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Optimal Distraction Force for Evaluating Tibiofemoral Joint Gaps in Posterior

Stabilized Total Knee Arthroplasty

Yasushi Oshima, Norishige lizawa, Shinro Takai and Tokifumi Majima

Department of Orthopaedic Surgery, Nippon Medical School, Tokyo, Japan

Background: Obtaining well-balanced soft tissues is important to achieve natural knee kinematics after
total knee arthroplasty (TKA). In conventional procedures, soft tissue balance is evaluated with spacer
blocks or lamina spreaders. However, the evaluation depends on the surgeons’ experience and is not
quantitative. This study aims to measure the mechanical properties of knee soft tissue with a new liga-
ment balancer and to determine the optimal distraction force for evaluating tibiofemoral joint gaps in
TKA.

Methods: This study included 30 consecutive patients with medial knee osteoarthritis who were sched-
uled to undergo posterior stabilized TKA. The mean age of patients was 73 + 9.6 years at the time of
surgery, and the mean hip-knee-ankle angle was 13.1 = 6.5° in varus. After distal femoral and proximal
tibial resections, the tibiofemoral joint gaps under several distraction forces were measured in extension
and at 90° flexion. The load-displacement curves in extension and flexion were drawn with these data,
and the stability range, which was defined as the shift range from the toe region to the linear region in

the curves, was calculated.

Results: The stability ranges were 160 Newtons (N) in extension and 140 N in flexion.

Conclusions: These displacement forces were considered optimal for evaluating tibiofemoral joint gaps
during surgery and ensuring knee stability after TKA. (J Nippon Med Sch 2021; 88: 361-366)
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Introduction

Total knee arthroplasty (TKA) is a successful treatment
option for severe osteoarthritis of the knee (knee OA). It
eliminates pain, increases range of motion (ROM), and
improves quality of life'. With developments in basic
anatomical research, surgical procedures, and the tech-
nology of artificial prostheses, the longevity of recent
TKAs is estimated to be more than 15 years’. Conse-
quently, the number of TKA cases has dramatically in-
creased in aging societies and will reach approximately 3
million per year in the United States by 2030°. Neverthe-
less, more than 15% of patients reported being less than
fully satisfied, particularly when participating in activi-
ties involving stairs or sports®.

Previously, polyethylene wear of the tibial insert was

reported to be a critical factor in TKA failure’. However,
in the past few decades, with improved material quality,
polyethylene wear is no longer the primary cause of fail-
ure’. The current major causes of failure were reported to
be aseptic loosening, infection, instability, and malalign-
ment and malrotation”. Most of these factors have di-
minished with decreases in technical errors.

Successful TKA requires knowledge of the precise sur-
gical procedure to obtain accurate knee alignment and of
the well-balanced soft tissues around the knee. Conven-
tionally, extramedullary and intramedullary rod tech-
niques have been used for accurate knee alignment with
precise bone resections. Preoperative radiographs and CT
images are also useful for surgical planning. We previ-

ously developed a CT template technique that used pre-
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Fig. 1 A spring-loaded ligament balancer (1) and the knee in extension (2) and flexion (3). The scales show the
tibiofemoral center gap in mm (a), the angle between the femoral and proximal tibial surfaces in degrees

(b), and the distraction force in N (c).

operative CT images to improve the rotational alignment
of the knee’. Computer technologies, i.e., computer navi-
gation surgeries and robotic surgeries, have recently been
introduced in TKA, and these technologies have im-
proved bone resection accuracy™".

To adjust knee balancing, soft tissues are released to
create rectangular and symmetrical extension and flexion
gaps in the gap-balancing technique—a prerequisite for
stable knee kinematics in TKA"”. Medial soft tissue re-
lease should start from the deep medial collateral liga-
ment (AMCL) and superficial medial collateral ligament
(sMCL), followed by the posterior oblique ligament,
semimembranosus muscle, and pes anserine tendons®.
Then, soft tissue balance is evaluated with spacer blocks
or lamina spreaders". However, assessment of knee bal-
ancing is based on the surgeons’ preference, and a proce-
dure to quantitatively evaluate the appropriate soft tissue
balance has not been established™". Ligament balancers
were created to resolve this; however, the amount of dis-
traction force required to obtain knee stability has not
been determined. Therefore, current TKA outcomes still
depend on the surgeons’ preference, which explains why
TKA outcomes appear to be worse for low-volume sur-
geons and centers than for high-volume surgeons and
centers”.

We hypothesized that obtaining a well-balanced knee
post-TKA requires determination of the appropriate dis-
traction force for evaluating the tibiofemoral joint gap. In
this study, we developed a new spring-loaded ligament
balancer (Umihira Co. Ltd., Kyoto, Japan) that uses sev-
eral distraction forces to measure simultaneously the dis-
tance of the tibiofemoral center gap and angle between
the femoral and proximal tibial surfaces (Fig. 1). This

study attempted to measure the mechanical properties of
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knee soft tissues with this ligament balancer and to de-
termine the optimal distraction force exertable for evalu-
ating tibiofemoral joint gaps, to ensure knee stability
post-TKA.

Patients and Methods

This study included Japanese patients with radiographic
primary varus knee OA who were consecutively sched-
uled for primary TKA with posterior stabilized (PS) im-
plants at our center between September 2017 and August
2018. Patients with severe knee deformity [i.e., flexion
contracture greater than 30° lateral femorotibial angle
(FTA), also known as anatomical axis, greater than 200°;
or a bone defect requiring metal augmentation], valgus
knee deformity, past history of knee injuries or operative
procedures for the knee, or rheumatoid arthritis or in-
flammatory arthritis were excluded. The study was ap-
proved by the relevant institutional review board (No.
29-09-821), and the enrolled patients provided informed
consent to participate in the study.

Surgical Procedures

All TKA operations were performed by the same sen-
ior surgeon using the modified gap balancing technique.
The surgical procedure was performed with infiltration
of an air tourniquet under general anesthesia. An incision
was made in the mid-longitudinal skin, and knee arthrot-
omy was performed using the medial parapatellar ap-
proach.

After the patella was laterally retracted without ever-
sion, the medial joint capsule was subperiosteally sepa-
rated 10 mm caudally from the tibial joint line and from
the anteromedial part until reaching the anterior edge of
the dMCL; the dMCL itself was left intact. Femoral and

tibial osteophytes were removed, after which the anterior
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Table
Total number of patients 30
Men 10
Women 20

Mean age at surgery
Body mass index (BMI)
Hip-knee-ankle angle

73 + 9.6 years (50-85 years)
27.0 +4.9 (21.7-33.3)
13.1° = 6.5° (5°-20°) in varus deformity
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Fig. 2 The load-displacement curves in extension (1) and flexion (2). The solid oval line indicates the toe region, and the

dotted oval line indicates the linear region.

The intersections of these regions are recognized as the stability ranges (the dotted straight lines), which were 160 +

12 N in extension and 140 = 10 N in flexion.

cruciate ligament (ACL) and posterior cruciate ligament
(PCL) were removed.

The distal femur was resected perpendicular to the me-
chanical axis with the intramedullary femoral rod tech-
nique. The bone was resected with 9 mm thickness from
the joint line, as was the case for the femoral component.
Similarly, the proximal tibia was resected at 10 mm, with
the same thickness as that of the tibial component, from
the lateral tibial joint line by using extramedullary rod
technique, perpendicular to the tibial shaft axis.

After the bone resections, the ligament balancer was
applied to measure the gap variation with the distraction
forces in extension and at 90° flexion (Fig. 1). The liga-
ment balancer is a spring-loaded center paddle device
and is graduated in 10-Newton (N) intervals. The maxi-
mum load is 200 N, which is indicated on a calibrated
scale. It also measures the center gap, i.e., the distance
between the center of the distal femur and proximal
tibia. The minimal unit of this device is 1 mm. The angle
between the distal femur and proximal tibia was meas-
ured simultaneously. The minimum angle of this device
is 1°.

The center gap and the angle between the femoral and
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tibial surfaces in full extension and at 90° flexion were
measured by applying a distraction force up to 200 N.
Thereafter, the TKA procedure was performed as usual.

Load-Displacement Curve

The load-displacement curves were drawn with the
distraction force and joint gap in extension and flexion.
Then, the approximate straight lines of the toe region
and linear region were calculated with the least squares
method. In this study, the stability range was defined as
the shift range from the toe region to the linear region,
and the appropriate load for evaluating gaps in obtaining
knee stability post-TKA was defined as the intersection of

these lines.

Results

This study included 30 patients: 10 men and 20 women.
The patient demographics are shown in the Table. All
patients had grade IV OA knees on the Kellgren-
Lawrence classification. The assessments were made by
using preoperative anteroposterior knee radiographs®.
The load-displacement curves showed that the toe region
and linear region were both in extension and in flexion
(Fig. 2-1 and 2).
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In total, the thickness of the bone resections was 19
mm, with the sum of the femur and tibia in extension,
and 10 mm, with only the tibia in flexion. As displace-
ment load may have been theoretically insufficient under
the 19 mm in extension and 10 mm in flexion, these
ranges were not involved in the toe region, and the ap-
proximate straight lines were calculated with ranges
higher than 19 mm in extension and 10 mm in flexion.
The results showed stiffness scores of 6.4 N/mm and 9.8
N/mm in extension and flexion, respectively. The inter-
sections of these lines were calculated as 160 + 12 N in

extension and 140 + 10 N in flexion.

Discussion
Tibiofemoral joint gap variations in extension and flexion
were measured during PS-TKA with a newly developed
ligament balancer. To obtain knee stability post-TKA, the
optimal distraction forces to evaluate the gaps were 160
N in extension and 140 N in flexion.

Measurement of the tibiofemoral joint gap during TKA
is important in achieving well-balanced knee kinematics.
Conventionally, soft tissues have been released stepwise
to create rectangular and symmetric gaps”. Then, spacer
blocks or lamina spreaders have been used to measure
soft tissue balance. The steel rod test was developed to
evaluate tension in collateral ligaments”. However, ob-
taining perfect rectangular and symmetric gaps is techni-
cally difficult”. Moreover, assessment of knee balance re-
mained subjective and dependent on the surgeons’ expe-
rience. Recently, spacer blocks are not used to estimate
the accuracy of the extension gap, because of their flat
shape and lack of posterior condylar offset of the femoral
component”. Thus, it is an unreliable technique for accu-
rate evaluation of the joint gap.

In contrast to traditional soft tissue releases, current
practice has shifted to the importance of medial soft tis-
sue conservation to preserve physiological natural knee
kinematics post-TKA, because physiological knee kine-
matics exhibit lateral pseudolaxity”. To preserve kinemat-
ics, trapezoidal and asymmetric gaps that were approxi-
mately 3 mm thicker laterally and in flexion were consid-

032 - However, there is no consensus on

ered tolerable
how much ligamentous laxity or asymmetry is acceptable
in gaps without sacrificing joint stability; therefore, ade-
quate ligament balancing still needs to be understood.

To measure accurate gaps, ligament balancers have
been developed by applying a torque wrench or spring.
Torque is defined as the rotational equivalent of linear

force, expressed in Newton meters (N-m). Because torque
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force must be converted into distraction force, the force
of the spring, in Newtons (N), is considered a more ap-
propriate fit for ligament balancers. Thus, we developed
a new balancer that can simultaneously measure the cen-
ter gap and angle between the femoral and tibial sur-
faces, under different distraction forces with the spring.
However, when using a spring-loaded ligament balancer,
Matsui et al. applied a force of 120 N in both gaps,
whereas Ferreira et al. applied 100 N upon extension and

25,26

80 N upon flexion™. As the soft tissue balance has been
reported to change under these varying forces”, it is nec-
essary to find the optimal force for evaluating joint gaps.

Ligaments function as a crimp that provides slight lon-
gitudinal elongation without fibrous damage, controls
tension, and acts as a shock absorber”. When mechanical
force is applied to the ligament from the lower region,
the shape of the ligament changes as the load increases,
and this variation is illustrated by a bimodal load-
deformation curve”. This curve involves two main
parts—the toe and linear regions—which indicate the
slopes for ligament laxity and stiffness, respectively.
When all soft tissues surrounding the knee, including
ligaments, tendons, synovial membranes, and joint cap-
sule, are regarded as a mass of soft tissues, this mass is
considered to demonstrate a feature similar to the liga-
ments. Consequently, the knee involving all soft tissues
exhibited toe and linear regions, as we expected.

Mechanical loads on knee joints have been previously
studied. Mechanical forces on the ACL were typically be-
tween 150 N and 300 N during normal walking, whereas
ACL forces were approximately 300 N during drop-
landings. As the maximum strength of a normal healthy
ACL was reported to be 2,200 N, general daily activities
required only 10% to 15% of ACL maximum strength.
Because the normal healthy strength of the PCL is ap-
proximately twice that of the ACL”, general loads on the
PCL are lower than the maximum strength. Therefore,
mechanical forces on the knee in most daily activities are
lower than the knee strength and within the range of the
toe region™. As tolerance against mechanical forces on the
knee is greater than that on the toe region, and a similar
tolerance is considered to be necessary in post-TKA, we
defined the knee stability range as the transition point
from the toe region to the linear region. Our findings in-
dicate that 160 N in extension and 140 N in flexion are
the optimal distraction forces for evaluating gaps in PS-
TKA.

This study has some limitations. The sample size was

small, and associations of knee stability with clinical out-
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comes were not evaluated. There might be sex differences
in soft tissue stability. However, we noted no difference
in the stability range between men and women in this
study. Moreover, associations between severity of varus
deformity, preoperative knee ROM, and stiffness of soft
tissue were not investigated. We performed PS-TKA by
applying present distraction forces to evaluate the gaps,
and clinical outcomes were acceptable. Thus, the findings
appear reasonable. However, future studies of clinical
outcomes should be larger and have longer follow-up
durations.

Clinical Relevance

Our findings suggest that the present modified gap
technique is appropriate for evaluating gaps in PS-TKA.

This is our current TKA procedures. After knee arthrot-
omy, the medial joint capsule is released, but the dMCL
is left intact. Following that, the distal femur is resected
with the same thickness as the component. The proximal
tibia is also resected from the lateral joint line with the
same thickness as the component in the varus knee. After
this, a distraction force of 160 N is applied upon exten-
sion, and the angle between the distal femoral surface
and proximal tibial surface is measured with a ligament
balancer. If the angle is greater than 3°, medial soft tis-
sues, i.e., dMCL, are released, or reduction osteotomy of
the medial tibia is performed by applying a tibial tray
that is one size smaller. With these procedures, the angle
could be adjusted in most cases at our center. Then, a
140-N force is applied upon flexion, and the femoral ro-
tation angle is measured. At this time, the flexion gap is
confirmed to be 1 mm to 2 mm wider than the extension
gap, and the posterior femoral condyle is resected. If the
joint gaps or the femoral rotational angle is much differ-
ent than expected, it is better to calculate the stability
range by considering individual variation and apply the
appropriate individual force rather than the standard

forces.

Conclusions
Tibiofemoral joint gaps were measured with a newly de-
veloped ligament balancer, and knee stability ranges
were calculated in extension and flexion. The optimal
force to evaluate tibiofemoral joint gaps is 160 N in ex-
tension and 140 N in flexion during PS-TKA.
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