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Abstract

Background Knee arthroplasty (KA) aims to restore normal gait, correct joint alignment, improve the quality of life and
activities of daily living, and provide pain relief. Hence, the main purpose of this overview was to summarise data from
published reviews exploring gait changes during unaided level walking post-KA, thereby providing for recommendations
for future practice and research.

Method A systematic review of review (RoR) for articles published in English and since 2010, was conducted online
using PubMed and Google Scholar, as per Preferred Reporting Items for Systematic reviews and Metaanalyses guidelines.
Predefined eligibility criteria were applied, and the data thus compiled were analysed. Study quality was assessed using
AMSTAR-2 checklist.

Result A total of 5 systematic reviews and meta-analysis consisting of 58 primary studies were included in the review. Based
on the very limited evidence, it appears that though gait does not normalize post-KA, there seems to be an improvement
in spatiotemporal gait parameters over mid to long term with some decline in gains over long term. Further reviews also
suggest no benefits with unicompartmental KA in comparison to healthy controls or total KA patients. Further quality of
the study was found to be of critically low confidence based on the AMSTAR-2 scale, suggesting that the results should be
interpreted with great caution.

Conclusion The overview highlights the knowledge gap and limitations in gait assessment research post-KA with existing
heterogeneity in methods and reporting amidst other factors within primary studies, establishing the need for further research.
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Background

Knee arthroplasty (KA) is a popular and effective treatment
for osteoarthritic knee, especially in the elderly population.
KA aims to restore normal gait, correct joint alignment,
improve the quality of life and activities of daily living, and
provide pain relief [1, 2]. Though KA leads to improvement
in functional scores it does not imply movement quality.
Knowledge of joint mechanics is essential, as it has been
reported that abnormal joint mechanics postoperatively
may lead to wearing of implant [3, 4] and osteoarthritis
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progression in other joints [5]. While total knee arthro-
plasty (TKA) is deemed durable, unicompartmental knee
arthroplasty (UKA) is associated with reduced postopera-
tive complications and faster recovery [6, 7]. Furthermore,
UKA is entrusted to restore normal gait patterns owing to
the very nature of its approach to ligament preservation [8,
9]. Hence, the main purpose of this overview was to sum-
marise data from published reviews exploring gait changes
during unaided level walking post-KA, thereby providing
for recommendations for future practice and research. A
systematic review of systematic reviews and meta-analysis
[RoR] approach was opted to comprehensively synthesize
and summarize the gait changes from the biomechanical
perspective post-KA.
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Methodology

Computerized literature searches, following the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines (Fig. 1) [10], were performed
for review and meta-analysis articles published in Eng-
lish using PubMed, and Google Scholar, over last decade
(since 2010—thereby to avoid reviews involving dupli-
cation of primary studies and to synthesize current evi-
dence). A PICO search strategy was employed.

e Population: All reviews that investigated gait parameters
while level walking in individuals who underwent KA

e Intervention: The study group included KA patients

e Comparison: All comparisons were considered.

e Outcome: Gait parameter assessment or changes while
level walking post KA.

Search terms used in the title, abstract, MeSH, and
keywords fields included (‘gait’ [MeSH] OR ‘walking’
[MeSH] OR ‘knee’ [MeSH] OR ‘arthroplasty, knee’
[MeSH] OR ‘replacement, knee’ [MeSH] OR spatiotem-
poral’ [MeSH]) OR ‘review’ [MesH] OR ‘meta-analysis’

Fig.1 Study selection—

[MeSH] AND ‘gait’ [tiab] OR ‘arthroplasty’ [tiab] OR
‘walking’ [tiab] OR ‘stride’ [tiab] OR ‘cadence’ [tiab]
OR ‘step’ [tiab] OR ‘ground reaction force’ [tiab] OR
‘spatiotemporal’ [tiab] ‘kinetics’ [tiab] OR ‘kinematics’
[tiab] OR ‘ambulation’ [tiab] OR ‘biomechanics’ [tiab]
OR ‘review’ [tiab] OR ‘meta-analysis’ [tiab].

The bibliographies of all located articles and a forward
citation search were also performed. The search was com-
pleted by 20 July 2020. Search results from each database
were exported to Mendeley® (reference management soft-
ware) and duplicates were removed. Further, duplicates were
removed manually. Once de-duplicated, the list of available
studies were screened and assessed by a single-reviewer.
Ethical approval was not obtained as the study essentially
was a review of previously published works. Priori defined
but unpublished protocol was followed.

Scientific Merit Assessment—
Methodological Quality

The scientific merit assessment was applied as an analyti-
cal instrument and was not a criterion for study exclusion.
Study quality was assessed, by a single reviewer, using
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the A MeaSurement Tool to Assess systematic Reviews-2
(AMSTAR-2) tool [11], a 16 item checklist with 4 possible
responses: yes, partial yes, no, or not applicable. Of the 16
items, 7 are considered “critical” domains. The reviews were
rated to be of high, moderate, low, or critically low overall
confidence as suggested by the tool guideline [11].

Study Eligibility

Studies were considered eligible if they fulfilled the follow-
ing criteria: were systematic reviews and/or meta-analysis
published in English and with full-text availability, were sys-
tematic reviews reporting gait changes post-KA reporting on
kinetic, kinematic, and/or spatiotemporal aspects, and were
reviews published in or after 2010.

Studies were excluded if they adhered to any of the fol-
lowing exclusion criteria: reviews reporting on biomechani-
cal methodology or other than gait parameters (clinical or
radiological) post-KA, reviews focussing on cadaveric stud-
ies, studies other than systematic reviews (narrative/general
reviews, abstracts, case reports/series, thesis, letters, confer-
ence papers, book chapters, unpublished works, and com-
mentaries), and duplicate publications.

Table 1 Characteristics of reviews included in the present overview

Data Extraction and Synthesis

Screening of all eligible publications was carried out by
a single reviewer for titles, abstracts, full text, and bibli-
ographies, utilizing predetermined criteria. In the case of
multiple versions of reviews, the most current version was
included, and in the case of multiple publications of identi-
cal reviews, the most detailed publication was included.
Data extracted from the included reviews were entered into
an Excel 2013 spreadsheet under the following headings:
author(s), year of publication, review or meta-analysis,
number of primary studies included, number of databases
searched, search period executed, review objective, lan-
guage restrictions, methodological quality assessment tool
used to assess primary studies included within reviews,
reporting guidelines adhered to, sample characteristics
(size, demography), prosthetic used, surgery to gait analy-
sis duration, gait measures (kinetic, kinematic and spati-
otemporal), and review findings.

Data were extracted by a single reviewer from the
reports and are summarised descriptively with the help of
tables and graphs. In case of any missing data, no attempt
was made to contact the corresponding author.

Study Study type Primary Objective Indication Search period Database Language Methodologi- Guideline
studies searched restriction cal quality
Nhaetal. [12] Meta-analysis 7 UKA vs. TKA OA Inception to 5 No restriction New-Castle- PRISMA
December Ottawa scale
2017
Kim et al. Meta-analysis 7 UKA vs. HC OA Inceptionto 5 No restriction New-Castle-  Cochrane
[13] June 2017 Ottawa scale  review
meth-
ods and
PRISMA
Sosdian et al. ~ Systematic 19% Pre vs. post-  NR Inceptionto 4 English Modified PRISMA
[14] review op; KA vs. 10 April Down and
HC 2014 Black’s
Fiorentini Systematic 5 TKA vs. HC;  OA Inceptionto 5 English Modified NR
etal. [15] review pre- vs. December Down and
post-op 2011 Black’s
Abbasi- Meta-analysis 12 Pre vs. post-  OA Inceptionto 4 English NR NR
Bafghi et al. op (UKA or August 2009
(16] TKA)

UKA unicompartmental knee arthroplasty, TKA total knee arthroplasty, KA knee arthroplasty, HC healthy controls, OA osteoarthritis, NR not

reported, PRISMA preferred reporting items for systematic reviews and meta-analyses

#Healthy control data reported in 10 studies only
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Results

Of the ten eligible studies, five reviews [12—16] were
included in the present overview. The characteristics and
findings of the included reviews are summarised in Tables 1,
2, 3, 4. Reviews that were excluded are summarised in sup-
plemental Table 1. The included reviews included 58 pri-
mary studies, with 3.45% of primary studies included in 3
reviews, and 15.52% in 2 reviews.

A meta-analysis of RoR is a challenging task owing to
the review heterogeneity, methodological variability, and

Table 2 Summary of primary studies included across reviews

overlap of primary studies within the systematic review
included. Hence a narrative approach was used in the cur-
rent review.

Age of the sample was reported in almost all of the
studies within the reviews included, while gender distri-
bution was inconsistently reported across studies within
reviews (Table 2) with few reviews including studies done
exclusively on females [12, 15]. Based on the available
data, the study population was predominantly elderly and
female (Table 2).

Study Sample size Prosthesis type Time of gait Mean age in years Gender (Total)
analysis from surgery (range)
(months)
Nhaet al. [12] 82 UKA patients, 99 Multiple 210 20 UKA=58-70.3, Male =29 (UKA), 33
TKA patients TKA =60-70.3 (TKA)
Female=41 (UKA), 54
(TKA) (based on 6
studies)
Kim et al. [13] 101 UKA patients, 194  Multiple 11.8-22.1 UKA=62.5-70.3, Male=27 (UKA), 30
HC HC=27.9-69.5 (HO)
Females =62 (UKA), 36
(HC)
(based on 6 studies)
Sosdian et al. [14] 547 KA, 89 HC Multiple 2 to 24 HC=60.5-76, Male =38-63%, (HC),
KA =59.5-73.9 16-63% (KA)
Female =37-100% (HC
and KA each)
Fiorentini et al. [15] 151 TKA, 87 HC NR 3to24 TKA =62.6-69, Male: TKA =33,
HC=62.7-67 HC=13
Female: TKA =84,
HC =54 (based on 3
studies)
Abbasi-Bafghi et al. 419 KA*® NR 6to 60 67.2 Male=45.7%

[16]

Female =54.3% (based
on 10 studies)

UKA unicompartmental knee arthroplasty, TKA total knee arthroplasty, HC healthy controls, KA knee arthroplasty, NR not reported
*75% studies reported TKA patients, 50% studies reported UKA, and 8.3% studies reported mixed patients (TKA and UKA)

Table 3 Summary of outcomes measures reported across reviews

Study Measure

Nha et al. [12]

Kinetics (vertical ground reaction force), kinematics (joint moment at stance, knee flexions at

initial contact and at swing phase, overall sagittal range of motion at stance phase, and coronal
knee angle at stance phase), and spatiotemporal (walking speed, stride length, cadence)

parameters
Kim et al. [13]

Kinetics (vertical ground reaction force), kinematics (knee flexion at initial contact, at loading

response and at swing phase, knee extension at mid-stance phase, sagittal knee angles), and
spatiotemporal (walking speed, stride length, cadence) parameters

Sosdian et al. [14]
Fiorentini et al. [15]

Abbasi-Bafghi et al. [16] Walking speed

Frontal plane and sagittal plane kinematic and kinetic parameters during the stance phase of gait

Spatiotemporal parameters—gait speed, cadence, stride length and stride time
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Table 4 Findings of the reviews included in the overview

Study Findings

Nha et al. [12] UKA patients and TKA patients were similar in terms of vertical ground reaction forces, joint moment at stance,
overall kinematic outcomes, walking speed, and cadence during level walking
TKA group had significantly shorter stride length than UKA patients, which wasn’t influenced by gender based on

meta-regression analysis

Kim et al. [13] No significant differences in vertical ground reaction forces or overall kinematics in the sagittal plane (knee flexion
at initial contact, at loading response and at swing phase) between UKA patients and healthy controls during level
walking

UKA group had a significantly slower walking speed and cadence and a shorter stride length than healthy controls,

which wasn’t influenced by age based on meta-regression analysis

Sosdian et al. [14] KA results in a decreased peak knee adduction moment and maximum knee adduction angle, an increased peak knee

flexion moment, and inconsistent changes in the maximum knee flexion angle

Fiorentini et al. [15] Spatiotemporal gait parameters (walking speed, cadence and stride time) improved after surgery (at 6 months, 1 year
and 2 year) but not always significantly matching that of healthy age-matched controls
TKA patients did not achieve the same gait patterns as previously

No significant difference between with or without resurfaced patella design (based on 1 study)

Abbasi-Bafghi et al. [16] Improvement in walking speed (average 0.8 standard-deviations faster) both at mid-term and long-term (6 to
60 months) post-operatively

There were initial improvement followed by decline from 13 months post operatively, based on meta-regression

UKA unicompartmental knee arthroplasty, TKA total knee arthroplasty, KA knee arthroplasty

Fig.2 Distribution summary ——Y
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AMSTAR 2 CRITERIAS

Anthropometric measures like height [12, 13], weight
[12, 13] and BMI [14, 16] were scarcely and inconsistently
reported across primary studies within reviews.

The number of assessments done over time varied across
reviews ranged from one to four times [12-16], with lost to
follow-up data being provided only in one review [14]. Only
one review [15] reported the number of test attempts used
that ranged to a maximum of eight attempts.

Patients mostly walked unaided and at their self-selected
pace on a treadmill or a platform [12-15], with few studies
reporting a pre-specified or varied speed [14, 15], while few
failed to mention speed [14]. Further, very few studies reported
the use of footwear within reviews [14, 15]. The distance

walked was mentioned in two reviews [15, 16] which ranged
from 4.6 to 10 m [15] in one, and 3.8 to 10 m in other [16].
Varied methods were reported across primary studies includ-
ing 3D motion analysis, optoelectronic, force plate, and inertial
measurement unit [12, 14]. But none of the reviews explored
the effect of these factors on gait measures, due to limited
study and data.
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Scientific Merit Assessment of Included
Reviews

All the reviews [12, 13, 15, 16], except one [14], in the
present overview, received critically low confidence
appraisals based on AMSTAR?2 assessment, exhibiting
more than one critical flaw (Fig. 2). Only one review [14]
receives moderate confidence appraisal exhibiting more
than one non-critical flaw. None of the reviews provided
the list of excluded studies with reasoning.

Scientific Merit Assessment Within Reviews

Different tools were used to assess the quality of primary
studies included in the review (Table 1). Though the over-
all study quality across reviews was high [12-15], they
were subjected to selection bias, risk of attrition bias, and
heterogeneity owing to methodological approach.

Limitations

Various limitations were reported across the reviews which
include a small number of primary studies [15, 16], obser-
vational studies [12, 13, 16], lack of healthy control group
[16], lack of appropriate statistical analysis [14, 15], and
studies limited to the English language [12, 14-16].
Further limitations included heterogeneity in regards to
study design, sample characteristics, gait analysis meth-
odology and systems, and prosthesis or implant designs
[12—15]. The studies also lacked information on patient
co-morbidities, and rehabilitation protocols used [16].

Discussion

The current overview was undertaken with the main objec-
tive of summarising data from published reviews explor-
ing gait changes while unaided level walking post-KA,
thereby providing for recommendations for future practice
and research. Five reviews were identified with a total of
58 primary studies. Based on the very limited evidence,
it appears that though gait does not normalize post-KA,
there seems to be an improvement in spatiotemporal gait
parameters (walking speed, cadence, and stride time) over
mid to long term with some decline in gains over long term
[15, 16], and also in kinematics [14]. Further reviews also
suggest no benefits with UKA in comparison to healthy
controls [13] or TKA patients [12].

@ Springer

The result of this overview highlights the knowledge
gap and limitations in gait assessment research post-KA
with existing heterogeneity in methods and reporting
amidst other factors within primary studies, making the
establishment of gait changes post-KA difficult. Further
quality of the study was found to be of critically low con-
fidence based on the AMSTAR-2 scale, suggesting that the
results should be interpreted with great caution.

Though sagittal knee flexion during stance and swing
phase is associated with an increased walking speed with
uniform force dispersal over tibiofemoral cartilage in healthy
adults [17], no significant difference [12] was found in this
overview in KA patients. Further reduced muscle power,
reduced quadriceps function, retained quadriceps avoidance
gait, and muscular compensations postoperatively, and resid-
ual flexion deformity post arthroplasty may influence knee
flexion [4, 18-22].

Though the research is very limited, there is some indi-
cation that KA influences joint kinematics [14]. This is
important, as it has been reported that abnormal kinematics
may lead to inappropriate joint loading leading to persistent
symptoms and implant wear-off [3]. While no added advan-
tage was reported for UKA in comparison to TKA [12], joint
mechanics have been reported to vary based on the nature
of tasks (like stair climbing) [23] and needs to be explored.

Improvement in spatiotemporal gait parameters like
walking speed, cadence, and stride time was observed in
the present overview [15, 16]. This is significant as walking
speed is considered an indicator of good functional outcome.
Even minimal improvement in walking speed to the range of
0.1 m/s has been associated with better outcomes [24, 25].
While a small decline in gains post-KA in the long term was
observed in the current review, literature remains largely
divided in this regards with reports of progressive functional
decline [26] on one end to reports of retained functional ben-
efits up to 15 years post-KA [27]. Aging has been associated
with impaired walking speed [28], but no such finding was
reported in one review comparing the effect of UKA with
healthy controls [13].

The results about UKA of no benefit or advantage may
be attributed to poor patient selection (degenerated or highly
lax ACL) [29], and asymmetries in joint loading postopera-
tively in both operated and non-operated lower limb [30].

The present overview highlights gross limitation in
research on the effect of various factors like implant design,
surgical approach, surgical techniques, rehabilitation proto-
cols, and patient characteristics (age gender, anthropomet-
rics, comorbidities) [14, 15, 31] on gait. Further, there was a
lack of information on KA laterality (unilateral vs. bilateral)
and the effect of the operated knee on the non-operated knee
and vice-versa, and also on the other joints in lower kinetic
chain. This is significant as any deficiency in the operated
side may lead to compensatory mechanisms in other joints
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of the lower kinetic chain, with reports of progression of
arthritic changes in the non-operated contralateral knee in
patients undergoing unilateral KA [32]. Additionally, few
other factors were not considered within the reviews which
may also affect the outcomes, like details of assessor/sur-
geon, and country of study, which may add to approach and
protocol variability.

Finally, though fluoroscopy has been largely used to
study the joint dynamics post-KA, various other gait assess-
ment techniques have emerged—effects of these need to be
explored from clinical and research perspective [31].

The present RoR is not without limitations. The reviews
included were subjected to heterogeneity per se and due to
the primary studies involved, owing to varied study objec-
tives, diverse methodology, heterogeneous study population
and setting, varied study designs, varied approaches to gait
analysis, varied implant designs, and inconsistent reporting.
The current RoR was a single reviewer based and involved
two databases, thereby raising the possibility of reviews
being missed despite a comprehensive search. Additionally,
a meta-analysis could not be performed owing to study and
data heterogeneity across the reviews. This RoR might be
subjected to publication bias as it was limited to reviews
published and in the English language. Due to the above
limitations and also those outlined by individual reviews,
great caution is needed to be exercised while interpreting
results published across various reviews.

The result of this RoR highlights the existing gap and
limitations in gait research post-KA with existing heteroge-
neity in methods and reporting amidst other factors. How-
ever, the review finding does signify the need for focussed
rehabilitation post-KA for better outcomes achieving healthy
if not normalized gait pattern limiting further damage to the
operated and also other joints in the lower kinetic chain.

Way Forward

Further, appropriately powered research employing rand-
omized control or longitudinal study design with an appro-
priate follow-up period, with adherence to standard reporting
guidelines, and with rigorous statistical analysis exploring
post-KA gait changes is required. The research needs to take
in to account various factors like.

e Assessment characteristics (assessment timing—pre and
postoperatively, assessor characteristics, gait analysis—
methodology, technique, and equipment),

e Patient characteristics (age, sex, height, weight, BMI and
comorbidities),

e Surgical characteristics (type and approach of arthro-
plasty, prosthesis or implant type, surgical approach,
laterality, surgeon characteristics),

e Geographical characteristics (country of study—as pro-
tocols and approaches may differ),
e Rehabilitation/gait training protocols

There is a need for consensus in regards to gait analy-
sis, and standardization in testing methodology ensuring
comparability.

Conclusions

This overview highlights the existing gap and limitations in
research on the effect of KA on gait, with existing heteroge-
neity in methods and reporting amidst other factors. Further,
there remain under-explored and unexplored research ave-
nues, demanding the need for further high-quality research.
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