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Abstract

Purpose The current study aimed to evaluate how open-wedge high tibial osteotomy (OWHTO) without the release of medial
collateral ligament (MCL) changes in vivo intra-articular joint space after the surgery.

Methods Patients with varus malalignment of the knee with an indication for OWHTO were included in this study. The
intra-articular gap was measured before and 30 min after OWHTO without MCL release using a series of calibrated nerve
hooks. The association of post-operative gap size with varus angle, medial proximal tibial angle (MPTA), lateral distal
femoral angle (LDFA) and joint line convergence angle (JLCA) was also assessed.

Results A total of 42 knees from 38 patients were evaluated. The mean size of the intra-articular gap of the medial compart-
ment was 5.2 + 1 mm before the osteotomy and 3.1 +2.2 mm at 30 min post-osteotomy. The size of the intra-articular gap
decreased post-operatively in 30 knees (71.5%), increased in eight knees (19%) and remained the same in the remaining four
knees (9.5%). Smaller MPTA and more correction were associated with a decrease in gap size after the osteotomy (p =0.01
and p=0.03, respectively). A significant negative correlation was observed between the correction size and the gap size
after osteotomy (r=—0.317, p=0.04).

Conclusion Intra-articular pressure of the medial compartment increases in the majority of cases following OWHTO without
MCL release. Until the factors affecting this increased pressure are thoroughly identified, MCL release seems to be a wiser
option during OWHTO.

Level of evidence III.
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Abbreviations Introduction

MCL Medial collateral ligament

OWHTO Open-wedge high tibial osteotomy Open-wedge high tibial osteotomy (OWHTO) is a successful
MPTA Medial proximal tibial angle mode of surgery for the management of varus malalignment,
LDFA Lateral distal femoral angle as it provides good-to-excellent mid-to-long-term results
JLCA Joint line convergence angle [7, 10, 20, 22]. Alteration of the mechanical axis from the

medial tibiofemoral compartment to the neutral or slightly
lateral compartment is the ultimate goal of this surgery [2,
3].

Medial collateral ligament (MCL) is the primary restraint
against knee valgus and consists of two components: super-
ficial MCL and deep MCL [16]. There is a lack of consen-
04 Hooman Yahyazadeh sus regarding the management of MCL while exposing the
yahyazadeh.h@iums.ac.ir proximal tibia during OWHTO. While some surgeons prefer

) . to elevate the superficial bundle of MCL sub-periosteally
Bone and Joint Reconstruction Research Center, Shafa .. P ..
Orthopedic Hospital, Iran University of Medical Sciences, so that the majority of MCL bundle remains intact [10, 14],
Baharestan Square, Tehran, IR, Tran others release the MCL partially or completely from its
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distal origin or even transect it transversely [6, 14]. The for-
mer group believes that the released MCL can cause medial
laxity of the knee joint leading to later valgus instability [9,
12, 14]. However, studies on cadaveric human knee speci-
mens have revealed that 10° OWHTO increases the MCL
tension up to 200 N [21]. When the MCL is not released, the
increased contact pressure on the medial compartment will
result in an ineffective osteotomy, despite the mechanical
axis transfer to the lateral compartment [21]. Thus, further
well-evidenced research is needed to provide a clear-cut
answer about retaining or releasing the MCL in OWHTO.

The purpose of this study was to provide a consensus on
this issue. To the best knowledge of the authors, no in vivo
study has been performed to evaluate the intra-articular
pressure of the medial compartment following OWHTO
without MCL release. We hypothesized that the evaluation
of the pre- and post-osteotomy intra-articular gap of the
medial compartment could be used for indirect estimation
of pressure on the medial compartment, as a decrease in
this gap could be attributed to the increased articular pres-
sure and vice versa. This approach was used to investigate
how OWHTO without MCL release affects the intra-artic-
ular gap of the medial compartment. The null hypothesis is
that retaining MCL in OWHTO has no effect on the intra-
articular medial joint space after the osteotomy. If the null
hypothesis is rejected, then MCL release is necessary for
attaining the maximum efficacy in OWHTO.

Materials and methods

In a prospective design, idiopathic varus patients with
medial knee joint pain or initial stages of medial compart-
ment osteoarthritis and patients with idiopathic double varus
participated. Pure tibial varus deformity was confirmed by
radiographs of long-leg standing alignment view. MRI was
performed to rule out other ligament injuries.

Patients with a ligament injury, a history of previous knee
injury or surgery, a concurrent deformity at other sites on
the lower limb and those with a ligament laxity score of

Fig. 1 a Intra-operative view

of open-wedge high tibial
osteotomy showing the sub-
periosteal elevation of MCL
without distal insertion release;
b intra-operative view of post-
fixation open-wedge high tibial
osteotomy without MCL release

more than 3 points according to the Beighton criteria [4]
were excluded from the study. Patients with severe knee
osteoarthritis, tricompartmental osteoarthritis or patel-
lofemoral joint osteoarthritis were excluded from the study
as well. Radiographic indices of the lower limb axial align-
ment including the varus angle, medial proximal tibial angle
(MPTA), lateral distal femoral angle (LDFA), and joint line
convergence angle (JLCA) were evaluated on long-leg stand-
ing radiography (alignment view).

Surgical approach

All surgeries were performed by one senior knee surgeon
using the same method under the spinal anaesthesia. The gap
test was done in the mid-portion of the medial meniscus with
the knee positioned at 30° of flexion using a sterile bevel
as described by Noyes et al. [13]. For this purpose, a series
of standard calibrated nerve hooks were used to measure
the joint gap between the femoral condyle and the tibia at
the innermost edge of the medial meniscus. After skin inci-
sion, about 3 cm of MCL was elevated sub-periosteally and
retracted posteriorly. Distal insertion, in addition to other
parts of the MCL, and the pes anserinus insertion sites were
left intact (Fig. 1a). The correction destination was planned
at a Mikulicz point of 50%. An osteotomy was carried out as
preoperatively planned while maintaining the anterior gap
of the osteotomy site at approximately one-half of the pos-
terior gap to maintain the tibial slope. The osteotomy site
was secured with a Puddu plate (Arthrex®) (Fig. 1b). The
elevated part of the MCL was then sutured to its previous
site. At 30 min after the osteotomy, the arthroscopy and the
gap test were repeated using the same method.

In 20 arthroscopies, the gap size was measured twice by
the same surgeon (for the evaluation of the intra-rater reli-
ability) and once with a second surgeon (for the evaluation
of inter-rater reliability). The interval between the two meas-
urements was 30 min.

This study was approved by the Institutional Review
Board of Iran University of Medical Sciences (code
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IR.JUMS.FMD.REC.1397.243) and informed consent forms
were signed by all patients before their participation in the
study.

Statistical evaluation

The sample size was calculated using the standard deviation
(SD) of 1.2° for the medial joint opening, obtained from the
study of Seo et al. [18]. With an effect size of 2.6°, a power
of 95% and a significance level of 5%, a sample size of five
patients was regarded to be sufficient to detect a clinically
important difference using the two-tailed ¢ test of the differ-
ence between means.

SPSS for windows version 16 was used for statistical anal-
ysis of the data. Cohen’s kappa statistic was used for statisti-
cal analysis of the intra- and inter-rater reliability of the gap
test. The descriptive statistics were provided as mean + SD
or the number and percentage. The normality of the vari-
ables was tested using the Kolmogorov—Smirnov test. The
paired ¢ test was used for comparison of the pre- and post-
operative gap size. One-way ANOVA was used to com-
pare the means of more than two independent groups. The
Chi-square test was used to assess the association between
categorical variables. The Pearson’s or Spearman’s correla-
tion coefficient test was used to assess potential correlations
between the variables. The median split approach was used
for the categorization of the variables. A p value <0.05 was
considered significant.

Results

A total of 42 knees from 38 patients who underwent
OWHTO were examined in this study. The mean age of
the patients was 34.8 +10.9 years (range 18-51 years). The
non-synthetic allograft was used as the filling agent in all
surgeries. The clinical, demographic and radiographic char-
acteristics of the patients are summarized in Table 1.

Kappa values of 0.96 and 0.92 were obtained for intra-
and inter-rater reliability of the gap tests, respectively.
Before osteotomy, the mean size of the intra-articular gap
of the medial compartment was 5.2+ 1 mm (range 3—7 mm).
The mean size of the intra-articular gap of the medial com-
ponent at 30 min post-osteotomy was 3.1+2.2 mm with a
range of 1-8 mm. This decrease was statistically signifi-
cant (p <0.001). Accordingly, the size of the intra-articular
gap decreased in 30 knees (71.5%; Fig. 2a, b), increased in
eight knees (19%; Fig. 2c, d) and remained unchanged in the
remaining four knees (9.5%).

A significant positive association was found between
the MPTA and gap status, such that the MPTA was larger
in those knees showing an increase in gap size following
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Table 1 The demographic, clinical and radiographic characteristics of
the patients who underwent high tibial open-wedge osteotomy for the
correction of varus malalignment

Variable Patient number: 38
Knee number: 42

Age (year) 34.8+109
Gender

Male 19 (50)

Female 19 (50)
Involved knee

Right 19 (50)

Left 15 (39.5)

Both 4 (10.5)
BMI (kg/m?) 2424223
Varus angle (°) 12.6 3.1
LDFA (°) 88.6+1.7
MTPA (°) 79+2.3
JLCA (°) 24+24
Correction size (°) 11+£2

The data are presented as mean + SD

LDFA lateral distal femoral angle, MTPA imedial proximal tibial
angle, JLCA joint line convergence angle

osteotomy and vice versa (81.1° vs. 78.4°; p=0.01). The
correction size was significantly less in knees with an
increased gap size (9.5° vs. 11.2°; p=0.03).

The median MPTA was 79.5°. When this median was
used to split the MPTA data, all knees with increased gaps
showed an MPTA value of >79.5° (p=0.02). The median
correction size was 11°. After splitting the correction size
data according to this median value, all knees with increased
gap sizes demonstrated a correction size of <11° (p=0.03).
No other significant association was observed between the
gap status and the demographic or radiographic character-
istics of the knees (Table 2).

A significant positive correlation was observed between
the MPTA and gap change post-osteotomy (r=0.479; p
=0.002). Moreover, a significant negative correlation was
observed between the correction size and gap change post-
osteotomy (r=—10.317; p=0.04). No other significant corre-
lation was found between the gap change and other variables.

Discussion

The most important findings of this study were as follows:
the intra-articular gap of the medial component decreased
in the majority of cases (71.5%) following OWHTO with-
out MCL release and MCL tension could be regarded as
the main underlying factor. In some cases, this gap did not
change after osteotomy (9.5%) and, in other cases (19%), the
gap size increased. The current study revealed significant
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Fig.2 a Pre-osteotomy and b
post-osteotomy gap test in a
patient with decreased medial
gap following the open-wedge
high tibial osteotomy without
MCL release; ¢ pre-osteotomy
and d post-osteotomy gap test in
a patient with increased medial
gap following the open-wedge
high tibial osteotomy without
MCL release

Table 2 Statistical evaluation

e Variable Gap status p value

of the association between the

gap status and demographic and Decreased (n=30) Not changed (n=4) Increased (n=38)

radiographic characteristics of

the knees Age (year) 34.9+10.5 40.3+10.1 31.6+12.9 n.s.
BMI (kg/m?) 24+2.5 249+1.5 247+1.5 n.s.
Varus angle (°) 129+3.1 14.7+£3.2 10.6 +£2.1 n.s.
LFDA (°) 88.4+1.7 89.7+1.3 88.8+1.7 n.s.
MTPA (°) 78.4+2.3 78+1.4 81.1+1.6 0.011
JLCA (°) 26+2.7 15+13 21+1.3 n.s.
Correction size (°) 11.2+1.7 11+2.7 9.5+2 0.03

The data are presented as mean +SD

n.s. non-significant, LDFA lateral distal femoral angle, MTPAmedial proximal tibial angle, JLCA joint line

convergence angle

associations between the MPTA, correction size and gap
change. A larger MPTA and lower correction size were asso-
ciated with less gap decrease (less pressure) post-osteotomy.
In other words, increasing the correction increased strain on
the MCL, which in turn increased the intra-articular pres-
sure, which manifested as a narrower gap.

Enhanced surgical knowledge about the anatomical
structures that are at risk during the different steps of oste-
otomy can help to optimize the surgical outcome and avoid
potential complications [11, 23]. Egmond et al. [21] studied

intra-articular pressure following OWHTO with and with-
out MCL release in seven fresh-frozen, human cadaveric
knees. Despite a considerable relaxation of the MCL over
time, cartilage pressure did not shift to the lateral condyle if
the MCL was not released. By contrast, after the release of
the superficial MCL, the cartilage pressure shifted from the
medial to the lateral compartment. Although MCL release
significantly increased valgus laxity, they concluded that a
release of the superficial MCL is necessary for successful
OWHTO, as time zero valgus laxity does not imply chronic
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knee ligament instability. In general, if the release is prop-
erly performed, the patients do not complain about medial
instability following OWHTO.

Agneskirchner et al. [1] evaluated the effect of OWHTO
without MCL release on tibiofemoral cartilage pressure in
six cadaveric human knee specimens. They reported that
OWHTO without MCL release significantly increased pres-
sure medially, while after complete release of the MCL, a
significant decrease in pressure was observed. They also
concluded that for effective decompression of the medial
component, complete release of the MCL is necessary after
OWHTO.

Seo et al. [18] evaluated the medial joint opening after
OWHTO in 48 patients using serial valgus stress radio-
graphs (at 3, 6, and 12 months after surgery). They reported
that the medial joint space opening increased significantly
after the release of the superficial MCL when compared with
before the release. Their study also revealed that medial lax-
ity induced by the release of the superficial MCL can be
recovered by opening the osteotomy site. No problematic
valgus instability of the knee joint was observed in their
patients after OWHTO. Although this study revealed sig-
nificant medial joint space opening after the release of the
superficial MCL, it should be noted that the time zero joint
line opening is pathologic, as chronic varus deformity results
in contracture of the medial structures [5].

Seitz et al. [17] aimed to quantify the effect of clinically
relevant OWHTO on MCL strain and the resultant tibi-
ofemoral contact mechanics in six human cadaveric knee
joints. The MCL strain was determined using strain gauges.
Tibiofemoral contact mechanics were investigated using
pressure-sensitive sensors. A significant increase in strain
of up to 8.3% was seen in the MCL fibres associated with
osteotomy. The desired lateralization of the mechanical axis
was achieved only after MCL release. They concluded that
the release of the MCL is mandatory in medial OWHTO.

To the best knowledge of the authors, the current in vivo
study is the first to evaluate the intra-articular gap size as
an indirect approach to measuring the intra-articular pres-
sure after OWHTO. As the majority of earlier investigations
ascertain the necessity of superficial MCL release following
OWHTO, the results of this study also reveal that most will
benefit from MCL release and it is suggested as essential
in OWHTO, even in the presence of the increased risk of
valgus instability. The results also revealed that in a subset
of patients, it may not be necessary to release the MCL,
as the intra-articular gap did not decrease after OWHTO
without MCL release. In this respect, a significant associa-
tion was found between the MPTA and the gap change after
the osteotomy. MPTA is commonly used to determine the
correction size and a larger MPTA leads to a smaller cor-
rection size and vice versa [15]. As a smaller correction size
is equivalent to less MCL tension, little or no decrease in
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the intra-articular gap could be expected in the knees with
a larger MPTA and lower correction size. This hypothesis
is in agreement with the results of the current study, as all
patients who showed no change or increased gap size after
osteotomy recorded an MPTA > 79.5° and a correction size
of < 11°. The importance of MPTA in the recurrence of
varus deformity after OWHTO has been discussed by Porn-
rattanamaneewong et al. [15]. Factors such as the age, gen-
der and immobilization have also been associated with the
biomechanical properties of ligaments and could be deter-
minative in the outcome of OWHTO without MCL release
[8, 19]. These observations underline the need for further
codification of factors that might affect the intra-articular
gap after OWHTO without MCL release. In this case, MCL
management in OWHTO could be more personalized and
the decision to release MCL could be based upon patient
characteristics, such as the MPTA.

The current study had some limitations. Egmond et al.
reported that the MCL tension dropped by 10.7% at 5 min
and by 24.2% at 24 h after OWHTO without MCL release.
This has been explained as MCL relaxation over time.
Ethically, it was not possible to re-measure the gap some
hours after the end of surgery, when the MCL is probably
more relaxed. This could be considered a major limitation
of this study. Moreover, the accuracy of the gap test was
not confirmed by intra-operative radiograph due to the
unavailability of such facilities. This could be regarded as
the other weakness of this study. Finally, the small num-
ber of cases did not allow multivariate analysis of the data.
As discussed, intra-articular gap size following OWHTO
could be affected by many factors. Identification of these
factors requires future investigation with a sufficient sample
size to allow multivariate analysis of the variables. Despite
these limitations, the results of the present study show that
in the majority of cases retaining MCL results in inefficient
OWHTO imposed by the intact MCL pressure on the medial
compartment. Thus, MCL release is suggested to achieve an
efficacious OWHTO.

Conclusion

The intra-articular gap of the medial component decreases
in the majority of cases following OWHTO without MCL
release which could be attributed to MCL tension. Because
this tension prevents a pressure shift from the medial to
the lateral condyle, MCL release appears to be necessary
for these patients. Yet, in a subset of patients, the intra-
articular gap did not decrease following OWHTO without
MCL release. Further identification of factors affecting the
intra-articular gap size can allow personalization of MCL
management after OWHTO in future workouts. Until then,
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MCL release after OWHTO is a more reasonable approach,
even in exchange for the increased risk of valgus instability.
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