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Abstract
Introduction Although soft tissue tension during total knee arthroplasty (TKA) has been targeted to achieve equal flexion 
and extension gaps, such a perfect gap is not always obtained. This study was performed to investigate the impact of differ-
ence between flexion and extension gaps on postoperative knee flexion angle.
Materials and methods We reviewed 107 consecutive TKAs using a J-curve design posterior-stabilized prosthesis. Soft tis-
sue tension was measured intraoperatively using an offset-type tensor under 30 lb force of joint distraction with the patella 
reduced. All TKAs were performed in a uniform manner including the subvastus approach and without use of a pneumatic 
tourniquet. We assessed the association between knee flexion angle 1 year after TKA and the difference between flexion and 
extension gaps using Pearson’s product-moment correlation and multiple regression analysis with age, sex, body mass index, 
diagnosis, history of diabetes mellitus, preoperative flexion angle, and gap difference as explanatory variables.
Results The difference between flexion and extension gaps showed a slight negative correlation with postoperative knee 
flexion angle in univariate analysis (r = − 0.20, 95% CI, − 0.38 to − 0.01, p = 0.04). Multiple regression analysis showed that 
the gap difference was an independent factor associated with postoperative knee flexion angle (β = − 0.89, 95% CI, − 1.60 
to − 0.18, p = 0.01).
Conclusions The difference between flexion and extension gaps was negatively correlated with postoperative knee flexion 
angle. Looser flexion gap compared with extension gap should be avoided in J-curve design posterior-stabilized TKA.
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Introduction

Appropriate soft tissue balancing is a crucial determinant of 
clinical outcome after total knee arthroplasty (TKA). Equal 
width of flexion and extension gaps is ideal for soft tissue 
balancing during TKA [1, 2]. As surgeons can strictly quan-
tify intraoperative soft tissue balancing using novel devices, 
recent studies revealed new targets for ideal intraoperative 
soft tissue balancing [3–5].

In posterior cruciate-retaining TKA, larger flexion gap 
than the extension gap provided better postoperative knee 
flexion angle compared with equal flexion and extension 

gaps [3, 4]. However, the appropriate relationship between 
flexion and extension gaps remains a contentious issue in 
posterior-stabilized (PS) TKA [5, 6]. Tsukada et al. [6] 
measured soft tissue balance of 329 consecutive TKAs using 
single anteroposterior radius PS-TKA prosthesis (Scorpio 
NRG; Stryker, Mahwah, NJ) in the standardized setting 
including the subvastus approach, reduced patella, and no 
use of a pneumatic tourniquet. They reported soft tissue 
imbalance, such as larger or smaller flexion gap compared 
with extension gap, was not associated with the postopera-
tive knee flexion angle [6]. Although their measurement of 
soft tissue balancing was performed stringently, the unique 
design of the TKA prosthesis could affect the results. The 
more general J-curve design TKA prosthesis may provide 
different results because the J-curve design TKA has differ-
ent in vivo kinematics to the single anteroposterior radius 
TKA [7].
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This study was performed to examine whether the dif-
ference in soft tissue tension between flexion and extension 
gaps would affect postoperative knee flexion angle in the 
J-curve design PS-TKA. We hypothesized that the postop-
erative knee flexion angle was correlated with the difference 
in soft tissue tension between flexion and extension gaps.

Materials and methods

The study was performed after receiving approval from the 
institutional review board. The inclusion criterion was as 
follows: patients undergoing primary PS-TKA using a sin-
gle prosthesis (Persona; Zimmer-Biomet, Warsaw, IN) from 
September 2016 to January 2018 in the Adult Knee Recon-
struction Division of a single general hospital. Persona is 
J-curve design prosthesis, which has multiple different tan-
gential radius curves in the sagittal plane [8]. The exclusion 
criterion was primary TKA without use of the Persona. This 
study focused on the relationship between knee flexion angle 
1 year after TKA and intraoperative measurement of bone 
gap. The range of knee movement was measured using a 
goniometer at the follow-up visit.

Surgical technique

All surgeries were performed under general anesthesia. All 
TKAs were performed or supervised by one surgeon (ST). 
No pneumatic tourniquet was used during the study period. 
An anterolateral incision was used in all surgeries as posi-
tioning the skin incision laterally during knee surgery may 
reduce disruption of sensation in the anterior aspect of the 
knee by preserving the branches of the saphenous nerve [9]. 
The subvastus approach without detaching the vastus media-
lis was employed as the surgical approach to measure soft 
tissue tension more strictly than other approaches involving 
detachment of the vastus medialis.

The measured resection technique was applied to the bone 
cuts; both tibial and femoral osteotomies were carried out 
referencing anatomical bony landmarks. In proximal tibia 
osteotomy, we aimed for the cutting surface to be perpen-
dicular to the tibial axis in both coronal and sagittal planes. 
The distal femoral osteotomy was made in valgus angula-
tion, which was equal to the angle between the anatomical 
and functional axes of the femur. In this valgus angle of 
distal femoral resection, we resected 9 mm of distal femur 
from the distalmost point of the medial and lateral femoral 
condyles. For example, if the distalmost point was located 
at the medial femoral condyle, we resected 9 mm of medial 
femoral condyle and less than 9 mm of lateral femoral con-
dyle. The thickness of 9 mm was determined by the thick-
ness of the distal femoral component of Persona. We aimed 

to achieve rotational alignment of the femoral component 
parallel to the surgical epicondylar axis [10].

We removed osteophytes thoroughly, especially the 
medial posterior condylar osteophyte [11]. We routinely 
released the deep layer of the medial collateral ligament. 
The semimembranosus was released only if we could not 
resect the posteromedial osteophyte of the tibia without 
release of the semimembranosus. Other soft tissue, includ-
ing the superficial layer of the medial collateral ligament 
or the pes anserinus, was not released during the study 
period. The thickness of the tibial insert was determined to 
obtain 0° extension with no medial instability. When full 
extension was not obtained, we added bone resection of the 
proximal tibia. As we believed that avoiding elevation of the 
femorotibial joint line would be one of the most important 
determinants of the successful TKA applied to the measured 
resection technique, we did not add a distal femoral bone 
resection even if the flexion gap was larger than the exten-
sion gap. Although the bone resection of proximal tibia does 
not reduce the gap between flexion and extension, we gave 
priority to maintain the height of the femorotibial joint line 
during study period.

Measurement of soft tissue balance

After manually confirming acceptable soft tissue balance, 
the soft tissue balance was measured at both 0° extension 
and 90° flexion using an offset-type TKA tensor (Offset 
Repo-Tensor; Zimmer-Biomet) (Fig. 1). The joint center gap 
and varus ligament balance at 0° extension and 90° flexion 
were recorded using the tensor with a distraction force of 
30 lb.

The Offset Repo-Tensor has an offset arm allowing the 
surgeon to measure the soft tissue balance with the patella 
reduced. The Offset Repo-Tensor has upper seesaw and 
lower platform plates. The surgeon lays these two plates on 
the surfaces of the resected tibia and femur. When these two 
plates distract the resected surface of the femur from that 
of the tibia, the distance between the two plates is the joint 
gap. The tilting angle between the two plates is the varus/
valgus imbalance. When the tilting angle shows that medial 
soft tissue tension is tighter than that on the lateral side, the 
deviation is defined as varus and is given a negative value 
[6]. In the case of tighter lateral soft tissue tension compared 
with the medial soft tissue, the deviation is defined as valgus 
and given a positive value [6].

Statistical analysis

Firstly, we evaluated the strengths of the relationships 
between knee flexion angle 1 year after TKA and multi-
ple parameters, including the difference between flexion 
and extension gaps, preoperative flexion angle, age, sex, 
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body mass index, diagnosis, and history of diabetes mel-
litus using the Pearson’s product-moment correlation. Sec-
ondly, we performed multiple regression analyses to assess 
the association of knee flexion angle 1 year after TKA with 
the abovementioned parameters. We presented standardized 
coefficients (β) and p values. All statistical analyses were 
performed with R software version 3.4.1. (The R Foundation 
for Statistical Computing, Vienna, Austria).

Results

Participants

During the study period, a total of 107 PS-TKAs were per-
formed using Persona in our division. Table 1 summarizes 
the demographic characteristics of the patients. Of the 107 
patients, one was lost to follow-up before 1 year after TKA. 
The remaining 106 TKAs were included in the analysis. The 
mean knee flexion and extension angles 1 year after TKA 
were 120° ± 13° and − 3° ± 3°, respectively.

Pearson’s product‑moment correlation

Table 2 summarizes the strengths of relationships between 
knee flexion angle 1 year after TKA and each parameter. 
The value of the difference between flexion and extension 
gaps showed a slight negative correlation with postoperative 
knee flexion angle in univariate analysis (r = − 0.20, 95% 
confidence interval [CI], − 0.38 to − 0.01, p = 0.04) (Fig. 2). 
Preoperative flexion angle was the best predictor of post-
operative knee flexion angle (r = 0.51, 95% CI, 0.35–0.64, 
p < 0.01).

Fig. 1  Offset-type tensor for 
measurement of soft tissue bal-
ance during total knee arthro-
plasty. The tensor has upper and 
lower plates. The central scale 
indicates the distance between 
two plates, which is the bone 
gap. Another scale (arrowhead) 
indicates the tilting angle of the 
two plates, which is varus/val-
gus imbalance. We quantified 
the bone gap and varus/valgus 
imbalance with a distraction 
force of 30 lb using the torque 
driver attached to the tensor 
(arrow)

Table 1  Demographic characteristics of the patients

a Positive values indicated that the flexion gap is larger than extension 
gap
b Negative values indicated that the tilting angle showed varus balance 
(medial soft tissue tension was tighter than lateral soft tissue tension)

Variable Value

Age, years, mean (SD) 75 (8)
Sex
 Female, n (%) 83 (78%)
 Male, n (%) 24 (22%)

Height, cm, mean (SD) 153 (8)
Weight, kg, mean (SD) 61 (10)
Body mass index, kg/m2, mean (SD) 26 (4)
Diagnosis
 Osteoarthritis, n (%) 103 (96%)
 Rheumatoid arthritis, n (%) 4 (4%)

Diabetes mellitus, n (%) 18 (17%)
Preoperative flexion angle, °, mean (SD) 119 (15)
Preoperative extension angle, °, mean (SD) − 11 (6)
Flexion gap, mm, mean (SD) 22 (4)
Extension gap, mm, mean (SD) 22 (3)
The width of flexion/extension gap
 The difference between flexion and extension gaps, 

mm, mean (SD)a
0 (3)

 Smaller flexion gap, n (%) 38 (36%)
 Flexion gap equal to extension gap, n (%) 25 (23%)
 Larger flexion gap, n (%) 44 (41%)

Varus/valgus balance at 90° flexion
Tilting angle of two plates of the offset knee tensor, 

degrees, mean (SD)b
− 1 (4)

Equal or varus balance, n (%) 64 (60%)
Valgus balance, n (%) 43 (40%)
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Multiple regression analysis

Table 3 summarizes the impact on knee flexion angle 
1 year after TKA calculated by multiple linear regression 
analysis. The multiple linear regression model included 
age, sex, body mass index, diagnosis, history of diabe-
tes mellitus, preoperative flexion angle, and difference 
between flexion and extension gaps (F-statistic = 7.9, 
p < 0.01, adjusted R2 = 0.33). The difference between 
flexion and extension gaps was negatively correlated with 
postoperative knee flexion angle (β = − 0.89, 95% CI, 
− 1.60 to −0.18, p = 0.01).

Discussion

We found a negative correlation between knee flexion 
angle 1 year after TKA using a J-curve PS prosthesis and 
the difference in soft tissue tension between 90° flexion 
and 0° extension.

Equal width of flexion and extension gaps has been still 
one ideal soft tissue balance during TKA [6]. However, 
surgeons recognize that strict quantification of soft tissue 
balance has prohibited obtaining perfect soft tissue bal-
ance. It would be important to determine how the degree 

Table 2  Pearson’s correlation 
coefficients (r) with 95% 
confidence intervals and p 
values for knee flexion angle 
1 year after TKA

a Positive values indicate that the flexion gap is larger than the extension gap
b Negative values indicate that the tilting angle showed varus balance (medial soft tissue tension was tighter 
than lateral soft tissue tension)

Parameter r Lower bound-
95% CI

Upper bound-
95% CI

p

Age − 0.14 − 0.32 0.05 0.15
Body mass index − 0.16 − 0.34 0.03 0.10
Preoperative flexion angle 0.51 0.35 0.64 < 0.01
Difference between flexion gap and exten-

sion  gapa
− 0.20 − 0.38 − 0.01 0.04

Varus/valgus balance at 90°  flexionb 0.03 − 0.17 0.23 0.76

Fig. 2  Correlation between the values of the difference between 
flexion and extension gaps showed a slight negative correlation with 
postoperative knee flexion angle using Pearson’s product-moment 
correlation. The numerical difference of flexion gap minus extension 
gap was slightly negatively correlated with postoperative knee flexion 
angle 1 year after total knee arthroplasty (r = − 0.20, 95% confidence 
interval [CI], − 0.38 to − 0.01, p = 0.04)

Table 3  Standardized 
coefficients (β) with 95% 
confidence intervals and p 
values as the impact on knee 
flexion angle 1 year after TKA 
calculated by multiple linear 
regression analysis

a Positive values indicated that the flexion gap is larger than extension gap

Parameter β Lower bound-95% CI Upper bound-95% CI p

Age − 0.37 − 0.67 − 0.07 0.02
Sex (male) 3.86 − 1.91 9.62 0.19
Body mass index − 0.44 − 1.17 0.29 0.24
Diagnosis (rheumatoid arthritis) 10.39 − 2.93 23.73 0.12
History of diabetes mellitus (yes) − 5.04 − 11.14 1.05 0.10
Preoperative flexion angle 0.41 0.26 0.57 < 0.01
The difference between flexion gap 

and extension  gapa
− 0.89 − 1.60 − 0.18 0.01
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of the soft tissue imbalance affects clinical outcome. Mat-
sumoto et al. [5] reported that the difference in flexion and 
extension gaps measured with the femoral component was 
negatively correlated with postoperative knee flexion angle 
in 25 consecutive J-curve PS-TKAs (PFC Sigma; DePuy 
Synthes, Warsaw, IN). The study had important limitations 
regarding the small sample size, which disallowed multi-
variate analysis, including preoperative flexion angle, the 
best predictor of postoperative knee flexion angle [5]. We 
sized up the relationship between the difference in flexion 
and extension gaps and postoperative knee flexion angle 
and found a negative correlation. The results of the study 
of Matsumoto et al. and our findings support each other. 
Although the reason for the paradoxical decrease in the 
postoperative knee flexion angle due to the large flexion 
gap was unclear, Matsumoto et al. [5] deduced that large 
flexion gap was associated with the small posterior condy-
lar offset caused by excess resection of posterior condyle.

This study had several limitations. This study only 
assessed the relationship between postoperative knee flexion 
angle and intraoperative bone gap. Recent studies indicated 
that the intraoperative soft tissue tension could affect general 
outcome, such as 2011 Knee Society score [12, 13]. How-
ever, the results of this study have important implications for 
both patients and knee surgeons as knee flexion angle is an 
important concern associated with TKA.

We measured bone gap to quantify the soft tissue tension. 
The bone gap is the width between resected surfaces of the 
femur and tibia. Several investigators measured the width 
between femoral component and resected surface of the tibia 
as the soft tissue tension [5, 14, 15]. Such measurements 
can reflect the soft tissue balance after TKA implantation 
more strictly than the bone gap. However, the impact of bone 
gap on postoperative outcome would be important as many 
current surgical techniques to obtain appropriate soft tissue 
balance are based on bone gap measurements [16].

In conclusion, this study showed a slight negative cor-
relation between the difference between flexion and exten-
sion gaps and postoperative knee flexion angle after J-curve 
design PS-TKA in both univariate and multivariate analyses.
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