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The acquisition of proper soft tissue balance is one of the 
crucial factors for preventing long-term failure and obtain-
ing successful treatment outcomes of total knee arthro-
plasty (TKA).1) The soft tissue is composed of not only a 
pathological contracture of the medial soft tissue but also 
the attenuation or laxity of the lateral soft tissue in a varus 
knee due to degenerative arthritis. The medial release in 
TKA relaxes the medial soft tissue with a contracture in a 
sequential manner, thereby attempting to obtain a balance 
between the medial and lateral soft tissues.1-4)

Background: During ligament balancing for severe medial contracture in varus knee total knee arthroplasty (TKA), complete dis-
tal release of the medial collateral ligament (MCL) or a medial epicondylar osteotomy can be necessary if a large amount of cor-
rection is needed. 
Methods: This study retrospectively reviewed 9 cases of complete distal release of the MCL and 11 cases of medial epicondylar 
osteotomy which were used to correct severe medial contracture. The mean follow-up periods were 46.5 months (range, 36 to 78 
months) and 39.8 months (range, 32 to 65 months), respectively. 
Results: There were no significant differences in the clinical results between the two groups. However, the valgus stress radio-
graph revealed significant differences in medial instability. In complete distal release of the MCL, some stability was obtained by 
repair and bracing but the medial instability could not be removed completely. 
Conclusions: Medial epicondylar osteotomy for a varus deformity in TKA could provide constant medial stability and be a useful 
ligament balancing technique.
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Although there is a difference in medial release 
depending on the surgeon, it is a procedure where osteo-
phytes are removed and the medial soft tissue is released in 
a stepwise manner. In some cases, complete distal release 
of the tibial attachment of the superficial medial collateral 
ligament (MCL) should be done during this phase.5-8)

Engh and McAuley9) introduced a balancing proce-
dure for releasing the MCL from the femur by performing 
a medial epicondylar osteotomy. A medial epicondylar 
osteotomy can prevent medial instability due to complete 
conventional MCL stripping. The proximal to distal con-
tinuity of the MCL and adductor magnus tendon provides 
knee stability.10,11)

This study compared retrospectively the results of 
complete distal release of the MCL with those of medial 
epicondylar osteotomy during ligament balancing in varus 
knee TKA.
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METHODS

A total of 290 cases (217 patients) underwent TKA be-
tween February 2001 and December 2006. Of those, nine 
patients (3.1%) who underwent complete distal release of 
the superficial MCL were assigned to group 1 (n = 9) and 
11 patients (3.8%) who underwent a medial epicondylar 
osteotomy were assigned to group 2 (n = 11). The surgical 
indications for both groups were not differentiated and we 
used both techniques in cases with residual medial con-
tracture after sequential release until the posterior capsule 
was released. However, there was a timing difference be-
tween these techniques.

We used distal release of the superficial MCL in the 
early period of this study and changed the surgical tech-
nique to medial epicondylar osteotomy in the latter part 
of the study period. In group 1, one case of lower limb 
paralysis, which occurred due to a spinal injury during 
the follow-up observation, was excluded. Retrospective 
analysis was performed in these two groups. The mean 
age in groups 1 and 2 was 71.1 years (range, 60 to 81 years) 
and 71.5 years (range, 53 to 83 years), respectively. The 
mean follow-up period in groups 1 and 2 was 46.5 months 
(range, 36 to 78 months) and 39.8 months (range, 32 to 65 
months), respectively. In both groups, all cases were wom-
en. In group 1, the underlying diseases included seven 
cases of degenerative arthritis and one case of rheumatoid 
arthritis. In group 2, the underlying diseases included ten 
cases of degenerative arthritis and one case of rheumatoid 
arthritis. In group 1, the type of prosthesis was cruciate-
retaining in one case (Advantim Knee, Wright Medical 
Technology, Arlington, TN, USA), posterior-sacrificing in 
five cases (Advantim Knee), and medial-pivot knee in two 
cases (Advance Medial-Pivot Knees, Wright Medical Tech-
nology). In group 2, a posterior-stabilized prosthesis was 
used in all cases (10 Advantim Knee; 1 Nexgen LPS, Zim-
mer, Warsaw, IN, USA). In group 1, the detached MCL 
was repaired underneath the pes anserinus using Vicryl 
No.1 (Ethicon, Somerville, NJ, USA) sutures.12)

In group 2, the fragment which had detached from 
the medial femoral epicondyle was sutured and fixed with 
Ethibond No.5 (Ethicon) to prevent posterior displace-
ment of the fragment during knee flexion. Both groups 
had the same rehabilitation protocol after surgery, and an 
MCL brace was applied to both groups and range of mo-
tion (ROM) exercises were started as tolerated. The MCL 
brace was removed 3 months after surgery. The clinical 
assessment was based on the American Knee Society knee 
score (KS), function score (FS), and the ROM preopera-
tively and at the final follow-up. For the radiological as-

sessment, the femorotibial angle was measured based on 
the whole lower extremity radiograph preoperatively and 
at the final follow-up. Three months after surgery and at 
the final follow-up, medial instability was assessed using 
the valgus stress radiographs, in which the contralateral 
side was compared using Telos (Telos, Weterstadt, Ger-
many). The patients were placed in the supine position 
and then relaxed. A valgus force of 150 N in magnitude 
was then applied to the knee joint, and the joint was flexed 
at between 0° and 20°. In all cases, one observer measured 
the radiology results to reduce the interobserver varia-
tions. 

The outcomes preoperatively and at the final follow-
up or at three months after surgery and at the final follow-
up were compared using a Wilcoxon signed ranks test (pw). 
The outcome in groups 1 and 2 was compared using a 
Mann-Whitney U-test (pM). A p-value < 0.05 was consid-
ered significant. 

RESULTS

The clinical outcomes in groups 1 and 2 were compared. 
In group 1, the KS was 31.9 ± 16.3 points and 95.1 ± 3.0 
points preoperatively and at the final follow-up, respec-
tively (pw = 0.012). In group 2, the KS was 35.9 ± 12.9 
points and 91.1 ± 4.4 points preoperatively and at the final 
follow-up, respectively (pw = 0.003). In group 1, the FS was 
33.1 ± 19.6 points and 82.5 ± 8.9 points preoperatively and 
at the final follow-up, respectively (pw = 0.012). In group 
2, the FS was 33.6 ± 14.5 points and 88.2 ± 8.7 points pre-
operatively and at the final follow-up, respectively (pw = 
0.003). In group 1, the flexion contracture was 13.8° ± 9.5° 
and 0.6° ± 1.8° preoperatively and at the final follow-up, 
respectively (pw = 0.018). The maximal flexion was 96.3° 
± 13.0° and 118.8° ± 11.3° preoperatively and at the final 
follow-up, respectively (pw = 0.023). In group 2, the flexion 
contracture was 11.8° ± 8.7° and 0.8° ± 1.5° preoperatively 
and at the final follow-up, respectively (pw = 0.005). The 
maximal flexion was 103.6° ± 19.0° and 119.1° ± 13.0° 
preoperatively and at the final follow-up, respectively (pw 
= 0.007). The clinical results such as the KS, FS, and ROM 
were similar in the two groups (pM = 0.301, pM = 0.479, pM 
= 0.965). 

The radiological outcomes in groups 1 and 2 were 
compared. In group 1, the mean femorotibial angle was 
varus 12.8° ± 7.1° preoperatively, which was corrected to 
valgus 5.3° ± 1.0° at the final follow-up (pw = 0.036). In 
group 2, the mean femorotibial angle was varus 11.0° ± 3.8° 
preoperatively, which was corrected to valgus 5.9° ± 0.8° at 
the final follow-up (pw = 0.006). There were no significant 
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differences between the two groups (pM = 0.160). On the 
valgus stress radiograph compared with the contralateral 
side, the difference in group 1 was 4.1° ± 2.0° at postopera-
tive three months and 2.1° ± 1.6° at the final follow-up (pw 
= 0.012) (Fig. 1). In group 2, the difference was 0.9° ± 0.9° 
at three months and 0.4° ± 0.9° at the final follow-up (pw = 
0.003) (Fig. 2). On the valgus stress radiograph, the medial 
stability was significantly higher in group 2 than group 
1 (pM = 0.003) (Fig. 3). In group 2, seven and four cases 
showed bony union and fibrous union of the osteotomy 
site, respectively (Fig. 2). However, there were no signifi-
cant differences in the degree of medial stability.

DISCUSSION

Obtaining a balance of soft tissue on the medial and lateral 
sides as well as a balance of soft tissue between extension 
and flexion is one of the critical factors that can affect the 
successful outcomes of TKA.1) In particular, the balance of 
soft tissue affects the long-term follow-up results of TKA, 
such as a satisfactory ROM and stability.13)

In medial release, the main structure is the super-

ficial MCL which is a structure for which the greatest 
extent of the correction could be obtained.14,15) However, 
complete distal release of MCL has to be done at the tibial 
insertion if a large amount of correction is required.5-8)

Engh and McAuley9) proposed medial epicondy-
lar osteotomy to prevent damage to the superficial MCL 
and obtain proper ligament balance. The osteotomy site 
includes the origin of the MCL and an insertion of the ad-
ductor magnus tendon. Therefore, the insertion of the ad-
ductor magnus tendon provides proximal stability to the 
osteotomized segment of the bone, which can maintain 
the continuity of the two structures while the knee is in 
extension. Dynamic stability of the medial structures can 
be provided by direct suturing of the osteotomy site and 
suturing of the medial retinaculum during flexion. Medial 
epicondylar osteotomy is advantageous in correcting the 
varus deformity on the coronal plane as well as flexion 
contracture on the sagittal plane. It is also useful for ap-
proaching severe contracture of the knee and revision 
TKA. Our study showed satisfactory clinical results with-
out medial instability, too.

Conservative treatment or repair of the complete 
tibial detachment of the MCL is sufficient for treatment.5-8) 
Koo and Choi8) suggested that the intraoperative tibial 
detachment of the MCL does not require conversion to 
a constrained prosthesis, primary repair or fixation with 
advancement of the avulsed MCL, or postoperative appli-
cation of a hinged knee brace, and can be healed favorably 
by conservative treatment. They reported only a 1º differ-
ence in the valgus stress angle between the MCL-intact 
side and MCL-off contralateral side, which might be too 
low to cause significant clinical instability. Leopold et al.6) 
reported no instability on the clinical and physical assess-
ment after treatment with suture-anchor reattachment to 
the bone in four cases (0.7%). Mullaji et al.7) also reported 

Fig. 1. The valgus stress radiograph shows 3 degrees of difference from 
the contralateral side in group 1.

Fig. 2. The valgus stress radiograph shows no side-to-side difference in 
group 2.

Fig. 3. Difference in the valgus angles between groups 1 and 2 at 
postoperative three months and at the final follow-up.
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that the distal end of a completely detached MCL was su-
tured to the pes insertion in two cases (1.2%).

These patients had no complaints of instability, but 
valgus stressing revealed minimal laxity. In this study, 
there were no complaints of clinical instability in the cases 
in which the superficial MCL was completely detached. 
However, the valgus stress radiograph, which was com-
pared with the contralateral side, revealed a significant dif-
ference. 

This medial instability can produce the lift-off phe-
nomenon mentioned by Dennis et al.,16) which induces ec-
centric polyethylene wear. The amount of erosion increas-
es with increasing frequency of the lift-off phenomenon. 
From the long-term aspect, it can lead to failure of the 
TKA due to several factors, such as premature loosening.17)

Several factors are considered as limitations of this 
study. First, the small number of enrolled cases can limit 
the power value of this study. Second, the follow-up dura-
tion was different between the two groups. Third, the type 
of implant was not the same between the groups and this 

difference may affect the outcome of mechanical stabil-
ity. Fourth, fibrous union was observed in several cases 
and a more secure fixation device might offer a better 
chance for solid bony union. Fifth, the contralateral limb 
which was used as the control side had undergone TKA. 
Although ligament balancing of the contralateral limb was 
performed, including performance of conventional medial 
capsular release, and did not show a medial joint opening 
of more than 3 mm on the valgus stress radiogram, the 
contralateral limb was not a normal joint.

Our study showed that medial instability could not 
be removed completely in the complete MCL distal release 
group. Medial epicondylar osteotomy for a varus defor-
mity in TKA could provide constant medial stability and 
be a useful ligament balancing technique.
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