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INTRODUCTION
A fixed varus deformity is the most common deformity seen in 
patients with advanced osteoarthritis of the knee with numerous 
medial tibial osteophytes and adaptive changes in the medial 
proximal tibia. These cause tenting effects on medial soft tissue 
structures, including the MCL. Patient’s daily activities may be 
substantially affected by pain, and they have functional limitations 
because of the severe varus knee deformity [1].

The TKA is technically challenging with severe varus knee deformity 
when it is combined with contracture of medial soft tissue and laxity 
of lateral soft tissue. The more severe is the deformity, the surgical 
time is more and there is an increased difficulty in achieving soft 
tissue balance and optimal bony alignment. An optimal ligament 
balancing and bony alignment are the utmost factors that impact 
the long-term success [2,3].

There are numerous techniques to achieve soft tissue balance in 
varus knee like medial soft tissue releases that can be done as a 
periosteal sleeve off the tibia, discrete release of the superficial MCL 
and pes anserine tendons, pie-crusting of the superficial MCL and 
femoral medial epicondylar osteotomy. Each method has its own 
advantages and disadvantages. Extensive sub-periosteal stripping 
of the proximal medial tibial soft tissue sleeve may result in more 
bleeding [4,5]. Additionally, aggressive medial soft tissue release can 
lead to attenuation of the MCL with a risk of subsequent instability 

[6,7]. In MCL pie-crusting failure occurs within the ligament itself [8]. 
With femoral medial epicondylar osteotomy, the knee may become 
more unstable in flexion and a higher constraint implant may be 
necessary [9].

More recently, MTRO with lateralising the tibial tray and resection of the 
uncapped medial tibial bone has been described. Sequential steps 
include removal of osteophytes, deep MCL and semi-membranosus, 
and postero-medial capsular release. If an asymmetric extension 
gap remains after these releases, an MTRO is done. The superficial 
MCL is not released. The proximal medial tibia is resected along the 
longitudinal axis of the tibia. In some cases, this is associated with 
downsizing of the tibial base plate. By resecting the medial tibial 
bone, the intact medial soft tissue sleeve is decompressed. MTRO 
typically lessens the amount of medial soft tissue releasing required 
to correct the varus deformity and prevent over-release of medial 
structures [10]. The MTRO relatively lengthens the medial soft tissue 
sleeve once you remove the prominent proximal tibial flare which 
tents the medial structures. This lengthening helps to correct the 
varus deformities. Sometimes even removal of medial osteophytes 
results in complete correction of varus deformity due to relaxation 
of the tight medial soft tissue structures. In other instances, an 
additional MTRO may be required to achieve complete correction 
of the deformity and balancing [1]. Reduction osteotomy is a soft 
tissue sparing procedure for soft tissue balancing. If this scientific 
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ABSTRACT
Introduction: The deformity and imbalance in an osteoarthritic 
knee undergoing Total Knee Arthroplasty (TKA) are the result of 
a combination of bony and soft tissue changes locally. Proper 
and ideal balancing of ligaments is considered essential to the 
success of a TKA. There are numerous techniques to achieve 
soft tissue balance in varus knee. More recently, Medial Tibial 
Reduction Osteotomy (MTRO) has been described as an adjuvant 
to soft tissue release. Limited data exists on the outcomes of 
patients requiring a MTRO. There are not many Indian studies 
available regarding the radiographic and clinical outcomes of 
medial reduction osteotomy in severe varus deformity in TKA.

Aim: To find out the radiological and functional outcome of 
MTRO for severe varus deformity in patients undergoing TKA.

Materials and Methods: This study was prospective Cohort 
study conducted at the Department of Orthopaedics, Rajagiri 
Hospital, Chunangamveli, Aluva, Kerala from December 2018 
to November 2019. Twenty patients 15 females and 5 males 
(30 knees), in the age group 55-80 years with osteoarthritis of 
knee with severe varus deformity, were enrolled in the study. 
Preoperative and postoperative standing leg Antero-posterior 

radiographs were taken for all patients and hip-knee-ankle 
angle was measured and amount of deformity correction was 
calculated. Postoperatively, radiographs were taken on the 
5th day and 3rd month. Knee society scores were also recorded 
preoperatively and on the 5th postoperative day, postoperative 
visits on 6 weeks, 3 months and clinical outcome was assessed. 
The statistical analysis was performed by Statistical Package for 
Social Sciences (SPSS) version 25.0 using Analysis of Variance 
(ANOVA) and Wilcoxon Signed Rank test.

Results: The median knee score improved from 47±9 to 93±3 
postoperatively. Similarly, median function score improved from 
50±5 to 80±0. The improvement in function score and knee score 
were statistically significant (p-value 0.001). The correction of varus 
between preoperative, postoperative (p-value 0.001) day 5 and 
3 months postoperatively was statistically significant. No patient 
required a release of the superficial Medial Collateral Ligament 
(MCL). The MTRO was associated with statistically significantly 
improved Knee Society scores and varus deformity correction.

Conclusion: In patients with fixed varus deformity of the knee, 
the MTRO is found to be safe and adequate to achieve coronal 
alignment.
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approach is properly utilised, the medial soft tissue release can be 
effectively avoided.

This study describes balancing of a fixed varus knee deformity by 
incorporating a series of medial soft tissue releases and a MTRO to 
achieve coronal mechanical alignment. On an average, one-degree 
correction can be obtained by resecting 2 mm of non osteophytic 
bone. An extensive bone resection can cause tibial component 
loosening and difficulty in revision surgery. Complications like 
osteolysis, loosening, or component subsidence usually occurs in 
long-term [11]. The sclerotic bone under the medial tibial articular 
surface from abnormal weight bearing due to the varus misalignment 
and the arthritic process, more often extends toward the midline 
so the risk of subsidence from lateralising the medial tibial tray is 
minimised. The medial tibial bone resorption or osteolysis can be 
due to thermal necrosis from the saw blade used for trimming the 
sclerotic medial tibia while doing a MTRO. In order to reduce the 
potential for thermal necrosis, MTRO may be done with a rongeur 
or add irrigation if the sclerotic medial tibial is being removed using 
a saw [10]. By performing a reduction osteotomy in knees with 
correctible varus deformity to <5° or more may lead to excessive 
medial slackening of soft tissue and over-correction.

In this study, radiological and clinical outcomes in patients with severe 
varus deformity undergoing MTRO were assessed. Hip Knee Ankle 
radiograph was used to evaluate limb alignment preoperatively and 
postoperatively. This radiograph is more reliable and reproducible 
for determining the knee alignment in the coronal plane after TKA 
[12-14]. An angle within 3° from the mechanical axis is supposed 
to reduce the risk of abnormal wear, premature loosening, and early 
implant failure [15-17]. Knee Society Score is used to measure the 
clinical outcome of MTRO, which has mainly two parts- knee score 
that rates only the knee joint and a functional score that rates the 
patient’s ability to walk and climb stairs [18].

Though there are various methods of achieving soft tissue balance 
including variety of ligament releases, the more recently described 
indirect method of soft tissue balancing is the MTRO [19]. It results 
in a reduction in surgical time and lessens the amount of medial 
soft tissue release. This study aimed to analyse the functional and 
radiological outcome of MTRO in severe varus TKA.

MATERIALS AND METHODS
This prospective cohort study was conducted at the Department of 
Orthopedics, Rajagiri Hospital, Chunangamvely, Kerala, India from 
December 2018 to November 2019. The study population consisted 
patients with severe varus knee. Institutional Ethics Committee 
approval was obtained before starting the study (Ref No: RAJH/SRC/
DNB/0011).

inclusion criteria: Patients in the age group 55-80 years with 
severe varus deformity (>15), undergoing TKA during the study time 
period were included in the study.

exclusion criteria: Patients with extra-articular deformity were 
excluded.

Sample size calculation: The study done by Ahn JH et al., was 
referred to and a sample size of 30 was arrived [20]. Assuming that 
95% confidence interval and 90% power, based on the mean and 
SD values of pre-test 10.1±4.2 and post-test 0.6±1.6, the required 
minimum sample size is 10, using the formula:

N=
(Z(1-α/2)+Z(1-β))

2

+
Z2

(1-α/2)     ,
                      ∆2              2

Where, Z(1-α/2) at α error of 5% is 1.96 and Z(1-β) at β error of 90% is 
1.28

∆=
(µ2-µ1)
s

, where µ1 is 10.1 and µ2 is 0.6

s1+s2

2
s=

[Table/Fig-1]: The uncapped medial tibial bone is well defined and marked with a 
skin marker.

[Table/Fig-2]: MTRO: Medial Tibial Reduction Osteotomy was done with a rounger 
instead of saw to avoid thermal necrosis.

Where,

µ1: Pre-test mean

µ2: Post-test mean

s1: Standard deviation in the pre-test

s2: Standard deviation in the post-test

∆: Effect Size

s: Significance level

1-β: Power

Study Procedure
The MTRO was done in a sequential order as shown in [Table/
Fig-1,2] [10]. Preoperative and postoperative standing long leg 
Anteroposterior (AP) radiographs were taken for all patients and Hip-
Knee-Ankle angle was measured and amount of deformity correction 
was calculated as shown in [Table/Fig-3,4]. Postoperatively, 
radiographs were taken on the 5th day and 3rd month. Knee 
society scores were also recorded preoperatively and on the 
5th postoperative day, postoperative visits in 6 weeks and 3 months. 
The mechanical axis of the femur is a line drawn from the centre of 
the femoral head to the centre of the knee [20]. The mechanical axis 
of the tibia is a line from the centre of the proximal tibial plateau to 
the centre of the talus. Both lines were drawn on long leg weight-
bearing radiographs and Hip-Knee-Ankle angle was measured.
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radiological outcome mean±SD (degrees) p-value

Preoperative 17.74±2.46
0.001

(ANOVA)
Postoperative day 5 1.76±0.677

Postoperative 3 months 1.76±0.677

[Table/Fig-8]: Table showing correction of varus (radiological outcome).

To determine the period of significant difference in function score 
and knee score post-hoc analysis was done using Wilcoxon Signed 
Ranks Test. Increase in Type 1 error (α error) was corrected using 
Bonferroni correction, α error fixed at 0.016.

RESULTS
The study enrolled 20 patients (30 knees) with osteoarthritis of knee 
and having severe varus deformity. There were 15 females and the 
mean age was 63±5.601 years [Table/Fig-5].

[Table/Fig-3]: Preoperative and Postoperative X-ray measurement of Hip-Knee-
Ankle angle in a unilateral TKA.

[Table/Fig-4]: Preoperative and Postoperative X-ray measurement of Hip-Knee-
Ankle angle in a bilateral TKA.

Knee Society Score
The original Knee society score has a “Knee Score” section (7 items) 
and a “Functional Score” section (3 items). Each part is scored from 
0 to 100 with lower scores indicative of bad knee conditions, and 
higher scores mean good knee conditions. Knee society score is 
graded as- score of 80-100 as excellent, 70-79 as good, 60-69 
as fair and score below 60 as poor. The preoperative knee society 
score was noted and later it was compared and analysed with 
postoperative day 5, 6 weeks and three month score as per the 
knee society score proforma [21].

STATISTICAL ANALYSIS
The statistical analysis was performed by SPSS 25. Qualitative 
variables were expressed as frequency and percentages and 
quantitative variables as mean and standard deviation. Association 
between various factors was assessed using Friedman’s ANOVA 
and Wilcoxon Signed Ranks test for categorical variable, ANOVA 
for quantitative variables. The p-value of <0.05 was considered to 
be statistically significant.

Demographic variables n (%)

Gender

Female 15 (75)

Male 5 (25)

Age group (Years)

55-60 10 (50)

61-65 3 (15)

66-70 5 (25)

71-75 2 (10)

[Table/Fig-5]: Gender and age distribution.

Functional outcome 
score median

25th 
 percentile

75th 
 percentile iQr p-value

Preoperative 50 45 50 5 0.001
(Friedman’s 

Anova/
Wilcoxon 

Signed test)

Postoperatively day 5 50 50 50 0

Postoperatively 6 weeks 70 70 70 0

Postoperatively 3 months 80 80 80 0

[Table/Fig-6]: The functional outcome score measured preoperatively and 
 postoperatively.
IQR: Interquartile range

Knee scores 
analysis

median 
knee score

25th 
 percentile

75th 
 percentile iQr p-value

Preoperative 45 38 47 9
0.001 

(Friedman’s 
Anova/

Wilcoxon 
Signed 

test)

Postoperative day 5 79 72.25 80.25 8

Postoperative 6 
weeks

86.5 84.5 87 2.5

Postoperative 3 
months

92 90 93 3

[Table/Fig-7]: The Knee Scores as analysed preoperatively and postoperatively.

The median function score improved from 50±5 to 80±0 [Table/Fig-6]. 
The difference in the function score from pre-operative period, day 5, 
6 weeks preoperative and 3 months postoperative was statistically 
significant.

The median knee score improved from 47±9 preoperatively to 93±3 
postoperatively [Table/Fig-7]. The difference in the knee score from 
preoperative period, day 5, 6 weeks and 3 months was statistically 
significant.

The correction of varus, seen radiologically, between preoperative, 
postoperative day 5 and 3 months postoperatively was statistically 
significant with p-value <0.05 (0.001) [Table/Fig-8].

DISCUSSION
There are numerous studies which evaluated different methods for 
obtaining precise coronal alignment in the varus knee. Recently, the 
MTRO has been introduced as an alternative to medial soft tissue 
release, for correcting fixed varus knee deformities [20]. But there 
are limited data in the literature regarding the outcome of patients 
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requiring an MTRO. So, the principal aim of the study was to assess 
the radiographic and clinical outcomes of MTRO in patients who 
underwent a varus TKA.

Thirty knees were evaluated in the study. These patients were 
suffering from knee pain and functional limitations. The functional 
outcome was assessed using the Knee Society Score which includes 
a Knee score and Function score. In the study, the change in knee 
scores and function scores preoperatively and postoperatively were 
statistically significant. The median knee score improved from 47±9 
preoperatively to 93±3 postoperatively. Similarly, median function 
score improved from 50±5 to 80±0. Dixon MC et al., performed 
an MTRO on 10 patients with mean varus deformity of 24 degrees. 
Knee Society and function scores (24 and 34 to 94 and 85) showed 
great improvement and also no patient required revision surgery. 
The mean follow-up tibiofemoral angle was 4 degrees [22].

The radiological outcome was assessed using Hip-Knee-Ankle 
radiographs as they provide accurate information on the weight 
bearing mechanical axis. The surgical aim was to obtain a 
neutrally aligned lower limb with Hip-Knee-Ankle angle within 3° 
from mechanical axis as it was supposed to reduce the risk of 
abnormal wear, premature loosening, and early implant failure. The 
postoperative Hip-Knee-Ankle angle of all patients in the study was 
within this range.

Also, the correction of varus deformity based on Hip-Knee-Ankle 
angle was statistically significant. In this study, a mean correction of 
varus deformity from 17.74±2.460 preoperatively to 1.76±0.6770 
postoperatively was achieved [Table/Fig-8]. Intraoperatively, no 
superficial MCL releases were required to achieve coronal balance 
and constrained implants were not used in any patients. Martin R 
et al., found out the excellent outcomes associated with MTRO 
using radiographic and clinical evaluation [10]. This study collated 
the outcomes of a matched cohort of patients that underwent 
TKA and compared between non MTRO and MTRO groups.  
Preoperatively, the tibiofemoral angle was 3.42° valgus versus 6.12° 
varus in the control and MTRO cohorts respectively (p=0.01). Mean 
postoperative tibiofemoral angles were 3.40° versus 2.43° valgus 
respectively. Postoperative Knee Society Scores were superior in 
the MTRO cohort (183.84 versus 174.58; p=0.04).

In this study, the amount of osteotomy done to attain the correction 
of residual varus deformity is not quantified. Mullaji AB et al., 
evaluated 71 primary TKAs in patients that required an MTRO and 
they quantified the effect of reduction osteotomy on the degree of 
varus deformity correction using intraoperative data [17]. For every 
2 mm of tibial bone osteotomised, they achieved one degree of 
deformity correction. However, they did not studied about the effect 
of MTRO on clinical or radiographic outcome. Krackow KA et al., 
also reported a mean correction of 0.45° for every mm (millimeter) 
of bone resected in their study [4].

In this study, minimal medial soft tissue releases were done sequentially 
to attain the coronal ligamentous balance without releasing superficial 
MCL. The remaining varus deformity was corrected using MTRO. In 
another study by Mullaji AB et al., in 2005 evaluated 173 knees with 
varus deformity more than 20 degree [11]. Mean Knee Society score 
improved from 22.8 to 91.1, and function score from 22.8 to 72.1 
at 2.6 years.

Dixon MC et al., reported no evidence of any osteolysis or component 
loosening in any of the patient at a mean follow-up of 42 months 
[22]. Zan P et al., conducted a study in 48 knees with bilateral varus 
knee deformity. They also found no case of premature loosening 
or subsidence of the tibia prosthesis with one-year follow-up [23]. 
Resorption of medial tibial bone can occur postoperatively secondary 
to thermal necrosis associated with performing an MTRO. In this 
study, there was no resorption of medial tibial bone. Rounger and 
irrigation were used for reduction osteotomy to decrease the chance 
of thermal necrosis.

Limitation(s)
This was a short-term study followed-up period was only 3 months. 
The amount of osteotomy performed was not measured in this study.

CONCLUSION(S)
The MTRO was found to be an effective method to achieve coronal 
ligamentous balance and alignment in patients with severe varus 
knee deformity more than 15 degree. The release of superficial 
MCL and use of constrained implant were not required in any 
patient. There was a statistically significant improvement in knee 
society scores and radiographic correction of varus deformity 
postoperatively. Hence, MTRO is recommended to achieve coronal 
balance in patients with severe varus knee deformity. Further studies 
examining long-term follow-up outcomes beyond two years are 
recommended for better results.
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