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Abstract

Purpose This study aims to clarify the influence of sur-
gical exposure on intra-operative soft tissue balance mea-
surements using a new tensor in minimal incision total
knee arthroplasty (TKA).

Methods Sixty patients with osteoarthritis of the knee
received minimal incision TKAs. Twenty patients received
a posterior-stabilized TKA using a quadriceps sparing
approach, and the other forty patients, using a limited
medial parapatellar (mini) approach. After femoral trial
placement, soft tissue balance was measured using an
offset type tensor at full extension and 90° of knee flexion,
with the patella both laterally retracted and reduced. The
joint component gap and varus imbalance were used to
assess the difference in patellar position and surgical
exposure.

Results At extension, the joint component gap and varus
imbalance showed no statistical difference regardless of
patellar position in either TKA. However, the joint com-
ponent gaps decreased at 90° of flexion when the patella
was laterally retracted in both TKAs. Additionally, a sig-
nificantly smaller joint gap was observed in the quadriceps
sparing TKA than the mini-TKA with a retracted patella at
90° of flexion. Varus ligament imbalances decreased with
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the patella laterally retracted at 90° of flexion in the
quadriceps sparing TKA, not in the mini-TKA.
Conclusion Surgeons should be aware of the influence in
surgical exposure of the joint gap and ligament balance
during patella shift in minimal incision TKA.

Level of evidence 1II.

Keywords Total knee arthroplasty - Soft tissue
balancing - Minimal invasive surgery -
Quadriceps sparing - Patellar position

Introduction

Accurate osteotomies and implantations in total knee ar-
throplasties (TKAs) have become relatively simple proce-
dures with the improvement of surgical instruments such as
the introduction of the computer-assisted navigation sys-
tem [2, 4, 7, 12, 14-18]; however, achieving adequate soft
tissue balancing during the operation including adjusting
joint gaps and ligament imbalances remains difficult, and
much is left to the surgeon’s subjective feel and experi-
ence. In order to permit soft tissue balancing under more
physiological conditions, an offset type tensor has been
developed at our institution to assess soft tissue balance
throughout the range of motion with reduced patellofe-
moral (PF) and aligned tibiofemoral joints [11, 13, 19].
Recently, surgical techniques associated with minimal
incision surgery (MIS) for TKAs have been developed, and
there have been several reports showing good clinical results
[1,5,20]. However, with limited exposure and visualization,
the skin, capsular tissues and bone surfaces receive higher
stresses due to the retraction required. MIS TKAs that do not
require patellar eversion, in broad terms, include the use of
quadriceps sparing (QS), mini-midvastus, mini-subvastus
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and limited parapatellar approaches because of the different
approaches to the vastus medialis oblique (VMO) that are
employed. Thus, it is clear that the stress caused by patellar
retraction during soft tissue evaluations changes depending
on the approach used and possibly affects measurement.
Based on these findings, we hypothesized that intra-opera-
tive soft tissue balance may be different even among dif-
ferent approaches in MIS TKA.

The first purpose of the present study was to compare
the difference in soft tissue balance in MIS TKA between
the two patellar positions: retraction and then reduction.
Secondly, we investigated the influence of different
approaches on intra-operative soft tissue balance in MIS
TKAs with different patellar positions. The hypothesis was
that soft tissue balance is more influenced by patellar
positions in MIS especially at flexion.

Materials and methods

From a group of 60 consecutive osteoarthritic knees, 20
patients were intra-operatively selected to receive a pos-
terior-stabilized (PS) TKA (NexGen PS Flex, Zimmer,
Inc., Warsaw, IN) using QS approach (QS TKA) and the
other 40 patients a PS TKA (NexGen LPS Flex, Zimmer,
Inc., Warsaw, IN) using a limited medial parapatellar
approach (mini-TKA) between February 2005 and
December 2008, depending on VMO anatomical variation.
The QS TKA group had a median age of 74 years (range
63-83), and 13 women and 7 men were included, while the
mini-TKA group had a median age of 74 years (range
60-85) and 31 women and 9 men were included. After
excluding patients with valgus deformity and severe bony
defects, each remaining patient had a varus deformity, with
an average pre-operative coronal plane alignment of
10.6 & 1.0° in varus in QS TKA and 9.3 4 1.2° in varus in
mini-TKA. All surgeries were performed by the same
senior author (HM).

Offset type tensor

As previously described, this device is ultimately designed
to permit surgeons to measure the ligament balance (varus
angle) and joint centre gap (joint/component gap), while
applying a constant joint distraction force [9, 11, 19]. Joint
distraction forces ranging from 30 Ib (13.6 kg) to 80 Ib
(36.3 kg) can be exerted between the see-saw and platform
plates through a specially made torque driver, which can
change the applied torque value. Once appropriately dis-
tracted, attention is focused on two scales that correspond
to the tensor: the angle (°, positive value in varus imbal-
ance) between the see-saw and platform plates, and the

distance (mm) between the centre mid-points of the upper
surface of the see-saw plate and the proximal tibial cut. The
angular divisions and distance are put on a graded scale by
1° and 1 mm and measured with 0.5 as the minimum unit.
In primary in vitro experiments, the error for joint dis-
traction was obtained within £3%.

Intra-operative measurement

All TKAs were performed using the measured resection
technique. A limited medial parapatellar arthrotomy
exposed the quadriceps tendon within 2 cm in mini-TKA,
and the QS arthrotomy did not damage the VMO in QS
TKA, depending on the anatomical VMO variation. In all
patients, the ACL and PCL were both resected. Distal
femoral osteotomy was performed perpendicular to the
mechanical axis of the femur using pre-operative long leg
radiographs. Femoral external rotation was preset at 3° or
5° relative to the posterior condylar axis depending on
pre-operative computed tomography. After this, a proxi-
mal tibial osteotomy was done, ensuring that each cut was
made perpendicular to the mechanical axis in the coronal
plane and with 7° of posterior inclination along the sag-
ittal plane; there were no bony defects noted along the
eroded medial tibial plateau in any of these cases. Fol-
lowing each osteotomy, osteophytes were removed, and
any ligament imbalances were corrected in the coronal
plane by appropriately releasing soft tissues along the
medial structures of the knee. In all knees with varus
deformity, step by step appropriate release of medial side
soft tissue (posteromedial capsule, MCL, semimembr-
anosus and pes anserinus) was performed with a spacer
block, in which residual lateral laxity was allowed to
avoid joint line elevation.

Following each bony resection and soft tissue release,
the tensor was fixed to the proximal tibia, and the femoral
trial prosthesis was fitted. The joint distraction force was
set at 40 Ib in all patients. This distraction force was
selected because it reproduces the joint gap in full exten-
sion with femoral trial, which corresponds to the insert
thickness of our preliminary clinical studies. This joint
distraction force was loaded several times until the joint
component gap remained constant to reduce the error that
can result from creep elongation of the surrounding soft
tissues. At this point, the joint component gap (mm) and
the varus ligament imbalance (°) were measured with the
knee at 0° (full extension) and 90° (flexion) each with the
patella laterally retracted (Fig. 1a) and then reduced
(Fig. 1b). For each measurement with a reduced PF joint,
the medial parapatellar arthrotomy was temporally repaired
by applying stitches both proximally and distally to the
connection arm of the tensor. During each measurement,
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Fig. 1 TKA tensor a patellar
lateral retracted view. b patellar
reduced view. The tensor was
fixed to the proximal tibia and
fitted to the femoral trial
prosthesis, and measurements
were performed with the patella
laterally retracted (a) and
reduced (b)

the thigh and knee were aligned to eliminate the external
load on the knee at each flexion angle.

Statistical analysis

The study aimed to include at least 39 participants in mini-
TKA group and 19 participants in QS group, which was
expected to yield power >0.8, based on o < 0.05 and assum-
ing a large effect size (d = 0.80) using G power 3 http:/
www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3/.

After expressing each measurement as a mean =+ stan-
dard error of the mean (SE), a statistical software package
(Statview 5.0, Abacus Concepts Inc., Berkeley, CA) was
utilized to analyse the data. The unpaired 7 test was selected
to identify differences in joint component gap and varus
imbalance between lateral patellar retraction and PF joint
reduction and one-way analysis of variance (ANOVA) with
Fisher’s least significant difference (LSD) post hoc test for
comparison between the two techniques. In all analyses,
P < 0.05 was accepted as statistically significant.

Results

The joint component gap at extension showed no signifi-
cant changes with patellar position in either TKA. How-
ever, the joint component gap at flexion significantly
decreased at patellar retraction in both TKA. In addition,
the joint component gap showed a significantly lower value
at flexion with the retracted patella in QS TKA compared
to mini-TKA (P < 0.05; Table 1).

Varus imbalance at extension showed no significant
changes regardless of patellar position in both TKA.

@ Springer

Whereas varus imbalance at flexion showed no significant
changes regardless of patellar position in mini-TKA, there
was a significant decrease at flexion when the patella was
laterally retracted in QS TKA (P < 0.05). In addition, the
varus imbalance showed a significantly lower value at
flexion with the patella retracted in QS TKA compared to
mini-TKA (Table 2).

Discussion

The most important finding of the present study was that
the patellar positions influenced the soft tissue balance,
and the amount of surgical exposure could be a significant
factor for soft tissue balance at flexion in MIS TKA.

In the present study, the joint component gaps decreased
at 90° flexion when the patella was laterally retracted in
both QS and mini-TKA. Additionally, a significantly

Table 1 Joint component gap with lateral patellar retraction and
patellofemoral joint reduction

mini-TKA

(mean £+ SE, mm)
Patellar retraction/
reduction

QS TKA
(mean + SE, mm)
Patellar retraction/
reduction

Joint component

gap (mm)
Extension 10.2 £ 0.3/10.3 £ 0.4 10.7 £ 0.2/10.7 £ 0.3
Flexion 13.4 + 0.4%% 16.0 £ 0.4%/

16.1 £ 0.8 172 £ 04

Statistical difference between lateral patellar retraction and patel-
lofemoral joint reduction (* P < 0.05)

Statistical difference between QS and mini-TKA (*P < 0.05 vs. mini-
TKA)


http://www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3/
http://www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3/

Knee Surg Sports Traumatol Arthrosc (2012) 20:1064—-1068

1067

Table 2 Varus imbalance with lateral patellar retraction and patel-
lofemoral joint reduction

QS TKA

(mean =+ SE, °)
Patellar retraction/
reduction

mini-TKA

(mean =+ SE, °)
Patellar retraction/
reduction

Varus imbalance (°)
1.6 + 0.5/2.0 + 0.6
2.3 + 1.0%*/3.9 £ 0.9

14 £04/1.4 £ 0.5
5.0+ 0.5/51%0.6

Extension

Flexion

Statistical difference between lateral patellar retraction and patel-
lofemoral joint reduction (* P < 0.05)

Statistical difference between QS and mini-TKA (*P < 0.05 vs. mini-
TKA)

smaller joint gap was observed in QS TKA than in mini-
TKA with a retracted patella at 90° of flexion. In MIS
TKA, patellar retraction requires a higher lateral force on
the patella especially at knee flexion due to its smaller
surgical exposure. This is the reason that the lateral force
tensed patellar tendon and quadriceps and the tension in the
extensor mechanisms decreased the joint gap at flexion in
both TKA. Additionally, a significant decrease in the joint
gap in QS TKA compared to mini-TKA might have been
caused by the higher tension in the extensor mechanisms in
QS TKA than in mini-TKA caused by the difference in
surgical exposures.

With varus/valgus balance, varus ligament imbalances
were also smaller with the patella retracted than with the
patella reduced at flexion in QS TKA, but not in mini-
TKA. This also might result from the higher tension in the
laterally retracted extensor mechanisms in QS TKA, which
decreased the lateral compartment gap and resulted in the
smaller varus imbalance.

Quite recently, our group’s study using the same tensor
demonstrated that MIS QS TKA provided some difficulties
in acquiring appropriate soft tissue balancing compared to
conventional TKA [10]. In this report, due to limited
working space, more varus imbalance was visible in MIS
QS group compared to conventional group.

As previously reported, the decreases in the joint gap
and varus ligament imbalance were caused by the PF joint
reduction at 90° of flexion in conventional TKA [8]. It is
suggested that the extensor mechanisms might be loosened
because of its shorter running route during patellar eversion
in conventional TKA. After the PF joint was reduced
physiologically, the tension in the extensor mechanism as
well as in the anterolateral structures including the reti-
naculum and iliotibial band was increased at the antero-
lateral aspect of the knee during knee flexion, resulting in
the decrease in joint gap and varus ligament imbalance. In
the same way, Yoshino et al. [22] reported that there was
significant increase in load in the patella reset position
compared to in the everted position in conventional PS

TKA using their original tensor and speculated that the
flexion gap distance would decrease by resetting the
patella. Luring et al. [6] reported that eversion of
the patella increased the valgus alignment measured by the
navigation system in a cadaveric study. Gejo et al. [3] also
reported that the patella tendon strain at 90° flexion cor-
related with the joint gap difference with patella position,
and they suggested that the knee extensor mechanism may
have influence on the joint gap. In the present study,
however, the joint gap at 90° flexion in MIS TKA showed
results contrary to those previously reported in conven-
tional TKA. In MIS TKA, a smaller surgical exposure and
lower damage to VMO compared to the conventional
approach may need a higher external load on the extensor
mechanism compared to those in conventional TKA when
the patella is retracted or everted during soft tissue balance
measurement. The varus imbalance at flexion was not
changed by the patellar position in mini-TKA. Because the
surgical exposure and laterally retracting force in mini-
TKA were intermediate between conventional and QS
TKA, lateral force and a shortened running route might
neutralize each other during patella shift.

This study has some limitations. At first, although there
were significant differences in several comparisons, the
numbers of assigned patients in the two groups were not
equal due to the variation of VMO attachment to the patella
intra-operatively observed: There are only a small number
of patients with a proximal VMO attachment of the patella,
which indicates QS TKA, in the Japanese population [21].
Secondly, the amount of lateral retraction force and patella
tendon strain was not evaluated and compared when the
patella was laterally retracted. The other limitation in this
study is that the tensor in its current design does not
allow for knee rotation, so we are unable to estimate the
influence of our intra-operative rotational alignment on the
measurements.

Summarizing the results, the intra-operative patterns of
soft tissue balance differ between the laterally retracted and
reduced patella, as well as between QS and mini-TKA. The
results indicate that surgeons performing conventional soft
tissue balance evaluation with the patella laterally retracted
in MIS TKAs are at a greater risk of underestimating the
joint gap and varus ligament imbalance depending on the
surgical exposure compared to the post-operative condition
after TKA with the patella reduced.

Conclusion
The influence of surgical exposure on the joint gap and
ligament balance during patella shift is important in

minimal incision TKA. Therefore, soft tissue balance
should be evaluated more accurately and consistently by
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maintaining a reduced PF joint for each intra-operative
measurement.
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