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Abstract Background Total knee arthroplasty is a challenging task in patients with severe varus
deformity. Inmost of these patients, an extensivemedial release is needed thatmay lead to
instability. Medial epicondylar osteotomy may be a better substitute for complete medial
collateral release.
Materials and Methods Fourteen patients with bilateral knee osteoarthritis and severe
varus deformity were enrolled in this study. In one side, the patients underwent medial
epicondylar osteotomy for mediolateral imbalance if the only option was superficial medial
collateral ligament (MCL) release. In contralateral side, the extensive medial release was
performed and MCL was released either by pie-crusting technique or by subperiosteally
release. The resultsof the twosideswere compared. Patientswere followedup for12months
after the operation. Physical examination, clinical questionnaires, and radiography findings
were recorded. Union of the osteotomies fragment and complications was evaluated.
Results The mean varus angle before surgery was 21.6� 4.7 degrees, which was
corrected to 8.6� 2.9 degrees after operation with an extensive medial release. The
mean varus angle of contralateral side was 22.6� 1.7 degrees, which was corrected to
7.5� 2.3 degrees followingmedial femoral epicondyleosteotomy.Therewasnosignificant
difference in varus correction (p¼ 0.1). Medial joint line opening in valgus stress test was
2.7� 0.4mm in the osteotomized side and 3.5� 0.9mm in contralateral side.Mean range
of motion for the osteotomized side was 97.8� 4.3 degrees and 100.7� 2.7 degrees for
contralateral side (p¼ 0.6). Nonunion occurred in a case in the osteotomized side and no
medial instability was observed in medial release or osteotomies sides. No statistical
difference was recorded based on clinical questionnaires (Oxford and WOMAC [Western
Ontario and McMaster Universities Osteoarthritis Index] scores).
Conclusion Medial epicondylar osteotomy is a safe techniquewith the well-controlled
medial extensive release in the patients with severe varus deformity during total knee
arthroplasty.
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Varus deformity is common during total knee arthroplasty
(TKA). Management of deformity correction requires a contin-
uous interplay between collateral ligament balance, assess-
ment of the flexion and extension gaps, and maintenance of
the mechanical axis. Due to preoperative deformity, some
ligaments around theknee are contracted thatwill be carefully
released in a stepwise manner to balance the soft tissues
around the knee and allow optimum knee kinematics. Several
structuresmay be addressed during correction of severe varus
deformity: (1) removal of osteophytes, (2) increase in the pes
anserine complex release, (3) release of the tibial insertion of
the deep head of the medial collateral ligament (MCL), (4)
posteromedial capsule complex, (5) resection of the posterior
cruciate ligament (PCL), and (6) release of the superficial MCL
medially and posteriorly.1–3 In varus knees, most surgeons
prefer to releaseorelevate thesoft tissuesof thetibial insertion
siteby either sharp or blunt techniques. However, the intrinsic
risk of this maneuver is the potential for excessive release and
early or late iatrogenic instability.4,5 In moderate-to-severe
varus knees, pie crusting of the MCL midsubstance can be a
solution.6Althoughmost varuskneescanbetreatedwith these
procedures, inadvertent over-release of themedial structures,
especially the superficialMCL, can occur during the procedure
in knees suffering from severe varus deformity.7,8

Engh and Ammeen9 introduced a balancing procedure to
release the MCL from the femur by performing a medial
epicondylar osteotomy. A medial epicondylar osteotomy can
prevent medial instability by complete conventional MCL
stripping.9 Here, we compare the clinical results of patients
with severe bilateral varus deformity who had undergone
epicondylar osteotomy in the one side and extensive release
in the other side. In addition, we describe our technical
experiences in the epicondylar osteotomy fixation method.

Materials and Methods

Fourteen female patients with bilateral knee osteoarthritis
gave their informed consent to participate in this study. All
patients underwent an operation with similar fixed-bearing
posterior stabilized (Zimmer company or Smith and Nephew)
prosthesis and the surgeries were performed by the same
surgeon. The inclusion criteria includedprimary bilateral knee
osteoarthritis with bilateral varus deformity greater than 15.
The exclusion criteria included traumatic osteoarthritis, body
mass index of> 30, neuromuscular disease, and congenital
deformity. For all patients, a preoperative standing, long-leg
alignment view radiographwasobtained. For eachpatient, the
first knee was managed with an epicondylar osteotomy and
the second knee replacement was approached with an MCL
release. Intervals between arthroplastieswere 6 to 12months.
The medial epicondylar osteotomywas performed in one side
when themediolateral releasewas not achievable despite that
all the medial and posteromedial structures were released
with the exception of superficial MCL. We considered more
than 4mmofmedial–lateral imbalance as an indication of the
epicondylar osteotomy. In addition, medial epicondylar
osteotomy would be performed if we could not handle the
minimumpossible insertion due to the tightness of themedial

side. In the contralateral side, extensive medial release of pie-
crusting techniquewas done and if theMCL still prevented the
balance, we released the superficial MCL subperiosteally by
pie-crusting technique.

A Common Preliminary Medial Release
First, a femoral distal cut was done. Then, the proximal tibia
cut was created perpendicular to the mechanical axis of the
tibia using a spacer in place. The preliminary estimations for
stability and tightness in extension were performed. Medial
side osteophytes were excised and deepMCLwas elevated in
all cases. If themedial side still was tight in extension,medial
and posteromedial capsule and soft tissue including the
semimembranosus were released. If the correction was
made, the anterior–posterior and chamfers cuts were per-
formed, PCL was removed, and the femoral trial was created
with an appropriate insertion in the extension. In addition, if
the tibial augment was necessary, the corresponding cuts
were applied and stability tests were done again. In cases
where the medial side was tight in flexion, a small segment
of the posteromedial edge of tibial plateau was excised
according to the technique described by Mullaji and Shetty.2

If, however, it was still impossible to insert the trial into the
flexion space, the only optionwas the full release of theMCL.
Then, we decided to do medial epicondylar osteotomy.

Osteotomy Technique
The osteotomy of the medial femoral epicondyle was done in
the dimension of 4� 4� 1 cm3. Theosteotomywasperformed
using a narrow saw, and 85% of the epicondylar cross-section
was cut (►Fig. 1). Proximal and posterior soft tissue attach-
ments were left intact. To put the insert trial in place, cracks
were made in the osteotomized segment with a narrow
osteotome to displace the epicondylar segment distally and
posteriorly. After putting the insert trial in place, the kneewas

Fig. 1 Intraoperative photo of medial epicondylar osteotomy during
total knee replacement.
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brought from flexion to the extension; in this position, the
fragment was fixed with two pins from inferomedial to
superolateral. If, however, the fragment was impossible to
be fixed because of osteoporosis or comminution, the osteo-
tomized fragment was fixed with nonabsorbable sutures. We
did not accept any gap in the osteotomy site to avoid cement
infiltration and nonunion. When the displacement of the
osteotomized fragment was too high in away that it impinged
on the tibia and interfered with tibia motion, the protruded
segment was excised. The rest of the procedurewas similar to
the routines and at the end of the operation, valgus instability
was checked using mild valgus force (►Fig. 2). In the superfi-
cial MCL release, we had done pie-crusting technique very
gently. If the medial side was still tight, we do complete
subperiosteally MCL release.

Sixmonthsafter thesurgery, thepatientswereevaluatedby
an orthopaedic surgeon in terms of knee range of motion
(ROM), flexion contracture, and valgus stress test. WOMAC
[Western Ontario and McMaster Universities Osteoarthritis
Index] and Oxford questionnaires were used for clinical scor-
ing.We asked the patients to answer which one of their knees
were they more satisfied with. Union quality and time were
evaluated by a radiologist and recorded in a checklist. Pain
intensitywasgradedbasedon thevisual analog scale, inwhich
0showednopainand100 indicated theworst imaginablepain.
All patients were followed up for 12months.

The research was approved by the ethics committee of
Urmia University of Medical Sciences with the code of IR.
UMSU.REC.1396.329.

Statistical Methods
Continuous variableswere reported asmean� standard devia-
tion. The normality of the distributions was checked for each
variable using the Kolmogorov–Smirnov test. The Mann–
Whitney U test was employed to compare the quantitative
data. Statistical analyses were performed using SPSS software

(Statistical Package for the Social Sciences, version 16.0, SPSS
Inc, Chicago, IL). p-values of less than 0.05 were considered
statistically significant.

Results

Fourteen female patients with a mean age 67.8� 8.4 years
were enrolled in the study. Before surgery, their mean varus
anglewas 22.6� 4.7 degrees in the osteotomized side, which
was corrected to 8.6� 2.9 degrees after the operation. The
mean varus angle of the contralateral side was 21.6� 4.7
degrees before surgery, which was corrected to 7.5� 2.3
degrees after the operation (p¼ 0.1). In 12 patients, the
epicondylar osteotomywas performed on the left side, while
two of themhad it on their right side. In 10 cases, epicondylar
fragments were fixed with pins, whereas this procedure was
performed by nonabsorbable sutures in four cases.

Medial joint line opening in valgus stress test was 2.7�
0.42mm in the osteotomized side and 3.5� 0.9mm in the
contralateral side based on the physical examination.
Patients’ follow-up findings showed no significant differ-
ence, as shown in ►Table 1.

The mean flexion contracture of patients was 4.29� 1.3
(0–10) degrees in the osteotomized side and 1.43� 0.92
(0–5) degrees in the contralateral side (p¼ 0.1). The mean
scores of WOMAC and Oxford questionnaires were not
significantly different between the two techniques (p¼ 0.1,
p¼ 0.4;►Table 1). Mean ROM for the osteotomized side was
97.86� 4.34 degrees, while the contralateral side showed
mean ROM of 100.71� 2.76 degrees (p¼ 0.69).

One case showed nonunion of the osteotomized fragment
(►Fig. 3). The mean scores of Oxford and WOMAC, in this
case, were 60 and 23, respectively. There were no cases of
infection, fracture, or any other major complications.

Discussion

In this study, the short-term results of medial epicondylar
osteotomy in one kneewere comparedwith the results of the

Table 1 Comparison of functional outcomeand follow-up finding
between two sides of arthroplasty with medial epicondylar
osteotomy versus medial extensive soft tissue release

Variables Medial
epicondylar
osteotomy
n¼ 14

Medial
extensive
soft tissue
n¼ 14

p-Value

ROM degree 98.9� 9.4 100.7� 2.8 0.1

WOMAC 39.8� 9.4 37.4� 2.3 0.1

Oxford 88.3� 8.2 84.3� 4.3 0.4

Flexion
contracture

3.4� 1.2 4.1� 2.3 0.2

VAS pain
scoring

39.5� 10.2 44.2� 11.3 0.3

Abbreviations: ROM, range of motion; VAS, visual analog score; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis Index.

Fig. 2 Preoperative and final follow-up radiography in patients under total
knee replacement with medial epicondylar osteotomy and medial soft
tissue release technique to correct severe varus malalignment in contra-
lateral side.
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medial release in the contralateral knee. No significant
difference was recorded between the clinical scores of the
two techniques. The number of epicondylar nonunions did
not affect the final results. Medial epicondylar osteotomy
showed similar effects on bothflexion and extension gap; the
most severe flexion contractures were corrected in this
osteotomy.

Varus malalignment is a common angular contracture in
patients awaiting primary TKA.10 Varus deformity can be
usually treatedwithmedial ligament release.Medial soft tissue
balancing with the traditional subperiosteal release of the
superficial MCL could be technically demanding and may
lead to over-release.11,12 Another option for the knee with
severe varus deformity involves the resectionof thebone along
themedial tibial plateau,with downsizing and relative laterali-
zation of the tibial baseplate. Downsizing the tibial baseplate
and performing a medial tibial reduction osteotomy may also
be effective for relaxing the soft tissue envelope. However, this
may have negative impact on long-term durability for the
TKA.2,4With these limitations to themedial release, themedial
epicondylar osteotomy seems to be a good alternative for knee
balance inTKA. Our results confirmed that epicondylar osteot-
omy in one knee resulted in outcomes similar to those of the
contralateral side with a good medial release.

The superficial MCL is an important stabilizer against
valgus and rotational forces after TKA.When other structures
have been released and have not effectively provided soft
tissue balance, caution should be used during superficial
MCL release to avoid over-release of the superficial MCL that
could have severe adverse impact on TKA stability. The MCL
affects both the flexion and the extension gap; however, the
release of only the anterior portion affects the flexion gap
more than the extension gap. Keeping in mind that both
anterior and posterior fibers of superficial MCL directly
originate frommedial epicondyle, its osteotomywould affect
flexion and extension to a certain extent.

Epicondylar osteotomy has been also reported to aid in
balancing and providing the exposure of the varus knee with

flexion contracture.13 In addition to superficialMCL, posterior
oblique ligament and posteromedial capsule also have direct
attachments to medial epicondyle and could play a significant
role in the development of the flexion contracture. In our
series, the medial epicondylar osteotomy was useful in cor-
recting the varus deformity in the coronal plane, as well as
flexion contracture in the sagittal plane. Even themost severe
flexion contractures were corrected easily by this technique.

We think that there is no universally accepted special
measurement for evaluating the effect of ligament release
andbalancingduringoperation.Medial epicondylar osteotomy
benefits from the complete removal of tension in the medial
side. This could be achieved in soft tissue releasing techniques
only by complete MCL release. Complete MCL release could be
associated with medial instability. In our series, one of our
patients had medial instability using medial soft tissue releas-
ing technique. In one patient with epicondylar osteotomy and
fibrous union, there was still no significant instability.

Femoral condylar lift-off may contribute to eccentric
polyethylene wear, particularly in designs of TKA that have
flatter condyles.14 Since themedial epicondylar osteotomy is
effective in flexion gap unloading, lift-off was immediately
corrected after osteotomy. This correction could not be
completely achieved in some of our patients with soft tissue
release alone.

One of the advantages of epicondylar osteotomy is the
possibility of minimally invasive approaches for severe varus
cases. Although we did not conduct a minimally invasive
approach in our cases, we still believe that it could be
possible to do epicondylar osteotomy from the beginning
without any medial releases.

In 10 of our cases, we fixed the epicondylewith pins. In one
of them occurred nonunion. This case had comminution of
epicondyle due to severe osteoporosis. Despite nonunion,
patient’s clinical scores were not significantly decreased and
in the valgus stress test, the joint was opened 3 to 4mm.
Literature review shows challenges in methods of fixation in
the epicondylar osteotomy.Mullaji et al did a slidingosteotomy

Fig. 3 A case of nonunion occurring in the osteotomized side. (A) Preoperative alignment view. (B) Postoperative view. (C) Lateral view in the last
follow-up with nonunion in osteotomy site.
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andfixedtheosteotomysitewithacancellousscrew.13Simetal
fixed the osteotomy site with pins, while Jae Ang Sim sutured
andfixed the fragmentwithEthibondNo. 5.15 It is important to
note that themajor stabilizer of the epicondylar fragment after
osteotomy would be the Adductor Magnus that is tight in
extension. For this reason, all of thefixationmethods shouldbe
done in full extension.

In our study, there were several limitations. Our study
population only included female patients, and this may
impact the generalizability of our study findings. In addition,
there were bone quality differences between women and
men that could affect patients’ outcome under epicondylar
osteotomies. The small number of enrolled cases and short
follow-up duration can be mentioned as other limitations of
this study.

Our study findings support the use of either distal femoral
osteotomy or extensive superficial MCL release in the treat-
ment of severe varus deformity during TKA has the same
clinical outcomes. Distal femoral osteotomy is a suitable and
good alternative technique in themanagement of sever varus
knee deformity during TKA.
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