourinary symptoms, vaginal wall impinge-
ment, etc.). A thorough knowledge of pelvic 
anatomy is required to understand the three-
dimensional deformity and the anatomical 
 structures blocking the necessary releases to 
obtain a reduction. Furthermore, extensive preop-
erative planning is needed to determine the 
proper order of exposures for release, reduction, 
and fixation. Because each patient is different, it 
behooves the surgeon to individualize the 
treatment.

Previous literature focused on simple non-
unions. These patients often do not require exten-

sive anterior and posterior ring releases and 
reduction and respond to in situ fusion only (see 
the chapter in the 2018 companion book on non-
unions [16]). Pennal [8] showed that patients 
treated with surgery are significantly better than 
those treated conservatively. In his study, 11 out 
of 18 surgery patients returned to pre-injury 
occupation versus 5 out of 24 conservatively 
treated patients. In nonunion cases with signifi-
cant displacement, in situ fusions are unreward-
ing and leave the patient with complaints related 
to deformity as well as significant pain.

The surgical technique often involves a three- 
stage procedure (Fig.  8.8e–i). The three-stage 
reconstruction as described by Letournel [4] 
allows maximal degree of deformity correction 
as well as secure fixation. The three stages are 
performed with the patient supine–prone–supine 
or prone–supine–prone. After each stage, the 
wound is closed, and the patient turned to the 
opposite position. The first stage mobilizes ante-
rior or posterior injuries by an osteotomy of the 
malunion or release of the nonunion. The second 
stage involves release and mobilization of the 
opposite side. The most important part of the sec-
ond stage is the reduction of the pelvic ring. 
However, this stage also includes an osteotomy, 
mobilization, or both, of that side of the ring. 
Following reduction, the second stage is com-
pleted by fixation of that particular side of the 
pelvic ring. The third stage completes the reduc-
tion and fixation of the opposite side (relative to 
the second stage) of the pelvic ring.

For correction of cranial displacement of the 
hemi-pelvis, it is necessary to cut the sacrotuber-
ous and sacrospinous ligaments at their attach-
ment to the sacrum. It is preferable to perform 
osteotomies at the old injury site, but most poste-
rior releases are through a lateral sacral osteot-
omy (see Figs.  8.5 and 8.6). With advances in 
technology of the operating room table and the 
ability to fix the patients normal hemi-pelvis to 
the table [18] (see Fig. 8.6m), some deformities 
can be corrected in one or two stages (see 
Fig. 8.5) [2]. This is especially true in rotational 
malunions (see Fig.  8.6). Vertical malunions 
require at least two stages to adequately release 
the hemi-pelvis. For example, an initial posterior 
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osteotomy and release of the hemi-pelvis in the 
prone position followed by anterior release and 
reduction of the vertical and rotational displace-
ment and combined anterior/posterior fixation 
with the patient in the supine position.

A radiolucent table with image intensification 
is commonly used for the three-stage procedure. 
The Judet table is also useful. Somatosensory 
evoked potentials (SSEPs) and motor evoked 
potentials have been used on some patients that 
require significant correction of vertical displace-
ment but are not routinely used.

8.4.1  Simple Pelvic Nonunions 
and Approaches

Simple nonunions are covered in the 2018 com-
panion book on nonunions [16]. Painful non-
unions without deformity can be treated with 
stabilization, bone and soft tissue preparation, 
and bone graft.

During an anterior approach to the symphysis 
and brim, a Foley catheter is always placed pre-
operatively. A Pfannenstiel incision is made 2 cm 
cephalad from the symphysis. The decussation of 
the fascia fibers of the rectus abdominis marks 
the division between the two heads of the rectus. 
The two heads are split with extreme care being 
taken to avoid entering the bladder. The surgeon 
then inspects the bladder to detect any perfora-
tions. The Foley should be palpated to ensure the 
urethra is intact. A malleable retractor or a lap 
sponge is then used to hold the bladder away 
from the symphysis pubis. Two Hohmann retrac-
tors are used to retract the two heads of the rectus 
from the superior surface of the symphysis pubis. 
The superior surface of the superior rami is 
cleaned for the plate, but the anterior insertion of 
the rectus remains intact. A large Weber clamp or 
pelvic reduction clamp can be used anteriorly to 
hold the symphysis together or rami fracture 
together. Depending on the area that requires sta-
bilization, a six- to twenty-four-hole 3.5 
 reconstruction plate is then implanted (see 
Figs. 8.6, 8.7, and 8.8). Clinical research supports 
the implantation of this device [19]. When a 
fusion of the symphysis is needed, an additional 

four- hole plate is used anterior to the symphysis. 
Additionally, when fusion of the symphysis is 
indicated, an eight- to ten-hole plate may be used 
rather than a six-hole plate superiorly. Through 
the Pfannenstiel approach, the SI joints can be 
visualized, and the quadrilateral surface exposed 
via the modified Stoppa approach [20]. Therefore, 
a plate can be placed from the symphysis to the 
SI joint along the brim superiorly bilaterally. 
Furthermore, a plate can be placed within the pel-
vis from the symphysis along the quadrilateral 
plate to the SI joint.

For SI joint arthrodesis, iliac wing nonunions, 
or sacral osteotomies, the lateral window of the 
ilioinguinal approach is performed (see Figs. 8.5 
and 8.6). The L5 nerve runs 2 cm medial to the SI 
joint, has a slight medial to lateral orientation 
(almost touching the SI joint caudad), and must 
be protected. If vertical translation has occurred, 
mobilization of the nerve is required to reduce 
the hemi-pelvis without causing a nerve palsy. 
For SI joint arthrodesis (which are rarely indi-
cated) from the anterior approach, after curetting 
the joint (starting on the better bone of the iliac 
side of the SI joint first), creating a trough in the 
anterior SI joint, and packing with cancellous 
graft from the gluteus tubercle, place two three- 
hole plates at approximately 70° to each other. 
Place the first plate as caudad as possible with 
one screw in the sacrum and two in the ilium. 
Due to the anatomy of the sacrum, this caudad 
position allows placement of the longest screws 
possible into the best bone. Angle the screw in 
the sacrum slightly medially to parallel the SI 
joint. Bicortical 3.5 mm screws are used. The use 
of a long oscillating drill is recommended 
because of its flexibility and safety because the 
cortical bone is able to be felt while drilling. The 
second plate is placed just cephalad to the first 
forming a 70° angle. Alternatively, percutaneous 
iliosacral screws can be placed. Iliac wing non-
unions usually require plate fixation only without 
involvement of the SI joint.

Sacral nonunions, due to limited visualiza-
tion, almost always are operated on through a 
posterior approach [21]. A longitudinal approach 
2 centimeters lateral to the PSIS is made. The 
gluteus maximus is raised off of the iliac crest, 
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lumbodorsal fascia, and paraspinal muscles 
exposing the posterior SI joint and ligaments. 
For arthrodesis of the SI joint through the poste-
rior approach, fibrous and cartilaginous tissue is 
removed from the joint and posterior superior 
iliac spine cancellous bone is used to fuse the 
joint. An osteotome is used to remove the articu-
lar cartilage from the iliac side first, and then a 
curette is used to remove cartilage from the 
sacrum all the way to the anterior brim. Fixation 
is usually obtained with two 6.5  mm, 16  mm 
thread length iliosacral screws. Again, the use of 
an oscillating drill is recommended for safety 
and so that three cortices are entered but not the 
fourth. Additional stability can be achieved by 
placing one or two posterior reconstruction 
plates from one iliac wing to the other iliac wing. 
These plates act as a tension band and are less 
prominent if placed caudal to the PSIS. Iliosacral 
bars are also an option; however, they are usually 
prominent and were not used in our series [1, 5]. 
More recently, trans- sacral screw fixation has 
been described [22] to combat a fairly significant 
failure or loss of reduction of sacral fractures 
[23]. However, with anatomical reduction, two 
well-placed iliosacral screws into the S1 end-
plate even in segmentally comminuted sacral 
fractures, reduction can be maintained with sim-
pler iliosacral screws [21].

Patients are touchdown weight-bearing for 
12  weeks postoperatively. In cases of fusion or 
when poor bone is present, bilateral lower 
extremities are non-weight-bearing with wheel-
chair transfers only for 12 weeks. After adequate 
healing, range of motion and strengthening exer-
cises are instigated.

8.4.2  Malunions and Displaced 
Nonunions of the Pelvis

To treat symptoms related to deformity of the 
pelvis, a reduction of the pelvis is required 
because a simple in situ fusion will be  unrewarding 
and not completely relieve the pain (see the chap-
ter in the 2018 companion book on nonunions 
[16]). As mentioned earlier, this often involves a 

three-stage, two-stage, or one-stage procedure [1, 
2, 5]. If combined with an acetabular malunion, 
four stages may be required (see Fig. 8.1). The 
key with combination pelvic and acetabular mal-
unions and nonunions is after release of all the 
associated pieces, reduction and fixation of the 
pieces proceeds from the posterior pelvis to the 
anterior pelvis (i.e., posterior SI joint, acetabu-
lum, and then the symphysis and/or rami osteot-
omy; see Fig. 8.1).

The first stage includes release of one side of 
the ring (i.e., posterior osteotomy through an old 
iliac wing/SI joint injury, sacrum and transverse 
processes, and release of all the ligaments and 
scar tissue including the sacrospinous, sacrotuber-
ous, iliolumbar ligaments etc.). The second stage 
includes the release of the other side of the ring 
(i.e., bilateral superior and inferior rami osteoto-
mies, and further release of anterior interosseous 
SI joint, sacrospinous, and sacrotuberous liga-
ments as well as a sacral osteotomy), reduction of 
the pelvic deformity, and stabilization of that side 
of the pelvis (i.e., 10-hole reconstruction plate 
across the symphysis pubis). The third stage is 
used for additional reduction and fixation of the 
first-stage side of the pelvis (i.e., two 6.5 mm ilio-
sacral screws). Obviously, if the pelvis is well 
reduced and opposite side fixation can be per-
formed, a third stage is not required (i.e., fixation 
of the posterior ring during the second stage using 
percutaneous iliosacral screws in the supine posi-
tion). The order of stages depends on the pelvic 
deformity, where the initial injury occurred, and 
which side (anterior or posterior) will allow the 
best reduction during the second stage after com-
plete release of the deformity both anteriorly and 
posteriorly. Often, rotational deformities are best 
reduced with the patient supine (see Fig.  8.6). 
With the ability to stabilize the normal hemi- 
pelvis to the bed, vertical translation can now be 
corrected using either anterior or posterior 
approaches (see Fig. 8.7). However, bilateral ver-
tical translations (“H” or “U” sacral fractures) are 
best reduced from a posterior approach after ade-
quate release anteriorly (bilateral anterior sacrum 
osteotomies) using pedicle screws and fixation 
into the PSIS (see Fig. 8.5).
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Depending on the particular deformity, dif-
ferent reduction techniques are used. With the 
patient prone, posterior reduction techniques 
include table traction (Judet table) or skeletal 
traction with fixation of the opposite side of the 
pelvis to the table (see Fig.  8.6), pelvic “C” 
clamp (to help reduce diastasis), pointed reduc-
tion forceps (Weber clamp between the spinous 
process and iliac wing, see Fig. 8.8) [21], pedi-
cle screws attached to PSIS in distraction (see 
Fig.  8.5), femoral distractor between the two 
PSISs, and an angled Matta clamp through the 
notch (one tong on the sacrum anteriorly and the 
other tong on the outer cortex of the iliac wing). 
With the patient supine, various anterior maneu-
vers include the Weber clamp, large Jungbluth 
pelvic reduction clamp across the symphysis 
pubis, pelvic “C” clamp, external fixation com-
pression distraction devices (depending on the 
deformity), table traction, and use of a femoral 
distractor between two iliac wings just lateral to 
the SI joint and between the iliac wing and the 
contralateral quadrilateral surface to external 
rotate the pelvis (see Fig. 8.6). The key to reduc-
tion is to recognize the deformity, adequately 
release the deformity, and create a force vector 
to reduce the deformity.

Surgical approaches also vary with particular 
deformities of the pelvis. Anterior approaches 
include bilateral ilioinguinal, unilateral ilioingui-
nal, Pfannenstiel (modified Stoppa) incision, or 
lateral window of the ilioinguinal. Posterior sur-
gical approaches include the posterior longitudi-
nal incision [21] (sometimes bilaterally), 
extended iliofemoral (EIF) incision (if combined 
with an acetabular malunion, see Fig. 8.1), a pos-
terior midline incision (for an “H” or “U” type of 
sacral fracture; see Fig. 8.5), or a lateral approach 
from the PSIS to the ASIS.

A typical surgical plan for a vertical malunion 
of the pelvis would be the following:

• Stage 1. Patient is positioned supine. Bilateral 
superior and inferior rami osteotomies are 
performed along with release of the soft tis-
sue around the osteotomies, an anterior sacral 
osteotomy just medial to the sacroiliac joint 

with release of the soft tissue associated with 
the L5 nerve root, and release of the sacrospi-
nous and sacrotuberous ligaments. This is 
done through a Pfannenstiel incision and the 
lateral window of the ilioinguinal approach.

• Stage 2. The patient is placed prone and a 
posterior approach to the sacral osteotomy is 
performed. Further release of the sacral oste-
otomy is performed, along with release of the 
sacrotuberous and sacrospinous ligaments 
and the soft tissue around the iliac wing 
(including the iliolumbar ligament). 
Reduction of the vertical migration of the 
hemi-pelvis is performed using table traction 
through an ipsilateral femoral traction pin 
with the contralateral pelvis fixed to the 
table, and with a Weber clamp and angled 
Matta clamp as mentioned previously. 
Fixation is with two iliosacral screws.

• Stage 3. The patient is again positioned supine 
and additional reduction of the rotational defor-
mity is performed along with plating of the 
bilateral superior rami osteotomies (see 
Fig. 8.6). Alternatively, if the vertical deformity 
is minor (i.e., a posterior release is not required 
to get a minor correction with table traction) 
and the deformity is more rotational, the 
release, reduction, and fixation can be done in a 
single stage anteriorly [2] (see Fig. 8.6).

Stabilization of the pelvis also varies depend-
ing on the location of the deformity and the 
amount of release required for proper reduction. 
Standard fixation anteriorly includes curved 3.5 
reconstruction plates of various sizes anteriorly 
along the brim and symphysis.

Posteriorly, 6.5 cancellous iliosacral screws 
16 mm thread length, 3.5 mm and 4.5 mm oste-
otomy lag screws, and large reconstruction plates 
from PSIS to PSIS are used. In each case, how-
ever, the actual type of fixation is determined 
only after the reduction is performed. Due to the 
extensive releases required to reduce pelvic mal-
unions, postoperatively, patients are instructed to 
limit weight-bearing for 3 months before aggres-
sive physical therapy and advancement to weight- 
bearing as tolerated.
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8.4.3  Results

The time frame from injury to operation in our 
series averaged 42 months (range from 4 months 
to 14 years) [1, 5]. Operative time averaged 7 h 
(range 1.5–10.4  h). Operative blood loss aver-
aged 1977 cc (range 200–7200 cc).

At follow-up, (average 3  years, 11  months; 
range −9 months to 11 years), all but one patient 
had a stable union of their pelvic ring. Ninety- 
five percent of the patients were satisfied with the 
operation and 100% of the patients were satisfied 
with the improvement of their preoperative defor-
mity. As mentioned earlier, the unsatisfied patient 
continues to have an L5 nerve palsy. Now with 
over a hundred pelvic nonunion and malunion 
patients, prevention is still the key. Furthermore, 
given the potential blood loss with the osteoto-
mies and soft tissue releases, the final 1 or 2 
stages may be delayed 5–7 days if a blood vol-
ume loss (cell saver) occurs; 76% of the patients 
had less than 1 cm of displacement on postopera-
tive radiographs [24].

Complications included loss of reduction, 
neurologic injury, and vascular injury (external 
iliac vein). There were no surgical infections. 
Although residual low back pain was present in 
most of the patients preoperatively, 95% reported 
less pain following surgery however; only 21% 
reported no pain postoperatively.

8.5  Acetabulum Clinical 
Assessment

8.5.1  Pain

Pain associated with malunions of acetabular 
fractures generally decrease initially after the 
acute fracture prior to increasing due to arthrosis 
of the hip. This occurs whether there is a delay in 
reduction or when the acetabulum was malre-
duced (see Figs. 8.1, 8.2, and 8.4). A displaced 
acetabular fracture is painful because of increased 
intra-articular pressure during weight-bearing 
due to articular incongruity reducing the contact 
area between the head and the acetabulum, wear 
of the head rolling over a malreduced fracture 
line, avascular necrosis, small motion at the frac-
ture site, or osteoarthritis of the acetabulum. 
Symptoms include increasing severity of pain 
with hip motion, limp, and restriction of hip 
motion. Radiographic studies are used (as 
described later) to determine the fracture type, 
whether there is bridging bone, and the extent 
and location of the damage in the hip. Critical to 
the preoperative assessment is the condition of 
the femoral head (Fig. 8.10 and see Figs. 8.1, 8.2, 
8.3, and 8.4) (see the chapter in the 2018 com-
panion book on nonunions [16]). Evaluation of 
the hip joint is also important to determine how 
much cartilage remains. Attempts to compensate 

Fig. 8.10 Malreduced both-column posterior wall (ante-
rior column posterior hemitransverse and posterior wall 
type pattern) in a 35-year-old that was not salvageable. 
Patient suffered a previous MVA associated with bilateral 
unstable sacroiliac joints and femoral neck fracture. The 
femoral neck initially was treated with ORIF that subse-
quently failed and required a right THA. The next MVA 
caused a right L5 S1 instability and a left hip dislocation 
with a both-column posterior wall fracture. (a) AP radio-
graph of the pelvis prior to second MVA. (b) AP plain 
radiograph showing the left acetabulum fracture. (c) Axial 
CT of showing the anterior column iliac wing fracture. (d) 
Axial CT showing the posterior hemitransverse fracture. 
(e) Axial CT showing left hip dislocation and posterior 
wall. (f-h) Postoperative AP, iliac oblique, and obturator 
oblique radiographs from an outside institution show after 
ORIF via a KL approach showing the malreduced anterior 
column, posterior column, and posterior wall. (i) Axial CT 

showing the malreduced anterior column. (j) Axial CT 
showing the malreduced posterior wall. (k) Axial CT 
showing the malreduced dome. (l) Axial CT showing the 
malreduced hemitransverse and posterior wall fracture. 
(m) Sagittal reconstructed CT scan showing unacceptable 
gap between anterior column and posterior hemitrans-
verse. (n) AP radiograph after second attempt at ORIF at 
an outside institution with additional plates and screws but 
still malreduced anterior and posterior column. (o) AP 
radiograph 3 months postoperative when presented to the 
author’s institution with an unsalvageable hip with eleva-
tion of the femoral head <3  cm. (p) AP radiograph in 
another patient who had >7  cm of hip elevation treated 
with a ring fixator to bring the hip down to the normal posi-
tion prior to a THA. (q) AP radiograph after removal of the 
fixator and THA in the patient in (p). (r) Postoperative AP 
radiograph after staged removal of hardware and THA 
with bulk allograft of the superior and posterior wall
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for loss of substance of the femoral head or the 
cartilage have not been successful. The osteoar-
thritis rarely improves, and at best the deteriora-
tion is halted. Before attempting reconstruction 
of an acetabular malunion fracture, the following 
must be understood:

 1. The location and condition of the different 
articular fragments and the bony columns 
supporting them

 2. The extent and location of wear on the femo-
ral head

 3. The presence, location, and extent of 
osteoarthritis

 4. The presence, location, and extent of avascu-
lar necrosis [4]

In all cases, a total hip arthroplasty (THA) is 
considered an option (see Fig. 8.10). If there is 
complete cartilage loss involving more than 50% 
of the dome, a THA is probably required. 
Depending on the deformity, the total hip arthro-
plasty may need to be performed in conjunction 
with an osteotomy and reduction of the columns.

8.5.2  Deformity

Acetabular deformity and/or hip protrusio cause 
symptoms of gait abnormalities, sitting imbal-
ance, and limb length discrepancy (i.e., shorten-
ing of a transverse fracture). Furthermore, 
protrusion of the femoral head centrally will 
cause a significant decrease in motion. Malunion 
of acetabular fractures requires early diagnosis to 
prevent the development of severe arthritis after 
which the hip will no longer be salvageable (see 
Fig. 8.10 and the chapter in the 2018 companion 
book on nonunions [16]). Radiographic analysis 
is critical (see radiographic analysis) to deter-
mine the type of the fracture present and the 
amount and direction of displacement.

8.5.3  Genitourinary System

Genitourinary symptoms in acetabular malunions 
occur secondary to the deformity of the pelvis, 
that is, a rami fracture pushing on or perforating 

the bladder. This will give symptoms of urgency, 
frequency, and hesitancy. Vaginal impingement 
or perforation can cause dyspareunia.

8.5.4  Neurologic Injuries

The neurologic injuries associated with acetabu-
lar fractures are predominantly a nerve injury to 
the common peroneal tract of the sciatic nerve 
causing a foot drop. Additional nerve injuries 
include the superior gluteal nerve (abductor 
weakness) and obturator nerve (adductor weak-
ness and numbness of the inner thigh). Rarely, 
the femoral nerve may be injured. A preoperative 
exam will often identify partial or complete mus-
cle weakness. In acetabular malunions reduction, 
a complete knowledge of the anatomy is required 
to free the affected nerves and allow for anatomic 
reduction of the acetabulum without causing 
additional traction injuries to the nerves. Mayo 
et  al. described postoperative nerve palsies fol-
lowing correction of acetabular malunion in 6 
percent of their cases (3 percent superior gluteal 
and 3 percent sciatic) [10].

8.5.5  Patient Expectations

In acetabular malunion patients, the results are 
poorer, and the degree of difficulty and the need 
for precise anatomic reduction an order of mag-
nitude greater than in pelvic malunions. Nothing 
less than a perfect reduction of the acetabulum is 
acceptable, and even in experienced hands, 58% 
of the patients go on to develop arthritis [10]. 
Timing is also an important factor, with 57% 
good to excellent results if operated on within 
3 weeks of the injury and 29% good to excellent 
results if the delay exceeded 12 weeks from the 
time of injury. Once again, significant discussion 
is necessary prior to making a decision for sur-
gery. The patient must have realistic goals and an 
understanding of the risks and benefits of sur-
gery. The patient needs to understand preopera-
tively that success is limited and total hip 
arthroplasty is likely in the intermediate or long 
term.
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8.6  Acetabular Radiographic 
Assessment

The radiographic analysis of acetabular malunions 
is similar to the acute injury (five views of the pel-
vis and 3  mm CT without contrast with sagittal 
and coronal reconstructions) with the addition of 
an MRI to look for cartilage damage and avascular 
necrosis. Often these injuries have areas of bony 
bridging and non-healing in the same fracture line; 
that is, in a transverse fracture, the fracture heals 
supero-medially and has a nonunion postero-infe-
riorly. Fracture lines close to the joint are the last 
to heal. The patterns of displacement of certain 
fracture types have been determined. The way a 
both-column (see Figs.  8.2, 8.4, and 8.10) or 
T-type (see Figs. 8.1 and 8.3) fracture displaces is 
somewhat consistent. The anterior and posterior 
columns open up like “saloon doors” as the head 
pushes medially. Drawing the fracture on a model 
is mandatory to determine the rotation of the bro-
ken pieces that either needs to be released (non-
unions) or osteomized and released (malunions) in 
order to obtain anatomic reduction. For instance, 
transverse fractures have two axes of deformity. 
The inferior piece rotates around an axis that trav-
els down the symphysis pubis with greater dis-
placement posterior versus anterior. The inferior 
transverse fracture segment rotates around a sec-
ond axis from the symphysis pubis to the fracture 
site through the posterior column as the femoral 
head pushes medially.

Release of the fracture fragments allows dero-
tation of the fractured pieces and anatomic reduc-
tion at the articular surface. Often, segmental 
bone removal is required to allow enough rota-
tion of the fragments to restore anatomic reduc-
tion of the articular surface. The edges of 
nonunions are typically seen radiographically as 
hypertrophied bone. Narrowing of greater than 
50% of the articular surface dome is an indication 
for total hip arthroplasty. Wear in other areas of 
the joint may be well tolerated. Interestingly, 
some both-column fractures detach the whole 
articular surface. The femoral head remains con-
gruent with the dome despite widening medially 
between the two columns and medial translation 
of the entire joint. Medial widening up to 1 cm 

may be well tolerated; therefore, treating these 
acetabular malunion cases conservatively may be 
the best option.

8.7  Acetabular Malunion 
Treatment

The indications for surgery are similar to acute 
acetabular fractures (i.e., incongruence at the 
femoral head or >1 mm step off in the weight- 
bearing dome). If there is already complete loss 
of dome articular cartilage, the surgeon must 
decide whether a successful total hip can be per-
formed with or without an osteotomy of the ace-
tabulum (i.e., severe protrusion). If a nonunion 
exits, the fracture has to be stabilized first and 
then at the same setting a total hip arthroplasty 
can be done (see the chapter in the 2018 compan-
ion book on nonunions [16]). If the hip is out of 
the socket either medially or laterally or if 
weight-bearing has been delayed, usually the car-
tilage is preserved, and the joint can be salvaged 
despite a long delay in surgery (6 months).

Adequate release and mobility of the fracture 
fragments is a requirement for successful ana-
tomical reduction. Generally, a two-stage recon-
struction is required. An anterior Pfannenstiel, 
modified Stoppa, or full ilioinguinal approach is 
performed depending on the fracture pattern. For 
instance, in a both-column acetabular fracture, 
the ilioinguinal approach is used to release and 
osteotomize the superior and inferior rami 
(through the previous fracture lines) and separate 
the two columns along the quadrilateral surface 
at the anterior column. Importantly, all callous or 
healed bone that is preventing anatomic reduc-
tion is removed. This is followed by an extended 
iliofemoral approach to anatomically reduce the 
acetabulum (see Fig. 8.2).

8.7.1  Simple Acetabular Delayed 
Union

Unfortunately, the more common scenario is that 
by the time a diagnosis of acetabular malunion is 
made, the patient already has complete loss of the 
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articular surface. It then becomes imperative to 
reduce and fix the delayed union prior to doing a 
total hip arthroplasty. If a THA is performed 
without stabilization of the delayed union, >80% 
of these cases will have loosening of the acetabu-
lar component.

If arthrosis is not present, the choice of 
approach in delayed unions is similar to the acute 
setting: the Kocher-Langenbeck (KL) for delayed 
unions of the posterior column and wall, the ilio-
inguinal (II) for the anterior wall and columns, 
and the EIF for all other fractures. In all cases the 
fibrous tissue is removed from the fracture site 
including intra-articularly through a capsulot-
omy. The edges of the delayed union can be scle-
rotic and need to be freshened up so that there is 
bleeding from both ends. Cancellous or cortical 
graft can be used if compression would cause an 
acetabular malunion acting as a spacer into the 
gap. Intraoperative traction with subluxation/dis-
location of the hip allows the intra-articular 
delayed union to be reduced anatomically, and 
stabilization is performed with standard com-
pression plate techniques [7]. Displaced delayed 
unions require mobilization of the fragments 
with direct intra-articular visualization. If greater 
than 50% of the dome has osteoarthritis, a total 
hip arthroplasty is performed usually without 
mobilizing the fractured fragments (see Fig. 8.10) 
unless there exists a protrusion of the head that 
needs to be stabilized with reduction of the two 
columns medially prior to doing a THA.

8.7.2  Malunions of the Acetabulum

In acetabular malunions, the surgeon must have 
a thorough knowledge of the displacement pat-
tern of the fracture fragments and be able to 
draw it on a model preoperatively. Complete 
release of the bone and associated soft tissue is 
required for anatomic reduction of the joint. 
Interestingly, bone healing is much more rapid 
than cartilage healing, so osteotomies through 
malunions can be visualized intra-articularly 
more easily than extra-articularly. Also, reduc-
tion can be visualized intra-articularly to ensure 
congruence.

In many malunions of the acetabulum, osteot-
omies require a wedge resection to restore con-
gruency of the acetabulum. This depends on the 
time to injury and the individual healing that 
occurs. In T-type malunions, a wedge of bone 
may need to be removed from the quadrilateral 
surface (see Fig. 8.1). This is in addition to supe-
rior and inferior rami osteotomies and soft tissue 
releases to allow the anterior and posterior col-
umns to be rotated and reduced anatomically.

Isolated column or wall malunions can usually 
be corrected in one stage with release, reduction, 
and fixation all being performed through a single 
approach (i.e., anterior wall and column mal-
unions and displaced nonunions can be corrected 
using the ilioinguinal approach or a portion of it, 
and posterior column or wall fractures can be 
corrected through a Kocher-Langenbeck 
approach). Two-column fractures (transverse, 
transverse posterior wall, anterior column/wall 
posterior hemi-transverse, T-type, and associated 
both columns) often require an extended iliofem-
oral approach (see Figs. 8.3 and 8.4) and possibly 
two stages (i.e., release of the anterior column 
through an ilioinguinal approach with additional 
release and anatomic reduction through an EIF 
approach) (see Figs. 8.1 and 8.2). Transverse and 
transverse posterior wall malunions/nonunions 
can often be adequately released, reduced, and 
fixed through a single extended iliofemoral 
approach as long as there is no associated sym-
physis, rami or posterior pelvis malunion. 
Typically, T-type, anterior wall/column posterior 
hemitransverse, and associated both-column 
fractures require two stages to achieve adequate 
release, mobilization, and anatomic reduction of 
the articular surface (i.e., anterior ilioinguinal 
followed by EIF with both-column malunions 
because the entire joint is separated from the 
intact iliac wing (see Fig. 8.2)). With two-column 
fractures, the inferior rami and the quadrilateral 
fracture lines need to allow rotation and anatomi-
cal reduction of the hip joint. Occasionally the 
joint can be reduced anatomically even though 
the entire joint is medialized (i.e., secondary con-
gruence). The EIF is rarely used in acute frac-
tures (see the next section on specific fracture 
types) but is quite common in the delayed cases. 
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Fixation is similar to acute fractures, and postop-
eratively, patients are touchdown weight-bearing 
for a longer period of time compared to the acute 
fractures (12 weeks vs. 8 weeks).

If there is loss of articular cartilage involving 
>50% of the dome, a THA is performed after sta-
bilization of the acetabular (see Fig.  8.10). In 
severe cases of protrusio or dislocations, osteoto-
mies (with release, reduction, and stabilization 
with lateralization of the head) are required prior 
to THA. The THA can be performed at the same 
setting or 5–7 days later.

8.7.3  The Treatment of Specific 
Fractures

8.7.3.1  Associated Both-Column 
Fractures

An EIF approach is preferred over the ilioingui-
nal approach for both-column fractures when 
there is a separate displaced segmental posterior 
column or notch piece, or a displaced posterior 
wall fragment that one cannot indirectly reduce 
through the ilioinguinal approach. If there is a 
complex posterior wall fracture in combination 
with a displaced brim fracture, potentially we 
need to treat that with two approaches, that is, an 
ilioinguinal followed by a Kocher-Langenbeck 
(KL). A locked posterior column fragment that 
cannot be disimpacted through the ilioinguinal 
approach or contralateral rami fractures (poste-
rior column may be very difficult to reduce 
through the II) may be an indication for the EIF 
approach. A separate displaced piece of the SI 
joint and notch cannot be reduced through either 
a KL or an ilioinguinal approach. When there is 
more than 5  days delay to surgery, an EIF 
approach may allow easier release and anatomic 
reduction of the anterior column and the dis-
placed posterior column fractures, as callous for-
mation makes indirect reduction techniques 
difficult. A high posterior column fracture that 
enters the SI joint or a low posterior column frac-
ture (close to the ischial spine) is sometimes dif-
ficult to reduce through an ilioinguinal approach 
and may require a sequential Kocher-Langenbeck 

approach. Instead of a sequential approach, an 
EIF approach can be chosen.

Twenty-three percent of Letournel’s [14] 
both-column and 44% of our both-column ace-
tabular fractures were operated on through an 
EIF approach. Eighty-eight percent of our 
patients had an associated posterior wall fracture 
that we believed was not reducible through an 
ilioinguinal approach, 25% of the fractures were 
more than 3 weeks old, and 25% had contralat-
eral rami fractures and/or contra- or ipsilateral 
posterior pelvic ring injuries.

Treatment of the both-column fracture through 
an EIF approach usually begins with reduction of 
the iliac crest which often includes the anterior 
column and restoration of the convexity of the 
iliac wing (the mistake is to flatten the iliac wing 
from the outer table causing an external rotation 
malunion of the iliac crest or anterior column). 
The II can cause an internal rotation malunion 
(Fig.  8.2). Prior to tentatively fixing the iliac 
wing, one should make sure that the anterior col-
umn is not blocking the posterior column reduc-
tion and that the posterior column can be reduced 
using traction and placement of a bone hook 
through the notch. This confirms that the poste-
rior column is somewhat mobile and that it will 
not be blocked by the reduction of the anterior 
column. Typically, both-column fractures have 
rotation of the fragments or the columns around 
the femoral head as the head displaces medially. 
Therefore, the reduction technique involves dero-
tating both fragments and verifying the reduction 
of the anterior and posterior columns along the 
quadrilateral surface. Lateralizing the femoral 
head in its anatomical position aids the reduction 
of the columns.

One of the pathognomonic radiographic signs 
of both columns is a “spur sign.” This is the intact 
part of the ilium. Therefore, besides the rotation of 
the fragments, the two columns need to be brought 
out laterally. A moveable lateral peroneal post can 
bring the femoral head out of the pelvis correcting 
the medial translation of both columns and greatly 
aid in anatomical reduction. Furthermore, varying 
degrees of longitudinal traction through a table 
also can aid in anatomical reduction.
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Prior to reducing each of the columns, a thor-
ough debridement of the fracture site must be 
done to ensure that both columns are mobile and 
that reduction is possible. The fracture lines are 
cleared about two millimeters of soft tissue, and 
the crest is reduced anatomically. Often there is a 
butterfly fragment in the crest, and therefore it 
requires two reductions. This is often performed 
with a Weber clamp and/or a Farabeuf clamp that 
uses screws to hold the fragments together. 
Provisional fixation can be obtained with a lag 
screw between the two cortical wings of the 
ilium, but often the reduction requires a plate 
along the crest to keep it from displacing. It is 
necessary to understand the fracture pattern to 
determine where lag screws can be placed, taking 
into account the curvature of the iliac wing. When 
compressing the anterior column to the intact 
portion of the iliac wing, the tendency is to over-
compress, creating a flattened iliac crest as 
opposed to the appropriate convexity of the exter-
nal table. This causes a common external rotation 
malunion of the anterior column and makes 
reduction of the posterior column more difficult. 
Simultaneous reduction of the anterior column 
may also need to be performed at the level of the 
joint with a large Jungbluth clamp. When using 
screws with the Jungbluth reduction clamp, the 
screws can be angled slightly toward the fracture 
plane to help with the reduction of the opposite 
cortex from the clamp. Reducing the iliac wing 
allows the roof of the acetabulum to be reduced, 
and therefore the femoral head can be reduced to 
the dome. It is critical to get the anterior column 
rotated correctly; otherwise anatomic reduction 
to the posterior column is impossible.

When there is a separate U-type fracture of the 
SI joint and greater sciatic notch, this is reduced 
prior to reducing the anterior column. This “U” 
fracture is not always seen on plain X-rays and 
needs to be diagnosed if present. The reason it 
sometimes does not show up as a radiographic 
“U” is because it lacks the rotation. However, this 
fragment can be seen on the CT scan.

In both-column acetabular fractures, it is help-
ful to imagine the two columns closing medially 
like a “saloon door” rotating back together. 
Rotation of the wing of the anterior column can 

be assessed by palpating the anterior cortex frac-
ture line after detaching either the rectus or the 
sartorius and by visualizing the reduction posteri-
orly. Again, either the sartorius or the rectus is 
left attached to the anterior column so that its 
blood supply can be maintained. Besides the 
plate along the crest, another plate is placed in the 
supra-acetabular region to provide greater stabil-
ity (Figs.  8.2 and 8.4). Often a Jungbluth is 
applied above the acetabulum to rotate and reduce 
the anterior column to the intact iliac wing. 
Additionally, an angled reduction clamp or a 
King tong can be placed across the fracture, with 
one tine on the anterior column anteriorly and 
one tine on the intact part of the iliac wing poste-
riorly. Posterior or superior wall acetabular frac-
tures can be reduced similarly with one of the 
tongs applied to the inner table and the other to 
the outer table. The anterior column can be stabi-
lized with two screws from the AIIS to the intact 
iliac wing and/or a plate in a similar position. 
Secondary fracture lines in the anterior column 
below the dome (the superior 12 mm of articular 
cartilage) can be ignored (i.e., they need to be 
freed up to obtain the reduction, but they do not 
need to be anatomically reduced) (Fig. 8.2).

Next, the posterior column is reduced to the 
anterior column and the intact part of the iliac 
wing and/or the posterior superior posterior wall 
fragment. This is generally done using a 
Jungbluth clamp with one screw placed in the 
supra-acetabular portion of the anterior column, 
and the second crew placed around the ischial 
spine. The latter is positioned as far posterior as 
possible, so that a plate can be placed more ante-
riorly. The direction of the reduction screws is 
critical and can be positioned so that the fractured 
piece is derotated and reduced with the attach-
ment to the Jungbluth. Alternatively, the posterior 
column can be reduced to the intact iliac wing 
with screws in each fragment and the Farabeuf 
clamp. If there is a free segmental posterior col-
umn piece, it is provisionally reduced with a 
combination of a Weber clamp and K-wires. A 
Schantz pin can be used in the ischium to help 
rotate the posterior column. The Schantz pin is 
rotated posteriorly and inferiorly to correct the 
rotation of the posterior column and hopefully 
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close down the quadrilateral surface. Palpation 
along the quadrilateral surface can ensure that the 
rotation of the column is correct. Intra-articular 
reduction can be visualized directly through a 
capsular incision or through a posterior wall frac-
ture site. Fixation of the posterior column can 
involve lag screws and/or plates. Initial lag screw 
fixation can be achieved with a screw from the 
gluteus medius tubercle down the posterior col-
umn to the ischium. If possible, a lag screw is 
also placed from the anterior column (AIIS) to 
the notch of the posterior column. This com-
presses the anterior and posterior column through 
good supra-acetabular bone. A compression or 
neutralization plate can be applied along the pos-
terior border of the posterior column onto the 
intact part of the ischium and/or anterior column 
(Figs. 8.2 and 8.4). Occasionally, a second plate 
is required over the posterior wall, closer to the 
joint if a posterior wall fracture exists (Fig. 8.2).

Most of the time, there is a segmental piece of 
the anterior column, but this can usually be 
ignored unless it is within 12 mm of the dome. If 
fixation is necessary, a column screw can be 
placed after an anatomic reduction has been 
obtained. More commonly this screw is neces-
sary in T-type fractures.

Occasionally the posterior column is reduced 
first, especially if it can easily be reduced to an 
intact part of the ilium with the proper rotation. 
At that point the anterior column can be reduced 
to the posterior column as well as the intact por-
tion of the iliac wing. Difficulty with reduction 
often means that there is an incarcerated frag-
ment that needs to be removed.

Only in both-column acetabular fractures can 
you get secondary congruence. This is where the 
joint is accepted to be medially translated but the 
articular surface is well reduced. This means that 
the fragments are rotated properly; however, the 
entire joint is medial to the original position.

In some older fractures, that is, greater than 
3 weeks, it is necessary to first debride and mobi-
lize the anterior column fracture and rami through 
an ilioinguinal approach. Otherwise anatomic 
reduction of the anterior column through an 
extended iliofemoral cannot be performed 
(Fig. 8.2). In these situations, release of the  anterior 

column through a full or partial ilioinguinal 
approach, that is, Pfannenstiel, modified Stoppa, 
and/or iliac portion of the ilioinguinal followed by 
an extended iliofemoral approach is indicated.

As mentioned earlier, in fractures that have 
comminution of the brim and indications for an 
EIF, a sequential approach is chosen (II followed 
by a KL). This assumes that a complex posterior 
column and/or posterior wall exists that cannot 
be reduced by an ilioinguinal approach. An ilio-
inguinal approach is followed by a Kocher- 
Langenbeck if there is a posterior wall or a 
posterior column fracture that cannot be anatomi-
cally reduced through the ilioinguinal approach.

After reduction and fixation, the c-arm is used 
to ensure that all the screws are outside the joint. 
Through an EIF approach, the surgeon can pal-
pate completely around the superior acetabular 
region ensuring that the fracture is anatomically 
reduced.

8.7.3.2  T-Type Fractures
The T-type fractures and transverse fractures are 
ideally suited for the EIF approach. This is 
because the psoas groove, the area between the 
anterior inferior iliac spine and the pectineal emi-
nence, is routinely where the anterior column 
fracture occurs. The cases where the benefit of 
the extended iliofemoral approach outweighs the 
benefits of the less invasive Kocher-Langenbeck 
approach for T-type fractures are as follows:

 1. If there is a separate and displaced greater sci-
atic notch fragment. These are often difficult 
to reduce through a Kocher-Langenbeck 
approach.

 2. A displaced transtectal T-type fracture can be 
difficult to anatomically reduce due to limited 
supra-acetabular exposure and difficulty rotat-
ing the anterior column through the Kocher- 
Langenbeck approach.

 3. A posterior wall fragment that has comminu-
tion extending into the iliac fossa and anterior 
to the AIIS is difficult to visualize and fix 
through a Kocher-Langenbeck approach.

 4. Often T-type fractures have an intact anterior 
labrum that allows the anterior column to be 
indirectly reduced. However, when there is 
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significant rotation and displacement of the 
anterior column, the anterior labrum is dis-
rupted, preventing indirect reduction of the 
anterior column through the Kocher- 
Langenbeck approach. Similarly, these T-type 
fractures are not fixed very well through an 
ilioinguinal approach because the posterior 
labrum is often disrupted. Furthermore asso-
ciated pelvic injuries including ipsi- or contra-
lateral superior and inferior rami fractures or 
symphyseal injuries make the anatomic indi-
rect reduction of the anterior column impos-
sible through a KL approach.

 5. A delay longer than 5  days especially in a 
transtectal fracture can make anatomical 
reduction through a simpler approach impos-
sible (Figs. 8.1 and 8.3).

Twenty-nine percent of Letournel’s [14] T-type 
fractures were operated through an EIF approach, 
compared with 52% of our T-type fractures. This 
increase is likely due to our referral patterns. 
Letournel’s indication for using an EIF includes 
transtectal T-type fractures. Many of our transtec-
tal T-type fractures are still treated through a 
Kocher-Langenbeck approach. However, a num-
ber of our cases have a delay of >3 weeks (even 
5  days can make the indirect reduction of the 
opposite column difficult) with significant dis-
placement of the anterior and posterior column. 
Sixty percent of these T-type fractures had a dis-
placed anterior transtectal fracture line. Forty per-
cent were juxtatectal. Fifty percent of T-type 
fractures had an associated posterior wall frac-
ture. Thirty percent were operated on greater than 
3 weeks post injury (Figs. 8.1 and 8.3), and 50% 
had contralateral rami fractures and/or displaced 
posterior pelvic ring injuries. Twenty percent had 
segmental posterior columns.

When the EIF approach is chosen for these 
types of fractures, the rectus is routinely taken 
down from the anterior interior iliac spine (leav-
ing the sartorius to the ASIS), and the anterior 
fracture line is exposed all the way to the brim and 
onto the quadrilateral surface. After debriding the 
fracture, a smaller (3.5 mm) Jungbluth or Farabeuf 
clamp can be placed anteriorly with one screw 
above and one screw below the fracture line paral-

lel to the articular surface. It is important when 
placing these screws that they are parallel to the 
fracture line and do not cross the fracture line. 
Furthermore, these screws must be close to the 
articular surface to allow two 3.5 mm anterior col-
umn screws. This allows manipulation of the 
anterior column and reduction of a portion of the 
transverse fracture. Depending on the obliquity of 
the transverse fracture, from anterior, a Weber or 
angled Matta clamp can be placed with one tine 
on the pectineal eminence and one tine on the pos-
terior surface just above the dome on the gluteus 
medius tubercle to achieve anatomical reduction. 
Fixation can be obtained with two anterior col-
umn screws placed from the gluteus medius 
tubercle posteriorly down the anterior column to 
the superior rami (Fig. 8.3).

The order of the fixation of T-type fractures is 
often the reverse of both-column acetabular frac-
tures, but the need to address the rotation of the 
columns around the head as it pushes medially is 
similar. The goal again is to reduce the “saloon 
doors.” Initially reduction of the posterior column 
is performed using a large Jungbluth clamp with 
4.5 mm screws. Again, these are placed close to 
the sciatic notch leaving adequate room for visu-
alization of reduction as well as placement of a 
plate and lag screws. One screw is placed at the 
ischial spine, and the second above the superior 
border of the sciatic notch. This allows a wide 
spread of the Jungbluth clamp so that an angled 
clamp can be placed between the two arms of the 
Jungbluth to help with rotation of the fracture 
fragments. The Jungbluth clamp can often correct 
translation but has difficulty rotating the posterior 
column. An angled clamp placed between the 
Jungbluth with one tine on the posterior supra-
acetabular region and the other on the quadrilat-
eral surface/brim can derotate the posterior 
column, compress the fracture line, and can mark-
edly improve the reduction. The direction of the 
reduction screws and placement of a Schantz pin 
in the ischium can also help with correction of the 
rotation of the posterior column. The Schantz pin 
is placed in the ischium close to the femur and the 
direction of pull is posterior and inferior rotating 
and anatomically reducing the posterior column. 
Once a reduction is obtained, the Jungbluth clamp 
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is tightened. Due to the obliquity of the transverse 
fracture, the Jungbluth can be overtightened caus-
ing a shear and loss of reduction. Often reducing 
the posterior column and the anterior column  
sequentially will allow a more precise reduction 
of each column, going from one to the other and 
back again. In older fractures, that is, greater than 
5  days, the fracture line along the quadrilateral 
plate between the anterior and posterior column 
has to be cleared of debris; otherwise derotation 
of the column may not be possible. Furthermore, 
release of the inferior rami may also be required 
to free up each of the columns (Fig. 8.1). The crit-
ical difference between a T-type fracture and a 
both-column fracture is that part of the articular 
surface still remains attached to the intact portion 
of the iliac wing; therefore, the anterior and poste-
rior columns have to be perfectly reduced to that 
fragment.

Fixation with lag screws between the posterior 
column and the anterior column in the supra- 
acetabular bone and long anterior column screws 
from the gluteus medius tubercle into the supe-
rior rami are backed up with a posterior column 
plate with lag screws into the anterior column 
and posterior wall plate if a posterior wall is pres-
ent (Figs. 8.1 and 8.3).

8.7.3.3  Transverse and Transverse 
Posterior Wall Fractures

Most of these acute fractures are treated using a 
Kocher-Langenbeck approach. However, if there 
is a transtectal transverse or transverse posterior 
wall acetabular fracture, Letournel [14] preferred 
an extended iliofemoral on these fractures. The 
authors generally will try to fix these through a 
Kocher-Langenbeck approach, but if any of the 
following conditions exist, an EIF approach for 
transtectal fractures may be chosen. These 
include the following:

 1. A contralateral rami fracture or symphyseal 
injury (makes reduction of the anterior col-
umn of the transverse fracture harder to 
reduce).

 2. An associated posterior sacrum, iliac wing, or 
SI joint injury.

 3. A separate greater sciatic notch fragment.

 4. Significant displacement of a juxtatectal or 
transtectal anterior column, that is, greater 
than 5 mm.

 5. The transtectal transverse fracture is more 
than 7 days post injury, or there is significant 
callous secondary to a head injury (a little lon-
ger than the 5 days with a T- type due to the 
anterior and posterior column being together 
in a transverse fracture).

Twenty-one percent of Letournel’s [14] trans-
verse and transverse posterior wall were operated 
on through an EIF approach. Twenty-four per-
cent of our transverse and transverse posterior 
wall fractures were operated on through an EIF 
approach. One hundred percent of these were 
transtectal. Forty-three percent of them had asso-
ciated rami and/or displaced posterior pelvic ring 
injuries. Forty-three percent were greater than 
3 weeks post injury. The isolated transtectal frac-
tures without associated pelvic injuries and those 
that were less than 3 weeks from injury all had 
significantly displaced anterior columns (>1 cm) 
and were greater than 7  days from the injury. 
Some of these could have been managed through 
a Kocher-Langenbeck approach if treated ear-
lier—within a few days of injury.

The rotational displacement of transverse 
fractures occurs in two planes. One axis of rota-
tion is a line that goes along the symphysis pubis 
displacing the posterior column greater than the 
anterior column as the inferior portion rotates 
around the symphysis pubis. The second axis of 
rotation is around an axis from a point at the sym-
physis to the point where the fracture exits the 
posterior column. As the head pushes medially 
the transverse fracture widens. Reducing both of 
these rotational deformities is critical for ana-
tomic reduction. This explains why transverse 
fractures with disruption at the symphysis or con-
tralateral rami are more difficult to reduce 
through a standard Kocher-Langenbeck 
approach—they have lost part of their stability 
(the “hinge”) that allows for indirect reductions.

Similar to a T-type fracture, these fractures 
have a fracture line through the anterior column 
in the psoas groove between the anterior-inferior 
iliac spine and the iliopectineal imminence. 
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Simultaneous reduction as mentioned in the 
T-type section can be performed with anatomic 
reduction of the transverse component. Use of a 
Schantz pin in the ischium close to the femur and 
rotated posteriorly away from the femur and infe-
riorly will help rotate the inferior transverse seg-
ment to its anatomical position similar to “T-”type 
fracture. Additionally, during an EIF approach, 
an angled clamp or a King Tong clamp with one 
tine placed on the brim piece and the other poste-
riorly on the intact part of the ilium can be used 
to reduce the fracture. Lag screws from lateral to 
medial will often be perpendicular to this fracture 
line and provide good fixation. The lag screw 
fixation and plate placement are very similar to 
the T-type fracture or both-column fracture, 
whether there is a transverse fracture or a trans-
verse posterior wall fracture (refer to Sects. 
8.7.3.1 and 8.7.3.2).

8.7.3.4  Associated Anterior Column 
Posterior Hemi-transverse 
Fracture

Most of these fractures are adequately reduced 
through an ilioinguinal approach. Occasionally, a 
significantly displaced posterior column, espe-
cially when associated with a delay in surgery or 
malunion, may require the surgeon to perform an 
extended iliofemoral approach. Although the 
anterior column is more easily reduced through 
an ilioinguinal approach, being able to reduce 
both the anterior column and the posterior hemi- 
transverse through a single incision is beneficial. 
Alternatively, if the posterior column cannot be 
reduced anatomically through the ilioinguinal 
approach, a sequential Kocher-Langenbeck 
approach can be used to reduce the posterior col-
umn. The reduction of the anterior column is very 
similar to that described in the section on both- 
column fractures, and the posterior column is 
reduced as described in the section on T-type 
fractures.

Only 4 percent of the associated anterior col-
umn posterior hemi-transverse fractures are 
fixed through an EIF approach. All of our cases 
were the result of a delay in treatment of the 
fracture.

8.8  Conclusion

Stabilization of nondisplaced pelvic nonunions, 
especially posteriorly, has been proven to be suc-
cessful in returning patients to their pre-injury status 
[8]. The one-, two-, or three-stage pelvic recon-
struction has also benefited most patients with a pel-
vic malunion or displaced nonunion [1, 5]. The 
results of surgery on malunions or nonunions are 
not as good as those of acute treatment of pelvic 
ring injuries. Once the deformity has established 
itself and chronic symptoms develop, the probabil-
ity of surgical reconstruction returning the patient to 
their pre-injury status is decreased. Also, the rate of 
complications is higher for late surgical treatment 
[5]. Prevention by anatomical reduction and internal 
fixation of unstable pelvic injuries is the best treat-
ment for pelvic malunions and nonunions.

Operative correction of malunions and dis-
placed nonunions of the acetabulum can give 
excellent results if the joint does not already have 
significant damage [10]. The results of surgery on 
malunions or nonunions are not as good as those 
of acute treatment of acetabular fractures. Once 
the deformity has established itself and chronic 
symptoms develop, the probability of surgical 
reconstruction returning the patient to their pre- 
injury status is decreased. In the acetabular mal-
union, determination of the status of the articular 
surface is required to separate those patients who 
have a salvageable hip versus those that require a 
THA.  Also, the rate of complications is higher 
for late surgical treatment [10]. Prevention by 
acute open anatomical reduction and internal 
fixation of acetabular fractures is the best treat-
ment for acetabular malunions and nonunions.
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Malunions of the Proximal Femur

Case W. Martin and Animesh Agarwal

9.1  Introduction

Proximal femur fractures are among the most fre-
quently encountered injuries by orthopaedic sur-
geons worldwide. Orthopaedic surgeons in both 
the community and at tertiary level referral 
trauma centers regularly treat these fractures, 
which include the femoral head, femoral neck, 
intertrochanteric, and subtrochanteric regions. 
Nearly all fractures in this region receive surgical 
treatment secondary to their debilitating effects 
on mobility.

Injuries to this area occur from a myriad of 
mechanisms ranging from low energy falls from 
standing to high energy motor vehicle accidents. 
Although the mechanism, in conjunction with 
patient-specific factors, can significantly alter the 
fracture pattern and treatment approach, the fun-
damental principles in the treatment of these 
fractures remain the bedrock upon which provid-
ers should approach these fractures. A systematic 
approach to these fractures helps maximize the 
chance of union and restoration of function, but 
as with fractures elsewhere, nonunions and mal-
unions can and do occur in the proximal femur as 
well. While nonunions have been extensively 

described in the literature, particularly for femo-
ral neck fractures, malunions of the proximal 
femur have received less attention to date.

Malunions occur when bone heals in a non-
anatomic position. Malalignment includes angu-
lar deformities in the coronal, sagittal, and axial 
planes or a combination of these planes as well as 
rotational, translational, or length differences. In 
the proximal femur, malunions can occur follow-
ing fractures treated nonoperatively. They also 
occur with fractures treated operatively with 
incomplete surgical reduction or inadequate fixa-
tion stability. Additionally, noncompliant patients 
who do not allow for osseous union prior to 
stressing fractures and the fixation construct can 
result in loss of fixation and potentially increase 
the risk of a malunion. Malunions in the proximal 
femur can lead to functional limitations, pain, 
and destructive joint changes. Most commonly, 
patients do not tolerate varus and rotational mal-
unions in the proximal femur, whereas valgus 
and length-related malunions are better tolerated 
to a degree.

9.1.1  Proximal Femur Fracture 
Epidemiology

Estimates for the frequency with which orthopae-
dic surgeons encounter proximal femur fractures 
vary. Proximal femur fractures account for nearly 
12% of all fractures encountered in trauma cen-
ters. These injuries are the third most common 
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location for all fractures according to an epide-
miological study by Court-Brown and Caesar [1]. 
The Danish Fracture Database revealed proximal 
femur fractures constituted one in three surgi-
cally treated fractures in adults [2]. Proximal 
femur fractures also are the third most common 
location for osteoporosis-related fractures per 
estimates by Burge et  al., and these fractures 
account for nearly three-quarters of all costs 
associated with treating osteoporosis-related 
fractures [3]. Despite their frequency, proximal 
femur fractures account for less than 0.05% of all 
open fractures [4], likely secondary to the 
increased soft tissue surrounding the hip as well 
as the mechanism of injury for these types of 
fractures, which skews toward low-energy falls. 
With an aging population though, the incidence 
of these fractures seems to be increasing [5, 6].

Historically, the incidence of proximal femur 
fractures was lower. A landmark epidemiological 
study from Oxford, England, in 1959 revealed 
proximal femur fractures constituted about 5% of 
all treated fractures. Buhr and Cooke also noted 
men and women over 80 years old had a 30-fold 
and 300-fold, respectively, greater risk of a femo-
ral neck fracture than those younger than 40 years 
old [7].

Studies over the past half century have con-
firmed that proximal femur fracture incidence 
multiplies with age. Increased lifespan and the 
corresponding escalation of osteoporosis world-
wide fuels the increasing number of fractures and 
consequently the cost and burden on health sys-
tems. In 1992, Cooper et al. estimated approxi-
mately 1.66 million people worldwide sustained 
a hip fracture in 1990 and predicted that by 2050 
6.26 million would suffer a hip fracture annually 
[8]. In 2005 alone, more than 2 million 
osteoporotic- related fractures occurred in the 
United States with about 15% of those involving 
the proximal femur. By 2025, osteoporotic frac-
tures alone are projected to occur over 3 million 
times a year [9]. Unlike distal radius fractures, 
which increase linearly with age, proximal femur 
fractures increase exponentially as hip fractures 
are strongly associated with low bone mineral 
density [10, 11]. Bouyer et al. used the national 
health data system in France to demonstrate this 

exponential rise in incidence for femoral neck 
and proximal femur fractures among elderly 
patients. Femoral neck and proximal lower limb 
fractures had mean respective ages of 82 and 
77.6  years and accounted for 14% and 3%, 
respectively, of all fractures in France in 2016 
[12]. Although most fractures of the proximal 
femur occur in the pertrochanteric region, osteo-
porosis has increased the frequency with which 
people sustain subtrochanteric fractures as well.

In South Korea, the incidence of femoral neck, 
intertrochanteric, and subtrochanteric femur frac-
tures were 29.3, 26.8, and 2.0 per 100,000 per-
sons, respectively. People over 60 years old also 
had significantly higher chances of having a hip 
fracture, which included femoral neck or intertro-
chanteric fractures, and as has been shown in 
other studies, women more commonly sustained 
hip fractures than men with approximately 527.0 
and 260.0 per 100,000 persons, respectively. 
However, people over 60 years old had a lower 
incidence of subtrochanteric femur fractures with 
13.2 and 7.2 per 100,000 persons in women and 
men, respectively. In over 28,000 proximal femur 
fractures, Yoon et  al. found the female-to-male 
ratio for all ages to be 2.534 for femoral neck 
fractures, 2.165 for intertrochanteric fractures, 
and 1.435 for subtrochanteric fractures, which 
constituted only 3.4% of all proximal femur frac-
tures [13].

In keeping with higher rates of osteoporosis 
among Europeans and North Americans, the inci-
dence of hip fractures among those in the United 
States is even higher than those found in South 
Korea. In patients 65  years and older, Brauer 
et  al. found 77.2% of hip fractures occurred in 
women from 1986 to 2005. The calculated mean 
number of annual hip fractures was 957.3 and 
414.4 per 100,000 persons for women and men, 
respectively. Despite comorbidities increasing in 
their patient population from 1995 to 2005, the 
overall incidence of hip fractures declined from 
1995 to 2005 [14]. A number of other studies also 
have shown that hip fracture incidence and mor-
tality rate have decreased in the past few decades 
after peaking in the 1990s [15–17].

Reasons for this decline are multifactorial. 
Some authors postulate that formerly high-risk 
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populations are now healthier with increasing 
knowledge about, prevention of, and treatment 
for osteoporosis. These measures include, but are 
not limited to, more frequent physical activity, 
increased consumption of vitamin D and cal-
cium, and the prescribing of bisphosphonates. 
Increasing body habitus may play a role as well. 
The number of obese patients has increased 
markedly over the past half century with the 
number of obese people worldwide tripling since 
1975. According to the WHO, 39% of adults 
worldwide are overweight, and more than 2.8 
million people per year die secondary to being 
overweight or obese [18]. Obese people tend to 
have a higher bone mineral density, which mini-
mizes their fracture risk, whereas people under-
weight with lower bone mineral densities face a 
higher fracture incidence. A number of studies 
have revealed a decreased incidence of hip frac-
tures in obese patients [19–22]. Consequently, 
the relationship between obesity and proximal 
femur fractures is inversely related in both men 
and women as demonstrated by Court Brown 
et al. [23].

Underweight postmenopausal females are 
particularly susceptible to proximal femur frac-
tures. The differences between men and women 
emerge in the later stages of life after menopause 
with declining levels of estrogen, the most impor-
tant sex steroid to achieve and maintain peak 
bone mass. Estrogen inhibits bone resorption, 
and as a result, women generally maintain their 
bone mineral density from late adolescence until 
menopause after which they sharply decline, 
thereby increasing the fracture risk [24]. Around 
menopause, the incidence of hip fractures is 
twice as high in postmenopausal women com-
pared to premenopausal women, but among post-
menopausal women, age becomes the most 
important determinant for the incidence of proxi-
mal femur fractures [25]. Underweight patients 
start at a disadvantage as they generally have a 
lower peak bone mass, which typically occurs in 
females in their early 20s and in males in their 
late 20s. Without the protective effects of estro-
gen after menopause, older female patients with 
lower peak bone mass have less reserve before 
developing osteopenia and osteoporosis placing 

them at greater risk for fractures. As patients of 
both sexes age, many of them also develop sarco-
penia and become more susceptible to falls, 
which coupled with the weaker bone quality later 
in life increases the risk of fracture [26].

9.1.2  Proximal Femur Malunion 
Incidence

Despite the frequency with which orthopaedic 
surgeons treat fractures in the proximal femur, 
little is known about the incidence of malunions 
in this area. As aforementioned, most of these 
fractures are treated surgically, particularly in the 
developed world, and consequently, malunions 
from nonoperative management of these frac-
tures are uncommon. Given the functional limita-
tions associated with proximal femur fractures, 
proximal femur malunions most commonly occur 
secondary to inaccurate fracture reduction and 
suboptimal choice and placement of implants. 
Osteoporosis and noncompliance of patients can 
exacerbate the problem by requiring too much 
from the implant construct chosen leading to a 
loss of reduction and subsequent malunion.

Loss of fixation in proximal femur fractures 
plagued orthopaedic surgeons for decades. In 
1975, Hunter concluded operative treatment of 
trochanteric fractures offered no benefit relative 
to conservative management as he had about a 
14% rate of hardware complication and 7% non-
union rate [27]. Davis et  al. then showed a 
mechanical failure rate of 16.5% in intertrochan-
teric fractures in 1990 [28]. Later in the 1990s, 
Baumgaertner et al. published a landmark study 
about the value of the tip-apex distance in pre-
dicting fixation failure of sliding hip screws for 
pertrochanteric fractures that helped significantly 
minimize screw cutout. They noted a 10% fixa-
tion failure rate which has subsequently decreased 
after the authors emphasized the importance of 
the screw being centered in the femoral head and 
having a tip-apex distance of less than 25 milli-
meters [29]. As knowledge has improved sur-
rounding operative fixation of proximal femur 
fractures, the incidence of hardware failure has 
decreased. Unfortunately, both nonunions and 
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malunions in the proximal femur remain rela-
tively common though despite improvements in 
implants and knowledge regarding fracture 
reduction.

To date, the malunion incidence is poorly 
established for proximal femur fractures and var-
ies widely based on the region of the proximal 
femur. A handful of case reports describe femoral 
head malunions as outlined below. A number of 
studies have demonstrated femoral neck mal-
unions with an incidence ranging from about 6% 
to 40% [30–38], but these figures may underesti-
mate the overall incidence of femoral neck mal-
unions following fracture given femoral neck 
shortening, valgus impaction, slipped capital 
femoral epiphysis, and cam-type impingement 
lesions are all common. Unlike the femoral neck, 
intertrochanteric and subtrochanteric femur frac-
ture malunions have less well-established inci-
dence rates. One study reported a subtrochanteric 
malunion rate of 16.7% [39] while another noted 
a 20% rate of malreduction at the time of surgery 
[40]. Malunions in both the intertrochanteric and 
subtrochanteric regions typically occur as a result 
of nonoperative management, malreduction, or 
loss of fixation.

9.1.3  Proximal Femur Malunion 
Risk Factors

Proximal femur malunions occur for a myriad of 
reasons. Fractures of the proximal femur are 
unique relative to fractures elsewhere in the body 
in that they almost routinely are treated surgically 
given their debilitating effects on mobility. 
Consequently, proximal femur malunions rarely 
result in the developed world from nonoperative 
management or neglected fractures. Instead, mal-
unions in the proximal femur generally arise 
from one or a combination of various factors. 
First, poor or inadequate fracture reduction at the 
time of fixation can lead to a malunion. 
Malreduction also can increase the stress placed 
on the hardware, thereby leading to another risk 
factor, hardware failure. Implants themselves can 
fatigue and fail if excessively stressed. Host fac-
tors, such as a patient’s poor bone quality, also 

can cause implants to cut out and fail as can 
poorly positioned hardware. If neglected thereaf-
ter, union can occur with the implants no longer 
holding the reduction. Finally, noncompliance is 
an additional risk factor, one that is difficult for 
surgeons to control, as it also can place undue 
stress on the hardware.

Optimal reduction and correct intraoperative 
fluoroscopic views are intimately interrelated. 
Without the desired radiographic view intraoper-
atively, probabilities increase for an insufficient 
reduction. Optimal implant placement often 
requires a correct reduction since many implants 
are designed anatomically to fit a reduced bone 
[41]. Regardless of imaging issues or implants, 
surgeon error can still occur. Ramanoudjame 
et al. reported a 40% incidence of malreduction 
of more than 15° internal rotation when treating 
pertrochanteric femur fractures with closed ceph-
alomedullary nailing [42]. Malpositioned 
implants due to residual malreduction results in a 
higher number of mechanical failures as well 
[43–45]. Making this potential pitfall more chal-
lenging, surgeons disagree on what is an adequate 
fracture reduction. Heetveld et al. demonstrated 
that although there is agreement on adequate 
reductions of displaced intracapsular femoral 
neck fractures on radiographs in the coronal 
plane, considerable variability existed among 
surgeons as to an acceptable fracture reduction 
on the lateral radiographs [46].

Given this variability, surgeon experience 
seemingly could contribute to better reductions 
and thereby minimize complications including 
loss of fixation and consequent malunions. 
Browne et al. concluded surgeon volume is asso-
ciated with decreased mortality in the treatment 
of hip fractures [47], and Kukla et  al. demon-
strated a reduction in intraoperative and early 
postoperative complication rates for intertro-
chanteric fractures with increasing departmental 
experience [48]. Authen et al. also reviewed over 
30,000 hip fracture procedures and concluded 
surgeons with less than 3 years of experience had 
increased risks of reoperation indicating experi-
enced surgeons likely should manage displaced 
femoral neck fractures [49]. Data revealing no 
increase in complications when delaying surgery 
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for displaced intracapsular femoral neck frac-
tures more than 48 hours makes waiting for expe-
rienced surgeons more plausible as well [50]. 
Conversely, a systematic review of hip fracture 
morbidity and mortality by Malik et  al. found 
hospital volume rather than surgeon volume was 
more predictive of postoperative complications 
[51]. In hip hemiarthroplasty for femoral neck 
fractures, Spaans et  al. demonstrated surgeon 
volume does not influence early outcome or com-
plication rates [52]. Additionally, Wieggers et al. 
concluded neither hospital nor surgeon volume 
has an effect on outcomes in a systematic review 
and meta-analysis of over two million hip frac-
tures [53]. Despite the challenges associated with 
proximal femur fracture treatment, the literature 
has not yet demonstrated a clear association 
between surgeon volume and risk of 
complications.

There are a number of patient-specific risk 
factors that can contribute to proximal femur 
fracture malunions. For example, obesity pres-
ents a myriad of challenges for providers. 
Significant soft tissue can increase the difficulty 
of patient positioning, visualization and reduc-
tion of the fracture, and intraoperative imaging. 
Struggling while treating proximal femur frac-
tures in turn can contribute to malreductions, 
poor implant positioning, and subsequent com-
plications. Obesity also is a risk factor for 
increased morbidity in orthopaedic trauma 
patients with increased surgical site complica-
tions, longer hospital stays, increased costs, and 
delays to fixation [54, 55]. Specifically with 
intertrochanteric femur fractures, Kempegowda 
et al. determined obese patients are more likely 
than nonobese patients to have both wound infec-
tions and systemic complications [56]. 
Orthopaedic literature across multiple subspe-
cialties has shown increased operative time and 
blood loss for obese patients as well [57–59]. 
Patients under body mass index (BMI) 18.5 also 
have increased odds of perioperative complica-
tions, and as a result, orthopaedic trauma patients 
have increased complication rates at each extreme 
of the BMI spectrum [60]. This bimodal compli-
cation profile relative to BMI is associated with 
the malnutrition prevalent in both underweight 

and obese patients [61]. Malnutrition is closely 
intertwined with wound healing and bone quality, 
which can impact loss of fixation and malunion 
formation.

The bone quality and vascular anatomy also 
contribute to the ability of the bone to heal. As 
trabecular bone loss occurs in osteoporosis, it 
predisposes the proximal femur to fracture in part 
because of the compensatory shift of loading 
forces to the medial cortex at the base of the fem-
oral neck. The blood supply to the proximal 
femur also can be tenuous, which can play a key 
role in determining the optimal treatment modal-
ity as well as the likelihood of vascular compro-
mise and possible nonunion or avascular necrosis 
(AVN). Intracapsular fractures often compromise 
the femoral head blood supply increasing the risk 
of AVN and nonunion. Most commonly, the lat-
eral epiphyseal vessels penetrate the lateral mar-
gin of the femoral head-neck junction putting 
fractures in this area at high risk of vascular 
injury. This risk generally decreases as fractures 
occur further distally along the femoral neck 
though, and basicervical femoral neck fractures 
as well as extracapsular intertrochanteric and 
subtrochanteric fractures have significantly less 
risk for femoral head blood supply disruption 
[62]. Although a compromised vascular supply is 
typically thought to be a higher risk for a non-
union, it can precipitate a malunion by prolong-
ing the time to union during which the implant 
may be stressed to the point of fatigue and failure 
causing loss of reduction and subsequent union 
in a nonanatomical position.

In proximal femur fractures, failure of fixa-
tion is a common cause of malunions, non-
unions, and other complications. This 
complication is multifactorial and affected by 
the patient’s age, bone quality, fracture pattern, 
quality of reduction, screw positioning in the 
femoral head, and implant design and choice. 
Each fracture pattern also has varying degrees 
of risk associated with implant cutout and fail-
ure of fixation as well. For example, more verti-
cal femoral neck, unstable intertrochanteric, and 
complex fracture patterns all have higher risks 
of implant failure. Although surgeons cannot 
change the fracture pattern or the host factors, 
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they can control the quality of reduction and 
positioning of the implant in the femoral head, 
which significantly affect the cutout rate [28, 
29]. Nonanatomical reduction and nonoptimal 
lag screw positioning are interdependent factors 
given the implant designs, and complex frac-
tures with tough reductions can create difficul-
ties with correct implant positioning [63].

Implant cutout is the most commonly reported 
complication with proximal femur fracture fixa-
tion. Baumgartner et al. described the sequelae of 
implant cutout in the proximal femur as the col-
lapse of the neck-shaft angle into varus and extru-
sion of the screw(s) in the femoral head [29]. 
Incidence of cutout in studies has varied for com-
pression hip screws and intramedullary devices 
from 0 to 16.5% [28, 64, 65]. For sliding hip 
screws, authors have reported failure rates of up 
to 10% in stable trochanteric fractures and 15% 
in unstable trochanteric fractures. Most com-
monly, these failures occurred as the lag screw 
cuts through the femoral head secondary to poor 
positioning in osteoporotic bone, articular pene-
tration of the lag screw due to its failure to slide, 
shortening and varus collapse with medialization 
of the femoral shaft secondary to collapse at the 
fracture site and sliding of the lag screw, and lat-
eral cortical failure. Although they have less 
blood loss and fluoroscopy time, cephalomedul-
lary devices also have had similar postoperative 
complication rates [65]. Bartoníček et  al. high-
lighted the numerous complications associated 
with proximal femur cephalomedullary nails that 
can lead to hardware failure and malreduction, 
which most commonly causes healing in varus. 
As a result, the authors recommended reducing 
proximal femur fractures in slight valgus when 
using cephalomedullary nails to minimize hard-
ware complications [66]. Because proximal 
femur fractures fixed with both intramedullary 
and extramedullary implants have high rates of 
complications, a systematic review of implant 
selection in proximal femur fractures by Nyholm 
et al. concluded that the use of specific implants 
for proximal femur fractures lacked quality 
systematic- level clinical evidence. The authors 
recommended the establishment of large implant- 
specific registries to help monitor and qualita-

tively assess clinical results [67]. Nonetheless, 
most authors contend most complications are 
related to technical errors with insufficient reduc-
tion or incorrectly placed implants, which can 
lead to loss of fixation and malunions in the prox-
imal femur.

9.2  Patient Evaluation

9.2.1  Clinical Examination

The clinical evaluation of patients with suspected 
proximal femur malunions begins with a history. 
Most patients will recall a fracture to the proxi-
mal femur and the vast majority will have had 
surgery to correct this injury. Providers should 
assess whether patients continue to have pain, 
functional limitations, a perceived leg length dis-
crepancy, or rotational deficits. Many patients 
with malunions of the proximal femur may deny 
any notable deficits though, and the history of an 
injury and surgery to the area is the clue to pro-
viders to obtain imaging on which malunions 
may be diagnosed. Patients with a malunion may 
not have debilitating pain as seen in nonunions 
given union has occurred but in an abnormal 
position. Patients also may not have notable func-
tional deficits as many proximal femur malunions 
are subtle, so much so that authors frequently do 
not report malunions as adverse outcomes in the 
literature in the treatment of proximal femur frac-
tures as nonunions and hardware failure tend to 
lead to much more severe sequelae for patients. 
Obtaining a patient’s history should not be lim-
ited to just a history of injury though. The 
patient’s medical and metabolic history also are 
important pieces of information that help guide 
management. A history of osteopenia or osteopo-
rosis can significantly increase the risk of loss of 
fixation and subsequent malunion. Similarly, 
medical conditions such as osteogenesis imper-
fecta, Paget’s disease, malnutrition, and cancer 
can weaken bone, which can prolong the time to 
union and place increased demands on implants 
already in place.

Once completed with a thorough clinical his-
tory, providers should conduct a complete 
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 physical exam. This exam should assess patients’ 
gait taking care to note any limp, rotational dif-
ferences between the lower extremity, and leg 
length discrepancies by assessing the height of 
the patient’s greater trochanters and iliac crests 
bilaterally. Range of motion of the hip and knee 
also can provide important data points as can 
pain with range of motion as the proximal femur 
malunion may lead to or exacerbate arthritic 
changes of the hip. Any palpable deformities or 
hardware along the lateral hip may also provide 
clues that over time the fracture reduction was 
lost or that hardware failed. Examining patients’ 
previous scars can help surgeons not only ascer-
tain what approach and implants may have been 
used prior to seeing radiographs but also develop 
surgical plans for treating the malunion. 
Additionally, a neurovascular exam distally in the 
bilateral lower extremities is important to help 
detect risks for future falls, such as neuropathy, 
which can place the patient at greater risk for 
refracture, hardware failure, or recurrent mal-
union after surgical treatment.

Some patients with proximal femur malunions 
may present with decreased functional mobility. 
If severe, the altered morphology of bone in mal-
unions can alter the soft tissue kinematics. 
Consequently, the muscles, particularly the hip 
abductors, and tendons around the proximal 
femur may fatigue quickly given the abnormal 
nonanatomic tension. If present for a long period 
of time, the malunion may lead to visible atrophy 
of the musculature around the hip relative to the 
contralateral side. Although patients with proxi-
mal femur malunions can have pain, the pain is 
often activity related secondary to the soft tissue 
strain and fatigue unlike nonunion pain, which 
frequently is more constant and exacerbated by 
weight-bearing.

Patients with proximal femur malunions also 
may have soft tissue contractures that restrict not 
only the range of motion of the hip but also more 
distal joints in the lower extremity. The severity 
of the contractures is related to the period of 
immobility. These can develop as sequelae of 
long periods of immobility, which can occur 
intentionally if a fracture is treated nonopera-
tively. The vast majority of proximal femur frac-

tures are treated operatively to avoid 
complications associated with prolonged periods 
of immobility, but patients with life-threatening 
injuries too unstable for operative fixation of the 
proximal femur may be treated nonoperatively. 
Likewise, fractures neglected in areas of the 
world with poor access to medical and orthopae-
dic care also may be treated nonoperatively. 
Additionally, patients with proximal femur frac-
tures treated with operative fixation may lose 
fixation and subsequently reduction secondary to 
another accident such as a fall, poor bone quality, 
or hardware failure. If not identified early, these 
patients are at risk of developing a malunion and 
contractures.

9.2.2  Radiographic Imaging

When ordering studies, providers should think 
about how the information obtained from each 
study will affect both the diagnosis and subse-
quent treatment. Cost and radiation exposure are 
factors to consider. Radiographic evaluation of a 
proximal femur malunion begins with a standard 
anteroposterior (AP) pelvis along with AP and 
lateral views of the affected hip. A common mis-
take with AP radiographs is to leave the lower 
extremity, and therefore the hip, externally 
rotated. Consequently, care should be taken to 
keep both patellae at a 90° angle to the patient’s 
coronal plane when taking the AP radiographs. 
Alternatively, internally rotating the lower 
extremity about 15–20° to match the femoral 
anteversion on the AP X-ray will provide a true 
anteroposterior profile of the proximal femur per-
pendicular to the plane of the radiograph. Flexion 
contractures though may alter image magnifica-
tion and distort providers’ ability to scrutinize 
femoral orientation. In such situations, the AP 
radiographs may need to be obtained in an 
oblique fashion to ensure they are perpendicular 
to the coronal plane of the femur in the contracted 
position. A number of imaging techniques for lat-
eral radiographs of the proximal femur exist 
including the frog-leg lateral, 45° or 90° Dunn 
view, cross-table lateral, and false profile view. 
These each have their own advantages and 
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 disadvantages. The frog-leg lateral usually pro-
files the head-neck junction, but the greater tro-
chanter can obscure the anatomy in this area. 
Frequently insufficient internal rotation of the 
limb is achieved with the cross-table lateral, a 
notable problem if the lesser trochanter is visible. 
Patients’ body habitus also can obscure osseous 
landmarks in the cross-table lateral as soft tissue 
radiodensities can interfere with osseous land-
marks [68, 69]. In patients with femoral head 
fractures, Judet pelvis radiographs also should be 
assessed for possible concomitant acetabular 
wall fractures.

Similarly, AP and lateral radiographs of the 
femur are also helpful given the incidence of 
femoral neck and femoral shaft fractures. 
Additionally, full-length femur X-rays allow 
providers to better assess mechanical alignment 
in both the coronal and sagittal planes, which 
can be particularly important for subtrochan-
teric femur fractures. These images will help 
guide treatment by informing providers if there 
is a significant femoral bow, which could 
increase the risk of anterior cortical perforation 
in antegrade femoral cephalomedullary nail 
treatment for basicervical femoral neck, inter-
trochanteric, or subtrochanteric fractures. It can 
affect the length of the construct desired by the 
surgeon as well if, for instance, the patient has 
hardware distally in the knee whether from a 
distal femur fracture or total knee arthroplasty 
in which case the surgeon may desire to bridge 
fixation constructs to minimize the risk of a 
stress riser.

Advanced imaging often is unnecessary in 
the diagnosis of a malunion, which typically is 
readily apparent on plain radiographs. Many 
proximal femur malunions are apparent in a 
single plane, and a sizable number occur after 
hardware failure. For example, a neglected 
cephalomedullary screw cutout from the femo-
ral head as a result of technical error with an 
imperfect reduction or malpositioned implant, 
poor bone quality, or combination of the two 
can result in a malunion, which is readily appar-
ent on plain radiographs. Likewise, radiographs 
also easily allow providers to diagnose a mal-
union in a subtrochanteric femur fracture treated 

nonoperatively with significant varus and pro-
curvatum deformities.

Rotational deformities, however, can also 
occur in proximal femur malunions. In the oper-
ating room, surgeons frequently utilize the lesser 
trochanteric profile to assess femoral version rel-
ative to the uninjured contralateral side by utiliz-
ing fluoroscopy to assess the position of the 
patella or the tibia-fibular overlap distally at the 
knee and comparing it the lesser trochanter pro-
file. Marchand et al. concluded that despite some 
natural variability in patients’ contralateral lower 
extremity rotation, this method reestablishes 
native rotation intraoperatively [70]. While stand-
ing full-length AP radiographs of the bilateral 
lower extremities provide some comparative data 
about rotation in the ambulatory clinical setting, 
it often is inaccurate relative to the intraoperative 
fluoroscopic technique and provides only a very 
rough estimate of femoral malrotation. 
Consequently, a computed tomography scano-
gram enables providers to measure the angle of 
rotation of the femoral necks relative to the femo-
ral condyles bilaterally allowing for a more pre-
cise measure of the proximal femur malrotation. 
Standing AP radiographs of the bilateral lower 
extremities should be the initial study for evaluat-
ing patients with a leg length discrepancy though 
[71], which can occur in proximal femur mal-
unions. These full-length films of the lower 
extremities also are crucial to evaluate the 
mechanical axis. Standing AP radiographs of the 
bilateral lower extremities allow providers to 
measure and assess how deformity has affected 
the mechanical lateral proximal femoral angle 
(mLPFA = 90° +/− 5°) and the anatomic medial 
proximal femoral angle (aMPFA = 84° +/− 4°).

Computed tomography (CT) can be used for a 
variety of reasons in the setting of a suspected 
proximal femur malunion. Because assessment 
of union in the clinical setting remains an imper-
fect practice [72], a CT scan can be used to delin-
eate whether a fracture has united or whether it is 
to a nonunion. If the scan detects a nonunion 
instead, providers should begin workup for pos-
sible infection and metabolic disorders with labo-
ratory tests or additional advanced imaging such 
as gallium scans or radiolabeled white blood cell 
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scans. Additionally, a CT scan with two- and 
three-dimensional reconstruction may allow for 
more complete evaluation of malunions of the 
trochanters, femoral head cavitation, trabecular 
bone loss, rotational malalignment, and arthritic 
changes in the hip joint. All of these variables 
may change the chosen management of the prox-
imal femur malunion.

9.3  Femoral Head

9.3.1  Femoral Head Fractures

Femoral head fractures are uncommon injuries 
that frequently result from high energy trauma to 
the hip or lower extremity, and hip dislocations 
often accompany these injuries. Most femoral 
head fractures occur following motor vehicle 
accidents with a posterior hip dislocation, and 
less commonly these injuries occur from an ante-
rior hip dislocation or in isolation without dislo-
cation. The hip position at the time of the accident 
in flexion, abduction or adduction, and rotation 
coupled with the direction and amount of force 
determines the pattern and severity of the frac-
ture. Approximately 6–16% of posterior hip dis-
locations have an associated femoral head 
fracture, and given delayed reduction increases 
femoral head osteonecrosis, reductions of hip 
dislocations are emergencies [73]. A femoral 
head fragment incarcerated in the joint can pre-
vent reduction of a hip dislocation, increases the 
instability of the joint, and can cause damage to 
the articular surfaces. Considering the infre-
quency of these fractures though, numerous stud-
ies of large patient populations have been lacking. 
As a result, there is sparse literature about femo-
ral head malunions.

Giannoudis et al. published a systematic liter-
ature review of 29 articles reporting a total of 453 
femoral head fractures. Among papers included 
in the review, most authors utilized the Pipkin 
femoral head fracture classification scheme. Over 
85% of these fractures occurred as a result of an 
automobile accident, and as is often the case in 
high energy traumatic incidents, the majority of 
patients were younger with a mean age of 

38.9  years. The younger age of these patients 
presents a treatment challenge for surgeons as 
arthroplasty is generally a viable treatment for 
elderly patients who have a lower chance of 
needing revision arthroplasty in the future. In 
younger patients though, attempts to avoid bone 
loss must be balanced with the need to preserve 
the tenuous blood supply to the femoral head. As 
such, debate existed over the treatment modali-
ties, surgical approach, and fixation techniques. 
Currently, recommendations for these injuries 
include urgent closed reduction and definitive 
operative management for the majority of the 
cases with fragment excision as a justifiable 
option for Pipkin I cases and open reduction 
internal fixation for larger fragments. 
Nonoperative management should be reserved 
for femoral head fractures in appropriate align-
ment with close attention paid, using advanced 
imaging, to the articular congruency and to the 
joint space to ensure no loose fragments remain 
interposed. The authors also noted that 11.8% of 
the cases developed AVN, which although not 
statistically significant, tended to be more likely 
when surgeons utilized a posterior approach 
rather than either a trochanteric flip osteotomy 
approach or anterior approach. Additionally, they 
found anterior and posterior approaches lead to 
20 and 30 times higher incidence, respectively, of 
post-traumatic arthritis when compared to a tro-
chanteric flip osteotomy. Consequently, the 
authors concluded a trochanteric flip osteotomy 
is the best choice for operative fixation of femoral 
head fractures [74].

Scolaro et al. described the management and 
outcomes of femoral head fractures with the larg-
est cohort of patients treated with open reduction 
internal fixation in the literature. In their paper, 
the authors noted 53.1% of femoral head frac-
tures underwent open reduction internal fixation, 
25.1% received only fragment excision, and 19% 
were treated nonoperatively. With a minimum 
follow-up of 6 months, 90% of the fractures pro-
ceeded to union, whereas a number of patients 
sustained hardware failure and 8.7% developed 
femoral head AVN.  The majority of their frac-
tures treated operatively received a Smith- 
Peterson anterior approach, yet they concluded 
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Pipkin III fractures may not be amenable to oper-
ative fixation as they had high rates of fixation 
failure and AVN necessitating conversion to 
arthroplasty [75].

9.3.2  Femoral Head Malunions

Given the scarcity of femoral head fractures, 
femoral head malunions are even more rare and 
constitute intra-articular malunions. Literature 
review and cohort studies such as those afore-
mentioned do not describe the incidence of mal-
union among femoral head fractures, but when 
present, malunions of the femoral head can be 
devastating to the hip joint. By altering the joint 
reactive forces, cartilaginous and labral damage 
can lead to pain, arthritic changes, and a limp. 
Malunions of the femoral head also can cause 
impingement and limited range of motion as 
well. Consequently, a femoral head malunion 
should remain on a differential in a patient with a 
history of a femoral head fracture and continued 
pain and limited range of motion. If a femoral 
head malunion occurs and is identified on a clini-
cal and radiographic exam, a number of treat-
ment options exist. With severe arthritic changes, 
a total hip arthroplasty is the best salvage proce-
dure, particularly in an elderly patient (Fig. 9.1). 
In younger patients without arthritic changes 

though, a few authors have provided case reports 
to describe their preferred treatment methods.

Matsuda described an arthroscopic osteosyn-
thesis for a femoral head fracture treated with 
open reduction internal fixation that progressed 
to a malunion in a noncompliant patient who had 
broken hardware in place. The patient, who had 
no radiographic evidence of osteonecrosis preop-
eratively, presented with painful decreased range 
of motion and perceived leg length discrepancy 
with a clinical exam picture consistent with fem-
oroacetabular impingement (FAI). After remov-
ing a screw percutaneously, the author used a 
small osteotome through an arthroscopic portal 
to perform an osteotomy through the malunion 
after which he obtained reduction with direct 
visualization arthroscopically before placing 
bone graft and percutaneous screws. Osteophytes 
also were removed using an arthroscopic burr 
[76]. Although not performed by the average 
general or trauma orthopaedic surgeon, hip 
arthroscopy can be a valuable tool for the surgeon 
adept in its use in the treatment of femoral head 
malunions and assessment of femoral head reduc-
tions if not performing an open reduction. Of 
note, arthroscopy also can be used in extraction 
of incarcerated fragments or to aid in the fixation 
of femoral head fractures [77].

Most orthopaedic surgeons are likely more 
skilled with surgical hip dislocations rather than 

a b c

Fig. 9.1 (a) Anteroposterior and (b) lateral radiographs 
in a 58-year-old male who over 20 years ago had sustained 
a femoral head fracture dislocation treated initially nonop-

eratively. He subsequently developed an intra-articular 
femoral head malunion and severe arthritic changes for 
which he underwent a total hip arthroplasty (c)
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hip arthroscopy. Ross et al. reported a case of FAI 
in a young, active male who developed a femoral 
head malunion after a femoral head fracture. This 
particular patient had a Pipkin II injury treated 
nonoperatively at the time of injury. After frac-
ture union occurred and the patient resumed 
bearing weight, he continued to have pain with 
hip flexion. Clinical exam revealed painful and 
limited range of motion of the hip, and advanced 
imaging demonstrated a labral tear and chondral 
disease along with a femoral head malunion. The 
authors treated the patient with a Ganz trochan-
teric osteotomy and surgical hip dislocation pre-
serving the medial femoral circumflex artery. 
They repaired the labral tear, freed the malunited 
femoral head piece using osteotomes, prepared 
the femoral head cancellous bed, and anatomi-
cally reduced the femoral head piece using head-
less compression screws. Prior to completion of 
the procedure, they utilized a burr to remove the 
cam-type deformity to improve anterolateral 
femoral head and neck impingement on the ace-
tabulum as well as protect the labral repair. The 
patient reportedly did well postoperatively [78]. 
Yoon et al. also reported three Pipkin I femoral 
head malunions treated with partial ostectomy. 
The patients initially received nonoperative treat-
ment in traction for 6 to 8 weeks for the infero-
medial femoral head fractures after which they 
presented to the authors with pain and limited hip 
motion. Utilizing an anterior Smith-Peterson 
approach, the authors noted excellent results with 
ostectomies of the malunions and immediate 
weight-bearing and range of motion exercises 
[79]. Not only can malunions occur on the femo-
ral head, but they also can occur on the  acetabulum 
as reported by Sontich et  al. Their patient sus-
tained a Pipkin I femoral head fracture treated 
nonoperatively that went on to a malunion with 
the femoral head fragment uniting with the ace-
tabulum causing functional deficits for which the 
patient underwent surgical debridement with 
excellent results [80].

Consequently, femoral head malunion presen-
tation and treatment varies widely among provid-
ers. With a dearth of reports, no surgical approach 
or treatment method has proven to have superior 
outcomes. As aforementioned, arthroplasty 

remains a viable option for a femoral head mal-
union with significant arthritic changes second-
ary to either the malunion causing increased joint 
destruction or avascular necrosis. In patients in 
whom joint and bone preservation is possible 
though, preserving the blood supply is important 
regardless of the surgical approach taken to cor-
rect the malunion. The femoral neck and head 
blood supply has three distinct components with 
an extracapsular arterial ring arising from the lat-
eral circumflex femoral artery anterior and the 
medial circumflex femoral artery posteriorly, 
ascending intracapsular cervical branches of the 
extracapsular retinacular arteries, and the artery 
of the ligamentum teres. While the medial cir-
cumflex artery generally provides the largest con-
tribution of blood supply to the femoral head, 
particularly the superolateral weight-bearing por-
tion, via the lateral epiphyseal artery complex, 
the lateral circumflex femoral artery supplies the 
anteroinferior femoral head via the inferior 
metaphyseal artery [62]. Given the importance of 
the blood supply in trying to avoid AVN postop-
eratively, it stands to reason that approaches to 
treat femoral head malunion should be guided by 
the literature available for femoral head fractures. 
Ganz et al. first described the surgical dislocation 
of the hip utilizing a trochanteric flip osteotomy 
in 2001, which provides a 360° view of the femo-
ral head [81]. A number of authors have demon-
strated good results and low rates of AVN with 
this approach in fixing femoral head fractures as 
well as osteochondral transplantation for femoral 
head osteochondral defects [74, 82–86]. Other 
authors also have advocated for a direct anterior 
approach to fix femoral head fractures [75, 87–
89]. Given the conflicting data, surgeons at this 
time likely should choose whichever approach at 
which they are most adept and feel will provide 
the best access to the malunion when treating 
femoral head malunions.

9.4  Hip

Hip fractures constitute the vast majority of prox-
imal femur fractures. Hip fractures can be divided 
into four types of fractures: (1) nondisplaced or 
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impacted femoral neck, (2) displaced femoral 
neck, (3) stable intertrochanteric, and (4) unsta-
ble intertrochanteric. As these fractures have a 
preponderance to affect older patients, the goal of 
treatment for these injuries is to quickly maxi-
mize post-injury function by allowing for weight- 
bearing as soon as possible. Consequently, 
differentiating hip fractures into these four sub-
types helps dictate the preferred method of treat-
ment. While numerous studies have evaluated hip 
fracture outcomes and morbidity rates, Cornwall 
et al. subdivided their analysis based on the four 
types of hip fractures. They found preinjury func-
tion was the best independent predictor of mor-
tality, and nondisplaced femoral neck fractures 
had the lowest 6-month mortality rate [90].

Patients can suffer significant declines in post- 
injury function after hip fractures as well, partic-
ularly if a malunion ensues. Before modern 
surgical techniques and implants when fears of 
infection and surgical complications outweighed 
potential benefits of operative intervention, most 
proximal femur fractures were treated nonopera-
tively with traction. During the treatment course, 
which included prolonged periods of bed rest and 
non-weight-bearing, many patients developed 
decubitus ulcers, venous thromboembolism, pul-
monary complications, and significant muscle 
atrophy. For those patients that survived, their 
fractures usually united but in a varus, shortened, 
and often rotated position [91]. The resultant 
proximal femur malunions from nonoperative 
treatment lead to hip abductor weakness and a 
limp. With innovations in both surgical tech-
niques and implants for hip fractures, the benefits 
of operative management eclipsed the risks, and 
consequently, most proximal femur fractures are 
treated with either surgical fixation or arthro-
plasty to reduce the morbidity and mortality 
associated with conservative management. 
Malreduction intraoperatively and implant fail-
ure postoperatively though both can lead to 
symptomatic malunions in which the proximal 
femur shortens and develops a varus deformity. 
Additionally, some implants for hip fractures are 
designed to allow for shortening to minimize 
nonunion rates, which can result in coxa vara.

The arthroplasty literature has demonstrated a 
strong correlation between femoral offset, abduc-
tor lever arm, and hip abductor strength. In par-
ticular, the hip abductors’ lever arm strongly 
correlates with the gluteus medius activation 
angle. Maximizing offset during a total hip 
arthroplasty to match the normal contralateral 
side decreases joint reactive forces and improves 
abductor strength by increasing the lever arm, 
which also reduces the incidence of a 
Trendelenburg gait postoperatively. Ford et  al. 
postulated femoral offset is the most important 
factor in decreasing postoperative total hip 
arthroplasty dislocations, more so than leg-length 
equality and acetabular component position. 
Younger patient ages and smaller prosthetic head 
size also increased the dislocation risk [92]. In 
total hip arthroplasty, impingement is often the 
cause of dislocation, and it is well established 
that larger diameter femoral head components 
increase range of motion before the femoral head 
or neck impinge on the acetabulum or prominent 
anterior inferior iliac spine, thereby increasing 
stability of the implant [93–97]. Range of motion 
improves as well with increased femoral offset 
by decreasing bony impingement of the greater 
trochanter on the acetabulum during flexion, 
abduction, and internal and external rotation [98–
107]. While increasing femoral offset does not 
increase pain, it does preserve function and lon-
gevity of the total hip arthroplasty, and con-
versely, patients left with decreased femoral 
offset have diminished function [108, 109].

As illustrated in the arthroplasty literature, 
decreased femoral offset and limb shortening, 
such as in a malunion leading to a shortened fem-
oral neck, can have debilitating effects. Slobogean 
et al. published a study on young femoral neck 
fractures in which patients from 18 to 55 years 
treated with femoral neck fixation had a 13% 
chance of having severe shortening, which they 
defined as 10mm or more. These patients all had 
significantly worse functional outcomes [30]. 
The recent Fixation Using Alternative Implants 
for the Treatment of Hip Fractures (FAITH) trial 
also revealed a greater amount of femoral neck 
shortening was associated with poorer hip func-
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tion [110]. Not only will the femoral neck 
 shortening affect femoral offset, thereby chang-
ing the lever arm of the hip abductors, but it also 
can alter leg lengths relative to the contralateral 
side leading to a perceived or real leg length dis-
crepancy. Patients note leg length discrepancies 
of only 5 to 7 millimeters after total hip arthro-
plasty, which can alter gait mechanics and cause 
dissatisfaction [111–114]. This dissatisfaction 
makes postoperative leg length discrepancy one 
of the most common claims in medical malprac-
tice lawsuits following total joint arthroplasty 
[115].

9.4.1  Femoral Neck

Femoral neck fractures are among the most com-
mon for proximal femur fractures. While typi-
cally an injury in the elderly after a low energy 
mechanism fall, young adults can sustain high 
energy femoral neck fractures as well. In the 
elderly, displaced femoral neck fractures fre-
quently are treated with a hemiarthroplasty or 
total hip arthroplasty to allow for immediate 
weight-bearing and minimize risks associated 
with remaining immobilized. Providers generally 
elect to treat femoral neck fractures in younger 
patients with internal fixation. These patients are 
often more capable than elderly patients of with-
standing and recovering from the insult of non- 
weight- bearing restrictions to the affected 
extremity during the recovery process. Younger 
patients also are more likely to need a revision 
arthroplasty later in life if treated immediately 
with an arthroplasty, and consequently, mainte-
nance of bone stock can minimize arthroplasty- 
related complications and possibly avoid the 
need for arthroplasty altogether.

Young patients with femoral neck fractures 
often have injuries elsewhere, especially if the 
injury occurs as a result of a high energy mecha-
nism. In patients with injuries to the lower 
extremity, it is essential to evaluate the patient 
and carefully scrutinize imaging for femoral neck 
fractures, particularly if the patient is experienc-
ing groin pain or pain with attempted weight- 
bearing or has an ipsilateral femoral shaft 

fracture. Up to about 8% of femoral shaft frac-
tures also have a concomitant femoral neck frac-
ture, yet providers historically missed up to 30% 
of the femoral neck fractures [116]. Missing the 
diagnosis of femoral neck fractures though can 
lead to fracture displacement, femoral head 
osteonecrosis, and femoral neck nonunion or 
malunion [117]. Consequently, various protocols 
have emerged to try to better identify these inju-
ries as prevention of a femoral nonunion or mal-
union and femoral head osteonecrosis is far easier 
than the treatment of those. These protocols 
include using dedicated preoperative internal 
rotation hip radiographs and fine-cut computed 
tomography [118], intraoperative fluoroscopic 
imaging and postoperative radiographs [119], 
and rapid-sequence magnetic resonance imaging 
[120].

9.4.1.1  Femoral Neck Malunions
While femoral neck fractures have had a compli-
cated history with nonunions, femoral head 
osteonecrosis, and hardware failure frequently 
cited as complications, malunions of the femoral 
neck have received far less attention to date. 
Historically, femoral neck nonunion rates were 
close to 60% [121], but with technological 
improvements and better fracture care, these 
rates have dropped to between 0 and 30% in 
young patients [122–124]. Recent meta-analyses 
have calculated complication rates following 
femoral neck fractures to be about 20–30%. 
Damany et al. reviewed 18 studies with 564 fem-
oral neck fractures looking for reported inci-
dences of nonunion and avascular necrosis (AVN) 
of the femoral head, which they found were 8.9% 
and 23%, respectively. Of the 13 of the studies in 
the analysis that reported the type of fracture as 
well as the type of reduction, over 75% were 
treated with closed reduction, and this closed 
reduction cohort had a 4.7% nonunion and 28% 
AVN rate, respectively. The open reduction 
cohort had a higher nonunion rate at 11.2% and 
lower AVN rate at 10.1%. This meta-analysis 
demonstrated not only that open reduction may 
be associated with a higher incidence of non-
union but also that time to surgery did not signifi-
cantly affect the rate of AVN [125].
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Slobogean et  al. published another meta- 
analysis assessing complications following 
young femoral neck fractures, which provides the 
most comprehensive analysis to date of the inci-
dence of femoral neck complications, including 
malunions. They included 41 studies with over 
1500 fractures and looked at a number of addi-
tional outcomes as well. The authors found iso-
lated femoral neck fractures had an 18% 
reoperation rate, and although all nondisplaced 
femoral neck fractures had lower reoperation 
rates at 6.9% than displaced fractures at 17.8%, it 
did not reach statistical significance. Displaced 
fractures, on the other hand, had significantly 
higher AVN rates than nondisplaced fractures 
with a total incidence of 14.3%. This meta- 
analysis also revealed a nonunion rate of 9.3%. 
Interestingly, concomitant femoral shaft and neck 
fracture complication rates mirrored isolated, 
nondisplaced femoral neck fractures. Implant 
failure, infection, and malunion were not as 
widely reported in the studies included. Implant 
failure had an incidence of 9.7% while surgical 
site infections occurred in 5.1% of cases. Finally, 
femoral neck malunions occurred in 6.4% of all 
femoral neck fractures, 7.1% of isolated femoral 
neck fractures, and 5.6% of combined femoral 
shaft and neck fractures [32].

Malunions of the femoral neck though are 
undercounted in the literature. Given the severe 
problems associated with them, nonunions, avas-
cular necrosis, and hardware failure tend to be 
primary outcome measures in many studies while 
malunions are evaluated more infrequently in 
studies on femoral necks. Many femoral neck 
malunions are asymptomatic. For example, 
patients rarely have issues with valgus malunions 
as exemplified by the acceptability of treated val-
gus impacted femoral neck fractures with percu-
taneous screws without a reduction. Unless they 
have AVN or implant failure, these patients tend 
not to have problems, yet their femoral neck frac-
ture was not anatomically reduced (Fig.  9.2). 
Similarly, a valgus closing wedge osteotomy in 
the proximal femur often is the treatment for a 
femoral neck nonunion as it redirects the high 
shearing forces associated with more vertically 
oriented fractures to compressive forces. When 
performed for nonunions, these valgus trochan-
teric osteotomies intentionally generate mal-
unions, but they are rarely described in the 
literature as malunions as they remain asymp-
tomatic, particularly when compared to debilitat-
ing nonunions. Additionally, a number of femoral 
neck fixation constructs are designed to allow for 
compression and shortening, which in itself is a 

a b c

Fig. 9.2 (a) Anteroposterior injury radiograph of a 
48-year-old female with basicervical femoral neck frac-
ture. (b) Immediate postoperative radiograph after treat-
ment with sliding hip and anti-rotation screws with valgus 

malalignment. (c) 6 months postoperative radiograph with 
healed valgus malunion of femoral neck fracture. The 
patient remained asymptomatic and resumed regular 
activities without issue
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malunion, to minimize the likelihood of a non-
union. Thus, femoral neck implants, such as slid-
ing hip screws, intentionally allow for malunions, 
which frequently go underreported.

Femoral neck shortening though can have sig-
nificant side effects and is fairly common. 
Stockton et al. reviewed the incidence and mag-
nitude of shortening in femoral neck fractures. 
Three-quarters of the 65 patients included in their 
study had displaced femoral neck fractures. Just 
over 75% of the patients received cancellous 
screws while surgeons treated the remaining 
patients with a sliding hip screw and derotational 
screw. Remarkably, 54% of the patients had at 
least 5  mm of shortening  – 22% shortened 
5–9 mm while 32% shortened 10 mm or more. 
According to their data, displaced fractures 
shorten significantly more than nondisplaced 
fractures, and perhaps unsurprisingly given the 
construct’s design, sliding hip screws shorten 
more than cancellous screws (Fig.  9.3). The 
authors concluded that nearly one-third of 
patients with femoral neck fractures heal but in a 
severely shortened position that can cause clini-
cal sequelae [34].

Another study assessed the incidence and 
effect on function of femoral neck shortening 
after fracture fixation with cancellous screws. 
Zlowodzki et  al. conducted an observational 
study on 56 consecutive femoral neck fractures 
treated with cancellous screws. They found 30% 
of all femoral neck fractures treated with cancel-
lous screws shortened with an abductor moment 
arm at least 10 mm shorter than the contralateral 
intact side with no significant difference between 
nondisplaced and displaced fractures. Patients 
with healed shortened fractures had significantly 
lower Short Form-36 functional scores than 
patients who did not experience shortening. 
Current femoral neck fixation constructs allow 
for femoral neck shortening at the expense of 
biomechanics given the emphasis on fracture 
healing biology. The authors postulated that fixa-
tion techniques that allow for compression to 
maintain positive biologic effect at the fracture 
site while also preventing shortening may 
improve biomechanics and functional outcomes 
following femoral neck fracture fixation [37].

Similarly, Chen et al. analyzed shortening in 
patients 60 years or older with femoral neck frac-

a b c

Fig. 9.3 (a) Anteroposterior injury radiograph of a 
40-year-old with displaced femoral neck fracture treated 
with sliding hip and derotational screws. (b) Immediate 

postoperative radiograph. (c) Six-month follow-up radio-
graph with mild shortening of femoral neck noted
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tures treated with closed reduction and cancel-
lous screws. In their 110 cases, of which 71% 
were displaced femoral neck fractures, 41.8% 
had shortened during follow-up with Harris Hip 
Scores significantly lower in the shortened group 
versus the non-shortened group. They found 
shortening in their patients was significantly cor-
related to poor bone mineral density, age over 
70 years, female gender, displaced fracture pat-
terns, and the quality of reduction [38].

Zlowodzki et al. also published a multicenter 
cohort study analyzing the effects of femoral 
neck shortening and varus collapse after internal 
fixation. None of the 70 patients in the study 
received fixation with a sliding hip screw. All but 
one of the patients were treated with three cancel-
lous screws while the other fracture was fixed 
with four cancellous screws. The majority of the 
fractures, 64%, were nondisplaced femoral neck 
fractures. At follow-up, 66% of the fractures 
shortened more than 5 mm, and 39% had more 
than 5° varus angulation. Nearly one in three 
patients had severe shortening of over 10  mm 
while nearly 30% of patients had severe varus 
collapse of over 10°. Only one third of the 
patients had neither shortening of 5 mm nor 5° or 
more of varus angulation. Shortening of the fem-
oral neck again was predictive of a low physical 
function score [36].

In short, a healed femoral neck fracture in a 
shortened position changes the femoral offset 
and creates abductor muscle imbalance, gait 
problems, impingement, and limited range of 
motion. Consequently, malunion from significant 
shortening is another common risk of femoral 
neck fracture along with high incidences of non-
union, avascular necrosis, implant failure, and 
reoperation. Femoral neck shortening malunions 
occur regularly, can cause lifelong morbidity, and 
increase the risk of reoperation, particularly in 
young patients.

9.4.1.2  Cam-Type Impingement
Another potential cause of impingement, limited 
range of motion, and pain in the hip are cam 
lesions in the femoral neck. While the etiology of 
cam lesions is not completely understood, it is a 
common phenomenon that leads to femoroace-

tabular impingement. Wendt et al. described the 
incidence of cam-type impingement following 
fixation of femoral neck fractures in patients 
younger than 50 years. The authors found 46% of 
the 70 patients included in the study had an alpha 
angle greater than 42° on lateral radiographs sug-
gestive of a cam-type deformity. Displaced sub-
capital femoral neck fractures had the highest 
incidence of developing a cam-type deformity 
postoperatively. FAI not only causes pain and 
limits motion, but it also is increasingly accepted 
as a cause of labral tears, cartilage damage, and 
osteoarthritis. The authors noted 31% of all fem-
oral neck fractures and 58% of displaced subcap-
ital fractures had radiographic evidence of 
degenerative arthritis by final follow-up while 
17% developed avascular necrosis. Twenty-one 
percent of the patients in the study required con-
version to a total hip arthroplasty. Of the five 
patients that required total hip arthroplasty who 
had no signs of AVN, all were noted to have fem-
oral head asphericity or cam-type impingement. 
The authors consequently concluded that early 
detection of femoral neck malunion may allow 
for early intervention and hip preservation [35].

The definition of cam-type lesions varies 
across the literature, and whether radiographic 
prevalence corresponds to symptoms has not yet 
been well established. These lesions though are 
common in the general population with a preva-
lence of 14–17% (Fig. 9.4). Gosvig et al. reported 
17% of males and 4% of females had cam-type 
impingement based on alpha angles measured on 
standardized AP radiographs, which may 
develop as a result of a silent slipped capital 
femoral epiphysis (SCFE) but had no significant 
association with hip pain, body mass index, 
occupational exposure to heavy workloads, or 
acetabular dysplasia [126]. Using magnetic reso-
nance imaging to assess 200 asymptomatic 
patients with no history of hip surgery or child-
hood hip problem, Hack et al. reported 14% of 
subjects had evidence of cam-type impingement 
with increased prevalence among men and indi-
viduals with limited internal rotation [127]. The 
pediatric orthopaedic literature has demonstrated 
a strong association between both Legg-Calvé-
Perthes and SCFE and the development of femo-
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roacetabular impingement [128]. Given the 
current standard of treatment for SCFE is an in 
situ screw without a reduction [129, 130], sur-
geons accept a malunion as a trade-off to try to 
minimize osteonecrosis of the femoral head, but 
both clinical and subclinical SCFE may lead to 
cam-type impingement and cause a femoral neck 
malunion. The ensuing deformity subsequently 
leads to early hip arthrosis by causing damage to 
the acetabular cartilage and flattening of the 
anterior acetabulum [131, 132].

Treatment of cam-type impingement lesions 
can be done both through a surgical dislocation 
of the hip and arthroscopically. Surgical disloca-
tion provides an unparalleled exposure allowing 
for direct treatment of deformity through osteo-
plasty of the femoral head and neck. It may also 
provide better access to the acetabulum than 
arthroscopy when assessing complex impinge-
ment and its sequelae. As aforementioned in the 
treatment of femoral head malunions, most 
orthopaedic trauma surgeons are more likely 
familiar with the surgical dislocation of the hip, 
but the total number as well as the complexity 
and diversity of hip arthroscopy procedures con-

tinues to rise in the United States. Additionally, 
procedures for FAI and labral repairs are being 
performed more frequently in younger patients, 
which likely reflects both current evidence-based 
research indicating improved results in patients 
who have FAI treated earlier and the improved 
technical ability of surgeons [133]. A number of 
surgeons now favor hip arthroscopy to open sur-
gical dislocation for the treatment of FAI given 
its minimally invasive nature while others use it 
as an adjunct to treat intra-articular disorders 
along with a “mini-open” anterior approach to 
resect the cam lesion [134]. In the past decade, 
arthroscopically assisted reduction and internal 
fixation has been an increasingly common 
approach utilized by surgeons to treat a variety of 
intra-articular fractures and verify the quality of 
reduction [135]. Although not without risk, hip 
arthroscopy consequently may play a larger role 
in the future to both treat cam lesions and assist 
with reductions at the time of displaced femoral 
neck fracture fixation given the increasingly 
apparent importance of anatomic reduction in 
minimizing the incidence of malunion, nonunion, 
avascular necrosis, and implant failure.

a b

Fig. 9.4 (a) Anteroposterior and (b) lateral radiographs in a 36-year-old male with left hip pain with flexion, abduction, 
and external rotation attributable to femoroacetabular impingement from the cam lesion on anterosuperior femoral neck
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9.4.1.3  Loss of Fixation
Another common cause for femoral neck mal-
union is loss of fixation, or implant failure, which 
is a multifactorial issue. Given the high compli-
cation rate associated with treating femoral neck 
fractures, surgeons have debated the best way to 
fix femoral neck fractures for decades. A consen-
sus currently exists that displaced femoral neck 
fractures in elderly patients are better served with 

a primary arthroplasty given the high rates of loss 
of fixation and reoperation when treated with 
internal fixation (Fig.  9.5). Loss of fixation 
though still can occur in younger patients leading 
to varus collapse, shortening, and symptomatic 
malunion. Numerous studies have shown that this 
progression can occur secondary to nonunion, 
malreduction, inappropriate implant selection 
and placement, osteonecrosis, and poor bone 

a b

c d

Fig. 9.5 (a) 
Anteroposterior 
radiograph of displaced 
femoral neck fracture in 
an 84-year-old female 
who declined the 
recommended 
hemiarthroplasty and 
instead elected for 
closed reduction and 
percutaneous cancellous 
screws. (b) 
Intraoperative 
fluoroscopy. (c) 
1.5-month follow-up 
radiograph with loss of 
fixation, varus collapse, 
and screw penetration 
through femoral head. 
(d) Postoperative 
radiograph after 
subsequent salvage total 
hip arthroplasty 
procedure
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quality. The rate of nonunion for femoral neck 
fractures varies between 7% and 20% of those 
treated with internal fixation [50, 125, 136]. 
These figures represent a significantly higher risk 
of nonunion than the overall risk of nonunion for 
all types of fractures calculated by Mills et al. to 
be 1.9% [137].

Failure to adequately reduce the femoral neck 
fracture recurrently emerges in the literature as 
one the most commonly cited reasons for compli-
cations following femoral neck fracture fixation. 
Slobogean et al. reported on 6.5% malunion rate 
in a prospective observational study among three 
centers in China that treated femoral neck frac-
tures with internal fixation. Among the 107 frac-
tures included, nonunions occurred in 8.4% and 
10.3% developed osteonecrosis. Similar to many 
studies, displaced fractures, which accounted for 
62% of those in the study, had a higher rate of 
complications. All but one case was managed 
with closed reduction, and 7% received sliding 
hip screws while the rest received cancellous 
screws. The study confirmed that closed reduc-
tion and percutaneous screw fixation leads to 
excellent results in most young patients with 
femoral neck fractures, but it also cautioned that 
fractures malreduced on at least one radiographic 
view had higher odds of a poor outcome. 
Therefore, the authors encouraged surgeons to 
perform an open reduction to improve radio-
graphic alignment if the fracture remains malre-
duced after closed reduction [31]. Other studies 
also have demonstrated associations between 
radiographic reduction, fracture displacement, 
and fracture healing complications [50, 138]. As 
the importance of anatomic reduction has become 
increasingly clear, some authors have advocated 
for open reduction and medial buttress plating, 
particularly for vertical femoral neck fractures, to 
help obtain and maintain reduction. The medial 
buttress plate also helps resist shear forces and 
minimizes the risk of implant failure [139, 140].

Numerous studies have analyzed risk factors 
for fixation failure in femoral neck fractures. Biz 
et  al. found nearly a 10% failure rate within 
6 months for cancellous screws used in nondis-
placed femoral neck fractures in patients older 
than 65 years. Predictors of early failure included 

nondisplaced Garden type II fractures, Pauwels 
type II or III fractures, and posterior tilt of more 
than 18° [141]. Okike et al. also found posterior 
tilt of 20° or more was associated with a greater 
than 20% risk of subsequent arthroplasty in 
elderly patients, and surgeons should consider 
arthroplasty as the primary treatment in older 
patients with significant femoral neck posterior 
tilt [142]. Not only are elderly patients at high 
risk of loss of fixation, but young patients with 
displaced femoral neck fractures also frequently 
have implant-related complications. Among 
middle- aged patients with displaced femoral 
neck fractures, Wang et al. found 33% nonunion 
or early collapse, 14.5% avascular necrosis, and 
38% conversion to arthroplasty (Fig. 9.6). They 
also noted a 39.1% rate of femoral neck shorten-
ing and varus malunion rate among the displaced 
femoral neck cohort [33]. In their analysis of 
patients under 60 years old with displaced femo-
ral neck fractures, Duckworth et  al. found fail-
ures occurred significantly more often in patients 
over 40  years old and in patients who abused 
alcohol or had preexisting renal, liver, or respira-
tory disease [136].

Internal fixation remains the standard of care 
for the majority of femoral neck fractures in 
young patients, but given the high rate of compli-
cations including loss of fixation and subsequent 
malunion, controversy still exists regarding the 
optimal implant selection. Surgeons most com-
monly use multiple cancellous screws or sliding 
hip screws, but implant companies continue to try 
to design new systems to minimize the risk of 
implant failure and varus collapse (Fig. 9.7). In 
the United States, surgeons most frequently use 
multiple cancellous screws in nondisplaced fem-
oral neck fractures. In displaced fractures though, 
surgeons are split with half using multiple can-
cellous screws while the other half use a sliding 
hip screw construct, which appears to be an 
increasingly common method of treatment [143]. 
Few studies have been conducted regarding the 
optimal implant choice. In 1986, Linde et al. pub-
lished one of the few prospective, randomized 
 trials comparing sliding hip screws with cancel-
lous screws for femoral neck fractures finding the 
sliding hip screw group had significantly more 
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avascular necrosis of the femoral head than can-
cellous screws despite equivalent degrees of pri-
mary displacement and quality of reductions 
[144]. More recent uncontrolled retrospective 
studies though have found better results with 
sliding hip screws with fewer reoperations and 
nonunions [145, 146]. Gardner et  al. revealed 

both quality of reduction and type of implant are 
significant predictors for early failure with can-
cellous screws failing more often [138]. A recent 
systematic review revealed that although sliding 
hip screws and cancellous screws have similar 
functional recoveries, the sliding hip screw group 
has fewer postoperative complications and faster 

a b

c d

Fig. 9.6 (a) 
Anteroposterior 
radiograph of displaced 
femoral neck fracture in 
a 57-year-old male who 
was treated with (b) 
closed reduction and a 
sliding hip and 
derotational screws. As 
can be seen on the 
inferomedial cortex, the 
reduction was close but 
not anatomic. (c) Six 
weeks postoperatively, 
the patient had 
significant pain with 
motion of the hip and 
radiographs revealed 
femoral neck shortening 
and sliding hip screw 
protrusion into the hip 
joint. (d) The patient 
eventually received a 
total hip arthroplasty 
with a diaphyseal fitting 
femoral stem to bypass 
stress risers from the 
screw holes on the 
sliding hip screw plate
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union time [147]. In another meta-analysis of 
randomized controlled trials directly comparing 
clinical outcomes of sliding hip screws and can-
cellous screws, Shehata et  al. found ten studies 
with 1934 patients in which cancellous screws 
had less intraoperative blood loss, but no other 
statistically significant differences existed 
between the two intervention groups [148].

An international randomized controlled trial, 
the recently published FAITH trial, tried to defin-

itively determine whether sliding hip screws or 
cancellous screws had superior outcomes. The 
study enrolled patients 50  years or older with 
low-energy hip fractures and included 557 
patients treated with sliding hip screws and 557 
treated with cancellous screws. Investigators 
 concluded reoperations within 24  months and 
medically related adverse events did not differ 
between treatment modalities, but sliding hip 
screws more commonly resulted in femoral head 

a b

c d

Fig. 9.7 (a) 
Anteroposterior 
radiograph of displaced 
femoral neck fracture in 
a 77-year-old female 
treated with (b) closed 
reduction and the 
Femoral Neck System 
(DePuy Synthes, 
Johnson & Johnson, 
New Brunswick, NJ, 
USA). (c) One month 
postoperatively, the 
patient had loss of 
fixation and cutout for 
which she underwent a 
total hip arthroplasty (d) 
with a diaphyseal fitting 
femoral stem
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AVN. Some groups of patients, including smok-
ers and those with displaced or basicervical fem-
oral neck fractures, appeared to do better though 
with sliding hip screw constructs [149]. Further 
analysis of the FAITH study results revealed 
female sex, higher body mass index, displaced 
fracture, unacceptable quality of implant place-
ment, and smokers treated with cancellous screws 
had increased risks of revision surgery, and as 
such, authors postulated that some of these high-
risk groups may be better treated with arthro-
plasty [150]. Although no consensus currently 
exists among surgeons as to the preferred implant 
configuration, anatomic reduction is essential at 
the time of initial fracture fixation to avoid 
implant failure and subsequent complications 
including malunions.

In femoral neck fractures that do result in 
symptomatic malunions, treatment options vary 
based on the patient’s age, bone quality, and 
activity level. In young patients, joint preserva-
tion remains preferable, and surgeons typically 
elect to perform a valgus intertrochanteric oste-
otomy. This procedure not only corrects the varus 
malunion typical of femoral neck malunions, but 
it also tensions the abductor musculature provid-
ing extra stability and improving gait. 
Symptomatic malunions in older patients with 
impingement, degenerative joint changes, or poor 
bone quality may be better treated with arthro-
plasty, which minimizes the recovery period.

9.4.2  Intertrochanteric Fractures

Similar to femoral neck fractures, intertrochan-
teric fractures are very common among proximal 
femur fractures. In elderly patients, intertrochan-
teric fractures account for over 50% of proximal 
femur fractures, which almost all occur following 
low-energy trauma [151]. Malunion and non-
union are uncommon in this region following 
operative fixation. Intertrochanteric femur frac-
tures frequently unite given the excellent blood 
supply in the region, and the reported incidence 
of intertrochanteric nonunions is around 1% 
[152]. Without surgical stabilization, these frac-
tures frequently form malunions though with 

coxa vara, shortening, and external rotation. 
Consequently, intertrochanteric malunions are 
often seen in developing countries with limited 
resources as fractures are neglected or physicians 
have no ability to provide surgical correction. In 
resource rich nations, malunions in this area are 
generally secondary to malreduction intraopera-
tively or loss of fixation whether from implant 
failure or cutout, which can occur secondary to 
malpositioned hardware and/or patient biology. 
Fracture pattern and implant choice also contrib-
ute with failure rates of sliding hip screw con-
structs in unstable intertrochanteric fractures as 
high as 9–16% [153]. Even in stable intertro-
chanteric femur fractures, sliding hip screws 
allow for shortening and a resultant malunion 
(Fig. 9.8).

Varus malunion or nonunion is the most com-
mon biomechanical complication following 
treatment of unstable trochanteric fractures. A 
varus malunion leads to limb shortening, imbal-

Fig. 9.8 Anteroposterior radiograph of healed but short-
ened intertrochanteric femur fracture treated with a slid-
ing hip screw. Consequently, it now has a resultant 
malunion
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ance of the abductor muscles, and limping, which 
can in turn lead to back and knee pain. Malunions 
in the intertrochanteric region can be subdivided 
into two types depending on the level of shorten-
ing. Although each patient should be considered 
individually, leg length differences of up to 
2–2.5  cm are generally asymptomatic while 
larger limb length discrepancies can lead to gait 
alterations and back pain [154–156]. In a modest 
leg length difference, a shortening osteotomy of 
the contralateral side could be considered as an 
option, but addressing any rotational or angular 
deformity requires a surgery on the affected limb. 
In addition to coxa vara, malunions with shorten-
ing can have internal or external rotational com-
ponents. Treatment of malunions with up to about 
2.5  cm of shortening generally only need a 
valgus- inducing intertrochanteric or subtrochan-
teric osteotomy to correct both the rotation and 
coxa valga. In severe coxa vara with more signifi-
cant shortening though, additional efforts should 
be made to correct the leg length discrepancy as 
well [157].

A number of studies have reported small 
cohorts of intertrochanteric femur malunions 
[158, 159]. Patients typically present with a pain-
ful limp and have restricted abduction and inter-
nal rotation secondary to coxa vara, shortening, 
and external rotation. To correct the deformity, 
surgeons most often use a valgus intertrochan-
teric osteotomy, which has a high success rate 
and good reproducibility. Bhowmick et  al. also 
offered a good way to approach intertrochanteric 
femur malunions by utilizing an algorithm to 
help guide management of these patients. The 
authors assessed union, pre- and postoperative 
shortening, the head-shaft angle, and functional 
outcomes. Of the 19 malunions included in the 
study, 16 resulted from neglected intertrochan-
teric fractures, two previously were treated with 
sliding hip screw constructs, and one had been 
treated with cancellous screws. They subdivided 
these patients based on the duration of the initial 
trauma into two groups: (1) maluniting less than 
3 months since injury, presence of pain, and vis-
ible fracture lines on radiographs and (2) mal-
united more than 3 months since injury without 
pain and no fracture line visible on radiographs. 

For the maluniting cohort, they treated these 
patients with osteoclasis at the fracture site, trac-
tion, reduction, and either a sliding hip screw or 
cephalomedullary nail depending on whether the 
lateral cortical wall thickness was greater or less 
than 20  mm, respectively. For the malunited 
cohort, a valgus intertrochanteric osteotomy 
either with a sliding hip screw or angled blade 
plate allowed for correction of the head-shaft 
angle and restoration of femoral length. Patients 
did well with less than 2.5 cm shortening, mark-
edly improved head-shaft angles, and acceptable 
functional outcomes [152].

For intertrochanteric hip fractures compli-
cated by loss of fixation, treatment options 
include prosthetic replacement and revision 
internal fixation. Haidukewych and Berry dem-
onstrated good success rates with open reduction 
and internal fixation with bone grafting using a 
variety of implants among 20 cases of early loss 
of fixation [160]. This option is likely ideal for 
younger patients in whom preservation of bone 
stock and concerns about demand may preclude 
arthroplasty as an option. Arthroplasty though is 
generally a reliable option for elderly patients in 
whom bone quality may be of concern, particu-
larly if loss of fixation already occurred (Fig. 9.9). 
A systematic review by Luthringer et al. demon-
strated both total hip arthroplasty and hemiar-
throplasty are effective salvage procedures [161]. 
Consequently, if arthroplasty is the chosen sal-
vage procedure, careful evaluation for acetabular- 
sided defects and the individual surgeon’s 
preference and expertise should guide treatment 
to ensure optimal outcomes.

Although reliable treatment options exist for 
intertrochanteric femoral malunions, avoidance 
of a malunion must still be the goal when treating 
intertrochanteric femur fractures. Generally 
reserved as a salvage procedure for these frac-
tures, arthroplasty is an option for acute treat-
ment of intertrochanteric fractures, particularly 
in the elderly and those with preexisting degen-
erative joint disease. Arthroplasty would 
 eliminate the risk of developing a malunion, but 
according to a recent meta-analysis, arthroplasty 
has a higher risk of 1-year mortality, is techni-
cally more difficult, increases blood loss and 
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transfusion requirements, and takes longer than 
cephalomedullary nailing [162]. Consequently, 
most intertrochanteric femur fractures receive 
fixation with either a cephalomedullary nail or 
sliding hip screw. Implant choice for these frac-
tures has been a hotly debated topic. 
Cephalomedullary nailing has become increas-
ingly popular over the past few decades in the 
treatment of intertrochanteric fractures, yet out-

comes have not changed much. Fortunately, these 
devices may result in less radiographic shorten-
ing [163]. A number of meta-analyses though 
have demonstrated sliding hip screws have lower 
complication rates and lower costs in stable 
 intertrochanteric fractures while cephalomedul-
lary nails may prove superior in unstable intertro-
chanteric and subtrochanteric fractures 
[164–166]. Implant failure is common among 

a b
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Fig. 9.9 (a) 
Anteroposterior 
radiograph of displaced 
femoral neck fracture in 
a 90-year-old female 
treated with (b) closed 
reduction and 
cephalomedullary nail. 
(c) Three months 
postoperatively, the 
patient had loss of 
fixation and 
cephalomedullary screw 
cutout for which she 
underwent a total hip 
arthroplasty (d)
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unstable trochanteric fracture patterns and ranges 
by implant type from 0 to 29% for intramedullary 
nails, 13–37% for 95° for blade plates and 95° 
dynamic condylar screws, and 11–56% for 
dynamic and sliding hip screws [167]. Excessive 
sliding also occurs in hip screw devices in pertro-
chanteric fractures with posterior displacement 
of the head and neck leading to varus malunions 
and shortening. As a result, Tsukada et al. empha-
sized the importance of obtaining appropriate 
reduction on both AP and lateral radiographs 
intraoperatively prior to fixation [44].

Regardless of implant choice, adherence to a 
number of technical points will minimize the risk 
of complications and ensure maintenance of ana-
tomic reduction. Haidukewych highlighted ten 
salient principles to improve intertrochanteric 
fracture results: (1) use the tip-apex distance with 
the lag screw centered in the femoral head within 
10 mm of the subchondral bone in all planes; (2) 
use a cephalomedullary device instead of a slid-
ing hip screw if the lateral wall of the proximal 
femur is compromised; (3) use a cephalomedul-
lary nail in all unstable intertrochanteric patterns; 
(4) remain conscious of the femur’s anterior bow 
to prevent anterior cortical perforation of a nail 
distally; (5) start a trochanteric nail slightly 
medial to the tip of the greater trochanter to avoid 
the nail lateralizing the femoral shaft causing 
both a varus malreduction and superior place-
ment of the lag screw in the femoral head; (6) 
only ream with the fracture reduced to help the 
nail reduce rather than malreduce the fracture; (7) 
avoid using a hammer to seat a nail as it can prop-
agate an iatrogenic fracture; (8) use the relation-
ship between the tip of the greater trochanter and 
the center of the femoral head to help avoid varus 
angulation of the proximal fragment, which 
increases the lever arm on the fixation and the 
risk of cutout or hardware failure; (9) lock the 
nail distally if the fracture is axially or rotation-
ally unstable; and (10) avoid fracture distraction, 
which can increase the likelihood of a nonunion 
and loss of fixation by requiring too much of the 
construct, by releasing traction before placing the 
distal locking screws [168].

9.5  Subtrochanteric Fractures

Although it experiences high levels of stress, the 
subtrochanteric region of the femur, defined as 
the distance from the lesser trochanter distally 5 
centimeters along the shaft, fractures less often 
than the femoral neck and trochanteric regions. 
About 3–10% of proximal femur fractures occur 
in the subtrochanteric region [13, 169]. 
Subtrochanteric fractures occur in bimodal age 
distribution with younger patients often suffering 
high energy traumas while low energy fractures 
among elderly, osteoporotic patients are increas-
ingly common [13, 170]. Surgeons most com-
monly utilize intramedullary fixation, which 
provides for a shorter lever arm than extramedul-
lary fixation, as it has demonstrated a signifi-
cantly decreased rate of fracture fixation 
complications, particularly in elderly patients 
[171, 172]. In younger patients with good bone 
quality and minimal comminution though, 95° 
blade plates also can be used effectively to coun-
teract the deforming forces in subtrochanteric 
femur fractures [173].

Patients with neglected or nonoperatively 
treated subtrochanteric fractures frequently pres-
ent with subtrochanteric malunions with varus, 
shortening, procurvatum, external rotation, and 
poor outcomes [174]. Malunions also occur rela-
tively easily intraoperatively secondary to malre-
duction given the subtrochanteric region’s broad 
metaphyseal medullary canal. Finally, implant 
failure and loss of fixation occur regularly in this 
region as a result of the high stress on this part of 
the femur [175]. Surgeons therefore must take 
care preoperatively and intraoperatively when 
managing these fractures as the quality of reduc-
tion and fixation stability are factors in their con-
trol to help minimize nonunion, loss of fixation, 
and possible subsequent malunion formation.

Subtrochanteric malunion incidence is not 
commonly reported in the literature, but a num-
ber of studies have provided numbers from which 
the incidence may be estimated. Shukla et  al. 
examined 60 traumatic, non-pathologic subtro-
chanteric fractures treated with cephalomedul-
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lary nails. They noted 19 fractures were fixed in 
varus with more than 10° angulation at the frac-
ture site suggesting that malreduction intraopera-
tively occurred in nearly one-third of cases. 
While the union rate using cephalomedullary 
nails was 95%, malunion occurred in 16.7% of 
all cases. Nearly half of the patients in the study 
underwent open reduction, and this subset of 
patients had significantly decreased rates of mal-
unions, nonunions, and implant failure. 
Consequently, the authors advocated for the use 
of open reduction when necessary to obtain an 
anatomic reduction and minimize complications 
including malreduction and malunion [39]. Riehl 
et  al. also found 20% of their subtrochanteric 
femur fractures treated with intramedullary nail-
ing had a malreduction greater than 10° in the 
coronal or sagittal planes, and these cases all 
developed either a delayed union or nonunion 
[40]. Jackson et  al. echoed the importance of 
obtaining an anatomic reduction at the time of the 
definitive fixation as the main cause of malunions 
and nonunions for subtrochanteric fractures 
appears to be intraoperative malreduction [169].

If a symptomatic subtrochanteric malunion 
ensues, providers can utilize a variety of methods 
to treat the malunion. Surgeons must first ascer-
tain to what degree the deformity involves the 
coronal, sagittal, and axial planes to help preop-
eratively plan. The corrective osteotomy needs to 
account for the degree of shortening, malrotation, 
procurvatum, and varus typical of these subtro-
chanteric deformities. If there are minimal pro-
curvatum and rotational components to the 
malunion, a valgus intertrochanteric osteotomy 
can be utilized. A posterolateral subtrochanteric 
opening wedge osteotomy may be needed though 
with or without bone graft to try to regain length 
and restore alignment in the shortened, externally 
rotated, varus, and procurvatum deformity typi-
cal of subtrochanteric malunions. If an oblique 
multiplanar osteotomy proves too risky or chal-
lenging, multiple single plane osteotomies may 
be made to correct a multiplanar deformity, but 
the surgeon must take care to minimize soft tis-
sue damage, preserve blood supply, and control 
each segment to avoid nonunion and malreduc-
tion in the process of maintaining fixation.

The type of osteotomy, deformity, and previ-
ously used approach at the time of initial fixation 
may dictate what type of implant is utilized dur-
ing the malunion correction. Converting from a 
cephalomedullary nail to an angled blade plate or 
vice versa has been described with good success 
in the literature for management of nonunions 
though, so the implant used in the first procedure 
does not restrict options [176, 177]. Some authors 
also advocate for the use of allograft strut supple-
mentation when converting to angled blade plates 
for nonunion management [178]. If utilizing a 
cephalomedullary nail, maintenance of reduction 
while reaming and inserting the nail is paramount 
to prevent malreduction during the malunion cor-
rection. Finally, arthroplasty is an option for sub-
trochanteric femur fractures, particularly in 
elderly patients or those with arthritic changes in 
the hip. If converting to arthroplasty, surgeons 
should utilize a diaphyseal fitting femoral stem to 
bypass the osteotomy site to minimize the risk of 
femoral stem loosening and complications 
(Fig. 9.10). Additionally, care should be taken to 
maintain femoral offset and soft tissue tension to 
minimize the risk of dislocation.

As in treating femoral neck and intertrochan-
teric fractures, avoidance of a malreduction, loss 
of fixation or hardware failure, and malunion in 
subtrochanteric fractures at the time of initial 
fixation must remain the primary goal. 
Subtrochanteric fractures are independent risk 
factors for intramedullary nail breakage, and 
Johnson et al. found young, healthy patients had 
the highest risk of nail breakage [179]. 
Consequently, anatomic reduction is critical to 
minimize strain on and optimally place the 
implant. Many of the principles with intramedul-
lary nailing for intertrochanteric femur fractures 
apply to subtrochanteric nailing. In particular, the 
fracture must be reduced before reaming and 
while inserting the nail. Additionally, the starting 
point for trochanteric entry nails is critical as a 
lateral starting point can cause a varus alignment 
and superior cephalomedullary lag screw place-
ment increasing the risk of hardware failure and 
loss of fixation. Consequently, an eccentric 
 starting point just medial to the tip of the trochan-
ter on AP fluoroscopy is recommended to help 
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avoid a varus malreduction [180]. Berkes et  al. 
emphasized the importance of this medial “tro-
chiformis” starting point using a trochanteric 
entry nail as well as preferential eccentric lateral 
endosteal reaming in atypical subtrochanteric 
fractures to assist with obtaining a valgus align-
ment with nail placement [181]. Additionally, a 
larger diameter proximal body for the nail can 
help fill the proximal femur, which may help par-
ticularly in elderly patients with poor cancellous 
bone quality. Surgeons also can utilize noninva-
sive and percutaneous reduction techniques, 
which include, but are not limited to, using 
Schanz pins, femoral distractor or temporary 
external fixator, and ball- spike pushers, to help 
obtain and maintain a reduction while reaming 
and placing the nail. Subtrochanteric femur frac-
tures frequently require direct visualization and 
open reduction at which time the surgeon can uti-
lize reduction clamps or provisional plate fixa-
tion to help reduce the fracture prior to nailing. 
Robertson et al. highlighted the advantages asso-

ciated with provisional plating in which they 
compared open provisional plating to closed 
reduction and found 0% and 27.7% rates of mal-
union, defined as more than 5° of angulation, 
respectively [182]. Because the quality of reduc-
tion and stability of fixation help determine out-
comes for subtrochanteric femur fractures, 
utilizing open reduction techniques must remain 
an option if closed measures fail to obtain ade-
quate reduction.

9.6  Treatment

When considering the treatment of patients with 
symptomatic proximal femur malunions, similar 
principles apply to malunions in the femoral 
neck, trochanteric, and subtrochanteric regions. 
The patient’s age, patient’s future demand on the 
joint, current function and quality of the joint, 
bone stock, bone quality, state of the soft tissues, 
and previous surgery all help guide decision- 

a b c

Fig. 9.10 (a) Anteroposterior hip and (b) femur radio-
graphs of a 90-year-old female with a subtrochanteric 
femur fracture one-month status post cephalomedullary 
nail at an outside facility with loss of fixation and screw 

cutout. (c) She underwent a salvage total hip arthroplasty 
with cerclage cables to assist with fracture reduction and a 
diaphyseal-fitting femoral stem
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making. In all malunions, providers must first 
ascertain what the patient’s goals are and help 
manage expectations. Malunion procedures have 
significant inherent risks that patients must 
understand, and for some patients, the functional 
limitations from a proximal femur malunion may 
be acceptable relative to the risk of undergoing a 
corrective procedure. Others, though, may wish 
to proceed with surgical correction to try to 
obtain a more functional joint and limb. Each sur-
gery must be tailored to the individual patient to 
ensure proper malunion correction. For example, 
if the malunion occurs as a result of broken hard-
ware, surgeons must ensure they plan for ways to 
remove the implant before the malunion correc-
tion can begin during the procedure. Similarly, if 
an opening wedge osteotomy is performed, the 
provider should consider whether and what type 
of bone graft will be used to fill the void. 
Thorough preoperative planning can help ensure 
success intraoperatively where appropriate 
reduction and implant positioning are essential. 
Part of this preoperative planning includes in- 
depth patient counseling to help set expectations 
and review the expected postoperative course as 
well as potential complications associated with 
the agreed upon treatment.

9.6.1  Osteotomy

The majority of malunions in the proximal femur 
result in shortening, varus angulation, and some 
degree of rotational deformity. Valgus-producing 
osteotomies, therefore, are the workhorse of mal-
union correction in the proximal femur, particu-
larly in young patients as arthroplasty in this 
population is associated with accelerated poly-
ethylene wear and premature implant loosening. 
Osteotomies on the other hand preserve bone and 
the longevity of the joint itself by maximizing 
joint congruency, increasing length, and transfer-
ring loading forces to convert shear forces to 
compressive forces. Patients with chronic proxi-
mal femur conditions from congenital and 
acquired causes frequently develop arthritis sec-
ondary to abnormal joint wear. Acquired causes 
include proximal femur nonunions and mal-

unions while fibrous dysplasia, developmental 
coxa vara, and developmental hip dysplasia can 
result in congenital proximal femur anomalies. 
Regardless of etiology, standard hip replacement 
techniques and implants often are unsuitable for 
use in proximal femoral deformities, thereby 
increasing the complexity of and risks associated 
with arthroplasty. Proximal femoral osteotomies 
not only help prevent further joint degradation 
but also simplify any future arthroplasty by 
restoring the anatomy. These osteotomies rely on 
maintaining the integrity of the femoral head. 
Preservation of the femoral head blood supply is 
of paramount importance, and to minimize risk 
of injury to the medial femoral circumflex artery, 
the predominant vessel supplying the femoral 
head, proximal femoral osteotomies are per-
formed through a lateral approach.

Surgeons should consider whether previous 
surgery and hardware have been complicated by 
infection. Lab studies including inflammatory 
markers with a white blood cell count, erythro-
cyte sedimentation rate, and C-reactive protein 
level preoperatively can help determine whether 
infection is likely. Infection is a contraindication 
to a proximal femur osteotomy as treating the 
infection takes precedence. Similarly, advanced 
osteoarthritis and osteonecrosis are relative con-
traindications to an osteotomy as patients with 
these conditions may need a total hip arthroplasty 
instead of an osteotomy.

In appropriately selected patients, osteotomies 
have good track records with unreduced SCFE, 
femoral neck, intertrochanteric, and subtrochan-
teric malunions. SCFE can result in both cam 
lesions as aforementioned and malunions typified 
by coxa vara, femoral shortening, and femoral 
neck retroversion with resultant loss of hip 
motion (Fig. 9.11). A valgus-producing proximal 
femoral osteotomy can reestablish normal rota-
tion while also correcting varus, which equalizes 
limb lengths and abductor tension. Femoral neck 
and intertrochanteric malunions also typically 
have varus angulation and shortening, which 
causes shortening of the abductor lever arm, a 
Trendelenburg gait, and poor hip motion with 
possible trochanteric-pelvis impingement. Valgus 
intertrochanteric osteotomies in these patients 
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help realign the femoral neck-shaft angle, rees-
tablish leg length, and restore abductor mechan-
ics. Subtrochanteric malunions also frequently 
result in varus and shortening, but these mal-
unions more commonly have rotational and sagit-
tal plane components that must be accounted for 
when performing valgization osteotomies.

Bartoníček et  al. described their experience 
treating trochanteric malunions as well using a 
valgus intertrochanteric osteotomy with excellent 
results. Utilizing a minimum of 2 centimeters of 
limb shortening as well as limp, abductor muscle 
insufficiency, hip pain, and back pain as an indi-
cation for surgery, the authors removed a lateral 

wedge, moved the proximal segment into a more 
valgus anatomic position thereby lengthening the 
femur and eliminating coxa vara, lateralized the 
femoral shaft, and held the reduction using 120° 
double-angle blade plates. Generally, a 30° lat-
eral wedge with lateral displacement of the femo-
ral shaft about 1.5–2 cm will produce lengthening 
of about 3–4  cm [183]. Nuances about how to 
perform the osteotomy vary based on personal 
preference and training, but to better assess the 
angle of correction as well as rotational control, 
many surgeons utilize Kirschner wires (K-wires) 
to assess anteversion, rotation, and the calculated 
angle for seating the chisel for the blade plate. 

a b

c d

Fig. 9.11 (a) Anteroposterior (AP) and (b) frog-leg lat-
eral radiographs in a 10-year-old male with bilateral 
slipped capital femoral epiphyses. (c) Immediate postop-
erative AP radiograph after bilateral percutaneous in situ 
screws. (d) Postoperative AP radiograph 5 years later with 
significant femoral shortening, severe coxa vara, and fem-

oral neck retroversion bilaterally causing pain and limited 
range of motion. The patient is being scheduled for bilat-
eral proximal femoral malunion corrections with osteoto-
mies to correct the rotational and coronal plane 
deformities
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While taking care to enter the bone at the ideal 
sagittal plane angle, the seating chisel is advanced 
over the K-wire in the femoral neck with any 
flexion or extension set at this time. Taking a 
small wedge to improve bone contact at the oste-
otomy site, the valgus intertrochanteric osteot-
omy is made at the level of the lesser trochanter 
after which the plate is affixed to the bone distal 
to the osteotomy site.

Multiplanar deformities with significant rota-
tional defects can be more challenging in the 
proximal femur. Marti et al. outlined a one-stage 
procedure to treat multiplane deformities around 
the hip with combinations of rotational, angular, 
and length components. In nine patients, the 
authors used a trochanteric osteotomy with a 
step-cut to correct length, angulation, and rota-
tion with good results. Through a lateral approach, 
the surgeons placed a K-wire along the anterior 
aspect of the femoral neck to measure femoral 
anteversion with additional K-wires placed in the 
sagittal plane proximal and distal to the antici-
pated osteotomy site to better assess rotational 
correction after completing the osteotomy. 
Another K-wire placed in the femoral neck at a 
predetermined angle based on preoperative imag-
ing and calculations represents the summation 
angle needed to correct the varus or valgus defor-
mity. Following this summation angle, the chisel 
for the fixed angle blade plate is inserted into the 
femoral neck and head. If a sagittal plane defor-
mity such as procurvatum exists, the chisel 
should be inserted at an angle to correct for this 
deformity at this time. With the chisel in place, 
the osteotomy is completed at which time a 95° 
condylar blade plate replaces the chisel allowing 
for correction of the varus-valgus deformity. 
Often, this step alone adds femoral length by 
eliminating the coxa vara, but if additional length 
is needed, surgeons can utilize a laminar spreader, 
manual traction, or an AO distractor and bone 
graft from the linea aspera or iliac crest. The sur-
geons then corrected for rotational defects by 
rotating the distal segment before affixing the 
blade plate to the distal segment [184].

Instead of using a blade plate, van Doorn et al. 
described lengthening and derotating shortened 
malunited femoral fractures using cephalomedul-

lary nails. The study included five patients, one 
of which had a femoral neck malunion while 
another had a subtrochanteric fracture malunion. 
The femoral neck fracture malunion admittedly 
had previously undergone a Pauwels’ osteotomy 
to correct coxa vara, and consequently only 
length and rotational deformities remained. 
Therefore, this particular malunion in the series 
arguably was treated in a two-stage fashion, but 
nevertheless, the authors demonstrated a two- 
stage approach as a viable option for femoral 
neck malunions. All of the malunions in their 
series received a Z-osteotomy the planned length 
of desired correction after which the rotational 
correction allowed for cortical apposition. Given 
the great lever arm forces in the subtrochanteric 
region of the femur, the surgeons then passed a 
cephalomedullary nail and filled the osteotomy 
site with bone graft. If angular deformity is not an 
issue for a proximal femur malunion, this treat-
ment method provides a reliable option to correct 
length, rotation, or both [185].

A significant downside to this Z-osteotomy is 
that it leaves a very limited circumference of cor-
tical contact leaving a large defect that requires 
bone grafting. Farquharson-Roberts proposed an 
alternative method of correcting both rotation 
and length in a one-stage procedure with a cepha-
lomedullary nail by making an oblique osteot-
omy through the femur. As rotation is set, the 
femur lengthens as the proximal and distal frag-
ments move on the inclined plane between them. 
The amount of lengthening and rotation needed 
determines the obliquity of the osteotomy. To 
correct external rotation, care must be taken to 
cut the osteotomy from anterosuperiorly to pos-
teroinferiorly and vice versa for internal rotation 
[186]. This technique provides another alterna-
tive osteotomy to correct both length and rotation 
but not angular deformity for proximal femur 
fractures.

Although angled blade plate and cephalomed-
ullary nails have become the primary methods of 
treatment, ring fixators are an option for proximal 
femur malunion correction. Ilizarov highlighted 
the treatment of varus deformities of the proxi-
mal femur with a frame after a valgus osteotomy 
and lengthening in patients with coxa vara, 
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 shortened femoral necks, and a Trendelenburg 
sign [187]. Frame constructs can play a pivotal 
role for restoring length and when previous infec-
tion makes conventional open techniques riskier 
and possibly inappropriate. To achieve stability, 
two to three pins typically are used in each seg-
ment, and surgeons pre-drill the pins to minimize 
risk of bone necrosis and loosening of the pins. 
Frames require a thorough understanding of the 
design, intensive patient counseling, careful 
patient selection, and close follow-up.

9.6.2  Arthroplasty

Arthroplasty also is a reliable option for proximal 
femoral malunions, particularly in elderly 
patients. Conversion to a total hip arthroplasty 
often is the only treatment modality available for 
loss of fixation with malunion of the proximal 
femur and acetabular cartilaginous damage. As 
newer prosthetic technology, materials, and sur-
gical techniques improve outcomes for and the 
longevity of total hip arthroplasty, the indications 
for arthroplasty may expand to younger patients. 
Surgeons now perform arthroplasty procedures 
with increasing frequency as the initial treatment 
for many proximal femur fractures such as femo-
ral neck fractures in middle-aged patients as it 
may help prevent complications including fixa-
tion failure and help avoid a malunion. Primary 
arthroplasty also has proven to have lower com-
plication rates than salvage arthroplasty for failed 
fixation for intracapsular femoral neck fractures 
[188]. Additionally, Zielinski et al. demonstrated 
inferior functional outcomes among salvage 
arthroplasty patients for failed fixation in femoral 
neck fractures relative to patients who healed 
uneventfully after internal fixation [189]. In a 
randomized controlled trial, Dolatowski et  al. 
revealed primary hemiarthroplasty in patients 
70  years and older with nondisplaced femoral 
neck fractures improves mobility and decreases 
reoperation rates when compared to cancellous 
screw fixation in situ [190]. Primary arthroplasty 
has long been the agreed upon treatment for dis-
placed femoral neck fractures in elderly patients 
[191, 192], but in light of recent literature, indica-

tions for primary arthroplasty in proximal femur 
fractures may continue to expand, which could 
result in decreased proximal femur fixation com-
plications including malunions.

Conversion arthroplasty also is increasingly 
common for patients who previously underwent 
failed proximal femur fixation. In a study of 
nearly 800 patients with femoral neck fractures 
younger than 50 years old, Stockton et al. demon-
strated one-third required a reoperation and 
nearly 14% are converted to a total hip arthro-
plasty at a median of 27 months [193]. In elderly 
patients, there is less reservation about convert-
ing to a total hip arthroplasty, and consequently, 
the arthroplasty rate in elderly patients with failed 
proximal femoral fixation likely is significantly 
higher. In a study of proximal femoral nails com-
plicated by cutout, Brunner et al. concluded con-
version to total hip arthroplasty was the best 
salvage procedure [194]. Arthroplasty provides 
pain relief and functional improvements when 
used as a salvage procedure for femoral neck 
fixation failures initially treated with sliding hip 
screw or cancellous screws [195]. Additionally, 
total hip arthroplasty is an effective salvage pro-
cedure for both failed intertrochanteric and sub-
trochanteric fixation [196, 197]. Surgeons can 
correct both length and rotation with the femoral 
component in salvage arthroplasty, and in mal-
unions with sagittal or coronal plane deformities, 
an osteotomy during the procedure can correct 
the alignment as well [198].

Numerous studies have shown better success 
with conversion total hip arthroplasty after failed 
proximal femoral nails than sliding hip screw 
fixation, largely secondary to increased rates of 
periprosthetic fractures [199, 200]. To minimize 
this risk, distal fitting femoral stems should be 
used to bypass the osteotomy site and any defects 
from previous hardware. Many diaphyseal fitting 
stems have the added benefit of having a modular 
metaphyseal and neck component allowing sur-
geons to set the femoral anteversion and correct 
rotation while also appropriately adjusting length 
and femoral offset. Length and offset are impor-
tant to appropriately tension the abductors and 
reduce the chance of dislocation. Failure to 
restore anatomic femoral offset also results in 
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worse functional outcomes [92]. Despite the 
importance of femoral offset, Ji et  al. found 
nearly a quarter of all hemiarthroplasties per-
formed for femoral neck fractures fail to properly 
restore the femoral offset [201]. Thus care must 
be taken to properly plan preoperatively and exe-
cute intraoperatively when performing a salvage 
arthroplasty.

Choice of femoral head size also plays a sig-
nificant role in minimizing the risk of dislocation. 
Smaller prosthetic head sizes in total hip arthro-
plasty historically led to an increase in linear 
wear on the acetabular polyethylene component, 
thus increasing the risk for osteolysis, implant 
loosening, and revision surgery [202]. 
Polyethylene has since improved in subsequent 
decades, but smaller femoral head sizes still have 
a smaller jump distance before impingement of 
the acetabular component and femoral neck con-
tributes to a dislocation. In an effort to preserve 
bone in younger patients undergoing total hip 
arthroplasty, many providers refrain from over- 
reaming the acetabulum, which may limit femo-
ral head size options in younger patients whose 
higher activity levels increase their dislocation 
risk as well. Consequently, many surgeons now 
use dual mobility femoral heads to try to mini-
mize both impingement and the risk of disloca-
tion, even in younger active patients [203–205]. 
Acetabular positioning in conversion arthroplasty 
also is of paramount importance as it is in pri-
mary total hip arthroplasty.

Routine preoperative planning includes ruling 
out infection, particularly when considering 
arthroplasty in the setting of previous surgery and 
hardware failure or cutout. Preoperative inflam-
matory markers including an ESR and CRP 
should be obtained. It is well established that pre-
vious surgery is associated with higher risks of 
infection in arthroplasty patients. Gittings et  al. 
reported an 18% infection rate among patients 
who underwent conversion total hip arthroplasty 
after prior internal fixation and concluded preop-
erative ESR and CRP were effective screening 
tools [206]. If these serum markers are equivocal, 
surgeons also can use other diagnostic tests to 
help rule out a periprosthetic joint infection 
including a preoperative aspiration with cell 

count, culture, and alpha defensin test. If infec-
tion is suspected but cannot be confirmed by 
blood work or aspiration, a triple bone scan can 
provide additional information. Given the severe 
morbidity associated with a periprosthetic joint 
infection, surgeons should ensure patients have 
cleared the infection prior to any conversion 
arthroplasty procedure.

Surgeons also should consider the quality of 
the patient’s bone. In the elderly patients, osteo-
penia of both the proximal femur and acetabulum 
may be present, and consequently cemented fem-
oral stems may reduce the risk of intraoperative 
fracture when compared to press-fit components 
[124]. If cementing the femoral component in the 
setting of previous hardware, surgeons should 
employ measures to minimize cement extravasa-
tion into the soft tissues. Poor bone quality in the 
acetabulum also may complicate preparation and 
placement of the acetabular component with 
increased rates of medial wall protrusion, exces-
sive medialization, or loss of the posterior wall. 
Surgeons consequently must deliberately prepare 
the acetabulum to avoid these problems. In 
patients with poor bone quality, screw augmenta-
tion of cup fixation should be considered to allow 
for stable ingrowth into the cup. In patients with 
better bone quality, a press-fit femoral stem often 
is preferred. Previous implants though can create 
stress risers increasing the risk of iatrogenic frac-
ture while preparing the femur. Consequently, 
prophylactic cabling should be considered to 
help reduce this risk.

In any event, arthroplasty represents a reliable 
option for patients with proximal femur mal-
unions. Careful planning and execution intraop-
eratively can help restore function and alignment 
while allowing for immediate weight-bearing 
postoperatively.

9.7  Summary

Proximal femur fractures occur frequently, and 
patients often present with decreased range of 
motion, pain, and gait abnormalities from resul-
tant proximal femur malunions. These malunions 
occur as a result of nonoperative management, 
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intraoperative malreduction, and loss of fixation 
both from cutout and hardware failure. Most mal-
unions in the proximal femur involve some 
degree of varus and shortening, but surgeons also 
must carefully check for rotational components 
to the malunion as well. Correction of the mal-
union, consequently, typically involves a valgus 
intertrochanteric osteotomy, but it may require a 
multiplanar correction depending on the defor-
mity. In some patients though, arthroplasty may 
provide the best option for malunion correction. 
Regardless of procedure type, attention to detail 
preoperatively and intraoperatively improves 
outcomes and success postoperatively. Similarly, 
providers must always strive to avoid complica-
tions when treating proximal femur fractures ini-
tially to minimize the risk of a malunion 
developing in the first place.

9.8  Case Discussions

Case 1
The patient is an 82-year-old male with multiple 
medical comorbidities who presented to our 
institution approximately 1  year after he sus-
tained a fall from standing. At that time, he was 
found to have a left intertrochanteric femur frac-
ture for which was treated with a cephalomedul-
lary nail at an outside facility. Prior to his fall, he 
was a community ambulator and ambulated with 
no assistive devices. He had a history of a deep 
venous thromboembolism and a pulmonary 
embolism for which he takes Warfarin. He also 
has hypertension, benign prostatic hypertrophy, 
and a small stage II decubitus ulcer under the left 
ischial tuberosity, which developed after his acci-
dent. He noted progressively increasing pain 
since his surgery and as a result was only able to 
ambulate short distances with a rolling walker 
but otherwise was confined to a wheelchair. After 
visiting his previous surgeon 13 months postop-
eratively, he was referred to our institution with 
radiographs revealing loss of fixation, screw cut-
out and protrusion through the acetabulum, and a 
shortened and varus proximal femur malunion 
(Fig. 9.12). He did not have any bowel or bladder 
symptoms from the cephalomedullary screw pro-

truding into the pelvic cavity. Due to the leg 
length discrepancy from the proximal femur mal-
union, he was using a 3-centimeter shoe lift on 
the left foot. He also had significant stiffness and 
limited range of motion of the hip as one might 
expect given his radiographs.

After thorough history and physical in clinic, 
the surgeons provided extensive counselling to 
the patient regarding his expectations and the 
treatment options which ranged from treating 
him nonoperatively to a hardware removal and 
total hip arthroplasty. The risks and benefits of 
each were reviewed after which the patient 
elected to try to proceed with a total hip arthro-
plasty. Given the damage to both the femoral and 
acetabular articular surface as well as the patient’s 
age and bone quality, a corrective osteotomy was 
not deemed appropriate in his situation. To rule 
out infection, serum inflammatory markers were 
obtained in clinic, which returned mildly ele-
vated. Given he had a concomitant urinary tract 
infection and the aforementioned decubitus ulcer, 
he may have had a number of reasons for these 
markers to be mildly increased. In light of these 
results though, the patient underwent an 
indium-111 white blood cell, which revealed no 
signs of acute osteomyelitis in the left femur.

Intraoperatively, the patient was placed in a 
lateral position, and the operative team utilized a 
posterolateral approach to expose the proximal 
femur. A significant amount of heterotopic ossifi-
cation encased the short external rotators, which 
required an osteotome to expose those. Under 
fluoroscopic guidance, the cephalomedullary 
screw was identified and removed leaving a large 
central defect in the medial acetabular wall. 
Leaving the intramedullary nail in place to help 
prevent intraoperative fracture of the femur, the 
femoral neck cut was made and the acetabulum 
sequentially reamed ensuring appropriate abduc-
tion and anteversion throughout the preparation 
process. The acetabular component was then 
placed with several screws to reinforce its fixa-
tion given the medial wall defect as well as the 
poor bone quality. With the acetabular compo-
nent and liner in place, the femoral intramedul-
lary nail was removed by using a pencil-tip burr 
to free the nail proximally after which the nail 
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was removed without significant bone loss. Given 
the previous intramedullary nail and lateral corti-
cal wall defect from the cephalomedullary nail, a 
diaphyseal fitting Arcos stem (Zimmer Biomet, 
Warsaw, IN, USA) was used, which is a modular 
component allowing the surgeon to set femoral 
anteversion when attaching the metaphyseal and 
neck piece to the diaphyseal component. Femoral 
version, offset, and diaphyseal stem fixation were 
all critical to ensuring stability of the implant in 
this salvage arthroplasty setting. To minimize the 
risk of dislocation by increasing the arc of motion 
prior to impingement, particularly given his pre-
vious scar tissue and heterotopic ossification, a 
dual mobility head was used. With stability con-
firmed intraoperatively, the scar, pseudocapsule, 
and short external rotators were repaired back to 
the proximal femur with Ethibond suture 
(Johnson & Johnson, New Brunswick, NJ, USA).

Postoperatively, the patient restarted his home 
Warfarin dose, followed strict posterior hip pre-
cautions, and worked with physical therapy. At 
1-year postoperatively (Fig. 9.13), he was doing 
well, ambulating with a cane, and very pleased 
with his outcome with significantly improved 
range of motion and quality of life.

Case 2
The patient is a 68-year-old female with numer-
ous medical comorbidities including end-stage 
renal disease on hemodialysis, diabetes mellitus, 
chronic obstructive pulmonary disease, atrial 
fibrillation, a pacemaker, congestive heart failure, 
obesity, and osteoporosis who presented with 
right hip pain 3 years after sustaining an intertro-
chanteric fracture. At that time, she underwent a 
cephalomedullary nail at an outside facility and 
reportedly did well for 6 months postoperatively 

a b

Fig. 9.12 (a) Anteroposterior and (b) lateral radiographs 
of an 82-year-old male about 1-year status post intertro-
chanteric femur fracture treated with this cephalomedul-
lary screw complicated by loss of fixation, proximal 

femur shortening and varus collapse, and screw cutout 
with protrusion through the acetabulum with resultant 
proximal femur malunion
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ambulating with a walker. She presented to our 
clinic though in a power scooter and on chronic 
pain medications. Radiographs revealed an inter-
trochanteric malunion with proximal femoral 
shortening and varus malunion with shortening 
of the cephalomedullary screw (Fig.  9.14). On 
exam, she was 3 centimeters shorter on the right 
lower extremity than the left. Our team thor-
oughly discussed the risks and benefits of treat-
ment options, which included nonoperative 
management, hardware removal with a valgus 
intertrochanteric osteotomy, and a conversion 
total hip arthroplasty. The patient, whose quality 
of life had severely been limited by the proximal 
femur malunion, expressed her desire to proceed 
with a total hip arthroplasty.

It is important to rule out infection prior to 
conversion arthroplasty, and preoperative inflam-
matory markers were within normal limits. 

Intraoperatively, the team also sent a joint aspira-
tion for cell count, which returned with normal 
results. After removing the lag screw and cepha-
lomedullary nail, a posterior approach was used 
for the total hip arthroplasty. A diaphyseal fitting 
femoral stem was used given the previous implant 
and lack of adequate metaphyseal fixation for the 
femoral stem. Unfortunately, the femur fractured 
intraoperatively, which is a significant risk in 
osteoporotic patients, particularly with press-fit 
stems such as the diaphyseal fitting femoral stem 
used in this case. Cerclage cables were then used 
to reduce the fracture and the stem was revised to 
bypass the fracture site (Fig. 9.15).

Postoperatively, the patient did well initially. 
She worked with therapy, began ambulating, and 
was pleased with her progress. One month after 
surgery though, she noted intense pain in the hip 
and an inability to ambulate after being  transferred 

a b

Fig. 9.13 (a) Anteroposterior and (b) lateral radiographs 
of an 82-year-old male about 1-year status post intertro-
chanteric femur fracture treated with this cephalomedul-
lary screw complicated by loss of fixation, proximal 

femur shortening and varus collapse, and screw cutout 
with protrusion through the acetabulum with resultant 
proximal femur malunion
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with therapy at her rehab facility. The facility 
though took 3 days to obtain radiographs, and 
once completed, she was transferred to the hospi-
tal with a hip dislocation. Upon arrival to the hos-

pital, an attempt at a closed reduction was 
unsuccessful. The next day, she was taken to the 
operating room for open reduction (Fig.  9.16). 
She did well postoperatively and was ambulatory 

a b c

Fig. 9.14 (a) Anteroposterior pelvis, (b,c) AP femur 
radiographs of a 68-year-old female about 3 years status 
post intertrochanteric femur fracture treated with this 

cephalomedullary screw complicated by proximal femur 
shortening and varus collapse with resultant proximal 
femur malunion

a b c

Fig. 9.15 (a) Anteroposterior (AP) and (b) lateral hip 
radiographs with intraoperative proximal femur fracture 
in an osteoporotic patient status post conversion total hip 

arthroplasty. (c) AP hip radiograph after cerclage wiring 
of fracture site and femoral stem exchange to bypass the 
fracture and obtain diaphyseal fixation
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a b

c

Fig. 9.16 (a) 
Anteroposterior hip 
radiograph revealing a 
periprosthetic 
dislocation. (b) AP hip 
and (c) AP pelvis 
radiograph status post 
open reduction
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with a rolling walker again, but 2 months after the 
open reduction, she passed away from a pre-
sumed cardiac arrest. While this patient’s out-
come was unfortunate, her case illustrates many 
of the risks associated with treating proximal 
femur malunions.

Case 3
The patient is an 84-year-old female with numer-
ous medical comorbidities including atrial fibril-
lation, a pacemaker, and dementia who presented 
with left hip pain after a fall from standing. She 
lives in an assisted living facility and ambulated 
with a rolling walker before her accident. Given 
her mental status, history was difficult to obtain 
and largely obtained from her son, the medial 
power of attorney. Her hip radiographs revealed a 
subcapital impacted femoral neck fracture while 
the CT scan demonstrated some posterior angula-
tion of the femoral head in relation to the femoral 
neck (Fig.  9.17). The orthopaedic service dis-
cussed with the patient’s son the various treat-
ment options ranging from nonoperative 
management to closed reduction and percutane-
ous cancellous screws to hemiarthroplasty. 
Nonoperative management carried significant 
risks of continued pain, inability to ambulate, and 
fracture displacement. Cancellous screws in an 
elderly patient with poor bone quality and some 
femoral head displacement have a significant risk 

of loss of fixation and hardware failure, but it is 
far less invasive and a faster procedure than a 
hemiarthroplasty, which carries the added risk of 
dislocation in cognitively impaired patients. 
Consequently, the patient’s son elected to pro-
ceed with cancellous screws to try to stabilize the 
patient’s femoral neck, minimize her pain, and 
allow for ambulation.

Intraoperatively, a fracture table was used to 
obtain a reduction as verified by fluoroscopy. The 
operative team then placed three 7.0-mm cannu-
lated cancellous screws in an inverted triangle 
pattern across the femoral neck into the femoral 
head. The two partially threaded screws were 
placed first to ensure compression prior to the 
fully threaded screw to try to add more stability 
given the poor bone quality.

Postoperatively, the patient worked with ther-
apy and was able to ambulate with a rolling 
walker. She returned to clinic after 3 months at 
which time she was having pain in the hip with 
abduction and flexion, but she no longer was 
working with therapy and at that time was non-
ambulatory. After another one and a half months, 
she returned to clinic with a hip contracture and 
was unable to fully extend her hip to neutral. She 
had not ambulated since the last clinic appoint-
ment, possibly secondary to therapy no longer 
working with her in her assisted living facility or 
her decline mentally. Radiographs revealed a 

a b c

Fig. 9.17 (a) Anteroposterior hip and (b) AP femur radiographs of an 84-year-old female revealing an impacted sub-
capital femoral neck fracture. (c) Axial CT scan of the impacted femoral neck fracture with posterior angulation
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shortened and varus malunion of the femoral 
neck with the cancellous screws backing out of 
the lateral cortex (Fig. 9.18), and her nonambula-
tory status could have stemmed in part from pain 
associated from her malunion. In light of her 
comorbidities and son’s wishes, no additional 
surgery was pursued for the femoral neck mal-
union at that time.
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Malunions of the Femoral Shaft

Brian P. Cunningham, Peter A. Cole, 
and Gil Ortega

10.1  Introduction

10.1.1  Background

Femoral shaft malunions have become an infre-
quent problem in the developed world; however, 
they are relatively common problems in develop-
ing countries [1–4]. The operative management 
primarily with intramedullary fixation has revo-
lutionized treatment [5], allowing early weight- 
bearing and restoring the alignment of the lower 
extremity. While excellent union rates and clini-
cal outcomes have been reported in the treatment 
of diaphyseal femur fractures [6, 7], challenges 
still exist achieving and maintaining anatomic 
reduction. The failure to recreate normal ana-
tomic structure of the femur can lead to mal-
union. Femoral deformity can exist in the form of 
angulation, translation, rotation, and length. The 
etiology of femoral shaft malunion is multifacto-

rial, but contributing variables include patient 
factors, such as obesity and noncompliance; frac-
ture personality, such as comminution, bilateral 
femur injuries, bone loss, and transverse fracture 
patterns; and surgeon factors, such as inexperi-
ence, technical failures, and malreduction.

Once the fracture has healed, a critical evalua-
tion is paramount to creating a successful opera-
tive plan. Evaluation of the original injury and 
treatment includes investigation of the original 
fracture, fixation strategy previously employed, 
signs of infection, and discussion of the postopera-
tive course. Hip to ankle standing films that assess 
the alignment of the lower extremity including 
other joints and long bones are important. In addi-
tion, orthogonal images should be ordered to eval-
uate the three-dimensional nature of the malunion 
and occasionally computed tomography can 
improve the understanding of complex multipla-
nar deformities. Commonly however, orthogonal 
views can miss the severity of the deformity on 
standard anteroposterior and lateral radiograph 
views, as the maximum deformity often occurs in 
an oblique plane. This underlies the rationale 
behind emerging techniques with 3D limb recon-
structions including the use of 3D printing.

Standard laboratory evaluation to rule out 
infection should be undertaken prior to the opera-
tion. Though osteomyelitis is a less frequent phe-
nomena in the context of femoral malunions than 
it is in nonunions, the surgeon should be vigilant 
in assessment of radiographs, lab results, or clini-
cal signs that could be consistent with infection. 
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Once the character and magnitude of the defor-
mity has been established, the surgeon has a 
number of techniques at their disposal depending 
on the clinical situation including osteotomy with 
plate fixation, intramedullary nailing, and exter-
nal fixation frames. While this is a rare problem, 
patients can have significant disability [8–10] and 
the correction of the deformity can present a sig-
nificant surgical challenge.

This chapter will discuss the epidemiology of 
femoral shaft malunions and examine briefly the 
socioeconomic impact. The etiology of mal-
unions will be covered with special attention to 
those factors, which are unique to femoral shaft 
injuries. The diagnosis and evaluation of femoral 
shaft malunions will be reviewed specifically as 
it relates to creating a surgical plan. Finally, the 
treatment option will be discussed for the various 
types of deformities. The last section will review 
a few case examples that illustrate some of the 
challenges and techniques in the treatment of 
femoral shaft malunions.

10.1.2  Epidemiology

The annual incidence of midshaft femur fractures 
is approximately 10–37 per 100,000 person-years 
with the incidence peaking among the young and 
then again in the elderly [11, 12]. The incidence 
of femoral shaft malunion has been reported from 
6% to 13% [13, 14] although it has been shown to 
be more common in proximal and distal one third 
shaft fractures [15]. Clearly, this incidence is 
dependent on the definition of malunion. 
Extrapolated from those statistics using a 6–13% 
malunion rate and the current population in the 
United States of 313 million each year between 
1860 and 4030 patients in the United States will 
eventuate in a femoral shaft malunion [16]. The 
most common deformity remain leg length dis-
crepancy and malrotation [17]. It remains unclear 
what proportion of these patients will become 
symptomatic and require surgical correction. In a 
recent retrospective study that looked into AO/
OTA type B or type C fractures leg length dis-
crepancy (LLD) was observed in 98% of them 
but in only 5% returned to the OR for a correction 

of symptomatic LLD [18]. Patients with malrota-
tion are particularly difficult to predict based 
purely on the magnitude of deformity [19]. 
Certainly, what is an unacceptable leg length 
deformity or malrotation in one patient may be 
acceptable in another based on functional status 
and other life context.

10.1.3  Economic Impact

Femoral shaft malunion represents a difficult 
challenge for the surgeon and the patient and 
also to the health system as well as the social 
services supporting them. The disability prior to 
correction is often significant, limiting patients’ 
activity and ability to work. While no current fig-
ures exist as to the exact cost of malunion cor-
rection of the femoral shaft, certainly this would 
increase the overall cost drastically compared to 
patients who heal their femoral shaft fractures 
uneventfully. It is important to remember that 
while implant, surgeon fee, and operating room 
time are all very expensive, the indirect costs for 
musculoskeletal conditions represent about 80% 
of the total costs [20].

10.2  Etiology

Restoring the anatomic morphology after a mid-
shaft femur fracture has historically been accom-
plished at a very high rate [5–7]. The advent of 
the intramedullary nail and the popularization of 
its use have dramatically reduced both the inci-
dence and rate of angular femoral shaft mal-
unions. A recent systematic review reported the 
incidence of femoral shaft malunion after intra-
medullary nailing at 8%; however, this likely 
blends a much higher historical rate with a lower 
rate seen with modern techniques [17]. A num-
ber of specific factors have been associated with 
an increased risk of malunion. These elements 
can be divided into three broad categories, spe-
cifically patient characteristics, fracture person-
ality, and surgical technique. At the end of the 
day, the surgeon takes responsibility for all three 
in their approach and treatment of the femoral 
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pathology. Overall for midshaft fractures, the 
incidence of malunion has been reported similar 
for retrograde versus antegrade intramedullary 
fixation; however, certainly there are fracture 
patterns and pitfalls to be aware of with each 
technique. Each of these factors creates a unique 
surgical challenge that requires both the identifi-
cation and management of the situation to avoid 
a malunion. While these will be discussed in iso-
lation the clinical situation often presents multi-
ple factors in the same patient, which can act 
synergistically.

10.2.1  Patient Characteristics

Patient-specific factors include obesity, compli-
ance, and anatomic variation. With nearly one 
third of the American population now increas-
ingly obese and the trajectory of the epidemic 
increasing [21], all surgeons will be faced with 
the challenge of caring for this group of patients. 
In addition to the increased complication rate, 
including DVT [22, 23], obese patients are at 
increased risk of loss of reduction and malunion 
because of an inability to adhere to limited 
weight-bearing or walking aids [24, 25]. Another 
demographic with increased risk of femoral shaft 
malunion is the elderly patient population. 
Angular malunion is a specific concern in elderly 
patients with capacious canals resulting in poor 
diaphyseal contact [26]. Numerous intraoperative 
challenges have been reported when rotational 
alignment is being evaluated; however, the 
important patient-related factor that is often over-
looked is the variation in femoral neck antever-
sion. Historically, femoral anteversion has been 
reported between 0 and 15°; however, historical 
data suggest that this represents only two-thirds 
of the population [27]. In a more recent study, the 
average femoral neck anteversion was reported at 
9.7°; however, the standard deviation was 9.2° 
and the range was 14.6° of retroversion to 35.9° 
of anteversion [28]. In addition to wide variations 
between patients, significant variation has been 
reported from side to side in the same patient. 
Cadaveric studies have reported up to 12° varia-
tion femoral anteversion, which would clearly 
increase the chance of femoral malunion [29].

10.2.2  Fracture Characteristics

Fracture characteristics of femoral shaft injuries 
can create a challenging surgical environment 
and ultimately increase the incidence of mal-
union. A number of the characteristics have been 
identified, specifically comminution, bilateral 
injuries, transverse fracture patterns, and frac-
ture location. Severe femoral shaft comminution 
creates a challenging environment to reconstruct 
normal anatomy. The loss of all three principal 
planes of stability, specifically rotation, length, 
and angulation, creates a significant problem to 
the surgeon. Shortening has been reported as a 
complication after intramedullary fixation par-
ticularly in the setting of comminution. The orig-
inal series from Winquist et al. reported 2% of 
patients with greater than 2 cm of shortening and 
the majority had type IV comminution, while 
7% of patients in their series had shortening of 
1–2 cm with 22% of type IV comminuted frac-
tures compared to 2% for type I, 9% for type II, 
and 14% for type III. Rotational malunions have 
been reported as a complication in up to 28% of 
femoral shaft fractures utilizing intramedullary 
fixation and 41% in bilateral fractures [30]. 
There has also been an association of femoral 
malrotation with pure transverse fracture pat-
terns as well as Winquist III and IV fractures 
[19]. Another important correlation between 
malunion and fracture pattern is related to the 
location of the fracture. Meta-diaphyseal frac-
tures, particularly proximally, are associated 
with angular malalignment. This has been 
reported variably in the literature but can reach 
up to 30% for proximal fracture patterns and 
10% in distal fractures [15].

10.2.3  Technical Factors

Technical failures lead to a large percentage of 
femoral malunions. Certain patient factors such 
as obesity or age as well as fracture characteris-
tics such as comminution or bilateral injuries can 
create a more challenging surgical environment; 
however, many malunions can be avoided by 
anticipating the problems and maintaining a dis-
ciplined technical approach.
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Common technical errors include starting 
point selection, reaming prior to reduction, 
patient positioning, and a failure to evaluate 
alignment. The starting point for intramedullary 
nails has traditionally been described as the piri-
formis fossa and more recently the 1/3–2/3 junc-
tion of the greater trochanter for antegrade nails. 
Retrograde nails should start at the apex of the 
Blumensaat and the Whiteside lines. The impor-
tance of accurately locating the appropriate start 
point is magnified with proximal and distal shaft 
fractures, comminuted segments, or injuries with 
bone loss [26]. Without the benefit of diaphyseal 
fit, the malunion rate increases dramatically [15].

A critical but often overlooked concept in 
femoral shaft fixation is the principle of attaining 
an anatomic reduction before reaming. Often the 
presumption is that simply passing a guide wire 
across the fracture side will result in a clinically 
acceptable indirect reduction via the intramedul-
lary device after the canal has been reamed. The 
problem is that when eccentric reaming has 
already occurred, with asymmetric bone loss on 
the proximal and distal cortical surfaces, then the 
intramedullary rod assumes the path reamed and 
a malunion is established by that point. While 
this technique may produce acceptable result in 
some diaphyseal fractures, a more rigorous tech-
nique can facilitate anatomic results in more 
complex fracture patterns, particularly with prox-
imal meta-diaphyseal fractures.

Poor patient positioning can lead to the forma-
tion or exaggeration of deforming forces that can 
alter the surgeon’s ability to attain an anatomic 
reduction. An example of this phenomenon is the 
“sag” of the operative extremity on the fracture 
table resulting in the external rotation of the 
hemi-pelvis and proximal fragment that leads to 
a predictable internal rotation deformity of the 
extremity after fixation because the distal frag-
ment is internally rotated relative to the proximal 
diaphysis [26], while positioning the patient 
supine with a bump under the hip can result in the 
opposite deformity [31].

Perhaps the most common technical failure 
results from the failure to evaluate the alignment 
of the extremity in the primary planes of defor-
mity length, rotation, and angulation. Numerous 

techniques have been described to assist the sur-
geon including the cable technique to evaluate 
coronal alignment and length as well as meter-
stick technique specifically for length [32], fluo-
roscopic preoperative evaluation of contralateral 
femoral neck anteversion [33], and lesser tro-
chanter shape sign [34] for rotational alignment 
and recurvatum sign [32] of the distal femur for 
sagittal alignment in distal shaft or highly com-
minuted fracture patterns. Another technique 
which is relevant for both femoral fracture and 
malunion surgery is to drape both extremities 
into the field, thus allowing for a template from 
normal to operated limb. This technique presup-
poses that the patient is supine and not on a trac-
tion table. Numerous techniques have been 
published and all have weaknesses. Our recom-
mendation is that more than one be utilized and 
as well as the experience of the surgeon to create 
an integrated, multifactorial evaluation of the 
overall alignment of the extremity prior to leav-
ing the operating room.

10.3  Diagnosis

10.3.1  History and Physical 
Examination

As with all clinical problems, the starting point 
for evaluation is a thorough history and physical 
examination. Target areas include a detailed dis-
cussion of the original injury with notes on the 
mechanism, time to treatment, postoperative 
course, and potential signs of infection such as 
wound healing issues or fevers. A concerted 
effort to gather records from previous surgeries 
can be extremely valuable in understanding the 
original injury and fixation strategy.

The physical exam should focus on limb 
alignment, soft tissue envelope, and signs of 
infection. Evaluation of the soft tissue envelope 
should provide information regarding both the 
original injury (open vs. closed), previous soft 
tissue reconstruction, reduction and fixation 
strategy (open vs. closed reduction), as well as a 
careful exam of the vascular status of the extrem-
ity. The surgeon should have a high degree of 
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suspicion that femoral shaft malunions may be 
infected and deserve careful inspection to assess 
warmth, induration, sinus tracts, fluctuance, and 
tenderness to palpation.

A detailed radiographic evaluation of the 
deformity is critical and discussed below; how-
ever, the malunion site should be manually 
stressed to rule evaluate motion and gauge pain. 
A patient with a solidly healed fracture with 
deformity should not have pain during manual 
stressing. In the event that the fracture site has 
either motion or pain with manual stress, the sur-
geon should consider the diagnosis of nonunion. 
Another critical component is the evaluation of 
adjacent joints. Active and passive motion of the 
joints proximal and distal to the malunion site 
should be assessed. A patient with a fixed defor-
mity at the knee must be recognized prior to oste-
otomy so that treatment does not result in a 
straight bone with joint contractures [35]. The 
origin of pain in patients with malunion may be 
multifactorial and challenging to ascertain. 
Potential etiologies include overloaded ligamen-
tous structures, local muscle and tendon irrita-
tion, asymmetric joint wear, tensile strain on the 
bone, and pain in other joints and the back due to 
compensatory gait patterns or leg length discrep-
ancy. The elucidation of the primary or secondary 
pain generator is critical to consider if a second-
ary procedure will improve the symptoms either 
directly or indirectly.

Accurate malunion surgery begins with pre-
cise definition of the deformity because the 
implications of a corrective osteotomy cannot be 
known unless the malunion is precisely charac-
terized in three dimensions [36]. Leg length can 
be measured utilizing measured blocks (aka 
Coleman blocks) and confirmation that the pelvis 
is level via clinical evaluation. To establish the 
length of the femur clinically, the contribution of 
the tibia can be subtracted by having the patient 
prone and knees flexed 90°. In this position, the 
discrepancy in sole height usually can be attrib-
uted to the femur. Additionally, with the patient 
supine on the exam table, hips flexed 45° with 
feet flat, the relative length of the femur left to 
right can be estimated.

10.3.2  Imaging

Rotational asymmetry of the femur can be esti-
mated by comparing maximal internal and exter-
nal rotation at the hip; however, clinical evaluation 
has been proven challenging if not inaccurate 
[37]. Obtaining a computed tomography scan 
through the femoral neck, supracondylar femur 
comparing the rotational position of the two 
femurs provides an accurate measurement of 
rotational deformity [38]. Assessment of the 
mechanical and anatomic axis of the entire lower 
extremity is mandatory to rule out the contribu-
tion of other factors outside of femoral shaft mor-
phology. Once other factors have been excluded, 
orthogonal full-length radiographs of the femur 
are critical to the evaluation of the magnitude of 
the deformity. A line is drawn down the anatomic 
axis of the femur and the point of intersection of 
the proximal and distal axes has been called the 
center of rotation of angulation [39]. If the defor-
mity is an isolated angular malunion, the inter-
section will occur at the apex of the deformity.

If translation has also occurred in addition to 
angulation, the center of rotation of angulation is 
moved away from the site of maximal angular 
deformity, proportional to the amount of transla-
tion. Orthogonal radiographic evaluation has a 
number of advantages over other technologies. 
This technique is simple in that sagittal and coro-
nal plane deformity can be estimated from a sim-
ple set of radiographs. Another advantage is the 
minimal cost and efficiency of acquisition of 
radiographs compared to computed tomography 
or fluoroscopic evaluation. The primary disad-
vantage of this technique is that the true magni-
tude and orientation is rarely in the plain of the 
radiograph and therefore must be calculated 
using trigonometric formula [40]. Certainly the 
more commonplace usage of 3D imaging and 3D 
printing can help the inexperienced malunion 
surgeon especially, with diagnosis and preopera-
tive planning.

There are no definitive criteria to determine 
whether osteotomy is indicated; however, in 
active individuals common indications for angu-
lar malunion correction of the femur include 
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varus malalignment of the knee or ankle >10°, 
valgus malalignment of the knee or ankle >15°, 
or a 20-mm medial shift in the mechanical axis 
[36], rotational deformities of greater than 10°, 
greater than 10° deformity in the sagittal plane, 
or greater than 2 cm shortening [41]. Clearly, it is 
the patient’s description of symptoms which cor-
relate with the radiographic deformity which 
leads the surgeon to determine whether malunion 
reconstruction would be beneficial. Such a deci-
sion must be placed into the context of the 
patient’s preoperative function and desired func-
tional outcome. The key is the identification and 
evaluation of the deformity and more importantly 
to listen and understand the patient’s concerns. 
Typically either the deformity creates a func-
tional deficit that limits activity or concerns over 
the cosmetic appearance.

10.3.3  Infection

Laboratory evaluation for patients with femoral 
shaft malunions is critical. The exclusion of 
infection is a multifactorial process; however, 
preoperative laboratory analysis should include 
an erythrocyte sedimentation rate, C-reactive 
protein level, and complete blood count with dif-
ferential. While not routinely utilized, the litera-
ture has suggested some value of radionuclide 
and indium 111-labeled leukocyte scans in equiv-
ocal cases [42]. The gold standard to diagnosis 
infection continues to be tissue culture. All anti-
biotics should be discontinued 7–14 days prior to 
collection which generally occurs during the sur-
gical intervention [43].

10.4  Treatment Options

No universally accepted guidelines exist for 
defining treatment of diaphyseal femoral mal-
unions. There are different schools of thought 
and many tools in the armamentarium of the sur-
geon to consider. A number of fixation options 
are available to accommodate the osteotomy 
choice. Certainly describing all the possible 
osteotomies is beyond the scope of this chapter, 

but keep in mind that certain fixation strategies 
work better or worse with specific types of 
osteotomies.

10.4.1  Plate Fixation

The advantages of plate fixation include rigidity 
of fixation, correction of deformities under direct 
visualization, and the ability to add bone graft if 
needed. Another advantage is the intraoperative 
technical flexibility to use the plate in compres-
sion or bridge mode or for simple neutralization. 
Another powerful advantage is the use of the 
plate as a reduction aid during surgery. 
Disadvantages of this method include soft tissue 
dissection in the thigh, possible limited early 
weight-bearing, and the need for a single acute 
correction versus a gradual correction which 
could be indicated in certain circumstances.

Locking plates offer increased stiffness and 
resistance to cutout, particularly in poor quality 
bone by becoming a fixed angle device. Modern 
plate techniques utilize both traditional screws 
for compression and indirect reduction as well as 
locking screws to create a fixed angle device. In 
contrast to traditional plate-and-screw constructs, 
the locked screws resist bending moments and 
the construct distributes axial load across all of 
the screw-bone interfaces [44, 45].

Results in the literature for the treatment of 
femoral shaft malunions with plate fixation are 
extremely limited; however, the senior author 
prefers this technique specifically when the intra-
medullary canal has been obliterated by progres-
sion of deformity. Preoperative CT allows the 
evaluation of the intramedullary canal and appro-
priate planning. Careful soft tissue dissection is 
critical when utilizing plate fixation and the pre-
ferred approach at our institution is the lateral 
sub-vastus approach with periosteal dissection 
only at the planned osteotomy site. In cases with 
primarily angular deformities plate fixation is uti-
lized in collaboration with the AO tension device 
to create large compression forces at the osteot-
omy site. Simple wedge, dome, or single cut 
osteotomies all compliment this fixation; how-
ever, the surgeon must avoid large translational 
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deformities as a result. This is a common prob-
lem when center of rotation of angulation 
(CORA) and correction axis are not located in a 
similar position, a dome osteotomy through the 
CORA or a wedge osteotomy through correction 
axis will result in a translational deformity that is 
poorly tolerated using plate fixation [35].

10.4.2  Intramedullary Nail

Intramedullary nail fixation may be used for 
midshaft femur malunions when the medullary 
canal is patent and accessible. The biomechanics 
of this fixation strategy allow load-sharing and 
subsequently early weight-bearing. Often rota-
tional deformities can be corrected with limited 
dissection or even intramedullary saw osteotomy 
limiting the biologic insult. Additionally, the 
reamings may offer some adjunct to healing an 
osteotomy site and when combined with early 
weight- bearing may create an optimized bio-
logic and biomechanical environment for heal-
ing. Rotational correction using intramedullary 
fixation has been well described [46–48]. 
Endomedullary osteotomy and subsequent 
locked intramedullary nail has been reported 
with a high union rate 90–100% [47, 48] and 
with restoration of near physiologic rotation 
ranging from 0° to 4° [48]. Open osteotomies 
have also been shown to be highly effective, uti-
lizing a technique with Steinman pins to act as a 
goniometer to track rotation [49]. Results 
reported in the literature show an average of 78% 
correction achieved and average residual defor-
mity of 5° [3].

Intramedullary fixation has also been reported 
for more complex malunion correction. In the 
developing world, conservative treatment of fem-
oral shaft fractures is not uncommon and fre-
quently results in significant deformity [1, 50]. 
Malunion correction of complex deformities has 
been reported using a single cut osteotomy with 
excellent results. Average leg length discrepancy 
preoperatively was 3 cm and less than 1 cm post-
operatively while time to union at 3 months was 
observed in 94% [2]. Other types of complex 
diaphyseal deformities of the femur can be cor-

rected using a technique called the clam shell 
osteotomy. This technique utilizes an open 
segment- type osteotomy in the area of the defor-
mity followed by intramedullary stabilization 
and reported complete correction of multiplanar 
femoral shaft malunion with 100% union rate at 
6 months [51].

10.4.3  External Fixation

External fixation including Ilizarov techniques 
has traditionally been the preferred modality for 
managing malunions. Proponents of this tech-
nique would point to a number of advantages: (1) 
requires only minimal soft tissue dissection, (2) 
can stimulate formation of osseous tissue, (3) can 
be utilized in the face of acute or chronic infec-
tion, (4) creates stabilization of small intra- 
articular or metaphyseal bone fragments, (5) 
allows immediate weight-bearing, (6) temporal 
flexibility allowing augmentation or modification 
of the treatment as needed through frame adjust-
ment, and (7) tensioned wires allow the “trampo-
line effect” of sequential axial loading and 
unloading during weight-bearing activities [35]. 
The Ilizarov external fixator can function in a 
variety of treatment modes including distraction 
lengthening. This technique can be done in isola-
tion, described as monofocal that involves a sin-
gle site or bifocal that denotes two lengthening 
sites simultaneously. Unfortunately, the down-
sides of these devices include the following: (1) 
pin site infections, (2) nonunion, (3) long dura-
tion of use, (4) and perhaps, most importantly, 
most inconvenient device for patients and sur-
geons [41].

The soft tissue envelope of the thigh provides 
a challenging location for patients to tolerate 
most complex ring fixators; however, unilateral 
external fixators have been advocated as a sim-
ple, low-cost, and resource-independent means to 
treat diaphyseal malunions in the femur [41]. 
Deformity correction has been demonstrated 
 utilizing this technique with results approaching 
100% union at an average 3.6 months [52]. The 
duration of time spent in the frame is a critical 
point of consideration, for both medical and psy-
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chological reasons. Utilizing a combined tech-
nique of external fixation over an intramedullary 
device has been shown to reduce the duration by 
up to 50% in situations where lengthening the 
femoral shaft is indicated [53].

10.5  Case Examples

10.5.1  Case 1

A 45-year-old male who sustained a femur frac-
ture as a teenager presented with complaints of 
chronic knee pain, onset of lower back pain, and 
an abnormal gait. He had no prior history of sur-
gery. His physical exam revealed an asymmetric 
gait disturbance, with external rotation measured 

at 20° and shortening of 2 cm on the right side. 
His knee range of motion was 10–130° with pain 
at maximal flexion. Management of this case is 
documented in Fig. 10.1.

10.5.2  Case 2

A 63-year-old male presented 22  years after a 
femur fracture sustained in a motor vehicle acci-
dent. He presented with a varus deformity and 
an apparent leg length discrepancy. His chief 
complaint was a painful knee with associated 
back pain and an awkward gait. Management of 
the patient’s case is documented in Fig.  10.2. 
(Note that the patient was lost to long-term 
follow-up.)

Fig. 10.1 (a) Lateral of the right knee, (b) bilateral 
standing, (c) anteroposterior knee radiographs showing 
medial joint space narrowing on the right side with sub-
chondral sclerosis. Shown at the bottom are sunrise views 
of the right and left patellae. On the right, the patella tilt 
and joint space narrowing of the trochlea are evidence of 
a longstanding rotational deformity. (d, e) Lateral view 
helps to allow a measurement of the varus (10°) and flex-
ion (10°). (f) This view is the patient with the knee flexed 
to 90° foot flat on the table with the knee pointed to the 
ceiling. Based on the femoral condyles and tibia plateau, 
it is clear there is a large rotational abnormality. (g) A long 
leg anteroposterior view is paramount when assessing 
limb alignment, especially to determine mechanical axis. 
It is always helpful to have a bilateral view. (h, i) An intra-
operative C-arm view to determine the apex of the defor-
mity and axis of rotation for correction. On the left is 
revealed a screw placement after the cut is made, around 
which the osteotomy can rotate. This is a biplanar osteot-
omy to account for a valgus and rotational correction. (j–
m) The images above show three C-arm spot views 

detailing the Bovie Cord method to assess alignment after 
osteotomy correction. The Bovie Cord is placed directly 
over the center of the femoral head proximally and over 
the middle ankle distally while the leg is in neutral rota-
tion. The middle of the cord should then pass through the 
center of the knee in the normal (or corrected) patient with 
a normal mechanical axis. The image at the bottom shows 
an intraoperative image of the Bovie Cord across the ante-
rior surface of the patient. The surgeon is getting ready for 
C-arm flouro views. (n–p) To right, the proximal, mid-
shaft, and distal fixation with a large fragment plate con-
toured to the femur. In the middle view, three lag screws 
across the long oblique osteotomy are shown gaining 
maximum compression and stability. (q–s) These three 
C-arm images are pieced together to show the intraopera-
tive lateral femur images, the plate position, and the cor-
rected deformity. (t, u) One year postoperative, the 
anteroposterior and lateral femur view demonstrate a 
healed femur. The patient normalized his gait disturbance 
and was pleased with the length restoration

a b c
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Fig. 10.2 (a, b) Anteroposterior and lateral knee radio-
graph revealing that the patient’s femur was rodded with a 
Brooker-Wills nail. Obvious deformity is detected and 
requires further workup. The patient has tricompartmental 
arthritis of the knee and his excessive medial weal with 
bone on bone changes is typical of chronic changes from 
varus malalignment. (c, d) Femur anteroposterior (AP) 
and lateral view demonstrate a healed diaphyseal fracture 
with significant varus as seen on the AP in the coronal 
plane. If this is hard to distinguish, simply outline the 
metaphysis of the femur and draw a parallel line across 
the joint line. The lateral radiograph reveals slight exten-
sion at the fracture site. A retained cerclage wire is noted 
embedded in bone around the diaphysis. The fins of the 
Brooker-Wills nail are deployed making extraction chal-
lenging. (e) This anteroposterior long leg bilateral align-
ment film demonstrates the remarkable varus deformity, 
as the mechanical axis is far medial to the knee on the 
right relative to the mild genu varus as seen on the left 
side. In addition, there is a 3.5 cm leg length discrepancy. 
Note the relative levels of the hips and the ankle joints 
right to left. This is a striking deformity. These measure-
ments must be evaluated clinically and radiographically. 
(f, g) It is important to research the type of implant requir-
ing removal, as understanding the extraction methods is 
vital. This reality is common in the field of malunion sur-
gery and particularly for femur malunions. The Biomet 
Brooker-Wills technique guide and relevant literature [53] 
was reviewed prior to the procedure, underscoring the sig-
nificant planning that goes into the planning of such a 
case. (h–k) This implant requires the removal of an inner 
core mechanism that withdraws through the rod, the lock-
ing flanges which characterize the historic Brooker-Wills 
system. Once the inner mechanism is removed, the broken 
rod must be captured with rod removal hooks that slide 
through the core of the nail. Preoperative planning 
requires knowledge of the devices, which needs to be 
addressed intraoperatively, without which would lead to 
certain frustration or failure. (l, m) The disassembled and 
reassembled broken and retrieved Brooker-Wills nail. 
Now it is time to proceed to the clamshell osteotomy, 
which is optimal for the multiplanar femoral nonunion 

deformity. (n, o) These illustrations [51] show the concept 
of creating a cylindrical osteotomy with a proximal and 
distal transverse cut, followed by a split in the cylinder to 
open the area of malunion through which an intramedul-
lary nail is passed. (Courtesy of AO Foundation. 
©AOTrauma, AO Foundation, Switzerland). (p, q) This is 
an intraoperative anteroposterior and lateral view of the 
femoral deformity after the two transverse cuts were prox-
imal and distal with a sagittal saw. Lots of cooling saline 
is used to minimize heat formation and osteonecrosis dur-
ing the osteotomy. On the lateral view, drill holes are 
shown which will help to guide the chisel cuts to split the 
segment longitudinally. The retained cerclage wire from 
the original surgery was left in place having been over-
grown with bone. (r, s) The intramedullary guide rod for 
reaming is placed across the osteotomized segment. A ball 
spike pusher is used to tip the distal metaphyseal segment, 
and a poller blocking screw is placed to guide the reamer 
across the segment. Accurate reaming along a preplanned 
mechanical axis is important to accomplish the predeter-
mined femoral alignment. (t) Lateral image of the seg-
mental split after rod deployment and autogenous iliac 
crest augmentation inside the clamshell. Based on preop-
erative planning, intentional lengthening as indicated by 
the gap was accomplished with distraction. Twenty-two 
millimeters of length was restored by a combination of 
distraction and angular correction. (u, v) An accurate 
anteroposterior and lateral fluoroscopy view of the knee is 
key to assess implant position. Final locking of the retro-
grade nail with a distal helical blade and two locking 
screws, combined with the reduced intramedullary diam-
eter conferred by the blocking screw, provides satisfactory 
stability to the distal segment. (w, x) Final postoperative 
femur views on a long cassette help to assess alignment. 
Compared to the preoperative status, both radiographic 
and clinical rotation and alignment were entirely cor-
rected, but the patient remained short by intention by 
approximately 1 cm. A correction of greater than 2.5 cm 
of leg length can be harmful to the neurovascular integrity 
of the extremity, with neuropraxia and compartment syn-
drome previously reported in acute lengthening of greater 
than this distance

a b
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Fig. 10.2 (continued)

10.5.3  Case 3

A 38-year-old female who emigrated from 
Nigeria several years previously described hav-
ing broken her legs when she was less than 
20 years old when she was struck by a car. She 
recalls recovering while lying in bed, never hav-
ing recalled any traction treatment. Her primary 
complaint was difficulty walking, requiring a 
cane, and it was clear that she described emo-
tional pain from social marginalization. 
Management of her case is documented in 
Fig. 10.3.

10.6  Discussion

Femoral shaft malunions represent a challenging 
problem for patients as well as a diagnostic and 
technical challenge for orthopedic surgeons. 
Patients may suffer from clinical deformities, gait 
abnormalities, multiple surgical procedures, and 
psychological impairment. As reviewed in this 
chapter, a systematic approach to the evaluation 
and treatment of femoral malunions is required 
for patients to have a successful outcome with 
attention to patient characteristics, fracture char-
acteristics, and technical characteristics.
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Fig. 10.3 (a, b) The images reveal anteroposterior views of 
the femur proximal and distal. A malunited diaphysis is evi-
dent with approximately 15° of varus and 100% medial 
translation of the distal segment. The hip and knee joints 
demonstrate relatively normal articulation without arthritic 
changes. (c, d) The images are lateral views of the femur mid 
diaphyseal and proximal, respectively. There is approxi-
mately 5° of extension deformity and 100% translation in the 
sagittal plane as well with the distal segment posterior. (e, f) 
Impressively, the right femur radiographs proximally reveal a 
varus deformity with medial and posterior translation of the 
distal relative to the proximal segment. Note the striking ten-
sion trabeculae on the anteroposterior view of the femoral 
neck due to the great tension forces across this anatomy due 
to her varus deformity. (g) The patient’s long leg alignment 
films are interesting. Her mechanical axis suggests a net val-
gus deformity of her left lower extremity, though she is really 
not far off axis, despite a grotesque gait and noteworthy 
radiographic deformity. (h, i) Intraoperatively, the leg is posi-
tioned over bumps to help with closed reduction, and a uni-
versal distractor applied to the anterior femur, through 1 cm 
stab incisions. It must be secured with all joints tightened 
securely, as the amount of force applied across the pins will 
be great. This device will allow maintenance of femur posi-
tion during and after the cut. It will also allow for traction to 
be applied. (h) The cut has been made through the apex of the 
deformity in a plane to correct coronal plane alignment. (i) 
The plate has been applied in line with the proximal femur 
and subsequently will be used as an aid to reduction, because 
one can assume that the precontoured plate can be used to 
“straighten the bone.” (j) What is most remarkable about this 
image is that it highlights how far the distal femoral segment 
needs to travel in order to become reduced. A massive correc-
tion in valgus and extension is needed. (k, l) The first image 
shows a flouro view in which reduction instruments are 
applied. First, there is an anterior to posterior 4.5 mm “axis 
screw” around which the distal fragment will pivot. This 
screw is placed without compression across the osteotomy to 
be the axis of rotation. This assures that there will be no 

shortening during the realignment. Next a distal 4.5 screw is 
placed into the diaphysis through the plate to draw the distal 
fragment out of varus. Then to follow this step, because of the 
forces necessary for the correction, two extra-long Schanz 
pins are applied through approximation handles that come 
from the Minimally Invasive Osteosynthesis Reduction 
Toolset (Johnson & Johnson/DePuy Synthes, Paoli PA, 
USA). At this point, the 4.5 screw through the plate and the 
approximators can all be used to draw the distal femur to the 
plate. Before doing this however, the 4.5 “axis screw” must 
be “released.” It has served its purpose and now must allow 
the distal fragment to travel distal and into valgus. (m, n) 
These two anteroposterior C-arm views show the sequential 
reduction of the distal femur to the plate, docking it, and 
securing it with distal fixation in the diaphysis. At this point, 
all screw lengths are adjusted; 5.0 mm locking screws were 
chosen for fixation. (o) The proximal fixation with the large 
residual deformity, which highlights the correction. (p) The 
deformed residual segment was osteotomized or amputated 
from the distal segment. It was morselized and used for bone 
graft. The “axis screw” of course was discarded. (q, r) These 
two lateral C-arm views show the proximal and distal seg-
ments with alignment of the plate to bone and final correction 
of the sagittal plane deformity. (s) Long cassette radiograph 
view intraoperatively post-fixation, ensuring femur align-
ment after bone graft. One should not trust the 9″ or 12″ 
flouro-spot films to assess long bone alignment. (t) This 
image shows a bilateral femur anteroposterior view showing 
the correction on the left and the residual deformity on the 
right. Consideration for bilateral simultaneous reconstruction 
was given, but the surgeon chose to reconstruct the most 
symptomatic side first. (u, v) The two images show an 
anteroposterior and lateral radiograph view of the healed 
femur after consolidation. The patient was very pleased, even 
to an extent that her symptoms and gait improved to an extent 
that she did not desire to have her femur reconstructed on the 
right. “Good enough!” (w) Bilateral long leg alignment 
image showing a good restoration of the mechanical axis on 
the left
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Malunions of the Distal Femur

Thomas L. Hand and Animesh Agarwal

11.1  Introduction

11.1.1  Distal Femur Fractures 
and Types of Malunions

Fractures of the distal femur are considered to be 
those occurring within the distal 15  cm of the 
femur [1, 2]. Depending on the fracture pattern 
(i.e., extra-articular, partial articular, or complete 
articular) and relative level of comminution and/
or bone loss, the introduction of risk for various 
types and combinations of malunions will 
undoubtedly present themselves in the treatment 
process. Commonly accepted categories of distal 
femur malunions include malrotation, coronal 
plane deformity, sagittal plane deformity, limb 
length discrepancy, intra-articular malunion, and 
multiplanar deformities [3]. Varying criteria for 
malunions of the distal femur are found through-
out the literature, but it is generally accepted that 
symptoms begin to occur with coronal plane 
deformity >5°, sagittal plane deformity >10°, 
rotational deformity >10–15°, and limb shorten-
ing >2 cm [4–7].

There is a relative paucity of literature regard-
ing distal femur malunions compared to the 
remainder of the femur and lower extremity. 
Rather, much of the available literature concern-
ing distal femur fractures tends to focus on acute 
management, prosthetic replacement, and non-
union treatment [1]. Aside from the studies 
regarding deformity correction of the distal 
femur, the crossover of concepts to other lower 
extremity malunions, native deformities, and 
nonunions allows for extrapolation. It is impor-
tant to note, however, that distal femur malunions 
can be much more variable with regard to treat-
ment due to dependence on the proximity to the 
articular surface, available bone for fixation, sur-
rounding muscular envelope, and unique deform-
ing muscular forces.

11.1.2  Incidence of Malunions

Distal femur fractures account for 3–6% of all 
fractures of the femur with an estimated annual 
incidence of 37 per 100,000 person-years [2, 8–
11]. Malunions of the distal femur are overall a 
fairly rare event [3], the exact incidence of which 
is difficult to decipher among the literature given 
the various types of malunions, differing param-
eters for malunion, and variability of treatment 
options. Evaluating the different types of mal-
unions individually perhaps provides a better 
idea of their incidence based on available litera-
ture. In a series of 59 distal femur fractures 
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treated with various methods, Zehntner et  al. 
reported varus/valgus deformity >5° in 26% of 
fractures, procurvatum/recurvatum >5° in 22% of 
fractures, and rotational deformity >5° in 19% of 
fractures [12]. Rotational malunions of the femo-
ral shaft exceeding 15°, including the distal one- 
third femur, have been shown to have reported 
rates between 20% and 30% when treated with 
intramedullary nailing [13, 14]. With minimally 
invasive plate osteosynthesis (MIPO) of distal 
femur fractures, the incidence of rotational mal-
unions >10° has been reported to be as high as 
35–43% [6, 15, 16]. Varus collapse >5° has been 
observed to occur in 42% of patients treated with 
lateral condylar buttress plate alone [17]. Intra- 
articular malunions can be difficult to quantify 
unless intraoperative identification or radio-
graphic malunion deformity or step-off is con-
firmed. There is a reported incidence of 23–36% 
of post-traumatic arthritis following intra- 
articular distal femur fractures [18–20]. However, 
in addition to intra-articular malunion as a cause 
for these high rates, mechanical damage during 
the traumatic event, chondrocyte death and dys-
function, and inflammatory cell-mediated 
response all present potential confounders to the 
development of post-traumatic arthritis [18, 20]. 
Despite the etiology, distal femur fractures repre-
sent a relatively common fracture with numerous 
potential complications. In a systematic review 
of 1670 distal femur fractures, the rate of second-
ary surgery for all causes was 16.8% including 
6% for nonunion alone, whereas malunions were 
not specifically distinguished [21].

11.1.3  Ramifications of Malunions

Distal femoral malunions to a significant degree 
can undoubtedly have detrimental effects to the 
patient’s function with possible cosmesis issues. 
All of the various types of malunions can result in 
altered knee biomechanics and/or contact pres-
sures and result in eventual post-traumatic osteo-
arthritis. Rotational malunions ≥15° are typically 
noticed by patients and are associated with artic-
ular cartilage deterioration, distortion of knee 
biomechanics, and overall decreased function [5, 

6]. Rotational malalignment of the femur is also 
associated with a higher trend in difficulty with 
stairs, running, and sports [5]. On computer- 
generated models, femur rotational malunions of 
any degree cause posterior displacement of the 
weight-bearing axis, and supracondylar rotation 
greater than 30° to 45° results in frontal plane 
malalignment and knee joint malorientation [22]. 
In addition, patellofemoral contact pressures 
have been found to increase nonlinearly with 
increasing rotational deformities over 20° [23]. 
With coronal plane deformity, varus or valgus 
malunion of the distal femur leads to increased 
contact forces in the medial or lateral compart-
ments of the knee, respectively, which can even-
tually cause deterioration of the articular cartilage 
and premature osteoarthrosis [24, 25]. Sagittal 
plane deformity leading to genu recurvatum or 
genu procurvatum can result in pain, loss of knee 
flexion or extension, feelings of instability, and 
muscle weakness [26]. Additionally, distal femur 
procurvatum can lead to a limp as a result of 
restricting the swing phase of gait, while recurva-
tum deformity can cause a posterior thrust and 
painful gait [27]. Symptomatic leg length dis-
crepancies >2.0 cm can be associated with quad-
riceps weakness, gait asymmetry, feeling of 
imbalance, and low back pain [28]. Lastly, intra- 
articular malunions can conceivably lead to direct 
mechanical destruction of the involved articular 
surface and contribute as well to the aforemen-
tioned 23–36% rate of post-traumatic arthritis 
following intra-articular distal femur fractures 
[18–20].

11.2  Causes of Malunions

The etiology of malunions of the distal femur is 
multifactorial with varying levels of contribution 
from the surgery itself, the implant factors, and 
patient factors. Oftentimes, the contributing eti-
ology can be retrospectively identified, though 
this may not always be the case. In a series of 22 
distal femur malunions by Rollo et al., the etiol-
ogy of malunion was attributed to poor fracture 
reduction in almost 60% of the total cohort, high-
lighting the importance of the index surgery [3]. 
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Iatrogenic factors certainly play a role, which 
may be as simple as not utilizing some of the pre-
ventative strategies discussed below when indi-
cated for rotational, length, and mechanical axis 
assessment (See Sect. 11.2.1); however, implant 
type, choice, and application can contribute as 
well to malalignment in the index surgery.

Implant choice for distal femur fractures 
remains a controversial topic. A recent meta- 
analysis comparing the outcomes of 279 patients 
treated with retrograde intramedullary nailing 
versus plating revealed no clear superiority of 
one implant choice over another with regard to 
malunion [29]. However, different types of distal 
femur fractures may dictate implant type, as not 
all fractures are amenable to retrograde intramed-
ullary nailing [30]. When utilizing a lateral distal 
femur locking plate for these fractures, it is 
important to note that plate-bone mismatch is 
still a problem, even with the modern designs of 
the available pre-contoured plates. Thus, sole 
reliance on the plate as a reduction tool may itself 
contribute to malreduction [31]. A recent study of 
53 patients with atraumatic femora underwent 
digital templating with superimposed distal 
femur plates from four common manufacturers, 
which all demonstrated mismatch secondary to 
under-contouring of the plates, even worse so 
after total knee arthroplasty [32]. Additionally, 
there are several common mistakes when utiliz-
ing lateral distal femur locking plates that have 
been identified as contributors to malunion. The 
much-discussed “golf-club” deformity with 
medialization of the distal femur can be a result 
of plate placement too distal and/or too posterior 
on the lateral femoral condyle [27, 30, 33]. 
Procurvatum and recurvatum deformity can be 
induced by plates applied in a flexed or extended 
fashion, respectively [27]. Failure to align the 
distal screw trajectory parallel to the distal femo-
ral condyles in certain plate designs can lead to 
valgus application of the plate and coronal plane 
deformity [27]. Even after fixation with a later-
ally based plate, the aforementioned study by 
Davison showed a postoperative varus collapse in 
excess of 5° prior to union in 42% of patients 
treated in his series of 26 comminuted distal 
femur fractures [17].

Minimally invasive techniques and poor pre-
operative planning have also been associated 
with malunions of the distal femur. Minimally 
invasive plate osteosynthesis (MIPO) technique 
for distal femur fractures has been shown to be 
advantageous from a soft tissue preservation 
aspect [34]; however, several recent studies have 
shown it to be significantly associated with rota-
tional malunions [6, 15]. One study of 13 femoral 
shaft fractures and 38 distal femur fractures 
treated with MIPO technique demonstrated satis-
factory rotational alignment in only 56.9% of 
patients on postoperative CT scans [15]. 
Additional care to evaluate rotational profile 
compared to contralateral radiographs as 
described below can help to perhaps mitigate this 
risk (See Sect. 11.2.1). As for intra-articular mal-
unions, poor visibility can contribute to poor 
reduction, as can unrecognized complexity of the 
fracture. Coronal plane “Hoffa” fractures of the 
femoral condyle(s) have been described to be 
associated in about 40% of intercondylar distal 
femur fractures [35], highlighting the need for 
preoperative CT scans and appropriate preopera-
tive planning and fixation.

Malunions identified as a result of collapsed 
nonunion or delayed union emphasize patient 
factors important to consider as causes of even-
tual malunion. These have been well described in 
the literature and include diabetes, obesity, smok-
ing, poor bone quality, and the presence of an 
open fracture [36–38]. Recognition of these fac-
tors may necessitate alternative treatment strate-
gies or heightened vigilance for early recognition 
and intervention if necessary.

11.2.1  Preventative Strategies 
for Malunion

Timely healing of the fracture and restoration of 
the length, alignment, rotation, and articular 
reduction are paramount to the prevention of 
malunions. Unfortunately, this may be difficult to 
directly visualize, particularly in AO type C3 
fractures due to comminution and introduction of 
multiplanar deforming forces [12, 39]. There are, 
however, several techniques to assist in  prevention 
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of the various types of malunions in distal femur 
fractures that have been proposed.

Rotational malunions represent an unfortu-
nately common type of deformity following treat-
ment of femur fractures. Numerous methods have 
been theorized to assess intraoperative and post-
operative rotational profile. Many of these meth-
ods rely on an intact contralateral femur with an 
absence of preexisting deformity. A 3D CT study 
of ten randomly selected patients with atraumatic 
femora showed symmetrical rotational and trans-
lational profiles when bilateral femurs were 
superimposed [40]. Reliance on contralateral 
imaging is the hallmark of the most commonly 
employed method for rotational assessment – the 
lesser trochanter profile (LTP). This method 
involves obtaining a true AP of the uninjured 
knee, which can be obtained after 90° C-arm rota-
tion from true lateral with superimposed con-
dyles, followed by an AP of the uninjured hip 
with leg held in rotation. These views should be 
saved on the c-arm. An AP of the affected knee 
should be obtained first after reduction and tem-
porary stabilization of the fracture and then simi-
larly an AP of the injured hip is obtained. This AP 
of the uninjured hip is then compared to the then 
subsequently obtained AP view of the injured hip 
[41]. At this point, any differences in the LTP 
should be addressed as needed. A recent study 
evaluated this technique with 19 matched pairs of 
sectioned cadaveric femora. The authors found 
that the size of the lesser trochanter was a reliable 
approximation of rotation with 10% differences 
in lesser trochanter size correlating to approxi-
mately 7° of malrotation [41]. Another method 
known as the true lateral technique (TLT), origi-
nally described by Tornetta et al., can be done by 
obtaining a true lateral of the knee, then recording 
the degrees of rotation needed of the C-arm to 
obtain a true lateral of the hip [42]. A recent sur-
vey of 85 surgeons analyzing images of cadaveric 
femora, however, found only 53% of responders 
able to identify a 20° malrotation with the TLT 
method, compared to 67% accuracy utilizing the 
LTP method [43]. Nevertheless, either or both 
methods can be employed as another piece of 
information to help mitigate the risk of rotational 
malunion.

Prevention of coronal plane malunion can be 
done with proper plate placement by avoiding the 
pitfalls as discussed above (see Sect. 11.2) and 
with reliance on restoration of the mechanical 
axis. This can be measured with an intraoperative 
radiopaque thread or rigid guidewire or stretched 
flexible wire (i.e., Bovie cord) from the center of 
the femoral head to the center of the ankle joint 
[44]. In standard cases, this line should pass just 
medial to the tibial spine of the fully extended 
knee [45]. However, baseline mechanical axis 
can be variable among patients, especially those 
with preexisting knee osteoarthritis. Comparison 
to the contralateral mechanical axis measured in 
a similar fashion provides an accurate compara-
tor assuming there is no presence of a contralat-
eral deformity. With retrograde nailing where 
knee extension is not possible with the nailing jig 
in place, ipsilateral mechanical axis can be esti-
mated or even calculated by measuring the angle 
between the plane of the distal articular surfaces 
of both the medial and lateral femoral condyles 
and the nail attachment stem of the retrograde 
nail. In normal cases, this should be a valgus 
angle of 5–7°, correlating to the average differ-
ence in the anatomic intramedullary axis of the 
femur and the mechanical axis of the lower 
extremity [45]. This can be estimated radiograph-
ically or if the femoral condyles are accessible 
with the chosen surgical approach can be done 
with a flat surface spanning both condyles or, 
alternatively, a goniometer. And lastly, a full- 
length femur portable X-ray can be used to assess 
gross coronal plane deformity difficult to accu-
rately detect with fluoroscopy or other means.

Sagittal plane deformity is perhaps the most 
difficult malunion to accurately prevent. The 
deforming forces of the gastrocnemius on the dis-
tal condylar segment frequently will try to induce 
a recurvatum deformity and must be resisted with 
either direct manipulation of the distal segment, a 
posterior bump under the knee, and/or manual 
downward traction [46]. Lateral fluoroscopic 
images may be misleading and may even be par-
tially obstructed by fixation implants or jigs. 
Obtaining perioperative true lateral images of the 
contralateral femur with overlap of the distal and 
posterior aspects of the condyles with the 
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 diaphysis in the field of view can be helpful to 
recreate the flexion/extension component of the 
injured distal femur relative to the shaft. The rela-
tionship of Blumensaat’s line to the long axis of 
the femur or, alternatively, the anatomic posterior 
distal femoral angle (aPDFA) can be estimated or 
measured on the lateral femur view from the rela-
tionship of the sagittal distal femoral joint line to 
the long axis of the femur compared to the con-
tralateral [25, 46]. Depending on the proximal 
extent of the fracture and relative comminution, 
fluoroscopy may be unreliable if the intact por-
tion of the femur proximal to the fracture is 
unable to be visualized in the same field of view, 
and a lateral portable X-ray may be needed to 
assess the position and sagittal rotation of the 
articular surface to the intact femoral diaphysis. 
Finally, an anteroposterior (AP) fluoroscopic 
view of the distal femur may also provide a hint 
of sagittal deformity needing correction with the 
appearance of a “paradoxical notch view” dis-
tally [46].

The risk of leg length discrepancy via femoral 
shortening, or rarely lengthening, can be miti-
gated by one of two methods if direct fracture 
reduction is not achievable for reference, which 
is often the case in highly comminuted fractures. 
Comparison of limb length based on the palpated 
level of bilateral patellae, heel pads, and/or 
medial malleoli can provide a rough estimate of 
symmetrical limb length. This is dependent on 
symmetrical positioning of the femoral heads 
relative to the operative table axis and can be 
done with the contralateral limb prepped in or 
under the surgical drapes. When utilizing a retro-
grade nail for primary or additional fixation, this 
method may not be useful prior to removing the 
nailing jig secondary to obstruction of knee 
extension and migration of the patella during 
nailing. Use of an intraoperative radiopaque ruler 
to measure the contralateral and ipsilateral femurs 
at proximal and distal reference points (i.e., tip of 
the greater trochanter to the medial femoral con-
dyle distal articular surface) provides the most 
accurate reproduction of symmetrical femur 
length assuming pre-injury symmetry.

Adequate surgical exposure for direct visual-
ization or, at minimum, direct palpation of the 

articular portion of an intra-articular distal femur 
fracture is critical to avoid step-off and intra- 
articular malunion. Preoperative identification of 
articular fractures, via CT scan, that require reduc-
tion is key as they may dictate which main surgical 
approach is preferred. In some cases, these may 
require an additional direct medial, direct lateral, 
or parapatellar exposure to confirm reduction and 
properly place implants. Sole reliance on fluoro-
scopic imaging for reduction of posterior coronal 
plane condyle fractures such as Hoffa fractures 
should be done with caution and only when neces-
sary, such as when concomitant soft tissue injuries 
prevent exposure. Otherwise direct exposure and 
visualization, or at a minimum, palpation, is pre-
ferred for articular reduction.

11.2.2  Patient Considerations

The biologic, socioeconomic, and behavioral fac-
tors of a patient are vital considerations when 
choosing whom to revise safely, how extensive the 
revision can or should be, and identifying condi-
tions amenable to preoperative optimization. 
Obesity, diabetes, smoking, and preoperative 
reduced albumin levels have all been shown to be 
independent risk factors for surgical site infection 
and failure in distal femur fractures [36, 47]. 
Treating distal femur fractures acutely will likely 
not allow for considerable modification of these 
risk factors, but in consideration of deformity cor-
rection, smoking, nutritional status, weight loss, 
and diabetes typically can be addressed and/or 
counseled. Depending on the level of deformity, 
timing of reconstruction may be limited and thus, 
preoperative planning may need to be adjusted to 
compensate. For instance, obesity results in a con-
ceivable increased demand on implants with 
increasing patient body weight and perhaps should 
merit more robust fixation options for any revision 
surgery if weight loss is not achieved or possible in 
the timeframe. Patient compliance and need for 
faster return to work may or may not be modifiable 
but warrant the opportunity for counseling and 
shared decision making and perhaps a patient 
agreement for “buy-in” of the planned treatment. 
Age and life expectancy are non-modifiable risk 
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factors that deserve central attention as well. With 
the goal of faster ambulation and return to activities 
of daily living to avoid complications as a result of 
immobilization, prosthetic replacement becomes a 
reasonable option for complex distal femoral mal-
unions or nonunions in the elderly or those with a 
life expectancy less than 10 years [48–50].

11.3  Evaluation and Diagnosis

11.3.1  History

As with any orthopaedic evaluation, a detailed 
history can be the most important tool in the 
assessment and diagnosis of distal femur mal-
unions. A good history should start from the 
beginning with questions regarding baseline 
health, smoking status, illicit drug use, comor-
bidities, housing status, pre-injury activity level, 
occupation, and hobbies. This can help to better 
assess patient outcome expectations and provide 
insight for later discussions regarding the man-
agement of realistic expectations. In the setting 
of an initial consultation for malunion, the mech-
anism of injury and a thorough timeline should 
be established. The timeline should highlight the 
timing of surgery, time to full weight-bearing sta-
tus, initial identification of gross deformity or 
symptoms associated with malunion, and timing 
and duration of rehabilitation thus far. Any his-
tory of wound healing difficulty, open fracture, 
drainage, postoperative oral antibiotic therapy, or 
any additional surgeries, procedures, or treat-
ments to the incision should be further explored 
and raise flags for potential infectious contribu-
tions to malunion. Compliance with postopera-
tive protocol should be assessed and any 
inconsistencies in the above history, especially 
when compared to available documentation, may 
suggest possible noncompliance that needs to be 
further explored. Patient self-assessment of func-
tion and/or deformity is critical to evaluate and 
will likely coincide with their chief complaint. In 
the setting of gross deformity, the chief complaint 
may be related to cosmesis, but frequently 
patients with malunions will tend to report diffi-
culty with ambulation, feeling of imbalance or 
unequal leg length, easy fatigue of knee extensors 

or flexors, tripping over their feet, and/or anterior 
knee pain. In the absence of obvious deformity, 
any of these above symptoms may be reported in 
isolation or in combination and will likely have 
persisted despite proper rehabilitation.

11.3.2  Physical Examination

Following a thorough history, the physical exam-
ination should begin with inspection of the over-
all patient appearance, hygiene, and body habitus. 
Full inspection of gait and simultaneous evalua-
tion of bilateral lower extremities while supine 
and standing should be performed. The location 
and appearance of incisions and/or wounds 
should be noted. Gross deformities may be obvi-
ous, but more subtle deformities may need to be 
pointed out by the patient. The proximity of the 
medial aspect of the knee joints may clue the 
examiner into varus or valgus deformity of the 
affected extremity. The position of the feet should 
be noted in relation to one another while both 
supine and standing. Quadriceps atrophy may be 
obvious, but a cloth ruler to measure bilateral 
thigh circumference at a given reference point 
(i.e., 10 cm above the superior patellar pole) will 
provide more objective and reproducible data.

Rotational malunions can be additionally 
examined with seated assessment of bilateral hip 
internal and external rotation, with care to note 
any differences if observed. If body habitus 
allows, the trochanteric prominence angle test 
(TPAT) can be a reliable method to objectively 
measure bilateral femoral anteversion and thus 
any rotational abnormalities [51]. This is per-
formed in the prone position by palpating the 
greater trochanter with the knee flexed to 90°. 
With gentle internal and external hip rotation, the 
rotation which yields the most lateral prominence 
of the palpated greater trochanter is held in place. 
The resulting angle of the tibial axis relative to a 
midline imaginary vertical line is recorded. This 
can be measured with a goniometer or roughly 
estimated compared to the angle observed in the 
contralateral extremity.

Leg length can be assessed while lying supine 
on the examination table and comparing the heel 
pads and medial malleoli position during full 
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knee extension and with comparative patellae 
palpation during equal knee flexion to 90°. While 
standing, the height of the patellae and palpated 
spatial relationship of the iliac crests should also 
be noted. If leg length discrepancy is suspected, 
utilization of varying thicknesses of blocks under 
the sole of the shortened extremity will provide 
an objective measurement for perceived limb 
length discrepancy when the patient reports the 
feeling of equality. Care should be taken to note 
any ipsilateral knee flexion contracture or sagittal 
deformity as this may exacerbate perceived limb 
inequality [52]. Knee range of motion should 
likewise be examined bilaterally as well as any 
detected crepitus, mechanical blocks to motion, 
hyperextension, or flexion contracture. A liga-
mentous knee exam should be performed to eval-
uate for any concomitant ligamentous knee 
injuries or even laxity secondary to malunion. 
Strength testing of bilateral lower extremities 
should be tested entirely to include hip, knee, and 
ankle motor grades. Bilateral lower extremity 
neurovascular examinations may also be helpful 
to assess for nerve injury, neuropathy, and vascu-
lar status.

11.3.3  Laboratories

Malunions frequently occur in the setting of nor-
mal lab values. If any red flags for infection are 
noted in the above history and physical, baseline 
infection labs should be obtained such as com-
plete blood count (CBC), erythrocyte sedimenta-
tion rate (ESR), and C-reactive protein (CRP). 
History of delayed union or late collapse of frac-
ture prior to union should merit additional non-
union lab workup such as complete metabolic 
profile (CMP), vitamin D, calcium, and endo-
crine labs if suspected. Hemoglobin A1C values 
should be obtained for all diabetic patients or 
those with significantly abnormal glucose values 
in standard preoperative labs. Strict glucose con-
trol is imperative to limit infectious complica-
tions and optimize treatment outcomes. 
Nutritional labs for healing potential, even in 
obese patients, such as albumin and pre-albumin 
levels should be strongly considered and any 
abnormalities addressed preoperatively.

11.3.4  Radiographs

Standard anteroposterior (AP) and lateral X-rays 
of the femur, hip, and knee should be obtained as 
part of the initial workup. Kellgren-Lawrence 
grade of arthrosis can be roughly determined on 
plain radiographs of the knee for consideration of 
patients with significant grade III and IV preop-
erative osteoarthrosis [53]. Standing full-length 
bilateral lower extremity anteroposterior X-rays 
with the patellae facing forward and midline radi-
opaque ruler (i.e., X-ray scanogram) can be 
obtained for quantification of deformity and 
objective measurement of limb length discrepan-
cies if applicable. Mechanical femorotibial angle 
(mFTA), mechanical axis deviation (MAD), and 
mechanical lateral distal femoral angle (mLDFA) 
can be likewise measured on full-length standing 
anteroposterior X-rays [25, 54]. The mLDFA is 
measured as the angular difference between the 
femoral mechanical axis and the femoral joint 
line [55] and can be used to define the magnitude 
of the coronal plane distal femur deformity, with 
a standard value of 87° +/− 3° [25, 54]. The ana-
tomic posterior distal femoral angle (aPDFA) can 
be measured on a lateral femur X-ray to assess 
for the degree of sagittal plane deformity (mean 
normative value of 83°) by the relationship of the 
sagittal distal femoral joint line to the long axis of 
the femur [25]. The center of rotational angula-
tion (CORA) can be obtained radiographically 
for preoperative planning with plain X-ray tech-
nique at the point where the radiograph shows 
intersection of the proximal mechanical axis and 
the distal mechanical axis [54].

11.3.5  Computed Tomography 
and Magnetic Resonance 
Imaging

Computed tomography (CT) is the advanced 
imaging study of choice for additional deformity 
quantification and preoperative planning. CT 
scan of the involved extremity can help evaluate 
for healing, consolidation, canal patency, and 
bone stock in addition to deformity. Anteversion 
CT of both lower extremities can be used to 
objectively measure rotational alignment and 
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degrees required for derotation [15]. A CT scano-
gram can offer quantifiable mechanical axis devi-
ation (MAD) measurements utilizing the 
malalignment test if desired [54]. CT scans that 
include the entire distal femoral articular surface 
can also be used to evaluate for any intra-articular 
malunion or subchondral/articular deficit [25]. 
However, any existing hardware may result in 
artifact preventing complete visualization and 
metal suppression techniques should be 
employed. Magnetic resonance imaging (MRI) is 
rarely needed unless suspicion of infection based 
on history and/or abnormal inflammatory labora-
tory values. If MRI is obtained for any reason, 
however, the degree of cartilage thickness can be 
assessed according to the modified Noyes classi-
fication for prognostic data or consideration of 
arthroplasty if indicated [56, 57].

11.4  Treatment Based 
on Malunion Type

11.4.1  Rotational Malunion

In the absence of other deformities, isolated rota-
tional malunions can be relatively easily 
addressed through a variety of methods. With any 
technique employed, it is imperative that the 
degree of axial derotation be determined preop-
eratively with CT imaging or anteversion CT pro-
tocols of both lower extremities. Fixation of the 
derotational femoral osteotomy can be done with 
either intramedullary nail, distal femoral locking 
plate, or external fixation depending on the canal 
patency, level of osteotomy, preexisting hard-
ware, and quality of bone available for distal fixa-
tion [58–60]. In some rare occasions, intact 
existing hardware (such as a femoral nail) can be 
retained and used for stabilization of the derota-
tional osteotomy after removing and replacing 
proximal screws in the corrected position [34]. 
The site for the derotational osteotomy can be 
selected according to surgeon preference and 
amenability of soft tissues without a definitive 
superiority of one technique. This can be carried 
out through the supracondylar region of metaph-

yseal bone or metadiaphyseal junction or through 
the prior fracture site [58–60]. The technique for 
osteotomy can be performed closed via intramed-
ullary saw (if available) or in an open fashion 
with multiple drill holes completed with osteo-
tome, akin to the De Bastiani technique, or oscil-
lating saw. Muckley et al. evaluated a series of 30 
derotational femoral osteotomies carried out with 
either a closed intramedullary saw technique 
(n  =  18) or an open drill hole/oscillating saw 
technique (n = 12). In both groups, percutaneous 
Kirschner wires above and below the osteotomy 
site were used to gauge derotation and fixation 
was performed with intramedullary compression 
nailing. There were no statistically significant 
differences noted in complication rates between 
the two groups, though two cases of insufficient 
correction occurred in the closed technique [58]. 
Stahl et al. reported on a series of 14 patients with 
rotational femur malunions utilizing an intramed-
ullary saw for a closed osteotomy technique fol-
lowed by static intramedullary nail placement 
after derotation. Amount of necessary derotation 
was determined preoperatively by CT scan, and 
intraoperative assessment of derotation was also 
made by rotation of two percutaneously placed 
Kirschner wires in the femoral neck and trans-
versely across the femoral condyles. Postoperative 
CT scans revealed less than 4° of residual defor-
mity in all of the patients in their series. Average 
time to consolidation was 10–12  months and, 
notably, 12 out of 14 patients were able to return 
to work [60].

11.4.2  Coronal Plane Malunion

The end goal of coronal plane deformity correc-
tion is re-establishment of the mechanical axis of 
the lower limb to its normative value [61]. The 
degree of correction should first be determined 
by what is needed to restore the center of the 
mechanical axis to the center of the knee or just 
medial to the tibial spine [45]. This can be deter-
mined with mathematical calculations or through 
digital templating software if available, such as 
TraumaCad (Brainlab Inc., Westchester, IL, 
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USA). Calculation of the mechanical axis devia-
tion (MAD) and mechanical lateral distal femoral 
angle (mLDFA) can quantify the degree of coro-
nal plane deformity and the correction needed to 
return to the contralateral limb mLDFA or its 
normative value of 87° +/− 3° [25, 54]. 
Identification of coexisting deformities, such as 
limb-length inequality or complex multiplanar 
deformity, are common and should be carefully 
scrutinized as they may require different treat-
ment strategies (see Sect. 11.4.5).

Options to achieve coronal plane correction 
include medial opening wedge osteotomy (for 
varus), lateral closing wedge osteotomy (for 
varus), medial closing wedge osteotomy (for val-
gus), lateral opening wedge osteotomy (for val-
gus), dome osteotomy, oblique osteotomy in the 
sagittal plane, double oblique osteotomy as 
described by Miranda et  al. (See Sect. 11.4.5), 
and osteoplasty in the method of Ilizarov with 
gradual correction [39, 54, 56] (Fig. 11.1). The 
pros and cons of opening and closing wedge oste-
otomies are well described and frequently extrap-
olated from native knee deformities or high tibial 
osteotomy (HTO) literature [54, 55, 62–64]. It is 
important to consider that closing wedge osteoto-
mies offer improved bony contact for stability 
and to promote union [55], but at the cost of 
potential femoral shortening [39]. This may be 
advantageous in those patients who are at higher 

risk of nonunion with the sacrifice of leg length 
or in the rare case of patients with overlengthen-
ing following index surgery. Opening wedge 
osteotomies are inherently less stable with less 
bony contact at the site of correction and may 
require more robust fixation and usually with 
augmentation with bone grafting (autogenous, 
allograft, or bone void fillers) [25, 62]. 
Supracondylar dome osteotomies and oblique 
sagittal plane osteotomies of the supracondylar 
femur offer the potential advantages of improved 
bony contact without significantly altering the 
length of the extremity, though their documented 
use in malunions of the distal femur is lacking 
[39, 54, 63, 64]. Advantages for these single- 
stage osteotomies over that of osteoplasty with 
Ilizarov style frames include avoidance of pro-
longed time in external fixation, pin site infec-
tions, additional knee stiffness, and psychological 
and social difficulties associated with Ilizarov 
frame treatment [65, 66]. In the setting of a diag-
nosis of infection or history suggesting infectious 
contribution, external fixation can provide an 
advantage with avoidance of hardware placement 
directly in the zone of infection [4].

In a series of 15 patients with distal femur 
varus malunions, He et al. utilized a medial open-
ing wedge supracondylar osteotomy with dual 
plate fixation medially and laterally. Single and 
biplanar osteotomies were carried out according 

a b C

Fig. 11.1 Example of various types of osteotomies for varus coronal plane deformity correction (A = dome osteotomy, 
B = lateral closing wedge osteotomy, C = sagittal oblique osteotomy)
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to preoperative templating and osteotomy sites 
were guided intraoperatively by placement of 
supracondylar Kirschner wires. Average mLDFA 
was corrected from 102.3° to 85.2° and any coex-
isting limb length discrepancy (LLD) corrected 
from 3.38  cm to 0.8  cm. Time to union was 
4.1 months (range, 2.5–6 months). They reported 
overall good functional outcomes and no fixation 
failures or secondary surgeries with average 
long-term follow-up of 7.4 years [25].

Native varus or valgus deformities of the dis-
tal femur resulting in ipsilateral unicompartmen-
tal knee osteoarthrosis overshadow much of the 
remaining literature regarding coronal plane cor-
rection. In a series of 15 patients with 16 native 
distal femur varus deformities, van der Woude 
et al. utilized lateral closing wedge osteotomies 
of the distal femur in single and biplanar tech-
niques with lateral plate fixation (n  =  12) or 
medial plate fixation (n  =  4) based on surgeon 
preference. Correction was achieved in all but 
one patient. Average time to union was 4 months 
for biplanar closing wedge osteotomy compared 
to 6 months for uniplanar [55]. Two additional 
series utilized femoral dome osteotomies for 
correction of native coronal plane deformity, one 
of which (n = 16) used external fixation and the 
other series (n = 12) with a single lateral distal 
femur locking plate. The first of these series 
reported good correction and functional out-
comes and average union time of 19.4 weeks in 
14 patients, with two patients excluded for infec-
tion and arthroplasty conversion [63]. The latter 
series reported full correction with no failures or 
reoperations and improvement in functional out-
come metrics with good patient satisfaction. 
Average time to union was 13.8 weeks [54].

Though a rare but serious complication, pero-
neal nerve palsy can be associated with correc-
tion of severe valgus deformity especially with 
significant chronicity of the malunion. A recent 
cadaveric force transducer study showed signifi-
cant reduction in rigidity of the peroneal nerve 
after prophylactic decompression and varus cor-
rection with no difference in tension before and 
after deformity correction [67]. Simultaneous 
prophylactic peroneal nerve decompression in 
these select patients with severe chronic valgus 
deformities should be considered [67, 68].

11.4.3  Sagittal Plane Malunion 
(Procurvatum/Recurvatum)

Many of the above principles discussed in coronal 
plane correction (see Sect. 11.4.2) apply similarly 
to sagittal plane deformities. Determination of the 
degree of deformity and quantification of the nec-
essary correction must be made preoperatively 
and can be estimated intraoperatively with the 
assistance of anterior to posteriorly placed 
Kirschner wires proximal and distal to the osteot-
omy site. Preoperative measurement of the ana-
tomic posterior distal femoral angle (aPDFA) can 
be done on a lateral femur X-ray or CT scan of the 
entire femur to assess for the degree of sagittal 
plane deformity. As previously described, the 
relationship of the sagittal distal femoral joint line 
to the long axis of the femur should be restored to 
either a mean normative value of 83° or equal to 
the contralateral femur aPDFA [25]. Recurvatum 
is typically the more common presenting defor-
mity secondary to the deforming force caused by 
the gastrocnemius muscle [27]. Opening or clos-
ing wedge osteotomies present similar pros and 
cons in the sagittal plane as in the coronal plane 
with accompanying limb lengthening or shorten-
ing, respectively, as well as differences in stabil-
ity. Osteoplasty in the method of Ilizarov can 
likewise be done, but again may introduce addi-
tional risks associated with prolonged external 
fixation compared to single-stage osteotomy and 
internal fixation [65, 66].

In a series of 22 distal femur malunions by 
Rollo et al., which included five patients with pro-
curvatum deformities and 17 patients with recur-
vatum deformities, osteotomies were performed 
at the prior malunion site and stabilized with lat-
eral condylar blade plates. Osteotomy sites were 
augmented with allograft bone struts as well as 
morselized bone graft and “bone paste” in the 
opening wedge gap if present. Nine complications 
were noted to include death (n = 1), deep infection 
(n = 1), delayed wound healing (n = 3), deep vein 
thromboembolism (n = 2), and broken hardware 
(n = 2). Average time to union of the osteotomy 
was 34.7 weeks with good improvement of func-
tionality following union. However, average per-
sistent leg length discrepancy following deformity 
correction and union was 3.3 cm [3].
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11.4.4  Leg Length Discrepancy

Preoperatively identifying an objective measure-
ment of limb inequality must be done to deter-
mine the amount of lengthening required. This 
can be done with full-length standing radiographs 
of the lower extremity and either direct measure-
ment with radiopaque ruler, digital templating 
software, or with blocks under the ipsilateral foot 
until leveling of the pelvis is observed on X-ray 
[68]. Symptomatic leg length discrepancies 
greater than 2  cm requiring lengthening of the 
malunited femur can be corrected through the 
process of distraction osteogenesis. This process 
has been both well described and accepted among 
the literature, but does require reliable patient 
compliance. Ilizarov’s principles for this method 
classically involve gradual controlled lengthen-
ing through an osteotomy site at a rate of 1 mm 
per day followed by a consolidation phase [69]. 
Multiple techniques for distraction osteogenesis 
have been described in addition to newer Ilizarov 
style frames alone such as the Taylor spatial 
frame (Smith and Nephew Inc., Memphis, TN, 
USA). Lengthening over the nail (LON) tech-
nique represents one such method combining 
external fixation via Ilizarov style frame or 
monolateral rail frame with an intramedullary 
nail to guide the bone during distraction osteo-
genesis [70]. Results for several such series have 
shown this to be a successful method with less 
total time in the external fixator, as the intramed-
ullary nail can be locked and external fixator 
removed during the consolidation and remodel-
ing phases [70, 71]. This method does, however, 
require additional surgical procedures and relies 
on the presence or ability to establish a patent 
medullary canal for nail insertion. Recently, 
magnet-operated telescopic internal lengthening 
nails such as the PRECICE nail (NuVasive, San 
Diego, CA, USA) have gained traction with less 
required total surgeries, better tolerance, and less 
minor complications, such as pin site infections 
commonly associated with external fixation [72, 
73]. These devices do require regular motorized 
lengthening appointments and may not be an 
ideal option for patients with profound femoral 
bows given the straight design of the nail. The 
cost of magnetic lengthening nails (MLN) has 

also been a concern; however, a recent cost com-
parison showed no statistical difference between 
the LON technique (n = 19) and MLN (n = 39). 
This was largely attributable to fewer overall pro-
cedures with the MLN.  And notably, the MLN 
method was found to have a statistically signifi-
cant shorter time to union (100.2 versus 
136.7 days) [74].

11.4.5  Multiplanar Deformity

Many malunions of the distal femur represent a 
heterogeneous deformity requiring the surgeon to 
simultaneously address deformities in differing 
planes with or without limb inequality. Patient 
considerations merit central attention in multipla-
nar deformity when determining the appropriate 
treatment pathway, as prosthetic replacement 
may be a more reasonable option in the elderly, 
terminally ill, or those with significant preopera-
tive osteoarthritis. When assessing the deformity 
for planned correction, identification and 
 quantification of the deformities in each plane 
can be done manually or, rather, with digital tem-
plating software, such as the aforementioned 
TraumaCad (Brainlab Inc., Westchester, IL, 
USA). Depending on the degree of deformity, 
options for treatment of multiplanar malunions 
consist of osteoplasty with Ilizarov style frame, 
double oblique osteotomy, biplanar osteotomy, 
and prosthetic replacement typically involving a 
distal femoral megaprosthesis.

Circular frame treatment of deformities in the 
method of Ilizarov affords the opportunity to 
compress or distract in differing planes and, thus, 
can allow for multiplanar correction. Corrections 
can additionally be fine-tuned throughout the 
treatment process prior to consolidation [75]. 
However, careful patient selection and counsel-
ing of complications is a necessity when engag-
ing into deformity correction via circular frame 
application. Fixation of rings to the femur 
requires traversing through the thick muscular 
envelope which surrounds the bone, resulting in 
restricted range of motion and inevitable degree 
of knee stiffness [68]. In addition to this, nearly 
all patients treated with the Ilizarov style frame 
will experience wire or pin site infections, plus an 
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additional major complication rate up to 33%, 
even in experienced surgeons [65]. However, 
there is an advantage to the variability in ring 
fixation methods, as they allow for distal fixation 
in a relatively short segment of bone. If correc-
tion must be done in close proximity to the artic-
ular surface, extension across the knee joint may 
be required [76]. The site of osteotomy should be 
weighed for appropriate capability of correction 
according to preoperative templating and to allow 
the most variability of distal options for fixation 
of the distal ring. Prior to performing the osteot-
omy, stable fixation of the proximal and distal 
rings should be performed according to prefer-
ence with preliminary placement of non- 
obstructing struts [68, 75]. Osteotomy can then 
be performed with multiple drills holes com-
pleted by an osteotome as described previously. 
After final construct and spatiotemporal data 
have been obtained, gradual correction of defor-
mities and/or lengthening at 1 mm/day can then 
ensue according to vendor software after an ini-
tial latency period, usually about 1  week [68]. 
Weight-bearing as tolerated can typically be 
allowed immediately after surgery.

Another option for correction of multiplanar 
deformities is the single-stage double oblique 
osteotomy, described by Miranda et al. Based on 
preoperative templating, three total osteotomies 
are made. These include two oblique osteotomies 
above and below the deformity to create a wedge 
of metadiaphyseal bone allowing for medializa-
tion and length if needed, followed by a closing 
wedge osteotomy to correct additional coronal 
deformity. According to their technique, fixation 
can be obtained with an angled blade plate, con-
dylar buttress plate, or dynamic condylar plate. In 
their series of eight distal femur malunions, cor-
rection was able to be achieved in all patients to 
normative values. Average time to union was 
4.25  months for the malunion cohort, with one 
patient requiring an additional bone grafting pro-
cedure [39].

The process of decortication and osteotomy 
for multiplanar correction has also been described 
for femoral diaphyseal malunions by Middleton 
et al. In their series of seven patients, they describe 
careful periosteal flap elevation at the osteotomy 

site with creation and preservation of attached 
cortical bone chips, followed by osteotomy and 
correction of length and deformity. A lateral lock-
ing plate was utilized so as to not disrupt the end-
osteal blood supply, per the authors. Full 
correction of deformity was achieved in only five 
out of seven patients, with a staggering time to 
union of 16.3 months. An average of 1.5 opera-
tions per patient were required to achieve union, 
with one patient having a refractory nonunion at 
the osteotomy site despite multiple revisions [77].

If parameters allow, some multiplanar defor-
mity may also be simply addressed through a 
biplanar osteotomy as described by He et al. For 
simultaneous correction of varus deformity, flex-
ion deformity, and leg length discrepancy, for 
instance, the authors describe a biplanar medial 
opening wedge osteotomy with eccentric distrac-
tion of the osteotomy gap to open more posteri-
orly in addition to medially [25].

In the elderly, special considerations must be 
made regarding function, life expectancy, and 
time of immobilization. With the exception of 
Ilizarov style frames, the other described meth-
ods of multiplanar malunion correction are typi-
cally associated with prolonged periods of 
immobilization [39]. Acute distal femur fractures 
in the elderly have been shown to already have 
poor outcomes with only 18% return to unas-
sisted ambulation and higher perioperative mor-
tality rates when compared to other fragility 
fractures [78]. With some authors even advocat-
ing for primary distal femoral replacement in 
acute fractures of the elderly [79, 80], substantial 
consideration should be made for prosthetic 
replacement in the setting of malunion. Immediate 
full weight-bearing can be allowed to minimize 
additional complications related to either immo-
bilization or external fixation. Several series 
report on megaprosthesis as a viable option for 
elderly distal femur nonunions, with the majority 
of surviving patients returning to acceptable 
functional outcomes and activities of daily living 
[48–50]. Patient longevity must be carefully 
weighed with that of the implant; however, as a 
recent long-term follow-up 144 non-oncologic 
distal femur replacements revealed an all-cause 
10-year revision rate of 27.5% [81].
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11.4.6  Intra-articular Malunion

If an intra-articular step-off or loss of reduc-
tion is diagnosed early with advanced imaging, 
correction prior to union is paramount and 
should be considered with regard to patient 
age, functional status, and soft tissue condi-
tions. If identification of a healed intra-articu-
lar malunion is made prior to the development 
of premature osteoarthritis, every effort should 
be made to correct the deformity if possible. 
Sasidharan et al. and Iwai et al. have described 
case reports of young patients in their 30s with 
malunited coronal plane Hoffa fractures 
treated  with osteotomy and cannulated screw 
fixation at 9 and 6 months post-injury, respec-
tively [82, 83]. Both of these case reports 
showed reasonable to good short-term out-
comes within a year, but long-term and high-
quality data are lacking for this salvage 
operation. Unfortunately, however, the major-
ity of intra- articular malunions may not be dis-
covered until the process of posttraumatic 
osteoarthritis has already begun. Salvage of 
articular surface incongruence at this point is 
difficult given the degeneration of the knee 
joint, leaving arthroplasty as a reasonable 
option if age appropriate. Haidukewych et  al. 
presented a series of 17 patients with a mean 
age of 66 that underwent total knee arthro-
plasty as a salvage procedure following failed 
distal femur fracture treatment all of which 
were nonunions. Three of these patients went 
on to fail, but they reported an 83% 5-year 
overall survivorship free of any revision. The 
authors concluded that total knee arthroplasty 
does provide reliable pain relief and functional 
improvement for the majority of the patients in 
their series, but intraoperative and postopera-
tive complications were common [84]. Lonner 
et al. reported on a series of ten patients with 
complex distal femur malunions that under-
went simultaneous total knee arthroplasty with 
distal femur osteotomy and deformity correc-
tion. Extra- articular osteotomy sites were fixed 
with either angled blade plate, retrograde nail, 
or long press- fit femoral stems. At average fol-
low-up of just under 4 years, no revisions had 

been performed. Overall function and range of 
motion had significantly improved from preop-
erative levels, despite one osteotomy nonunion 
spanned by a press-fit femoral stem [85].

11.5  Author’s Preferred Methods 
of Treatment

The definitive treatment can often be dictated by 
the previous fixation implants, surgical 
approaches used, and any soft tissue consider-
ations along with the patient’s expectations and 
desires. In most cases, treatment requires removal 
of preexisting hardware either as a staged proce-
dure or simultaneously with the treatment 
depending on the type of hardware and method of 
treatment, either of which is acceptable. Our pre-
ferred technique is to remove preexisting hard-
ware as a first stage, followed by a second stage 
for definitive treatment. The interval can allow 
for further evaluation as well as to ensure that no 
underlying subclinical infection is present.

 1. Asymptomatic Malunions

Unless degree of deformity is concerning for 
malorientation of the knee joint and development 
of premature osteoarthritis is likely, no treatment 
is necessary with follow-up X-rays and clinical 
exam in 6–12 months to evaluate for joint stabil-
ity/congruence.

 2. Rotational

Derotational supracondylar osteotomy is 
made with drill holes and osteotome, K-wires 
proximal and distal to osteotomy site to evaluate 
for degrees of correction, with fixation utilizing 
static retrograde intramedullary nail, irrespective 
of the type of preexisting hardware. Previous 
plate fixation requires complete removal. 
Previous nail fixation can possibly be retained 
with osteotomy, removal of the proximal locking 
screws, followed by correction and proximal 
relocking. In some cases, previously well-fit nails 
may require complete removal to obtain the rota-
tional correction.
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 3. Coronal Plane

Open exposure lateral closing wedge osteot-
omy for varus deformity without the presence of 
additional limb length inequality. Medial open-
ing wedge osteotomy for varus deformity with 
limb length inequality <3.0 cm. For valgus defor-
mity, lateral opening wedge or medial closing 
wedge depending on respective concomitant 
limb length inequality. Fixation typically with 
intramedullary nail (if plausible route) or lateral 
distal femur locking plate, contoured to accom-
modate for corrected deformity.

 4. Sagittal Plane

For recurvatum deformities (most common), 
lateral approach with anterior opening wedge 
osteotomy versus posterior closing wedge oste-
otomy, decision based on bone quality, healing 
potential, and concomitant limb length inequal-
ity. For procurvatum deformity, anterior closing 
wedge osteotomy versus posterior opening 
wedge osteotomy. Fixation typically with intra-
medullary nail (if plausible route) or lateral distal 
femur locking plate.

 5. Leg Length Discrepancy

Distraction osteogenesis is a reliable process 
to gradually correct leg length malunions. Patient 
disposition, competency, compliance, and under-
standing of options for various treatment meth-
ods for distraction osteogenesis are critical. 
Magnetic lengthening nail is preferred if the indi-
cations and anatomy allow, otherwise lengthen-
ing via Ilizarov style frame. Osteotomy site is 
typically at the metadiaphyseal junction via drill 
holes and osteotomy.

 6. Multiplanar Deformity

Biplanar osteotomy in the case of “simple” 
multiplanar deformity; otherwise, osteoplasty in 
the method of Ilizarov with Taylor spatial frame 
(Smith and Nephew Inc., Memphis, TN, USA) 
and gradual correction.

 7. Prosthetic Replacement

All elderly patients with symptomatic mal-
unions merit consideration for prosthetic replace-
ment unless immediate weight-bearing will be 
allowed. In patients with poor bone quality, lim-
ited life-expectancy, and/or presence of advanced 
post-traumatic osteoarthritis, arthroplasty is also 
the preferred option. If deformity permits correc-
tion with bone cut adjustments or simple 
augmentation(s), primary or revision total knee 
arthroplasty components can be utilized, other-
wise megaprosthesis with distal femoral replace-
ment if necessary.

 8. Intra-articular Malunion

In the rare case of a patient with early mal-
union prior to development of post-traumatic 
osteoarthritis, salvage osteotomy and cannulated 
screw fixation +/− bone graft is a reasonable 
attempt to delay premature osteoarthritis and need 
for early arthroplasty. In older patients, and those 
with existing or worsening signs of post- traumatic 
osteoarthritis or worsening preexisting osteoar-
thritis, total knee arthroplasty is preferred.

11.6  Case Discussions

11.6.1  Case 1

The patient is a 56-year-old male restrained 
driver status post high-speed motor vehicle colli-
sion in 2016. The patient sustained a left distal 
femur fracture with metadiaphyseal comminu-
tion and intercondylar extension, AO type C2, as 
well as an ipsilateral basicervical proximal femur 
fracture, AO type A1 (Fig. 11.2). Initial workup 
revealed a history of coronary artery diseases sta-
tus post bypass, hypertension, and a current one 
pack per day smoking history. The day after pre-
sentation, the patient underwent fixation distally 
with three percutaneous 7.3  mm partially 
threaded cannulated screws across the intercon-
dylar fracture line followed by long antegrade 
cephalomedullary locked nail (Fig. 11.3). He was 
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a b c

Fig. 11.2 (a) Anteroposterior and (b) lateral injury radiographs and (c) coronal CT slice of the left distal femur show-
ing metadiaphyseal comminution with intercondylar extension, AO type C2

a b

Fig. 11.3 (a) Anteroposterior and (b) lateral immediate postoperative radiographs of the left femur
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a bFig. 11.4 Three-month 
postoperative (a) 
anteroposterior femur 
radiograph and (b) 
X-ray scanogram 
demonstrating varus 
collapse and distal 
interlock screws backing 
out

discharged to inpatient rehabilitation on post-op 
day 3, but readmitted and taken back to the OR at 
2 weeks post-op for persistent drainage from the 
proximal hip incision with methicillin-sensitive 
Staphylococcus aureus-positive cultures. 
Appropriate intravenous antibiotics were tailored 
to cultures and he underwent two additional 
washouts over the next several weeks before 
eventually clearing the infection. X-rays at his 
3-month postoperative visit began to show signs 
of medial translation and several degrees of varus 
collapse of the comminuted metadiaphyseal 
component of the distal femur fracture with back-
ing out of several of the distal interlock screws 

(Fig.  11.4). The patient was then subsequently 
taken back to the operating room where fracture 
mobility allowed for valgus stress to re-establish 
the mechanical axis of the extremity through the 
fracture site. Several distal intercondylar screws 
were exchanged, and a blocking screw was uti-
lized laterally to confine the distal tip of the nail 
while the distal interlock screws were replaced 
(Fig.  11.5). Postoperatively, he was kept non- 
weight- bearing for a period of 10 weeks. Union 
of three out of four cortices was achieved 
8 months after revision, but the varus deformity 
had recurred and a nonunion of the proximal 
femur persisted. Malunion evaluation with X-ray 
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scanogram (see images 8/22/18) showed mechan-
ical axis deviation (MAD) of 30  mm, varus 
 deformity of 6°, mLPFA 94°, and mLDFA 93° 
(Fig.  11.6). Preoperative templating utilizing 
TraumaCad (Brainlab Inc., Westchester, IL, 
USA) software calculated a planned 7 mm medial 
opening wedge osteotomy.

The patient underwent malunion correction 
with medial opening wedge osteotomy at the pre-
vious fracture site according to preoperative tem-
plating. Multiple drill holes were utilized at the 
osteotomy site, completed with a straight osteo-
tome. Compression of the lateral cortex was 
achieved with drill holes on either side of the 
osteotomy and pointed reduction forceps. Local 
biologic augmentation was provided at the oste-

otomy site with a bone void filler. A second lat-
eral distal femur blocking screw was then placed. 
Open reduction and bone grafting of the proxi-
mal femur nonunion were simultaneously per-
formed, and a long revision cephalomedullary 
nail was placed bypassing the osteotomy site. 
Distal interlock screws were placed distal to the 
osteotomy site (Fig. 11.7).

The patient did well postoperatively. He 
achieved solid union of the distal femur osteot-
omy at 6  months postoperative from final revi-
sion and was ambulating without assistive 
devices. He reported he was able to return to 300- 
pound leg press weightlifting following union at 
last follow-up 18 months postoperative from last 
deformity correction (Fig. 11.8).

a b
Fig. 11.5 Immediate 
(a) anteroposterior and 
(b) lateral distal femur 
postoperative 
radiographs after valgus 
manipulation and distal 
screw exchange
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11.6.2  Case 2

The patient is an 18-year-old otherwise healthy 
male referred to our clinic following treatment 
of a pediatric right distal femur fracture at the 
age of 12. He reportedly sustained a Salter-
Harris type 3 fracture of the lateral distal femur 
epiphysis that was treated by an outside pro-
vider with open reduction internal fixation via 
distal femur partially threaded screws, followed 
by subsequent hardware removal. He went on to 
develop a gross valgus deformity with internal 
rotation of the distal femur and a leg length dis-
crepancy of 3 cm (Fig. 11.9). He reported diffi-

culty with strenuous activities as well as a 
visible deformity. After discussion of the 
options, the patient elected to proceed with 
Ilizarov style frame and osteoplasty for simulta-
neous correction of leg length discrepancy and 
valgus deformity. Preoperative templating uti-
lizing TraumaCad (Brainlab Inc., Westchester, 
IL, USA) revealed mLDFA of 73 and planned 
lengthening of 2 cm with 12.8° correction.

The patient underwent Taylor spatial frame 
(Smith and Nephew Inc., Memphis, TN, USA) 
application utilizing hybrid fixation of 6  mm 
hydroxyapatite-coated pins and Ilizarov ten-
sioned wires. A metadiaphyseal osteotomy site 

a b
Fig. 11.6 (a) 
Anteroposterior and (b) 
X-ray scanogram 
following union of the 
distal femur showing 
varus malunion
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was chosen and carried out with drill holes, 
completed with osteotome (Fig. 11.10). Gradual 
distraction and osteoplasty was performed over 
the following 50  days (Fig.  11.11), with con-
solidation phase of 100  days after completion 
of correction (Fig.  11.12). He did experience 
proximal pin site infections toward the end of 
the consolidation phase that were treated with 
oral antibiotics without issue. His frame was 
removed at 5 months postoperative. Continued 
weight- bearing with crutches was allowed fol-
lowing removal.

The patient was doing well at his follow-up 
6  months after initial frame application, after 

which he was unfortunately lost to follow-up 
(Fig. 11.13). He had returned to normal activi-
ties and reported feelings of symmetry. He was 
ambulating without pain and without assistive 
devices, though he did have ipsilateral knee 
stiffness and range of motion 0–80° at last 
follow-up.

11.6.3  Case 3

The patient is a 66-year-old female with well- 
controlled type 2 diabetes mellitus who is status 
post primary left total knee arthroplasty by an 

a b

c

Fig. 11.7 (a) 
Intraoperative 
fluoroscopic view of 
completion of 
metadiaphyseal 
osteotomy with 
osteotome and 
immediate postoperative 
(b) anteroposterior and 
(c) lateral distal femur 
radiographs following 
deformity correction
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outside provider 2  years prior to presentation. 
Three months after surgery, the patient’s postop-
erative course was complicated by a fall and sub-
sequent periprosthetic distal femur fracture 
treated with open reduction internal fixation uti-
lizing a lateral distal femur locking plate. She 
reported gross varus deformity several months 
after fracture fixation and continued pain in the 

knee. She was referred to our clinic 21 months 
after fixation with imaging consistent with col-
lapsed malunion in 16° of varus (Fig.  11.14). 
There was no history of wound healing difficul-
ties, antibiotic use, or additional procedures 
related to the incisions. Preoperative lab work 
revealed normal inflammatory markers (CBC, 
ESR, CRP) and hemoglobin A1C < 7.

a bFig. 11.8 (a) 
Anteroposterior and (b) 
lateral radiographs of 
the left femur at 
18 months postoperative 
from deformity 
correction
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Following appropriate workup and clearance, 
she underwent cemented distal femoral replace-
ment with removal of the lateral distal femoral 
plate/screws and osteotomy above the site of the 
malunion (Fig.  11.15). Immediate weight- 
bearing and rehabilitation was allowed. She did 
well in the early postoperative phase, but unfor-
tunately sustained a fall with therapy 6  weeks 
postoperatively and was found to have a patellar 
tendon avulsion off the tibial tubercle and dislo-
cation of the tibial post (Fig. 11.16). Subsequent 
open reduction of the prosthesis was performed 

with heavy #5 Ethibond (Johnson & Johnson, 
New Brunswick, NJ, USA) suture repair of the 
patellar tendon avulsion. Immediate weight-
bearing was again allowed with hinged knee 
brace locked in extension. Three months follow-
ing repair, she was found to have recurrent 
patella alta on radiographs and continued dis-
continuity of her extensor mechanism on exam. 
The patient desired no further surgeries and at 
6 months postoperatively was ambulating in an 
extension brace with a rolling walker without 
significant pain (Fig. 11.17).

a b c

Fig. 11.9 (a) Anteroposterior and (b) lateral radiographs of the right femur and (c) X-ray scanogram at time of consul-
tation showing valgus deformity of the right femur and leg length discrepancy
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a b

Fig. 11.10 Immediate postoperative (a) anteroposterior and (b) lateral radiographs of the right distal femur after oste-
otomy and spatial frame application

a b

Fig. 11.11 (a) Anteroposterior and (b) lateral radiographs of the right distal femur at end of correction phase, 50 days 
postoperative
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a b

Fig. 11.12 (a) Anteroposterior and (b) lateral radiographs of the right distal femur at end of consolidation phase, 
5 months postoperative

a b c

Fig. 11.13 (a) Anteroposterior and (b) lateral radiographs of the right distal femur and (c) X-ray scanogram at final 
follow-up, 6 months postoperative
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a b

Fig. 11.14 (a) Anteroposterior and (b) lateral radiographs of the left knee at time of consultation demonstrating varus 
periprosthetic malunion
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a b
Fig. 11.15 (a) 
Anteroposterior and (b) 
lateral radiographs of 
the left knee 
immediately 
postoperative following 
left distal femur 
replacement with 
resection of malunion
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a b
Fig. 11.16 (a) 
Anteroposterior and (b) 
lateral radiographs of 
the left knee 6 weeks 
postoperative after fall 
with dislocation of the 
tibial post and patellar 
tendon avulsion
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a b

Fig. 11.17 (a) Anteroposterior and (b) lateral radiographs of the left knee at last follow-up, 6 months postoperative
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Malunions of the Proximal Tibia 
and Tibial Plateau

Animesh Agarwal

12.1  Introduction to Proximal 
Tibia Fractures and 
Malunions

12.1.1  Proximal Tibia Fractures

Proximal tibia fractures account for approxi-
mately 1–2% of all fractures with a bimodal dis-
tribution [1]. These fractures are in the proximal 
metaphyseal region of the tibia but can extend 
into the joint. They can be entirely extra-articular 
or extend into the knee joint where they involve 
the tibial plateau. Proximal tibial extra-articular 
fractures account for 5–11% of all tibia fractures 
[2].The Schatzker classification is often used to 
describe the various tibial plateau fractures. The 
AO classification can also be used to distinguish 
between the extra-articular types (AO Type A), 
partial articular types (AO Type B), and those 
that are the true intra-articular types (AO Type 
C). The AO Type B and C fractures overlap with 
those described by Schatzker. Schatzker types 
1–3 involve only the lateral tibial plateau and are 
considered partial articular types, with type 1 
being a nondisplaced split, type 2 a split depres-
sion fracture, and type 3 pure depression. 

Schatzker type 4 involves the medial tibial pla-
teau only and usually is considered a fracture- 
dislocation equivalent, and thus one should have 
high suspicion for associated neurovascular inju-
ries. Bicondylar tibial plateau fractures, Schatzker 
V and VI, are also high-energy injuries, but they 
involve both the medial and lateral joint surfaces 
with metadiaphyseal extension in type 6. These 
bicondylar fractures account for anywhere from 
18% to 39% of all tibial plateau fractures [3].

These fractures can be highly problematic due 
to the small size of the proximal fragment(s) that 
can occur especially in the highly comminuted 
fractures [4]. The amount of “real estate” avail-
able for fixation may both guide and limit the 
treatment options available. Although nonopera-
tive management can still be an option, it is usu-
ally reserved for completely nondisplaced 
injuries or those with significant comorbidities 
precluding surgical intervention. Majority of dis-
placed fractures and those with intra-articular 
involvement certainly will benefit from anatomic 
reduction with rigid stabilization of the joint and 
realignment of the mechanical axis of the tibia 
and lower extremity. When these fractures go on 
to a malunion and affect the mechanical axis of 
the limb, corrective osteotomies may be required 
[5]. The goal of treatment of these fractures is to 
restore the anatomical articular surface, restore 
the condylar width, realign the mechanical axis, 
create a stable joint, and repair any soft tissue 
injuries [6].
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Due to the difficulty in the management of 
these fractures, malunions can develop. The 
extra-articular proximal tibia fractures can 
develop into isolated varus malunions (most 
common), valgus malunions, or sagittal plane 
deformities. If the original injury is a partial 
articular fracture, failure to either obtain or main-
tain the reduction of the joint can result in an 
intra-articular malunion. In the Schatzker V or VI 
injuries, either one or both intra-articular and 
extra-articular malunions could develop. It is 
important to properly diagnose the location of the 
malunion as well as causes that led to the 
development.

12.1.2  Incidence of Malunions

A malunion of the proximal tibia can occur after 
a fracture and, just like fractures, can be classi-
fied similarly: extra-articular, intra-articular or 
both. The cause is often multifactorial [7]. A 
more complete classification was described by 
Krettek et  al., which was based on location 
(medial, lateral, combined, intra-articular, extra- 
articular or both, condylar or intra-condylar), 
geometry, progression, and severity [8]. The nor-
mal alignment of the proximal tibia is usually 

described in terms of the medial proximal tibia 
angle (MPTA) and is usually 87° ± 3° as well as 
the posterior proximal tibia angle (PPTA) on the 
lateral view which is 80° ± 3° (Fig.  12.1). The 
other relevant angle to assess is the lateral distal 
femoral angle (LDFA) which is usually 88° ± 3°. 
For the tibia, the anatomic and mechanical axes 
are identical. A malunion can occur in the coro-
nal plane and sagittal plane and can be multipla-
nar, rotational, axial, or a combination of any of 
the above. In general, any deviation from the nor-
mal alignment parameters would be considered a 
malunion although strict parameters for a mal-
union vary in the literature without consensus 
[9]. Johner and Wruhs reported on a series of 
tibial shaft fractures and provided a classification 
scheme and looked at functional results classify-
ing them as poor to excellent depending on a 
variety of outcomes. Based on this classification 
scheme, varus/valgus malunion of >10°, sagittal 
plane malunion of >20°, rotational malunion of 
>20°, and shortening of >20 mm were all classi-
fied as a poor outcome [10]. Additionally, a step- 
off in the joint of at least more than 2 mm has 
been considered an intra-articular malunion, 
although the amount acceptable has been debated. 
Therefore, common guidelines for surgical inter-
vention are varus at the knee greater than 10°, 

MPTA 87 degrees
+/- 3 degrees

PPTA 80 degrees
+/- 3 degrees

a b
Fig. 12.1 (a, b) AP and 
lateral radiograph of a 
normal left knee 
showing the average 
MPTA and PPTA
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valgus malalignment at the knee greater than 15°, 
greater than 2 cm leg length discrepancy (LLD), 
or rotational malalignment of greater than 10° 
[11, 12]. The incidence of malunion in the proxi-
mal tibia after surgical treatment has been 
reported to be anywhere from 0% to 79% with 
the latter being in the elderly population over the 
age of 60 [2, 7, 9, 13–16]. Malunion can occur in 
the form of angular deformities, intra-articular 
malalignment, limb length discrepancies, or rota-
tional malalignment.

In a large series of all types of tibial plateau 
fractures, Rademakers et al. had a 4% incidence 
of malunions out of 209 patients. The unicondy-
lar fractures had better functional results than 
bicondylar fractures [13]. Barei et  al. reported 
their complications in high-energy bicondylar 
tibial plateau fractures utilizing dual incisions. 
They had a 9% incidence of coronal malalign-
ment, 28% incidence of sagittal malalignment, 
and only 62% satisfactory articular reductions 
[17]. Ruffolo et  al. reported only 1 varus mal-
union out of 140 bicondylar tibial plateau frac-
tures treated with dual plating through two 
incisions [18]. The finding of sagittal plane defor-
mity was found to be even more prominent in a 
study by Streubel et al., where they evaluated 74 
patients with bicondylar tibial plateau fractures 
[14]. They found that 56% of the lateral tibial 
plateaus were angulated more than 5° from the 
normal anatomic slope with the majority angu-
lated posteriorly. The medial side showed similar 
findings with 58% angulated more than 5° from 
the normal but with less posterior inclination than 
the lateral side. Long-term outcome of the effect 
of this was not studied. In their series of 140 
patients with bicondylar tibial plateau fractures, 
Weaver et al. reported a 15% incidence of malre-
ductions and highlighted the advantage of dual 
plating over single lateral locked plating in 
 certain bicondylar fractures [15]. Over time, 54% 
of the fractures had a change in their alignment 
with 44% having varus malunion up to 13° and 
11% developing valgus malunion up to 4.5°.

Proximal tibia fractures treated with intramed-
ullary nails historically have had high rates of 
malalignment ranging anywhere from 8% to 84% 
[4, 19–21]. The typical deformity is that of valgus 

and procurvatum, which results from the 
increased tension on the extensor mechanism 
while in flexion during nailing as well as muscle 
imbalance [4, 22]. Newer nailing systems and 
techniques have alleviated this issue (see Sect. 
12.2.3). Due to the malalignment issues with IM 
nailing, locking plates became a commonplace 
implant for the treatment of these extra-articular 
proximal tibia fractures. The Less Invasive 
Stabilization System (LISS) ™ was widely used 
for the management of such fractures [14, 23, 
24]. The system was designed to be placed in a 
minimally invasive fashion and only provided 
lateral column support, but was a fixed angle con-
struct. Stannard et al. reported their results in 39 
fractures and had no loss of alignment in long- 
term follow-up. They did report two patients with 
a malunion (5%). They felt that the LISS had sig-
nificant advantages over traditional plates [24]. 
Cole et  al. reported their series of 77 proximal 
tibia fractures treated with the LISS and had a 
malunion incidence of 10.4%. The majority were 
sagittal plane deformities [14]. Ricci et  al. 
reported a 17.9% incidence of malunion in their 
series of 28 consecutive patients treated with the 
LISS for comminuted fractures of the proximal 
tibia metaphysis. They also did not have long- 
term varus collapse despite the lack of a medial 
plate [23].

In a study by Buckley et al., there was a 50% 
incidence of malrotation of proximal tibia frac-
tures treated with a minimally invasive percuta-
neous osteosynthesis technique [12]. They 
defined malrotation as a side-to-side difference of 
>10°. The mean difference in their study was 
16.2° but was not found to be statistically signifi-
cant. Naik et  al. treated 49 proximal tibia frac-
tures with percutaneous locked plating and found 
a malunion incidence of 20%. They also had two 
rotational malunions and leg length discrepancy 
of 1 cm in two patients due to the comminution 
[2]. Malrotation is even commonplace in tibial 
shaft fracture management with intramedullary 
nails [25]. Thieriault et  al. showed a 41% inci-
dence of rotational malalignment of >10° when 
using CT scanning of the bilateral lower extremi-
ties [26]. Most recently, Cain et al. found a 36% 
incidence of rotational malalignment in  following 
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IM nailing of tibial shaft fractures [27]. Puloski 
et al. reported on a small series of patients, using 
postoperative CT scans, and found a much higher 
than expected rate of malalignment after intra-
medullary nailing. The rotational malreduction 
occurred anywhere from 15° of internal rotation 
up to 22° of external rotation. There was a 22% 
incidence of malrotation greater than 10° [28].

12.1.3  Ramifications of Proximal 
Tibia Malunions

Proximal tibia malunions can have detrimental 
effects to the patient’s function. Cosmesis is usu-
ally a secondary issue if at all and should not nec-
essarily be the sole reason for treatment of a 
malunion. Any malalignment of the lower 
extremity can result in mechanical axis deviation 
with resultant post-traumatic arthritis due to 
overload of the joint from abnormal stresses. The 
normal mechanical axis of the lower extremity 
runs through the knee joint about 1  cm medial 
from the center. Excessive varus or valgus 
malalignment of the proximal tibia results in 
mechanical axis deviation either medially or lat-
erally, respectively, with resultant abnormal 
forces on the joint predisposing the patient to 
PTOA [29, 30]. Palmer et al. recently published a 
longitudinal cohort study looking at 1329 knees 
in 955 individuals. They found that the MPTA 
was significantly associated with structural pro-
gression of arthritis. For every one degree more 
of varus in the MPTA, there was 21% increase in 
the odds ratio of joint space narrowing progres-
sion in the medial compartment [29]. Even rota-
tional malalignment has been shown to lead to 
the earlier development of PTOA most likely 
from abnormal shear forces on the cartilage [12, 
31–33].

Numerous animal studies have shown that 
malalignment can lead to PTOA.  Reimann cre-
ated a 30-degree valgus osteotomy in the proxi-
mal tibia of adult rabbits. Subsequently, these 
animals all developed degenerative changes in 
the knee joint and concluded that altering the 
mechanical axis can alter the load bearing result-
ing in the development of arthrosis [34]. Wu et al. 
performed a similar procedure on adult rabbits 

but created either a 30-degree valgus or varus 
osteotomy of the proximal tibia. In addition to 
the degenerative changes in the cartilage, they 
also found an increased thickness of the subchon-
dral bone and a decrease in the trabecular poros-
ity [35]. The alteration in the mechanical axis 
leads to increased contact pressures in the knee 
joint, with the greatest effect being on the joint 
closest to the deformity, e.g., proximal tibia mal-
union causing biggest pressure change in the 
knee [36, 37]. The altered loading results in high 
shear in the cartilage surface with subsequent 
splitting and degeneration of the cartilage [38].

Clinical studies have shown similar findings 
of an increased risk of PTOA with malalignment, 
but the data has been controversial. Van der 
Schoot et al. followed 88 patients with a fracture 
of the tibia for an average of 15 years. Although 
these were tibial shaft fractures, they found a 
49% incidence of a deformity of 5° or more, and 
these malaligned joints had significantly more 
degenerative changes than the uninjured side 
[33]. Milner et al. also found a trend toward more 
arthritis in the medial tibial plateau of many tibial 
shaft fracture patients; they felt that the true cause 
was multifactorial [32]. Kettelkamp et  al. fol-
lowed 14 patients over an average of 31.7 years 
that had degenerative arthritis with a history of 
either a tibial or femoral fracture. Using a math-
ematical static force analysis, they found an 
increased force on the medial or lateral tibial pla-
teau due to either varus or valgus deformities at 
the knee, respectively [31]. They felt the degen-
erative arthritis that these patients developed was 
from these increased forces on the joint. It is also 
well established that increased varus inclination 
of the articular surface of the proximal tibia leads 
to osteoarthritis [39–42].

Despite malalignment affecting the mechani-
cal axis of the limb, intra-articular malunions can 
be of issue when the joint is involved. 
Malreduction of the joint in articular fractures 
has been shown to result in PTOA [17, 43–45]. 
Although the eventual development of PTOA can 
still occur in the face of an anatomic reduction, 
which is usually due to the chondral joint damage 
that can be associated with such high-energy 
articular fractures, it is still important to obtain 
and maintain an anatomic reduction to give the 
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patient the best outcome possible [25]. 
Fortunately, the tibial plateau is able to tolerate 
larger articular step-off than other joints, but ana-
tomic reduction is still warranted [13, 46]. 
Associated instability and total meniscectomy 
are also predictive in the development of PTOA, 
and thus stability should be addressed and the 
meniscus preserved as best as possible [25, 47–
50]. The risk of PTOA in tibial plateau fractures 
has been reported to be anywhere from 23% to 
44% [13, 43, 51, 52]. Rademakers et al. in their 
series of 209 patients with tibial plateau fractures 
showed that despite an overall incidence of mal-
union of 4%, long-term follow-up of 109 patients 
showed that 31% of patients developed PTOA 
but was well tolerated by the majority of those 
patients (64%). However, those with malalign-
ment of greater than 5° developed a moderate to 
severe grade of PTOA more often than those with 
an anatomic knee axis (27% vs. 9.2%; SS at 
p = 0.02). Articular step-off of 2 mm to 4 mm was 
found not to have an increased development of 
PTOA compared to a step-off less than 2  mm 
[13]. This underscores the multifactorial etiology 
of PTOA in articular injuries.

12.2  Causes of Malunions

Malunions of the proximal tibia can occur for a 
multitude of reasons. The etiology is often multi-
factorial and can occur from the surgery itself 
and can be related to the implant or attributable to 
the patient. Additionally, fracture characteristics 
can contribute to malunion development. Johner 
and Wruhs emphasized that comminution could 
lead to malalignment due to the lack of cortical 
contact and result in instability at the fracture site 
[10]. This is obvious as well, since with a good 
cortical read, anatomic restoration of not only the 
alignment, but the length and rotation become 
much simpler. When there is loss of the cortical 
read due to extensive comminution, the surgeon 
must rely on contralateral imaging and examina-
tion of the lower extremity for rotation for poten-
tial clues to determine the proper alignment. 
Prevention is the best treatment, thus minimizing 
iatrogenic factors which include implant type and 
application of the implant. Improper positioning 

of the plate can lead to inadvertent malalignment 
during the index procedure. Inadequate fixation 
can lead to loss of reduction and subsequent fail-
ure of the entire construct. Articular fractures 
require absolute stability with rigid fixation and 
failure to do so can result in subsidence of the 
joint surface and resultant intra-articular mal-
unions. Attention should be paid to length, align-
ment, and rotation to insure restoration of the 
mechanical axis of the lower extremity.

12.2.1  Surgical Considerations

Implant choice for extra-articular (AO type A) 
proximal tibia fractures remains a controversial 
topic and can be amenable to intramedullary nail-
ing, plating, or even small wire external fixation. 
As mentioned previously, IM nailing of proximal 
tibia fractures can result in valgus with apex ante-
rior deformities if care is not done to obtain and 
then maintain the alignment while placing the 
nail [4, 19–22].

If utilizing a proximal locking plate for these 
fractures, it is important to note that the plate- 
bone mismatch is still a problem, even with the 
modern designs of the available pre-contoured 
plates. Thus, sole reliance on the plate as a reduc-
tion tool may itself contribute to malreduction. 
Many plates are put in percutaneously since the 
joint is not involved. Unfortunately, even mini-
mally invasive plate osteosynthesis (MIPO) tech-
niques have been associated with malunions of 
the proximal tibia. Although this MIPO tech-
nique for proximal tibia fractures has been shown 
to be advantageous from a soft tissue preserva-
tion aspect, several recent studies have shown it 
to be significantly associated with rotational mal-
unions [12]. It is important to evaluate the rota-
tional profile compared to contralateral 
radiographs to mitigate this risk (see Sect. 
12.2.3).

12.2.2  Patient and Injury 
Considerations

One of the biggest factors to the development of 
a malunion is the fracture pattern itself. 
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Comminuted fractures or fractures with bone loss 
result in an inability to accurately piece together 
the fracture, and often rotation, length, and align-
ment have to be determined by comparison of the 
opposite side. This itself is problematic since 
there are side-to-side differences that occur natu-
rally. Additionally, fluoroscopy only provides a 
very narrowed view, and assessment of the 
mechanical axis intraoperatively is difficult.

There is a higher risk of need for revision 
ORIF procedures in patients with bicondylar 
fractures, associated with a tibial shaft fracture, 
open fracture, and surgery performed at odd 
hours (evening/weekends/after midnight) [53]. 
Henry et  al. published their results of 8426 
patients over a 13-year period and had an 8.2% 
revision ORIF rate but only 0.82% incidence of 
osteotomy for malunion, but did not report on 
overall alignment [53].

Malunions, identified as a result of collapsed 
nonunion or delayed union, emphasize patient 
factors important to consider as causes of even-
tual malunion. Diabetes and smoking can con-
tribute to delayed healing which ultimately could 
result in failure of the construct prior to healing 
[17, 18]. Osteoporosis could result in loss of fixa-
tion early, prior to healing. In a study by Ali et al., 
they showed an 85% loss of fixation in the elderly 
patient due to significant osteoporosis. Elderly 
was defined as greater than 60 y/o. Additionally, 
noncompliance with weight bearing in this group 
contributed to failure as well [9]. All of these fac-
tors can allow the fracture site to collapse, pro-
viding compression with eventual healing if the 
patient fails to follow-up in a timely fashion or if 
there is failure to timely intervene to correct the 
malalignment. This may be subtle or significant 
enough to potentially require treatment. 
Noncompliance with weight bearing restrictions 
can also result in loss or failure of fixation with 
the same end result of a malunion under the same 
situations as mentioned previously.

12.2.3  Preventative Strategies 
for Malunion

Bicondylar tibial plateau fractures provide spe-
cial challenges to the orthopedic surgeon [53]. 

Although many of these require dual plating, 
many can still be treated with a single lateral 
locked plate. The challenge lies in making the 
correct decision as to which one can be treated 
with a single plate vs. a dual plate. Gosling et al. 
reviewed their series of bicondylar tibial plateau 
fractures treated with a single lateral locked plate. 
They found a 15% incidence of malreduction, but 
more importantly 11% had loss of coronal reduc-
tion with resultant varus collapse of >5° [54]. 
Careful scrutiny of the preoperative CT scan can 
define the fracture morphology of the bicondylar 
plateau with special emphasis placed on the plane 
of the medial plateau fracture. In cases where the 
medial plateau fracture is a posterior or postero-
medial fragment, buttressing of that fragment 
with a medial plate is probably warranted for sta-
bilization. If the fracture plane on the medial side 
is strictly sagittal, then screws from a single lat-
eral locked plate can often provide enough stabil-
ity to maintain the medial plateau alignment and 
prevent varus collapse [3]. Weaver et al. showed 
that lateral locked plating is sufficient for bicon-
dylar tibial plateau fractures when the medial 
fracture is in the sagittal plane or a large single 
fragment. Those fractures that had coronal plane 
involvement of the medial side did significantly 
better in terms of maintaining the reduction with 
dual plating than with single locked lateral plat-
ing [15]. Although they reported an overall 15% 
malreduction rate, the coronal medial fracture 
group treated with a lateral plate had a 14% loss 
of reduction compared to 0% in the dual plating 
coronal medial fracture group. Keep in mind that 
anatomic restoration of the articular injury is par-
amount, and rigid fixation of the articular injury 
is needed to prevent an intra-articular malunion. 
In cases of significant joint comminution, gaps 
are tolerated better than step-offs, and thus every 
attempt should be made to create a congruent 
joint surface with sufficient subchondral support 
with bone graft or bone graft substitutes as 
needed to prevent subsidence of the joint 
 fragments. These cases are best done during day-
time hours as opposed to odd hours, which has 
been shown to be a risk for revision ORIF [53]. 
Restoration of the joint requires visualization 
which can be obtained by performing a 
 sub- meniscal arthrotomy. Visualization of the 
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 reduction is aided by fluoroscopy, but direct visu-
alization through the arthrotomy is paramount. 
The joint should be reduced and supported by 
bone graft or a graft substitute. These techniques 
can help reduce the chance of an intra-articular 
malunion [55]. Obtaining and then maintaining 
the reduction is the key to avoiding failure and 
malalignment of the metadiaphyseal component 
as well.

Tibial plateau fractures involving the lateral 
tibial plateau fracture require anatomic restora-
tion of the joint surface by elevating the depressed 
segments and bone grafting underneath followed 
by stabilization [56]. Subchondral rafting screws 
can help minimize or prevent subsidence of the 
joint over time. This can aid in preventing loss of 
reduction of the articular surface and an intra- 
articular malunion which is very likely to prog-
ress to PTOA.  The lateral condyle should be 
buttressed when it is completely off. Failure to 
buttress could lead to displacement and subse-
quent valgus malunion of the joint with subsid-
ence of the lateral side. This is especially true for 
the medial side where anatomic restoration of the 
medial side with compression of the fracture 
plane and buttressing are needed. Due to the nor-
mal MAD being through the medial compart-
ment, the knee wants to fall into varus and 
insufficient fixation will lead to failure.

Proximal extra-articular fractures that are 
amenable to either plating or nailing can still be 
problematic. As mentioned before, nailing of 
such fractures is especially problematic due to 
the muscle forces acting on the short proximal 
fragment. Often the malreduction with nailing 
results in valgus and procurvatum [4, 22]. 
Preventative strategies have been described for 
nailing of these proximal tibia fractures and 
include blocking screws, more lateral starting 
point, semi-extended approach, supra-patellar 
nailing, use of a universal distractor, and an ante-
rior unicortical plate across the fracture site [22, 
57–60]. It is important to understand that the 
reduction should be obtained before and during 
reaming.

These fractures can be plated as well in a fairly 
minimally invasive technique (MIPO), but as pre-
viously mentioned still can have a higher than 
expected rotational malalignment. Additionally, 

since the plate is only on the lateral side of the 
bone, the entire construct can fall into varus 
depending on the comminution at the fracture site 
[4]. To avoid a rotational malunion, it is important 
to accurately assess the patient’s contralateral 
limb to determine what the patient’s normal rota-
tion is. The more comminution and inability to 
obtain a cortical read for reduction, the more 
important and useful this technique becomes. 
Fluoroscopy is used to obtain a perfect lateral of 
the knee of the uninjured side (femoral condyles 
perfectly overlapped) followed by moving the 
c-arm down to the ankle and obtaining a view of 
what the ankle looks like with the knee held in 
this perfect lateral position. Most patients have 
slight external rotation of the ankle on this view 
when compared to the knee lateral. This allows 
for a comparative reference when either nailing or 
plating the extra-articular fracture or even in cases 
of bicondylar fractures. In a study by Yoon et al., 
combining plating and nailing of proximal tibia 
fractures led to 0% malunion rate. They reported 
on 27 patients with adequate follow- up over an 
average time of 20 months. They had a 93% union 
rate with no loss of alignment [16].

12.3  Evaluation and Diagnosis

The general evaluation and diagnosis of a mal-
union has been covered in Chap. 1. The same 
principles apply. However, specific points to 
address in relation to a malunion of the proximal 
tibia or tibial plateau will be discussed below.

12.3.1  History

As in evaluating any new patient, it is important 
to understand the original mechanism of injury, 
the severity of the injury (e.g., open vs. closed, 
comminution), and treatment course which has 
now resulted in the malunion. If it was open, how 
many surgeries were performed prior to defini-
tive fixation? What was done at the time of the 
original surgery? If the injury films, if available, 
indicated that the best course of action at the time 
was felt to be operative management, but closed 
treatment was performed, why was that the case? 
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In certain situations, the patient may have been 
too sick from the initial trauma to undergo opera-
tive fixation. In other circumstances, the patient 
may have opted for nonsurgical management. If 
the patient is referred in, requesting the medical 
records from the original surgeon can be very 
helpful. Did they have any problems with fixa-
tion, and did they comment on the patient’s bone 
quality which could have led to failure after fixa-
tion? Careful assessment of the original postop-
erative films, if available, can help elucidate the 
etiology of the malunion. Obviously, failure to 
obtain the reduction would be obvious on these 
images. Obtaining an accurate history regarding 
any previous infection is also important. It is 
important to determine when weight bearing 
began especially if alignment was acceptable 
postoperatively and/or when there is hardware 
failure resulting in malalignment. If there was 
early failure, it may indicate noncompliance with 
the postoperative regimen. Therefore, a timeline 
of when the failure occurred in relation to the 
original surgery may indicate delayed healing 
which resulted in loss of alignment during the 
healing phase. Often the collapse that occurred 
allows the delayed union to then proceed to a 
malunion. The reason for lack of follow-up in 
those cases is also useful to determine the nest 
treatment regimen, as certain treatment options 
require close follow-up and compliance. A com-
plete social history should be obtained to include 
the use of nicotine, narcotics, and illicit drugs as 
well as any pain management issues they may 
have had. A careful medical history, to determine 
if any comorbidities contributed to the develop-
ment of any delayed union, in cases of hardware 
failure, especially diabetes, is crucial.

12.3.2  Physical Exam

The patient’s physical exam should include an 
assessment for range of motion of all joints in the 
affected extremity with a comparison to the 
opposite normal extremity. Knee motion and sta-
bility should be specifically assessed. Many of 
these patients may have concomitant ligamen-
tous injuries of the knee, which may have gone 

unrecognized. Looking at the patient’s gait is also 
helpful to assess for an instability in the knee. It 
should also be inspected for scars, especially 
adherent soft tissue to the bone, signs of infection 
such as erythema, or draining sinus tracts. 
Standing clinical evaluation of the alignment of 
the limb should be performed to assess for clini-
cal alignment, and obvious varus or valgus at the 
knee is easily seen even in obese patients. The 
patient should be evaluated for leg length dis-
crepancy utilizing various sized blocks to re- 
establish the patient’s subjective and clinical leg 
length which can be based on an assessment of 
the pelvic obliquity. In cases where the hardware 
has failed, the hardware may be prominent as 
well and along with the deformity may be caus-
ing pressure sores. A thorough neurovascular 
exam should be performed of the lower 
extremity.

12.3.3  Laboratory Studies

Laboratory studies can be helpful in those cases 
that may have a history of infection. Often, how-
ever, laboratory values are normal. If there is a 
history of infection, baseline labs should be 
obtained such as complete blood count (CBC), 
erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP). This is especially true 
in cases of retained hardware or failed hardware 
to make sure that there is no underlying low- 
grade infection. In many cases, the patient may 
have had a delayed union which eventually had 
hardware failure resulting in a deformity which 
then, because of collapse, goes on to heal. Such a 
history also warrants a metabolic workup to eval-
uate for causes of the delayed union including a 
complete metabolic profile (CMP), vitamin D, 
calcium, and endocrine labs if indicated. Patients 
with chronically low vitamin D levels may have 
secondary hyperparathyroidism which should be 
corrected on vitamin D supplementation. Diabetic 
patients should have an assessment of their glu-
cose control with a hemoglobin A1C. Nutritional 
status should also be evaluated with albumin and 
pre-albumin levels to insure the patient’s ability 
for wound healing after surgery.
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12.3.4  Radiographs

Radiographic examination should begin with 
standard anteroposterior (AP) and lateral X-rays 
of the knee on a large cassette for better visual-
ization of both the distal femur and the proximal 
tibia, as well as an AP and lateral of the affected 
tibia. A standing AP of both knees, with the patel-
lae facing forward, should supplement the imag-
ing to evaluate for joint space narrowing. A 
complete evaluation of the mechanical axis of the 
lower extremity is required and can be accom-
plished by obtaining a full-length standing AP of 
bilateral lower extremities as well as laterals. The 
AP can be obtained with a radiopaque ruler to aid 
in assessing for limb length discrepancies. My 
preference is also for a spherical marker of known 
size (CAD ball™) for magnification purposes as 
well as for preoperative planning with 
TRAUMACAD™ software (see Case 
Discussions: Case 2). It is important to assess 
both the femur and tibia for underlying deformi-
ties to ensure that the deformity is isolated to the 
tibia. The following parameters should be mea-
sured on the AP standing long leg film: the 
mechanical medial proximal tibia angle 
(mMPTA = 87o ± 3°), mechanical lateral distal 
femoral angle (mLDFA = 88° ± 3°), and mechan-
ical axis deviation (MAD = 10 mm medial to the 
center of the joint). The long leg sagittal film 
should be evaluated for these parameters: ana-
tomic posterior proximal tibial angle 
(aPPTA = 81° ± 3°) and anatomic posterior distal 
femoral angle (aPDFA  =  83° ± 4°) [30]. The 
deformity itself is defined by the center of rota-
tional angulation (CORA). This is measured by 
drawing the anatomical axis of the proximal seg-
ment of the tibia and the distal segment of the 
tibia. The point of intersection defines the angu-
lation of the deformity and is obtained on both 
the AP and lateral views. Standing knee radio-
graphs should be evaluated for the Kellgren- 
Lawrence grade of arthrosis, especially for those 
patients with significant grade III and IV preop-
erative osteoarthrosis where arthroplasty may be 
a consideration [6]. This is especially important 
for intra-articular malunions where arthrosis is 
more likely.

12.3.5  Computed Tomography 
and Magnetic Resonance 
Imaging

Computed tomography (CT) is the best advanced 
imaging study to evaluate the malunion site. 
Although the patient may be referred for a “mal-
union,” oftentimes the CT scan may show a 
“malaligned nonunion.” It provides additional 
quantification, evaluates the bone at the malunion 
site, and provides better visualization of the intra-
medullary canal for patency. It is the gold stan-
dard for assessing lower extremity malrotation 
[12, 27, 28, 61]. CT scan imaging may be 
obscured by preexisting hardware, but metal sup-
pression techniques can be used to limit artifact. 
Sagittal, coronal, and 3D reconstructions can be 
obtained to better define the anatomy. The CT 
images and subsequent 3D reconstructions can 
be helpful in guiding osteotomy planning as 3D 
plastic models can be created from which preop-
erative planning can be done [62]. Yang et  al. 
reported their results with this technique in a 
group of patients with intra-articular malunions 
of the lateral tibial plateau. They created 3D 
printed models from CT scans in seven patients 
to obtain accurate measurements and make a 
detailed preoperative plan for intra-articular oste-
otomy procedures. All patients did well and went 
on to heal with significant improvements in their 
postoperative outcome scores. They felt that uti-
lizing this technique helped in their accuracy for 
preoperative planning, reduced the risk of post-
operative deformity, and decreased intraoperative 
blood loss and operative time with better 
 outcomes [62]. CT scan imaging of the contralat-
eral normal side is also useful with subsequent 
3D reconstructions created. These contralateral 
side images can be used and flipped to create 3D 
models of what the injured side should look like. 
They then have been able to create intraoperative 
osteotomy guides based on the opposite normal 
to aid with the surgical correction. This technique 
was applied to three patients with tibial plateau 
malunions [63]. Two of the three patients had 
complete correction, whereas one patient had an 
incomplete correction secondary to the inability 
to mobilize the fragment completely and was 
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considered a failure of “execution of the proce-
dure.” The guides created were all successful in 
helping with the osteotomy [63].

Magnetic resonance imaging (MRI) can pro-
vide some useful information with regard to asso-
ciated ligamentous instability that may be 
detected on clinical exam as well as evaluate the 
joint for arthritis and meniscal integrity. Since 
many of the tibial plateau fractures can have 
associated ligamentous and meniscus injuries, 
patients presenting with malunions from such 
injuries may have had undiagnosed soft tissue 
injuries. The 3.0-T MRI can also better evaluate 
the cartilage of the knee joint which may be cru-
cial in determining the best course of action in 
older patients with associated arthrosis along 
with a malunion [64]. Retained hardware can 
however limit adequate visualization of the joint, 
and special metal suppression techniques should 
be employed if possible. Alternatively, both 
MRIs and CT scans can be obtained after hard-
ware removal in cases where staged reconstruc-
tion has been decided upon. MRI can also provide 
useful information in cases of suspected 
infections.

12.3.6  Nuclear Imaging

These can be useful in evaluating malunions 
when there is concern for infection, especially if 
there is retained hardware. Often, the existing 
hardware can limit CT or MRI scans due to arti-
fact. Nuclear medicine studies may be beneficial 
if laboratory studies (CBC, ESR, CRP) are ele-
vated. If the patient has a history of infection dur-
ing the initial treatment phases of the original 
fracture, these studies may be useful.

12.4  Management of Malunions

Many patients who develop a malunion may also 
present with varying degrees of PTOA in addi-
tion to the deformity. The biggest question for 
many patients is whether a revision procedure to 
correct the deformity is worthwhile or is going to 
a total knee arthroplasty (TKA) the better treat-

ment. Many factors come into the decision- 
making, and in the elderly patient with a mild to 
moderate degree of malalignment, total knee 
arthroplasty that can also correct the deformity 
through appropriate cuts is probably the best 
option. In most cases with a severe deformity, a 
correction may be required prior to the 
TKA. However, in some of these cases, correc-
tion of the deformity with re-establishment of the 
mechanical axis can result in pain relief and 
extend the life of the native knee. Kloen et  al. 
concluded in their study of 27 patients with revi-
sion of tibial plateau fracture fixation within 1 
year felt that attempts at salvage were worthwhile 
in young patients. There were ten patients with 
true malunions, defined as malalignment of >15° 
or an intra-articular step or gap of >2 mm, with 
the majority being intra-articular. It was noted 
that the malreduction group fared the best, and 
they recommended that early revision should be 
performed once the malreduction is diagnosed. 
Treatment of the malunions should be individu-
ally based, they concluded [65].

Nonoperative management of the malunion 
(+/− PTOA) may be indicated in the asymptom-
atic patient or with minimal symptoms. Older 
patients with symptoms that can be controlled 
with other modalities and wish to avoid surgery 
also can be managed conservatively. The main-
stays of conservative treatment are nonsteroidal 
anti-inflammatory agents, other nonnarcotic 
analgesia medications, intra-articular injections 
(PTOA; corticosteroids or viscosupplementa-
tion), and the use of unloading braces when 
malalignment is present. Other modalities that 
can help include weight loss in the overweight/
obese patient and physical therapy to strengthen 
the lower extremity and maintain ROM.

In the highly symptomatic young patient with 
a malunion and PTOA of the knee joint, either 
high tibial osteotomy (HTO) or distal femoral 
osteotomy (DFO) has been suggested as the treat-
ment of choice. This can be done alone, with 
overcorrection to “unload” the affected joint, or 
in addition to cartilage resurfacing procedures 
such as osteochondral allografts [66]. An HTO or 
DFO is indicated in the active patient that is less 
than 60 that has mild unicompartmental arthritis 
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(medial or lateral) with a normal patellofemoral 
joint and the other compartment. Knee exam 
should show good ROM and no flexion contrac-
ture. The osteotomy can be opening wedge, clos-
ing wedge, dome, or with distraction osteogenesis 
with an external fixator [68–70].

12.4.1  Rotational Malunion

Isolated pure rotational malunions of the proxi-
mal tibia can occur especially when there is no 
cortical read (comminution) at the metaphyseal 
area. This usually occurs in type A fractures that 
have been treated with MIPO techniques [12]. 
The exact amount of rotation is best determined 
by CT scans. In the cases of symptomatic rota-
tional malunions, correction can occur by a de- 
rotation osteotomy and stabilized with IM 
nailing. This obviously will depend on the preex-
isting hardware and whether a staged approach 
will be performed. The IM nailing allows for 
immediate weight bearing after stabilization as 
opposed to plate fixation. In the instance where 
the preexisting hardware may preclude IM nail-
ing after osteotomy, plate fixation or external 
fixation can be a viable option. The advantages of 
immediate fixation of the osteotomy, with either 
an IM nail or plate, allow for the avoidance of pin 
tract infections associated with an external fixa-
tion. The disadvantage is that the final correction 
cannot be changed. A Taylor Spatial Frame™ 
(TSF) can allow “dialing” in of the rotation to 
obtain as precise of a correction as possible [66–
70]. The standard disadvantages to external fixa-
tion apply, such as pin tract infections, external 
device, and length of time in a frame. The ulti-
mate treatment should always be individualized.

12.4.2  Coronal Plane Malunion: 
Extra-Articular

The normal mechanical axis deviation is on aver-
age approximately 10 mm medial to the joint line 
but does vary by individual. A complete assess-
ment of the patient’s lower limbs is required, and 
correction to the opposite (hopefully uninjured) 

side is needed. The goal is to restore the patient’s 
anatomy to their native anatomy, although over-
correction may be considered in cases where the 
joint is already showing signs of 
PTOA.  Re-establishing the mechanical axis of 
the limb is the ultimate goal. For isolated coronal 
plane malunions, a high tibial osteotomy is suffi-
cient for the correction. The type of osteotomy 
can vary from closing wedge, open wedge, or 
dome osteotomy [71, 72]. It can also be accom-
plished with an external fixator utilizing distrac-
tion osteogenesis [68]. Use of a TSF can allow 
for gradual correction with precise control over 
the final MAD to aid in achieving overcorrection 
when needed for unicompartmental arthritis [69]. 
The surgeon’s own surgical abilities should be 
taken into consideration when undertaking mal-
union correction.

12.4.2.1  Varus Malunion  
(± Intra- articular Malunion)

The most common treatment is a high tibial oste-
otomy, which can either be a medial opening 
wedge (MOWHTO) or closing wedge on the lat-
eral side (LCWHTO), for a malunion up to 15° 
[66, 70, 71, 73]. The effects of each osteotomy 
should be taken into consideration, lengthening 
for open wedge and shortening for closing wedge. 
Additionally, the LCWHTO requires either a fib-
ular osteotomy or proximal tib-fib joint disrup-
tion and dissection and protection of the peroneal 
nerve. Although the literature is scarce regarding 
comparative techniques, the overall choice is sur-
geon preference. In cases of greater than 15° of 
malalignment, either a dome osteotomy or use of 
external fixation and distraction osteogenesis is 
warranted [66, 73]. Various types of implants can 
be used to stabilize the osteotomy [71]. Wu 
reported on the use of a blade plate to stabilize 
medial opening wedge osteotomies in 25 patients 
with malunions. He found the technique to be 
successful in obtaining and maintaining the cor-
rection of the MPTA.  The preoperative MPTA 
was 72° and postoperatively, 90°. Knee function 
was improved in 88% of patients [74]. 
Sundararajan et al. performed MOWHTO in 18 
patients with minimal arthritic changes and varus 
malunions of tibial plateau fractures. The 
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 majority (72%) were malunited Schatzker IV 
tibial plateau fractures. Despite the majority 
being isolated malunions of the tibial plateau, a 
complete MOWHTO of the entire proximal tibia 
was successful in their series. The mean preop-
erative MPTA was 75° which was corrected to 
83.8°. They reported 77% good to excellent 
results with 100% union [75]. The TSF can also 
be used to correct varus malunions [66–70]. Da 
Cunha utilized either a monolateral fixator or 
TSF for genu varum in patients with pain. The 
patients had native bilateral genu varum, not mal-
unions, but use of the external fixator was suc-
cessful in correcting both sides. They also showed 
that significant improvements in knee kinetics 
and kinematics occur. They felt that although use 
of external fixation worked well, they now reserve 
it for varus deformities of >12° or complex mul-
tiplanar deformities [70]. Xu described a tech-
nique of using an intra-articular corrective 
osteotomy combined with an external fixator for 
the associated knee deformity. The deformities 
were either due to skeletal dysplasia or post-trau-
matic. Although the patient had a myriad of eti-
ologies, the combined technique of elevating the 
hemi- plateau and osteotomy of the femur or tibia 
metaphysis was successful in addressing both 
malunions [76].

12.4.2.2  Valgus Malunion  
(± Intra- articular Malunion)

Patients that have developed isolated valgus 
alignment with or without PTOA, if symptom-
atic, may be candidates for proximal tibia varus 
osteotomy, but osteotomies of the distal femur 
can also be performed. This can either be a lat-
eral opening wedge (LOWDFO) or medial clos-
ing wedge osteotomy (MCWDFO). The normal 
MAD is through the medial side of the knee 
joint, but in those with valgus deformities, the 
MAD is shifted to the lateral compartment. Varus 
osteotomy of the proximal tibia has been shown 
to be successful and is essentially a high tibial 
osteotomy but in the opposite direction. Marti 
et al. managed 36 patients with an opening wedge 
proximal tibial varus osteotomy (LOWHTO) in 
patients with isolated valgus and lateral compart-
ment arthritis [77]. The average valgus malalign-

ment was 11.6°, although the cause of the valgus 
was post-traumatic in 23 (average = 10.6°), post- 
meniscectomy in 5 (average  =  9.2°), previous 
osteotomy in 4 (average = 18.3°), and idiopathic 
in 2 (average  =  9.5°). On final follow-up 
(5–21  years, average  =  11  years), the overall 
alignment was 5.1° of valgus. They had good to 
excellent results in 88% of the patients based on 
Lysholm and Gillquist knee scores. Three 
patients did have a transient peroneal nerve palsy, 
which can be a problem with varus-producing 
osteotomies. The opening wedge on the lateral 
side can result in effective lengthening of the 
peroneal nerve especially in long-standing val-
gus malunions [78]. Collins et  al. published a 
case series of 23 patients that underwent 
LOWHTO, for valgus malalignment not mal-
union. They reported significant improvements 
in function and outcome scores in all patients; 
however, the valgus malalignment was small. 
They concluded that their technique worked well 
for small degrees of correction, as the fibula did 
not require osteotomy [79].

If the patient has both an intra-articular mal-
union and a valgus proximal extra-articular mal-
union, correction of both is required. Van Nielen 
et  al. published their technique of utilizing a 
combination of five osteotomies for such situa-
tions. They performed a mid-shaft fibula osteot-
omy (allows for varus correction), Gerdy’s 
tubercle osteotomy (better joint visualization), 
fibular head osteotomy (better visualization of 
posterolateral portion of lateral tibial plateau), 
and proximal tibia varus-producing osteotomy. 
They had managed 35 patients with this  technique 
with good functional outcomes and minimal pro-
gression of radiographic arthritis [80]. Marti 
et al. described a similar technique of performing 
a lateral opening wedge osteotomy of the proxi-
mal tibia, an oblique osteotomy of the middle 
third of the fibula, and intra-articular correction 
of the depressed lateral plateau. The joint is cor-
rected through subchondral impaction of cancel-
lous bone grafts through the osteotomy. If there is 
posterior depression of the lateral tibial plateau, 
only then did they recommend osteotomy of 
Gerdy’s tubercle to gain better visualization. If 
further exposure of the joint surface is required, 
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then an oblique fibular head osteotomy was per-
formed. The peroneal nerve should be dissected 
out if this is the case [77]. Kerkhoffs reported on 
their results using this technique on 23 patients. 
They were able to correct both the intra-articular 
malunion and the valgus malunion in all patients. 
Overall, they had excellent results in 17 (74%), 
good in 3, fair in 1, and poor in 2. At a mean fol-
low-up of 13 years (range 2–26 years), 15 did not 
have progression of their PTOA [81].

12.4.2.3  Sagittal Plane Malunion 
(Procurvatum/Recurvatum)

Sundararajan et al. performed MOWHTO in 18 
patients with malunions of tibial plateau frac-
tures. Although, the majority (72%) was mal-
united Schatzker IV tibial plateau fractures in 
varus, 12 had anterior sloping of the proximal 
tibia and 6 had excessive posterior sloping. They 
corrected not only the MPTA but also re- 
established the posterior slope of the proximal 
tibia in 12 patients that had an anterior slope. 
They corrected the excessive posterior slope in 
the other 6 [75].

12.4.2.4  Multiplanar Deformity
Multiplanar deformities can be particularly chal-
lenging especially when trying to do a single-cut 
osteotomy to deal with all the planes. Sangeorzan 
et  al. described a mathematically derived tech-
nique to best determine the osteotomy plane. 
This allowed for complete correction of the 
deformity with stabilization using internal fixa-
tion. The cut surfaces were opposed allowing for 
rigid fixation. They had complete correction in 
the four patients with tibial malunions [82]. It is 
very elegant but the planning is highly labor- 
intensive. Feldman et  al. used the TSF in 18 
patients, of which 11 had tibial malunions. They 
had successful correction of the multiplanar 
deformities. Most common complication was 
development of superficial pin tract infections 
which can be treated with oral antibiotics. They 
concluded that use of the TSF was effective and 
advantageous for multiplanar deformities [67]. 
Fadel and Hosny used the TSF to perform defor-
mity correction in 22 cases. It was used for 
lengthening only in eight cases, deformity cor-

rection in eight cases, and both in six cases. Only 
three cases were for tibial malunions. Overall, 
they had excellent results in 18, good in 2, and 
fair in 2 [68]. Hughes et al. used a TSF to perform 
the correction followed by immediate fixation of 
the correction with an intramedullary nail. They 
performed this in 12 consecutive patients, of 
which 4 had a malunion of the tibia. The tech-
nique was successful in obtaining the correction 
with the TSF and then maintaining the correction 
with the nail. The challenge is in placing the pins 
and wires for the TSF, keeping them out of the 
way for placement and locking of the nail [83].

12.4.3  Leg Length Discrepancy (LLD)

Although many deformities have a component of 
leg length discrepancy, length is often re- 
established with open wedge osteotomy proce-
dures. Accurate analysis of the deformity and the 
leg length discrepancy is required with preopera-
tive planning to ensure that this will be the case. 
If the length regained from the correction will be 
insufficient to correct the leg length discrepancy, 
then additional lengthening may be warranted. 
The deformity correction along with additional 
length is best done through external fixation with 
distraction osteogenesis, usually with a hexapod 
type of fixator [66–70].

In isolated leg length discrepancy without sig-
nificant deformity, an internal lengthening nail 
can be used [84–86]. This is unusual in the case 
of the proximal tibia or tibial plateau, but with 
enough comminution in the metadiaphyseal area, 
inadvertent shortening could occur. Kirane et al. 
used an internal lengthening nail in 24 patients 
with a wide variety of etiologies for their leg 
length discrepancy. In their series, only four were 
from malunion. The techniques does allow for 
acute rotational correction in addition to the 
lengthening. They had a mean lengthening of 
35  mm with an accuracy of 96% [84]. In most 
situations where there is a significant deformity, 
narrow canals, or absent medullary cavities, an 
internal lengthening nail has been contraindi-
cated [85]. However, recently, Rozbruch reported 
on using an internal lengthening nail for a tibial 
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malunion that had both a 9° valgus deformity and 
25 mm LLD. Patient had complete correction of 
both deformities with full ROM of both the ankle 
and knee [86].

12.4.4  Isolated Intra-articular 
Malunion

Intra-articular malunions can be most challeng-
ing. The osteotomy has to be precise so as not to 
injure the normal joint. Intra-articular osteoto-
mies have been described [87]. In cases where 
the medial tibial plateau is malunited, which is 
usually tilted in varus, an intra-articular opening 
wedge osteotomy can be performed to elevate the 
medial side and stabilized with a plate. The lat-
eral side usually has significant depression and 
widening. The lateral side needs to be narrowed 
with the defect either resected or elevation of the 
depressed segment and bone grafted with fixa-
tion. In cases where the medial side has PTOA 
and depression along with lateral subluxation of 
the tibia with varus stress, medial plateau eleva-
tion with the intra-articular osteotomy and a 
combined extra-articular osteotomy to unload the 
medial side has been recommended. These meth-
ods have been shown to be successful in treating 
tibial plateau malunions [87].

Although large published studies in the best 
treatment for isolated intra-articular malunions 
are lacking, there are many case reports. 
Mastrokalos et al. described a technique of creat-
ing an open book osteotomy of the lateral plateau 
to gain access to the healed depressed joint sur-
face. This allowed the joint to be elevated and 
bone grafted followed by a lateral plate [88]. 
Singh published a small series of seven patients 
that all had malunions of a tibial plateau fracture. 
Five were from conservative treatment and two 
after operative fixation. All were varus malunions 
of the medial plateau and underwent medial 
opening wedge osteotomies of the medial hemi- 
plateau. They had complete correction in five and 
<2  mm residual articular surface depression in 
two. Fixation of the construct is key since it is an 
open wedge osteotomy. It did correct their mild 
medial ligamentous laxity associated with the 

varus deformity [89]. This unicondylar osteot-
omy has been shown to correct not only the coro-
nal plane but also the sagittal plane without 
affecting the alignment of the lateral tibial pla-
teau [90]. Adjunctive arthroscopy has been advo-
cated by some to better evaluate the joint prior to 
the osteotomy [91].

Detailed preoperative plans can assist in per-
forming these complex intra-articular malunions. 
Yang et al. used 3D printed models of the defor-
mity to create such a preoperative plan to care-
fully lay out a detailed osteotomy plan for the 
lateral tibial plateau intra-articular malunion in 
seven patients. They had complete correction with 
significant improvement in Rasmussen anatomy 
and functional scores. No complications were 
encountered with 100% union [62]. Furnstahl 
et al. used both the injured side and the contralat-
eral normal side and created 3D surgical guides to 
help perform the osteotomies. These guides can 
be created for a simple single-plane osteotomy or 
multiplanar osteotomies. Three patients under-
went correction with these guides, with complete 
correction in two. One was considered a failure of 
the execution despite performing the osteotomy 
successfully [63]. Use of such technology can 
greatly enhance the ability to perform such diffi-
cult intra-articular osteotomies where accuracy is 
so crucial. Unfortunately, the techniques are 
labor-intensive and require significant resources 
which are not widely available, along with an 
increase in cost and radiation.

12.4.5  Osteoarticular Allografts

Osteoarticular allografts have been used to treat 
large PTOA defects in the proximal tibia [92, 93]. 
This can occur when there is significant joint 
comminution or loss of joint, either from open 
fractures or ballistic injuries. The patients should 
have isolated medial or lateral compartment 
arthritis and a normal corresponding femoral 
articular surface. These can be challenging as a 
fresh frozen allograft that is size-matched has to 
be found. The meniscus along with the tibial pla-
teau surface has to be transplanted. The graft 
should be unloaded with a realignment  osteotomy 
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of the distal femur. This should be either a medial 
or lateral closing wedge osteotomy of the distal 
femur [66, 92, 93].

Drexler et al. treated 27 patients (average age 
41.2 y/o; range 17–62 y/o) who all had failed lat-
eral tibial plateau surgery with continued pain. 
They essentially developed PTOA from intra- 
articular malnunions. They performed a distal 
femoral varus osteotomy combined with a fresh 
osteochondral allograft. Long-term follow-up 
showed an 88.9% survivorship at 10 years, 71.4% 
at 15  years, and 23.8% at 20  years. They were 
able to significantly delay the need for a TKA in 
these patients [93].

12.4.6  Arthroplasty

12.4.6.1  Unicompartmental Knee 
Arthroplasty (UKA)

Medial or lateral UKA can be an option for some 
older patients with an intra-articular malunion 
with PTOA [73]. The ideal patient should be >60 
y/o who is not overweight and low demand hav-
ing only minimal pain at rest. They must have a 
stable knee with ROM >90°, less than 5° flexion 
contracture, and less than 10° of axial malalign-
ment that can be corrected passively to almost 
neutral [66].

12.4.6.2  Total Knee Arthroplasty 
(TKA)

Unfortunately, many of the long-term functional 
results show that age at time of presentation of the 
original tibial plateau fracture can be a poor prog-
nostic indicator, with older patients having worse 
outcomes [52]. As such, some have suggested that 
performing a TKA in the acute setting for an 
elderly patient with osteoporotic bone and a tibial 
plateau fracture [94]. Proponents of this technique 
quote high failure rates of ORIF of tibial plateau 
fractures in elderly patients with osteoporotic 
bone [9]. In the elderly patient with preexisting 
arthritis who sustains a periarticular knee fracture, 
performing a TKA has been successful [94].

In the setting of a malunion with PTOA, a 
TKA is certainly a valid option. The ability to per-
form the TKA depends on the amount of defor-

mity present and where it is. In intra- articular 
malunions with a fairly normal mechanical axis of 
the tibia, a TKA can most likely be performed 
without issue and have comparable results to 
TKA for primary osteoarthritis (OA) [95]. The 
conversion of previous ORIF of tibial plateau 
fractures to TKA has been estimated anywhere 
from 3% to 7.3% at 10 years [94]. Unfortunately, 
TKA for PTOA with or without a malunion after 
tibial plateau fractures has been associated with a 
higher rate of complications when compared to 
primary TKA for primary degenerative joint dis-
ease [95, 96]. Scott et al. reported on their results 
in 31 patients that underwent TKA after a tibial 
plateau fracture. The time to TKA after the frac-
ture varied widely from 2 to 124 months with an 
average of 24 months. Those that had a nonunion, 
an instability, or an intra- articular malunion 
underwent TKA earlier. Although complication 
rates were higher in the TKA after tibial plateau 
fracture group compared to a primary osteoarthri-
tis group, the patient- reported outcomes and satis-
faction were comparable [96].

If there is a significant malunion in the 
metaphyseal region in addition to the PTOA, it is 
crucial to realign the limb to insure long-term 
survival of the prosthesis [95, 97]. In small defor-
mities, <10° in both coronal and sagittal planes, 
TKA can be performed with adjunctive soft tis-
sue releases and modified bony resections to 
restore the mechanical axis [98]. A posterior- 
stabilized implant may also help in these situa-
tions [95]. Larger deformities will probably 
require a corrective osteotomy followed by TKA, 
which can be performed in a staged fashion or 
simultaneously [95, 99]. It is important to note 
that a malunion may preclude the use of the nor-
mal intramedullary alignment jigs. 
Extramedullary instrumentation or computer 
navigation can be helpful in this setting [100].

In the staged situation, correction of what-
ever deformity exists is probably ideal. This 
may require several procedures such as (1) 
removal of preexisting hardware, (2) correction 
of malunion, and then (3) TKA but could be per-
formed in any combination. Hosokawa et  al. 
performed a one- stage TKA with an extension 
corrective osteotomy for a malunion of the 
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proximal tibia in the sagittal plane. A stemmed 
prosthesis was used to stabilize the osteotomy. 
Patient was allowed to weight bear at 6 weeks 
and was walking without assistance [101]. In 
the younger patient, correction of the deformity 
and restoring the mechanical axis can provide 
relief and delay the need for a TKA [100]. 
Correction of the malunion prior to TKA can be 
performed in a number of ways depending on 
the plane of deformity and previous surgeries. 
Consideration of implants should be undertaken 
to minimize interference with the subsequent 
TKA, unless removal is planned.

12.5  Author’s Preferred Methods 
of Treatment

The definitive treatment can often be dictated by 
the previous fixation implants, surgical 
approaches used, and any soft tissue consider-
ations along with the patient’s expectations and 
desires. In most if not all cases, our preferred 
treatment is performed in stages with the first 
stage of treatment removing all of the preexisting 
hardware. This is then followed by a second stage 
for definitive treatment. The interval can allow 
for further evaluation as well to ensure that no 
underlying subclinical infection is present. The 
time interval can vary depending on the invasive-
ness of the first stage. In cases where minimal 
incisions can be made to remove implants, the 
second stage can occur sooner than later. This is 
done also to ensure that no postop issues arise 
that could compromise the malunion repair, if 
done at the same time as the hardware removal.

12.5.1  Asymptomatic Malunions

Unless the degree of deformity is concerning for 
malorientation of the knee joint and development 
of premature osteoarthritis is likely, no treatment 
is necessary with follow-up X-rays and clinical 
exam in 6 to 12 months to evaluate for joint sta-
bility/congruence. In cases where cosmesis is a 
concern only and without functional limitation, 
one should proceed with caution as the patient’s 
expectations may not be met.

12.5.2  Rotational

If the malunion is entirely extra-articular and 
rotational only with or without minimal angular 
deformity (<5°), de-rotation osteotomy with IM 
nailing is the preferred option. This allows for 
immediate weight bearing.

12.5.3  Coronal Plane

In isolated coronal plane deformities, a proximal 
tibia osteotomy is preferred. In varus malunion, a 
proximal MOWHTO is ideal to correct the defor-
mity and regain any length that has been lost. If 
the malunion is valgus, either a LOWHTO or 
MCWHTO can be used. The LOWHTO results in 
lengthening and thus may stretch the peroneal 
nerve and has a greater risk for compartment syn-
drome [73].

12.5.4  Sagittal Plane

Isolated sagittal plane deformity is rare. Often it 
is associated with proximal tibia fractures nailed 
and include a valgus component. In the case of an 
isolated sagittal plane deformity, it is important 
to assess the original fracture pattern to deter-
mine which plateau is malaligned or if the entire 
proximal tibia is involved. In the case of a 
 procurvatum deformity, a closing wedge exten-
sion osteotomy can correct the deformity and 
provide bony contact for healing. Conversely, in 
a recurvatum deformity, a flexion osteotomy 
(open wedge) with bone graft or bone substitute 
inserted into the opening is warranted.

12.5.5  Leg Length Discrepancy

In situations where there is isolated leg length dis-
crepancy greater than 2  cm, osteotomy and 
lengthening can be considered. For shortenings 
up to 2 cm, conservative measures with shoe lifts 
can be tried. Patient satisfaction with shoe lifts 
becomes the limiting factor as many patients dis-
like wearing shoe lifts especially if it is on the out-
side of the shoe. Lengthening can be performed 
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either by an internal lengthening nail or external 
fixation. Utilizing a monolateral rail external fix-
ator has been very successful in lengthening of the 
tibia and can be better tolerated by the patient 
compared to a circular fixator. However, both cir-
cular fixation and monolateral fixators work well. 
An internal lengthening nail is also a very viable 
option; however, cost and logistics become the 
limiting factors. A thorough discussion with the 
patient regarding the risks and benefits of each 
treatment option is required to determine the best 
individualized treatment option. In cases where 
there is a history of infection, external fixation is 
preferred but the infection should be cleared.

12.5.6  Multiplanar Deformity

Complex deformities of the proximal tibia that are 
extra-articular are managed with distraction osteo-
genesis after osteotomy utilizing a Taylor Spatial 
Frame to simultaneously correct all deformities. 
The TSF allows precise multiplanar correction 
with the advantage of continued correction as nec-
essary along with lengthening. In the event an 
intra-articular malunion is also present, then that 
should be treated as indicated below. This may 
require staging or may be done in a single stage 
depending on the deformities involved. In some 
situations, a single-plane osteotomy can be per-
formed when the patient does not want external 
fixation as an option, but can be more challenging 
in determining the perfect direction for the osteot-
omy. Careful preoperative planning should be per-
formed. Preoperative CT scanning with 3D 
reconstructions can help as well as getting a 3D 
model made to “trial” the osteotomy. Cost and 
logistics can be problematic, but as the technology 
improves and 3D printing becomes widely avail-
able, this may become more readily available.

12.5.7  Intra-articular Malunion

Intra-articular malunions, in the young active 
patient, generally require corrective osteotomy. If 
the joint depression is >3 mm, an intra-articular 
osteotomy of the hemi-plateau with elevation, 
bone grafting, and fixation is indicated. This is 

true for either the medial or lateral side as the 
“deformity” is more related to depression of the 
entire surface – varus collapse for the medial side 
and valgus collapse for the lateral side. In cases 
of significant depression and a split with widen-
ing of the condyle, resection of the depressed 
segment with a sagittal osteotomy and re- 
establishing the width of the condyle with com-
pression screws and buttress plating is preferred. 
If the intra-articular malunion is <3 mm on the 
lateral side, an extra-articular LOWHTO can be 
performed to realign the MAD.  This does not 
result in excessive obliquity of the joint line and 
is well tolerated despite it being an intra-articular 
malunion. On the medial side, usually varus col-
lapse of the entire hemi-plateau occurs, and thus 
an intra-articular opening wedge osteotomy of 
the medial condyle will correct the deformity.

12.5.8  Prosthetic Replacement

Prosthetic replacement is usually indicated in 
cases of intra-articular malunion, usually depres-
sion or advanced PTOA that cannot be corrected. 
Ideally, the patient is older. In cases of extra- 
articular malunion and PTOA, often the amount 
of deformity may not be able to be corrected with 
the TKA itself. Often deformity correction should 
occur first followed by TKA at a later point. In 
some instances, with severe deformity, correction 
of the mechanical axis with slight overcorrection 
to unload the more affected joint can lead to reso-
lution of their PTOA symptoms and delay the 
need for a TKA. If all compartments are affected, 
then TKA is warranted in an age-appropriate 
patient. Unicompartmental arthroplasty can be a 
viable option for isolated single compartment 
arthritis in the older, low-demand patient. We 
have little experience in this.

12.5.9  Osteoarticular Allografts

In isolated single compartment PTOA that occurs 
in the young patient, OA allograft can be a viable 
option. The limiting factor is the availability of a 
size-matched fresh frozen OA allograft. The pro-
cedure can be combined with an extra-articular 
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osteotomy of the femoral side to unload the graft. 
In cases of lateral OA allograft, a MCWODFO 
should be performed and conversely a 
LCWODFO for a medial OA allograft.

12.6  Case Discussions

12.6.1  Case 1

A 60-year-old Russian female presented to the 
joint service for total knee arthroplasty for severe 
arthritis in the right knee. Due to the extensive 
varus deformity, she was referred to the trauma 
service to undergo correction of the deformity 
prior to TKA as the surgeon did not feel that the 
deformity as it was amenable to TKA due to 
extensive augments that would be required. 
Patient had a history of an open proximal tibia 
fracture at the age of 14 that also required soft tis-
sue coverage. She was unable to give us any other 
details about the surgeries she underwent at such 
a young age. On clinical exam, she had an obvi-
ous varus deformity of the right knee compared to 
the left. There was a “caved in” appearance on the 
medial proximal tibia due to the severe varus 
deformity. There were no signs of infection. The 
skin on the medial aspect was adherent to the 
bone and immobile. Figure 12.2a, b shows the AP 
and lateral right knee. Figure 12.2c shows a repeat 
lateral performed orthogonal to the joint to better 
assess the joint itself. This also reveals a slight 
recurvatum (sagittal plane) deformity otherwise 
not appreciated on the initial lateral view. AP and 
lateral of the tibia are shown in Fig. 12.2d, e. Long 
leg standing AP and lateral images of the entire 
extremity are done for preoperative planning 
(Fig. 12.2f, g). Figure 12.2f shows the mechanical 
axis deviation (marked as the dashed yellow cir-
cle) which is normal on the left side but located 
outside the knee joint on the right side due to the 
severe deformity. Deformity analysis showed that 
the deformity was isolated to the proximal tibia. 
This was important to establish since the injury 
was long ago. The anatomic lateral distal femoral 
angle (aLDFA) was 79° on the left and 78° on the 
right. Her proximal tibia deformity measured 28° 
varus and 8° recurvatum (apex posterior) 
(Fig. 12.2h, i) The center of rotation and angula-

tion (CORA) is determined on the AP by drawing 
the proximal tibial joint line (mMPTA 90° off the 
joint based on contralateral imaging; orange line) 
and drawing the anatomical axis of the tibia shaft 
(also the mechanical axis in case of the tibia; 
green line). Similarly, the intersection on the lat-
eral of the proximal tibia joint line (mechanical 
posterior proximal tibia angle mPPTA  =  81° 
based on contralateral image; orange line) and 
drawing the anatomical axis of the tibia shaft (also 
the mechanical axis in case of the tibia; green 
line) determines the CORA.

After discussion of options, and the potential 
for TKA after correction, gradual correction via 
osteotomy and distraction osteogenesis with a 
Taylor Spatial Frame (TSF) was determined to be 
the best option for this patient. This would allow 
for both multiplanar correction and re- 
establishment of the 2 cm leg length discrepancy. 
Additionally, there would not be any implanted 
hardware that would require removal (besides the 
ex fix) prior to TKA. Figure 12.2j, k shows the 
immediate postoperative films with the TSF and 
osteotomy. After the initial correction (Fig. 12.2m; 
AP and lateral), correction should be assessed 
with evaluation of the anatomical axis of the tibia 
and long leg films to reassess if the MAD should 
be performed (Fig. 12.2n). The MAD now crosses 
at the center of the knee. Clinical leg length 
assessment was performed based on the patient’s 
perception of leg length discrepancy utilizing 
blocks and was felt to be equal. The frame was 
maintained in place during consolidation. An 
Exogen stimulator was prescribed to accelerate 
the consolidation phase. Figure 12.2o, p shows an 
AP and lateral of the right tibia immediately prior 
to frame removal. Final follow-up films at 1 year 
show excellent realignment with re-establishment 
of MAD and complete correction of the multipla-
nar deformity and restoration of the LLD 
(Fig. 12.2q, r). Interestingly enough, the patient’s 
knee pain resolved and she declined a TKA.

12.6.2  Case 2

A 57-year-old Latin American male who was 
involved in a motorcycle collision 15 years prior to 
presentation. Patient was treated nonoperatively and 
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Fig. 12.2 (a, b) AP and lateral radiograph of the right 
knee showing severe deformity with PTOA. (c) Lateral 
radiograph of the knee taken 90 degrees to actual defor-
mity to show the knee joint better. (d, e) AP and lateral 
radiographs of the right tibia showing deformity localized 
to the proximal tibia. (f) Standing AP bilateral lower 
extremity showing the MAD (red line) for each limb. The 
varus deformity of the right proximal tibia is clearly visu-
alized. The MAD on the left is the normal value for this 
patient, and the right MAD is well medial to the joint 
itself. (g) Standing lateral of the affected leg showing that 
a proximal sagittal deformity exists as well. (h) Magnified 
AP view of the right proximal tibia showing the CORA 
for this patient and the 28-degree varus deformity in the 
coronal plane. The orange line is marked from the normal 
for this patient of a 90° mMPTA. The green line is the 
anatomical or mechanical axis of the tibia shaft, as deter-
mined by the centerline finder method. The intersection of 
the orange and the green line defines the CORA. Local 
length analysis was also performed, seen in writing, show-

ing a 2 cm LLD. (i) Magnified lateral view of the right 
proximal tibia showing the sagittal plane deformity and 
the CORA as determined by the same method as for the 
coronal plane deformity. The patient has a 28° varus 
deformity and a 10° recurvatum (apex posterior) defor-
mity with a 2 cm LLD. (j, k) AP and lateral radiographs of 
the right tibia after placement of TSF and osteotomy. (l, 
m) AP and lateral radiographs of the right tibia after the 
initial correction showing the realignment of the tibia 
mechanical axis in both the coronal and sagittal planes. 
The orange line indicates the proximal segment mechani-
cal axis line and the green line, the distal segment mechan-
ical axis line. (n) Standing AP of the right lower extremity 
to evaluate the MAD which is now in the center of the 
knee joint (red line). (o, p) AP and lateral radiographs of 
the right tibia showing consolidation of the osteotomy just 
prior to removal of the TSF. (q, r) AP and lateral radio-
graphs of the right tibia showing complete healing at 
1 year with resolution of knee pain
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presented with increasing knee pain. Figure 12.3a, b 
shows AP and lateral images of the patient’s right 
knee, showing a valgus deformity with lateral com-
partment arthritis. Full- length AP and lateral tibia 

films are seen in Fig. 12.3c, d and shows the full 
extent of the valgus deformity at the proximal tibia. 
Figure 12.3e, f is full-length AP and lateral standing 
of both limbs. The deformity is isolated to the tibia, 
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24° of valgus and 10° of recurvatum (apex poste-
rior). After a lengthy discussion, and because the 
patient had significant PTOA in the right lateral 
compartment, a total knee was certainly an option. 
However, the severe deformity could not be cor-
rected by a TKA alone. Therefore, correction of the 
valgus and procurvatum to realign the limb was per-
formed in hopes of realigning the limb to make a 
TKA more straightforward at a later date. Patient 
underwent Gigli osteotomy of the metadiaphyseal 
region of the tibia and an osteotomy of the fibula 
with application of a Taylor Spatial Frame 
(Fig.  12.3g, h). Trauma CAD software with the 
Spatial Frame module was used to determine the 
frame and deformity parameters (Fig. 12.3i). The 
peroneal nerve was at risk for stretching, and thus 
the correction was performed at a slightly lower rate 
than normal due to the proximity of the nerve to the 
CORA. Patient underwent gradual correction until 
the desired alignment was obtained. Figure 12.3j, k 
is an AP and lateral at 2  weeks after correction 
began, and notice the improvement in alignment. 
Figure 12.3l, m shows full correction and continued 
consolidation of the osteotomy. At 9  months 
(Fig 12.3n, o) the osteotomy was felt to be com-
pletely healed and subsequently, the TSF was 
removed. Patient’s overall alignment had improved 
significantly as did his pain. Final follow-up films at 
21 months are shown in Fig. 12.3p, q.

12.6.3  Case 3

A 54-year-old white male who was driving his 
moped when he wrecked. Patient sustained a left 
Schatzker IV tibial plateau fracture that was 
treated with ORIF 4 weeks prior to presentation. 
Patient was seen at 2-week follow-up with his 
surgeon and was told that he had collapsed of the 
fracture with loss of reduction. He was then 
referred to me for further evaluation and manage-
ment. He presented approximately 4  weeks out 
from the original surgery with the AP and lateral 
shown in Fig. 12.4a, b. A CT scan was obtained 
to better evaluate the tibial plateau, and CT scan 
images are shown in Fig. 12.4c–e (axial, coronal, 
and sagittal). The CT scan showed clear step-off 
of the posteromedial tibial plateau with some 
consolidation at the metaphyseal region. The 

patient required revision ORIF of the malaligned 
fracture. Patient subsequently underwent hard-
ware removal and revision ORIF, although at the 
time of surgery, the fracture for all practical pur-
poses was healed sufficiently that the fracture site 
with the callous had to be carefully taken down. 
Figure 12.4f, g shows the immediate postop films 
(AP and lateral left knee) of the anatomic reduc-
tion with buttressing of the posteromedial tibial 
plateau. The patient went on to heal and regain 
normal knee motion and function. Figure 12.4h, i 
shows his AP and lateral left knee at 6 months 
post-revision ORIF. Last radiographs (Fig. 12.4j, 
k) at 1-year post-revision show well-healed 
medial tibial plateau without evidence of PTOA.

12.6.4  Case 4

Patient is a 51-year-old white male who initially 
sustained multiple injuries in a motor vehicle 
accident. He had a left grade II open tibial plateau 
fracture Schatzker VI (Fig. 12.5a, b) in addition 
to many other injuries. He eventually went on to 
heal his left Schatzker VI tibial plateau fracture 
(Fig.  12.5c–d). Incidentally, he also had a left 
ankle fracture and a left calcaneus fracture that 
had gone on to heal uneventfully. He also had 
sequelae from his other injuries including AVN 
of his left hip which went on to a total hip arthro-
plasty and a nonunion of the right tibial shaft 
with a comminuted right bicondylar tibial plateau 
fracture (healed). The nonunion was addressed 
with hardware removal and IM nailing, which 
then eventually healed. His left tibia healed with-
out issues, but due to his other injuries requiring 
further management, he never noticed any issues 
with his left tibia. After all his other injuries had 
been addressed, he started having symptoms of 
pain and discomfort in the left leg and knee at 
2.5 years out. He also complained of “intoeing” 
of his left leg. Evaluation revealed a 24° internal 
rotation deformity of the left side relative to the 
right side. Figure 12.5e, f shows the CT scan cuts 
through the proximal tibia and the ankle showing 
the rotational deformity. The patient elected to 
have corrective surgery. He underwent hardware 
removal with a transverse osteotomy at the meta-
diaphyseal junction with de-rotation and IM nail-
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Fig. 12.3 (a, b) AP and lateral radiographs of the right 
knee showing the valgus malunion of the proximal tibia 
along with PTOA in the knee, mainly in the lateral com-
partment. (c, d) AP and lateral radiographs of the right 
tibia showing the valgus deformity being isolated to the 
proximal tibia with a normal ankle joint. (e) AP standing 
of the entire right lower extremity with ruler and CAD 
ball. Shows the amount of valgus deformity (24° valgus). 
(f) Lateral standing of the entire right lower extremity 
with ruler and CAD ball. Shows the amount of sagittal 
deformity (10° recurvatum). (g, h) AP and lateral radio-
graphs of the right tibia after application of the TSF and 

osteotomy. (i) PACS output generated from TRAUMA 
CAD™ showing the deformity parameters and the mount-
ing parameters. It also indicates the deformity itself. (j, k) 
AP and lateral radiographs of the right tibia after 2 weeks 
of correction showing some correction. (l, m) AP and lat-
eral radiographs of the right tibia after the end of the ini-
tial program showing full correction. (n, o) AP and lateral 
radiographs of the right tibia after complete consolidation 
just prior to removal of the TSF. (p, q) AP and lateral 
radiographs of the right tibia at his final follow-up at 
21 months
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ing (Fig. 12.5g, h). Patient went on to uneventful 
healing, and last radiographs at 1 year show com-
plete consolidation of the osteotomy site 
(Fig. 12.5i, j).

12.6.5  Case 5

A 53-year-old white female was skiing, injuring 
her left knee and sustaining a highly comminuted 
lateral tibial plateau fracture 4  months prior to 

presentation. Patient was treated at an outside 
facility with ORIF. She subsequently developed 
loss of the joint reduction with collapse and was 
referred to me for instability and a malunion of 
the lateral tibial plateau. Figure 12.6a, b shows AP 
and lateral of her left knee upon presentation. 
Patient had a CT scan obtained which showed that 
the metaphyseal region had healed as well as the 
lateral joint, but in a malaligned, collapsed posi-
tion. Due to her young age and no evidence of 
medial or patellofemoral arthritis, reconstruction 
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Fig. 12.4 (a, b) AP and lateral radiographs of patient’s 
left knee after failed ORIF showing the varus malalign-
ment of the medial proximal tibial plateau. (c-e) Axial, 
coronal, and sagittal CT cuts showing the malaligned 
medial tibial plateau fracture with consolidation of the 
metaphyseal bone. The step-off on the sagittal view is 
clearly visible. (f, g) Immediate postoperative AP and lat-

eral radiographs of the left knee showing anatomic reduc-
tion after takedown and osteotomy of the fracture plane 
for revision ORIF. (h, i) AP and lateral radiographs of the 
left knee at 6 months showing complete healing and main-
tenance of the joint without evidence of PTOA. (j, k) AP 
and lateral radiographs of the left knee at 1 year showing 
maintenance of the joint without evidence of PTOA
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Fig. 12.5 (a, b) AP and lateral radiographs of left knee 
after initial spanning ex fix showing the Schatzker VI tib-
ial plateau fracture. The involvement of the tibial tubercle 
is seen on the lateral image. (c, d) AP and lateral of the left 
tibia 2.5 years later showing healed bicondylar tibial pla-
teau fracture. The ankle hardware and calcaneus hardware 
are also seen. (e, f) CT scan of the bilateral tibias with 
select cuts through the (e) proximal tibia, showing the 
relative external rotation of the left knee compared to the 

right, and (f) distal tibia, showing the relative internal 
rotation of the left distal tibia compared to the right. The 
net result was a 24° internal rotation deformity on the left 
side. (g, h) Postoperative AP and lateral radiographs of the 
left tibia after transverse osteotomy and correction of the 
rotational malalignment with intramedullary fixation. (i, 
j) AP and lateral radiographs at 1 year showing a healed 
osteotomy site and correction of the rotational deformity. 
The patient’s discomfort and knee pain had resolved
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Fig. 12.6 (a, b) Presenting AP and lateral radiographs of 
the left knee showing the collapse of the lateral tibial pla-
teau with an intra-articular malunion. (c) Intraoperative 
film showing the depressed lateral tibial plateau after 
hardware removal. (d) Intraoperative film showing the 
valgus stress instability. (e–m) Intraoperative images 
showing the technique for osteotomy and elevation – (e) 
K-wires placed to help guide osteotomy  – direction of 
osteotomy shown by yellow dashed line; (f) metaphyseal 
osteotomy; (g) curved osteotome used to take osteotomy 
to joint; (h) AP view showing use of the lamina spreader 
to elevate the hemi-plateau; (i) lateral view showing use of 
the lamina spreader to elevate the posterior aspect of the 
hemi-plateau (dotted line); (j) placement of K-wire to 
help stabilize the hemi-plateau; (k) placement of bone 
graft into osteotomy site and second pin placed into hemi-
plateau; (l, m) AP and lateral intraoperative images after 
placement of plate to support hemi-plateau elevation and 

span osteotomy site. (n, o) Immediate postoperative AP 
and lateral radiographs of the knee showing reduction of 
the lateral tibial plateau after osteotomy. (p, q) AP and 
lateral radiographs of the knee at 6 weeks postoperatively 
showing fair maintenance of the joint with some collapse. 
(r, s) AP and lateral radiographs of the knee at 3 months 
postoperatively showing healed osteotomy site with some 
loss of the joint. (t, u) AP and lateral radiographs of the 
knee at 1 year postoperatively showing some loss of the 
joint space out laterally. (v) AP standing of bilateral knees 
at 1  year showing minimal valgus alignment on weight 
bearing on the left compared to her varus alignment on the 
right. (w–y) AP standing of bilateral lower extremities at 
2 years showing the MAD. The yellow dashed line shows 
the MAD on the right side through the medial compart-
ment. The green dashed line shows the MAD on the left 
side going through the medial aspect of the lateral joint
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with an intra-articular osteotomy was planned. 
Patient was taken to the operating room where the 
hardware was removed and the knee evaluated. 
She had valgus instability with a malunion of the 
entire tibial plateau and preservation of the menis-
cus (Fig.  12.6c, d). Intraoperative images show 
the technique used to create an intra-articular 
osteotomy, elevation of the  hemi- plateau, fol-
lowed by bone grafting, and ORIF (Fig.  12.6e–
m). Immediate postoperative films show 
correction of the intra-articular malunion with 
plate application (Fig. 12.6n, o). Patient went on 
to heal although there was some loss of bone on 
the lateral side (Fig. 12.6p, q, 6 weeks; Fig 12.6r, 
s, 3 months). Patient did wear hinged knee brace 
for 3 months and then transitioned to a varus knee 
brace. The laxity improved with time. At 1 year, 
the patient had minimal discomfort and had actu-
ally returned to skiing (Fig. 12.6t, u). Figure 12.6v 
is a standing bilateral AP of both knees showing 
mild valgus alignment compared to the right, but 
clinically stable. At her last follow- up (20 months), 

the patient was doing well and continued to 
improve (Fig. 12.6w–y). A long leg standing AP 
of bilateral lower extremities showed that her 
MAD was approximately 8 mm lateral as opposed 
to her right knee which showed excessive varus 
with a MAD of 26 mm media.

References

 1. Court-Brown CM, Caesar B. Epidemiology of adult 
fractures: a review. Injury. 2006;37(8):691–7. (10)

 2. Naik MA, Arora G, Tripathy SK, Sujir P, Rao 
SK. Clinical and radiologic outcome of percutane-
ous plating in extra-articular proximal tibia frac-
tures: a prospective study. Injury. 2013;44:1081–6.

 3. Lee AK, Cooper SA, Collinge C. Bicondylar tibial 
plateau fractures. A critical analysis review. JBJS 
Rev. 2018;6(2):e4.

 4. Krieg JC. Proximal tibia fractures: current treatment, 
results, and problems. Injury. 2003;34(S1):A2–A10.

 5. Papagelopoulos PJ, Partsinevelos AA, 
Themistocleous GS, Mavrogenis AF, Korres DS, 
Soucacos PN. Complications after tibia plateau frac-
ture surgery. Injury. 2006;37:475–84.

x y

Fig. 12.6 (continued)

A. Agarwal



347

 6. Davis JT, Rudloff MI.  Posttraumatic arthritis after 
intra-articular distal femur and proximal tibia frac-
tures. Orthop Clin North Am. 2019;50(4):445–59. 
(20)

 7. Rubio-Suárez J.C. Nonunion and malunion around 
the knee. In: Rodrìguez-Merchán E. (eds) Traumatic 
Injuries of the Knee. Springer, Milano; 2013.

 8. Krettek C, Hawi N, Jagodzinski M.  Intracondylar 
segment osteotomy: correction of intra-articular 
malalignment after fracture of the tibial plateau. 
Unfallchirurg. 2013;116(5):413–26.

 9. Ali AM, El-Shafie M, Willett KM. Failure of fixa-
tion of tibial plateau fractures. J Orthop Trauma. 
2002;16(5):323–9.

 10. Johner R, Wruhs O. Classification of tibial shaft frac-
tures and correlation with results after rigid internal 
fixation. Clin Orthop Rel Res. 1983;178:7–25.

 11. Probe RA. Lower extremity angular malunion: eval-
uation and surgical correction. J Am Acad Orthop 
Surg. 2003;11:302–11.

 12. Buckley R, Mohanty K, Malish D.  Lower limb 
malrotation following MIPO technique of dis-
tal femoral and proximal tibial fractures. Injury. 
2011;42(2):194–9. (16)

 13. Rademakers MV, Kerkhoffs GMMJ, Sierevelt IN, 
Raaymakers ELFB, Marti RK. Operative treatment 
of 109 tibial plateau fractures: five- to 27-year fol-
low- up results. J Orthop Trauma. 2007;21(1):5–10.

 14. Streubel PN, Glasgow D, Wong A, Barei DP, Ricci 
WM, Gardner MJ. Sagittal plane deformity in bicon-
dylar tibial plateau fractures. J Orthop Trauma. 
2011;25(9):560–5.

 15. Weaver MJ, Harris MB, Strom AC, Smith RM, 
Lhowe D, Zurakowski D, Vrahas MS.  Fracture 
pattern and fixation type related to loss of reduc-
tion in bicondylar tibial plateau fractures. Injury. 
2012;43:864–9.

 16. Yoon RS, Bible J, Marcus MS, Donegan DJ, 
Bergmann KA, Siebler JC, Mir HR, Liporace 
FA.  Outcomes following combined intramedullary 
nail and plate fixation for complex tibia fractures: a 
multi-centre study. Injury. 2013;46:1097.

 17. Barei D, Nork SE, Mills WJ, Henley MB, Benirschke 
SK. Complications associated with internal fixation 
of high-energy bicondylar tibial plateau fractures 
utilizing a two-incision technique. J Orthop Trauma. 
2004;18:649–56.

 18. Ruffolo MR, Gettys FK, Montijo HE, Seymour 
RB, Karunakar MA. Complications of high-energy 
bicondylar tibial plateau fractures treated with 
dual plating through 2 incisions. J Orthop Trauma. 
2015;29(2):85–90.

 19. Freedman EL, Johnson EE. Radiographic analysis of 
tibial fracture malalignment following intramedul-
lary nailing. Clin Orthop Relat Res. 1995;315:25–33.

 20. Lang GJ, Cohen BE, Bosse MJ, Kellam JF. Proximal 
third tibial shaft fractures. Should they be nailed? 
Clin Orthop Relat Res. 1995;315:64–74.

 21. Cole PA, Zlowodzki M, Kregor PJ.  Treatment of 
proximal tibia fractures using the less invasive sta-
bilization system. Surgical experience and early 

clinical results in 77 fractures. J Orthop Trauma. 
2004;18:528–35.

 22. Tejwani N, Poloner D, Wolinsky PR. Controversies 
in the intramedullary nailing of proximal and 
distal tibia fractures. J Am Acad Orthop Surg. 
2014;22:665–73.

 23. Ricci WM, Rudzki JR, Borrelli J Jr. Treatment of 
complex proximal tibia fractures with the less inva-
sive skeletal stabilization system. J Orthop Trauma. 
2004;18:521–7.

 24. Stannard JP, Wilson TC, Volgas DA, Alonso JE. The 
less invasive stabilization system in the treatment of 
complex fractures of the tibial plateau: short-term 
results. J Orthop Trauma. 2004;18:552–8.

 25. Phen HM, Schenker ML. Minimizing posttraumatic 
osteoarthritis after high energy intra-articular frac-
ture. Orthop Clin N Am. 2019;50:433–43.

 26. Theriault B, Turgeon AF, Pelet S. Functional impact 
of tibial malrotation following intramedullary nail-
ing of tibial shaft fractures. J Bone Joint Surg Am. 
2012;94:2033–9.

 27. Cain ME, Hendrickx LAM, Bleeker NJ, Lambers 
KTA, Doornberg JN, Jaarsma RL.  Prevalence 
of rotational malalignment after intramedul-
lary nailing of tibial shaft fractures. Can we 
reliably use the contralateral uninjured side as 
the reference standard? J Bone Joint Surg Am. 
2020;102:582–91.

 28. Puloski S, Romano C, Buckley R, Powell 
J.  Rotational malalignment of the tibia follow-
ing reamed intramedullary nail fixation. J Orthop 
Trauma. 2004;18(7):397–402.

 29. Palmer JS, Jones LD, Monk AP, Nevitt M, Lynch J, 
Beard DJ, Javaid MK, Price AJ. Varus alignment of 
the proximal tibia is associated with structural pro-
gression in early to moderate varus osteoarthritis 
of the knee. Knee Surg Sports Traumatol Arthrosc.  
https://doi.org/10.1007/s00167-019-05840-5.

 30. Tetsworth K, Paley D.  Malalignment and degen-
erative arthropathy. Orthop Clin North Am. 
1994;25:367–77.

 31. Kettelkamp DB, Hillberry BM, Murrish DE, Heck 
DA.  Degenerative arthritis of the knee second-
ary to fracture malunion. Clin Orthop Rel Res. 
1988;234:159–69.

 32. Milner SA, Davis TRC, Muir KR, Greenwood DC, 
Doherty M.  Long-term outcome after tibial shaft 
fracture: is malunion important? J Bone Joint Surg 
Am. 2002;84:971–80.

 33. Van der Schoot DKE, Den Outer AJ, Bode PJ, 
Obermann WR, van Vugt AB. Degenerative changes 
at the knee and ankle related to malunion of tibial 
fractures. 15-year follow-up of 88 patients. J Bone 
Joint Surg Br. 1996;78:722–5.

 34. Reimann I. Experimental osteoarthritis of the knee 
in rabbits induced by alteration of the load bearing. 
Acta Orthop Scand. 1973;44:496–504.

 35. Wu DD, Burr DB, Boyd RD, Radin EL.  Bone 
and cartilage changes following experimental 
varus or valgus tibial angulation. J Orthop Res. 
1990;8:572–85.

12 Malunions of the Proximal Tibia and Tibial Plateau

https://doi.org/10.1007/s00167-019-05840-5


348

 36. Puno RM, Vaughan JJ, von Fraunhofer JA, et al. A 
method of determining the angular malalignments 
of the knee and ankle joints resulting from a tibial 
malunion. Clin Orthop. 1987;223:213–9.

 37. McKellop HA, Sigholm G, Redfern FC, et  al. The 
effect of simulated fracture-angulations of the tibia 
on cartilage pressures in the knee joint. J Bone Joint 
Surg. 1991;73A:1382–91.

 38. Radin EL, Burr DB, Caterson B, et al. Mechanical 
determinants of osteoarthrosis. Semin Arthritis 
Rheum. 1991;21(supp2):12–21.

 39. Cooke TD, Pichora D, Siu D, Scudamore RA, 
Bryant JT. Surgical implication of varus deformity 
of the knee with obliquity of the joint surfaces. J 
Bone Jt Surg Br. 1989;71(4):560–5.

 40. Matsumoto T, Hashimura M, Takayama K, 
Ishida K, Kawakami Y, Matsuzaki T, Nakano N, 
Matsushita T, Kuroda R, Kurosaka M.  A radio-
graphic analysis of alignment of the lower extremi-
ties  – initiation and progression of varus-type 
knee osteoarthritis. Osteoarthr Cartil. 2015;23(2): 
217–23.

 41. Higano Y, Hayami T, Omori G, Koga Y, Endo K, 
Endo N. The varus alignment and morphologic alter-
ations of proximal tibia affect the onset of medial 
knee osteoarthritis in rural Japanese women: Case 
control study from the longitudinal evaluationof 
Matsudai Knee Osteoarthritis Survey. J Orthop Sci. 
2016;21(2):166–71.

 42. Mochizuki T, Koga Y, Tanifuji O, Sato T, Watanabe 
S, Koga H, Kobayashi K, Omori G, Endo N. Effect 
on inclined medial proximal tibial articulation for 
varus alignment in advanced knee osteoarthritis. J 
Exp Orthop. 2019;6:14–24.

 43. Weigel D, Marsh J.  High energy fractures of the 
tibial plateau: knee function after longer follow-up. J 
Bone Joint Surg Am. 2002;84(9):1541–50.

 44. Canadian Orthopaedic Trauma Society. Open reduc-
tion and internal fixation compared with circular 
fixator application for bicondylar tibial plateau 
fractures. Results of a multicenter, prospective 
randomized clinical trial. J Bone Joint Surg Am. 
2006;88(12):2613–23.

 45. Thiagarajah S, Hancock GE, Mills EJ, et  al. 
Malreduction of tibial articular width in bicondylar 
tibial plateau fractures treated with circular external 
fixation is associated with post-traumatic osteoar-
thritis. J Orthop. 2019;16:91–6.

 46. Schenker ML, Mauck RL, Ahn J, Mehta 
S.  Pathogenesis and prevention of posttraumatic 
osteoarthritis after intra-articular fracture. J Am 
Acad Orthop Surg. 2014;22(1):20–8.

 47. Rasmussen P.  Tibial condylar fractures. 
Impairment of knee joint stability as an indica-
tion for surgical treatment. J Bone Joint Surg Am. 
1973;55(7):1331–50.

 48. Honkonen S.  Indications for surgical treatment 
of tibial condyle fractures. Clin Orthop Relat Res. 
1994;302:199–205.

 49. MacKinley TO, Rudert MJ, Koos DC, et  al. 
Incongruity versus instability in the etiology of 

posttraumatic arthritis. Clin Orthop Relat Res. 
2004;423:44–51.

 50. Manidakis N, Dosani A, Dimitrou R, et  al. Tibial 
plateau fractures: functional outcome and inci-
dence of osteoarthritis in 125 cases. Int Orthop. 
2010;34(4):565–70.

 51. Marti RK, Verhage RA, Kerkhoffs GM, Moojen 
TM.  Proximal tibia varus osteotomy. Indications, 
technique, and five to twenty-one-year results. J 
Bone Joint Surg Am. 2001;83:164–70.

 52. Stevens DG, Beharry R, McKee MD, Waddell JP, 
Schemitsch EH. The long-term functional outcome 
of operatively treated tibial plateau fractures. J 
Orthop Trauma. 2001;15:312–20.

 53. Henry P, Wasserstein D, Paterson M, Kreder H, 
Jenkinson R. Risk factors for reoperation and mor-
tality after the operative treatment of tibial plateau 
fractures in Ontario, 1996–2009. J Orthop Trauma. 
2015;29:182–8.

 54. Gosling T, Schandelmaier P, Marti A, Hufner T, 
Partenheimer A, Krettek C.  Less invasive stabili-
zation of complex tibial plateau fractures: a bio-
mechanical evaluation of a unilateral locked screw 
plate and double plating. J Orthop Trauma. 2004;18: 
546–61.

 55. Bear J, Diamond O, Helfet D. Strategies for success 
in plating of complex proximal tibia fractures. Oper 
Tech Orthop. 2018;28:157–63.

 56. Kokkalis ZT, Iliopoulos ID, Pantazis C, 
Panagiotopoulos E.  What’s new in the manage-
ment of complex tibial plateau fractures? Injury. 
2016;47:1162–9.

 57. Tornetta P 3rd, Collins E. Semiextended position of 
intramedullary nailing of the proximal tibia. Clin 
Orthop. 1996;328:185–9.

 58. Buehler KC, Green J, Woll TS, Duwelius PJ. A tech-
nique for intramedullary nailing of proximal third 
tibia fractures. J Orthop Trauma. 1997;11:218–23.

 59. Matthews DE, McGuire R, Freeland AE.  Anterior 
unicortical buttress plating in conjunction with 
an unreamed intramedullary nail for treatment 
of very proximal tibial fractures. Orthopedics. 
1997;20:647–8.

 60. Krettek C, Stephen C, Schandelmaier P, Richter 
M, Pape HC, Miclau T. The use of Poller screws as 
blocking screws in stabilizing tibial fractures treated 
with small diameter intramedullary nails. J Bone 
Joint Surg Br. 1999;81:963–8.

 61. Shih YC, Chau MM, Arendt EA, Novacheck 
TF. Measuring lower extremity rotational alignment: 
a review of methods and case studies of clinical appli-
cations. J Bone Joint Surg Am. 2020;102(4):343–56.

 62. Yang P, Du D, Zhou Z, Lu N, Fu Q, Ma J, Zhao L, 
Chen A. #D printing-assisted osteotomy treatment 
for the malunion of lateral tibial plateau fracture. 
Injury. 2016;47:2816–21.

 63. Furnstahl P, Vlachopoulos L, Schweizer A, 
Fucentese SF, Koch PP. Complex osteotomies of tib-
ial plateau malunions using computer-assisted plan-
ning and patient-specific surgical guides. Complex 
osteotomies of tibial plateau malunions using 

A. Agarwal



349

computer- assisted planning and patient-specific sur-
gical guides. J Orthop Trauma. 2015;29:e270–6.

 64. Kijowski R, Blankenbaker DG, Davis KW, Shinki 
K, Kaplan LD, DeSmet AA. Comparison of 1.5- and 
3.0-T MR imaging for evaluating the articular carti-
lage of the knee joint. Radiology. 2009;250:839–48.

 65. Kloen P, van Wulfften Palthe ODR, Nutzinger J, 
Donders JCE. Early revision surgery fro tibial pla-
teau fractures. J Orthop Trauma. 2018;32:585–91.

 66. Bonasia DE, Castoldi F, Dragoni M, Amendola 
A.  Management of the complications following 
fractures around the knee (malalignment and uni-
compartmental arthritis). In: Castoldi F, Bonasia 
DE, editors. Fractures around the knee, fracture 
management joint by joint. Switzerland: Springer 
International Publishing; 2016.

 67. Feldman DS, Shin SS, Madan S, Koval KJ. Correction 
of tibial malunion and nonunion with six-axis analy-
sis deformity correction using the Taylor spatial 
frame. J Orthop Trauma. 2003;17:549–54.

 68. Fadel M, Hosny G.  The Taylor spatial frame for 
deformity correction in the lower limb. Int Orthop. 
2005;29:125–9.

 69. Rozbruch SR, Fragomen AT, Ilizarov S. Correction of 
tibial deformity with use of the Ilizarov-Taylor spa-
tial frame. J Bone Joint Surg Am. 2006;88:156–74.

 70. Da Cunha RJ, Kraszewski AP, Hillstrom HJ, 
Fragomen AT, Rozbruch SR.  Biomechanical and 
functional improvements gained by proximal tibia 
osteotomy correction of genu varum in patient’s with 
knee pain. HSSJ. 2020;16:30–8.

 71. Brinkman JM, Lobenhoffer P, Agneskirchner JD, 
Staubli AE, Wymenga AM, van Heerwaarden 
RJ.  Osteotomies around the knee: patient selec-
tion, stability of fixation and bone healing in 
high tibial osteotomies. J Bone Joint Surg Br. 
2008;90(12):1548–57.

 72. Brinker MR, O’Connor DP. Principles of malunion 
treatment. In:  Rockwood and green’s fractures in 
adults, vol. Volume 1. 9th ed. Philadelphia: Wolters 
Kluwer. p. 2020.

 73. Saragaglia D, Rubens-Duval B, Pailhe R. Intra- and 
extra-articular proximal tibia malunion. Orthop 
Traumatol Surg Res. 2020;106:S63–77.

 74. Wu C.  Salvage of proximal tibial malunion or 
nonunion with the use of angled blade plate. Arch 
Orthop Trauma Surg. 2006;126:82–7.

 75. Sundararajan SR, Nagaraja HS, Rajasekaran 
S.  Medial open wedge high tibial osteotomy for 
varus malunited tibial plateau fractures. Arthroscopy. 
2017;33:586–94.

 76. Xu J, Jia Y, Kang Q, Chai Y. Intra-articular corrective 
osteotomies combined with the Ilizarov technique 
for the treatment of deformities of the knee. Bone 
Joint J. 2017;99:204–10.

 77. Marti RK, Kerkhoffs GMMJ, Rademakers 
MV.  Correction of lateral tibial plateau depression 
and valgus malunion of the proximal tibia. Oper 
Orthop Traumatol. 2007;19:101–13.

 78. Nogueria MP, Hernandez AJ, Pereira CAM, Paley 
D, Bhave A.  Surgical decompression of the pero-
neal nerve in the correction of lower limb deformi-
ties: a cadaveric study. J Limb Lengthen Reconstr. 
2016;2:76–81.

 79. Collins B, Getgood A, Alomar AZ, Giffin JR, Willits 
K, Fowler PJ, Birmingham TB, Litchfield RB.  A 
case series of lateral opening wedge high tibial oste-
otomy for valgus malalignment. Knee Surg Sports 
Traumatol Arthrosc. 2013;21:152–60.

 80. Van Nielen DL, Smith CS, Helfet DL, Kloen P. Early 
revision surgery for tibial plateau non-union and 
mal-union. HSSJ. 2017;13:81–9.

 81. Kerkhoffs GMMJ, Rademakers MV, Altena M, 
Marti RK. Combined intra-articular and varus open-
ing wedge osteotomy for lateral depression and 
valgus malunion of the proximal part of the tibia. J 
Bone Joint Surg Am. 2008;90:1252–7.

 82. Sangeorzan BJ, Sangeorzan BP, Hansen ST Jr, Judd 
RP.  Mathematically directed single-cut osteotomy 
for correction of tibial malunion. J Orthop Trauma. 
1989;3(4):267–75.

 83. Hughes A, Parry M, Heidari N, Jackson M, Atkins 
R, Monsell F. Computer hexapod-assisted orthopae-
dic surgery for the correction of tibial deformities. J 
Orthop Trauma. 2016;30:e256–61.

 84. Kirane YM, Fragomen AT, Rozbruch SR. Precision 
of the PRECICER internal Bone lengthening nail. 
Clin Orthop Rel Res. 2014;472:3869–78.

 85. Alrabai HM, Gesheff MG, Conway JD.  Use 
of internal lengthening nails in post-traumatic 
sequelae. Int Orthop. 2017; https://doi.org/10.1007/
s00264-017-3466-6.

 86. Rozbruch SR.  Adult posttraumatic reconstruction 
using a magnetic internal lengthening nail. J Orthop 
Trauma. 2017;31:S14–9.

 87. Paley D. Intra-articular osteotomies of the hip, knee, 
and ankle. Oper Tech Orthop. 2011;21:184–96.

 88. Mastrokalos DS, Panagopoulos GN, Koulalis D, 
Soultanis KC, Kontogeorgakos VA, Papagelopoulos 
PJ. Reconstruction of a neglected tibial plateau frac-
ture malunion with an open-book osteotomy. JBJS 
Case Connect. 2017;7:e21.

 89. Singh H, Singh VR, Yuvarajan P, Maini L, Gautam 
VK. Open wedge osteotomy of the proximal medial 
tibia for malunited tibial plateau fractures. J Orthop 
Surg. 2011;19:57–9.

 90. Saengnipanthkul S. Uni-condyle high tibial osteot-
omy for malunion of medial plateau fracture: surgi-
cal technique and case report. J Med Assoc Thail. 
2012;95:1619–11624.

 91. Salami SO, Olusunmade OI.  Arthroscopically 
assisted treatment of a malunited tibia pla-
teau fracture: a case report. Ann Nig Med. 
2015;9:66–9.

 92. Shasha N, Krywulak S, Backstein D, Pressman A, 
Gross AE. Long-term follow-up of fresh tibial osteo-
chondral allografts for failed tibial plateau fractures. 
J Bone Joint Surg Am. 2003;85:33–9.

12 Malunions of the Proximal Tibia and Tibial Plateau

https://doi.org/10.1007/s00264-017-3466-6
https://doi.org/10.1007/s00264-017-3466-6


350

 93. Drexler M, Gross A, Dwyer T, Safir O, Backstein 
D, Chaudhry H, Goulding A, Kosashvili Y.  Distal 
femoral varus osteotomy combined with tibial pla-
teau fresh osteochondral allograft for post- traumatic 
osteo-arthritis of the knee. Knee Surg Sports 
Traumatol Arthrosc. 2015;23:1317–23.

 94. Stevenson I, McMillan TE, Baliga S, Schemitsch 
EH. Primary and secondary total knee arthroplasty 
for tibial plateau fractures. J Am Acad Orthop Surg. 
2018;26:386–95.

 95. Rosso F, Cottino U, Bruzzone M, Dettoni F, Rossi 
R.  Management of the complications following 
fractures around the knee (post-traumatic bi- or 
tricompartmental arthritis). In: Castoldi F, Bonasia 
DE, editors. Fractures around the knee, fracture 
management joint by joint. Switzerland: Springer 
International Publishing; 2016.

 96. Scott CEH, Davidson E, MacDonald DJ, White TO, 
Keating JF. Total knee arthroplasty following tibial 
plateau fracture. Bone Joint J. 2015;97-B:532–8.

 97. Bedi A, Haidukewych GJ. Management of the post-
traumatic arthritic knee. J Am Acad Orthop Surg. 
2009;17:88–101.

 98. Wolff AM, Hungerford DS, Pepe CL.  The effect 
of extraarticular varus and valgus deformity on 
total knee arthroplasty. Clin Orthop Relat Res. 
1991;271:35–51.

 99. Lonner JH, Siliski JM, Lotke PA.  Simultaneous 
femoral osteotomy and total knee arthroplasty for 
treatment of osteoarthritis associated with sever 
extra-articular deformity. J Bone Joint Surg Am. 
2000;82:342–8.

 100. Si Selmi TA, Carmody D, Neyret P.  Total knee 
arthroplasty after malunion. In: Bonnin MP, et  al., 
editors. The knee joint. Paris, France: Springer; 2012.

 101. Hosokawa T, Arai Y, Nakagawa S, Kubo T.  Total 
knee arthroplasty with corrective osteotomy for knee 
osteoarthritis associated with malunion after tibial 
plateau fracture: a case report. BMC Res Notes. 
2017;10:223–6.

A. Agarwal



351© Springer Science+Business Media, LLC, part of Springer Nature 2021 
A. Agarwal (ed.), Malunions, https://doi.org/10.1007/978-1-0716-1124-1_13

Malunions of the Tibial Shaft

Duc M. Nguyen and Stephen M. Quinnan

13.1  Introduction

Tibial shaft malunions are a poorly studied subset 
of complications following healing of tibial shaft 
fractures. Malunions result in deformity of the 
tibia in multiple axes and are frequently associated 
with limb length inequality. Derangements of the 
mechanical axis lead to adjacent joint degenerative 
changes and alterations in gait. Patients with tibial 
malunion tend to have significant functional 
impairment, dissatisfactory cosmesis, and chronic 
pain preventing them from working and their 
activities of daily living. They tend to present to 
the orthopedic traumatologist with a long and 
complicated medical and surgical history, often 
with previous failed management and/or infection. 
Historically, the treatment of tibial shaft malunions 
was limited and morbid, but with the advances in 
limb lengthening techniques and angular correc-
tion technology, we are better armed to help 
patients with this complex problem.

13.1.1  Midshaft Tibia Fractures

Tibial shaft fractures are the most common long 
bone fractures and due to the relationship of the 
tibia and the adjacent soft tissues, the most com-
mon open fractures seen and treated by the ortho-
pedic surgeon [1]. The incidence of tibial shaft 
fractures ranges from 16.9/100,000/year to 
22.0/100,000/year [1, 2]. Tibial shaft fractures 
tend to occur from direct trauma such as direct 
impact in motor vehicle collisions and motorcy-
cle crashes. These fractures can also be caused by 
indirect trauma such as falls. Due to the higher 
energy mechanisms of open tibial shaft fractures, 
these fractures often occur in the multiply injured 
patient. Midshaft tibia fractures are defined by 
the fracture pattern involving primarily the diaph-
yseal portion of the tibia  – AO/OTA 
42-A/B/C.  These can be further subcategorized 
as proximal 1/3, middle 1/3, and distal 1/3 tibial 
shaft fractures. By definition, these fractures are 
extra-articular, but can be associated with ipsilat-
eral intra-articular fractures that should not be 
missed, such as the posterior malleolus fracture 
seen in distal 1/3 spiral tibial shaft fractures.

Treatment of adult midshaft tibia fractures 
depends on the mechanism of injury and the 
resulting fracture pattern. Acutely, midshaft tibia 
fractures should be preliminarily stabilized with 
a splint to allow for fracture immobilization in 
the setting of soft tissue swelling. Low-energy, 
simple fractures that are well-aligned can be 
treated nonoperatively with cast followed by 
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fracture brace immobilization. This treatment 
decision also applies to patients who are nonam-
bulatory or too sick to undergo surgery. However, 
the vast majority of tibial shaft fractures tend to 
occur with higher energy mechanisms and are not 
amenable to nonoperative management. 
Operative fixation depends on surgeon prefer-
ence as well as fracture pattern and if the fracture 
is open with a wide variety of options including 
intramedullary nailing, conventional plating, uni-
planar external fixation, circular external fixa-
tion, and computer-assisted angular correction 
with circular external fixation. The treating ortho-
pedist has a wide array of adjunctive tools and 
options to ensure adequate reduction, maximize 
union of the fracture, and minimize the risk of 
malunion and nonunion including blocking 
screws, external fixation assistance, and unicorti-
cal plating [3].

There are currently no large prospective, long- 
term studies evaluating the prognosis of these 
fractures. Lefaivre et  al. demonstrated that the 
functional outcome scores (SF-36 and Short 
Musculoskeletal Functional Assessment) of 56 
patients at a median of 14 years of follow-up after 
tibial shaft fracture intramedullary nailing were 
equivalent to population norms, but of note, they 
commented that they had a low enrollment rate 
demonstrating the instability and difficulty in 
follow-up in a trauma population [4]. However, 
advances in the treatment algorithm and treat-
ment techniques of midshaft tibia fractures have 
allowed the general orthopedist to successfully 
treat these fractures and minimize associated 
complications.

13.1.2  Definition of Malunions

Tibial shaft malunion is often defined as shorten-
ing of the tibia greater than 20 mm compared to 
contralateral leg or malalignment of greater than 
5° in any plane including coronal (valgus and 
varus deformities), sagittal (procurvatum and 
recurvatum deformities), and rotational (internal 
and external rotation deformities). However, 
these numbers are somewhat arbitrary as most 
tibial shaft malunions include a combination of 
the aforementioned planar deformities and 

malalignment less than that noted above can be 
symptomatic in some patients. The amount of 
acceptable angulation in each plane following a 
deforming fracture has not been clearly agreed 
upon [5]. A review of the collective literature 
assessing these parameters results in the follow-
ing acceptable alignment criteria, although these 
numbers should always be considered in the con-
text of the clinical examination and patient- 
reported symptoms:

• Shortening <10 mm [6]
• Coronal angulation <5° [7]
• Sagittal angulation <10° [8]
• Oblique plane angulation <10° [9, 10]
• Translation <50% of cortical width [11]
• Rotational deformity <10° [10]

13.1.3  Incidence of Malunions

A review of the literature and studies evaluating 
malunion after tibial shaft fracture fixation 
reports an incidence between 7.1% and 40.9%, 
but these studies were primarily evaluating proxi-
mal tibia fractures (AO/OTA 41) [12–15]. There 
is a paucity of literature regarding the incidence 
of malunions after management of isolated mid-
shaft tibia fractures. As such, the true incidence 
of tibial shaft malunions is currently unknown.

13.1.4  Ramifications of Malunions

Malunions of the tibial shaft can be very dis-
abling and prevent patients from returning to 
work or from even performing their activities of 
daily living. Many patients with a disabling tibial 
shaft malunion have a clinically significant limb 
length inequality due to a combination of the 
angular deformities and bone loss from either the 
initial trauma or subsequent surgeries. 
Additionally, patients may present with compen-
satory soft tissue contractures of the foot and 
ankle. Chronic malunions have been demon-
strated to lead to increased degenerative joint dis-
ease in the knee and ankle. In a rabbit model in 
which 30° angular malunions were created in the 
tibia, Wu et  al. observed histologic changes in 
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both cartilage and bone on the overloaded con-
dyle over a 34-week period [16]. These findings 
have also been demonstrated in cadaveric mod-
els. McKellop et al. used pressure-sensitive film 
to demonstrate that simulated 20° malunions of 
the tibia in both varus and valgus directions led to 
doubling of contact pressure across the knee [17]. 
Tarr et al. demonstrated that simulated malunions 
in the distal third of the tibia altered the biome-
chanics at the ankle joint [18]. Retrospective 
clinical study by Kyro et al. compared the func-
tion of 17 patients with tibial malunion to that of 
47 patients without malunion. The study found 
significantly more subjective complaints and 
functional limitations in patients with tibial shaft 
angulation >5° [19]. Additionally, many patients 
report dissatisfaction with the overall cosmesis of 
their leg deformity. When combining all of the 
aforementioned factors leading to pain and poor 
function, tibial shaft malunions have significant 
detrimental effects on the everyday life of the 
affected patient.

13.2  Considerations in Evaluating 
Malunions

There have not been studies that have identified 
the primary etiology leading to tibial shaft mal-
unions after treatment, but rather it appears to be 
a multifactorial problem. In the following sec-
tions, several considerations in evaluating tibial 
shaft malunions will be discussed.

13.2.1  Mechanical Considerations

In order to understand the pathomechanics of the 
tibial shaft malunion, it is important to under-
stand the normal biomechanics of the lower 
extremity. The mechanical axis of the lower 
extremity passes from the center of the femoral 
head to the center of the ankle (or calcaneal 
tuberosity). The average mechanical axis using 
these landmarks crosses the knee 10 mm medial 
to the center of the knee in the frontal plane, 
which coincides with the location of the medial 
tibial spine [20]. In the sagittal plane, the mechan-
ical axis lies just anterior to the center of rotation 

of the knee joint, which is optimal as it allows for 
passive locking of the knee in full extension [20]. 
The mechanical axis of the lower extremity coin-
cides with the anatomical axis of the tibia [20]. 
Malunions of the tibial shaft in the coronal and 
sagittal planes result in a dissociation of the ana-
tomic and mechanical axes of the tibia leading to 
functional impairment.

Both the knee and the ankle joints must be 
taken into consideration when evaluating a 
patient with a tibial shaft malunion. Although the 
malunion of the tibial shaft is by definition extra- 
articular, it can have profound effects on the bio-
mechanics of the knee and ankle joints as 
described previously. Increased contact forces, 
early cartilage wear, and asymmetric ligamen-
tous laxity are the repercussions of a malaligned 
tibial shaft from the lower extremity’s normal 
mechanical axis [16–19]. Kettelkamp et  al. 
reported that >5° coronal plane deformity pre-
dicted ipsilateral knee arthritis in a study of 15 
tibia fractures treated nonoperatively with a mean 
follow-up of 37 years [21].

The presence of an intact fibula at the time of 
tibial shaft fracture fixation increases the risk of 
malreduction and resulting malunion. Varus mal-
union in proximal third tibial shaft fractures tend 
to occur when there is an intact fibula as the fib-
ula functions as a lateral buttress during weight- 
bearing, leading to varus deformity [22]. 
Sarmiento et  al. documented conservative man-
agement in 68 patients with a nonarticular proxi-
mal tibia fracture and found that 61% of patients 
had >5° of varus malalignment when the fibula 
was intact [23].

13.2.2  Patient Considerations

There are several patient comorbid conditions 
that should be considered when evaluating a 
patient with a tibial shaft malunion and consider-
ing operative correction. Nutritional status is 
important when evaluating a patient for corti-
cotomy union and soft tissue/wound healing. It 
is common to focus on calcium and vitamin D 
when discussing fracture healing and bone 
health. However, healthy bone requires not only 
sufficient quantities of calcium and vitamin D 
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but also sufficient amounts of other micronutri-
ents that support the structure of collagen such 
as vitamin C, lysine, and proline amino acids 
[24]. Guo et al. evaluated the effects of different 
nutritional measurements on wound healing sta-
tus after hip fracture in the elderly. They mea-
sured serum albumin, serum transferrin, serum 
prealbumin, and total lymphocyte count levels as 
parameters indicative of nutritional status. 
According to their study, 22.2% suffered com-
plications due to delayed wound healing associ-
ated with malnutrition [25]. Tobacco use has 
been linked with delayed fracture healing and 
nonunion [26]. These patients should be coun-
seled on the importance of smoking cessation 
and be provided resources to help them quit 
smoking. Diabetes has been demonstrated to 
negatively impact fracture healing and wound 
healing [27]. Patients with diabetes should be 
counseled on their increased risk and the impor-
tance of tight glycemic control and optimization 
of hemoglobin A1c.

Patient noncompliance should be carefully 
assessed as compliance during the postoperative 
course after corrective osteotomy and fixation is 
critical to its success, especially with the patient- 
centric labor-intensive six-axis deformity correc-
tion circular external fixators. Patients with a 
history of poor follow-up or malunion resulting 
in part from weight-bearing restriction noncom-
pliance and noncompliance with proper rehabili-
tation protocol should have a discussion regarding 
the consequences and worse outcomes with 
noncompliance.

In addition to patient noncompliance, there 
are several patient demographic and socioeco-
nomic factors that have been linked to overall 
worse outcomes. Baseline poor social support 
systems, low self-efficacy, poverty, and substance 
abuse are more frequent among high-energy 
trauma patients. These patient factors are associ-
ated with a heightened psychological distress 
response after trauma and with lower rates of 
return to employment and worse functional out-
come scores [28–30]. Other studies support these 
conclusions, including additional patient factors 
such as lower education, poor coping, and mental 
illness as predictors of poor functional outcome 

[31]. These studies demonstrate the need for opti-
mization of the patient’s social milieu and psy-
chological counseling to maximize patient 
outcomes and help patients return to work and 
their activities of daily living.

13.3  Evaluation and Diagnosis

The basic principles of a thorough history and 
physical examination, coupled with appropriate 
imaging and laboratory tests, are the core compo-
nents in the general workup and evaluation of a 
patient presenting with a midshaft tibia malunion. 
In the upcoming subsections, specific points in 
the evaluation and workup pertaining to tibial 
shaft malunions will be discussed.

13.3.1  History

It is paramount to fully understand a patient’s 
clinical course leading to the midshaft tibia mal-
union. These patients often have a complex his-
tory with significant variation from one patient to 
another. The initial portion of the history gather-
ing should be devoted to understanding the 
mechanism of injury  – high energy versus low 
energy. The management and clinical course var-
ies depending on the mechanism of injury. 
Additionally, the clinician should identify if the 
patient sustained an open or closed fracture. 
Open fractures should prompt an investigation 
into the size of the wound, the contamination, the 
number of surgeries before the definitive fixation, 
and the soft tissue coverage used. Understanding 
the patient’s soft tissue coverage is critical as it 
affects the planning and the corrective procedure 
for the tibial shaft malunion. Additionally, clari-
fying if the patient had complications associated 
with infection, whether superficial or deep and 
acute versus chronic, is important for the surgical 
planning as it provides an idea of the quality of 
the patient’s soft tissues and the quality of the 
remaining bone stock. A comprehensive under-
standing of a patient’s previous clinical course 
can be difficult to obtain based on the patient’s 
recollection and as such, it is suggested that the 
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patient obtain all relevant clinical documents, 
including detailed operative reports.

After obtaining a thorough history of the 
patient’s clinical course leading up the malunion, 
a carefully medical history should be obtained 
for concomitant medical comorbidities such as 
diabetes, osteoporosis, HIV, and other immuno-
compromised states to determine the patient’s 
risk for decreased bone healing and union, soft 
tissue healing, and ability to tolerate the proce-
dure and the extensive postoperative rehabilita-
tion course. A social history is very important in 
this patient population as any tobacco use would 
predispose the patient to additional complica-
tions from the planned intervention and risk caus-
ing more harm than good. A patient’s narcotic 
and illicit drug histories are important to obtain 
as chronic opioid and illicit drug use also lead to 
postoperative complications and difficulty with 
postoperative pain control.

13.3.2  Physical Examination

Malunion of the tibia results in a myriad of angu-
lar deformities in varus, valgus, procurvatum, 
recurvatum, external rotation, internal rotation, 
and shortening with many combinations of the 
aforementioned deformities. An initial inspection 
of the affected leg also yields a significant amount 
of information in addition to the gross deformity. 
The overall skin and soft tissue quality should be 
assessed. Previous skin grafts or flap coverage 
should be noted. The presence of erythema, 
warmth, and/or sinus tracts should raise concerns 
for acute and chronic soft tissue infection and 
osteomyelitis.

Knee and ankle range of motion should be 
assessed as best as possible as patients will often 
present with limitations from pain and/or con-
tractures. A ligamentous exam should also be 
documented as derangements in the mechanical 
and anatomic axes of the leg can lead to ligamen-
tous laxity and imbalance. Muscle strength and 
size should be assessed to ensure that the patient 
has the capacity for postoperative rehabilitation 
and return to function.

Additionally, the evaluating clinician should 
be vigilant for limb length inequalities which 
are very common in this subset of patients. 
Limb length can be clinically assessed with 
calibrated blocks leveling the anterior superior 
iliac spines. The contribution of the tibia to the 
total limb length inequality can then be 
assessed with the patient in prone with the 
knee flexed to 90° and measured against the 
contralateral leg.

13.3.3  Laboratory Tests

In addition to the standard complete blood count 
(CBC) and the basic metabolic panel (BMP), 
patients should be worked up with c-reactive 
protein (CRP) and erythrocyte sedimentation 
rate (ESR) to rule out any infectious processes 
that may be smoldering or active. 
Endocrinopathies and nutritional deficiencies 
that may have led to delayed healing should be 
assessed with the appropriate laboratory studies 
and corrected by an endocrinologist or nutrition-
ist if necessary. Patients with diabetes should 
have a hemoglobin A1c and blood glucose 
checked. These patients should strive for optimal 
glycemic control with their primary care pro-
vider or endocrinologist prior to undergoing cor-
rective surgery for their malunion as uncontrolled 
diabetes increases the patient’s risk of postopera-
tive complications.

13.3.4  Radiographs

Standard anteroposterior (AP) and lateral radio-
graphs of the entire tibia and fibula should be 
obtained. Additionally, it is paramount to also 
obtain full-length standing AP and lateral radio-
graphs of the bilateral lower extremities (stand-
ing modified teleoroentgenogram) using 
computed radiography to minimize the magni-
fication error [32]. This study provides clear 
information regarding the limb length inequality 
and complements the clinical evaluation. 
Radiographs of the knee in the AP, lateral, mer-
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chant, and notch views are helpful in assessing 
the extent of the patient’s degenerative joint dis-
ease. Standing AP, lateral, and mortise radio-
graphs of the ipsilateral ankle provide similar 
information for the ankle joint.

13.3.5  Advanced Imaging

Computer tomography (CT) should be obtained 
to better assess the planes of deformity and to 
provide a three-dimensional representation of the 
tibia and fibula. The CT scan provides detail that 
orthogonal plain radiographs cannot fully capture 
allowing the clinician to better understand the 
combination of the rotational, coronal, and sagit-
tal malalignments. Puloski et  al. demonstrated 
that CT scan was an effective study to evaluate 
tibial shaft rotation where they found a higher 
incidence of malrotation than previously reported 
using non-CT modalities [10]. Additionally, in 
order to perform the computer-assisted correc-
tion with the six-axis circular external fixator 
(Taylor Spatial Frame [TSF], Smith and Nephew, 
Memphis, USA), a CT scan is required to design 
the postoperative correction protocol.

Magnetic resonance imaging (MRI) provides 
valuable information when attempting to better 
understand the soft tissue and bone quality. It 
should not be used instead of the CT scan to 
assess osseous architecture, but rather should be 
used as an adjunct in cases where there is a need 
to better assess the presence and extent of soft 
tissue infection and osteomyelitis.

Nuclear imaging is an option when there is a 
suspicion for infection that is not clearly delin-
eated on the MRI.  Typically, these studies are 
not necessary for the evaluation and preopera-
tive planning for tibial shaft malunions but 
should be considered in the scenario where the 
patient has laboratory values concerning possi-
ble infection in the setting of an equivocal 
MRI.  Many patients who present for manage-
ment of their tibial shaft malunions have under-
gone several surgeries with or without soft 
tissue mobilization and coverage which can dis-
tort the interpretation of the MRI.

13.4  Treatment

The first step in treatment is to synthesize the 
information available to determine what patient 
complaints must be addressed. It is also critical to 
understand the history of the injury and prior 
treatments as this often provides valuable insights 
into the potential for latent infection, viability of 
bone segments, and potential for soft tissue prob-
lems during reconstruction.

In patients presenting with mild deformity 
that are primarily complaining of symptoms 
related to limb length inequality, it is prudent to 
attempt conservative nonoperative management 
initially. Load-transferring braces and shoe 
orthoses can be employed. Shoe lifts including 
inserts, custom soles, or “even-up” external 
devices play an important role in addressing 
symptoms and also serve as an important clinical 
test to determine the actual limb length inequality 
prior to attempts at correction. Patients present-
ing with adjacent joint stiffness and contractures 
as well as muscle atrophy and weakness should 
undergo a course of physical therapy and reha-
bilitation to maximize joint range of motion and 
muscle strength prior to corrective surgery.

Patients presenting with an underlying infec-
tion diagnosed by history, physical exam, imag-
ing, or elevated inflammatory laboratory values 
must be thoroughly evaluated prior to surgical 
correction. The method of correction may be 
seriously influenced by the presence or absence 
of infection. If internal fixation is to be used for 
correction of the deformity, then treatment of the 
infection must be done prior to corrective sur-
gery. This can include bone biopsy to ideally 
identify the offending organism and directed 
treatment. In addition, a thorough debridement 
and placement of local antibiotic delivery devices 
may be necessary to eradicate the infection. In 
the case that an organism is not identified, the 
osteomyelitis should be empirically treated with 
intravenous broad-spectrum antibiotics and dem-
onstrate clinical resolution prior to surgery. 
External fixation is more forgiving in the face of 
infection and it is often possible to proceed with 
treatment of the malunion while simultaneously 
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addressing infection. This is especially true when 
resection of an infected segment of osteomyelitis 
with subsequent bone transport is planned as the 
reconstructive pathway.

Soft tissue quality and coverage is often a 
concern in this patient population. High energy 
mechanisms of injury and multiple surgeries 
compromise the adjacent and surrounding soft 
tissue envelope which complicates the 
approach for the corrective procedure. 
Preoperative planning for potential soft tissue 
coverage and consultation of the plastic sur-
gery are important considerations before 
attempting a large surgical correction of the 
tibial shaft malunion.

Thorough radiographic evaluation and charac-
terization of the malunion is mandatory prior to 
corrective surgery. Most malunions of the tibial 
shaft have a single center of rotation and angula-
tion (CORA) around which the correction can be 
planned, but if the deformity is multifocal, this 
must be identified in the planning stage. Ideally, 
correction of the deformity is performed with an 
osteotomy through the CORA.  An osteotomy 
performed through the CORA allows for simple 
angular correction without the need for transla-
tion. However, soft tissue constraints or issues 
with the underlying bone sometimes make this 
inadvisable. It is critical to preoperatively plan 
where the osteotomy will be performed and how 
the bone segments must move to completely cor-
rect the deformity. This information will allow 
the surgeon to determine what fixation options 
can be used for stabilization when the correction 
is complete. For instance, when correction of the 
alignment requires significant translation of the 
osteotomy site it may make intramedullary fixa-
tion impossible. Therefore, it would be necessary 
to use external fixation or plate fixation in this 
patient.

It is also critical to understand the impact of 
limb length discrepancy. Significant limb length 
discrepancy more than a small amount is often 
impossible to correct with standard plates and 
intramedullary nails. Correcting limb length is 
most effectively accomplished with either exter-
nal fixator such as an Ilizarov-type fixator con-
struct or hexapod external fixator such as the TSF 

versus an internal magnetic lengthening nail such 
as the PRECICE or Fitbone nails.

13.4.1  Authors’ Preferred Methods 
of Treatment

 1. Tibia osteotomy techniques: Both multiple 
drill hole “DeBastiani” and Gigli saw tech-
niques can yield good results when used for 
tibial corticotomy. The authors prefers varia-
tions of the multiple drill hole technique and 
believes that depending on the exact circum-
stances of the case, there are significant 
advantages. If an acute correction of a defor-
mity with internal fixation is being performed, 
it is possible to perform a neutral and closing 
wedge-type osteotomy using multiple drill 
holes by comminuting the wedge. The osteot-
omy is completed with a hexagonal handled 
Ilizarov osteotome that is advanced across the 
bone under fluoroscopic guidance and then 
spun with the assistance of a large wrench 
applied to the handle. This method allows for 
deformity correction while increasing the 
bony contact surfaces and creating additional 
bone graft in the area, which the author feels 
adds to the potential for healing. This method 
is especially useful when stabilization with an 
intramedullary nail is planned.

An alternative method is often used when a 
corticotomy is performed for distraction 
osteogenesis with a circular fixator. In this 
scenario, the bolts or nuts that lock the top 
ring to the threaded rod are temporarily 
removed to allow for rotation of the top two 
rings relative to each other. The area of the 
bone that has been weakened by the drill holes 
fails in rotation and the osteotomy is thereby 
completed with a rotational osteoclasis. A 
rotational osteoclasis can similarly be per-
formed using a hexapod external fixator by 
temporarily unlocking fast-fix struts or tem-
porarily removing one side of the struts from 
the rings. When completing the osteotomy for 
balanced cable transport with circular external 
fixation, either a large wrench is used with an 
osteotome as described above or a variation of 

13 Malunions of the Tibial Shaft



358

rotational osteoclasis can be applied. This 
variation entails temporarily placing a half pin 
in the transport segment and then using the 
half pin to apply a rotation moment to 
 complete the osteotomy. After the osteotomy 
is completed, the half pin is removed.

In contrast to these methods, osteotomies 
of the tibia performed with a saw need to be 
undertaken with great care. Osteotomies are 
most often performed with a saw when there 
is a plan for plate and screw fixation. The 
advantage is that cuts can be made at angles 
that allow sliding of the bone and fixation with 
lag screws while minimizing the chances of 
unintended fracture lines that could compro-
mise the ability to optimally apply this kind of 
fixation. However, this type of osteotomy 
requires a much larger incision and much 
more soft tissue stripping in the area of future 
bone healing. It is important to perform con-
stant irrigation of the saw during cutting to 
prevent burning of the bone, which is quite 
easy to do with a large saw.

The authors prefer to use sterile frozen 
saline, which comes as a double packed sterile 
bag and can be added to regular saline on the 
back table to create a chilled liquid that is 
ideal for cooling the saw blade. The author 
typically only uses a saw for osteotomies in 
the tibia to resect segments of infected or 
necrotic bone or to prepare bone ends for 
docking by making flat surfaces. The author 
uses a micro-100 saw in order to further 
decrease the risk of thermal necrosis as well 
as to limit the travel of the saw blade that can 
risk soft tissues when used in tight spaces.

 2. Fibula osteotomy techniques: The authors 
typically prefers to perform a fibular osteot-
omy using a micro-100 saw. The osteotomy is 
typically made as an oblique fashion and is 
completed by twisting an osteotome within 
the bone after the bone cut has been made. 
The oblique nature of the cut allows the bone 
ends to slide past each other and still maintain 
proximity to each other with either lengthen-
ing or shortening of the tibia. It may seem 
contradictory that a saw is used preferentially 
for the fibular osteotomy and not for the tibia; 

however, the fibula behaves very differently 
than the tibia. The fibula has a much greater 
reserve for healing and in fact often unites ear-
lier than would be preferred for healing of the 
tibia. In addition, it is more difficult with this 
much smaller bone that is deeper in the soft 
tissues to safely perform a drill hole osteot-
omy through a percutaneous incision without 
risking injury to the superficial peroneal nerve 
or peroneal artery. Therefore, an osteotomy 
performed through a 2–3  cm incision with 
retractors protecting the surrounding struc-
tures is optimal and does not impede osteot-
omy healing in an unfavorable way. That said, 
the author avoids removing a large wedge of 
the fibula as part of the osteotomy. Although 
this may encourage consolidation of the tibia, 
it will sometimes result in a nonunion of the 
fibula. Fibular nonunion in the midshaft is 
believed by some to be unimportant. However, 
the author has cared for patients in which this 
is symptomatic, especially with the use of 
boots in activities such as skiing or snow-
boarding, and therefore believes it should be 
avoided.

 3. Malalignment with minimal limb length dif-
ference: In the absence of infection, when 
deformity is present with no significant limb 
length discrepancy (less than or equal to 
5 mm), or a difference that will be easily cor-
rected to within 5  mm by straightening the 
angulated bone, then internal fixation is the 
preferred method of stabilization. The author 
strongly prefers the use of fixation with intra-
medullary nails whenever possible. The nail is 
applied with additional screws applied as 
blocking and stabilization screws to help 
achieve deformity correction and optimize 
stability. Intramedullary fixation is more soft 
tissue friendly and minimizes soft tissue strip-
ping compared with fixation using plates and 
screws. The authors uses an external fixator- 
assisted method of intramedullary nailing to 
obtain and maintain correction during the sta-
bilization process.

Intramedullary fixation is not preferred in 
several scenarios. Intramedullary fixation is 
not possible when an osteotomy is performed 
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at a site remote to the CORA when aligning 
the limb will require major translation at the 
osteotomy site. In this scenario, the anatomic 
axis of the tibia is not collinear with the 
mechanical axis making passage of the nail 
impossible. Plate fixation is still possible and 
would be used if internal fixation is still 
desired in this scenario and the soft tissues are 
amenable. Alternatively, circular external fix-
ation provides great flexibility in performing 
gradual correction and can allow for tweaking 
of the alignment postoperatively. The author 
generally finds that if an osteotomy is not 
being performed at the site of the CORA that 
it is usually because of soft tissue concerns, so 
most often circular external fixation is 
preferred.

 4. Malalignment with limb length differ-
ence > 1 cm: Significant limb length discrep-
ancy alters the surgical approach to deformity 
correction. Correction of up to 2 cm with slid-
ing osteotomies using plate fixation has been 
reported and can be used for deformity correc-
tion with more mild limb length differences. 
Apart from this, standard internal fixation 
with plates and screws cannot reliably achieve 
the goals of both deformity correction and 
limb length correction. There are times when 
it may be optimal to choose standard internal 
fixation to correct alignment and accept a dif-
ference in leg length. However, addressing all 
problems requires other means.

Most often circular external fixation with 
either an Ilizarov or hexapod construct will 
prove most effective. The author believes that 
there are significant advantages to the use of 
Ilizarov constructs in the treatment of com-
plex pilon and tibial plateau fractures, but 
generally finds that hexapod external fixators, 
such as the TSF, are the most powerful and 
user-friendly method of correcting tibial shaft 
deformity. Hexapod external fixators provide 
the opportunity to correct deformity in six 
axes, lengthen the bone, and easily adjust the 
alignment postoperatively without major 
changes to the external fixator.

Alternatively, internal magnetic lengthen-
ing nails can be employed to gain length using 

distraction osteogenesis. These devices have 
been highly effective and in fact revolutionary 
in the world of limb lengthening surgery. 
These devices can theoretically be used to sta-
bilize a bony osteotomy used to correct defor-
mity with subsequent application of bone 
lengthening assuming that the alignment of 
the bone will permit intramedullary fixation. 
This is an appealing approach in that it allows 
for deformity and limb length correction with-
out the use of an external device. The authors 
believes that this is a legitimate option in some 
circumstances and has seen this approach suc-
ceed. However, this method should be under-
taken with a number of caveats.

The first is that internal distraction devices 
behave very differently than standard intra-
medullary nails. It is imperative that the nail 
be captured by either cortical contact or cortex 
replacing stabilization screws on both sides of 
the osteotomy at the time of surgery. If this 
does not occur, the bone will develop a pro-
gressive deformity during the lengthening 
phase. Secondly, bone formation with internal 
nails is much poorer in the tibia than with cir-
cular external fixation and therefore healing 
can be quite slow. The formation of relatively 
weaker regenerate bone is compounded by the 
fact that acute deformity correction at the 
osteotomy site also tends to decrease callous 
formation and bone healing in general. Taken 
together, acute correction of a large magni-
tude combined with internal lengthening can 
be risky in terms of bone healing. Currently, 
there is limited published data to evaluate the 
overall success of this approach versus other 
methods, but the author believes that with 
time this approach will likely prove its value 
in some circumstances.

 5. Severe valgus deformity: Severe valgus defor-
mity merits special attention because of the 
risk to the peroneal nerve when performing 
corrective surgery. Correction of tibial defor-
mity from valgus to varus, and from external 
rotation to internal rotation, places the pero-
neal nerve on stretch and may risk a peroneal 
nerve palsy. It is unclear exactly what amount 
of acute correction is acceptable and this is 
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likely variable among patients. It is also likely 
that correction of fracture malunion is more 
forgiving in this regard than congenital defor-
mity. For these reasons, exact limitations do 
not exist, but many surgeons will not perform 
more than a 10–15° correction of valgus 
acutely unless a complete neurolysis of the 
peroneal nerve is performed. Generally, the 
authors prefers to use a hexapod external fix-
ator to correct a valgus deformity greater than 
15°, especially in the proximal half of the 
tibia, to avoid risk to the nerve. It should be 
noted that if a simultaneous correction of 
external rotation deformity with valgus cor-
rection is planned, the magnitude of acute cor-
rection accepted would decrease accordingly.

 6. History of infection: The presence of infection 
is a very important consideration in planning 
for correction of a tibial deformity. Infection 
should ideally be eradicated prior to perform-
ing an osteotomy for treatment of a tibial mal-
union when stabilization with internal fixation 
is planned. In contrast, external fixation is 
more forgiving in the face of infection because 
there is minimal disruption of local biology 
and no deep implant to become colonized. 
Therefore, external fixation can often be 
employed concurrently to the treatment of 
infection.

The extent of the infection has significant 
implications on the treatment plan. Infection 
can be localized such as around existing frac-
ture fixation hardware. Optimally, the hard-
ware would be removed and infection treated 
prior to performing an osteotomy of the tibia 
for correction of alignment. More extensive 
infection including a sequestrum within the 
bone may not be amenable to this approach. 
When such a situation is present, it is neces-
sary to perform a more aggressive debride-
ment that often involves segmental resection 
of the compromised bone. Radical resection 
of the infected bone segment will eliminate 
the underlying infection burden and therefore 
allow for use of internal or external fixation at 
that same setting. However, especially for 
internal fixation, the author typically prefers a 
staged approach returning when the patient 

has had a short course of treatment with anti-
biotics for definitive reconstruction.

Once eradication of infection has been 
accomplished, the surgeon can use the partic-
ulars of the deformity and site of planned 
osteotomy together with status of soft tissue 
presence of a bone defect or limb length 
inequality to guide decisions in terms of what 
fixation strategy is best. The authors finds that 
in the treatment of infected tibia malunion the 
use of circular external fixation is the most 
forgiving in terms of preventing recurrence of 
infection, obtaining complete correction of 
the deformity, and equalizing limb lengths. 
However, there are times when risk of reinfec-
tion is low and deformity correction is ame-
nable that internal fixation may be preferred.

13.5  Case Discussions

13.5.1  Case 1

The patient is a 34-year-old man with a history of 
rickets as a child. He had an unsuccessful tibial 
osteotomy performed as a teenager that resulted 
in worsened valgus deformity and a limb length 
discrepancy. The medical history is complicated 
due to renal failure resulting in two kidney trans-
plants. The kidney is now functioning well, but 
medications caused bilateral femoral head avas-
cular necrosis resulting in collapse and subse-
quent bilateral hip replacement at age 32. He then 
suffered a work accident where a forklift ran over 
his foot causing severe injuries.

He initially presented complaining of a 
chronic valgus deformity and limb length dis-
crepancy that has caused him problems for many 
years. The situation became increasingly prob-
lematic after the foot injuries because an optimal 
reconstruction of these cannot be performed until 
his limb alignment is corrected.

Evaluation of the leg revealed a good soft tis-
sue envelope and no signs of infection. Lab tests 
revealed no signs of infection, and the endocrine 
workup was normal except for a mildly decreased 
vitamin D for which treatment was instituted. 
Radiographs reveal a combined 10° valgus and 
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11° apex anterior proximal tibial metadiaphyseal 
deformity with no significant rotational abnor-
mality (Fig. 13.1). There is a limb length discrep-
ancy of 13 mm with the right shorter than the left. 
Deformity analysis revealed that a correction of 
the alignment and joint angles would be possible 
with a single proximal tibial metaphyseal 
osteotomy.

We discussed several options for treatment 
including acute correction with a fixator-assisted 
intramedullary nail, acute correction with a plate 
and screws, gradual correction with a TSF, and 
acute correction with subsequent lengthening 
using an internal magnetic lengthening intramed-
ullary nail. The patient said that, although he 
would like to have his leg lengths equalized, he 

did not feel this was a priority. What was most 
important to him was to have the alignment cor-
rected and the bone healed as soon as possible so 
that he could have his foot addressed. In addition, 
the length discrepancy was not severe and the 
patient has contralateral deformity that will likely 
undergo correction after the foot is addressed 
allowing for equalization of the leg lengths at that 
time if desired. Therefore, we felt that external 
fixation-assisted intramedullary nailing would be 
the most efficient method of correcting the defor-
mity and returning him to function.

The site of the osteotomy was marked out using 
a radiopaque ruler as seen in Fig. 13.2a, b. A neu-
tral wedge osteotomy was then performed with a 
multiple drill hole osteotomy (Fig.  13.2c–e).  

Fig. 13.1 Anteroposterior and lateral radiographs of the 
right tibia demonstrating a combined 10° valgus and 11° 
apex anterior proximal tibial metadiaphyseal deformity 

with no significant rotational abnormality. Limb length 
radiographs demonstrate a 13  mm discrepancy with the 
right shorter than the left
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This type of osteotomy increases bony contact at 
the site of deformity correction and also  provides a 
sort of local bone graft. The osteotomy is done 
through a percutaneous incision overlying the 
tibia. The fibula osteotomy was done with a micro-
100 saw and finished with an osteotomy rotational 
osteoclasis.

A tension wire spanning fixator was applied 
next with one reference wire proximally and 
another distally to assist in obtaining and main-
taining reduction during nailing (Fig.  13.3). A 
suprapatellar approach was used for nailing of 
the tibia. The osteotomy site was compressed 
with the compression driver at the proximal end 
of the nail before being locked into place. Neither 
blocking nor stabilization screws were used in 
this case because there was felt to be a good end-
osteal fit of the nail on both sides. If the osteot-
omy had been more metaphyseal in nature, then 
blocking screws would have been added. Overall 
anatomic alignment was achieved, and limb 

lengths were adequately equalized that he felt 
balanced with a simple shoe insert postopera-
tively (Fig. 13.4).

13.5.2  Case 2

The patient is a 56-year-old Haitian man with a 
history of a left tibia shaft fracture as the result of 
a gunshot wound 19 years ago. The patient has 
been symptomatic with medial knee pain that has 
become significant over the past few years and is 
also bothered by his limb length inequality. The 
patient was cared for with closed treatment at the 
time of the injury. He has no history of infection 
and no major medical comorbidities, and his 
endocrine workup was normal. The soft tissue 
envelope is generally benign apart from a couple 
small patches of skin that are adherent to bone.

The overall deformity is 12° varus, 9° apex 
posterior, 22 mm limb shortening, and no signifi-

Figs. 13.2 Intraoperative fluoroscopic series demonstrat-
ing the radiopaque ruler marking out the planned osteot-
omy site followed by multiple drill hole osteotomy to 
create the neutral wedge osteotomy. The irregular bone 

edges can be visualized through this technique which also 
provided a local autograft effect as seen in the osteotomy 
site in the bottom right image
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Fig. 13.3 Intraoperative fluoroscopic series depicting the 
tension wire external fixator-assisted suprapatellar intra-
medullary nailing of the right tibia after completion of the 

osteotomy. The tension wire external fixator aids in main-
taining reduction and alignment of the tibia after the 
osteotomy

Fig. 13.4 Postoperative radiographs of the right tibia demonstrating restoration of anatomic alignment
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cant rotational deformity (Fig. 13.5). It is notable 
that, although the mechanical axis can be cor-
rected at one location, the anatomic axis is ser-
pentine in nature. The complex nature of the 
shape of the midshaft makes intramedullary fixa-
tion impractical. Plate and lag screw fixation may 
be possible here, but it is difficult to accurately 
correct a difference of this magnitude with plat-
ing techniques and the skin is not ideal in some 
areas that would need to be accessed for this 
method. Therefore, external fixation is the most 
optimal solution to correcting this problem. It is 
possible to use an Ilizarov-type external fixator, a 
hexapod ring fixator, or a monolateral rail in this 
circumstance. However, the hexapod offers great 
flexibility in adjusting both alignment and height 
postoperatively, and in the authors’ experience, it 
is the most reliable method to get an optimal 
result.

A TSF was applied with two wires and two 
half pins proximally and three 6  mm half pins 
spread over the distal segment (Fig.  13.6). The 
tibial osteotomy was performed with a multiple 
drill hole technique. The fibula was not captured 
because we desired to return the proximal tibia to 
its proper position relative to the proximal fibula. 
Performing distraction osteogenesis without cap-
turing the fibula must be undertaken with great 
care and in most circumstances is not advised. 
However, circumstances such as tibial malunion 
after fracture and Blount’s disease correction 
often benefit from the judicial use of this method 
to properly orient the proximal tibia relative to 
the fibula at the end of correction.

A Spatial Frame program was run postopera-
tively that returned the patient to an anatomical 
alignment plus 1–2° of valgus (Fig.  13.7). The 
extra couple degrees of valgus were introduced 

Fig. 13.5 Anteroposterior and lateral radiographs of the 
left tibia demonstrating 12° varus, 9° apex posterior with-
out significant rotational deformity. Limb length radio-

graphs demonstrate a 22 mm limb shortening of the left 
lower extremity
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Fig. 13.6 Anteroposte-
rior and lateral 
radiographs of the left 
tibia after a proximal 
tibia osteotomy via the 
multiple drill hole 
technique and applica-
tion of a Taylor Spatial 
Frame prior to starting 
the distraction osteogen-
esis and multiangular 
correction protocol

Fig. 13.7 Anteroposterior and lateral radiographs of the 
left tibia after completion of the Spatial Frame protocol 
demonstrating marked improvement in limb alignment 

with 1–2° of valgus to accommodate for the patient’s 
medial compartment arthritis
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because of the medial arthritis that is present. The 
author is a proponent of recreation of essentially 
anatomical alignment and joint angles and 
believes this is almost always preferable to creat-
ing large compensatory deformities. A total 
residual program was used after achieving ana-
tomic alignment in order to completely equalize 
the leg lengths (Fig. 13.8). Note also the improved 
position of the proximal fibula. Although the ana-
tomic axis of the bone remains serpentine, a fully 
functional reconstruction has been achieved.

13.5.3  Case 3

The patient is a 45-year-old male construction 
worker who presented with a severe right grade 
IIIA open tibia and fibula fracture after falling 
from a 6-foot scaffold. The patient had a history 
of an open tibia fracture in the same leg treated 
nonoperatively in his home country when he was 
11 years old. He has had obvious deformity of the 
right leg since that time but had managed to func-
tion reasonably well. Patient denied any history 
of tobacco use and has no other significant medi-
cal comorbidities.

The soft tissue injury was very severe, but flap 
coverage would only be required if internal fixa-
tion was used for stabilization. Radiographs 
revealed an acute fracture of the midshaft of the 
tibia with a deformity more distally that was in 
14° of valgus and 18° of apex posterior deformity 
(Fig. 13.9). He also reported a known limb length 
inequality with a short right limb, but the magni-
tude was difficult to assess at the time of 
presentation.

He was initially taken for debridement of the 
fracture, stabilization with a spanning external 
fixator, and placement of antibiotic beads 
(Fig. 13.10). He returned for two staged debride-
ments and then definitive care. The wound 
remained very marginal throughout this process 
and if internal fixation had been chosen, a flap 
would have been required. However, we chose to 
proceed with definitive care using a hexapod cir-
cular external fixator, specifically a TSF. We ini-
tially placed the frame with the limb in its original 
alignment in order to allow the soft tissues time 
to heal and callus for form (Fig. 13.11). It took 
almost 5 months for the soft tissues to heal ade-
quately for us to return to the operating room to 
revise the frame and perform an osteotomy at the 
prior malunion site (Fig.  13.12). Initially the 
struts had been used to reduce the acute fracture, 
but the frame revised, they were now able to 
adjust the alignment of the osteotomy site and 
lengthen the leg while the original fracture was 
maintained to heal by the pins and wires 

Fig. 13.8 Limb length films demonstrating marked 
improvement in leg lengths compared to the image in 
Fig. 13.5
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Fig. 13.9 Anteroposte-
rior and lateral 
radiographs of the right 
tibia demonstrating an 
acute fracture of the 
midshaft with a distal 
deformity measuring 14° 
of valgus and 18° of 
apex posterior angula-
tion

Fig. 13.10 Postopera-
tive anteroposterior and 
lateral radiographs of 
the right tibia after 
application of a 
temporizing uniplanar 
external fixator and 
antibiotic cement beads

13 Malunions of the Tibial Shaft



368

(Fig. 13.13). Eleven months after the index pro-
cedure, and 6  months after the osteotomy, the 
fracture and osteotomy healed with an anatomi-
cally aligned limb with equal leg lengths (Fig. 
13.14).

13.5.4  Case 4

The patient is a 46-year-old man who initially 
presented with two open wounds overlying the 
tibia with a concern for underlying osteomyelitis 
in his left tibia. He reported having had a severe 
open left tibia fracture in Colombia over 20 years 
prior as the result of a high-speed motorcycle col-
lision with a truck. At that time, he had over ten 
procedures to the left tibia including bone and 

skin grafting. Additionally, he reported that 
5  years after the injury he was treated with IV 
antibiotics for osteomyelitis of the left tibia. At 
the time of presentation, the patient had several 
areas of deep ulcerations along the anterior tibia 
with very fragile appearing skin at the site of his 
previous skin grafts. He states that very minor 
trauma, such as hitting his leg against a coffee 
table, results in a nonhealing wound. However, 
these wounds arose spontaneously without prec-
edent trauma. He also noted difficulty with ambu-
lation secondary to his 5  cm limb length 
inequality, bony deformity, and acquired equinus 
contracture. Laboratory values demonstrated a 
mildly elevated ESR of 16 with normal CRP and 
WBC. Radiographs (Figs. 13.15 and 13.16) are 
concerning for sequestrum as well as a deformity 

Fig. 13.11 Anteropos-
terior and lateral 
radiographs of the right 
tibia after removal of the 
temporizing uniplanar 
external fixator and 
application of a hexapod 
circular fixator (Taylor 
Spatial Frame) while 
keeping the original 
tibial deformity to allow 
the soft tissues to 
adequately heal
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with 15° apex and excess external rotation. MRI 
of the left tibia confirmed several cysts through-
out the cancellous bone of the diaphysis and dis-
tal metaphysis.

At this point, we discussed with the patient 
that he had four main problems. The first was that 
he had an osteomyelitis of the tibia. The second 
was that he had a tibial malunion deformity and 
limb length inequality. The third was that his soft 
tissue quality was very poor and likely needed 

wound coverage. The fourth was the equinus 
contracture. We discussed the possibility of per-
forming more limited procedures to address the 
current problem of the ulcerations without solv-
ing these other serious issues. However, the 
patient was strongly in favor of a more permanent 
solution that would address all of the above and 
so we proceeded with the reconstruction 
described below.

A debridement of the area of osteomyelitis 
was performed first. A segment was removed that 
included the sequential cuts were then made at 
5 mm increments until there was a healthy nor-
mal appearing and bleeding bone end on each 
side (Fig.  13.17). An antibiotic cement spacer 
was fashioned in the standard fashion using the 
standard ratio of one pack of 40 grams of methyl 
methacrylate mixed with 2 g of vancomycin and 
4.8 g of tobramycin. The spacer is formed over a 
Steinmann pin, which is placed within the medul-
lary canal to keep the spacer in place. A spacer 
pouch was formed with this by covering the open 
wound with Ioban. The patient returned to the 
operating room after receiving 2 days of IV anti-
biotics. A free latissimus dorsi muscle transfer 
was performed for soft tissue coverage.

We waited approximately 6  weeks for the 
muscle flap to mature and then returned to the 
operating room for application of a cable trans-
port circular external fixator and Spatial Frame 
struts to correct the ankle equinus contracture 
(Fig.  13.181a, b). The cable frame was con-
structed in the standard fashion for a balanced 
cable transport as described by Quinnan. Upon 
completion of the procedure, the patient was 
made weight- bearing as tolerated and began his 
transport on postoperative day 7 with lengthening 
at 1  mm per day. The patient was also given a 
program for correction of the equinus 
contracture.

Three months after the application of the cable 
transport frame, the patient completed the trans-
port phase and was then converted to a lengthening 
frame. This conversion was performed by locking 

Fig. 13.12 Limb length radiographs demonstrating the 
right tibia after application of the Taylor Spatial Frame 
before any correction
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the cables to the middle ring while removing their 
attachment to the proximal ring (Fig. 13.19). The 
telescopic rods that were used as part of the origi-
nal frame construction were then used as the 
motor. It is also notable that the toes had developed 
contractures during correction of the ankle con-
tracture, so these were pinned and locked down to 
the foot ring. Lengthening progressed until the 
legs were of equal length (Fig. 13.20a, b), and then 
the frame was removed, and an antibiotic-coated 
intramedullary nail was placed (Fig.  13.21). He 
was made non-weight-bearing for 1  month and 

was then transitioned to weight-bearing as toler-
ated. Ultimately, the bony reconstruction created 
16 cm of new bone. The patient spent a total of 
6 months in the external fixator and clinically and 
radiographically 10  months after the start of the 
bony reconstruction (Fig.  13.22). The patient 
required an extensive course of physical therapy 
for rehabilitation. At his latest office visit, 2 years 
later, his infection is cured, his soft tissue coverage 
is much more durable, and he is ambulating inde-
pendently and has returned to his activities of daily 
living (Fig. 13.23a, b).

Fig. 13.13  
Anteroposterior and 
lateral radiographs 
depicting the osteotomy 
of the malunion after the 
planned staged 
management of this 
patient’s open injury and 
prior to initiation of the 
correction protocol
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Fig. 13.14 Anteropos-
terior and lateral 
radiographs demonstrat-
ing removal of the 
Taylor Spatial Frame 
with adequate healing of 
the osteotomy and 
restoration of anatomic 
alignment and length
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Fig. 13.15 Anteropos-
terior and lateral 
radiographs of the left 
tibia concerning for 
sequestrum as well as a 
deformity with 15° apex 
and excess external 
rotation
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Fig. 13.16 Limb length 
radiographs demonstrat-
ing 40.6 mm of limb 
length discrepancy with 
the left shorter than the 
right
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Fig. 13.17 Postopera-
tive radiographs of the 
left tibia after debride-
ment of the segment of 
tibia with osteomyelitis 
and application of a 
temporizing antibiotic 
cement spacer
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a

b

Fig. 13.18 (a, b) Anteroposterior and lateral radiographs 
of the left tibia and left ankle demonstrating the applica-
tion of a Taylor Spatial Frame spanning the ankle to cor-

rect the ankle equinus contracture as well as allowing for 
placement of a cable transport system
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Fig. 13.19 Anteroposterior and lateral radiographs of the 
left tibia and left ankle after completion of the transport 
phase and conversion of the external fixator to a lengthen-

ing frame by locking the cables to the middle ring while 
removing their attachment to the proximal ring
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a b

Fig. 13.20 (a, b) Anteroposterior, lateral, and limb length radiographs demonstrating the progressive lengthening 
process with the lengthening frame

Fig. 13.21 Anteropos-
terior and lateral 
radiographs of the left 
tibia after removal of the 
lengthening frame and 
application of an 
antibiotic-coated 
intramedullary nail
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Fig. 13.22 Anteropos-
terior and lateral 
radiographs of the left 
tibia after healing and 
consolidation of the 
regenerate
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Malunions of the Distal Tibia 
and Ankle

Kevin J. Pugh, B. Dale Sharpe Jr., 
and David B. Johnson Jr.

14.1  Introduction

14.1.1  What Is a Malunion?

Defining a malunion can be difficult. Is it a frac-
ture or osteotomy that healed with residual 
deformity? Or is it a fracture which has healed 
with deformity leading to a functional loss or 
arthritis in an adjacent joint? A 30-degree resid-
ual varus deformity of the humerus in a patient 
with a sizable arm will have radiographic 
malalignment but may result in no cosmetic or 
functional abnormality. Contrast this to a patient 
who has a 15-degree varus malunion of the dis-
tal tibia where there may be significant cosmetic 
deformity and implications for arthritis in the 
adjacent ankle and subtalar joints. Thus, the 
magnitude of the residual deformity, the bone 
on which it is located, and its proximity to the 
weightbearing surface are the major determi-
nants of which deformities are purely cosmetic 
and those which are true malunions requiring 
correction.

14.1.2  Goals of Management

In the upper extremity, where the skeleton is 
designed to maximize the positioning of the hand, 
malalignment may result in weakness and diffi-
culty performing activities of daily living. In the 
lower extremity, residual deformity can lead not 
only to radiographic or cosmetic deformity but an 
alteration in the mechanical axis of the limb or the 
orientation of a joint to that axis [1]. This abnormal 
loading of the weightbearing skeleton can cause 
degradation of the articular cartilage over time 
leading to traumatic arthritis in adjacent joints. 
The goals of deformity correction in the lower 
extremity are to restore the mechanical axis of the 
limb and to maintain or restore the orientation of 
each joint to the mechanical axis, which ultimately 
prevents arthritis and restores function [2].

14.1.3  Deformity

Normal gait is dependent on the function and 
alignment of the ankle joint. When fractures 
occur, anatomic reduction and stable fixation of 
fractures about the ankle is required to restore 
function and obtain union. Disruption of the 
ankle mortise by a fracture of the plafond, mal-
leoli, or syndesmotic injury may lead to ankle 
instability or lack of articular congruity; both of 
which can lead to degenerative arthritis. The 
ankle joint is unique in that it has several 
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 structures that need to be accounted for when 
evaluating deformity. Coronal plane deformity in 
the meta-diaphyseal or metaphyseal regions of 
the bone leads to alterations in mechanical axis 
and subsequent degenerative joint disease of the 
tibiotalar joint and possible underlying compen-
satory deformity in the subtalar joint. The sagittal 
plane is the primary plane of motion of the lower 
extremity; thus, deformities to some degree are 
compensated for by the motion of the ankle. 
Flexion deformities, however, create a relatively 
dorsiflexed position of the ankle and limit overall 
ankle motion. Conversely, extension deformities 
of the distal tibia lead to an uncovered talus, 
abnormal loading, and a relative equinus defor-
mity of the ankle. Structurally, malunions of the 
distal fibula, medial malleolus, or posterior mal-
leolus may result in altered mechanics of the 
ankle mortise affecting joint stability and congru-
ity. Deformity or malreduction of the distal syn-
desmosis or articular surface, both of which 
cause abnormal cartilage loading, will ultimately 
lead to post-traumatic arthritis.

There is no one method of treatment for mal-
unions and deformity at the ankle. Instead, it is an 
analysis and correction of the cause of the mal-
union and the unique features of each specific 
case (Table 14.1). The fact that there is no one 
technique or implant to treat malunions is what 
makes them both challenging and satisfying to 
treat. The treatment plan, whether simple or 
involving several stages, is devised by following 
a set of principles as illustrated throughout this 
book. The principles of treating malunions about 
the ankle will be illustrated in this chapter.

14.2  Evaluating Malunions About 
the Ankle

The evaluation of a patient with a deformity, just 
as with an acute injury, requires a thorough look 
at more than just the fracture pattern and radio-
graphs. One must determine the “personality of 
the fracture” as coined by Schatzker [3]. This 
involves a complete history of the events of the 

Table 14.1 Treatment suggestions: distal tibia and ankle malunions

Classification Objective Treatment Suggestions Problems
Meta-diaphyseal Restore mechanical 

axis
Plate, external 
fixation, nail with 
polar screws

Small distal segment, 
inadequate stability

Meta-diaphyseal 
with length

Restore mechanical 
axis and length

Oblique plane 
osteotomy and 
plating, external 
fixation

Provide adequate fixation, 
build external fixator to 
foot if needed

Lateral malleolus Restore length and 
rotation

Plate May require bone graft Failure to restore 
syndesmosis and talar 
articulation

Posterior 
malleolus

Restore joint 
congruity and 
stability

AO techniques Technically difficult 
to access

Medial malleolus Restore joint 
congruity and 
stability

AO techniques Small malleolar piece, 
inadequate fixation

Syndesmosis Restore joint 
congruity and 
stability

AO techniques Restore ankle mortise, 
stress views in OR

Failure to restore joint 
stability

Articular 
malunion

Restore articular 
surface and limb 
alignment

Intra-articular 
osteotomy, 
arthrodesis, 
arthroplasty

Arthrodesis if surface is not 
reconstructable

Cartilage injury, poor 
prognosis

AO Arbeitsgemeinschaft für Osteosynthesefragen (German for “Association for the Study of Internal Fixation”), OR 
operating room
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injury, the fracture, the host, the treating physi-
cian and the institution at which the treatment 
will occur. Only with this kind of analysis can 
one do proper preoperative planning and opti-
mize the chance for success.

14.2.1  History

A comprehensive history is essential, as a com-
plete picture of the fracture, and the host must be 
obtained [4]. Was the initial injury open or 
closed? Was there a high energy mechanism such 
as a motorcycle accident or a lower energy trip 
and fall? Were there any neurovascular issues at 
the time of initial injury or following treatment? 
A determination of the type and number of previ-
ous surgeries is essential, as is the presence and 
treatment of previous infection. If there is 
retained hardware at the fracture, old operative 
notes can be helpful in identifying the type and 
manufacturer for planned removal. Have previ-
ous fractures healed in a timely fashion? Patients 
with recreational drug habits or other substance 
abuse may have compliance issues, and this 
needs to be identified at the outset of treatment. 
Smokers are at risk because of the well- 
documented relationship between nicotine use 
and delayed healing, as are patients with comor-
bidities such as vascular disease, diabetes, and 
other chronic diseases [5]. Patients using nicotine 
gum are not immune to this problem. Adequate 
nutrition is essential to healing as is the normal-
ization of vitamin D levels. The occupation of the 
patient is another factor to consider, as treatment 
that requires a non-weightbearing gait will affect 
a laborer differently than a patient with a seden-
tary job. The knowledge of the avocations and 
hobbies of your patient are also important, as it 
rounds out the level of activity to which the 
patient must return and sets an ultimate goal for 
treatment. Hospital discharge planning often 
begins before surgery. The patients’ living situa-
tion, amount of support from family or friends, 
their financial resources, the location of their 
home, and what type of dwelling in which they 
reside are all helpful in planning successful 
aftercare.

14.2.2  Physical Examination

A thorough musculoskeletal examination is man-
datory. Examination starts with the patient’s 
other extremities, as this provides clues to other 
disabilities that may play a role in mobility and 
later rehabilitation. The malunited segment 
should then be inspected for gross deformity and 
overall limb alignment. Gross limb length can be 
checked, both radiographically and clinically, 
and if the patient is ambulatory, the gait pattern 
should also be examined. The fracture site should 
be checked for pain to manual stress, as well as 
for the presence of gross or subtle motion. The 
ligamentous stability and range of motion of 
adjacent joints should be examined, and soft tis-
sue reconstruction may be required as part of the 
treatment plan. If there is joint contracture or 
subluxation present, it should be determined if it 
is due to soft tissue contracture, heterotopic ossi-
fication, joint ankylosis, or a combination thereof.

The skin should be inspected for the presence, 
location, and healing status of previous open 
wounds and incisions. Adherent skin, especially 
in areas with subcutaneous bone such as the 
medial face of the tibia, the distal fibula, and the 
calcaneus are important to note when planning 
treatment [6]. The presence or absence of lymph-
edema or venous stasis should be noted, as it may 
also influence the choice of surgical approach. If 
previous external fixators have been in place, the 
condition of the old pin sites should be examined 
for signs of previous infection. As with any 
injury, a complete neurovascular examination 
should be performed and documented prior to 
treatment. Existing nerve deficits can be exam-
ined by electromyography to determine the extent 
and likelihood of recovery. Patients with sus-
pected dysvascular limbs should be sent for more 
thorough testing including transcutaneous oxy-
gen tensions and ankle-brachial indices [7].

14.2.3  Radiographic Evaluation

Radiographic evaluation includes true anteropos-
terior and lateral films of the affected limb seg-
ment, orthogonal to the “normal” portion of the 
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limb. If multiple limb segments or length issues 
are suspected, additional work-up is required. 
Standard full-length alignment films should be 
obtained, as well as alignment films centered on 
each area in question, i.e., tibia or ankle. 
Deformities must be fully characterized in all six 
axes using a general analysis of deformity as dis-
cussed in earlier chapters so that correction can 
be planned. Comparison films of the contralateral 
leg are helpful in determining the normal align-
ment of the patient, and population norms can be 
used if the problem is bilateral [8]. Nonunions 
must be ruled out. Radiographic signs of a non-
union, while sometimes subtle, include the 
absence of bridging trabeculae, sclerotic fracture 
edges, persistent fracture lines, and broken or dis-
placed hardware [9]. Computed tomography 
(CT) scans with reconstructions can be helpful in 
analyzing subtle nonunions but can be hard to 
interpret with fracture fixation devices present. If 
infection is suspected, a combined bone scan and 
tagged white cell study can help to differentiate 
bone turnover from active infection. Magnetic 
resonance imaging (MRI) can be helpful in eval-
uation of bone for infection or identifying the 
integrity of ligamentous structures but are not 
commonly utilized in the evaluation of malunions 
or nonunions.

14.2.4  Laboratory Evaluation

Laboratory studies round out the clinical picture 
of the patient. In addition to routine preoperative 
chemistries and blood counts, patients suspected 
of infection should have erythrocyte sedimenta-
tion rate (ESR) and c-reactive protein (CRP) labs 
drawn. Patients suspected of malnutrition should 
have a complete nutritional panel performed 
including liver enzymes, total protein, albumin, 
calcium, phosphate, and vitamin D levels. 
Patients with diabetes should have optimization 
of their hemoglobin A1c levels (<7%), as tight 
control of blood sugar provides a more optimal 
healing environment [10, 11].

14.2.5  Facilities and Ancillaries

The last part of developing the personality of the 
fracture is a critical self-examination of the sur-
geon and the treating facility. Surgeons should 
honestly examine whether they have the training, 
skill, patience, and experience necessary to treat 
a complex malunion. Even the most gifted sur-
geon requires help, and the appropriate consul-
tants must be available including plastic and 
vascular surgery, internal medicine, and infec-
tious disease. The hospital is the final piece. Is the 
correct equipment in the facility or available to be 
brought in temporarily? Is there experienced 
nursing and surgical assistance available? Can 
the anesthesia staff care for the needs of a sick 
patient?

14.3  Treatment

14.3.1  Preoperative Planning

At the end of the evaluation, the surgeon should 
create a complete problem list in anticipation of 
preoperative planning. An attempt should be 
made to define the cause of the malunion in order 
to attempt to reverse it. Soft tissue defects, either 
existing or anticipated, must be covered. The 
consultants required should be listed and 
obtained. Infected fractures require debridement, 
treatment, and conversion to a non-infected bone 
with eventual staged reconstruction. Pre-existing 
hardware must be identified and a determination 
made as to whether it can be retained or must be 
removed. The location of the osteotomy and the 
desired method of fixation, along with the hard-
ware required to carry it out, must be listed and 
should follow the osteotomy rules as espoused by 
Paley et al. [12]. The optimal mechanical site for 
an osteotomy may not be available due to soft tis-
sue compromise or suboptimal bone quality. It is 
in these instances that the surgeon must think 
critically to devise a plan that is suitable for this 
particular patient and malunion (Table 14.2).
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Using this problem list, a detailed preopera-
tive plan should be drawn out in all but the sim-
plest of conditions. Performing the case on paper, 
often with multiple methods or implants, allows 
one to foresee possible obstacles to success. One 
should define the sequential steps in the opera-
tion in detail, select the appropriate patient posi-
tioning, and ensure the availability of equipment 
and implants. Creating a detailed preoperative 
strategy allows the procedure in the operating 
room to be an execution of plan rather than a sur-
gical adventure [13].

14.3.2  Selecting a Procedure

In general, a single-stage, acute correction with 
internal fixation can be done for simple deformi-
ties amenable to opening wedge, closing wedge, 
dome osteotomies (varus, valgus, flexion, exten-
sion), or transverse (rotational) osteotomies in 
limb segments with adequate soft tissues and 
bone available for fixation [14]. Gradual correc-
tion with distraction osteogenesis is best for 
deformities which have significant length issues 
and poor surrounding soft tissues or are in close 
proximity to the articular surface [15].

14.4  Malunions of the Meta- 
diaphyseal Tibia

14.4.1  Analysis of the Deformity

Malunions of the distal tibial shaft and meta- 
diaphyseal region of the tibia can be analyzed in 
the same manner as those of other long bones. 
This can be done with a general analysis of defor-
mity as described by Paley and other authors. 
After appropriate radiographs are obtained, the 
malunion can be defined in all six axes: varus and 
valgus in the frontal plane, flexion and extension 
in the sagittal plane, and length and rotation in 
the axial plane [16–19].

14.4.2  Planning the Osteotomy

The center of rotation of angulation (CORA), 
as defined by Paley, is defined as the point at 
which the center axis of the proximal segment 
intersects the axis of the distal segment [20]. 
This line can be on either the anatomic or 
mechanical axis of the bone. The tibia is unique 
in that the mechanical and anatomic axis in the 
frontal plane are essentially congruent, making 
the preoperative planning of a tibial malunion 
simpler [21]. If the CORA and the apparent 
deformity are corresponding, the deformity is 
purely angular. If they are not, then there is 
translational deformity present that must be 
addressed [22].

In general, the obvious location for a planned 
osteotomy would be at the level of the apparent 
deformity. This would allow the simplest osteot-
omy to be carried out to correct the malunion. 
Unfortunately, this is not always possible due to 
poor soft tissue envelopes, inaccessibility of the 
site due to vital anatomic structures, poor bone 
quality, or its proximity to the articular cartilage. 
In these cases, an alternative osteotomy site must 
be selected.

Table 14.2 Treatment strategy: Distal tibia and ankle 
malunions

Treatment method Clinical indication
Plate and screw 
fixation

Metaphyseal, malleolar, or articular 
nonunion, no infection, adequate 
soft tissue

Intramedullary 
nail

Metaphyseal location, requires an 
acute correction, may require polar 
screws for stability, no infection

Multiplanar 
external fixation

Multi-axis deformity, leg length 
deficiency, infection, bone defect, 
poor soft tissue, joint subluxation

Acute correction Small or no deformity, no 
lengthening, adequate soft tissues, 
nonunion requires open approach

Gradual 
correction

Larger deformity, leg length 
deficiency, infection, bone defect, 
poor soft tissue, joint subluxation
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14.4.3  Osteotomy Rules

When planning an osteotomy, one must consider 
the osteotomy rules described by Paley outlined 
below [12]. When correcting an angular defor-
mity, the axis line around which the correction is 
done is called the angulation correction axis 
(ACA):

 1. If the osteotomy line and the ACA pass 
through the CORA, then a pure angular cor-
rection will be achieved.

 2. If the ACA is through the CORA but the oste-
otomy is done in a different location, then the 
axes will realign but introduce a translational 
deformity at the osteotomy site (Fig. 14.1).

 3. If the ACA and osteotomy are not through the 
CORA, then the axes will become parallel but 
introduce a translational deformity to the limb 
segment [23].

14.4.4  Acute Correction Osteotomies

Simple deformities are very amenable to a well- 
planned osteotomy, acute correction, and stable 
internal fixation [24] (Fig.  14.2). An opening 
wedge osteotomy will either maintain or add to 
the length of the bone segment, while a closing 
wedge osteotomy will shorten it. The length of 
the contralateral limb must be considered and 
obtained from a scanogram during the preopera-
tive evaluation. In order to obtain acute multipla-
nar correction, an oblique plane osteotomy must 
be created [25]. Transverse osteotomies are best 
for correcting pure rotational deformities. Bone 
grafting may be required if a significant defect is 
generated [26]. Malunions involving only length 
may be corrected with circular external fixators, 
uniplanar rail external devices, or lengthening 
nails [27].

Fig. 14.1 A 27-year-old woman with malunited growth 
plate injury to plafond. (a) Anteroposterior (AP) and (b) 
lateral of the malunion with the center of rotation of angu-
lation (CORA) at the joint line. (c) Scanogram of the 
deformity. (d) Osteotomy and application of a multiplanar 

external fixator. Osteotomy at a level above the CORA to 
allow fixation but introducing translation at the osteot-
omy. (e, f) AP and lateral of fracture union after frame 
removal. This demonstrates osteotomy rule 2

a b
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Fig. 14.1 (continued)
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Fig. 14.2 A 30-year-old man after high velocity gunshot 
wound. (a) Anteroposterior (AP) and (b) lateral of a civil-
ian gunshot wound to the medial distal tibia. (c) Initial 
fixation with medial plate. (d) AP after infection, plate 

removal, and flap coverage. (e) AP of malunion after 
external fixator removal. (f) AP after laterally based oste-
otomy, plate fixation, and bone grafting. (g) AP with 
union

a b c

d e
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14.4.5  Gradual Correction

Multiplanar deformities, especially those 
involving length, can be successfully treated 
using distraction osteogenesis methods [28–35]. 
Traditional Ilizarov methods allow for the cor-
rection of a complex deformity in a sequential 
manner requiring frame modification at each 
stage. Newer hexapod external fixators, how-
ever, allow simultaneous correction of all six 
axes while utilizing a virtual hinge which 
requires little frame modification [36–41]. 
Circular external fixators can stabilize small 
periarticular joint segments. Additionally, span-
ning of the ankle joint increases the stability of 
the fixation construct and allows maintenance of 
neutral joint alignment [42, 43]. By placing 
multiple hinges in the external fixator, the sur-
geon may correct the deformity of the distal 
tibia ankle and/or foot simultaneously [44, 45]. 
The rate and magnitude of these complex cor-
rections is limited by the position of related neu-
rovascular structures, the skin, and the ability of 
the chosen osteotomy site to generate bone. 
Osteogenic potential depends upon the location 
that the osteotomy is created, local conditions 
including pre-existing hardware as well as soft 
tissue and vascular concerns, and the quality of 
the host. A detailed discussion of deformity 

planning, osteotomy techniques, and preopera-
tive planning are beyond the scope of this chap-
ter [46–48].

14.5  Malleolar Malunions

14.5.1  Lateral Malleolus

The fibula is most important near the ankle joint, 
as this is the origin of the lateral ankle ligament 
complex, the syndesmosis, and the fibular-talar 
articulation. Fibular deformity associated with 
tibial shaft fractures rarely causes problems, as 
the ankle structures are largely unaffected. 
However, as a deformity in the fibula approaches 
the ankle, it becomes a malunion of the lateral 
malleolus and has great implication on the over-
all integrity of the ankle joint including the syn-
desmosis and the talofibular articulation [49, 50]. 
The most common causes of lateral malleolar 
malunion are deficient length and inappropriate 
rotation during initial reduction [51–53]. In both 
cases, the malunion is treated with an osteotomy, 
adequate reduction, and internal fixation tech-
niques [54–56]. Gaining length in a malunited 
fibula can be difficult; however employing indi-
rect reduction techniques with the use of a push-
ing plate is reliable [57–59].

f g

Fig. 14.2 (continued)
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14.5.2  Posterior Malleolus

Fractures of the posterior malleolus generally 
signify disruption of the posterior inferior tibia- 
fibular ligament (PITFL). Large fractures of the 
posterior malleolus, however, can lead to joint 
instability with posterior subluxation of the talus. 
Inadequate reduction of these fragments can lead 
to edge loading of the articular surface and post- 
traumatic arthritis of the ankle joint. In the sagit-
tal plane, the anatomic axis of the tibia should 
intersect the lateral process of the talus. A signifi-
cant posterior malleolus malunion will result in a 
posterior translation of the talus relative to this 
tibial axis [60]. This results in a relative shorten-
ing of the foot, altering soft tissue tension and 
compromising the biomechanics of motion and 
weightbearing. A CT scan should be performed 
to better evaluate the intra-articular reduction of 
the posterior malleolus. Correction of posterior 
malleolar malunions can be technically challeng-
ing and may require an intra-articular osteotomy 
and buttress plate fixation.

14.5.3  Medial Malleolus

Malunions of the medial malleolus are uncom-
mon, about 4% when treated with open reduction 
internal fixation [61]. Deformity of the medial 
malleolus after fracture malreduction is clinically 
well tolerated as long as the deltoid ligament 
function is competent. Symptomatic malunions 
are those that compromise the position of the 
talus in the ankle mortise [62]. Malunions of the 
medial malleolus are best treated with a simple 
osteotomy and internal fixation [60].

14.6  Syndesmotic and Intra- 
articular Malunions

14.6.1  Syndesmotic Malunions

Syndesmotic injuries that have healed in improper 
position can lead to chronic pain, instability of 
the ankle mortise, and osteoarthritis over time 
due to altered loading of the articular surface 

[63]. Syndesmotic malunions can be difficult to 
diagnose, especially if there is residual fibular 
rotation or sagittal plane deformity. Diagnosis 
can be achieved through the abnormal appear-
ance of a well-done ankle radiograph, ankle 
stress views, or a CT scan. It is often necessary to 
compare the anatomic structures of the injured 
side to those of the uninjured, contralateral side. 
Correction of these deformities may entail releas-
ing the soft tissues about the syndesmosis, reduc-
tion, and internal fixation in the appropriate 
alignment. Due to the intimate relationship of the 
syndesmosis with the posterior and lateral mal-
leoli, malunion correction of these structures may 
also be required [64, 65].

14.6.2  Intra-articular Malunions

Intra-articular malunions lead to abnormal carti-
lage loading and thus post-traumatic arthritis [66, 
67] (Fig. 14.3). Simple articular malunions, such 
as those involving a simple vertical fracture line 
in the medial malleolus, are amenable to an 
 intra- articular osteotomy with reduction and 
internal fixation. More complex intra-articular 
malunions, especially those involving articular 
depression, may require eventual arthrodesis of 
the ankle joint or an arthroplasty solution [68–
70] (Fig. 14.4). Some articular malunions do not 
have a step-off in the articular surface, but repre-
sent the center of rotation of a more complex 
proximal malunion [71–73] (Fig.  14.5). 
Correction of these malunions requires address-
ing proximal deformity as well as the intra-artic-
ular malunion [26, 74–76].

14.7  Case Discussion

14.7.1  Case 1

This is a 27-year-old woman who presented to 
the office with complaints of chronic deformity 
and ankle pain (see Fig. 14.1). She gave a history 
of having broken her ankle as a child, and since 
that time she had progressive deformity and pain. 
She was able to give a history of having surgery 
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Fig. 14.3 A 70-year-old 
with remote bimalleolar 
fracture treated 
nonoperatively. (a) 
Anteroposterior (AP) 
and (b) lateral 
demonstrating 
bimalleolar malunion 
with arthritis. (c) AP 
after bimalleolar 
osteotomy to restore the 
mechanical axis with 
fusion. (d) Final union
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on her ankle in her teenage years but was not able 
to give details.

Plain radiographs of the ankle show a valgus 
deformity at the distal tibia with a shortened fib-
ula (see Fig.  14.1a, b). The ankle mortise and 
syndesmosis appear to be relatively well aligned. 
A scanogram (see Fig.  14.1c) was obtained to 
evaluate leg length and overall alignment. The 
length of the medial distal tibia was appropriate 

with all shortening occurring through a growth 
arrest in the lateral tibia and fibula.

In this case the center of the deformity, the 
CORA, is at the joint line. In order to gain appro-
priate space to mount a circular fixator on the dis-
tal tibia, the osteotomy had to be done at a level 
different from the CORA (see Fig.  14.1d). The 
preoperative planning can be seen by the pencil 
lines on the scanogram.

a b c

d e f

Fig. 14.4 A 65-year-old man with malunited 43-C3 pilon 
fracture. (a) Anteriorposterior (AP) and (b) lateral of an 
originally non-united pilon fracture, now with a malunited 

metaphysis, ankle arthritis, and a mobile hindfoot. (c) AP 
and (d) lateral of a metaphyseal realignment osteotomy 
and ankle arthrodesis. (e) AP and (f) lateral at final union
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The final films (see Fig. 14.1e, f) show a cor-
rection of the overall limb alignment, with the 
introduction of translation of both the tibia and 
fibula. This illustrates osteotomy rule #2 which 

states that if the osteotomy is done at a level dis-
tant from the CORA, a translation is introduced 
into the correction. In this case, the osteotomy of 
the fibula was done at a level different than of the 

a b c

d e f

Fig. 14.5 A 35-year-old man with deformity after pilon 
fixation. (a) Anteroposterior (AP) and (b) lateral demon-
strating malunited 43-C2 pilon fracture. (c) AP and (d) 

lateral intraoperative images demonstrating mechanical 
axis realignment with cervical allograft in the area of bone 
loss. (e) AP and (f) lateral at union
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tibia in case of a nonunion in the tibia. This would 
have allowed a later tibia pro fibula to treat a tib-
ial nonunion if that had occurred.

At final result, the patient was happy with the 
cosmetic alignment of her leg and the improve-
ment in her ankle pain. She did note a fullness of 
the distal lateral leg but declined an offer to shave 
the bony prominence.

14.7.2  Case 2

This case involves a 30-year-old man with a civil-
ian ballistic injury to the left distal tibia (see 
Fig.  14.2). AP and lateral radiographs were 
obtained of this injury by the original surgeon 
(see Fig. 14.2a, b). The wound over the anterolat-
eral ankle is described as relatively small, and the 
patient was taken to the operating room initially 
for wound management and external fixation. 
After the soft tissues had calmed down, the 
patient was taken back to the operating room for 
open reduction and internal fixation utilizing a 
medially based plate (see Fig. 14.2c).

Unfortunately, the wound broke down in the 
postoperative period requiring plate removal, flap 
coverage, a repeated external fixator, and a period 
of intravenous antibiotics. The patient was 
referred for further care after removal of the sec-
ond external fixator (see Fig. 14.2e).

On examination, the skin on the medial side 
of the distal tibia was relatively adherent. It was 
felt that avoiding dissection in this area would 
lead to a more successful soft tissue outcome. 
We planned an opening wedge osteotomy with 
the apex of the correction being on the medial 
cortex of the distal tibia. An anterolateral 
approach was undertaken which allowed an 
osteotome to be placed across the malunited dis-
tal tibia and the osteotomy opened with a lamina 
spreader. Once the desired correction had been 
achieved, both the tibia and the fibula were 
plated. Bone graft was placed in the osteotomy 
site to provide a scaffolding as well as encourage 
bone healing.

Unfortunately, the patient was not compliant 
with follow-up. He presented back several weeks 
later with a radiograph (see Fig. 14.2f) showing a 

union of the correction as well as broken hard-
ware. The patient admits to walking on this con-
struct almost immediately. His ankle symptoms 
were improved, and he was happy with his defor-
mity correction. His soft tissue envelope had 
healed without issue.

14.7.3  Case 3

This patient (see Fig.  14.3) is a 70-year-old 
woman with a 4-year history of a bimalleolar 
ankle fracture treated, nonoperatively. She came 
in complaining of ankle pain, deformity, and an 
increasing difficulty with walking. Her ankle 
range of motion was minimal, and she did have 
pain with subtalar motion.

Initial radiographs (see Fig. 14.3a, b) show a 
malunited bimalleolar fracture with lateral shift 
of the talus, talar inclination, and wear on the lat-
eral surface of the tibiotalar joint. In addition, the 
ankle is mildly subluxed posteriorly.

The patient desired one operation to correct 
her deformity and pain. With her age, bone qual-
ity, and deformity, our preoperative plan was to 
perform an osteotomy of both malleoli to shift 
the talus underneath the tibia and to treat the 
ankle arthritis with a intramedullary nail (see 
Fig. 14.3c).

Postoperative the patient was happy that she 
was able to bear weight early as well as with the 
correction of her cosmetic deformity (see 
Fig. 14.3d).

14.7.4  Case 4

This is a 65-year-old man who was originally 
treated for an open 43-C3 fracture (see Fig. 14.4). 
The meta-diaphyseal component of this injury 
was slow to heal, and it was treated with an intra-
medullary nail after union of the articular sur-
face. Unfortunately, the alignment of the 
metaphysis was lost during treatment. Initially 
the patient was happy with his result, but pre-
sented back 3  years later with ankle pain, new 
complaints of deformity at the ankle, and a pain-
less hindfoot (see Fig. 14.4a, b).
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Because the patient’s hindfoot was pain-free 
with motion, and all the arthritis seemed to be 
focused on the tibiotalar joint, the solution needed 
to preserve the subtalar joint. He was taken to the 
operating room for a realignment osteotomy of 
the metaphyseal region and a subtalar sparing 
ankle arthrodesis (see Fig. 14.4c, d).

Final radiographs show a nice correction of 
his alignment, and the patient reported resolution 
of most of his ankle symptoms (see Fig. 14.4e, f).

14.7.5  Case 5

This case (see Fig. 14.5) involves a 35-year-old 
man who was referred with ankle pain and swell-
ing after treatment for an ankle fracture. His ini-
tial radiographs (see Fig.  14.5a, b) showed a 
pilon fracture which had gone on to union with 
valgus alignment and subluxation of the talus 
anteriorly on the tibia.

A preoperative CT scan, unfortunately not 
available, demonstrated an anterior and lateral 
tibial joint line which was not reconstructable. 
Our goals were to return the foot to its position 
underneath the tibia and to restore the anatomical 
axis of the lower extremity.

Intraoperative images (see Fig. 14.5c, d) dem-
onstrate realignment of the mechanical axis on 
both AP and lateral views. The bone defect in the 
anterolateral tibia was filled with cortical allograft 
used in cervical arthrodesis.

Final films demonstrate a union with restored 
mechanical axis of the limb (see Fig. 14.5e, f).

14.8  Summary

Malunions of the distal tibia and ankle comprise 
a diverse group of clinical problems ranging from 
simple angular deformities to complex six-axis 
periarticular malunions requiring a multi-staged 
approach. In either case, a thorough analysis of 
the deformity based on standard radiographs and 
a detailed preoperative plan are essential for 
radiographic, cosmetic, and functional success.
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