
Knee Stability following Posterior-Stabilized
Total Knee Arthroplasty: Comparison of Medial
Preserving Gap Technique and Measured
Resection Technique
Masanori Tsubosaka, MD1 HirotsuguMuratsu, MD2 Naoki Nakano, MD1 Tomoyuki Kamenaga, MD1

Yuichi Kuroda, MD1 Takao Inokuchi, MD2 Hidetoshi Miya, MD2 Ryosuke Kuroda, MD1

Tomoyuki Matsumoto, MD1

1Department of Orthopedic Surgery, Kobe University Graduate
School of Medicine, Kobe, Japan

2Department of Orthopedic Surgery, Steel Memorial Hirohata
Hospital, Himeji, Japan

J Knee Surg 2023;36:95–104.

Address for correspondence Hirotsugu Muratsu, MD, Department of
Orthopedic Surgery, Steel Memorial Hirohata Hospital, 3-1, Yumesaki-
cho, Hirohata-ku, Himeji, Hyogo, 671-1122, Japan
(e-mail: hiromuratsu@gmail.com).

Keywords

► total knee
arthroplasty

► postoperative knee
stability

► posterior-stabilized
► medial preserving

gap technique
► measured resection

technique
► soft tissue balance

Abstract Novel medial preserving gap technique (MPGT) focuses on medial compartment
stability and allows lateral physiological laxity. This study aimed to compare the
MPGT with the measured resection technique (MRT) to determine which provides
better postoperative knee stability after posterior-stabilized total knee arthroplasty
(PS-TKA). Primary PS-TKA, using either MPGT (n¼65) or MRT (n¼ 65), was performed
in 130 patients with varus knee osteoarthritis. Postoperative knee stabilities at
extension and flexion were assessed using varus–valgus stress radiographs and stress
epicondylar view, respectively (at 1 month, 6 months, 1 year, and 3 years postopera-
tively). The distance between the femoral prosthesis and polyethylene insert was
measured on each medial and lateral side, defined as the medial joint opening (MJO)
and lateral joint opening (LJO), respectively. Decreasing MJO or LJO translated to
increasing postoperative stability. The femoral external rotation angle was compared
between the two surgical techniques; postoperative knee stability was also compared
between the medial and lateral compartments, as well as the surgical techniques. A
significant difference was found in the femoral external rotation angle between MPGT
(4.2�0.2 degrees) and MRT (3.6� 0.1 degrees, p< 0.01). Postoperative MJOs both at
extension and flexion were significantly smaller than LJOs using MPGT and MRT at all
time points (p< 0.05). MJOs and LJOs at extension using MPGT were significantly
smaller than those when using MRT, at 1 and 3 years postoperatively (p<0.05).
Furthermore, MJOs at flexion using MPGT were significantly smaller than those when
using MRT at 6 months, 1 year, and 3 years postoperatively (p< 0.05). MPGT provided
higher postoperative medial knee stability than MRT both at extension and flexion,
even at 3 years after PS-TKA. This suggests that this newly developed surgical
technique is a more feasible option than MRT for the preservation of postoperative
medial knee stability.
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Measured resection technique (MRT) and gap balancing
technique are two common surgical methods for total
knee arthroplasty (TKA).1,2 The gap balancing technique is
more effective for achieving an equalized rectangular gap,
which is an equal soft tissue balance, at extension andflexion
than MRT.3 However, the risk of medial instability arises in
many cases when aiming for the perfect ligament balance at
extension because of excessive medial release. The medial
instability after TKA causes postoperative knee pain4 and
nonphysiologic movement of the knee.5

To overcome the concerns of the gap balancing technique,
a novel medial preserving gap technique (MPGT) has been
developed and recently performed. MPGT focuses on medial
knee stability, essentially making not equal rectangular gaps
but equal trapezoidal gaps in extension and flexion.6 It also
provides quantitative gap balancing technique using tensor
measurements independent of surgeons’ feels and experi-
ences. Posterior-stabilized (PS) TKA with MPGT provides
more consistent intraoperative soft tissue balance during
knee flexion than MRT.7 However, postoperative knee sta-
bility especially inmedial compartment, whichwas reported
as an important factor associated with postoperative ambu-
lation function and patient satisfaction,8 has not been inves-
tigated in the knees after PS-TKA with MPGT.

The present study aimed to determine whether MPGT
could provide the higher postoperativemedial knee stability,
which was essential for clinical outcome, compared with
MRT as long as 3 years after PS-TKA. It was hypothesized that
postoperative medial knee stability both at extension and
flexion with MPGT was better than that with MRT after PS-
TKA.

Materials and Methods

Patients
This retrospective study included 130 patients with varus
knee osteoarthritis (OA)whomet the criteria and underwent
primary PS-TKA (NexGen LPS Flex; Zimmer, Warsaw, IN)
between 2008 and 2012. Varus knee OA was defined as hip-
knee-ankle (HKA) � 2 degrees in varus from full-limb
radiograph.9 Inclusion criteria were substantial pain, loss
of function due to knee OA, and ineffectiveness of conserva-
tive treatment including rehabilitation, medication, and

intra-articular injection of hyaluronic acid or steroids. Ex-
clusion criteria were valgus knee deformity, severe bony
defects a requiring bone graft or augmentation, previous
knee surgery, revision TKA, and active knee joint infection.
Patients undergoing cruciate-retaining TKA were also ex-
cluded; thus, 135 patients were excluded. PS-TKA using
MPGTwas performed in 65 patients (MPGT group) between
2010 and 2012, whereas the control group comprised 65
patients who underwent PS-TKA using MRT (MRT group)
between 2008 and 2010. The mean HKAs of the MPGT and
MRT groups were 13.1 degrees in varus (range: 2.4–
24.5 degrees) and 11.4 degrees in varus (range: 4.2–
25.6 degrees), respectively, and there was no significant
difference between the two groups. Other patient demo-
graphic data are shown in ►Table 1. Each surgery was
performed by the same surgeon, the senior author (H.M.).
The hospital ethics committee approved the study protocol,
and the patients providedwritten informed consent for their
participation.

Offset Repo-Tensor
The Offset Repo-Tensor (OFR tensor) (Zimmer, Warsaw, IN)
consists of three parts: an upper seesaw plate, a lower
platform plate with a spike, and an extraarticular main
body, as previously described.10–13 This device facilitates
the measurement of joint ligament balance and joint center
gap, both before and after femoral trial component place-
ment, while applying a constant joint distraction force. The
PS type seesaw plate has a post at the proximal center to fit
the intercondylar space and the cam of the femoral trial
component in PS-TKA. This post-cam mechanism controls
the tibiofemoral position in both the coronal and sagittal
planes, reproducing the joint constraint and alignment after
the components are implanted. Joint distraction forces rang-
ing from 20 lbs (9.1 kg) to 60 lbs (27.2 kg) can be exerted
between the seesaw and platform plates using a specially
made torque driver that can change the maximum torque
value within an error for joint distraction within�3%. This
torque driver is placed on a rack that contains a rack-and-
pinion mechanism along the extraarticular main body. The
appropriate torque is applied to generate the required dis-
traction force, and two scales are evaluated according to the
tensor measurement: the angle (degree, positive value in

Table 1 Patient demographic data

Medial preserving gap technique Measured resection technique p-Value

Cases 65 65

Age at surgery (y) 74.3� 5.7 73.4�6.4 n.s.

Sex (male/female) 9 / 56 7 / 58 n.s.

Weight (kg) 58.5� 10.8 57.8�8.7 n.s.

BMI (kg/m2) 25.6� 3.9 25.4�3.6 n.s.

Active flexion angle (degree)
Active extension angle (degree)

107.4� 17.2
�7.8� 9.0

107.5�20.3
�5.7�10.9

n.s.
n.s.

Abbreviations: BMI, body mass index; n.s., not significant.
Data are shown as mean� standard deviation.
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varus ligament balance) between the seesaw and the plat-
formplates, and the distance (mm, joint center gap) between
the center midpoints of the upper seesaw plate and the
proximal tibial cut. By measuring these angular deviations
and distances under a constant joint distraction force, both
the angle and joint center gap could be measured. The
smallest scales of these measurements are 1 degree and
1mm, respectively.

Surgical Procedures

MPGT
After inflating the tourniquet, the surgeries were performed
with a medial parapatellar approach. First, both the anterior
cruciate ligament and posterior cruciate ligament were
resected. Then, a distal femoral osteotomy was performed
perpendicular to the mechanical axis of the femur in the
coronal plane using an intramedullary resection guide,
according to preoperative long-leg radiographs. A proximal
tibial osteotomy was then performed with a 10-mm bone
resection from lateral tibial plateau and perpendicular to the
mechanical axis in the coronal plane and with 7 degrees of
posterior inclination according to the manufacture’s instruc-
tion along the sagittal plane using an extramedullary guide.
No bony defects were observed along the eroded medial
tibial plateau. The medial soft tissue release was limited by
femoral and tibial osteophyte removal and deep medial
collateral ligament (MCL) release within 1cm from medial
tibial plateau until a 10-mm spacer block could be inserted.
Lateral physiological laxity was allowed to avoid excessive
medial releases. Neutral alignment was confirmedwith each
cut of the distal femur and proximal tibia by ensuring that
the alignment rodwas connected to a spacer block located at
the center of the femoral head and ankle joint.

The OFR tensor was placed with the lower platform plate
located at the center of the proximal tibia. Thereafter, knee
gap was measured between the osteotomized femoral and
tibial surfaces at extension, and between posterior femoral
condyles and the osteotomized tibial surface at flexion. A
distraction force of 40 lbswas loaded, and the varus ligament
balance and joint center gap were measured both at exten-
sion and flexion. The joint distraction force was loaded
several times until the joint center gap remained constant
to reduce the error that could result from creep elongation of
the surrounding soft tissue. We confirmed that the bone was
not compressed or deformed during distraction force appli-
cation. During eachmeasurement, the thighwas held and the
knee was aligned along the sagittal plane to eliminate the
external load on the knee both at extension and flexion.

The main feature of MPGT consists of planning the poste-
rior femoral condylar osteotomy. According to a previous
report, the differences in varus ligament balance between
extension and flexion were consistent across different joint
distraction forces.13 These findings suggested that the differ-
ences in varus ligament valance between extension and
flexion could be an index for the external rotation angle of
the posterior femoral condyle osteotomy. Thus, the femoral
external rotation angle was determined based on the differ-

ences in varus ligament balance between extension and
flexion (►Fig. 1A). The difference in the joint center gap
between extension and flexion was used to determine both
the femoral component size and the corresponding amount
of posterior femoral condyle resection. The original femoral
anteroposterior size was measured using the anterior refer-
ence technique beforehand, while the gap difference be-
tween extension and flexion was compared with the distal
thickness of the femoral component; thereafter, a femoral
component of appropriate size was selected to reduce the
gap difference between extension and flexion (►Fig. 1B).
After each bony resection, the tensor and femoral trial
components were fixed and the patellofemoral joint was
reduced by temporarily suturing the medial parapatellar
arthrotomy. The final soft tissue balance, including the joint
center gap and varus ligament balance, was then measured
with the knee from extension to flexion. The thickness of the
polyethylene insert was determined based on the joint
center gap with a femoral trial component in place at
extension, with 40 lbs of joint distraction forces.6 Finally, a
polyethylene insert was implanted, as well as a NexGen
component with cement.

MRT
Distal femoral and proximal tibial osteotomies were per-
formed in the same manner as previously mentioned in
MPGT. No bony defects were noted along the eroded medial
tibial plateau in any of the cases. At this point, the osteo-
phytes were removed. Following confirmation of neutral
alignment of the knee with the spacer block and alignment
rod, a posterior femoral cut was made using the anterior
referencing technique. Femoral external rotationwas usually
set at 3 or 5 degrees relative to the posterior condylar axis,14

with reference to the Whiteside’s line15,16 and the epicon-
dylar axis,17 as well as the condylar twist angle, measured
using the preoperative computed tomography images.18

Thereafter, we appropriately released the soft tissues
(deep layer MCL, medial, and posteromedial capsule) along
the medial knee structures. The soft tissue balance was
finally adjusted in coronal plane by additional soft tissue
release (e.g., superficial layer of MCL) to obtain equal exten-
sionflexion gap. The thickness of the polyethylene insert was
determined based on the joint center gapwith a femoral trial
component in place at extension, with 40 lbs of joint distrac-
tion forces.6 Subsequently, a NexGen prosthesis was
implanted using cement, as well as a polyethylene insert.

Postoperative Radiographic Assessment of
Components
Postoperative anteroposterior radiographs of the lower limb
were obtained for evaluation of the coronal femoral compo-
nent angle (FCA) and tibial component angle (TCA). Lateral
radiographs of the lower limb were obtained for the evalua-
tion of the sagittal TCA. FCA was defined as the angle
between the femoral mechanical axis and the joint surface
line of the femoral implant. TCA was defined as the angle
between the tibial mechanical axis and the base plate of the
tibial implant.
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Postoperative Knee Stability Measurements
Postoperative knee stabilities at extension and flexion were
assessed using stress radiographies at 1 month, 6 months,
1 year, and 3 years after TKA. Postoperative knee stability at
extensionwas assessed using varus–valgus stress X-ray with
a Telos SE arthrometer (FaTelos; Medizinisch-Technische,
Griesheim, Germany) following a previously reported
method.19 Valgus or varus force of 10 kg was applied imme-
diately above the joint on the lateral or medial femoral
condyle, whereas the proximal thigh and middle leg were
held by the counter support at 10 degrees of flexion. Joint

separation distance (mm) between the lowest point of
femoral prosthesis and the line in contact with the lower
surface of tibial prosthesis atmedial and lateral compartments
wasmeasured. The distancewas adjusted usingmagnification
based on the keel width of the tibial prosthesis. The distance
between the lowest point of femoral prosthesis and the upper
surface of the polyethylene insert was calculated and defined
as medial joint opening (MJO) and lateral joint opening (LJO).
The joint opening (mm) was calculated as follows: joint
opening¼ joint separation distance – insert thickness. On
varus–valgus stress radiographies, the angles between the

Fig. 1 Determination method of femoral external rotation angle and thickness of posterior femoral condylar resection. (a) The external rotation
angle of the posterior femoral condyle is determined within the range of 0 to 7 degrees with reference to the difference in varus ligament balance
between extension and flexion. This angle is independent from joint distraction forces. (e.g., varus ligament balances at extension and flexion
were 3 degrees (¼α) and 7 degrees (¼β), respectively. External rotation angle¼ 7–3 degrees¼ 4 degrees). (b) The thickness of posterior femoral
condylar resection is defined as the difference in joint center gap between extension and flexion. The original femoral anteroposterior (AP) size is
measured using the anterior reference technique beforehand, while the gap difference between extension and flexion (A–B) is compared with
the distal thickness of the femoral component (C); thereafter, a femoral component of appropriate size is selected. Index for determination of
femoral component size was described as follows; A–B<C: Femoral component with larger AP size should be selected compared with original
femoral AP size. (e.g., 23–16mm< 9mm: Femoral component with larger AP size than original femoral AP size by 2mm should be selected.) A–
B¼C: Femoral component with the original femoral AP size should be selected. A–B>C: Femoral component with smaller AP size should be
selected.
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line in contact with the medial and lateral lowest points of
femoral prosthesis and the line in contact with the lower
surfaceof the tibialprosthesisweremeasured. Thesevarusand
valgus angles indicated the degree of lateral and medial
laxities, respectively. “Varus ligament balance at extension”
was defined as “varus angle at extension – valgus angle at
extension,” which means lateral laxity (positive value in
varus), following a previously reported method20 (►Fig. 2A).

Postoperative knee stability at flexion was assessed using
the stress epicondylar view with 1.5 kg weight at the an-
kle,21,22 which enabled to visualize the posterior condylar
axis and the tibia articular line. MJO and LJO were measured
according to the same method at extension. The angle
between the line in contact with the medial and lateral
lowest points of the femoral prosthesis and the line in
contact with the lower surface of the tibial prosthesis was
measured; varus angle was defined as “varus ligament
balance at flexion” (positive value in varus) (►Fig. 2B). The
intrarater interclass correlation coefficient (ICC) for theMJOs
and LJOs at extension was 0.931 (95% confidence interval
[CI]: 0.824–0.973) and 0.952 (95% CI: 0.879–0.981), respec-
tively. The intrarater ICC for theMJOs and LJOs at flexionwas
0.947 (95% CI: 0.866–0.979) and 0.944 (95% CI: 0.857–0.978),
respectively. These results indicate excellent reliability of the
measurements.

Statistical Analysis
All values are presented as mean� standard error. Data
analyses were performed using IBM SPSS statistics software
(version 21; IBM Corp., Armonk, NY). The Shapiro–Wilk test
was used to analyze normally distributed data using IBM
SPSS statistics software. The unpaired t-test was performed
to evaluate the differences in demographic data, femoral
external rotation angle, and postoperative active range of
motion (ROM)measured by lateral knee radiograph between
the two techniques. Coronal FCA, TCA, and sagittal TCAwere
also evaluated using unpaired t-test between the two groups.
The differences between MJO and LJO in each group were
compared using a paired t-test. Each MJO and LJO was
compared between the two techniques using one-way anal-
ysis of variance. Spearman’s rank correlation analysis was

conducted to assess the correlation between varus ligament
balance at extension and flexion. A statistical priori power
analysis was performed to determine the sample size based
on the difference in MJO at 3 years postoperatively between
the two techniques. In this analysis, G�Power software
(version 3.1.9.2; Heinrich Heine Universität Düsseldorf, DE)
was used with a prespecified significance level of α<0.05, a
power level of 95%, and an effect size based on the results of
the pilot study with 15 cases (effect size d¼0.63). The
estimated sample size was 55 patients. The post hoc power
analysis forMJO at 3 years postoperatively further confirmed
that the power was 0.95. A p-value of <0.05 was set as the
level of significance.

Results

Femoral External Rotation Angle and Postoperative
ROM
A significant difference was found in the femoral external
rotation angle between MPGT (4.2�0.2 degrees) and MRT
(3.6�0.1 degrees, p<0.01). The mean active ROMs in the
MPGT groupwere �2.5�0.5–101.7�1.6 degrees at 1 month,
�1.8�0.6–109.5�1.7 degrees at 6 months, �0.2�0.7–
111.2�1.5degreesat1year, and0.5�0.6–112.0�1.7degrees
at 3 years postoperatively. The mean active ROMs in the MRT
group were �1.9�0.7–104.4�1.8 degrees at 1 month,
�0.7�1.0–111.7�1.9 degrees at 6 months, 0.8�0.8–
111.5�1.8degreesat1year, and0.6�0.9–112.9�1.9degrees
at 3 years postoperatively. No significant differencewas found
in the postoperative active ROMs between the two techniques
at any time point.

Postoperative Radiographic Assessment of Components
Postoperative coronal FCA, TCA, and sagittal TCA in theMPGT
group were 7.0�0.2 degrees in valgus, 1.3�0.2 degrees in
varus, and 6.7�0.2 degrees with posterior inclination. Post-
operative coronal FCA, TCA, and sagittal TCA in the MRT
group were 6.6�0.5 degrees in valgus, 1.2�0.5 degrees in
varus, and 6.9�0.2 degrees with posterior inclination. No
significant differencewas found in the postoperative coronal
FCA, TCA, and sagittal TCA between the two techniques.

Fig. 2 Postoperative knee stability measurements using stress radiographies. (A) Extension knee stability at lateral and medial sides was
assessed using varus–valgus stress radiographies. a, lateral joint opening; b, lateral joint separation distance; c, insert thickness; d, medial joint
opening; e, medial joint separation distance; f, varus angle at extension; g, valgus angle at extension; varus ligament balance at extension¼ (f) –
(g). (B) Flexion knee stability was assessed using stress epicondylar view radiograph. H, lateral joint opening; i, lateral joint separation distance; j,
insert thickness; k, medial joint opening; l, medial joint separation distance; m, varus angle at flexion¼ varus ligament balance at flexion.
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Medial and Lateral Joint Opening
A smaller joint opening indicates a higher postoperative
stability; the mean MJOs and LJOs at extension and flexion
using each technique are listed in►Tables 2 and 3. MJOs both
at extension and flexion using each technique were signifi-
cantly smaller than the LJOs at all time points (►Table 2).
MJOs and LJOs at extension in the MPGT group were signifi-
cantly smaller than those in the MRT group, suggesting that
medial and lateral postoperative knee stability at extension
was greater followingMPGT, at 1 and 3 years postoperatively
(►Table 3, ►Fig. 3). Furthermore, MJOs at flexion in the
MPGT groupwere significantly smaller than those in theMRT
group, suggesting that medial postoperative knee stability at
flexionwas greater following MPGT, at 6 months, 1 year, and
3 years postoperatively (►Table 3, ►Fig. 4). No significant
difference in LJO at flexion was found between the two
surgical techniques.

Varus Ligament Balance
The mean varus ligament balances at extension and flexion
are listed in ►Table 4. No significant correlation was found

between varus ligament balance at extension and flexion in
the MRT group at any time point; however, the varus liga-
ment balance at extensionwas significantly correlated to the
varus ligament balance at flexion in the MPGT group at all
time points. This suggests that compared with the MRT
group, the MPGT group was able to achieve the equal trape-
zoid gaps at extension and flexion.

Discussion

The most important finding of the present study was that
compared with MRT, MPGT was better at preserving post-
operativemedial knee stability both at extension and flexion
after PS-TKA, supporting our hypothesis. According to a
recent development, MPGT focuses on medial stability and
essentially involves making unequal rectangular gaps using
the modified gap technique, but equal trapezoidal gaps at
extension and flexion.6 Nagai et al reported that the varus
ligament balance and joint center gaps, both at extension and
flexion, increased with increased joint distraction force;
however, the differences in varus ligament balance and joint

Table 2 MJO and LJO at extension and flexion in each surgical technique

At extension At flexion

MPGT group MJO LJO p-Value MJO LJO p-Value

1 mo 2.94� 0.16 3.58� 0.22 0.01a 0.77�0.10 1.85�0.22 <0.01a

6 mo 2.63� 0.14 3.52� 0.22 <0.01a 0.88�0.09 2.14�0.22 <0.01a

1 y 2.68� 0.17 3.72� 0.20 <0.01a 0.98�0.09 2.16�0.22 <0.01a

3 y 2.76� 0.18 3.64� 0.18 <0.01a 0.69�0.07 2.04�0.27 <0.01a

MRT group MJO LJO p-Value MJO LJO p-Value

1 mo 3.17� 0.17 4.21� 0.23 <0.01a 1.09�0.13 2.17�0.25 <0.01a

6 mo 3.05� 0.19 4.02� 0.23 <0.01a 1.38�0.16 2.67�0.27 <0.01a

1 y 3.23� 0.21 4.38� 0.24 <0.01a 1.42�0.16 2.72�0.30 <0.01a

3 y 3.40� 0.24 4.45� 0.26 <0.01a 1.15�0.16 2.26�0.37 <0.01a

Abbreviations: LJO, lateral joint opening; MJO, medial joint opening; MPGT, medial preserving gap technique; MRT, measured resection technique.
aStatistically significant MJO versus LJO.

Table 3 Comparison of MJO and LJO at extension and flexion between two surgical techniques

At extension At flexion

MJO MPGT group MRT group p-Value MPGT group MRT group p-Value

1 mo 2.94� 0.16 3.17�0.17 0.31 0.77� 0.10 1.09� 0.13 0.06

6 mo 2.63� 0.14 3.05�0.19 0.08 0.88� 0.09 1.38� 0.16 <0.01a

1 y 2.68� 0.17 3.23�0.21 0.03a 0.98� 0.09 1.42� 0.16 0.02a

3 y 2.76� 0.18 3.40�0.24 0.03a 0.69� 0.07 1.15� 0.16 <0.01a

LJO MPGT group MRT group p-Value MPGT group MRT group p-Value

1 mo 3.58� 0.22 4.21�0.23 0.05 1.85� 0.22 2.17� 0.25 0.34

6 mo 3.52� 0.22 4.02�0.23 0.13 2.14� 0.22 2.67� 0.27 0.14

1 y 3.72� 0.20 4.38�0.24 0.04a 2.16� 0.22 2.72� 0.30 0.13

3 y 3.64� 0.18 4.45�0.26 0.01a 2.04� 0.27 2.26� 0.37 0.63

Abbreviations: LJO, lateral joint opening; MJO, medial joint opening; MPGT, medial preserving gap technique; MRT, measured resection technique.
aStatistically significant MPGT versus MRT.
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center gap at extension and flexion were consistent among
different joint distraction forces from 20 to 60 lbs.13 This
novel index was considered useful to determine the femoral
rotational angle and resection thickness of posterior femoral
condyles in the modified gap technique; therefore, a novel
surgical technique for varus type knee OA based on the
modified gap technique and tensor measurement was de-
vised, namely MPGT. The main concepts of MPGT are as
follows: first, the procedure preserves medial knee stability
both at extension and flexion but allows for lateral physio-
logical laxity. This means that equal trapezoidal osteotomy
gaps, both at extension and flexion, are aimed with varus
ligament balance between the cutting surfaces of the femur
and tibia. Second, this procedure provides a safe and quanti-
tative surgical technique via the use of a tensor device and is
therefore independent of the surgeon’s experience. The
femoral rotational angle and resection thickness of the
posterior femoral condyles are based on the differences in
the varus ligament balance and joint center gap between
extension and flexion before posterior femoral condylar
resections (►Fig. 1).

The rotational alignment of the femoral component can be
determined in various ways; in the gap-balancing technique,
the surgeon performs ligamentous releases to balance the
knee at extension after the femoral and tibial cuts are per-

formed. This is followed by resection of the posterior femoral
condyle parallel to the prepared cut tibial surface by applying
equal loads to themedial and lateral compartments.1,23 InMRT,
a surface-derived reference axis of the femur is used as a guide
todeterminethepositionof the femoralcomponent in theaxial
plane2; several different reference axes derived from the bony
landmarks have been introduced, of which the posterior
condylar axis,14 Whiteside’s line,16 and epicondylar axis17

are the most popular. Luyckx et al reported a tendency toward
more femoral external rotation in the gap-balancing technique
than in MRT.24 Lee et al also reported that the gap-balancing
technique provided a more accurate and precise method for
obtaining an adequate FCA than MRT during postoperative
evaluations of the FCA.25 Additionally, the FCA obtained using
MRTwas significantly more internally rotated than that when
using the gap-balancing technique.25 In this study, a small but
significant difference was found in the femoral external
rotation angle between the MPGT (4.2�0.2degrees) and
MRT (3.6�0.1 degrees) groups. This result supports the con-
cept of MPGT, which is based on the modified gap technique;
femoral rotational angle is basedon thedifferences in thevarus
ligament balance between extension and flexion in MPGT.

Previous studies reported that medial and lateral liga-
mentous laxities were not balanced in normal knees; lateral
ligamentous laxity was observed compared with medial

Fig. 3 Comparison of medial and lateral joint opening at extension between the two surgical techniques. Medial joint opening (MJO) and lateral
joint opening (LJO) at extension in the medial preserving gap technique (MPGT) group were significantly smaller than those in the measured
resection technique (MRT) group at 1 and 3 years postoperatively.† p< 0.05 MPGT group versus MRT group in LJO. �p< 0.05 MPGT group versus
MRT group in MJO.
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ligamentous laxity.22,26 Medial stability with relative lateral
laxity was also reported to be associated with good func-
tional outcomes after well-aligned TKA.27 Furthermore, sev-
eral reports indicated that medial instability after TKA may
cause postoperative knee pain,4 more abnormal kinematics
including anteroposterior instability,5,28 and poor functional
outcomes.27 MPGT aims to preserve the medial stability of
the knee both at extension and flexion while allowing for
lateral physiological laxity. In this study, MJOs in the MPGT
group, both at extension and flexion, were significantly
smaller than the LJOs at all time points, supporting the
aim of MPGT.

MJOs in the MPGT group, both at extension and flexion,
were significantly smaller than those in the MRT group at 1
and 3 years postoperatively, suggesting that medial postop-
erative knee stability both at extension and flexion was
greater than that when using MPGT. The medial soft tissue
release was different between MPGT and MRT in this study.
Using MPGT, the medial soft tissue release was conserva-
tively performed via femoral and tibial osteophyte removal
and deep MCL release, within 1cm from the medial tibial
plateau until a 10-mm spacer block could be inserted,
allowing physiological lateral laxity. On the other hand, using
MRT, medial soft tissue balance was performed via femoral
and tibial osteophyte removal, as well as deep layer MCL,

medial, and posteromedial capsule release along the medial
knee structures. Furthermore, additional soft tissue release
(e.g., superficial layer of MCL) was performed to adjust the
soft tissue balance in the coronal plane while evaluating
balance using a 10-mm spacer block. Yagishita et al reported
that release of the medial and posteromedial capsule
increases both medial and lateral joint gaps in extension,
and particularly, in flexion.29 Mullaji et al also reported that
although deepMCL release has a negligible effect, superficial
MCL release increases the medial joint gap in extension, and
particularly, in flexion.30 In this study, although there was a
chronological change of soft tissue tension,medial soft tissue
release duringMPGTwasmore limited than that duringMRT,
as described above; as a result, MJOs in the MPGT group at
extension—and especially at flexion—were significantly
smaller than those in the MRT group at 1 and 3 years
postoperatively, which also supports the concept of MPGT.

The modified gap technique is advocated to obtain equal
mediolateral soft-tissue balance and rectangular parallel
gaps both in extension and flexion.31 However, the risk of
medial instability arises in many cases when aiming for the
perfect parallel ligament balance of the knee at extension.
MPGT focuses on medial stability, aiming for equal trapezoi-
dal gaps in extension and flexion and allowing for lateral
physiological laxity. In this study, no significant correlation

Fig. 4 Comparison of medial and lateral joint opening at flexion between the two surgical techniques. Medial joint opening (MJO) at flexion in
the medial preserving gap technique (MPGT) group was significantly smaller than those in the measured resection technique (MRT) group at
6 months, 1 year, and 3 years postoperatively. No significant difference in lateral joint opening (LJO) at flexion was found between the two
surgical techniques. �p< 0.05 MPGT group versus MRT group in MJO.
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was found between varus ligament balance at extension and
that at flexion in theMRT group at any time points. However,
the varus ligament balance at extension was significantly
correlated to the varus ligament balance at flexion in the
MPGT group at all time points. This was because equal
trapezoidal gaps in extension andflexionwere accomplished
in MPGT according to the preserving medial stability while
allowing for lateral physiological laxity.

The present study has some limitations. First, the study
population was almost composed of women and limited to
patients with varus type OA and excluded those with severe
osteoarthritic knees with large bony defects. Conducting
research in a group with equal proportions of each sex and
valgus and severeosteoarthritickneesand comparingwith the
populations in this series are necessary for future investiga-
tions. Second, an implant with dual radius curvaturewas used
in this study, which might have influenced the results. Differ-
ent prosthetic types should be examined in the future. Third,
this was a retrospective study. Furthermore, no clinical instru-
ments were reported and the relationships between postop-
erative knee stabilities and functional outcomes were not
evaluated. In future studies, patient-reported subjective out-
comes, functional outcomes, radiographic parameters, and
complication rates should be investigated. Forth, femoral
component alignment in the sagittal and axial planes and
tibial component alignment in the axial plane were not
investigated in this study. Finally, the two techniques were
not randomized andwere performed during different periods.
However, each surgery was performed by an experienced
single surgeon, and the number of subjects was larger based
on the power analysis; hence, the bias would be minimal.

Conclusions

This study investigated the differences in postoperative knee
stability after PS-TKA with MPGT and MRT. MPGT achieved
better postoperative medial knee stabilities both at extension
and flexion than MRT even at 3 years after PS-TKA. MPGT is a
more feasible method for preserving postoperative medial
knee stability thanMRT after PS-TKA, whichwould help avoid
postoperative knee pain, abnormal kinematics including ante-
roposterior instability, and poor functional outcome; caused
by postoperative medial instability after TKA.
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