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Abstract
Purpose  In total knee arthroplasty (TKA), it is important to obtain an appropriate flexion–extension gap. The extension gap 
is expanded by posteromedial vertical capsulotomy (PMVC). This study aimed to evaluate the increase in the extension gap 
by PMVC using a navigation system.
Methods  In posterior stabilized (PS)-type TKA, PMVC was performed in 37 knees. The medial extension gap at 0° and 
flexion gap at 90° flexion of the knee joint using the navigation system before and after PMVC were measured.
Results  The extension gap before the PMVC was 5.3 ± 2.9 mm. After PMVC, the extension gap had significantly increased 
to 8.0 ± 2.8 mm (p < 0.001). In addition, the flexion gap was 8.1 ± 2.7 mm before the PMVC, but it was 8.7 ± 2.8 mm after 
the PMVC, and the flexion gap was not enlarged (n.s.).
Conclusion  In PS-type TKA, it is possible to obtain selective expansion of about 2.7 mm of the extension gap by PMVC. 
Therefore, gap balance can be acquired by soft-tissue treatment while preserving the bone. The PMVC was a useful method 
for acquiring gap balance and preserving the bone stock.
Level of evidence  IV.
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Introduction

Appropriate bone cutting and soft-tissue balance are very 
important while performing total knee arthroplasty (TKA) 
by any surgical technique [3, 5]. If excessive bone-cutting 
volume or soft-tissue balance is inappropriate, the joint line 
is increased, which causes joint laxity during intermediate 
flexion and restriction of range of motion [8]. Especially, 
in posterior stabilized (PS)-type TKA, the posterior cruci-
ate ligament (PCL) is removed. In a previous study, PCL 
resection increased the flexion gap and created a space 
that accommodated approximately 3-mm polyethylene [6, 
13]. With this procedure, obtaining balance between the 

extension gap and flexion gap is impossible. Therefore, 
joint instability and restricted range of motion occur. In PS-
type TKA, the extension gap can be selectively increased in 
several cases. Until now, expansion methods for selective 
extension gap have been femoral posterior condylar bony 
spur resection and soft-tissue treatment, for example, release 
of the medial collateral ligament, and additional distal oste-
otomy of the femur was finally performed. However, when 
additional distal osteotomy of the femur is performed, the 
joint line rises, causing laxity of the intermediate flexion 
position [4, 11, 14]. Considering the possibility of revision 
TKA, we would like to preserve bone as much as possible 
[15]. To that end, soft-tissue treatment as a selective exten-
sion gap-expansion method is important. Kaneyama et al. 
reported that posteromedial vertical capsulotomy (PMVC) 
selectively expands the extension gap [7]. PMVC is the 
method of cutting the joint capsule behind the medial collat-
eral ligament (MCL). This method has two effects. First, the 
extension limitation can be canceled by vertically cutting the 
contracted posteromedial joint capsule. Second, cutting the 
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contracted posteromedial joint capsule vertically can pos-
sibly restore the excessive tension of the MCL to its normal 
state, which is an indirect effect that can resolve restricted 
extension. With these two effects, selective expansion of 
the extension gap can be obtained by PMVC. PMVC was 
the method for balancing flexion and extension, not balanc-
ing varus and valgus. Although there have been reports that 
PMVC was performed in cruciate-retaining TKA, only a few 
studies have reported PMVC in PS-type TKA.

Moreover, few studies have used navigation systems 
before and after soft-tissue balance [9, 16]; thus, the actual 
soft-tissue processing is unclear. As hypothesis, PMVC is 
a useful selective extension gap-expansion method in PS-
type TKA, where PCL is excised, and the flexion gap was 
expanded. The purpose of this study was to evaluate the 
increase in extension gap due to PMVC using a navigation 
system.

Materials and methods

Thirty-seven knees (9 male knees and 28 female knees) 
that underwent first operation using PS-type TKA, which 
required expansion of the extension gap during surgery, and 
PMVC between February 2017 and February 2019 at our 
hospital were included. All patients were diagnosed with 
primary osteoarthritis. All surgeries were performed by two 
senior authors (S.M. and Y.K.). PMVC was performed on 
patients with ≥ 2 mm difference between the extension gap 
and the flexion gap after the precut trial.

The Attune PS-type mobile bearing (DePuy-Johnson and 
Johnson, Warsaw, IN, USA) was used for all patients. The 
computer navigation program Vector Vision (CT-free, opto-
electronic, passive marker navigation system, Brain-Lab, 
Munich, Germany) was used for all patients. The precut 
trial was inserted, and the extension gap was measured at 
0° and flexion gap at 90° flexion of the knee joint using the 
navigation system. In addition, the differences between the 
extension gap and flexion gap before and after PMVC were 
retrospectively evaluated and compared (Fig. 1).

The exclusion criteria were rheumatoid arthritis, revision 
TKA, valgus knee, no navigation system evaluation data, 
and patients who did not undergo PMVC because of unnec-
essary expansion of the extension gap.

Surgical procedure

All cases in which the medial parapatellar approach was 
used, and the precut trial method was performed were inves-
tigated. First, the femoral distal cut was performed, followed 
by proximal tibial resection, which created the extension 
gap. Thereafter, the femoral posterior condyle was cut in two 
steps. During cutting of the posterior condyles of the femur 

in parallel with the surgical epicondylar axis, a precut trial 
with a thickness of the portion of the posterior condyle and 
4 mm thinner than the ordinary implant was prepared, and 
the posterior femoral condyle was cut 4 mm thinner than the 
usual femoral posterior condyle. Subsequently, a temporary 
flexion gap was made. In the precut trial, the extension and 
flexion gaps were measured using the navigation system. At 
that time, PMVC was performed when the flexion gap was 
2 mm or larger than the extension gap. For PMVC, first, a 
hole of approximately 1 cm was made in the posteromedial 
capsule at the distal lateral part of the MCL using an electric 
scalpel (Fig. 2a). Second, the hole was expanded vertically 
from the medial femoral condyle to the medial tibial pla-
teau using surgical scissors (Fig. 2b). Finally, the vertical 
hole was expanded using a spacer block, and the vertical 
hole was only checked in the posteromedial capsule, not in 
the MCL (Fig. 2c, d). In this technique, the MCL was not 
released. This confirmed that the MCL was not loose. Then, 
the mid-flexion (30° and 60°) instability was evaluated. At 
each knee positions, stress force was applied on the varus 
and valgus, and the knee did not show instability. Exten-
sion and flexion gaps were checked using a spacer block, 
and additional cutting of the posterior femoral condyle was 
performed. The Hospital Ethics Committee and Internal 
Review Board of the Okayama University, Okayama, Japan 
(1811-031) approved this study, and informed consent was 
obtained from all patients.

Statistical analysis

Data were presented as means ± standard deviation. Dif-
ferences between groups were compared using Wilcoxon’s 
signed rank test. Power and statistical analyses were per-
formed using EZR-WIN software (Saitama Medical Center, 
Saitama, Japan). Statistical significance was set to p < 0.05. 
The sample size was estimated for a minimal statistical 
power of 80% (α = 0.05). All sample size and power calcula-
tions were performed using the EZR-WIN software. Assum-
ing a two-tailed testing, an alpha of 0.05, and an independent 
samples t test, 21 patients per group was sufficient to detect 
an effect size of d = 0.79 with 80% statistical power.

Results

The median patient age was 72 (63–88) years, average 
femorotibial angle was 183° ± 10.6°, and average flexion 
contracture was 16.2° ± 12° (Table 1). All patients had 
a minimum of 5° flexion contracture. The extension gap 
before the PMVC was 5.3 ± 2.9 mm. After PMVC, the 
extension gap had significantly increased to 8.0 ± 2.8 mm 
(Table  2; p < 0.001). In addition, the flexion gap was 
8.1 ± 2.7 mm before the PMVC, but it was 8.7 ± 2.7 mm 
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after the PMVC, and the flexion gap had not expanded 
(Table 2; n.s.). Although the difference between the exten-
sion gap and flexion gap was 2.8 ± 2.1 mm before the 
PMVC, it became 0.7 ± 1.1 mm after the PMVC (Table 2; 
p < 0.001), and the difference between the extension gap 

and flexion gap was found to decrease. In all cases, the 
extension gap expanded, and the difference in the exten-
sion gap and flexion gap decreased. For this reason, no 
case required additional distal femoral osteotomy. In addi-
tion, with PMVC, there were no cases, wherein the medial 

Fig. 1   Navigation-based measurement. The extension gap with the 
knee at 0° position and flexion gap with the knee at 90° position were 
measured. a Extension gap at pre-posterior medial vertical capsul-

otomy. b Flexion gap at pre-posterior medial vertical capsulotomy. c 
Extension gap at post-posterior medial vertical capsulotomy. d Flex-
ion gap at post-posterior medial vertical capsulotomy
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flexion gap expanded in comparison with the extension 
gap.

Fig. 2   Surgical procedure. a 
Make a hole at the posterome-
dial capsule using an electric 
scalpel. b Expand the hole verti-
cally using surgical scissors. c 
Expand the vertical hole using 
a spacer block and check the 
vertical hole (arrowhead) in the 
medial collateral ligament and 
posteromedial capsule. d PMVC 
schema

Table 1   Demographics and clinical characteristics

Data of age, height, and body weight are displayed as mean ± stand-
ard deviation

Posteromedial 
vertical capsul-
otomy

Number of patients (men/women) 37 (9/28)
Age 72.5 ± 8.7
Body weight (kg) 66.3 ± 12
Height (m) 1.55 ± 8.23
Femoral tibial angle (°) 183 ± 10.6
Kellgren–Lawrence grade
0/1/2/3/4

0/0/0/6/31

Flexion contracture (°) 16.2 ± 12

Table 2   Measurement of gap

Data are displayed as mean ± standard deviation
EG extension gap, FG flexion gap

Pre Post p value

Extension gap (EG) (mm) 5.3 ± 2.9 8.0 ± 2.8 < 0.001
Flexion gap (FG) (mm) 8.2 ± 2.7 8.7 ± 2.7 n.s.
EG–FG (mm) 2.8 ± 2.1 0.7 ± 1.1 < 0.001
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Discussion

The most important finding in this study was that with the 
PS-type TKA, selective expansion of the extension gap 
was obtained by PMVC. A previous study reported that 
the flexion gap was expanded by approximately 3 mm due 
to PCL resection [6, 12]. According to this study, the dif-
ference between the flexion gap and the extension gap was 
reduced by about 2.7 mm after PMVC. For that reason, 
equivalent extension gap opening could be acquired for 
the flexion gap opening by PCL ablation, and appropri-
ate soft balance could be obtained. In addition, the MCL 
was not released, and mid-flexion (30° and 60°) instabil-
ity was evaluated. At each knee position, when knee was 
applied stress on the varus and valgus, the knee did not 
show instability. This study did not use cadaver knees, 
as it is considered difficult to evaluate soft-tissue balance 
in cadaver knees. Moreover, accurate soft-tissue balance 
using intraoperative navigation data was evaluated.

PMVC is a useful method that led to selective expan-
sion of the extension gap. In addition, PMVC made it 
possible to balance the extension gap and flexion gap 
[2]. In other words, PMVC expanded the extension gap 
moderately and not excessively. Moreover, there was no 
case requiring flexion gap expansion after PMVC, which 
subsequently obtains appropriate balance. In addition, in 
this study, the extension gap expanded with a significant 
difference, but the flexion gap did not expand. This showed 
that PMVC is useful, as it selectively expands the exten-
sion gap. In PS-type TKA with PCL removal, it is often 
necessary to expand only the extension gap. Therefore, 
this study suggests that PMVC in PS-type TKA is a very 
useful soft-tissue treatment method. In addition, no case 
required additional femoral distal osteotomy by PMVC. 
In a previous study, increasing the joint line for additional 
distal osteotomy caused mid-flexion laxity [10], and the 
intraoperative medial joint laxity decreased patient satis-
faction [1]. PCL resection (PS-type TKA) will increase the 
flexion gap and cause a mismatch between the extension 
and flexion gaps for tibial cut. For this reason, the balance 
between the extension gap and flexion gap was obtained 
without performing additional distal femoral osteotomy, 
which increases the joint line and laxity of the interme-
diate flexion position. Therefore, the PMVC is effective 
for obtaining an appropriate gap. For TKA that requires 
appropriate soft-tissue balance, PMVC that preserves bone 
and adjusts the balance is very useful. In each case, the 
extension gap that can be acquired by PMVC is different. 
However, in every case, it was balanced with the flexion 
gap. That is, the PMVC after appropriate bone cutting may 
improve and restore the flexion gap to that in a normal 
knee.

This study had several limitations. First, a tensor device 
was not used in this study. For extension–flexion gap meas-
urements, whether the spacer block lifts off and appropri-
ate balance is obtained were confirmed, as detected by 
the operator. In addition, the navigation system could not 
evaluate the force. Therefore, when actually inserting a 
spacer block, the tightness at the tibiofemoral joints was 
not known. Second, the PMVC facilitates extension gap 
opening by tearing the posterior medial joint capsule and 
inserting a tight spacer block and extending it. Thus, it is 
unknown by how much the posterior medial joint capsule 
actually dissociates. Third, the varus, valgus, and rotation 
of the knee joint were not assessed. Excessive tension of 
the MCL may be normalized using the posterior medial 
capsule vertical incision method. Therefore, it is thought 
that changes will also occur in internal and external rota-
tions. Despite the possibility that the medial gap was 
expanded, in this study, the internal and external rotations 
of the knee were not considered. Fourth, this study had a 
short observation period. Therefore, long-term data and 
clinical outcome could not be evaluated. Thus, long-term 
changes in clinical outcome for PMVC should be assessed.

However, in this study, the extension gap could be 
expanded selectively without bone cutting. Therefore, 
because this method could preserve the bone stock, it may 
be considered useful for revision TKA and infection cases.

Conclusions

In PS-type TKA, it is possible to obtain selective expan-
sion of the extension gap by PMVC. Therefore, balance can 
be acquired by soft-tissue treatment while preserving bone. 
These results conclude that the posterior medial capsule ver-
tical segmentation method in PS-type TKA may be a very 
useful method.
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