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Background

Functional alignment (FA) has emerged as a personalized strategy for robotic-assisted
total knee arthroplasty (ra-TKA), aiming to preserve constitutional knee anatomy and
native soft-tissue balance. However, evidence directly comparing robotic-assisted FA and
mechanical alignment (MA) using the same robotic platform remains limited.

The aim of the study

To compare the early clinical, radiographic, and constitutional phenotype outcomes of
ra-TKA performed using FA and MA.

Methods

In this prospective randomized single-center study, 100 patients with primary varus knee
osteoarthritis underwent primary ra-TKA using the CORI Surgical System and were
randomized to the FA (n=50) or MA (n=50) group. Clinical outcomes (KSS, FJS-12, VAS),
radiographic alignment (HKA, LDFA, MPTA), soft-tissue release, and postoperative CPAK
phenotype preservation were evaluated over 12 months.

Results

Both groups demonstrated significant postoperative improvement. At 3 months, the FA
group achieved significantly higher KSS Knee, KSS Function, and FJS-12 scores together
with lower VAS pain scores than the MA group (all p<0.05). These differences were no
longer significant at 12 months. FA required fewer soft-tissue releases while maintaining
radiographic accuracy comparable to MA. Constitutional CPAK phenotype was preserved
in 82% of FA patients, whereas all mechanically aligned knees were converted to CPAK
phenotype V. Native joint-line orientation and constitutional varus alignment were
preserved in all FA cases.

Conclusion

Robotic-assisted functional alignment provides accurate and reproducible component
positioning while preserving constitutional knee phenotype and reducing soft-tissue
release. Although long-term clinical outcomes were comparable, FA resulted in superior
early functional recovery and represents a safe personalized alignment strategy.

INTRODUCTION Such a discrepancy may manifest as residual pain, a sen-
sation of instability, or functional limitations during activ-
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tently high and has not demonstrated a clear tendency to
decrease over time.®~?

In recent years, there has been growing interest in per-
sonalized alignment strategies in TKA that account for the
individual anatomical and biomechanical characteristics of
each patient.10-12

Hybrid alignment concepts combining elements of dif-
ferent philosophies - including mechanical, kinematic, and
other alignment strategies — are being investigated as a
means of achieving both a stable mechanical axis and opti-
mal soft-tissue balance simultaneously.13:14

One of the most promising developments within the per-
sonalized alignment paradigm is functional alignment, in-
terest in which has increased substantially with the intro-
duction of robotic-assisted surgical technologies.15-16

This approach aims to preserve the patient’s constitu-
tional anatomy, incorporates three-dimensional intraoper-
ative component positioning, takes into account the condi-
tion and tension of soft-tissue structures, relies on dynamic
joint assessment and balancing, and seeks to optimize not
only tibiofemoral but also patellofemoral kinematics.17-18

This technological capability enables the practical im-
plementation of personalized alignment principles in a
consistent and reproducible manner. The primary objective
of functional alignment is to achieve a balanced ligamen-
tous envelope of the knee joint with kinematics that closely
approximate physiological conditions by positioning pros-
thetic components according to the individual anatomy of
the patient, thereby minimizing the need for aggressive
soft-tissue release.!?

Emerging clinical evidence suggests that this approach
may potentially improve patient satisfaction and enhance
early postoperative functional outcomes.20 The principles
of robotic-assisted functional alignment (ra-FA) are be-
lieved to provide a high degree of accuracy and repro-
ducibility in component positioning.2! However, despite
growing interest in functional alignment, its clinical value
remains a matter of debate, particularly when compared
with the established “gold standard” - the mechanical
alignment strategy performed using the same robotic plat-
form.22

Although several studies have reported improvements in
soft-tissue balance and alignment accuracy with robotic-as-
sisted surgery, the evidence regarding the reproducibility
of functional alignment and its translation into superior
clinical outcomes remains limited and heterogeneous.23
24 Furthermore, most currently available data have been
generated using different robotic systems or through com-
parisons between robotic-assisted and manual techniques,
making it difficult to isolate the true effect of the alignment
philosophy itself.25,26 Therefore, a direct comparison of
functional and mechanical alignment performed within a
single robotic platform is necessary to further clarify the
reproducibility, radiographic accuracy, and clinical signifi-
cance of functional alignment.27

The aim of this prospective randomized study was to
compare the reproducibility, radiographic accuracy, soft-
tissue balancing requirements, preservation of constitu-
tional CPAK phenotypes, and early clinical outcomes of

robot-assisted total knee arthroplasty performed using
functional versus mechanical alignment strategies in pa-
tients with varus knee osteoarthritis.

MATERIALS AND METHODS

STUDY DESIGN

The study protocol was approved by the Local Ethics Com-
mittee of City Clinical Hospital N231 (Protocol N2 017-25,
February 2, 2025). Written informed consent was obtained
from all participants.

This prospective randomized single-center comparative
clinical study was conducted at the Department of Or-
thopaedics, City Clinical Hospital N°31 named after Acad-
emician G.M. Savelyeva, Moscow, Russia, between Febru-
ary 2, 2025, and June 25, 2026. A total of 100 patients with
primary knee osteoarthritis Kellgren-Lawrence grade I1I-1V
scheduled for primary robotic-assisted total knee arthro-
plasty (ra-TKA) were included.

Randomization and Group Allocation Patients were ran-
domized in a 1:1 ratio using a computer-generated block
randomization sequence. Group 1 (ra-FA group, n = 50)
underwent ra-TKA using the functional alignment philos-
ophy. Group 2 (ra-MA group, n = 50) underwent ra-TKA
using the mechanical alignment philosophy. Allocation
concealment was achieved using sequentially numbered
opaque sealed envelopes. Patients were blinded to the
alignment strategy used during surgery.

SAMPLE SIZE CALCULATION

An a priori power analysis was performed using G*Power
software (version 3.1).

The primary endpoint was the difference in Forgotten
Joint Score-12 (FJS-12) at 3 months postoperatively. As-
suming a moderate effect size (Cohen’s d = 0.60), o = 0.05,
and statistical power of 80%, the minimum required sample
size was calculated as 45 patients per group.

To compensate for potential loss to follow-up, 50 pa-
tients were included in each group.

ELIGIBILITY CRITERIA

Inclusion Criteria were: primary knee osteoarthritis Kell-
gren—Lawrence grade III-1V, age > 18 years, varus defor-
mity <20°, ability to provide informed consent.

Exclusion Criteria were previous surgery on the index
knee, severe extra-articular deformity, collateral ligament
insufficiency requiring constrained implants, body mass in-
dex >40 kg/m?, ASA class IV-V, previous arthroplasty of the
contralateral knee.

Patients lost to follow-up were excluded from the final
analysis.

SURGICAL TECHNIQUE

All procedures were performed by the same experienced
surgical team using the CORI Surgical System (Smith &
Nephew, USA) through a standard medial parapatellar ap-
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proach. The Anthem Total Knee System (Smith & Nephew,
USA) was implanted in all cases with preservation of the
posterior cruciate ligament. Patellar resurfacing was not
performed.

After osteophyte removal, anatomical landmarks were
registered and a three-dimensional model of the knee was
generated. In the mechanical alignment group, femoral and
tibial components were positioned perpendicular to their
respective mechanical axes to achieve a neutral mechanical
limb alignment. In the functional alighment group, com-
ponent positioning was individualized to preserve constitu-
tional anatomy, native joint-line orientation, and soft-tis-
sue balance while maintaining the final HKA within +3° of
neutral alignment.

For varus phenotypes, tibial positioning up to 5° varus
and femoral positioning up to 2° valgus were permitted.

SOFT-TISSUE RELEASE ASSESSMENT

Soft-tissue balancing procedures were recorded intraopera-
tively by an independent surgeon. Releases were classified
as: Grade I - standard arthrotomy, osteophyte removal, and
medial capsular mobilization; Grade Ila — additional re-
lease of the posteromedial capsule, deep medial collateral
ligament, and/or semimembranosus insertion; Grade IIb —
additional release of the superficial medial collateral liga-
ment. The frequency and extent of soft-tissue releases were
compared between groups.

RADIOGRAPHIC ASSESSMENT

Full-length standing radiographs of the lower extremities
were obtained preoperatively and at 3 months postoper-
atively. The following parameters were measured:
Hip—Knee-Ankle Angle (HKA), Lateral Distal Femoral An-
gle (LDFA), Medial Proximal Tibial Angle (MPTA), Joint
Line Convergence Angle (JLCA).

Preoperative planning was performed using mediCAD®
software (Hectec GmbH, Germany). To evaluate surgical ac-
curacy, planned values were compared with intraoperative
measurements recorded by the CORI system and with post-
operative radiographic values. Absolute deviations from the
planned alignment were calculated in degrees.

CPAK PHENOTYPE ANALYSIS

Constitutional coronal knee phenotypes were classified ac-
cording to the Coronal Plane Alignment of the Knee (CPAK)
classification.

Because only patients with varus osteoarthritis were in-
cluded, preoperative phenotypes were represented by CPAK
Types I, IV, and VII. For patients with unilateral os-
teoarthritis, the contralateral knee was used as the refer-
ence for determination of the constitutional phenotype. For
patients presenting with bilateral osteoarthritis, the pre-
sumed constitutional phenotype was reconstructed using
the combined assessment of overall limb alignment, joint-
line orientation, and radiographic morphology.

Postoperative CPAK classification was determined using
standing radiographs obtained at 3 months. The following

parameters were evaluated: distribution of CPAK pheno-
types before surgery, distribution of CPAK phenotypes after
surgery, preservation of the constitutional CPAK pheno-
type, preservation of native joint-line obliquity, frequency
of phenotype transformation, frequency of transition to
postoperative valgus alignment.

Phenotype preservation was defined as restoration of
the same CPAK category identified in the patient’s con-
stitutional knee phenotype. Major phenotype transforma-
tion was defined as simultaneous alteration of both coronal
alignment arithmetic and joint-line obliquity resulting in
conversion to a different CPAK category.

RADIOGRAPHIC RELIABILITY

All radiographic measurements were independently per-
formed by two blinded orthopedic surgeons. Interobserver
agreement was assessed using the intraclass correlation co-
efficient (ICC). An ICC greater than 0.80 was considered in-
dicative of excellent reliability.

CLINICAL ASSESSMENT

Clinical evaluation was performed preoperatively and at 3,
6, and 12 months postoperatively. The following outcome
measures were used: Knee Society Score (KSS), Forgotten
Joint Score-12 (FJS-12), Visual Analogue Scale (VAS).

STATISTICAL ANALYSIS

Statistical analyses were performed using R statistical soft-
ware. Continuous variables are presented as median and in-
terquartile range — Me (Q1-Q3). Categorical variables are
presented as frequencies and percentages. Between-group
comparisons of continuous variables were performed using
the Mann-Whitney U test. Categorical variables were com-
pared using Pearson’s X2 test or Fisher’s exact test where
appropriate. Statistical significance was defined as p < 0.05.

RESULTS

Patient recruitment, randomization, follow-up, and analy-
sis are summarized in the CONSORT 2010 flow diagram
(Figure 1). Of the 128 patients assessed for eligibility, 100
were randomized and completed the study protocol. No
losses to follow-up or exclusions from analysis occurred
during the 12-month follow-up period.

A total of 100 patients were included in the final analy-
sis: 50 patients in the Functional Alignment (FA) group and
50 patients in the Mechanical Alignment (MA) group. Base-
line demographic and clinical characteristics were compa-
rable between groups. No statistically significant differ-
ences were identified regarding age, sex distribution, body
mass index, operated side, or preoperative radiographic pa-
rameters (Table 1).
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Figure 1. CONSORT 2010 flow diagram of patient enrollment, randomization, follow-up, and analysis

Table 1. Baseline Demographic Characteristics

Parameter ra-FA Group (n=50) ra-MA Group (n=50) p-value
Age, years, Me (Q1-Q3) 67 (56-85) 68 (55-84)
Male sex, n (%) 23 (46%) 22 (44%)
Female sex, n (%) 27 (54%) 28 (56%) 20,05
Right knee, n (%) 29 (58%) 30 (60%)
Left knee, n (%) 21 (42%) 20 (40%)
BMI, kg/m? Me (Q1-Q3) 32.3(25.1-39.2) 31.9(24.9-39.1)
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Table 2. Clinical and Functional Outcomes During the First Postoperative Year

Parameter

Time Point

ra-FA Group

ra-MA Group

KSS Knee Preoperative 52.5(40.5-62.3) 51.3(39.7-61.8) >0.05
3 months 78(72-85) 70(65-78) <0.05

6 months 88(82-93) 84(79-89) >0.05

12 months 91(87-95) 90 (86-94) >0.05

KSS Function Preoperative 58 (51-65) 57 (50.5-66) >0.05
3 months 82(75-88) 74 (69-81) <0.05

6 months 90 (84-95) 86(81-92) >0.05

12 months 92 (85-97) 91(85-96) >0.05

FJS-12 3 months 72 (65-80) 60 (52-69) <0.05
6 months 86(79-93) 82(76-88) >0.05

12 months 92(87.5-98.5) 91(86-96) >0.05

VAS Preoperative 8(7-9) 8(7-9) >0.05

3 months 2(1-3) 3(2-4) <0.05

6 months 1(0-2) 1.5(1-3) >0.05

12 months 0(0-1) 0.5(0-1) >0.05

Abbreviations: FJS-12 - Forgotten Joint Score-12; KSS - Knee Society Score; VAS - Visual Analogue Scale.

CLINICAL OUTCOMES

Both alignment strategies resulted in substantial improve-
ments in clinical and functional outcomes compared with
preoperative values (Table 2).

At 3 months postoperatively, patients in the ra-FA group
demonstrated significantly higher KSS Knee, KSS Function,
and FJS-12 scores, as well as lower pain intensity measured
by the Visual Analog Scale (VAS), compared with patients in
the ra-MA group (p < 0.05). These findings reflected faster
early functional recovery and a greater perception of the
operated knee as a natural joint.

At 6 months, the advantage of functional alignment per-
sisted as a trend; however, intergroup differences did not
reach statistical significance (p > 0.05).

By 12 months, KSS, FJS-12, and VAS outcomes were
comparable between groups (p > 0.05), indicating gradual
attenuation of the early benefits associated with functional
alignment as postoperative recovery progressed.

SOFT-TISSUE RELEASE

Additional soft-tissue releases were required significantly
less frequently in the ra-FA group than in the ra-MA group
(Table 3).

Most patients treated with functional alignment re-
quired only standard surgical exposure, osteophyte re-
moval, and limited medial soft-tissue mobilization. In con-
trast, grade Ila and IIb releases were performed more
frequently in the mechanical alignment group to achieve
symmetrical flexion and extension gaps.

The mean number of released soft-tissue structures per
knee was 0.7 = 0.5 in the ra-FA group and 1.6 # 0.7 in the
ra-MA group.

These findings indicate a more ligament-preserving na-
ture of functional alignment.

RADIOGRAPHIC OUTCOMES

Both groups demonstrated high accuracy in reproducing
the planned implant positioning (Table 4).

Postoperative HKA, LDFA, and MPTA values in the ra-
MA group were closer to a neutral mechanical alignment.
In contrast, greater variability of postoperative HKA, LDFA,
and MPTA values was observed in the ra-FA group, reflect-
ing intentional preservation of the patient’s constitutional
anatomy and native joint-line orientation.

The absolute deviation between planned and achieved
alignment parameters was minimal and comparable be-
tween groups (0.9° versus 0.8°, p > 0.05), confirming the
high reproducibility of robot-assisted TKA performed using
the CORI system. No complications related to malalign-
ment, coronal instability, or early aseptic loosening were
observed during the follow-up period.

CPAK PHENOTYPE ANALYSIS

Preoperative assessment according to the Coronal Plane
Alignment of the Knee (CPAK) classification demonstrated
a marked predominance of Type I phenotype in both study
groups, whereas Type IV phenotype was observed consider-
ably less frequently. No patients exhibited a Type VII phe-
notype (Table 5).

Substantial differences in postoperative phenotype dis-
tribution were observed between the two alignment strate-
gies. In the mechanical alignment group, all patients were
converted to CPAK Type V, reflecting restoration of a neu-
tral mechanical axis and horizontal joint-line orientation
irrespective of the native constitutional phenotype.

In contrast, functional alignment preserved the native
CPAK phenotype in the majority of patients. The observed
transition from Type I to Type II in a subset of patients was
attributable to postoperative HKA correction toward values
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Table 3. Intraoperative Soft-Tissue Releases

Parameter

ra-FA Group (n=50)

ra-MA Group (n=50)

Limited release (Grade 1), n (%) 24 (60.0%) 10 (25.0%)
Moderate release (Grade Ila), n (%) 16 (40.0%) 24 (60.0%)
Extensive release (= Grade I1b), n (%) 0 (0%) 6(15.0%)
Releases = Grade lla, n (%) 16 (40.0%) 30(75.0%)

Mean number of released structures per knee 0.7+0.5 1.6+0.7

<0.05

Table 4A. Preoperative Coronal Alignment

Parameter ra-FA Group ra-MA Group
HKA, ° 174.8 (168.5-179.6) 175.2(169.1-179.8)
LDFA,° 89.0(86.2-92.8) 88.7 (86.5-92.5) >0.05
MPTA, ° 87.9(85.6-89.8) 88.1(85.9-90.0)
Table 4B. Postoperative Coronal Alignment
Parameter ra-FA Group ra-MA Group p-value
HKA, ° 178.0(176.2-180.5) 180.0(179.2-180.8)
LDFA,° 88.6(86.5-90.0) 90.0(89.2-90.8) <0.05
MPTA, ° 87.5(86.2-89.5) 90.0(89.1-91.0)
Deviation from intraoperative plan, ° 0.9(0.5-1.3) 0.8(0.4-1.2) >0.05

Table 5. CPAK Phenotype Preservation

Parameter ra-FA Group (n=50) ra-MA Group (n=50) p-value
Preoperative CPAK Type | 48 (96%) 47 (94%) >0.05
Preoperative CPAK Type IV 2 (4%) 3(6%) >0.05
Postoperative CPAK Type | 40 (80%) 0(0%)
Postoperative CPAK Type Il 8(16%) 0(0%)
Postoperative CPAK Type IV 2 (4%) 0 (0%)
Postoperative CPAK Type V 0 (0%) 50 (100%) <0.001
Preservation of native CPAK phenotype 42 (84%) 0(0%)
Preservation of constitutional joint-line obliquity 50 (100%) 0(0%)
Preservation of constitutional varus morphology 50 (100%) 0(0%)
close to neutral alignment (178°-179°) and did not repre- DISCUSSION

sent a change in constitutional limb morphology.

Importantly, functional alignment preserved the con-
stitutional joint-line orientation in all cases and did not
result in conversion to a valgus phenotype. All patients
maintained constitutional varus limb alignment following
surgery.

These findings suggest that functional alignment pre-
serves patient-specific constitutional knee morphology
substantially more effectively than mechanical alignment,
while maintaining the native coronal characteristics of the
lower limb.

The results of this prospective randomized study confirm
the clinical feasibility of the functional alignment concept
in robotic-assisted total knee arthroplasty using the CORI
robotic platform.

The present findings demonstrated a high degree of ac-
curacy in reproducing the preoperative plan and close
agreement between planned and achieved radiographic pa-
rameters, indicating excellent reproducibility of robotic-as-
sisted TKA. The high accuracy of component positioning
achieved with robotic technologies has been repeatedly
demonstrated in previous studies.2829 This is of funda-
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mental importance for the implementation of personalized
alignment strategies, as it enables surgeons to reproducibly
restore individual patient anatomy, control flexion-exten-
sion gap balance, and minimize the need for aggressive in-
tervention on soft-tissue structures.

The principal finding of the present study was the identi-
fication of differences in the dynamics of functional recov-
ery during the early postoperative period. Patients treated
with robotic-assisted functional alignment demonstrated
superior KSS and FJS-12 scores at 3 months postoperatively
compared with those treated using mechanical alignment.
However, as follow-up duration increased, these differences
gradually diminished and became statistically non-signifi-
cant by 12 months. These findings suggest that functional
alignment primarily influences the rate of early postopera-
tive functional adaptation rather than the ultimate level of
recovery achieved after surgery.

The most likely explanation for this observation is the
substantially lower extent of soft-tissue release required
in the functional alignment group. Preservation of native
ligament balance and natural joint-line orientation likely
facilitates earlier restoration of physiological knee kine-
matics. Particular attention should be paid to the ligament-
preserving nature of functional alignment. In the present
study, extensive soft-tissue releases were required signif-
icantly less frequently in the robotic-assisted functional
alignment group, and no releases of Grade IIb or greater
were performed. These findings are consistent with con-
temporary concepts of kinematic and functional alignment,
both of which aim to maximize preservation of native soft-
tissue balance.30 Similar observations were reported by
Gustke et al. (2025), who demonstrated that robotic-as-
sisted functional alignment was associated with a reduced
need for ligament release and superior early postoperative
functional outcomes.3! Taken together, these findings sup-
port the hypothesis that preservation of native knee bio-
mechanics may positively influence early rehabilitation fol-
lowing TKA.

Despite the advantages observed during the early post-
operative period, intergroup differences were no longer ev-
ident at 12 months. Comparable findings were reported
by Agarwal et al. (2024), who found no significant differ-
ences in pain scores, patient-reported outcome measures
(PROMs), or functional outcomes between personalized
and mechanical alignment strategies.32 The authors sug-
gested that achieving adequate soft-tissue balance may be
more important than strict restoration of a neutral me-
chanical axis in determining patient satisfaction.

Nevertheless, the findings of the present study indicate
that phenotype-oriented alighment may accelerate early
recovery even in the absence of differences in long-term
outcomes. Similar trends were demonstrated by Jeffrey et
al., who reported higher Forgotten Joint Score and Oxford
Knee Score values at 3 months following robotic-assisted
TKA performed using functional alignment.27 However, the
magnitude of these differences was also relatively modest.
Additional insight is provided by the meta-analysis con-
ducted by Gao et al., which demonstrated that restricted
kinematic alignment was associated with superior KSS and

WOMAC scores, while no consistent differences were ob-
served for other PROMs, including FJS-12.33 The authors
concluded that contemporary personalized alignment
philosophies may preserve the mechanical safety of im-
plant positioning while simultaneously providing more
physiological joint biomechanics.

From a biomechanical perspective, the results of the
present study further support the rationale for individual-
ized alignment strategies in TKA. Mechanical alignment is
based on the assumption that a universally neutral com-
ponent orientation is optimal despite the fact that only
a minority of individuals possess naturally neutral knee
anatomy.3# Forced restoration of a neutral mechanical axis
may alter native joint-line orientation and create asym-
metric ligament tension. Functional alignment, in contrast,
seeks to reproduce the patient’s pre-arthritic knee pheno-
type while preserving individual joint-line orientation and
soft-tissue characteristics.3

CPAK PHENOTYPE ANALYSIS

An additional finding of the present study was the sub-
stantial difference between alignment strategies with re-
spect to preservation of constitutional CPAK phenotypes.
The CPAK classification has emerged as a comprehensive
framework for describing native coronal knee morphology
by simultaneously incorporating limb alignment and joint-
line obliquity, thereby allowing characterization of con-
stitutional knee phenotypes beyond isolated angular mea-
surements.3¢

Preoperatively, the overwhelming majority of patients in
both groups demonstrated a varus constitutional pheno-
type, predominantly CPAK Type I, which is consistent with
previous observations in patients undergoing total knee
arthroplasty for varus osteoarthritis.3¢ Following robotic-
assisted mechanical alignment, all patients were converted
to CPAK Type V. This finding is in agreement with the
work of Corban et al. (2024), who demonstrated that me-
chanically aligned TKA inherently drives patients toward a
standardized neutral phenotype irrespective of their pre-
arthritic constitutional morphology.37

In contrast, functional alignment preserved the consti-
tutional CPAK phenotype in the majority of patients. Im-
portantly, the transition observed from Type I to Type II
in a subset of cases was primarily attributable to correction
of the HKA angle toward values approaching neutral align-
ment (178°-179°), while preserving constitutional varus
limb orientation and native joint-line obliquity. Further-
more, no patient in the functional alignment group demon-
strated conversion to a valgus phenotype or loss of con-
stitutional joint-line orientation. These findings are
consistent with the observations of van de Graaf et al.
(2024), who reported that functional alignment minimizes
alterations in joint-line obliquity and more closely repro-
duces native coronal anatomy than conventional alignment
strategies.2!

The clinical relevance of constitutional phenotype
preservation remains an area of active investigation. How-
ever, recent evidence suggests that restoration of the native
CPAK phenotype may contribute to more physiological lig-
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ament tensioning and improved patient perception of the
reconstructed joint. Pangaud et al. (2024), demonstrated
that restoration of the preoperative CPAK phenotype fol-
lowing total knee arthroplasty was associated with superior
functional outcomes and patient-reported satisfaction
scores.38 Although the present study was not specifically
powered to establish a direct causal relationship between
phenotype preservation and clinical outcomes, the superior
early KSS and FJS-12 scores observed in the functional
alignment group may partially support this hypothesis.

Taken together, these findings suggest that functional
alignment not only restores target alignment parameters
with high accuracy but also more effectively preserves pa-
tient-specific constitutional knee morphology. In contrast,
mechanical alignment appears to standardize coronal
alignment patterns regardless of the individual’s native
phenotype. Given the increasing emphasis on personalized
arthroplasty strategies, preservation of the constitutional
CPAK phenotype may represent an important surrogate
marker of anatomical restoration and warrants further in-
vestigation in studies with longer follow-up and larger pa-
tient populations.

Importantly, this individualized approach was not asso-
ciated with an increased number of radiographic outliers or
alignment-related complications in the present study. Post-
operative HKA values in the functional alignment group re-
mained within the widely accepted safe zone of #3°, which
has been associated with favorable implant survivorship.3%
40 Furthermore, all LDFA and MPTA values remained within
acceptable deviations from the planned targets, confirming
the high accuracy of surgical plan execution.

Another important observation was the safety profile of
functional alignment. No increase in perioperative compli-
cations, instability, or signs of aseptic component loosen-
ing was observed during the study period. These findings
are consistent with contemporary evidence demonstrating
no increased risk of early revision when moderate constitu-
tional varus is preserved within controlled limits.33 More-
over, multicenter studies of robotic-assisted functional
alignment have reported high patient satisfaction and an
absence of complications related to coronal alignment
when safe-zone principles are respected.4!

Several limitations of the present study should be ac-
knowledged. First, the follow-up period was limited to 12
months, precluding assessment of implant longevity and
long-term survivorship. Second, the study was conducted in
a single center by a single experienced robotic arthroplasty
team, which may limit the generalizability of the findings
to less experienced institutions. Third, despite the random-
ized design, the influence of additional factors—including
variations in rehabilitation protocols, biological healing re-
sponses, and subjective patient perceptions of functional
recovery-cannot be completely excluded. Nevertheless, the
present findings demonstrate the potential of functional
alignment as a contemporary personalized strategy for ro-
botic-assisted total knee arthroplasty and provide a ratio-
nale for future investigations involving larger patient pop-
ulations and longer follow-up periods.

CONCLUSION

Robot-assisted functional alignment using the CORI Sur-
gical System demonstrated high radiographic accuracy, ex-
cellent reproducibility of the planned alignment strategy,
and a ligament-preserving surgical profile in patients un-
dergoing primary total knee arthroplasty for varus knee os-
teoarthritis.

Compared with robot-assisted mechanical alignment,
functional alignment was associated with superior early
clinical and patient-reported outcomes, reduced soft-tissue
release requirements, and substantially greater preserva-
tion of constitutional CPAK phenotypes and native coronal
knee morphology. Importantly, these advantages were
achieved without compromising alignment accuracy, radi-
ographic safety, or early implant stability.

Although differences in functional outcomes diminished
during follow-up, the observed preservation of constitu-
tional knee anatomy and earlier postoperative recovery
suggest that functional alignment represents a clinically
relevant personalized alignment strategy for robotic-as-
sisted total knee arthroplasty.

Further multicenter randomized studies with larger pa-
tient populations and longer follow-up are required to de-
termine whether preservation of constitutional knee phe-
notypes translates into improved long-term implant
survivorship, patient satisfaction, and functional outcomes.
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