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Abstract

outcomes than the measured resection technique.

outcomes of the two groups were compared.

joint line displacement (P=0.270).

Background: Which technique, gap balancing or measured resection, can obtain better femoral component align-
ment and soft tissue balance in total knee arthroplasty (TKA) is still controversial. This study aimed to determine
whether the gap balancing technique using a modified spacer block in TKA can result in better postoperative clinical

Methods: A total of 124 patients who underwent consecutive primary TKA between May 2016 and August 2018
were retrospectively reviewed. The gap balancing technique assisted by a modified spacer block was used in 61
patients, and the measured resection technique was used in 63 patients. The surgical, imaging and knee function

Results: The thickness of the posterior medial condyle bone resection using the modified spacer block tool in gap
balancing was significantly larger than that of the MR technique (P=0.001). Compared with the measured resec-
tion group, the gap balancing group had a greater external rotation resection angle of the femur (4.06 +-1.10° vs.
3.194+0.59°, P<0.001°). Despite these differences, the mean ROM, KSS scores, and WOMAC scores at the 6-week,
1-year, and 2-year follow-ups were not significantly different. Postoperatively, there was no significant difference
between the two groups in mechanical axis measurements (P=0.275), the number of HKA outliers (P=0.795) or the

Conclusion: The functional outcomes of the gap balancing technique based on the modified spacer are similar to
those of measured resection at 3 years. Compared with the MR technique, the GB technique resulted in a greater
external rotation resection angle and thicker posterior medial condylar cuts in TKA with knee varus.

Keywords: Total knee arthroplasty, Gap balancing, Measured resection technique, Spacer, Ligament balancing

Introduction

Total knee arthroplasty (TKA) has been established as
a safe and effective surgical treatment for patients with
severe knee osteoarthritis. Despite its successful clini-
cal benefits, 19% of patients still suffer from poor joint
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balance [1] and instability [2] that cause postoperative
pain, decreased patient satisfaction and might require
revision surgery [3, 4]. The precise positioning and
alignment of the prosthesis in the coronal and sagittal
planes and the balance of the soft tissues are critical to
the recovery of function after TKA [5, 6]. Gap balancing
(GB) and measured resection (MR) are two different sur-
gical techniques that can be used to achieve this goal [5,
7-10].

The MR technique uses anatomical markers such as
the transepicondylar axis (TEA), anteroposterior (AP)
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axis, or the posterior condylar axis (PCA) to determine
the rotation of the femoral prosthesis [5, 7, 11]. How-
ever, some researchers have shown that MR technol-
ogy has great variability in setting the rotation of the
femoral components due to individual differences in
anatomical landmarks [12, 13]. In addition, it has been
reported that MR technology has caused an increased
incidence of femoral condyle lift-off, which may poten-
tially lead to implant instability [8, 14].

Conversely, the GB technique relies on the optimal
soft tissue tension to obtain equal and balanced exten-
sion and flexion gaps. Previous studies have shown
that TKA with GB technology can achieve good femo-
ral rotation alignment and flexion stability [13, 15, 16].
However, the GB technique can only be completed with
the aid of specific tools during its implementation. The
tensioner-based gap balancing technique is one of the
most frequently used gap-balancing techniques, but
it fails to reproduce the physiologic varus laxity of the
knee in flexion [17], and it is also difficult to accurately
control the distraction force during its application [18].

Although computer-assisted navigation (CAS) and
patient-specific instrumentation (PSI) techniques
can achieve better prosthesis alignment and joint line
repair, they are inferior in improving the rotational
alignment of the femur [19, 20]. In recent years, some
researchers have suggested that the implementation of
a gap balancing technique based on spacer blocks can
achieve a natural knee ligament balance, and it also has
the characteristics of a low technical cost, a low cost,
and good reproducibility [17, 21, 22].
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The purpose of this study was to: (1) introduce a modi-
fied spacer block tool (Fig. 1) to perform flexion gap bal-
ancing and (2) to evaluate the surgical and radiographic
parameters, complications, and patient outcomes of
patients receiving this GB technique compared with the
MR technique.

Patients and methods

Ethical approval

This study was approved by the institutional ethics com-
mittee, and each participant signed an informed consent
form.

Study design

Between May 2016 and August 2018, 124 consecutive
patients underwent primary TKA with one of two surgi-
cal techniques: the GB technique assisted by a modified
spacer block (m=61) or the traditional MR technique
(n=63). The inclusion criteria were patients who were
50-75 years old with primary knee osteoarthritis with
knee varus, who had a poor response to conservative
treatment and a severely impaired ability to perform
daily activities, and who had participated in a systematic
follow-up for at least 3 years. All patients underwent a
preoperative physical examination (to determine the col-
lateral ligament integrity through varus and valgus stress
testing with the knee at 20° of flexion) and radiographic
evaluation (standing full-length anteroposterior and knee
lateral X-rays). Patients who did not want to participate
in the study or who had collateral ligament dysfunction
and knee varus>20° were excluded. There were no sig-
nificant differences in baseline patient demographics

The femoral condyle
measuring device

Fig. 1 Modified spacer block tool for gap balancing (A) and 3Dmax drawings (B). The modified spacer block is a dumbbell-shaped metal module
with a flat bottom, comprised of a handle with a thickness of 10 mm in the middle and measuring units at both ends with a measuring gap range
of 6-15 mm. The femoral condyle measuring device was specially designed as a posterior reference aiming system with nail holes marked at 19, 21,
23 to represent the obtained flexion gap (19 mm, 21 mm, 23 mm), respectively. Its accuracy is T mm
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between the two groups in terms of age, sex, side of sur-
gery or preoperative BMI (Table 1).

Surgical procedure

All surgeries were performed by the same senior knee
arthroplasty surgeon using a posterior-stabilized TKA
prosthesis (XN, Chunlizhengda Medical Instruments Co.
Ltd., Beijing, China). Both groups used a median anterior
knee incision with a medial parapatella approach.

After the knee was exposed, the osteophytes were
removed, and the same intramedullary and extramedul-
lary guidance systems were used to perform distal femo-
ral and proximal tibial resections. Then, the GB and MR
techniques were used for the femoral rotation resection.

GB group

After completing the distal femur and proximal tibia
resection, sequential medial releases were performed
as required to create a rectangular extension gap, which
was verified by inserting a 19-mm traditional spacer
block (Fig. 2A). Then, the knee was flexed 90°. The meas-
uring units of the modified spacer blocks were sequen-
tially inserted into the medial and lateral joint space in
order from small to large. As the medial and lateral joint
spaces were stretched, the tension on the medial and lat-
eral ligaments gradually increased. When the tension of
the medial and lateral ligaments were balanced (under
valgus stress, the medial compartment was stretched
within 1 mm, and under varus stress, the lateral compart-
ment was allowed to be stretched by 1-2 mm; Fig. 2B),
the thickness of the two spacers determined the external
rotation resection angle of the femur (the angle between
the PCA and the cut tibial surface, Fig. 3B). Then, a spe-
cially designed condylar measuring device was placed on
the handle of the two spacers. Two temporary nails were
driven into the nail holes of the device (refer to the thick-
ness of the expansion gap that has been obtained, such
as mark “19”) to determine the AP position of the 4-in-1
resection block, and the size of the femoral component
was obtained by measuring the AP diameter of the con-
dyle (Fig. 2C). We also used the AP axis as an additional
visual reference to confirm the component rotation

Table 1 Patient demographics

GB group (n=61) MRgroup (n=63) Pvalue

Age (years) 64.89+£591 66.19+£4.87 0.182
Gender (female/ 38/23 42/21 0611
male)

Side (left/right) 25/36 24/39 0.742
BMI (kg/mz) 2638+2.73 26894279 0.308

BMI Body mass index
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(Fig. 2D). Next, an appropriately sized 4-in-1 resection
block was installed in the nail hole (Fig. 2E), and the block
was utilized to perform anterior, posterior, and chamfer
bone cuts. Finally, a rectangular flexion gap equivalent to
the extension gap was obtained (Fig. 2F). No soft tissue
was released after this step. The thickness of the medial
and lateral posterior condylar bone resection was meas-
ured with callipers in both groups.

MR group
The traditional posterior condylar referencing jig was
conventionally set to 3° of external rotation to the PCA
to determine the rotation of the femur [23]. In this pro-
cess, we paid special attention to whether the posterior
condyle had hypoplasia or erosion and rechecked that
rotation with the AP or TEA. After cutting the anterior,
posterior, and chamfered bones with the appropriate
4-in-1 resection block, the ligaments were released as
needed to balance the knee.

The following procedures for the two groups were the
same, mainly including the processing of the tibial keel,
patella and patella trajectory.

Postoperative management

No patients had drainage tubes placed. Prophylactic anti-
biotics were intravenously administered within 24 h after
surgery. Rivaroxaban (10 mg/day) was orally adminis-
tered for 21 days to prevent deep venous thrombosis in
the lower extremities. Two days after the operation, the
patient began to take the initiative to perform quadriceps
muscle contractions, CPM training, and ambulation with
a walking aid.

Outcome measures

Intraoperative data collection included the operative
time, blood loss, thickness of the cut posterior condyle,
and the angle of femoral rotation resection relative to the
PCA. (This value is the degree of rotation set on the ref-
erence jig in the MR group but in the GB group it is cal-
culated by the trigonometric function formula based on
the thickness of the medial and lateral modified spacers;
Fig. 3B.)

Patients were followed at 6 weeks, 6 months, 1 year,
and then annually. Any complication of the treatment
was recorded. Each clinical follow-up examination
included the range of motion (ROM), knee stabil-
ity tests (subjective varus—valgus stress testing can be
performed to assess the stability of the knee), and full-
length AP and lateral X-rays of the knee for radiological
evaluation. The hip—knee—ankle angle (HKA, Fig. 3C),
medial distal femoral angle (MDFA, the angle between
the distal articular surface and the mechanical axis of
the femur), medial proximal tibial angle (MPTA, the
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Fig. 2 Surgical technique (A-F). A The extension gap was evaluated for size and balancing by a traditional spacer block. B The modified spacers
were inserted in the joint space of the knee at 90° of flexion, and the tension of the medial and lateral ligaments were balanced. C The condyle
measuring device determines the size of the femoral prosthesis and the AP position of the 4-in-1 resection block. D Use the AP axis as an additional
visual reference to confirm the external rotation resection. E Install the 4-in-1 resection block. F A well-balanced flexion gap equal to the extension

gap was obtained

i

angle between the proximal articular surface and the
mechanical axis of the tibia) and joint line displacement
[24] (Fig. 3D) were measured by one reviewer blinded
to the surgical technique using a picture archiving and
communication system (PACS) presenting the preop-
erative and postoperative radiographs. Patients whose
mechanical axial alignment was not in the range of
180.0°+3.0° were considered as HKA outliers [25]. In
addition, the Knee Society Score (KSS) and the West-
ern Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) scores of patients preoperatively and
postoperatively at 6 weeks, 6 months and 2 years were
recorded.

Statistical analysis

All statistical analyses were performed using IBM SPSS
software version 21.0 (Chicago, IL, USA). Categorical
variables were compared with the Chi-square or Fisher’s
exact test. Student’s t test and Mann—Whitney U test were
adopted for continuous variables with normal and nonnor-
mal distributions to analyze the differences between the
two groups. Statistical significance was set at P<0.05.

Results

Patient outcomes

All patients were followed up. The follow-up time
ranged from 36 to 53 months, with an average of
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Fig. 3 Schematic diagram of measurement results. A The knee was flexed 90°, tension was not applied on both sides of the medial and lateral
compartment in flexion after the tibial resection was performed. B The modified spacers were inserted into the medial and lateral joint space
in flexion to balance the tension of the medial and lateral ligaments, and the external rotation angle of femur was also determined. C and D
Measurements of preoperative and postoperative J and the HKA® in full-length anteroposterior X-rays film. TR tibial resection line, FR posterior
femoral condyles resection line, a The difference between the thickness of the medial and lateral spacers, b The distance between the farthest
points of the posterior bicondylar, PCA the posterior condyle axis, The external rotation angle of femur= Arcsine a/b. J, J'(red line) is the length from
the adductor tubercle to the joint line (black line), The joint line displacement = preoperative J — postoperative J. The HKA ° (white line), the angle
between the center of the femoral head to the center of the knee and the center of the knee to the center of the ankle

39 months. There were no significant differences in
the ROM, KSS scores or WOMAC scores between the
groups at 6 weeks, 6 months, or 2 years post-surgery
(Table 2).

Complications

No patients in either group had undergone revision sur-
gery by the end of the last follow-up. After the surgery,
complications of knee anterior pain (2 knees) occurred in
the GB group (2/61), and slight postoperative knee lax-
ity (1 knee), knee anterior pain (1 knee), and peripros-
thetic joint infection (1 knee) occurred in the MR group
(3/63). There was no difference in the number of com-
plications between the two groups (Table 2). The post-
operative knee laxity patient in the MR group showed
slight valgus laxity in flexion, but he did not complain of
knee instability, and his clinical score was similar to that
of the other patients. One patient developed an acute
infection 28 days after implantation and was treated
with debridement and implant retention (DAIR), and he
had recovered at the 6-month follow-up. Three patients
with anterior knee pain caused by patellar arthritis were
relieved after taking Celebrex capsules for 3 months.

Radiographic analysis

The mean value of the postoperative mechanical
axis (HKA®) was 178.65°+1.30° in the GB group and
178.35°+£1.71° in the MR group (P=0.275). There was
no significant difference in the number of HKA outliers
between the two groups (P=0.795). The postoperative
MDFA (P=0.495) and MPTA (P=0.253) were simi-
lar between the groups. There was also no significant
difference in the joint line displacement between the
groups (P=0.270, Table 2).

Surgical outcomes

There were no significant differences between the
GB and MR groups in terms of the operative time
(P=0.075) or intraoperative blood loss (P=0.251,
Table 3). The angle of femoral rotation resection
relative to PCA in the GB group was statistically
greater than that in the MR group (4.06+1.10° vs.
3.194+0.59°, P<0.001). The thickness of the cut pos-
terior medial condyle was larger than that in the MR
group (9.72+0.84 mm vs. 9.254+0.62 mm, P=0.001).
In contrast, the thickness of the cut posterior lat-
eral condyle was similar in the two groups, measuring
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Table 2 Comparison of clinical parameters

Parameters GB group (n=61) MR group (n=63) P value
Preoperative HKA (°) 169.6243.10 170684340 0.082
Postoperative HKA 178.65+1.30 178344171 0.275
Qutliers (>3.0°) (%) 5(8.20) 6(9.52) 0.795
Preoperative MDFA (°) 90494241 91.08+261 0.195
Postoperative MDFA (°) 90.14+£1.18 90.31£1.51 0.495
Preoperative MPTA (°) 83.74+196 84.20+2.19 0.251
Postoperative MPTA (°) 89.65+1.09 89.40+1.27 0.253
The joint line displacement (mm) 1.38+£0.90 120087 0.270
Number of complications (%) 2(3.28) 3(4.76) 0515
Preoperative ROM (°) 96.07+£13.23 94.68+13.29 0.563
Postoperative ROM at 6 weeks 98.85+7.15 99.60+7.03 0.557
Postoperative ROM at 6 months 109.67 +8.44 108.17 +£8.81 0.347
Postoperative ROM at 2 years 114.02+£12.10 111.67£11.91 0.278
Preoperative KSS 445441348 45711266 0.618
Postoperative KSS at 6 weeks 7516+£7.67 7521+£8.13 0.976
Postoperative KSS at 6 months 88.33£4.01 87.59+£3.61 0.281
Postoperative KSS at 2 years 94.92 +£4.50 94.21+449 0.379
Preoperative WOMAC 60.30£10.11 62.76£9.42 0.162
Postoperative WOMAC at 6 weeks 36.80£6.96 37.84+£7.03 0411
Postoperative WOMAC at 6 months 26.03+£3.74 26.94+4.28 0.213
Postoperative WOMAC at 2 years 9.64£4.10 10.0£3.94 0618

HKA, Hip-knee-ankle angle; MDFA, the angle between the distal articular surface and the mechanical axis of the femur; MPTA, the angle between the proximal
articular surface and the mechanical axis of the tibia; ROM, range of motion; KSS, knee society score; WOMAC, Western Ontario and McMaster Universities

Osteoarthritis Index

Table 3 Intraoperative outcome

GB group (n=61) MR group (n=63) P value
Operative time (min) 762541243 80.25+ 1244 0.075
Blood loss (ml) 5533+£11.06 57.78+£12.50 0.251
External rotation of femur (°) relative to PCA 40641.10 3.194+0.59 <0.001
Posterior medial condyle cut thickness (mm) 9.724+0.84 9254062 0.001
Posterior lateral condyle cut thickness (mm) 6.914+0.71 7.08+£0.53 0.135

6.91+0.71 mm in the GB group and 7.08 £0.53 mm in
the MR group (P=0.137, Table 3).

Discussion

In this study, we evaluated the clinical effects of the gap
balancing technique based on a modified spacer block
and measured the resection technique through intraop-
erative indicators, postoperative X-ray findings, and clini-
cal scores.

One of the important findings was that the GB tech-
nique did not result in better functional outcomes or
clinical scores than the MR technique at the 3-year
follow-up. The ROM, KSS scores and WOMAC scores
between the two groups were very similar. Our results

are consistent with those of several other studies.
Moorthy et al. [26] came to a similar conclusion after
conducting a randomized controlled trial. They found
no significant differences in the functional scores or
the proportion of patients between the gap balancing
and measured resection groups who were satisfied at
6-month or 2-year post-surgery. Similar results were
also reported by Deng et al. [27]. They conducted a
retrospective study and concluded that gap balancing
performed with a new balancing device and PSI could
produce accurate femoral component alignment as well
as outcomes similar to those of the measured resec-
tion technique at 3 years. Previous researchers [11]
confirmed that there were indeed technical differences
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between GB and MR technology, but it was difficult to
detect any consistent superiority of either technology
by using functional outcome scores.

Another important finding was that the angle of fem-
oral rotation resection relative to PCA of the GB group
(4.06+1.10) was greater than that of the MR group
(3.19£0.59, P<0.05). While studies have reported that
a relative external rotation of 3 or 4 degrees relative to
the PCA will orient the AP femoral bone resections
perpendicular to the resected tibial surface [8], other
data have shown a wide anatomic variation in the rela-
tionship of the posterior condylar axis to the TEA [28].
Moon et al. and others have noticed that gap balancing
technology leads to more external rotation than meas-
ured resection technology [29, 30]. In addition, Yau
et al. [31] reported larger medially inclined (5° 4+ 3°) and
posterior condyle angles (5°£2°) of the knee for Chi-
nese patients than for Caucasians. From this, we infer
that this is also one of the reasons for the increase in
the femoral external rotation in the GB group. Another
important reason for abnormal femoral rotation with
GB technology is that the tibial cut is not perpendicular
to the tibial mechanical axis. Therefore, we were careful
with our resection technique when cutting the proxi-
mal tibia. The average value of postoperative MPTA in
both groups was close to 90°. In the GB group, there
were two patients with anterior knee pain, but it was
found that the source of pain was not a poor patellar
trajectory but patellar arthritis.

We also found that the bone resection from the poste-
rior medial condyle in the GB group was larger than that
in the MR group (9.72+0.84 mm vs. 9.25+0.62 mm,
P=0.001). Several studies have reached similar conclu-
sions on this point. In a comparative study of GB and
MR techniques in patients undergoing simultaneous
bilateral TKA, Tapasvi et al. [11] found that the GB tech-
nique requires a larger bone resection from the posterior
medial femur to achieve a rectangular flexion gap. The
resection of the posterior condyle with the GB technique
is greater than that with the MR technique, which has
been confirmed by Cidambi et al. [6]. It is worth men-
tioning that an increase or decrease in posterior condy-
lar bone resection leads to poor recovery of the posterior
condylar offset (PCO), which is one of the reasons for
post-surgery flexion instability after TKA [32]. However,
we found no cases of postoperative flexion instability in
the GB group.

Longo et al. proposed that if the joint line position
changes within the maximum range of 5 mm, the knee
stability will not change significantly [33]. In this study,
the joint line displacement of the two groups was similar,
and no cases where the position of the joint line changed
more than 5 mm were found.
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In our research, gap balancing technology based on
spacer blocks was chosen instead of tension devices
because we believe that the tools of our modified spacer
block have some additional advantages. First, it has a low
cost, a simple structure and a low probability of intraop-
erative failure. Second, it simulates the restoration of a
normal knee joint by temporarily replacing the cut bone
to obtain a more natural ligament balance. Third, the
implementation procedure of using spacer block tools
in GB technology is not as complicated as other ten-
sion devices or even computer-assisted navigation. The
surgeon does not have to actively consider how much
tension should be applied but passively feels the pres-
sure released by the soft tissue to adjust the balance of
the flexion gap, so we believe that the application of the
spacer block tool is simpler and more flexible. In addi-
tion, there is no need to release soft tissue after the com-
pletion of post-condylar resection with GB technology.
Therefore, we infer that combining these two favorable
factors can reduce intraoperative trauma and the opera-
tion time, which is beneficial to patients in early recovery.
In this study, although the average operation time and
blood loss of the GB group were lower than those of the
MR group, there were no significant differences between
the two groups, and more cases need to be observed.

Our study had several limitations. First, there is a lack
of accurate mechanical quantitative indicators; there-
fore, the size of the modified spacer relies entirely on the
surgeon’s experience. Second, this was a retrospective
study. The postoperative TKA position was not evalu-
ated with computed tomography (CT) scans, and we
could not compare the femoral component rotation angle
with bony markers. Third, it is not clear whether the new
spacer gap balancing tool can be used in cases of severe
varus and valgus or even severe extra-articular deformi-
ties, so additional research is necessary in these cases.
Finally, although patients in this study had a minimum
follow-up of 3 years, a better survival rate of the prosthe-
sis and a more comprehensive understanding of the effect
of the two surgical techniques can be observed over a
longer term.

Conclusion

This study shows that the functional outcomes of the gap
balancing technique based on the modified spacer are
similar to those of measured resection at 3 years. Com-
pared with the MR technique, the GB technique requires
a greater external rotation resection angle of the femur
and more posterior femoral condyle resections in the
application of TKA with knee varus. This set of innova-
tive and convenient spacer block tools can be taken into
consideration by surgeons who prefer gap balancing
techniques.
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