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Abstract

Background: Total Knee Arthroplasty (TKA) is a well-established surgical procedure for relieving pain and restoring function
in patients with end-stage knee osteoarthritis. However, optimal alignment strategy, whether kinematic alignment (KA) or
mechanical alignment (MA) remains a subject of ongoing debate. Emerging evidence suggests that KA may better replicate native
knee kinematics, improving postoperative gait and recovery. This systematic review aims to systematically compare gait patterns
and functional outcomes in patients undergoing TKA with KA versus MA, evaluating evidence from recent randomized controlled
trials and comparative cohort studies. Methods: A comprehensive literature search was conducted using databases including
PubMed, Scopus, Web of Science, and Google Scholar up to May 2025. Seven peer-reviewed studies were included based on
predefined inclusion and exclusion criteria, focusing on gait parameters (e.g., walking speed, step length, joint kinematics), patient-
reported outcome measures (PROMs), and radiological findings post-TKA. The PRISMA guidelines were followed, and quality
assessment was performed using the ROB 2 and Newcastle-Ottawa tools. Results: The majority of included studies demonstrated
that KA-TKA leads to improved or equivalent outcomes compared to MA-TKA. Patients with KA showed better restoration of
natural knee kinematics, increased walking speed, more symmetric gait cycles, and higher satisfaction scores in the early and mid-
term follow-ups. Several meta-analyses supported these findings, indicating a significant reduction in mechanical axis deviation
and improved functional scores with KA. However, long-term survivorship data and complications were comparable between
the two techniques. Conclusion: KA appears to offer superior or at least non-inferior gait restoration and functional outcomes
compared to MA. The approach may lead to more personalized and physiologically favourable results, especially in terms of early
postoperative recovery. However, further high-quality, long-term RCTs are needed to validate its adoption, durability and implant
longevity.
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Introduction

Knee osteoarthritis (KOA) is a progressive degenerative condition
that significantly alters gait mechanics and leads to functional
impairments [1]. Though non-surgical approaches such as patient
education, physical therapies, weight loss and activity modification
remain first line management, surgical treatment is also required
in some patients. Adequate alignment of knee after conservative
or surgical treatment is the key to maintain quality of life. In
patients with varus knee deformity, whether from tibial, femoral,
or combined causes, surgical correction is often indicated [2].

Total knee arthroplasty (TKA) remains the most effective and
standard surgical intervention for advanced KOA. It is generally
indicated in patients with symptomatic, end-stage osteoarthritis
unresponsive to conservative measures [3]. It provides substantial
pain relief and improved joint function, particularly with regard to
gait restoration and mobility enhancement, thereby enhancing the
quality of life.

When TKA was first introduced in the 1970s, implant survivability
was a primary concern. This challenge was effectively addressed
with the introduction of the mechanical alignment (MA) technique,
which significantly enhanced implant longevity [4]. As aresult, MA
became the gold standard for TKA procedures [2]. It positions the
prosthetic components perpendicular to the mechanical axis of the
lower limb to achieve neutral alignment. This approach assumes
that a neutral mechanical axis distributes forces symmetrically and
enhances implant longevity.

Despite the technical success of MA-TKA, it largely ignores the
biomechanical intricacies of knee movement. About 15-20% of
patients remain dissatisfied, citing unnatural kinematics, stiffness,
or impaired gait. It also is technically difficult and sometimes
inaccurate as it requires soft tissue releases which can affect the
natural knee kinematics. Many report unnatural joint kinematics,
persistent stiffness, and difficulty returning to pre-arthritic gait
patterns [5,6].

Today, it is well established that two critical determinants of
successful TKA are proper alignment and soft tissue balance.
Howell et al. introduced the conceptual foundation for kinematic
alignment, an approach that aims to reproduce the patient’s
constitutional alignment, reflecting their unique, pre-arthritic joint
morphology [5].

A measured bone resection technique is required to obtain a
successful KA procedure. KA can improve knee functioning
as well as control the pain by maintain the ligament balance
and minimizing any surgical gesture [7]. It helps in restoring

pre-arthritic alignment of the knee. By tailoring the prosthetic
positioning to the individual’s native knee anatomy, kinematic
alignment has been shown to improve soft-tissue balance, enable
more natural knee kinematics, and significantly enhance patient
satisfaction [8,9].

Given the evolving focus on personalization in total knee
arthroplasty, there is a growing body of comparative research
evaluating kinematic alignment and mechanical alignment
[10,11]. However, the existing literature remains fragmented,
and consensus on the superiority of either technique, especially
regarding gait restoration and early functional recovery, has not
been firmly established.

This systematic review aims to consolidate current evidence
comparing KA and MA techniques in TKA, focusing on objective
gaitmetrics, functional outcomes, and patient-reported experiences.
The review offers a critical synthesis to support evidence-based
clinical decision-making.

Materials and Methods

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines [10]. The review protocol
was developed before data extraction and adhered to a structured
and transparent methodology. A PRISMA flow diagram illustrates
the study selection process (Figure 1).

Figure 1: Prisma Flow Chart

To ensure a structured and focused research question, the review
was formulated using the PICO framework:

. Population (P): Adults undergoing primary total knee
arthroplasty (TKA)
. Intervention (I): Kinematic alignment (KA) technique
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. Comparison (C): Mechanical alignment (MA) technique

. Outcomes (O): Gait parameters (step length, cadence,
walking speed, joint kinematics), functional outcome scores
(KSS, WOMAC, OKS), and patient-reported outcomes (pain,
satisfaction, quality of life)

This framework was used to define eligibility criteria and guide
data extraction and synthesis.

Search Strategy

A comprehensive search was performed in five electronic
databases: PubMed, EMBASE, Cochrane Library, Web of Science,
and Google Scholar. The search strategy utilized Boolean operators
and included the following keywords: (“kinematic alignment” OR
“KA”) AND (“mechanical alignment” OR “MA”) AND (“total
knee arthroplasty” OR “TKA”) AND (“gait” OR “function” OR
“range of motion” OR “functional recovery”). The last search
update was conducted on April 30, 2025. Additional eligible
studies were identified by manually screening the references of
selected full-text articles and relevant systematic reviews.

Inclusion and exclusion criteria

The inclusion criteria were as follows :(1) Comparative studies
(RCTs, cohorts) directly evaluating KA vs. MA in TKA. (2)
Reports on gait metrics and validated functional outcomes (e.g.,
WOMAC, KSS, VAS). Criteria for exclusion: (1) No full-text
availability. (2) Animal, cadaveric, or simulation studies. (3) Non-
English language publications or non-accessible texts.

Data Extractions

A standardized data extraction form was developed and used
by two independent reviewers. The following variables were
recorded from each study are first author, year of publication,
Country and study design, number of patients, demographics and
characteristics, type of prosthesis/implant used, surgical technique
and alignment method, gait analysis methods and tools, functional
outcomes (ROM, KSS, OKS, WOMAC) and follow-up duration.
All extracted data were cross-verified for consistency and accuracy.

Data Synthesis

Given the heterogeneity in outcome measures and reporting
formats a narrative synthesis was conducted to compare trends
in gait performance, functional outcomes, and patient-reported
measures between KA and MA.

Outcomes were grouped into the following categories:

. Patient-reported outcomes (pain, satisfaction, return to
activities)

. Complications and revision rates
Results
Study Selection and Characteristics

A total of 7 studies were included in this systematic review after
rigorous PRISMA screening (Figurel). The studies consisted of
randomized controlled trials (RCTs), prospective and retrospective
cohorts, and meta-analyses comparing kinematic alignment (KA)
and mechanical alignment (MA) in total knee arthroplasty (TKA).
Together, they enrolled 3297 patients, with follow-up ranging
from 6 months to over 2 years.

The included studies varied in surgical technique (KA or MA),
implant type, and outcome measures, but all assessed gait
performance and/or functional recovery. Most used validated
outcome measures (WOMAC, KSS, ROM), and gait assessments
ranged from pedobarography and motion capture to wearable
Sensors.

Risk of Bias Assessment

Risk of bias was evaluated using the Cochrane RoB 2.0 tool
for randomized trials and the Newcastle-Ottawa Scale for
observational studies. The most RCTs demonstrated low to
moderate risk of bias in domains related to outcome measurement
and selection bias.

Gait Analysis Outcomes

Out of the 7 studies, 3 directly evaluated postoperative gait
outcomes using quantitative methods such as 3D gait analysis,
pedobarography, and instrumented treadmill assessments. Patients
receiving KA-TKA demonstrated significantly better restoration
of native gait kinematics compared to MA-TKA. Step length
symmetry and cadence were significantly better in the KA group,
indicating more physiological and coordinated gait [2]. Medial-
lateral force distribution and knee adduction moment were closer
to normal in the KA group, suggesting improved biomechanical
efficiency Wang et al. [11] Fernandez et al. 2025 shows that KA
alignment preserved natural varus/valgus angles, contributing to
smoother stance transitions [12].

Kinematic alignment (KA) tends to restore Ground Reaction
Force (GRF) patterns that more closely resemble those of the
preoperative, non-arthritic limb. In contrast, mechanical alignment
(MA), while achieving a neutral mechanical axis, often leads to
stiffer gait patterns characterized by reduced stride length and
increased compensatory movements at the hip and trunk. Studies
by Blakeney et al. (2019) and Migliorini et al. (2025) demonstrated
that KA in the early postoperative phase is associated with

. Gait performance (step length, cadence, gait symmetry,
ground reaction forces)

. Functional recovery scores (WOMAC, OKS, KSS, ROM)
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improved quadriceps function and walking cadence [2,13]. On the
other hand, McEwen et al. (2019) reported that MA is frequently
linked to a stiffer gait and delayed return to baseline walking [14],
while Jamali et al. (2024) and Parente et al. (2023) noted greater
mediolateral imbalance with MA [15,16]. These findings were
consistent across both early (3—6 months) and intermediate (1-
year) postoperative periods.

Functional Recovery and Objective Scores

Functional outcomes were reported in four studies using validated
tools: WOMAC, Knee Society Score (KSS), Oxford Knee Score
(OKS), and Short Form-12 (SF-12). Shekhar et al. and Tian et al.
found that patients undergoing kinematic alignment total knee
arthroplasty experienced significantly greater improvements in
WOMAC pain and function subscales within the first six months.
KSS function scores were also higher in the KA group, especially
among those with preoperative varus deformities [17,18]. Ettinger
et al. reported faster Activities of Daily Living (ADL) improvement
in KA patients, with better stair climbing and unassisted walking
[19].

While mechanical alignment ensured consistent implant positioning
and similar patient satisfaction, Khan et al. 2024 noted frequent
overcorrection in constitutional varus cases, potentially limiting
optimal recovery [20] Gibbons et al. 2025 and Karasavvidis et
al. 2024 further showed MA patients were slower to regain range
of motion and had more flexion contracture beyond three months
[21,22].

Patient-Reported Outcomes and Satisfaction

Patient satisfaction and perceived joint function were evaluated in
35 studies using KOOS, Forgotten Joint Score (FJS), and visual
analogue scales. W. Youngetal. 2017 and Elbuluk etal. 2022 showed
that higher subjective satisfaction and joint awareness scores were
consistently reported in KA patients. KA-TKA recipients reported
faster return to preoperative lifestyle, particularly among younger
and physically active individuals [24,25].

MA-TKA patients, while achieving similar long-term functional
outcomes, reported more dissatisfaction due to the unnatural
feel of the prosthesis, especially during high-flexion activities.
Graaf et al., 2023 and Manara et al., 2025 found that Functional
alignment (FA) and restricted KA strategies also showed promising
outcomes, balancing soft tissue strain and implant placement
[26,27]. MacDessi et al. 2024 suggested that implemented
robotic assistance or patient-specific instrumentation (PSI) in KA
procedures further enhanced accuracy and consistency, leading to
superior short-term satisfaction scores [28].

Long-term Outcomes

Longitudinal studies with 2-year follow-up periods (e.g., Gibbons

et al., 2025; Khan et al., 2024) found no statistically significant
differences in implant survival or revision rates between KA and
MA techniques [29,30]. While early recovery and gait restoration
were better in KA groups, long-term durability of function and
pain relief were comparable for both the techniques.

Summary of GRADE Assessment

Certainty of the evidence was graded using the GRADE
framework, considering risk of bias, inconsistency, and precision
of effect estimates. The improved restoration of physiological gait
seen in KA, as reported by multiple studies, aligns with the trend
of higher functional scores in the early postoperative phase.

Despite methodological variability, the overall risk of bias remained
within acceptable levels, supporting the validity of pooled results.
Importantly, the GRADE analysis reinforces the moderate-to-high
certainty for key gait-related outcomes, suggesting that KA may be
more effective in mimicking native knee kinematics compared to
MA, particularly in early recovery periods.

Discussion

This comprehensive systematic review evaluated and synthesized
evidence from 7 high-quality studies comparing kinematic
alignment (KA) and mechanical alignment (MA) in total knee
arthroplasty (TKA), with particular focus on gait restoration and
functional recovery. Oussedik S, et al. showed how traditional
mechanical techniques of knee arthroplasty is shifting towards the
kinematic alignments [28]. Begum et al. highlighted the advantages
of kinematic alignment, particularly its potential to enhance
patient satisfaction [29]. However, their study did not report any
statistically significant differences in gait patterns or postoperative
functional outcomes when compared to mechanical alignment. The
findings strongly suggest that KA offers a more patient-centric,
anatomically accurate approach to knee replacement, particularly
in the short- to mid-term postoperative phases.

Gait Restoration

Restoration of physiological gait patterns is a key indicator of
TKA success. Multiple studies in this review confirmed that KA
better replicates native knee kinematics by aligning prosthetic
components to the patient’s pre-arthritic anatomy. This leads to
improved cadence, step symmetry, and reduced compensatory
movement patterns. KA preserves the joint line obliquity and
allows retention of the patient’s constitutional varus or valgus,
which is crucial for restoring normal knee biomechanics [30,31].
MA, in contrast, prioritizes a neutral mechanical axis, often at
the cost of altered soft tissue balance and unnatural joint line
orientation [32]. This approach, though historically considered
gold standard, may inadvertently lead to over-resection of bone
and disruption of the knee’s natural motion arc, contributing to
stiffness and less dynamic gait [34].
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Early Recovery of Functional Outcomes

Improved functional outcomes and early recovery with KA-TKA
were consistently demonstrated across multiple RCTs and cohort
studies. Patients recovered range of motion more rapidly, reported
less pain, and achieved independence in ADLs sooner than MA
counterparts. Yoon J et al. specified that these advantages are
especially significant in enhancing patient quality of life, reducing
dependency, and lowering rehabilitation costs [33].

However, some studies noted that long-term differences in
functional scores between KA and MA tend to diminish by the
5-year mark [21]. This convergence may reflect adaptive gait
mechanisms or compensatory neuromuscular strategies that
develop over time, irrespective of alignment strategy.

Patient Satisfaction and Soft Tissue Considerations

Patient satisfaction was consistently higher in the KA group,
especially in active individuals and those with constitutional
deformities. This satisfaction appears to stem from the natural
feel of the knee and reduced incidence of mid-flexion instability.
KA also minimizes the need for extensive soft tissue releases,
preserving the medial and lateral retinacula and reducing surgical
trauma.

MA, though effective in standardizing outcomes, has limitations
in personalization. In patients with preoperative asymmetry
or altered bone morphology, MA may result in malrotation or
improper ligament tensioning, leading to dissatisfaction despite
radiographic success.

Robotic and Navigation-Assisted Surgery

Recent studies integrating robotic-assisted and computer-
navigated TKA have enabled surgeons to implement KA more
precisely. McEwen et al. emphasized that modern technologies
enable precise intraoperative assessment of joint line orientation,
ligament balance, and flexion-extension gaps, thereby enhancing
component positioning without compromising alignment
principles [35]. Functional alignment (FA) and restricted
kinematic alignment (KA) approaches further refine outcomes by
harmonizing individual anatomical variations with biomechanical
demands. Sarzaeem, 2024 demonstrated that kinematic alignment
outperforms mechanical alignment in terms of gait restoration and
postoperative functional outcomes [36]. Similarly, studies by Liu et
al. and Wang et al. reported the superiority of KA over mechanical
alignment during medium- to long-term follow-up, attributing this
to KA’s ability to preserve the native alignment of the hip, knee,
and ankle, thereby facilitating a more natural gait pattern [37,38].

Mizu-uchi H, et al. and Ollivier B, et al. highlighted the potential
of such hybrid strategies in achieving optimal results preserving
gait functionality without compromising on long-term implant
survival [39,40].

Limitations of the Current Evidence

Despite the promising findings, several limitations can be noted in
the present systematic analysis. Significant heterogeneity exists in
how KA and MA were defined and executed across studies. Varying
outcome measures and assessment timelines limit meta-analytic
synthesis. There remains a lack of large-scale, multicentric RCTs
with >10-year follow-up comparing both techniques directly.
Gait analysis protocols and technologies differ widely, reducing
comparability. Additionally, most studies were conducted in
high-income countries, which may not fully represent outcomes
in resource-limited settings where rehabilitation and surgical
instrumentation vary.

Conclusion

KA in total knee arthroplasty demonstrates clear benefits in
restoring natural gait patterns and promoting early functional
recovery when compared to traditional MA. Patient-reported
outcomes, including satisfaction and joint awareness, are also
higher in the short to intermediate term. While long-term
differences in implant longevity and function appear minimal,
the individualized approach offered by KA makes it a compelling
alternative to MA. Future research should focus on harmonizing
definitions, standardizing outcome measures, and conducting long-
term RCTs in diverse populations to better delineate the benefits
and limitations of both alignment philosophies.
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