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Abstract:

Objective: To assess whether the magnitude of postoperative femoral posterior condylar offset (PCO) increase
is associated with early knee flexion and functional outcome after posterior-stabilised total knee arthroplasty
(PS-TKA).

Methods: This prospective observational analytical study included 50 patients aged at least 50 years who un-
derwent primary PS-TKA for Kellgren—Lawrence grade 3 or 4 knee osteoarthritis at a tertiary teaching hospital
in Bengaluru, India. Native and postoperative PCO were measured on true lateral radiographs. Patients were
stratified into a PCO increase <2 mm group (n=25) and a PCO increase >2 mm group (n=25). Knee range of
motion was recorded immediately after surgery, at 6 weeks and at 3 months. The Hospital for Special Surgery
(HSS) knee score was assessed at 3 months. Values and p-values are reported as presented in the source thesis.
Results: The groups were comparable at baseline. Mean postoperative PCO increase was 0.86+0.68 mm in the
<2 mm group and 3.48+0.94 mm in the >2 mm group (p<0.001). At 3 months, mean knee flexion was
118.5248.34° versus 112.1649.78° (p=0.012), and mean HSS score was 79.26+7.24 versus 73.56+8.18
(p=0.008), respectively. HSS scores >75 were achieved by 18/25 (72%) versus 12/25 (48%) participants
(p=0.039), while flexion >115° was achieved by 21/25 (84%) versus 15/25 (60%) participants (p=0.032).
Conclusion: A postoperative PCO increase within 2 mm of native anatomy was associated with better early
flexion and HSS outcomes after PS-TKA than an increase exceeding 2 mm. The observational design and short
follow-up require cautious interpretation, and the proposed threshold should be validated in larger studies with
patient-level multivariable analysis.
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Introduction

Total knee arthroplasty (TKA) is an established
treatment for advanced knee osteoarthritis, but

femoral condyle. Femoral component size and an-
teroposterior position alter this distance during

recovery of flexion and function remains variable.
Postoperative range of motion affects walking, stair
use, transfers and activities requiring deep flexion.
In populations where floor sitting, squatting or
kneeling is common, even modest limitations in
flexion may be functionally important. The
geometry of the reconstructed distal femur is one
potentially modifiable contributor to this variation.

Posterior condylar offset (PCO) is the perpendicu-
lar distance between a line tangent to the posterior
femoral cortex and the most posterior point of the
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TKA. Both loss and excessive increase of PCO
may influence the flexion space, posterior soft-
tissue tension and tibiofemoral impingement. A
network meta-analysis with a sequential cohort
study suggested that an increase between 0 and 2
mm was associated with favourable functional re-
covery, while also demonstrating heterogeneity
among PCO categories and outcomes [1].

The effect of PCO may depend on implant design.
In posterior-stabilised (PS) TKA, the post-cam
mechanism substitutes for the posterior cruciate
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ligament and facilitates femoral rollback during
flexion. Computational modelling shows that
changes in PCO alter polyethylene contact stress,
collateral ligament forces and extensor-mechanism
loading [2]. Experimental work further indicates
that small changes in joint-space geometry can
modify ligament tension, laxity and the timing of
post-cam engagement [3]. These observations pro-
vide a plausible mechanism through which exces-
sive posteriorisation or overstuffing could limit
functional recovery.

Clinical evidence remains inconsistent. In a cohort
of posterior-substituting fixed-bearing TKAs,
Chang and colleagues found that changes in PCO
and the PCO ratio did not influence postoperative
range of motion, and outcomes were comparable
between anterior- and posterior-referencing sys-
tems [4]. Differences in implant geometry, meas-
urement methods, baseline motion, surgical tech-
nique and follow-up may account for discordant
findings. Evidence from Indian patients undergoing
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PS-TKA is limited.

This study therefore assessed the association be-
tween the magnitude of postoperative PCO increase
and early knee function following primary PS-
TKA. The primary objective was to compare knee
flexion at 3 months between patients with a PCO
increase <2 mm and those with an increase >2 mm.
Secondary objectives were to compare HSS knee
scores, extension-related outcomes and achieve-
ment of clinically useful flexion and functional-
score thresholds.

Materials and Methods

Study design and setting: This was a prospective
observational analytical study conducted over 18
months in the Department of Orthopaedics, Banga-
lore Medical College and Research Institute and its
affiliated hospitals, Bengaluru, India. Reporting
was structured with reference to the STROBE
framework. The study flow is shown in Figure 1.

50 eligible consenting patients with
Kellgren-Lawrence grade 3-4 knee osteoarthritis

Preoperative assessment
True lateral radiograph, knee ROM and HSS score

Primary posterior-stabilised
total knee arthroplasty

Postoperative PCO measured and
change from native anatomy calculated

.

N

PCO increase =2 mm
n=25

PCO increase >2 mm

~

n=25

Follow-up assessments
Day 0, 6 weeks and 3 months

Figure 1: Study flow for the prospective observational cohort. PCO, posterior condylar offset; PS-TKA,
posterior-stabilised total knee arthroplasty; HSS, Hospital for Special Surgery.
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Participants: Patients of either sex were eligible if
they were aged at least 50 years, had Kellgren—
Lawrence grade 3 or 4 primary knee osteoarthritis,
were scheduled for primary TKA, had a flexion
contracture not exceeding 15°, had a body mass
index of 20-35 kg/m*> and provided written
informed consent. Exclusion criteria were severe
deformity requiring a constrained implant,
rheumatoid arthritis, revision TKA, intra-articular
deformity, previous surgery on the study knee and
post-traumatic arthritis.

Surgical treatment and radiographic
assessment: All participants underwent standard
primary PS-TKA. PCO was assessed on true lateral
knee radiographs before and after surgery. A line
tangent to the posterior femoral cortex was used as
the reference, and the perpendicular distance to the
most posterior point of the native condyle or
femoral component was recorded in millimetres.
Postoperative PCO change was calculated as
postoperative minus native PCO. Participants were
classified after surgery into Group 1, PCO increase
<2 mm, or Group 2, PCO increase >2 mm.

The posterior condylar offset ratio (PCOR) was
also recorded to describe posterior femoral
geometry relative to femoral size. The source thesis
did not provide patient-level measurement
reliability data.

Outcomes and follow-up: The primary outcome
was knee flexion at 3 months. Knee flexion and
extension lag were recorded immediately after
surgery, at 6 weeks and at 3 months. Secondary
outcomes included change in flexion, flexion
contracture and the total and component HSS knee
scores at 3 months. Binary outcomes were HSS
score >75 and knee flexion >115°.

Sample size: The target sample was 50
participants. The source thesis used a single-
proportion calculation based on an anticipated
prevalence of PCO difference >2 mm of
approximately 8%, a 95% confidence level and an
absolute precision of 7.5%.
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Statistical analysis: Continuous variables were
summarised as meantstandard deviation and
compared using the t-test when normally
distributed. Skewed data were to be summarised
using the median and range and compared using
non-parametric methods. Categorical variables
were summarised as counts and percentages and
compared using the chi-square or an appropriate
non-parametric test. Correlations between PCO
increase and continuous postoperative outcomes
were assessed using correlation coefficients. The
significance threshold was p<0.05. Analyses in the
source thesis were performed with IBM SPSS
Statistics for Windows, version 22.0. Values and p-
values in this manuscript are reproduced from the
source thesis without independent recalculation
because patient-level data were not supplied.

Results

Participant characteristics: The study included
50 patients, with 25 in each PCO-increase group.
Complete 3-month results were reported for all 50
participants. Mean age was 64.88+6.12 years in
Group 1 and 65.4445.87 years in Group 2. Women
comprised 15/25 and 13/25  participants,
respectively. Baseline BMI, Kellgren—Lawrence
grade, flexion contracture, knee flexion and HSS
score were comparable (Table 1).

Posterior condylar offset: Native PCO was
similar between the groups: 15.68+1.34 mm in
Group 1 and 15.92+1.28 mm in Group 2 (p=0.526).
Postoperative PCO was 16.54£1.16 mm and
19.40+1.09 mm, respectively (p<<0.001).

The mean increase from native anatomy was
0.86+0.68 mm in Group 1 and 3.48+0.94 mm in
Group 2 (p<0.001). Corresponding PCOR increases
were 3.86+4.12% and 18.34+5.71% (p<0.001)
(Table 2).

Range of motion: Immediate postoperative flexion
was 73.84+9.26° in Group 1 and 71.36+8.94° in
Group 2 (p=0.298). At 6 weeks, flexion was
103.24+10.18° and 98.68+11.42° (p=0.087).

At 3 months, Group | achieved greater flexion than
Group 2 (118.52+8.34° wversus 112.16+9.78°,
p=0.012). Extension lag at 3 months was
1.28+0.92° and 1.56+0.86° (p=0.287).

Flexion improvement from day 0 to 3 months was
44.68+9.12° and 40.80+10.24° (p=0.156) (Table 3).
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Recovery of knee flexion after posterior-stabilised TKA
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Figure 2. Mean knee flexion after PS-TKA. Values are source-reported means at day 0, 6 weeks and 3
months.

Functional outcomes:

At 3 months, mean HSS total score was higher in
Group | than Group 2 (79.26+7.24 versus
73.56+8.18, p=0.008). Group 1 also had higher
pain (26.844+2.68 versus 25.16+3.12, p=0.033),
function (19.28+2.14 versus 17.92+2.68, p=0.048)

(14.82+1.86 versus 13.02+1.94, p=0.006). Muscle
strength, flexion deformity and instability
components were similar (Table 4).

An HSS score >75 was attained by 18/25 (72%)
participants in Group 1 and 12/25 (48%) in Group
2 (p=0.039). Flexion >115° was attained by 21/25

and HSS range-of-motion component scores (84%) and 15/25 (60%), respectively (p=0.032).
Functional outcomes at 3 months
(a) HSS total score (b) Threshold achievement
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Figure 3. Three-month functional outcomes by magnitude of PCO increase: (a) mean HSS total score and
(b) proportions reaching the prespecified HSS and flexion thresholds.

Table 1: Baseline characteristics. Group 1, PCO increase <2 mm; Group 2, PCO increase >2 mm.

Characteristic Group 1 (n=25) Group 2 (n=25) p-value
Age, years 64.88+6.12 65.44+5.87 0.681
Sex, male/female 10/15 12/13 0.527
BMI, kg/m? 27.34+3.15 27.68+2.98 0.562
Kellgren—Lawrence grade 3/4 14/11 13/12 0.768
Preoperative flexion contracture, ° 6.16+1.02 6.32+0.89 0.483
Preoperative knee flexion, ° 110.36+8.24 109.88+7.92 0.764
Preoperative HSS score 51.28+8.34 50.96+7.89 0.873
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Table 2: Posterior condylar geometry. Group 1, PCO increase <2 mm; Group 2, PCO increase >2 mm.

QOutcome Group 1 (n=25) Group 2 (n=25) p-value
Native PCO, mm 15.68+1.34 15.92+1.28 0.526
Postoperative PCO, mm 16.54+1.16 19.40+1.09 <0.001
PCO increase, mm 0.86+0.68 3.48+0.94 <0.001
Native PCOR, % 95.24+7.18 96.18+6.84 0.631
Postoperative PCOR, % 99.10+6.42 114.52+£7.96 <0.001
PCOR increase, % 3.86+4.12 18.34+5.71 <0.001

Table 3: Postoperative Range Of Motion. Group 1, PCO Increase <2 Mm; Group 2, PCO Increase >2

Mm.
Qutcome Group 1 (n=25) Group 2 (n=25) p-value
Flexion, day 0, ° 73.84+9.26 71.36+8.94 0.298
Flexion, 6 weeks, °© 103.24+10.18 98.68+11.42 0.087
Flexion, 3 months, ° 118.52+8.34 112.16+9.78 0.012
Extension lag, 3 months, ° 1.28+0.92 1.56+£0.86 0.287
Flexion improvement, day 0 to 3 months, ° 44.68+9.12 40.80+10.24 0.156

Table 4: HSS knee outcomes at 3 months. Group 1, PCO increase <2 mm;

Group 2, PCO increase >2 mm.

Qutcome Group 1 (n=25) Group 2 (n=25) p-value
HSS pain 26.84+2.68 25.16+3.12 0.033
HSS function 19.28+2.14 17.92+2.68 0.048
HSS range of motion 14.82+1.86 13.02+1.94 0.006
HSS muscle strength 8.64+1.18 8.28+1.34 0.287
HSS flexion deformity 9.76+0.52 9.68+0.59 0.583
HSS instability 9.84+0.37 9.80+0.41 0.714
HSS total score 79.26+7.24 73.56+8.18 0.008
HSS >75, n (%) 18 (72) 12 (48) 0.039
Flexion >115°, n (%) 21 (84) 15 (60) 0.032

Table 5: Source-Reported Correlations between PCO Increase and Postoperative Qutcomes (N=50).

Outcome Correlation coefficient, r p-value
Knee flexion at 3 months 0.687 0.008
Flexion improvement, day 0 to 3 months 0.652 0.014
HSS total score 0.714 0.004
HSS pain component 0.518 0.042
HSS function component 0.592 0.021
HSS range-of-motion component 0.756 <0.001
Extension lag —0.412 0.087
Flexion contracture —0.384 0.118

Correlation analysis

The source thesis reported positive correlations
between PCO increase and knee flexion at 3
months (r=0.687, p=0.008), flexion improvement
(r=0.652, p=0.014), HSS total score (r=0.714,
p=0.004), HSS pain (1=0.518, p=0.042), HSS
function (r=0.592, p=0.021) and the HSS range-of-
motion component (r=0.756, p<0.001). It reported
non-significant negative correlations with extension
lag (r=—0.412, p=0.087) and flexion contracture
(r=—0.384, p=0.118) (Table 5).

Discussion

In this prospective cohort of 50 primary PS-TKAs,
a postoperative PCO increase within 2 mm of
native anatomy was associated with better early
flexion and HSS outcomes than an increase
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exceeding 2 mm. The between-group difference in
mean flexion at 3 months was 6.36°, and the
difference in mean HSS total score was 5.70 points.
The proportions attaining HSS >75 and flexion
>115° were also greater in the <2 mm group.
Extension lag and flexion contracture were similar,
suggesting that the observed difference was
concentrated in flexion and functional scoring
rather than extension.

The principal group comparison is consistent with
Zhang and colleagues, whose network meta-
analysis and sequential cohort study identified a 0—
2 mm PCO increase category as favourable for
several functional outcomes [1]. Their work also
illustrates the wider inconsistency of the evidence:
rankings differed by outcome, and the source stud-
ies included varied prosthetic designs and popula-
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tions. The present study adds a prospectively ob-
served Indian PS-TKA cohort using a clinically
simple two-group threshold.

Several biomechanical mechanisms may explain
why a limited increase could be preferable to a
larger increase. PCO affects the posterior femoral
contour, flexion space and the relationship of the
femoral component to posterior soft tissues. Finite-
element modelling has shown that altering PCO
changes polyethylene contact stress and collateral
ligament loading in PS-TKA [2]. Hybrid simulator
work further demonstrated that 2 mm changes in
joint-space geometry altered ligament tension, joint
contact force, laxity and post-cam engagement [3].
Excess posteriorisation may therefore overstuff the
flexion space or alter kinematics even when the
post-cam mechanism remains functional.

Not all clinical studies have found a relationship
between PCO change and postoperative motion.
Chang and colleagues examined 184 knees treated
with a posterior-substituting fixed-bearing implant
and found that PCO and PCOR changes did not
affect postoperative range of motion; outcomes
were similar with anterior and posterior referencing
[4]. Differences from the present findings may re-
late to the distribution of PCO change, implant ge-
ometry, surgical technique, baseline flexion, fol-
low-up duration and adjustment for other predic-
tors. Evidence from revision TKA also suggests
that PCO may independently predict functional
improvement, although that setting has different
bone loss, constraint and soft-tissue conditions and
cannot be directly extrapolated to primary TKA [5].

The HSS component findings support a functional
association beyond flexion alone. Pain, function
and the HSS range-of-motion component were
higher in the <2 mm group, whereas strength, de-
formity and instability scores were similar. This
pattern is compatible with an effect mediated main-
ly through flexion mechanics rather than gross cor-
onal or sagittal instability. Nevertheless, group al-
location occurred after surgery according to the
achieved PCO change; the exposure was not ran-
domised. Component sizing, femoral position, soft-
tissue balance, rehabilitation and unmeasured pa-
tient characteristics could therefore account for part
of the association.The source thesis also reported
positive correlations between increasing PCO
change and better flexion and HSS outcomes, alt-
hough the stratified means showed poorer out-
comes in the >2 mm group. Because patient-level
data were not available, the direction and coding of
those correlation analyses could not be inde-
pendently checked. They are reproduced as report-
ed and should not be used to infer a monotonic
dose-response relationship. The more directly in-
terpretable finding is the prespecified comparison
of the two PCO-increase categories. Clinically, the
findings support careful attention to femoral com-
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ponent sizing and anteroposterior positioning. They
do not establish that surgically forcing PCO into a
particular range will improve outcome, and they do
not justify compromising component fit, rotation,
joint-line restoration or ligament balance. Rather, a
postoperative increase >2 mm may be a marker of a
reconstruction that warrants closer evaluation.
Larger cohorts with patient-level multivariable
analysis should test whether the threshold remains
associated with outcome after adjustment for pre-
operative flexion, implant size, alignment and re-
habilitation.

Strengths and Limitations

Strengths include the prospective design, clearly
defined radiographic exposure, balanced group
sizes, repeated assessment of range of motion and
use of a multidomain functional score. The study
addresses a design-specific question in an Indian
population with potentially high flexion demands.

The study was small, conducted at a single centre
and limited to 3 months of follow-up. Stratification
was post-exposure and observational, so causal
inference is not possible. Radiographic PCO was
measured in two dimensions, and measurement
reliability was not reported. The source did not
document implant-specific details sufficiently for
subgroup analysis. No patient-level dataset accom-
panied the thesis; consequently, the reported p-
values and correlation coding could not be inde-
pendently verified, and no adjusted analysis could
be performed during manuscript preparation. The
correlation directions should be checked against the
master dataset before journal submission.

Conclusion

Among patients undergoing primary PS-TKA, a
postoperative femoral PCO increase within 2 mm
of native anatomy was associated with greater knee
flexion and higher HSS scores at 3 months than an
increase exceeding 2 mm. This threshold may be a
useful radiographic and technical target, but the
findings remain observational and require
confirmation with longer follow-up, reproducible
measurement methods and patient-level adjusted
analysis.

Ethics approval: The Institutional Ethics
Committee of Bangalore Medical College and
Research  Institute  approved the  study
(BMCRI/PG/338/2023-24; 14 February 2024).
Written informed consent was obtained from all
participants.

Data availability: The patient-level dataset was
not available in the source package used to prepare
this manuscript. Numerical results are reproduced
from the completed thesis.
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