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Background: Alignment correction is crucial for sustaining longevity and function in total knee arthro-
plasty (TKA). Although the posterior cruciate ligament (PCL) is a secondary stabilizer in the coronal plane,
there have been few reports on the effects of PCL resection on varus correction. The study aimwas to assess
the effect of PCL resection performed using computer-assisted surgery (CAS) on varus correction in TKA.
Methods: From April 2019 through January 2021, patients with varus deformity of <20� and grossly
intact PCLs were included. We used CAS to measure varus correction and gap change after PCL resection
during CAS-TKA.
Results: Twenty-four female and eightmale patients (40 operated knees)were included. Themean agewas
68.7±9.0 years, and themeanBMIwas 26.5±3.7 kg/m2. Themeanpreoperativemechanical alignmentwas
varus 5.7� ± 2.5�. We found that 1.4� ± 0.6� of varus correction occurred after PCL resection (P < .05). The
mean extension and flexionmedial-side gap increases were 0.4mmand 2.0mm, respectively (P< .05). The
mean extension and flexion lateral-side gap increases were 0.4 mm and 1.6 mm, respectively (P < .05).
Conclusion: PCL resection during TKA resulted in a small degree of varus correction. The flexion gap was
larger when the PCL was resected. These effects were predictable, so surgeons should be aware of these
findings while performing TKA.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Total knee arthroplasty (TKA) provides long-term beneficial
outcomes [1,2]. Survival of the TKA is typically 15 to 20 years;
however, inappropriate soft-tissue balance and alignment resto-
ration are important factors that could lead to instability and cause
subsequent revision arthroplasty [1-4]. Posterior cruciate ligament
(PCL) resection results in a joint-gap change during TKA as shown
in previous studies, with some variation in results. Oshner and
Johnson showed that there was an equal increase in both the
flexion and extension gaps after PCL resection [5]. However, more
studies have reported an increased flexion gap without extension
gap change [5-10]. Mihalko and Krackow showed results of PCL
resection which effected only flexion gap [6]. The mean flexion gap
increased after PCL resection was 5.3 ± 1.9 mm (range, 3.2-9.1 mm)
[6]. Results from another recent study also showed significant
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increase of flexion gap (1.3-2.1 mm) with minimal change of
extension gap (0.2-0.3 mm) [10].

Since the PCL is a secondary coronal-plane stabilizer, PCL resection
may result in coronal-alignment changes as well. Mihalko et al.
studied the effect of PCL resection after medial soft-tissue release on
deformity correction and showed that PCL resection was able to
correct varusdeformity, but that studyuseda cadavericmodel [11,12].

The study aim was to examine the effect of PCL resection on
coronal-alignment correction and gap change in TKA. We used
computer-assisted surgery (CAS) to record data in this study
because it could accurately detect small gap changes of 0.1 mm and
angular changes of 0.1� [13-15]. The hypothesis of this study was
PCL resection provides an increase in flexion gap with minimal
degree of varus correction.
Material and methods

This study was approved by the institutional ethics committee
(COA 069/61) of our institution and followed the principles in the
Declaration of Helsinki. Informed consent was obtained from all
patients.
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Figure 1. Actual screen of varus alignment and full extension gap measurement.
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Patients

We prospectively collected data from patients who underwent
primary CAS-TKA at our institution from April 2019 to January
2021.The inclusion criteria were an intact PCL determined from the
patients’ histories and physical examinations. The exclusion criteria
included intraoperative varus deformity >20� measured by CAS or
intraoperative findings of partial or complete PCL tear. Patients
with valgus osteoarthritis of the knee or secondary osteoarthritis of
the knee were also excluded from this study.

Statistical analysis

Comparisons of the continuous variables were made by per-
forming the paired t-test. P values of <.05 were considered to be
Figure 2. Actual screen of flexio
indicative of statistical significance. Analyses were performed by
using IBM SPSS Statistics for Windows software, version 26 (IBM
Corp., Armonk, New York).
Surgery and measurement

All operations were performed by one senior joint specialist by
using computer-assisted TKA and the mid-vastus approach. A
computer navigation system version 2.6 (Brainlab, Munich, Ger-
many) was used in every case. After the mid-vastus approach, fol-
lowed by anterior cruciate ligament resection, minimal medial soft-
tissue release, and osteophyte removal for adequate exposure, one
intra-incisional femoral pin and 2 extra-incisional tibial pins were
inserted for CAS trackers. References of bone resection with CAS
n gap at 90� measurement.



Figure 3. Tensioning device.
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were based on intact articular surfaces. We used balance-gap
workflow because it allowed us to measure (1) varus alignment,
(2) the full extension joint gap, and (3) the flexion joint gap at any
degree. Preoperative data, including knee alignment and flexion
contracture, were recorded. A proximal tibial cut was made
perpendicular to mechanical axis with 3� of tibial slope. At this
point, if an inadvertent PCL injury was found, the patient was then
excluded from the study.

After PCL competency was assessed, we inserted a tensioning
device (Knee Balancer; DePuy, Johnson and Johnson, IN), which
consistently maintained a distraction force (Fig. 1) of 220 N to
create equal tension space for data recording. Next, we recorded the
alignment and gap of the knee at full extension, 30�, 60�, and 90� of
flexion by using CAS (Figs. 2 and 3).

After measurement, we completely resected the PCL from the
femoral origin and tibial insertion. Completeness of resection was
confirmed by palpation of the PCL on knee extension and flexion
under tension. Measurement of the alignment and gap were
repeated by using the same technique as described previously.
After that, soft-tissue release to correct the coronal deformity was
Table 1
Demographic data (32 patients, 40 knees).

Age (y) 6
Gender
Male 8
Female 24

BMI (kg/m2) 2
Kellgren and Lawrence stage
III 13
IV 27

Side
Right 21
Left 19

Preoperative HKA anglea (degree) 5.7� ± 2
Range of motion (degree) 103.5� ± 7
Flexion contraction (degree) 9.0� ± 3
Postoperative HKA anglea (degree) 2.2� ± 2
Postoperative HKA outlierb 4

HKA, hip-knee-ankle.
a Positive value refers as varus alignment.
b Outlier determine by deviation of HKA axis more than 3 degrees.
performed, and coronal alignment was checked using the
tensioning device. Then, femoral rotation was determined using a
soft-tissue tension guide, and femoral preparation was carried out.
Trial prostheses were inserted, and final alignment was checked
using CAS. The patella was resurfaced in all patients. The tourniquet
was only used during cementation, which took several minutes.
Finally, a drainwas not used, and soft-tissue closure was performed
in a layered fashion. All patients went through the same standard
rehabilitation program after the operation.

Results

Therewere 40 knees of 32 patients included in this study. Staged
bilateral TKA was performed in 5 female and 3 male patients. The
mean patient agewas 68.7 years (59.0-78.0 years), themeanweight
was 65.1 kg (54.9-75.2 kg), the mean height was 156.5 cm (149.9-
163.1 cm), and the mean BMI was 26.54 kg/m2 (22.9-30.2 kg/m2).
The mean preoperative varus deformity relative to the mechanical
axis measured by CAS was 5.7� (3.1�-8.2�), the mean range of
motion was 5.7�-110.0�, and the mean flexion contracture was 9.0�
8.7 (59.0 to 78.0) Mean (range)

/32 (25.0%)
/32 (75.0%)
6.5 (22.9 to 30.2) Mean (range)

/40 (32.5%)
/40 (67.5%)

/40 (52.5%)
/40 (47.5%)
.5� (2.5� to 13.5�) Mean ± SD (range)
.9� (90.0� to 120.0�) Mean ± SD (range)
.7� (2.0� to 15.0�) Mean ± SD (range)
.1� (�2.1� to 6.5�) Mean ± SD (range)
/40 (10%)



Table 2
Results prior and following posterior cruciate ligament resection.

Full extension 30� flexion 60� flexion 90� flexion

Alignment
(degree)

Medial gap
(mm)

Lateral gap
(mm)

Medial gap
(mm)

Lateral gap
(mm)

Medial gap
(mm)

Lateral gap
(mm)

Medial gap
(mm)

Lateral gap
(mm)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Pre-PCL
resection

5.7� (2.5�) 7.6 (2.0) 9.2 (2.0) 8.9 (2.0) 11.0 (2.4) 7.3 (2.1) 9.9 (2.2) 6.3 (2.0) 9.2 (2.1)

Post-PCL
resection

4.3� (2.6�) 8.0 (1.7) 8.8 (2.1) 9.3 (1.9) 11.1 (2.3) 8.3 (2.1) 10.5 (2.3) 8.3 (2.3) 10.8 (2.2)

Difference 1.4� (0.6�) 0.4 (0.9) 0.4 (1.0) 0.4 (0.5) 0.1 (0.9) 1.0 (0.8) 0.6 (0.9) 2.0 (1.7) 1.6 (1.2)
P value <.05 <.05 <.05 <.05 .387 <.05 <.05 <.05 <.05
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± 3.5�. All demographic data and preoperative data of the patients
are shown in Table 1.

We found small but consistent changes in varus angulation after
PCL resection. Varus alignment was reduced after PCL resection
from amean of 5.7� ± 2.5� to 4.3� ± 2.6�. The mean varus alignment
reduction was 1.4� ± 0.6�. The difference between varus angulation
before and after PCL resection was statistically significant (P < .05)
(Table 2). Both the flexion gap and extension gap increased after
PCL resection. There were significant increases in the flexion gaps
after PCL resection on both the medial and lateral sides at 90� knee
flexion (2.0 ± 1.7 mm, P < .05, and 1.6 ± 1.2 mm, P < .05, respec-
tively). The extension gaps also significantly increased after PCL
resection on both the medial (0.4 ± 0.9 mm, P < .05) and lateral
sides (0.4 ± 1.0 mm, P < .05). Nevertheless, the flexion gap
increased more than the extension gap (Table 2). The mean post-
operative hip-knee-ankle angle was varus 2.2� as shown in Table 1.

Discussion

Gap balance and alignment correction are essential factors that
determine long-term successful outcomes in TKA. Although various
alignment correction techniques have been reported, PCL resection,
which is commonly performed, has not been widely discussed.
Thus, we conducted this study to determine the effect of PCL
resection on gap and alignment from April 2019 through January
2021. Our study results showed consistent varus alignment
correction after PCL resection, and our mean varus correction of
1.4� ± 0.6� was similar to that of a previous study, which reported
that PCL resection decreased varus angulation by about 1.7� in full
extension [11]. The effect of varus correction from PCL resection is
similar to previous results from downsizing and lateralizing the
tibial tray [12,16,17] but is smaller than the effect of medial soft-
tissue release [18]. Based on the results of this study, PCL resec-
tion alone could be useful to correct only a mild degree of varus
alignment with predictable results. However, if combined with
other methods, PCL resection could be used to correct more severe
varus deformities. As shown in our study, varus alignment could be
corrected from 5.7� ± 2.5� (mean ± SD) to 2.2� ± 2.1� (mean ± SD).

Apart from alignment correction, gap change was an additional
effect from PCL resection. Our study showed that PCL resection
increased themean flexion gapmore than the extension gap, which
is similar to the findings of previous reports, although the change in
the flexion gap was smaller because of the different protocols used
[10]. Resection of PCL after soft-tissue balance, especially superficial
medial collateral ligament release, could result in a larger degree of
flexion gap change [19,20]. We noticed a change in the femoral
rotation after PCL resection as well with a larger increase in the
flexion gap on the medial side. In our practice, we also observed a
cumulative effect of varus correction when PCL resection was
combined with other techniques, such as downsizing and lateral-
izing the tibial tray and posteromedial soft-tissue release. A lesser
percentage of superficial medial collateral ligament release was
needed for correction of moderate to severe varus when all afore-
mentioned techniques were combined. As polyethylene insert
(ultracongruent insert) with a higher level of constraint was
available for cruciate retaining design with favorable outcomes
[21-23], PCL resection may be useful to correct varus deformity
even in the case of cruciate retaining TKA implanted with ultra-
congruent insert.

This study had several strengths. Although the correction of
varus deformity was small, it was consistent and statistically sig-
nificant. All the cases in our series showed some degree of varus
correction after PCL resection. Few clinical studies have focused on
alignment after PCL resection. The study was also conducted in
primary varus osteoarthritis knee patients who had undergone
TKA, so they were better subjects than cadavers. Furthermore, we
used CAS to record the change in alignment and gap to provide high
accuracy. Hence, we believe that PCL resection could be useful in
correcting varus deformity in TKA.

Conclusions

PCL resection during TKA resulted in a small degree of varus
correction. Although PCL resection alone to correct moderate to
severe varus deformity was not justified, it is a viable option in
conjunction with other varus correction procedures to achieve a
cumulative effect. PCL resection also caused a larger flexion gap, so
surgeons should be aware of this effect when performing TKA.
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