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Better PROMs and higher
return-to-sport rate after
modular bicompartmental knee
arthroplasty than after total knee
arthroplasty for medial and
patellofemoral compartment
osteoarthritis

Wang Deng, Hongyi Shao, Hao Tang, Qiheng Tang,
Zhaolun Wang, Dejin Yang™ and Yixin Zhou™®

Department of Orthopaedic Surgery, Beijing Jishuitan Hospital, Fourth Clinical College of Peking
University, Beijing, China

Background: Theoretical advantages of bicompartmental knee arthroplasty
(BKA) over total knee arthroplasty (TKA) for bicompartmental (medial
combined with patellofemoral) osteoarthritis (OA) are still unclear. This study
aimed to compare patient-reported outcome measures (PROMs) and return-
to-sport (RTS) rate between modular BKA and TKA in early follow-up.
Methods: Twenty-five consecutive modular BKA cases with a minimum 2-year
follow-up were matched with 50 TKA cases at 1:2 ratio. Demographic data and
preoperative functional scores, including the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and Knee Society Scores (KSSs),
were analyzed to ensure comparability. Postoperative WOMAC score, KSS,
range of motion (ROM), Forgotten Joint Score-12 (FJS-12), and RTS rates
were compared. Operative time and blood loss were also analyzed.

Results: Significant differences in the WOMAC-function (median 97.1 vs. 89.7,
p<0.001) and KSS-function (median 90.0 vs. 80.0, p =0.003) scores were
identified between the BKA and TKA groups. ROM was significantly greater in
the BKA group than in the TKA group (median 125.0° vs. 120.0°, p = 0.004),
in addition to the FJS-12 (median 89.6 vs. 53.1, p<0.001). The overall RTS
rate was significantly higher in the BKA group than in the TKA group (71.6%
vs. 56.5%, p=0.039). Operative time was significantly longer in the BKA
group than in the TKA group (median 105.0 vs. 67.5min, p<0.001), but
blood loss was similar (median 557.6 vs. 450.7 ml, p = 0.334).

Conclusion: Modular BKA demonstrated better functional recovery, better joint
perception, and higher RTS rate than TKA; thus, modular BKA can be a good
alternative for bicompartmental OA.
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bicompartmental knee arthroplasty, total knee arthroplasty, medio-patellofemoral,
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Introduction

Total knee arthroplasty (TKA), one of the most successful
surgeries in the past 40 years, relieves pain and restores
function in numerous patients with arthritis (1). However, as
many as 20% of these patients are unsatisfied with their
outcomes after TKA (2). Inherent in the design of TKA is the
replacement of all three compartments of the knee in a single
surgery, which inevitably compromises normal kinematics,
function, gait, and proprioception (3, 4). Notably, primary
(OA) accounts for over 95% of all TKA
procedures (1), while bicompartmental (medial combined

osteoarthritis

with patellofemoral) OA comprises as much as 28%-50% of
all TKA cases (5). This implies that the lateral compartment
and cruciate ligaments are sacrificed in numerous patients
when TKA is performed for bicompartmental OA. To
overcome the intrinsic shortcomings of TKA, bicompartmental
knee arthroplasty (BKA), a plausible alternative to TKA for
bicompartmental OA, has attracted great interest from surgeons
for several years, particularly for younger patients (6).

The primary advantage of BKA over TKA is less disruption
of the normal knee with preserved lateral compartment and
cruciate ligaments (7). The preservation of the anterior
cruciate ligament (ACL) is paramount for the maintenance of
the natural knee kinematic and proprioception (8-10), which
may lead to better clinical outcomes after BKA over TKA.
Moreover, as a less invasive procedure, BKA conforms to the
philosophy of rapid recovery and may result in fewer
perioperative complications (11). Revision surgery may also be
easier. However, whether BKA can provide a better functional
outcome over TKA has not been determined yet, and
conflicting evidence has been reported (12-16). Moreover, the
current goal of knee arthroplasty is not only to eliminate pain
and restore joint functions but also to return to daily activities
and, if possible, to sport (17). To the best of our knowledge,
the return-to-sport (RTS) rate has not been compared
between BKA and TKA.

Here, we performed a retrospective matched cohort study to
compare patient-reported outcome measures (PROMs) and the
RTS rate between patients who underwent modular BKA and
those who underwent TKA in early follow-up.

Methods
Patient selection

With the approval of our institutional review board, 26
consecutive modular BKA cases performed by one surgeon
between June 2015 and December 2018 at our hospital were
identified. One patient died of a heart attack 1 year after the
BKA procedure, with satisfactory knee outcomes. We matched
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the remaining 25 BKA cases with TKA performed by the
same surgeon during the same period at a 1:2 ratio. Written
informed consent has been obtained from all patients. The
inclusion criteria for the BKA and TKA cases were as follows:
(1) primary knee OA; (2) localized pain in the medial and
anterior regions of the knee; and (3) radiographically localized
OA features in the medial and patellofemoral compartments
in the standard anteroposterior, lateral, and axial views of the
knee (Kellgren-Lawrence level of the lateral compartment was
not higher than level II). The exclusion criteria for patients
were obvious deformities (flexion contracture >15° a fixed
varus or valgus deformity >15°), limited range of motion
(ROM <90°), and positive preoperative anterior/posterior
drawer test and varus/valgus stress tests (18). We also
excluded patients with any previous knee surgeries, including
osteotomy and arthroscopy around the index knee. Patients
with other diseases that may impair knee function, such as
Parkinson’s disease, stroke, heart failure, were also excluded.
To ensure comparability, we matched the BKA patient
group with the TKA group by matching criteria including
same gender, age within 3 years, body mass index (BMI)
within 3 kg/m? and operation date within 1 year. Finally, 50
TKA cases were included in the control group. Demographic
data, preoperative and McMaster
Universities Osteoarthritis Index (WOMAC) (ranging from 0
to 100, with higher scores indicating better results), American

Western  Ontario

Knee Society Score (KSS), and ROM were analyzed for
comparability. Preoperative coronal alignment was assessed
using the hip-knee-ankle angle (HKA), which is the angle
formed by the mechanical axis of the femur and the
mechanical axis of the tibia on full-length films. A positive
value indicates valgus alignment, whereas a negative value
indicates varus alignment.

Surgical technique

In all cases, spinal anesthesia was performed, and
tourniquets were used. The medial parapatellar retinacular
approach was performed after an anterior midline incision in
both groups. We performed intraoperative assessment for all
the scheduled BKA cases, including the status of cruciate
ligaments and degeneration of lateral compartment. If the
cruciate ligaments were assessed as ruptured or not
functioning properly or full-thickness articular cartilage
defects was observed in the lateral compartmental, the BKA
procedure would be given up and changed into TKA
procedure. A medial fixed-bearing unicompartmental implant
(Zimmer, Warsaw, IN, USA) and an onlay patellofemoral
implant (Zimmer, Warsaw, IN, USA) were combined and
used as the modular BKA prosthesis (Figure 1). The Genesis
IT posterior-cruciate-retaining knee arthroplasty system (Smith

& Nephew, Memphis, TN, USA) was used in the TKA group.
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FIGURE 1
Postoperative knee radiography of patients who underwent BKA. (A)
Anteroposterior view; (B) lateral view.

Patellar resurfacing was performed in 11 cases in the BKA group
and one case in the TKA group, and the remaining patients
underwent osteophyte removal, smoothing of cartilage and
patellar denervation according to the degenerative level of the
patellar articular cartilage during surgery. In our practice, we
commonly perform osteophyte removal, smoothing of
cartilage of patella and patellar denervation in primary TKA
or BKA instead of patellar resurfacing due to the concern
about the risk of patellar fracture or implant loosening. If the
degenerative level of the articular cartilage is severe, we
performed patellar resurfacing no matter in TKA or BKA
cases. No-thumb test was used to assess whether there is a
tendency of dislocation and subluxation of the patella, and
lateral patellar retinaculum was released appropriately if
needed. For patients in which release of the lateral patellar
retinaculum still could not reach the no-thumb test standards,
we commonly trimmed the cartilage surface of the patella and
reshaped the patella to make sure the patellar ridge was
properly displaced medially and laterally to reach no-thumb
test standards. All patients underwent a standard recovery
plan with 3-5 days in the hospital for primary pain control
and physical recovery. After being discharged from the
underwent the same at-home

hospital, all patients

rehabilitation program.

Outcome assessment

PROMs
The postoperative WOMAC scores and KSSs collected
during the latest clinical visits were retrieved from the follow-
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up database. The KSS-knee was assessed by an experienced
independent evaluator. The sub-score and total WOMAC
were calculated, with a transformed score ranging from 0
(worst outcome) to 100 (best outcome). The Forgotten Joint
Score-12 (FJS-12), which focuses on the joint perception after
arthroplasty, was also used to measure the high performance
level of the knee (19, 20).

Return-to-sport (RTS) rate

The patients were asked to list the sports they took part
in “before the onset of restricting symptoms,” and if they
had returned to these sports (21). We define the RTS as
returning to the sport with similar or higher frequency per
week or similar/longer duration per time. If they answered
“returned,” the returned sports were recorded. If they
answered, “not returned,” then the reasons were identified.
The RTS rate was compared between the two groups. Any
new sports performed after knee arthroplasty were also
recorded.

Operative time and blood loss

Operative time was retrieved from the medical records and
compared between the two groups. Blood loss was calculated
based on the height, weight, sex, drop in hemoglobin level,
and blood transfusion following a previously reported
formula (22).

Statistics analysis

Continuous variables were expressed as mean with range or
median with interquartile range (IQR) and were compared
using Student’s f-test or Mann-Whitney test according to the
Shapiro-Wilk test of normality. Categorical variables were
compared between the two groups using the chi-square test or
Fisher’s exact test. SPSS version 23.0 (IBM, Armonk,
New York, USA) was used to perform statistical analyses, with
P <0.05 as the statistically significant threshold.

Results
Preoperative baseline information

Results of preoperative demographic data, functional scores
(WOMAC scores, KSSs), and alignment demonstrated the
comparability of the BKA and TKA groups (Table 1). There
was no significant difference between the preoperative ROM
(p=0.890), and the two groups showed similar coronal
alignment, as assessed by the HKA angle (p=0.291).
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TABLE 1 Comparison of demographic and preoperative data between
the BKA and TKA groups.

Preoperative parameters BKA (n=25) TKA (n=50) p

Age, years® 60.0 £ 8.0 62.2+6.1 0.198
Male” 14 (56.0%) 28 (56.0%) 1.000
BMI, kg/m** 26.1£3.0 26.5+2.5 0.548
WOMAC* 549+122 58.6+12.6 0.223

WOMAC-pain® 55.0 (50.0,70.0)
50.0 (50.0,75.0)
54,18 +13.51
59.0 (44.5, 66.5)
50.0 (50.0, 60.0)

120.0 (90.0,120.0) 117.5 (100.0, 125.0) 0.890

60.0 (50.0,70.0)  0.170
WOMAC-stiffness* 62.5 (50.0, 62.5) 0.191
WOMAC-function®

KSS-knee®

58.29 +14.49 0.239
61.0 (50.5, 68.25)  0.336
KSS-function®
ROM (degree)®
HKA (clegree)c’d

50.0 (50.0, 60.0)  0.807

—6.8 (—7.8, =45) —7.1 (9.5 —4.9) 0.291

BKA, bicompartmental knee arthroplasty; TKA, total knee arthroplasty; BMI,
body mass index; WOMAC, Western Ontario and McMaster Universities
Osteoarthritis Index; KSS, Knee Society Score; ROM, range of motion; HKA,
the hip-knee-ankle angle.

?Mean value with standard deviation (SD)and compared by Student's T-test.
PCompared by Chi-square test.

“Median value with interquartile range and compared by Mann-Whitney test.
9Negative value indicates the varus alignment.

PROMs

The median follow-up time was 4.8 years in the BKA group
and 4.6 years in the TKA group, respectively. After a similar
follow-up period, no revisions occurred in either group.
The WOMAC score in the BKA group was better than that in
the TKA group (p<0.001, Table 2); the same was true
for the WOMAC-function score (p<0.001). The KSS-

TABLE 2 Comparison of postoperative data between the BKA and TKA
groups.

Postoperative BKA TKA p
parameters”

Follow up (year) 4.8 (2.3,5.2) 4.6 (2.3 5.6) 0.450
WOMAC 97.9 (92.7, 100.0) 91.7 (88.3, 95.8) <0.001
WOMAC-pain 95.0 (100.0, 100.0) 100.0 (100.0, 100.0) 0.509
WOMAC-stiffness 100.0 (100.0, 100.0) 93.8 (75.0, 100.0) 0.003
WOMAC-function 97.1 (91.9, 100.0) 89.7 (853, 94.1) <0.001
KSS-knee 100.0 (91.5, 100.0) 95.0 (88.8, 99.3) 0.045
KSS-function 90.0 (80.0, 100.0) 80.0 (70.0, 90.0) 0.003
FJS-12 89.6 (59.4, 96.9) 53.1 (43.2, 73.4) <0.001
ROM (degree) 125.0 (120.0, 130.0)  120.0 (110.0, 125.0) 0.004
HKA (degree) 2.1 (=52, -1.3) —1.8 (=38, 0.1) 0.291

BKA, bicompartmental knee arthroplasty; TKA, total knee arthroplasty;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index;
KSS, Knee Society Score; FJS-12, Forgotten joint score-12; ROM, range of
motion; HKA, the hip-knee-ankle angle.

The bold values indicated the p value was <0.05.

?Median value with interquartile range and compared by Mann-Whitney test.
PNegative value indicates the varus alignment.
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function score in the BKA group was also significantly better
than that in the TKA group (p=0.003). In the BKA group,
the ROM was greater (p=0.004) and the FJS-12 was higher
(p<0.001). No cases in
component loosening, and no progression of OA severity was

either group demonstrated
identified radiographically in the BKA group. Comparison
between BKA with or without patellar resurfacing indicated
that there was no difference in terms of postoperative
WOMAC score (p=0.647), KSS-function score (p=0.244)
and FJS-12 (p = 1.000).

Return-to-sport rate

Preoperative and postoperative sports activities were
identified in the two groups (Figure 2). The overall RTS rate
was higher in the BKA group (71.64% vs. 56.45%, p =0.039)
(Figure 3). Protection of knee was the main reason for the
failure of RTS in both groups, whereas the proportions of
different reasons in the two groups differed (p=0.028)
(Table 3). Limited function took much higher proportion in
TKA group (31.5%) than that in BKA group (5.3%) (p=
0.008). There was no difference detected between BKA with
or without patellar resurfacing in terms of RTS rate (66.7% vs.
75.0%, p =0.458).

Operative time and blood loss

The operative time for the BKA group was significantly
longer than that for the TKA group (median 105.0 vs.
67.5 min, p <0.001) (Table 4). No difference was observed in
the calculated blood loss between the two groups (p =0.334).
Only one transfusion amounting to 800 ml of packed red
blood cells occurred in the TKA group, which was for a case
of simultaneous bilateral TKA. No complications, including
infection, thrombosis, or anesthesia-related complications,
occurred in either group.

Discussion

Our study showed that modular BKA may lead to improved
PROMs and a higher RTS rate than TKA for bicompartmental
OA. Moreover, better ROM and joint perception were observed
after modular BKA than after TKA. Although the surgical time
was longer in the modular BKA procedure than in TKA, blood
loss and perioperative complications were similar.

Our results are consistent with those of Parratte’s study (14).
Modular BKA showed better functional performance in both
of KSSs.
Furthermore, patients in the BKA group showed improved

our study and Parratte’s report in terms

functions, as assessed by the WOMAC-function score in this
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TABLE 3 The reasons for failed return-to-sport (RTS) between the BKA
and TKA groups.

Failed RTS in
BKA (n=19")

Reasons for
failed RTS®

Failed RTS in P
TKA (n =54

Protection of knee 14 (73.7%) 18 (33.3%) 0.028*

Pain after sport 3 (15.8%) 10 (18.5%)
Limited function 1 (5.3%) 17 (31.5%)
Comorbidity 1 (5.3%) 7 (13.0%)
Other 0 (0.0%) 2 (3.7%)

BKA, bicompartmental knee arthroplasty; TKA, total knee arthroplasty.

The bold values indicated the p value was <0.05.

Fisher exact test between all the different reasons.

®The number of sports activities failed to return.

“Comparison between protection and limited function (p=0.008<0.01;
Bonferroni correction).

TABLE 4 Comparison of operative time and blood loss between the
BKA and TKA groups.

Parameters® BKA TKA P
Operative time (min) 105.0 (90.0, 125.0) 67.5 (60.0, 90.0) <0.001
Calculated blood loss (ml)  557.6 (384.2, 688.9)  450.7 (359.0,683.3)  0.334

BKA, bicompartmental knee arthroplasty; TKA, total knee arthroplasty.
The bold values indicated the p value was <0.05.
?Median value with interquartile range and compared by Mann-Whitney test.

study and the KOOS sports score in Parratte’s study. Better
functional recovery and mechanical performance after BKA
than after TKA is also supported by previous kinetic analyses
(23-25). In these models, knee mechanics during weight-
bearing flexions, stand-to-sit movement, and step ascent and
descent after BKA were more similar to those in healthy
controls than after TKA (23, 24). Quadriceps strength after
BKA was comparable to that of healthy controls and nearly
20% greater than that after TKA (25).

In contrast to our study, some previous studies demonstrated
that BKA and TKA had similar functional scores and
comparable functional performance (12, 15, 16). This could be
due to various factors; implant choice was the first reason to
be taken into account. In monolithic BKA, poor results and a
high revision rate may be due to the limited size choice and
variability in morphology of the distal femur (13). Given that
it is technically challenging to achieve optimal sizing, position,
and balancing for the two compartments, using a monolithic
implant is not advisable. In modular BKA, inconsistency of
the clinical outcomes may also be due to the different
implants used. Different designs of the patellar components in
our study (onlay-design) compared to those in other studies
(inlay-design) may be the reason for the conflicting results (12,
15, 16, 22). The onlay-design components are recommended
as they have demonstrated better functional outcomes,
improved patellar tracking, and lower failure rate (26).
Therefore, defects in the former implants, instead of the BKA
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procedure itself, may have led to the underestimation of
functional improvement after BKA. New generation modular
implants for BKA have shown excellent functional results (27,
28). Another reason for the inconsistencies across studies may
be discrepancy in the inclusion criteria for modular BKA in
these studies. The consistency of the BKA group in Biazzo’s
study was greatly impaired because of the inclusion of the
lateral with
arthroplasty. In addition, the implants used were diverse (29).

compartment  combined patellofemoral
The third possible factor is the incomparability of preoperative
parameters, such as significantly different preoperative ROM
in Shah’s study or mean age in Tan’s report, which may
confound the factors analyzed in these studies (30, 31).

Aside from clinical function, differences in subjective feeling
after BKA and TKA is of interest; “forgotten status” was
considered the ultimate goal of arthroplasty (19). This status
may indicate improved kinematics and proprioception, which
plays an important role in function and the avoidance of
falling after arthroplasty (4). The sensor role of cruciate
ligaments has been proven and absence of ACL will lead to
reduced proprioception and kinesthesia, abnormal patterns of
muscle activity (32-34). In theory, more mechanoreceptors
are preserved in BKA. However, no direct studies comparing
proprioception after BKA and TKA have been performed.
Three BKA cases in our study achieved the “fully forgotten”
knee (FJS-12 score =100), which is lower than other reported
data where “fully forgotten” status was achieved in 20 out of
34 patients (14). However, 12 of the 25 cases in the BKA
group in our study scored >90 points on the FJS-12, and the
rate was significantly higher than that in the TKA group
(2/50), demonstrating the advantage of modular BKA over
TKA in terms of joint awareness. This may be due to the
modular BKA better preserving soft tissue, ACL, and stronger
quadriceps strength, which have been reported to improve
postoperative stability and joint unawareness of the knee (4, 35).

Another important finding of this study was that the RTS
rate was higher after BKA than after TKA. In a recent meta-
analysis, better RTS after unicompartmental knee arthroplasty
(UKA) (75% to over 100%) was observed than after TKA
(36%-89%) (36). As an important constituent of BKA,
patellofemoral arthroplasty (PFA) also showed a high RTS
rate. Return to previous preferred activity after PFA was
reported by 72.2% of patients, and 52.8% reported returning
to the same activity level or higher (37). Based our data and
previous publications, we believe BKA, the combination of
UKA and PFA, did not lead to a lower RTS rate than UKA
or PFA alone. This confirmed the minimal invasiveness of
BKA. We also found that the reasons for failure of RTS were
different between the two groups. Limited function caused
31.5% of the failure to RTS in the TKA group, while the
counterpart in the BKA group was only 5.3%, confirming
improved functional recovery after BKA compared to TKA.
The RTS restricted by protection of the knee in the BKA
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group was high and could be further reduced under appropriate
encouragement and sports instruction.

Admittedly, the mean operative time for modular BKA
procedures was significantly longer than that for TKA. This
makes sense considering the complexity of the modular BKA
procedure and the proficiency of the TKA procedure for
surgeons who have performed a large number of TKA cases.
This result has also been confirmed by other studies (29, 30).
Although the surgeon is familiar with both unicompartmental
knee and patellofemoral arthroplasty, a learning curve still
exists for modular BKA as it is a technically demanding
intervention, and operative time may decrease with practice.
Although the operative time for modular BKA was longer,
there was no increased risk of perioperative complications or
increased blood loss.

Our study has several limitations. The first is the lower
proportion of patients in the TKA group underwent patellar
resurfacing. However, all the cases in both groups went
through patellar denervation and a recent network meta-
analysis which included 18 randomized controlled trials (RCT)
or quasi-experimental studies supported that there was no
difference in pain score nor functional performance after TKA
with patellar denervation or patellar resurfacing (38). Moreover,
a recent meta-analysis of RCTs showed that patellar resurfacing
itself only increased by 1.67 in the KSS-function score in TKA,
which is too small to be clinically significant (39). Our data
of
postoperative scores and return-to-sport rate between BKA

also confirmed there was no difference in terms

cases with or without patellar resurfacing. Based on these
and data,
comparability between the two groups. Second, most of the

studies this limitation may not impair the
sports in the included patients were of low to medium impact
level, which did not reflect the possible difference in high-
impact sports. To the best of our knowledge, this is the first
study to compare the RTS between BKA and TKA procedures,
and we found a difference in RTS between the two groups. At
last, the sample size in this early follow-up study was
comparatively small. Prospective comparative studies with
larger sample sizes and long-term follow-up should be
conducted to further confirm the findings of the current study.

Conclusion
BKA demonstrated better PROMs and higher RTS rates

than TKA, indicating that BKA is a good surgical alternative
for the treatment of bicompartmental OA.
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