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Abstract

Background Total knee arthroplasty (TKA) is a widely performed surgical intervention for symptomatic knee osteo-
arthritis (OA). However, the influence of coronal plane alignment on clinical outcomes remains unclear. This study
evaluates whether alterations in the coronal plane alignment of the knee (CPAK) classification, using the same implant
system, affect postoperative outcomes in patients undergoing robotic-assisted TKA.

Methods We conducted a retrospective review of 202 patients who underwent primary robotic-assisted TKA
between 2019 and 2023 using NAVIO or CORI systems and Journey Il implants. Patients were classified based

on changes in CPAK classification and functional outcomes assessed using the Knee Society Score (KSS) and Knee
Society Function Score (KSFS) at multiple postoperative time points. Statistical analyses compared outcomes
between groups with changed and unchanged CPAK.

Results A total of 202 patients were included. Preoperative demographic characteristics were comparable

between groups. Functional outcome scores at 6 weeks, 3 months, 6 months, and 12 months postoperatively showed
no significant differences between the changed CPAK group and the unchanged CPAK group (p > 0.05 for all com-
parisons). Subgroup analyses further revealed no statistically significant disparities in functional outcomes based

on the type or degree of CPAK changes.

Conclusion Our findings suggest that changes in coronal plane alignment do not adversely affect functional out-
comes following robotic-assisted TKA. This implies that alignment strategy may be less critical to patient satisfaction
and functional recovery than previously assumed. Implant-induced alignment changes may contribute to compa-
rable clinical outcomes and could be a key factor in patient recovery. Understanding the relationship between CPAK
changes and clinical outcomes can inform best practices in knee arthroplasty, ultimately enhancing patient satisfac-
tion and quality of life post-surgery.
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linearly after 40 years of age [1]. A nationwide popula-
tion-based study in China reported an 8.1% incidence
rate of symptomatic knee OA in 2015, with prevalence
increasing with age [2]. In the United States, over 32.5
million people are affected by OA, particularly those over
45 years old [3]. Globally, the pooled global prevalence of
knee OA was 16% among individuals aged 15 and older
and 22.9% among those aged 40 and over [4]. While
TKA effectively alleviates pain and restores mobility in
OA patients, optimizing surgical approach and knee
alignment techniques remains a primary research focus.
Accurate knee alignment is crucial, as it is associated
with disease progression, functional decline and postop-
erative functional outcome [5]. Recent advancements in
imageless robotic-assisted TKA systems, including the
CORI and NAVIO Surgical Systems by Smith & Nephew,
have improved alignment accuracy through real-time vir-
tual 3D planning tailored to patients’ unique knee anat-
omy [6].

The coronal plane alignment of the knee (CPAK) clas-
sification system has emerged as a structured framework
to better categorize patients’ knee alignment pre- and
post-operatively [7]. CPAK classifies patients into one
of nine groups based on measurements of the medial
proximal tibial angle (MPTA) and lateral distal femoral
angle (LDFA). Joint line obliquity (JLO) and arithme-
tic hip-knee-ankle angle (aHKA) are derived from these
measurements, enabling assessment of coronal plane
deformity type and severity. This system also supports
preoperative planning for appropriate surgical strategy
and implant selection, guides intraoperative alignment
restoration and evaluates postoperative outcome.

However, the clinical impact of altering a patient’s
native joint line and CPAK classification remains con-
troversial. Agarwal et al. found that modifying the native
joint line does not significantly affect postoperative sat-
isfaction [8]. Similarly, Al-Abbasi et al. reported that no
demonstrable difference in patient-reported outcome
measures (PROMs) and survivorship related to the
change in phenotype [9]. On the contrary, Konishi et al.
concluded that changes in varus/valgus alignment nega-
tively predicted outcomes on both the Knee Injury and
Osteoarthritis Outcome Score (KOOS-12) and the For-
gotten Joint Score (FJS-12) [10]. These mixed findings
underscore the complexity of knee biomechanics and the
lack of consensus on alignment standards in TKA.

Implant design philosophies vary across manufactur-
ers, with recent designs focusing on replicating natural
knee biomechanics. Multiple factors including range of
motion, modularity, insert fixation and geometrical con-
gruence between articulating surfaces are critical consid-
erations. While early knee implant designs focused on
achieving stability and durability, the recent evolution
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of knee designs aimed to preserve physiological knee
motion and incorporate more anatomical features. The
Journey II System (Smith & Nephew), for instance, aims
to restore the midline anterior—posterior position and 3°
varus joint line found in healthy knees [12]. This system
potentially improves ligament tension and reduces para-
doxical motion to better accommodate the biomechani-
cal variations in individuals [12].

Historically, neutral mechanically aligned (MA) TKA
has been the standard approach in TKA, involving the
placement of implants perpendicular to the mechani-
cal axis of both the tibia and femur [13]. While MA has
been shown to promote implant survivorship and favour-
able clinical outcomes, it may not accurately replicate the
native knee alignment and joint line orientation unique
to each individual, which often deviates from the neutral
mechanical axis. Kinematic alignment (KA) has emerged
as a potential alternative, aiming to restore the patient’s
natural and pre-arthritic alignment, thereby potentially
improving gait and overall knee function [14]. Addition-
ally, implant design and the alignment changes induced
by specific implants are critical considerations in TKA.
This retrospective study evaluates whether changes in
CPAK classification, particularly those influenced by
implant-induced alignment changes, impact clinical
outcomes.

Methods

Study design

This retrospective analysis utilized prospectively col-
lected data from patients who underwent primary
robotic-assisted TKA at a tertiary center by the same
team of experienced specialist orthopaedic surgeons
from the arthroplasty division between 2019 and 2023.
Data were obtained from the institutional joint registry
and ethical approval was granted by the local research
ethics committee.

Patient selection

Patients who underwent primary TKA using the NAVIO
or CORI robotic systems (Smith and Nephew, USA) were
included in the study. The implants used were the Bi-
cruciate Stabilized, Cruciate Retaining, and Bi-cruciate
Retaining Journey II System (Smith and Nephew, USA).
Exclusion criteria included 1) prior surgery on the same
knee, including previous knee arthroplasty or osteotomy,
2) underlying disease or complicating conditions, such
as previous periarticular fracture, severe fixed flexion
contracture >20°, multi-ligament instability, bone stock
deficiency requiring augmentation and stems, neuromus-
cular disorder, acute and chronic infection, 3) absence
of preoperative or postoperative long leg radiographs or
patients lost to follow-up.
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Technique

All TKA surgeries were performed using either mechani-
cal or kinematic alignment, based on the surgeon’s
preference. Identical wound closure techniques and
postoperative recovery protocol, including perioperative
analgesic and antiemesis measures, were implemented
as part of the adult joint reconstruction enhanced recov-
ery after surgery protocol. A standardized physiotherapy
rehabilitation protocol for adult joint reconstruction was
followed and patients were discharged once their mobil-
ity allowed outpatient care.

Radiographic measurements

Clinical data collected included the patients’ demo-
graphic data, operation records, preoperative and
postoperative functional scores and radiographs. Preop-
erative and postoperative radiographs were reviewed by
two independent reviewers. Radiographic measurements,
including the arithmetic hip-knee-ankle angle (aHKA),
joint line obliquity (JLO) lateral distal femoral angle
(LDFA) and medial proximal tibial angle (MPTA), were
taken (Fig. 1). LDFA was measured as the angle between
the femoral mechanical axis and the line tangent to the
articular surface of the distal femur. MPTA was measured
as the medial angle between the tibial articular marginal
line and the mechanical axis from the ankle center to the
center of the tibial spines [15]. Preoperative aHKA was
calculated using the formula: aHKA=MPTA — LDFA.
JLO was defined as the sum of MPTA and LDFA. The
correlation of CPAK with clinical outcomes was then
assessed. Interobserver reliability was evaluated by com-
paring the radiological measurements on the same set of
radiographs between two independent reviewers. CPAK
changes were then categorized into four groups based on
changes in joint line, coronal plane alignment, combined
joint line and alignment and CPAK transition specific to
the Journey II implant design.

Power analysis

A G*Power analysis was conducted based on the sample
size. Independent T-Test was selected with a post hoc
power analysis to compute achieved power. Given a two
tailed input, an effect size of 0.5, and an a of 0.05, the cal-
culated power is 0.8626.

Statistical analysis

Patient demographic characteristics including age, sex,
BMI, preoperative range of motion, and the side of oper-
ation, were compared between the patients with and
without CPAK changes using Student’s T-test or Chi-
square test. Knee Society Knee Score (KSS) and Knee
Society Function Score (KSFS) at pre-operation, 6 weeks,
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Fig. 1 Radiographic parameters

3 months, 6 months, and 12 months post-operation were
compared between the two groups using Student’s T-test.
Subgroup analysis was conducted on classifications
of CPAK changes and KSS and KSFS were compared
between patients changes using Student’s T-test. For all
analyses, p values of less than 0.05 were considered statis-
tically significant. All statistical analyses were performed
by using IBM SPSS version 28 (Armonk, NY: IBM Corp).

Results

A total of 202 patients were recruited into the study. 152
patients in the changed coronal plane alignment (CPAK)
group and 50 patients in the unchanged CPAK group
were included. The pre-operative demographic char-
acteristics, including age, BMI and pre-operative func-
tional scores (KSFS and KSS), were comparable between
the two groups, with no statistically significant differ-
ences (Table 1). The mean age was 70.9 + 7.5 years for the
changed CPAK group and 70.9+9.1 years for the same
CPAK group. There was 69.1% of females in the changed
CPAK group and 80.0% in the same CPAK group. 46.1%
of the cases were left knees in the changed CPAK group
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Table 1 Patient demographics

Changed Same CPAK p value (95% ClI)
CPAK (n=50)
(n=152)
Mean +SD
Age 709+75 709+9.1 0.996 (2.6, 2.5)
BMI 276+4.2 274+40 0.774 (=1.1,1.5)
KSFS Pre-Op  56.1+£19.9 54.8+198 0.704 (-5.6,8.2)
KSS Pre-Op  579+19.3 547+21.2 0.356 (—3.6,10.0)
n (%)
Sex (female) 105 (69.1%) 40 (80.0%) 0.137
Side (left) 79 (46.1%) 23 (46.0%) 0464

Table 2 Post-operative functional scores—Student's T-Test

Changed Same CPAK p value (95% Cl)
CPAK (n=50)
(n=152)
Mean+SD
KSFS 6 weeks  52.5+24.6 442+259 0.100 (-1.6,18.2)
KSS 6 weeks 858+129 855+£105 0.899 (—4.4,5.0)
KSFS 3 64.3+235 59.5+239 0.339 (5.1, 14.8)
months
KSS 3 months  883+10.5 88.6+12.1 0.899 (—4.8,4.2)
KSFS 6 72.0+20.0 682+193 0327 (-38,114)
months
KSS 6 months  93.1+7.9 90.0+£120 0.167 (-04, 6.5)
KSFS 12 76.8+20.2 766+19.0 0945 (-7.3,7.9)
months
KSS 12 943+64 91.7+95 0.141 (-0.2,5.3)
months

while 46.0% of the cases were left knees in the same
CPAK group.

Functional outcomes at 6 weeks, 3 months, 6 months,
and 12 months post-operatively were assessed using
KSFS and KSS (Table 2). At 6 weeks, KSS scores were
nearly identical between the changed CPAK group
(85.8+12.9) and the same CPAK group (85.5+10.5,
p=0.899). Similarly, at 3 months, the KSS scores were
comparable, with 88.3+10.5 in the changed CPAK group
and 88.6+12.1 in the same CPAK group (»p=0.899). By
12 months, KSSS scores also showed minimal difference
between the two groups, with 94.3+6.4 in the changed
CPAK group and 91.7+9.5 in the same CPAK group
(p=0.141). These findings indicate that functional scores
were consistent across groups regardless of changes in
coronal plane alignment.

Subgroup analyses were conducted to explore the
impact of CPAK changes on functional outcomes to dif-
ferent extents. Patients were categorized into four sub-
groups based on the nature of changes observed in joint
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Table 3 Subgroup analysis of patients with changed joint line to
those with unchanged joint line

Changed Same joint  p value (95% Cl)

Joint line line (n=44)

(n=16)

Mean+SD

KSFS 0 weeks 52.8+26.6 54.8+19.8 0.753 (=10.7,14.7)
KSS 0 weeks 61.8+14.1 54.7+212 0.223 (—18.5,4.4)
KSFS 6 weeks 53.7+249 4424259 0.230 (—=25.3,6.2)
KSS 6 weeks 87.2+105 855+105 0.586 (—8.1,4.6)
KSFS 3 months  70.0+25.8 5954239 0.204 (—26.9,5.9)
KSS 3 months 91.5+88 88.6+12.1 0431 (-10.5,4.5)
KSFS6 months ~ 78.2+15.1 68.2+193 0.091 (—21.6,1.6)
KSS 6 months 884+14.8 90.0+£120 0.684 (-6.6,9.9)
KSFS 12 months  81.1+239 766+19.0 0489 (-17.5,8.5)
KSS 12 months ~ 91.5+10.2 91.7+9.5 0952 (-6.0,6.4)

Table 4 Subgroup analysis of patients with changed coronal
plane to those with unchanged coronal plane

Changed Same coronal p value (95% Cl)

coronal plane  plane (h=44)

(n=66)

Mean+SD

KSFS O weeks 603+17.4 5484198 0.128 (—12.6,1.6)
KSS O weeks 5754202 5474212 0482 (—10.7,5.1)
KSFS 6 weeks 513+25.8 442+259 0.223 (- 18.5,4.4)
KSS 6 weeks  86.1+12.8 85.5+105 0.791 (=57, 44)
KSFS 652+212 5954239 0.283 (— 4.)
3 months
KSS 3 months  89.1+8.8 88.6+12.1 0.838(-5.2,4.2)
KSFS 73.3+203 68.2+193 0.236 (—134,3.3)
6 months
KSS 6 months 93.8+6.1 90.0£120 0.097 (—8.2,0.7)
KSFS 786+189 76.6+19.0 0.607 (—9.9,5.8)
12 months
KSS 95.0+5.6 917495 0.063 (—6.9,0.2)
12 months

line, alignment, both combined and specific to Journey
II implant design. The first subgroup compared patients
with unchanged joint line to those with changed joint
line (Table 3). The second subgroup compared patients
with unchanged coronal plane alignment with those with
changed coronal plane alignment (Table 4). The third
subgroup evaluated the combined effect of changes in
both coronal plane alignment and joint line, contrast-
ing patients with unchanged CPAK phenotype to those
with changed in both alignment and joint line (Table 5).
The fourth subgroup targeted specifically on the Jour-
ney III implant design, comparing patients with CPAK
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Table 5 Subgroup analysis of patients with changed coronal plane alignment and joint line to those with unchanged CPAK

phenotype
Changed Joint line and coronal plane Same CPAK (n=44) p value (95% ClI)
alignment (n=36)
Mean +5SD
KSFS 0 weeks 50.1+21.3 5484198 0.306 (—4.4,13.9)
KSS 0 weeks 56.1+20.8 54.7+212 0.760 (-10.7,7.8)
KSFS 6 weeks 55.1+195 442+259 0.067 (—22.6,0.8)
KSS 6 weeks 85.1+135 85.5+105 0.895(—=5.5,6.3)
KSFS 3 months 584+255 59.5+239 0870 (-123,14.5)
KSS 3 months 845+134 886+12.1 0242 (—28,11.0)
KSFS 6 months 69.4+21.6 68.2+19.3 7 (= 8.8)
KSS 6 months 935+69 90.0£120 0.147 (-83,1 3)
KSFS 12 months 720+21.7 766+19.0 0.354 (—5.2,14.5)
KSS 12 months 933+59 91.7+£95 0409 (—54,2.2)

phenotype changed from types 4-9 to types 1-3 with
those who remained consistently in types 1-3 (Table 6).
Overall, subgroup analysis shows no statistically signifi-
cant difference in functional scores. Additional subgroup
analysis was done (Appendix).

Discussion

Our findings indicate that most patients have postop-
erative modification of their constitutional phenotype,
which aligns with previous studies [17]. The discussion
of CPAK classification system aims to refine the optimal
alignment strategy for TKA [7]. This system provides a
standardized framework for evaluating knee phenotypes,
contributing to the ongoing debate on how alignment
approaches impact clinical outcomes. This study is the
first to investigate the impact of coronal plane alignment
and joint line changes on clinical outcomes in patients
undergoing imageless robotic-assisted TKA using the

Table 6 Subgroup analysis of patients with CPAK phenotype changed from types 4-9 to types 1

consistently in types 1-3

same implant system, while also examining implant-spe-
cific changes across subtypes.

The two primary alignment methods are mechani-
cal alignment (MA) and kinematic alignment (KA). MA
aims to align the knee to the mechanical axis, defined as
the line connecting the centers of the femoral head and
tibiotalar joint [18]. This method creates neutral coronal
resections, adjusts apex distal JLO to neutral and exter-
nally rotates the femoral component, often resulting in
alterations to the preoperative knee phenotype [19, 20].
MA is widely adopted due to its high reproducibility and
ability to achieve balanced load distribution between
the medial and lateral compartments, hence minimizing
wear and potential component loosening [21]. Despite
its excellent long-term implant survivorship [22], MA
has been associated with suboptimal patient-reported
outcomes (PROMS) including dissatisfaction and resid-
ual symptoms [23]. In contrast, KA aims to restore the

-3 with those who remained

Changed CPAK phenotype changed from types 4-9 Same CPAK in types 1-3

p value (95% ClI)

to types 1-3 (n=10) (n=103)

Mean +SD
KSFS 0 weeks 46.0+24.1 585+185 0.050 (0.02, 25.0)
KSS 0 weeks 598+163 56.0+20.5 0.550 (- 16.5,8.8)
KSFS 6 weeks 50.5+224 496+26.1 0913 (-18.1,16.2)
KSS 6 weeks 86.6+104 85.7+12.1 0816( 8.9,7.0)
KSFS 3 months 594+159 63.6+22.7 5(=123,207)
KSS 3 months 91.6+9.1 88.9+10.2 0499 (-10.7,5.2)
KSFS 6 months 727+133 725+187 0969 (-11.7,11.3)
KSS 6 months 90.2+16.0 923+88 0495 (-4.0,83)
KSFS 12 months 664+19.1 789+17.0 0.024(1.7,23.5)
KSS 12 months 928+94 939+7.23 0.636 (-3.6,5.8)
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patient’s native knee anatomy by replicating the pre-
operative CPAK phenotype and minimizing soft tissue
releases. This approach relies on bone cuts to maintain
ligamentous stability and knee kinematics [24]. However,
the notion that a single alignment method suits all cases
in TKA is often being challenged.

The role of CPAK classification in robotic-assisted TKA
outcomes remains controversial. Research from Kyushu
University identified alterations in varus/valgus align-
ment from preoperative to postoperative as a negative
predictive factor for both KOOS-12 and FJS-12 scores
[10]. Pangaud et al. reported that restoring CPAK pheno-
type improves PROMs results, including KOOS-12, Sim-
ple Knee Value and FJS-12 at 2 years of follow-up [17].
On the contrary, Sappey Marinier et al. found no signifi-
cant difference in postoperative pain between patients
with restored apex distal JLO and those non-restored
[20]. Additionally, clinical and radiological results were
similar between the KA and MA group [20]. Similarly,
Sarang Agarwal et al. concluded that altering the patient’s
native joint line and CPAK classification does not sig-
nificantly impact surgical outcomes in terms of patient
satisfaction. These mixed findings highlight the ongoing
debate surrounding CPAK alterations.

The current study found similar clinical outcomes
between changed and unchanged CPAK groups,
potentially explained by the role of implant designs
in eliminating alignment-related disparities in clini-
cal outcomes. Subgroup analysis on changes across
the joint line and coronal plane alignment showed
comparable clinical outcomes, suggesting that varying
degrees of alteration may not substantially affect post-
operative functional outcomes. Similarly, changes in
the joint line specific to the Journey II implant system
showed no significant differences in functional out-
comes, except for one isolated finding without a clear
trend. This may be attributed to the implant’s design,
which accommodates anatomical variations and main-
tains functional stability regardless of preoperative
alignment. Implant designs enhance the precision of
implantation of components through advanced instru-
mentation and technological assistance. The Journey
II System (Smith & Nephew) used in this study may
have contributed to functional optimization and com-
parable outcomes between KA and MA irrespective of
alignment strategy. Journey II system was designed to
restore the native 3° varus joint-line when the trans-
verse axis of the artificial knee joint is perpendicular
to the mechanical axis of lower limb, providing more
normal ligament strain and patello-femoral tracking. A
previous study found that 80.2% of knees have a distal
femoral flexion angle with a mean of 3°+2° [24], sug-
gesting that positioning the component in 3° of flexion
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from the mechanical axis would attain a satisfactory
position [24]. Implant design and positioning play a
critical role in determining patient-reported outcomes
measure as misalignment is a known risk factor for
poor outcomes [25]. This is further supported by the
lack of difference between mobile bearing compared
to fixed bearing implants in unicompartmental arthro-
plasty [26]. These findings underscore the importance
of implant design and positioning in influencing clini-
cal outcomes, independent of alignment strategy.

The study demonstrates that implant-induced changes
in CPAK classification do not adversely impact clini-
cal outcomes. To optimize the alignment strategy for
patients, personalized implant design and deployment,
along with assessments of constitutional bony anatomy
and soft-tissue laxity, should be incorporated into intra-
operative planning [27]. These considerations align with
the emerging concept of functional alignment, which
emphasizes tailoring implant sizing and positioning to
balance soft-tissue laxity and restore constitutional bony
alignment [28, 29].

Several limitations should be acknowledged. First, the
retrospective nature of the analysis introduces poten-
tial biases, and the findings are limited to a single-centre
cohort. Second, additional operative factors, including
patella resurfacing [30], and long-term outcomes, includ-
ing implant survivorship, should be evaluated to provide
a comprehensive understanding. Third, the sample size of
202 patients is relatively small, limiting the generalizabil-
ity of the findings. Future studies should include larger
cohorts to reduce biases and enhance the external valid-
ity of the results.

Conclusion

In summary, respecting the implant-induced change in
CPAK may be more significant to clinical outcomes than
solely preserving the pre-operative CPAK.

Appendix
See Tables 7, 8, 9, and 10.
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Table 7 Subgroup analysis of changed CPAK within same Table 10 Subgroup analysis of changed CPAK with major group
coronal plane change (non-adjacent group changes)
Changed Same CPAK (n=50) pvalue Changed Same CPAK (n=50) pvalue
CPAK CPAK
(n=22) (n=134)
Mean +SD Mean+SD
KSFS 6 weeks 53.8+259 4424259 0.230 KSFS 6 weeks 520+248 4424259 0.130
KSS 6 weeks 87.2+105 855+105 0.586 KSS 6 weeks 856+134 855+105 0.961
KSFS 3 months 70.0+25.8 595+239 0.204 KSFS 3 months 63.0+24.0 59.5+239 0.500
KSS 3 months 91.5+88 88.6+12.1 0431 KSS 3 months 87.9+£109 88.6+12.1 0.763
KSFS 6 months 782+151 682+193 0.091 KSFS 6 months 722+195 682+193 0.306
KSS 6 months 884+148 90.0+12.0 0.684 KSS 6 months 93.0+8.1 90.0+£120 0177
KSFS 12 months ~ 81.1+239 76.6+19.0 0.489 KSFS 12 months  77.0+194 76.6+19.0 0913
KSS 12 months 9154102 91.7+9.5 0.952 KSS 12 months 94.2+6.6 91.7+£95 0.162

CPAK changes were then classified by coronal planes as well as minor and major
change groups. Minor CPAK change is defined as adjacent group changes while
major CPAK changes suggest non-adjacent group changes [16]

Table 8 Subgroup analysis of changed CPAK within different
coronal plane

Changed Same CPAK (n=50) pvalue Acknowledgements

CPAK Not applicable
(n=130) Authors’ contributions
Mean +SD The authors confirm contribution to the paper as follows: study conception
and design: Joshua YS Tran, Michael Tim Yun Ong; data collection: Joshua YS
KSFS 6 weeks 523+246 44.2%259 0.118 Tran, Esther Chan Oi Ching, Cham Kit Wong, Gloaria Yan Ting Lam, Tsz Lung
KSS 6 weeks 855+13.3 855+105 0.978 Choi, Wang Fun Rex, Jonathan Patrick Ng, Ki Wai Kevin Ho, Michael Tim Yun

Ong, Patrick Shu Hang Yung; analysis and interpretation of results: Joshua YS

KSFS 3 months 633239 295£239 0459 Tran, Michael Tim Yun Ong; manuscript preparation: Joshua YS Tran, Esther
KSS 3 months 87.7+107 886+121 0.716 Chan Oi Ching, Michael Tim Yun Ong. All authors reviewed the results and
KSFS6 months 7124205 682+193 0458 approved the final version of the manuscript.
KSS 6 months 93.8+6.2 90.0+120 0.093 .

Funding
KSFS 12 months  763+19.7 766£190 0.936 The authors received no financial support for the research, authorship, and/or
KSS 12 months ~ 94.6+57 91.7+95 0.091 publication of this article.

Availability of data and materials
No datasets were generated or analysed during the current study.

Table 9 Subgroup analysis of changed CPAK with minor group

change (adjacent group changes) Declarations

Changed Same CPAK (n=50) p value Ethics approval and consent to participate
CPAK Ethical approval was obtained from the Institutional Ethics Review Committee
(n=18) of the Joint CUHK-NTEC Clinical Research Ethics Committee.
Mean +SD Consent for publication
Not applicable.
KSFS6weeks 5634231 4424259 0.166 ot applicabie
KSS 6 weeks 872+88 85.5+105 0.606 Competing interests
KSFS 3 months 7404176 505+239 0.087 The authors declare no competing interests.
KSS 3 months 91.6+5.1 886+12.1 0450
KSFS 6 months 708+248 68.2+193 0.712 Received: 6 February 2025 Accepted: 12 March 2025
KSS6months  935%55 9004120 0339 Published online: 04 April 2025
KSFS 12 months  75.4+28.0 76.6+19.0 0.880

KSS 12 months 953+34 91.7£95 0.067
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