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Abstract

Purpose The purpose of this study was to prove the hypoth-
esis that soft tissues are well balanced using the gap technique
with a navigation system in cruciate-retaining (CR) and
posterior-stabilised (PS) total knee arthroplasty (TKA), lead-
ing to better clinical outcomes compared with the measured-
resection technique.

Methods One hundred and thirty-five TKAs (90 CR and 45 PS)
were performed in patients with varus-type osteoarthritis using
the gap technique guided by the offset-type tensor and a navi-
gation system. Soft-tissue balance (joint-component gap and
ligament balance) were intraoperatively assessed with the tensor
under 40 Ib of joint-distraction force. The achievement in the
equalised rectangular gap at extension and flexion was assessed
and retrospectively compared with the previous series in which
the measured-resection technique was used (20 CR and 100 PS
TKAs). In addition, clinical outcomes, including range of mo-
tion and Knee Society Score were assessed at a minimum two
year follow-up.

Results Tn achieving equalised rectangular gaps at extension and
flexion, CR TKAs met criteria in more cases [66.7 % (64/90) vs.
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44.4 % (20/45) of PS TKA] with the gap technique, which was
superior to that with the measured-resection technique [50.0 %
(10/20) of CR TKA and 28.0 % (28/100) of PS TKA]. However,
clinical outcomes showed no significant differences among
groups at minimum two year follow-up.

Conclusions The superiority of CR TKA with the gap tech-
nique in achieving equalised rectangular gaps at extension and
flexion does not directly reflect two year postoperative clinical
outcomes.

Keywords Total knee arthroplasty - Soft-tissue balance - Gap
technique - Patellofemoral joint - Cruciate-retaining -
Posterior-stabilised - Navigation system

Introduction

Appropriate soft-tissue balancing and accurate bony align-
ment are essential in total knee arthroplasty (TKA). Despite
advanced accuracy in bony alignment achieved with the de-
velopment of surgical instruments, such as the computer-
assisted navigation system and various surgical jigs, obtaining
an accurate intra-operative soft-tissue balance remains diffi-
cult, especially for young surgeons, as experienced surgeons
traditionally address soft-tissue balance through “subjective
feel”. Therefore, an offset-type tensor has been developed for
use during TKA, which enables soft-tissue balance assess-
ment throughout range of motion (ROM) in the physiological
knee after TKA, with a reduced patellofemoral (PF) joint and
femoral component in place [1]. This tensor permits intra-
operative reproduction and postoperative alignment of the PF
and tibiofemoral joints. This tensor design, initial intraopera-
tive soft-tissue-balance measurement and its clinical relevance
in TKA have been described previously [2—7]. In those
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studies, soft-tissue-balance measurements were performed
using only the measured-resection technique. However, the
best method for obtaining appropriate soft-tissue balance and
rotational alignment of the femur remains controversial, with
dispute focusing on the measured-resection and gap tech-
niques [8—11]. Some investigators favour a measured-
resection technique, in which bony landmarks (femoral
epicondyles, posterior femoral condyles, anteroposterior axis)
are the primary determinants of femoral-component rotation
[8, 11-15]. However, others recommend a gap-balancing
methodology, in which the femoral component is positioned
parallel to the resected proximal tibia, with each collateral
ligament equally tensioned [9, 10, 16]. In previous studies
using the measured-resection technique, the pattern of soft-
tissue balance differed between cruciate-retaining (CR) and
posterior-stabilised (PS) TKA [3, 4]. Therefore, in our study,
we applied the tensor using the gap technique, with a naviga-
tion system for soft-tissue balancing in 135 knees receiving
CR or PS TKA based on the status of the posterior cruciate
ligament (PCL). The hypothesis of the study was that soft-
tissue balancing using the gap technique is superior to that
using measured resection in terms of acquiring an equalised
rectangular gap at extension and flexion. The first purpose of
the study was to verify that hypothesis, and the second pur-
pose was to investigate whether superiority in soft-tissue
balancing is reflected in clinical outcome at a minimum 2-
year follow-up.

Materials and methods

Inclusion criteria were substantial pain and loss of function
due to osteoarthritis of the knee. In addition to the knee
condition, patients who agreed to participate in the study also
agreed to be followed up for greater than two years postoper-
atively. The exclusion criteria included knees with valgus
deformity, severe bony defect requiring bone graft or augmen-
tation, revision TKA and active knee-joint infection. Between
2008 and 2010, according to PCL condition, 90 knees (80
patients; 70 women, ten men) from a group of 135 knees met
the above criteria for CR (e-motion; B. Braun Aesculap,
Germany); the other 45 knees (40 patients; 36 women, four
men) were assigned to PS (e-motion; B. Braun Aesculap). In
all patients, a computed tomography (CT)—free navigation
system (Orthopilot 4.2; B. Braun Aesculap) and offset-type
tensor were used to assist in the gap technique [17]. Each
surgery was performed by the two senior authors, who each
have greater than ten years of experience performing TKA.
The patients who underwent CR had a mean age of
74.5 (range, 58-86) years, and those who underwent PS
had a mean age of 74.9 (range, 59-88) years; mean ages of
the two groups were not significantly different. Preopera-
tive coronal alignment was 10.9°+£0.5° varus in the CR
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group and 9.5°+1.1° varus in the PS group, indicating
no significant differences. Pre-operative ROM was
—5.4°(range, 0°— 20°) in extension and 120.1°(range,
95°-135°) in flexion in the CR group and —9.8°(range, 0°—
25°) in extension and 115.4°(range, 95°-130°) in flexion in the
PS group, indicating no significant difference in pre-operative
ROM in flexion and extension between groups.

Controls comprised 120 patients who underwent TKA
between 2005 and 2007 with the measured-resection tech-
nique. Twenty knees (16 patients; 14 women, two men) re-
ceived CR (NexGen CR Flex; Zimmer, Inc., Warsaw, IN,
USA) and the other 100 knees (88 patients; 81 women, seven
men) received PS (NexGen LPS Flex; Zimmer, Inc.). Pa-
tients who underwent CR had a mean age of 73.4 (range, 57—
87) years, and those who underwent PS had a mean age of
74.1 (range, 60—86) years. Thus no significant difference with
regard to age was observed between groups. Pre-operative
coronal alignment was 9.6°+1.2° varus in the CR group
and 11°+0.8° varus in the PS group, with no significant
difference. Preoperative ROM was —7.9°(range, 0°-20°) in
extension and 122.3°(range, 100°-135°) in flexion in the
CR group, and —10.1°(range, 0°-25°) in extension and
116.2°(range, 95°-130°) in flexion in the PS group, with
no significant difference.

Offset-type TKA tensor

As previously described [2—4, 7], the tensor consists of three
parts: an upper seesaw plate, a lower platform plate with a
spike, and an extra-articular main body (Fig. 1). Following
bony resection and soft-tissue release, we place the tensor,
with the lower platform fixed to the proximal tibia. Even if the
femoral condyle is not resected, the upper seesaw plate can be
fitted to the femoral condyle or femoral prosthesis. After the
PF joint is reduced, the medial parapatellar arthrotomy is
repaired temporarily by applying stitches both proximally
and distally to the connection arm of the tensor (Fig. 1). These
mechanisms permit us to reproduce joint constraint. This
device is ultimately designed to allow surgeons to measure
the joint-centre gap (joint-component gap) and ligament bal-
ance (varus angle) while applying a constant joint-distraction
force. Joint-distraction forces ranging from 20 Ib (4.5 kg) to
80 1b (36.3 kg) can be exerted between the seesaw and
platform plates through a specially made torque driver, which
can change the applied torque value. After sterilisation, this
torque driver is placed on a rack containing a pinion mecha-
nism along the extra-articular main body, and the appropriate
torque is applied to generate the designated distraction force;
in preliminary in vitro experiments, we obtained an error for
joint distraction within+3 %. Once appropriately distracted,
attention is focused on a scale that corresponds to the tensor:
the angle [degree, positive value in varus ligament balance
(varus angle)] between the seesaw and platform plates, as well
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Offset connection arm

Extra-articular main body

Fig. 1 Offset-type tensor. The tensor consists of three parts: upper
seesaw plate, to which a shaped insert can be attached; a lower platform
plate; an extra-articular main body. Two plates are connected to the extra-

as the distance (mm) (joint centre/component gap) between
the centre midpoints of the upper surface of the seesaw plate
and the proximal tibial cut. By measuring these angular devi-
ations and distances under a constant joint-distraction force,
we are able to measure ligament balance and joint-centre gaps.

Operative procedure and intra-operative measurement

Preoperative coronal and sagittal long-leg radiographs were
taken and used to select the appropriately sized femoral and
tibial prostheses and determine the appropriate level and angle
of osteotomies in relation to mechanical axes. An epicondylar
radiograph and CT scan were taken to reference the original
transepicondylar and posterior condylar axes and preopera-
tively identify osteophytes in the intercondylar notch for
selecting the appropriate implant type (CR or PS).

First, we performed a stable bicortical fixation using self-
cutting screws through femoral and tibial stab incisions. After
inflating the air tourniquet to 280 mmHg, a medial
parapatellar arthrotomy was performed. For kinematic
referencing, detecting the kinematic centre of the hip, knee
and ankle joints was performed with controlled movement. To
register anatomical landmarks, the medial plateau, lateral pla-
teau, eminence of the tibia, medial posterior condyle, lateral
posterior condyle and anterior cortex of the femur were
recorded. Surgery was performed with the tibia-first gap tech-
nique using the navigation system [17, 18], which leads to
accurate bone cut and ROM measurement. Following the
procedure, a tibial osteotomy was performed perpendicular
to the tibial axis in the coronal and sagittal planes, according to
the planned resection height and angle on the navigation
system. For knees with a functional PCL, assessed by intra-
operative findings, preoperative epicondylar radiograph and
CT scan of intercondylar osteophytes, PCL insertion was
preserved by a bony island. When it appeared that the PCL
was not functional, the PCL was resected. After the tibial
osteotomy, necessary removal of osteophytes and release of
medial ligaments were performed in extension. At this point,

Upper seesaw plate

Lower platform plate

articular main body by the offset connection arm through a medial
parapatellar arthrotomy, which permits reduction of the patellofemoral
(PF) joint while performing measurements

appropriate step-by-step release of medial soft-tissue
(posteromedial capsule, medial collateral ligament,
semimembranosus muscle, pes anserine tendons) was
performed in which residual lateral laxity was allowed. Fol-
lowing these procedures, the offset-type tensor was placed
with the lower platform fixed to the proximal tibia and the
upper seesaw plate fitted to the femoral condyle. Using the
tensor with a distraction force of 40 1b, the joint-centre gap and
varus ligament balance at extension and flexion with the PF
joint reduced were recorded on the navigation system soft-
ware. During each recording, the thigh and knee were aligned
in the sagittal plane to eliminate the external load on the knee
at each flexion angle. A distraction force of 40 1b was selected
because it recreated the joint gap in full extension in the
femoral trial, which corresponds to the insert thickness in
preliminary clinical studies. This joint-distraction force was
loaded several times until the joint-centre gap remained con-
stant; this was done to reduce the error that can result from
creep elongation of the surrounding soft tissue. The height and
angle of the distal femoral osteotomy was planned perpendic-
ular to the femoral mechanical axis on the navigation system.
On the same navigation screen, based on soft-tissue balance
with the tensor and the anatomical landmarks (including an-
terior cortex and posterior condylar axis), the size of the
femoral component, amount of posterior femoral osteotomy,
medial/lateral gap and varus/valgus balance were planned to
create an acceptable, equalised rectangular extension and flex-
ion gap. Femoral rotation was determined by adjusting the
posterior condylar axis, transepicondylar axis, Whiteside line
and soft-tissue balance at flexion. In this step, especially in PS,
a flexion gap<5 mm greater than the extension gap was
permitted by allowing <3° of varus ligament balance. Follow-
ing virtual planning on the screen, bony resections were
performed. If osteophytes were present on the posterior aspect
of the femur, they were removed. Following each bony resec-
tion, the tensor was fixed, and the femoral trial prosthesis and
PF joint were reduced by temporarily suturing the medial
parapatellar arthrotomy. Then, the final soft-tissue balance,
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including the joint-component gap and varus ligament bal-
ance, with the knee at 0° (full extension), 10° (extension), 30°,
60°, 90° (flexion), and 120° (deep flexion), was measured,
guided by the navigation system.

Postoperative clinical outcome

At a minimum two year follow-up, a clinical evaluation
was performed for each patient with regard to ROM and
Knee Society Clinical Rating System [19], which includes
a Knee Society Score (KSS), rating the knee itself for pain,
stability and ROM, and a functional score [Knee Society
Functional Score (KSFS)] assessing activities such as
walking and stair climbing. In addition, any knee crepitus
or other complications in PF articulation, such as sublux-
ation or dislocation of the extensor mechanism or patellar
fracture, were recorded carefully.

Statistical analysis

All values were expressed as the mean = SE or mean
(range). Results were analysed using a statistical software
package (Statview 5.0; Abacus Concepts Inc., Berkeley,
CA, USA). Nonpaired Student’s ¢ test was utilised to
compare parameters in averaged values and clinical scores
between the CR and PS groups and between measured-
resection and gap techniques. The paired Student’s ¢ test
was used to compare values at extension and flexion. The
difference between the number of cases in CR and PS
groups that achieved an equalised rectangular gap and
between the measured-resection and gap techniques was
analysed using Pearson’s chi-square test. P<0.05 was
considered statistically significant.

Results
Soft-tissue balance using the gap technique

Mean joint-component gap with the knee at extension and
flexion was 14.7+0.3 and 14.7+0.4mm in CR, and 14.6+0.3
and 17.5£0.5mm in PS, respectively (Table 1). Whereas the
extension value showed no significant differences between
CR and PS (p=0.8186), the flexion value in PS was signifi-
cantly larger than that in CR (p =0.0006).

Mean varus ligament balance with the knee at extension
and flexion was 3.0+£0.4° and 1.8+0.4° in CR, and 2.8+0.5°
and 3.0£0.6° in PS, respectively (Table 1). Extension and
flexion values showed no significant differences between
CR and PS (p=0.8212, p=0.0918).
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Table 1 Mean soft-tissue balance in gap technique and measured resection
(mean = standard error)

Techniques Component gap (mm) Varus angle (°)
CR PS CR PS
Gap
Extension 14.7+0.3 14.6+0.3 3.0+04 2.8+0.5
Flexion 14.7+0.4 17.5+0.5" 1.8+0.4 3.0+0.6
Measured resection
Extension 15.4+0.3 15.2+0.3 3.8+0.7 2.6+0.3
Flexion 13.9+0.5 182+04" 17509  4.7+04"

CR cruciate retaining, PS posterior stabiliased
*: P<0.05 vs. CR

Soft-tissue balance using the measured-resection technique

Mean joint-component gap with the knee at extension and
flexion was 15.4+0.3 and 13.94+0.5mm in CR, and 15.2+0.3
and 18.2+0.4mm in PS, respectively (Table 1). Whereas the
extension value showed no significant differences between
CR and PS (p=0.6428), the flexion value in PS was signifi-
cantly larger than the value in CR (p<0.0001). The mean
varus ligament balance with the knee at extension and flexion
was 3.8+0.7° and 1.7+0.9° in CR and 2.6+0.3° and 4.7+0.4°
in PS, respectively (Table 1). Whereas the extension value
showed no significant differences between CR and PS (p=
0.1378), the flexion value in PS was significantly larger than
the value in CR (p =0.0053).

Achieving equalised rectangular gap at extension and flexion

When both differences within+3-mm joint-component gap
between extension and flexion and+3° ligament balance at
extension and flexion were defined as equalised rectangular
gaps, 66. 7 % of CR (64/90) and 44.4 % of PS (20/45) met
criteria in the gap technique. In the measured-resection tech-
nique, 50 % (10/20) of patients in the CR group and 28 %
(28/100) in the PS group met criteria (Table 2). The value
in CR was superior to that in PS using both the gap and
measured-resection techniques (p=0.0047, p=0.0364), and
the value using the gap technique showed superior tendency
but no significant difference to that using the measured-
resection technique in both CR and PS (p =0.2568, p =0.0789).

Minimum two year postoperative clinical outcome

Postoperative ROM using the gap technique was —1.2° (range,
0°-10°) in extension and 118.1° (range, 90°-135°) in flexion
in the CR group, and —1.5° (range, 0°-15°) in extension and
121.3° (range, 90°-140°) in flexion in the PS group. There
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Table2 Acquisition of equalised rectangular gap at extension and flexion

Technique Total knee arthroscopy type
Gap CR PS

64/90 (66.7 %) * 20/45 (44.4 %)
Measured resection CR PS

11/20 (55.0 %) * 28/100 (28.0 %)

CR cruciate retaining, PS posterior stabilised
*: P<0.05 vs. PS

were no significant differences between groups (p =0.5702)
and flexion (p=0.1834) (Table 3). Postoperative ROM
using measured resection was —0.9° (range, 0°-10°) in
extension and 125.9° (range, 100°-140°) in flexion in the
CR group, and —2.2° (range, 0°-15°) in extension and
123.9° (range, 100°-135°) in flexion in the PS group. There
were no significant differences between CR and PS in
extension (p =0.3351) and flexion (p =0.5297) (Table 3).

Postoperative scores using the gap technique were 95.4
(range, 75-100) in KSS and 87.7 (range, 40-100) in KSFS
in the CR group, and 97.6 (range, 82—-100) in KSS and
86.5 (range, 62—-100) in KSFS in the PS group. There
were no significant differences between CR and PS in
KSS (p=0.0319) and KSFS (p=0.5813) (Table 3). Post-
operative scores using measured resection were 96.5
(range, 81-100) in KSS and 88.3 (range, 72—100) in
KSFS in the CR group, and 95.8 (range, 82-100) in
KSS and 83.4 (range, 40—-100) in KSFS in the PS group.
There were no significant differences between CR and PS
in KSS (p=0.6502) and KSFS (p=0.3143) (Table 3).

Discussion

The most important finding in this study is that the superiority
of CR using the gap technique in achieving an equalised
rectangular gap is not directly reflected in the clinical outcome
at a minimum two year follow-up. Achieving an equalised
rectangular gap revealed that the gap technique showed supe-
rior trend in relation to the measured-resection technique, and
that CR was superior to PS. However, there were no

significant differences in postoperative ROM, KSS or KSFS
at a minimum two year clinical follow-up. Recently, a close
relationship was found between intra-operative and five year
postoperative soft-tissue balance in CR and PS when preserv-
ing the physiologic condition of the knee [5]. Therefore,
intra-operative soft-tissue balance is considered to remain
postoperatively, to some extent. Because surgeons’ subjective
clinical scores do not reflect patient-based objective outcomes,
such as satisfaction, the KSS system was recently updated and
validated to include objective and functional assessments to
better reflect patient outcome following TKA [20]. As
Matsuda et al. reported, this update in the scoring system
may clarify the superiority of an operative procedure or pros-
thesis type in the future [21].

Traditionally, it is recognised that the PS prosthesis and
procedure will result in a different knee condition, including
postoperative kinematics and outcomes, compared with CR
[22-25]. In our study, joint-component gap at flexion was
significantly larger than at extension in PS using the
measured-resection technique. This was caused primarily by
resecting the PCL, as reported by Kadoya et al. [26]. However,
the same pattern was found in the gap technique in our study.
The advantage of the measured-resection technique involves
preservation of the joint line by avoiding excessive release of
medial structures [27, 28]. To this end, in procedures using
measured resection, residual lateral ligament laxity tends to be
allowed [29-31]. In contrast, focusing on the adjustment of
varus/valgus ligament balance in the gap technique sometimes
results in excessive release of medial structures to equalise
lateral laxity and requires the use of a thicker polyethylene
insert [27, 28]. Recognising this, in this study, even with the
gap technique, a larger flexion gap of up to 5 mm and residual
lateral laxity up to 3° were accepted in the soft-tissue-balancing
procedure, especially in PS. This study, which had the same
concept as the measured-resection technique with regard to
avoiding joint-line elevation and allowing residual lateral lig-
amentous laxity, so called “medial gap technique”, demonstrat-
ed that soft-tissue balancing using the tibia-first gap technique
had larger component gaps at flexion in PS. However, when
using the gap technique, varus ligament balance showed no
significant difference between extension and flexion. Adjust-
ment using the gap technique and a navigation system may
reduce the outliers of varus/valgus balance even at flexion.

Table 3 Minumum 2-year

clinical follow-up Measured resection Gap technique
CR PS CR PS
Extension —0.9 (0-10) —2.2(0-15) —-1.2 (0-10) -1.5 (0-15)
Flexion 125.9 (100-140) 123.9 (100-135) 118.1 (90-135) 121.3 (90-140)

CR cruciate retaining, PS poste-
rior stabiliazed, KSS Knee Socie- KSS

ty Knee Score, KSFS Knee Soci- KSFS
ety Functional Score

96.5 (81-100)
88.3 (72-100)

95.8 (82-100)
83.4 (40-100)

95.4 (75-100)
87.7 (40-100)

97.6 (82-100)
86.5 (62-100)

@ Springer



536

International Orthopaedics (SICOT) (2014) 38:531-537

As an essential concept in TKA, preparing an equalised
rectangular gap in extension and flexion is desirable to ensure
proper knee kinematics. Several investigators recently report-
ed that navigation-assisted gap balancing achieved more rect-
angular extension and flexion gaps compared with the con-
ventional measured-resection technique [32-34]. However,
these investigators did not assess the difference between PS
and CR. If this concept was applied to our study, in CR, the
joint-component gap and ligament balance would show no
significant differences between extension and flexion, sug-
gesting that rectangular gaps were achieved. In fact, with our
definition of equalised rectangular gap, 66.7 % (64/90) CR
using the gap technique and 50 % (10/20) CR using the
measured-resection technique met criteria. However, only
44.4 % (20/45) PS using the gap technique and 28 % (28/100)
PS using the measured-resection technique met criteria. This
difference between CR and PS may be explained as above. As
for comparison between the measured-resection and gap tech-
niques, the gap technique showed superiority in achieving an
equalised rectangular gap. However, the superiority of the
measured-resection or gap technique in bone cut during
TKA remains controversial [8—11]. Recently, the “adopted”
measured-resection technique, taking into account the native
rotational geometry of the femur (as measured on preoperative
CT), was reported to obtain appropriate femoral-component
rotation, similar to the gap technique; and to reduce outliers,
compared with the conventional measured-resection tech-
nique [35]. In the future, by incorporating the merit of each
procedure, the combined procedure of the gap and measured-
resection techniques, should be considered and assessed for
the effectiveness on clinical outcome.

This study has several limitations. Comparisons between
gap and measured-resection techniques were performed in a
retrospective manner using different types of prosthesis. Fu-
ture studies should be designed to compare the procedures in a
prospective, randomised fashion using the same implant type.
In addition, the populations assessed were limited to varus-
type osteoarthritis and excluded severe osteoarthritic knees
with large bony defects. In the future, valgus and severe
osteoarthritic knees need to be assessed and compared with
the populations in this series. Measurements of soft-tissue
balance were performed only with 40 Ib of distraction force
throughout ROM. Asano et al. evaluated stiffness of the soft-
tissue complex in osteoarthritic knees in PS and showed that
stiffness in extension was significantly greater than that in
flexion [36]. Different distraction forces may lead to different
soft-tissue balance, which may result in different operative
procedures and postoperative outcomes.

In conclusion, achieving an equalised rectangular gap at ex-
tension and flexion was compared between CR and PS and
between the conventional measured-resection and tibia-first gap
techniques. The superiority of CR using the gap technique was
not directly reflected in the clinical outcome at a minimum two
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year follow-up. In the future, a procedure incorporating the merits
of the measured-resection and gap techniques should be designed
and assessed for itheir effect on clinical outcome.

Conlflict of interest None.
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