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Abstract
Background: Total knee arthroplasty (TKA) is the primary treatment for advanced knee osteoarthritis. Despite its clinical
success and favorable patient-reported outcome measures (PROMs), approximately 20% to 30% of patients continue to
experience persistent functional limitations and muscle weakness. This highlights the need for a comprehensive evaluation
of recovery parameters beyond pain and range of motion. Given the wide range of methods available for assessing TKA
outcomes, clinicians often select tools based on personal preference and understanding, which may affect accuracy and
consistency; for example, the Knee Injury and Osteoarthritis Outcome Score may overestimate function compared to gait
analysis studies.
Objective: The aim of this study was to conduct a narrative review focusing on the use, strengths, and limitations of different
outcome measures used in routine orthopedic practice to optimize post-TKA evaluation.
Methods: A literature search was conducted in February 2025 across 2 databases (PubMed and Web of Science). Eligible
studies included original research articles, systematic reviews, and meta-analyses that focused on validated measures used
to evaluate TKA. Case reports, conference abstracts, and studies focused exclusively on surgical techniques were excluded.
Themes were identified across studies to structure the results according to types of assessments and clinical applicability.
Results: A total of 6831 studies were retrieved and screened in this review, with 4 themes emerging around muscle mass,
strength, performance, and PROMs. The Oxford Knee Score is favored for its ease of use and minimal ceiling effects. Broader
tools like the Knee Injury and Osteoarthritis Outcome Score and Western Ontario and McMaster Universities Osteoarthritis
Index provide detailed insights but are less practical clinically. For muscle strength, the portable fixed dynamometer showed
high reliability and comparability to isokinetic dynamometry. Dual-energy X-ray absorptiometry remains the gold standard for
assessing muscle mass, while bioelectrical impedance analysis offers a practical alternative. The 5-Repetition Sit-to-Stand test
effectively evaluates lower limb power and speed.
Conclusions: Clinicians should integrate both objective (muscle mass, strength, and performance) and subjective (PROMs)
measures to improve TKA recovery assessment. This multidimensional approach has the potential to enhance the accuracy
of patient evaluation and supports the development of tailored rehabilitation strategies that address individual deficits and
optimize functional outcomes.
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Introduction
Osteoarthritis is a leading cause of pain and disability
worldwide, affecting 528 million people as of 2019 [1,2].
Among various treatment options for osteoarthritis, total
knee arthroplasty (TKA) stands out for its substantial impact
on alleviating chronic knee pain [3]. With advancements
in prosthetic design and surgical techniques, TKA has
demonstrated high survival rates and relatively low compli-
cation risks, making it one of the most successful orthope-
dic procedures. However, despite these clinical successes,
postoperative functional outcomes can vary among patients
[4], with approximately 20% to 30% experiencing persistent
functional limitations and muscle weakness [5].

Several factors influence recovery following TKA,
including surgeon-related aspects such as surgical volume and
technique, as well as patient-related variables like preopera-
tive physical conditioning and psychological status. Among
these, preoperative quadriceps strength has been identified as
a key predictor of postoperative function, directly impact-
ing mobility and the ability to perform daily activities
[6]. Nonetheless, frequently used tools to evaluate TKA in
orthopedics often rely on measures such as pain assessment
and range of motion (ROM) [7], which, while valuable,
may not fully capture postoperative recovery or functional
capacity.

Evidence suggests that these metrics correlate poorly with
objective measures of physical function and do not ade-
quately reflect muscle weakness or biomechanical impair-
ments that persist post-TKA [8]. While patient-related
outcome measures (PROMs) provide subjective insights
into perceived recovery, they may overestimate functional
improvements compared to more objective assessments,
such as gait analysis and performance-based tests [9]. This
discrepancy underscores the need for a more comprehensive
evaluation framework that integrates multiple dimensions
of recovery, including muscle mass, muscle strength, and
physical performance.

This review aims to critically examine the use, strengths,
and limitations of different outcome measures used in routine
practice when assessing recovery post-TKA, emphasizing the
importance of incorporating objective physical performance
metrics alongside PROMs. We hypothesize that a multidi-
mensional approach, combining assessments of muscle mass,
strength, physical performance, and PROMs, will provide a
more accurate and clinically meaningful evaluation of TKA
recovery, ultimately guiding more effective rehabilitation
strategies.

Methods
A literature search of studies focusing on methods assessing
TKA outcomes was performed using PubMed and Web of
Science databases in February 2025. No limits were applied
to publication dates. Inclusion criteria comprised original
research, systematic reviews, and meta-analyses. After the
removal of duplicates and cross-referencing of articles, we

screened titles and abstracts for relevance. Studies were
excluded if they were case reports, conference abstracts,
or focused exclusively on surgical techniques. Only stud-
ies using standardized and validated assessment tools were
included to ensure clinical relevance. The methodological
quality of included studies was evaluated based on study
design, sample size, and clarity of outcome measures.

One author conducted the initial screening of all retrieved
abstracts against the inclusion criteria. Full texts of poten-
tially relevant studies were then independently reviewed
for eligibility and data extraction. Discrepancies between
reviewers were resolved through discussion until consensus
was achieved. Extracted data were thematically organized
(muscle mass, muscle strength, physical performance, and
PROMs), allowing patterns across assessment domains to be
identified and synthesized into a structured narrative aligned
with the review’s objectives.

Given the narrative nature of this review, our selection
was not strictly systematic; instead, we documented the total
number of retrieved and screened articles (n=6831).

Results
Patient Reported Outcome Measures
There are numerous PROMs available to assess the out-
comes of TKA, including: Knee Society Clinical Rating
System (KSS), Western Ontario and McMaster Universities
Osteoarthritis (WOMAC), Knee Injury and Osteoarthritis
Outcome Score (KOOS), and the Oxford Knee Score (OKS)
[10-13]. In clinical practice and research, it is essential to
prioritize the use of sound PROMs over frequently used
ones. The ultimate goal herein is to find a balance between
standardized measures and specific contextually relevant
PROMs in the field of TKA.

The KSS and OKS PROMs are shorter than the KOOS and
WOMAC, with 10 and 12 items, respectively. The OKS uses
a 4-week recall period, while the patient-reported component
of the KSS is designed to reflect current knee status without
a fixed recall window, which may reduce recall bias but
limit comparability across time points. The OKS is solely
derived from patient input, while the KSS comprises a PROM
section completed by the patient and an informational-clini-
cal section for the surgeon. Only the PROM section of the
KSS is used to produce a psychometrically valid knee score.
This separation sought to allow the functional PROM section
to be independently assessed from the clinical section and
confounding factors such as age or comorbidities. Notably,
Martimbianco et al [14] reported considerable inter- and
intraexaminer variability in the clinical-reported section of the
KSS, which raises concerns about its reliability and consis-
tency in clinical use. In contrast, the KOOS and WOMAC are
larger instruments, with 42 and 33 items, respectively. They
assess symptoms, stiffness, pain, and activities of daily living
(ADL), but also include additional domains such as sports or
recreation and quality of life. Like the OKS, these instru-
ments are totally focused on the patient and their self-repor-
ted experiences. The WOMAC uses a 48-hour recall period,
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which minimizes recall bias and improves measurement
precision; however, this narrow timeframe may fail to reflect
symptom variability and functional fluctuation over longer
recovery periods following TKA. In contrast, the KOOS uses
a 1-week recall period, providing a broader representation
of knee symptoms and functional limitations. Nevertheless,
this longer recall window may increase susceptibility to recall
bias and potentially reduce sensitivity to short-term clinical
change.

All 4 PROMs assess pain and activity function, but they
differ in how they capture pain information. The OKS and
KSS both include a single item that captures the patient’s
general level of pain. However, the OKS asks further pain
information in the context of general activities, such as work
interference and walking. This is particularly important to
assess as movement is associated with changes in pain, from
subtle changes in muscle coordination to complete avoidance
of joint function [15]. In contrast, the KOOS and WOMAC
both include a section dedicated to assessing pain experi-
enced during specific activities, with nine identical items.
This encourages the patient to recall and report on the pain
experience during knee maneuvers such as knee twisting and
straightening. The KOOS is an extension of the WOMAC,
which justifies the similarities in the items. It is used in
younger and/or more active patients who typically perform
demanding twisting movements in their ADL. By assessing
knee pain during movements like twisting and straightening,
changes in functional outcomes over time can be tracked.
This is especially relevant post-TKA, where pain during
specific activities is directly linked to the functionality of the
joint and the surrounding muscles [16].

The only resemblance when assessing function across
the 4 PROMs is the patient’s comfort level when handling
stair ascent and descent. This likely reflects the universal
importance of these activities in daily life and the significant
impact that knee function has on an individual’s mobility and
well-being. However, each PROM also has unique items that
assess different aspects of knee function and quality of life.

The OKS, KOOS, and WOMAC all assess the knee
concerning various ADL, such as kneeling, transportation,
domestic work, and bathroom activities. The OKS and KSS
share only the item related to the distance the patient can
walk. The KSS and items within the symptoms section of
both KOOS and WOMAC ask about the patient’s ability to
fully bend and extend the knee, as well as objective meas-
ures of flexion contracture and extension lag. The use of
similar items and domains across these scores can lead to
greater consistency in assessing knee function and symptoms.
Furthermore, consistency is important for tracking changes
over time and comparing outcomes across different patients
and studies. The KOOS is unique in that it assesses ADL
related to sports and recreation and includes items that ask
about quality of life. While similarities can provide consis-
tency, differences between PROMs may capture important
nuances specific to each condition.

The KSS evaluates 4 distinct domains: clinical, functional,
satisfaction, and fulfillment of expectation. A notable feature

is the inclusion of both high-demand tasks and 3 patient-
selected priority activities from a predefined list, aiming to
tailor the assessment to individual goals and enhance the
relevance of functional evaluation. This patient-led compo-
nent is designed to offer a more individualized perspective
on recovery and may help inform more targeted postoperative
rehabilitation. However, despite these strengths, the validity
of the KSS has been questioned, particularly in the context
of TKA outcome measurement. Several studies have noted
limitations, including Ghanem et al [17], who highlighted
concerns in revision TKA scenarios, and Vogel et al [18],
who found the system less responsive than broader tools
like the 36-Item Short Form Survey and WOMAC. One key
criticism lies in the item-selection process: patients were not
involved in the development of the tool, which may result in
content that does not fully reflect patient priorities or lived
experiences. Bach et al [19] further noted that the relatively
limited item pool may constrain the scale’s ability to capture
the full spectrum of functional outcomes. This lack of patient
input and limited item scope could contribute to a misalign-
ment between what the tool measures and what matters
most to patients, ultimately impacting its content validity and
clinical use [17,18,20].

Ghanem et al [17] highlight that 2 very different patients
could receive the same clinical score on the KSS. For
instance, a patient with a stiff, pain-free, well-aligned knee
and a patient with mild pain, excellent knee motion, and
normal alignment may both receive a similar score, even
though they have very different levels of function in their
daily lives. To address these concerns, a revised Knee Society
Scoring System (2011 Knee Society Score) was developed
and validated as a more reliable measure for assessing
outcomes in TKA procedures [21,22]. Albeit, a revised
outcome measure, PROMs have inherent limitations in that
they rely primarily on self-reported data, which may not
always align perfectly with objective measures of physical
function. This is where muscle function analysis could come
into play. It offers an objective assessment of a patient’s
physical capabilities, including muscle strength, range of
motion, and muscle activation patterns. By quantifying these
aspects, health care providers can validate and complement
the patient’s self-reported symptoms and limitations with
tangible data. This objective information not only supports
the patient’s reported experiences but also provides a more
complete picture of their health status.

Despite its validity issues, the KSS is still popular among
clinical researchers [23], perhaps for including alignment
and ROM measurement. Proper coronal alignment of the
components in TKA has been shown in the literature to be
critical for implant survival rate. Additionally, knee ROM
is a crucial indicator of successful TKA and is necessary
for many ADLs [24]. While ROM is commonly measured
and reported, the significance of isolated muscle function
has been overlooked here. Capin et al [25] found quadri-
ceps strength in particular to be a critical factor in TKA
recovery and considered a rate-limiting step. This limited
quantification of isolated muscle function is an area that
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warrants attention and improvement in the care of patients
who underwent TKA.

The OKS was developed specifically for evaluating the
outcomes of TKA. The simplicity and shortness of the
questionnaire make it an attractive option for clinicians,
and this may in part have contributed to its broad use in
cohort studies and joint replacement registers [26,27]. This
intentional oversimplification of the questionnaire highlights
a lack of scope and sophistication to adequately capture the
complex, interrelated issues experienced by many patients,
such as joint stiffness, muscle weakness, and instability.
To address these limitations, the use of a combination of
assessment tools and methods has been suggested [28]. This
could include performance-based functional tests, isolated
muscle function tests, muscle mass measurement, and
imaging studies.

Another consideration is that OKS has a high response
rate when compared to other PROMs [10]. Analysis of the
National Health Service PROMs dataset of 72,154 OKS
concluded that OKS does not exhibit a ceiling or a floor
effect at 6 months [29]. Marx et al [30] reported a ceiling
effect of 22% at 12 months following surgery, but this
could be attributed to patients achieving an optimal outcome
rather than a limitation of the OKS. Nevertheless, this could
indicate that the OKS may be more appropriate for short-
term outcomes and might inadequately reflect the long-term
burden. Although it has been used in randomized controlled
trials to assess knee arthroplasty long-term outcomes [31].

The WOMAC, developed in 1982, has undergone multiple
revisions since and has been validated for TKA clinical trials
[32-34], with ceiling effects at 6 months and 12 months
for patients who underwent TKA [35]. The KOOS was an
upgrade to the WOMAC to effectively capture the require-
ments of younger and more active individuals with knee
injury or osteoarthritis. Several studies have shown that the
KOOS is more sensitive and responsive than the WOMAC
in younger or more active patients with knee injury or knee
osteoarthritis [36]. Roos and Toksvig-Larsen [35] evaluated
the outcome of 105 patients (mean age of 71) after TKA and
found 74% of all Sport/Recreation items were considered to
be “not applicable.” The floor effects of approximately 48%
likely reflect the high-demand activities, such as sports and
recreation, which may be more relevant for younger, more
active adults undergoing TKA.

A systematic review of the literature performed by Collins
et al [37] found, as it was intended, the KOOS’s ADL
subscale has better content validity for older patients, and

Sport/Recreation has better content validity for younger
patients. Increasing ceiling effects from 6 to 12 months,
particularly in the pain domain, may suggest that some
patients have reached a plateau in their recovery, but also
raises questions about the sensitivity of the measurement tool.

According to the Consensus-Based Standards for the
Selection of Health Measurement Instruments (COSMIN),
which define internationally accepted criteria for evaluating
the validity, reliability, and responsiveness of PROMs, the
OKS meets COSMIN requirements and is recommended for
use as a TKA outcome measure. Pain and function subscales
of WOMAC and KOOS also demonstrate adequate meas-
urement properties when evaluated as standalone subscales.
However, the KSS does not consistently fulfill all COSMIN
criteria and is not classified among the instruments meet-
ing minimum standards for psychometric validation [38].
Several studies have evaluated the performance of different
PROMs in measuring outcomes following lower extremity
joint replacement surgery. Harris et al [39] identified the OKS
and WOMAC as the best-performing PROMs specific to the
lower extremity. The study assessed the validity, reproduci-
bility, and acceptability of the scoring systems. Similarly,
Alviar et al [40] in their review found OKS and WOMAC
to be the best PROMs after assessing the quality of patient-
reported outcome scoring systems. Collins and Roos [41]
analyzed attributes of the 11 most frequently used PROMs
for total hip replacement and TKA and considered KOOS,
WOMAC, and OKS to be good PROMs. These PROMs aid
in monitoring progress, guiding interventions, and facilitating
shared decision-making. Nevertheless, there are limitations,
such as the risk of subjective bias and variability in inter-
pretation. Patient responses may be influenced by personal
perceptions, mood, cognitive state, or cultural differences.
Obtaining consistent and accurate data can be challenging,
especially if patients struggle to recall specific details over
time. To gain a more thorough understanding of the impact of
TKA, it is crucial to integrate objective measures of muscle
strength and functional assessments, particularly in address-
ing muscle weakness.
Strength Measurements
The indirect assessment of muscle function in any of the
PROMs may not provide sufficient indication of dysfunction,
necessitating a comprehensive analysis of objective assess-
ment tools in TKA (Table 1)(Multimedia Appendix 1). To
this end, this section will focus on the types of muscle
strength assessments that are feasible in a TKA clinical
setting.
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Table 1. Comparative analysis of outcome measures used in total knee arthroplasty (TKA), including patient-reported outcomes, muscle strength,
muscle mass, and physical performance tools. Comparison criteria include measurement type, reliability, validity, ease of use, clinical relevance,
limitations, and best use case.

Comparison

PROMsa (KSSb,
WOMACc, KOOSd, and
OKS)e

Muscle strength tests (IKDf,
PFDg, and HHDh)

Muscle mass tests (CTi,
MRIj, DXAk, and BIAl)

Physical performance tests (TUGm,
6MWTn, 5R-STSo, and SCTp)

Measurement type Subjective (patient-
reported pain, function)

Objective (muscle force
output)

Objective (muscle cross-
sectional area or mass)

Objective (functional movement
performance)

Reliability High test-retest reliability
but can be influenced by
patient perception

High reliability but
dependent on test
consistency and patient
effort

High for CT, MRI, and
DXA; moderate for BIA
(affected by hydration)

High for TUG, 6MWT, and 5R-
STS

Validity Valid for subjective
function but may not
correlate with actual
muscle strength or mobility

IKD, highest validity. PFD,
good validity with proper
fixation. HHD, lower
validity

Highly valid for assessing
atrophy or hypertrophy

Strong correlation with mobility
and functional independence

Ease of use Simple, noninvasive, and
patient-friendly

Requires equipment;
portable dynamometers are
easier than isokinetic ones

CT or MRI is expensive;
DXA is more accessible;
BIA is easiest

Quick, requires minimal equipment
(eg, chair and stopwatch)

Clinical relevance Useful for tracking patient-
perceived recovery

Directly assesses quadriceps
and hamstring strength,
critical for TKA recovery

Helps detect muscle loss
post-TKA, which can affect
long-term function

Strong predictor of fall risk,
mobility, and independence

Limitations Subjective, may not reflect
real functional capacity

Requires patient
cooperation; costly for
isokinetic dynamometers

Expensive (CT and MRI),
radiation exposure (CT and
DXA), less precise (BIA)

Can be influenced by patient
motivation, fatigue, or
comorbidities

Best use case Tracking patient-perceived
progress

Measuring post-TKA
quadriceps or hamstring
recovery

Evaluating long-term
muscle loss and sarcopenia

Assessing mobility and real-world
function

aPROM: patient-reported outcome measure.
bKSS: Knee Society Score.
cWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
dKOOS: Knee Injury and Osteoarthritis Outcome Score.
eOKS: Oxford Knee Score.
fIKD: isokinetic dynamometer.
gPFD: portable fixed dynamometer.
hHHD: handheld dynamometry.
iCT: computed tomography.
jMRI: magnetic resonance imaging.
kDXA: dual-energy X-ray absorptiometry.
liBIA: bioelectrical impedance analysis.
mTUG: Time Up and Go.
n6MWT: 6-Minute Walk Test.
o5R-STS: 5-Repetition Sit-to-Stand.
pSCT: Stair Climb Test.

When evaluating muscle function, the measured outcomes
commonly include muscle strength and power [42]. Various
methodologies assess these parameters, ranging from manual
muscle testing to more complex and expensive isokinetic
assessments. However, no general consensus exists regard-
ing the preferred method of assessing muscle function in
orthopedic practice, as each approach has distinct advantages
and limitations [43].

Isometric strength assessment measures the maximum
force generated during a contraction in which the muscle
length remains constant (Figure 1A). Although isometric
contractions are relatively uncommon in daily activities,
their clinical relevance lies in their ability to predict
functional capacity, particularly in older individuals and

those with significant functional impairments [44]. Further-
more, isometric strength assessments have demonstrated high
reliability across different orthopedic populations [45,46].
Isometric strength assessments can be easily performed using
a dynamometer or force plate, and the individual is instruc-
ted to push or pull against an immovable object. Portable
fixed dynamometer (PFD) has demonstrated high reliability
(intraclass correlation coefficient [ICC] >0.90) and validity in
measuring strong muscle contractions such as knee extension
[47-49]. Importantly, studies have shown that knee muscle
strength measurements using a PFD highly correlate with
those obtained from an IKD, making PFD a viable alternative
for clinical assessment [50].
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Figure 1. Illustration of 3 common muscle strength assessment methods used in total knee arthroplasty (TKA) recovery: (A) isometric contraction—
muscle generates force without joint movement; (B) one-repetition maximum (1-RM)—maximal weight lifted once with proper form; and (C)
isokinetic contraction—muscle contracts at a constant speed throughout the range of motion using a dynamometer.

Toonstra and Mattacola [51] compared the reliability of IKD,
PFD, and handheld dynamometry for isometric knee strength
assessment. Their findings revealed high test-retest reliability
for both IKD and PFD, while handheld dynamometry showed
fair to poor reliability.

The strength of IKD lies in its ability to provide stabili-
zation during testing and standardized protocols, making it
the gold standard. However, PFD demonstrated comparable
reliability while offering greater portability, ease of use, and
cost-effectiveness. This makes PFD an attractive option for
routine clinical evaluations, particularly in settings where
IKD is not feasible.

Another key advantage of isometric assessments is
their safety. Unlike dynamic strength tests, which involve
movement and may place stress on healing tissues, isometric
assessments minimize joint strain. This makes them partic-
ularly suitable for early postoperative assessments, where
patient safety is a priority. Given these benefits, isomet-
ric strength measurements serve as a practical and reliable
method for monitoring recovery following TKA.

One-repetition maximum (1-RM): Muscle strength can
also be assessed through the one–repetition maximum (1-RM)
test, which determines the maximum load that can be lifted
in a single attempt, such as during a squat or leg extension
(Figure 1B). This method evaluates muscle strength in a
more functional and dynamic context, offering insight into
the ability to generate force during real-world movements.

Despite its functional relevance, 1-RM testing has
limitations. The requirement for specialized equipment (eg,
weights and resistance machines) and the time-intensive
nature of testing make it less practical for large patient
cohorts. Additionally, 1-RM testing carries a risk of injury,
particularly in postoperative populations where patients may
not yet be able to safely perform maximal-effort movements.
To mitigate this risk, researchers often use submaximal
testing protocols to estimate 1-RM values [52].

Isokinetic testing measures muscle strength as the peak
torque generated during a contraction performed at a
constant angular velocity (Figure 1C). This method provides

resistance that matches the individual’s effort throughout the
ROM, allowing for maximal force production at different
joint angles. Isokinetic assessments are particularly valuable
for evaluating muscle imbalances, monitoring rehabilitation
progress, and understanding strength deficits following TKA.

Despite these advantages, isokinetic testing has notable
limitations. The high cost and lack of portability make it
less accessible in many clinical settings [53,54]. Addition-
ally, isokinetic assessments require specialized equipment
and trained personnel, making them impractical for routine
postoperative evaluations. The potential for joint irritation and
discomfort during testing further limits its suitability for early
rehabilitation stages.

A key consideration when choosing between isometric
and isokinetic testing is clinical feasibility. While isokinetic
assessments provide detailed torque-angle relationships, they
are not always necessary for functional recovery monitoring.
In contrast, isometric testing provides a simple, reliable, and
cost-effective means of assessing muscle strength, making it
better suited for routine evaluations.

Lauermann et al [55] compared quadriceps strength
assessments using isometric, isokinetic, and 1-RM methods
in patients who underwent TKA. All 3 methods showed
similar validity in detecting strength deficits, suggesting that
isometric testing is an effective alternative to more complex
assessments. Similarly, Lienhard et al [45] found compara-
ble test-retest reliability across these methods in patients
who underwent TKA, reinforcing the viability of isometric
assessments in clinical practice.
Muscle Mass Measurements
Studies have shown a significant correlation between skeletal
muscle mass and cross-sectional skeletal muscle area in the
extremities with muscle strength or power [56,57]. Hence,
assessing these morphological features could be a good way
to gauge muscle function. Furthermore, with certain imaging
modalities, it may also be possible to determine the extent of
sarcopenia, muscle wasting, and the level of fibrosis and fat
infiltration—all factors that play a significant role in muscle
function.
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Computed tomography (CT) is an imaging modality that
was introduced over 50 years ago, as the first clinically
accepted tool for body composition measurement and served
as a gold standard [58]. This method uses X-ray beams to
create cross-sectional images of the body, allowing estima-
tion of total body fat, visceral fat, and skeletal muscle mass
[59,60]. Despite its early acceptance and high validity for
assessing limb muscle cross-sectional area, with excellent
test–retest and inter-observer reliability (ICC 0.98‐1.00 for
thigh muscle measurements), CT has general limitations such
as high costs, the need for skilled technicians, and radiation
exposure [61,62]. However, in current practice, CT is rarely
used for measuring muscle mass, likely due to its associated
limitations and the emergence of alternative, more practical
techniques such as magnetic resonance imaging (MRI).

The introduction of MRI in the 1980s replaced the CT scan
as the gold standard [63]. Its 3D images of skeletal muscle,
fat tissue, and other organs are created by emitting radio-
frequency energy from hydrogen atom nuclei in magnetic
fields, with signal variations indicating different tissue types
[63,64]. This development brought about high-resolution
images without radiation exposure, making it suitable for
tracking small changes over time, which is beneficial for
intervention and observational studies. Advancements in MRI
techniques have notably reduced image acquisition times,
and modern scanners can accommodate obese individuals.
Validated against direct anatomical measurements (r=0.97),
MRI exhibits high test-retest and inter-observer reliability
(2.9%, r=0.99% and 2.6%, r=0.99) in healthy populations
[63,64]. However, limitations in clinical and research settings
include high costs, the need for technical expertise, space
requirements, infeasibility for patients with claustrophobia
or those with MRI-incompatible implanted devices (eg,
cardiac pacemakers), and standardization is hampered by the
existence of various data acquisition protocols [61,65].

Dual-energy X-ray absorptiometry (DXA) has emerged
as a strong alternative to the gold standard for assessing
body composition, being relatively cheap compared with CT
scan and MRI, and easy to perform. Initially designed for
measuring bone mineral density, DXA is now widely used
for examining overall body composition and muscle mass
[63]. DXA operates by using 2 X-ray beams to differenti-
ate between fat, bone, and lean tissue based on their X-ray
absorption properties [66]. This technique has shown a high
correlation with both MRI and CT in estimating skeletal
muscle mass, indicating its reliability (r=0.88 and r=0.77‐
0.95, respectively) [67-69]. Additionally, DXA test-retest
reliability for measures of fat-free mass demonstrated a high
correlation (r=0.99), with low precision errors ranging from
below 1% to 3% [70].

However, DXA does present some limitations. First, it
does not directly quantify muscle mass; instead, it calculates
lean soft tissue mass or fat-free mass based on the differ-
ent gray tones observed in the DXA scan. Assumptions
are made during this calculation, and factors like dehydra-
tion and edema, which can be common in populations
with obesity, may interfere with the accuracy of the meas-
urements. Additionally, the lack of standardization across

devices, software packages, and versions can yield differ-
ent results, affecting the reliability and comparability of
measurements. Moreover, while DXA involves less radiation
exposure compared to CT, there is still some exposure [71,
72].

Bioelectrical impedance analysis (BIA) has become widely
used for assessing body composition in both clinical and
nonclinical settings [73]. BIA operates on the principle that
tissues with higher water and electrolyte content, like skeletal
muscle, offer less resistance to the passage of a low-voltage
electrical current compared to lipid-rich adipose tissue, such
as bone. This conductivity difference is exploited by BIA
systems to quantify different body compartments. Measure-
ments obtained along with parameters like sex, age, and body
weight are then integrated into the population-specific body
composition prediction equations [64,72]. The advantages
of BIA stem from its noninvasive nature, cost-effectiveness,
and ease of use, but limitations include sensitivity to factors
like body position, physical exercise, food intake, hydration
status, and the need for population-specific equations [74]. A
study by Buckinx et al [75] attempted to gauge the reliabil-
ity of BIA in assessing appendicular lean mass. The results
showed high intraoperator reliability, indicated by an ICC
of 0.89 when performed by the same operator, and inter-
operator reliability was also relatively high with an ICC
of 0.77 when performed by different operators. However,
the study revealed a notable discrepancy when comparing
appendicular lean mass assessed by DXA and predicted
by BIA, as evidenced by a low ICC of 0.37. Importantly,
there exists a potential for a significant prediction error at
the individual level with BIA, coupled with a systematic
positive bias leading to an overall underestimation of lean
body mass measurements [76]. Additionally, hydration status
is a frequent confounder in clinical settings, as BIA relies on
electrical conductivity that is highly sensitive to fluctuations
in body water content, potentially compromising accuracy
and limiting its reliability in certain patient populations.
Despite these limitations, BIA remains a viable alternative
in situations where more precise methods are not feasible.
Performance Measurements
While measurements of muscle mass and function are
important for understanding physiological dysfunction and
pathology, assessing physical performance is essential. In this
context, functional performance-based tests use an individ-
ual’s body weight as resistance, quantifying performance
by the time taken or the number of repetitions completed.
Several authoritative groups, including The Osteoarthritis
Research Society International, Rehabilitative Care Alliance,
and the American Physical Therapy Association, recommend
performance-based measures for individuals with osteoarthri-
tis and arthroplasty [77-79]. These measures typically include
assessments of gait speed tests, Stair Climb Tests (SCT), and
Sit-to-Stand (STS) tests, each with distinct yet overlapping
focuses.

Gait speed tests primarily assess mobility, endurance,
and functional independence by measuring the time required
to walk a set distance. They are simple, reliable, and
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highly predictive of overall recovery, fall risk, and mortality
[80]. SCTs focus on functional strength, coordination, and
balance, as stair negotiation requires greater knee flexion and
quadriceps activation than level walking [81]. SCTs are more
sensitive to persistent functional deficits than gait speed tests,
as stair climbing is often more challenging postoperatively.
STS tests, on the other hand, primarily evaluate lower limb
strength and endurance by measuring the ability to transition
from sitting to standing multiple times within a set duration or
repetition count. STS tests strongly correlate with quadriceps
strength and are useful for monitoring functional recovery
[82].

While all 3 measures provide valuable insights into
TKA recovery, they differ in their primary focus and
clinical applicability. Gait speed and SCTs assess mobility
in dynamic movement tasks, while STS focuses on lower
limb muscle strength in a controlled, stationary task. Gait
speed tests are most effective for evaluating overall mobi-
lity and endurance, whereas SCTs are ideal for assessing
functional strength and dynamic balance [83]. In contrast,
STS tests specifically target muscle power and endurance
without assessing walking ability or balance [84]. Despite
these differences, all three tests share a common goal of
evaluating lower limb function and have been shown to
be reliable, valid, and responsive to post-TKA functional
improvements [78]. However, it is worth noting that both gait
speed and SCTs may present logistical challenges in smaller
clinical settings due to space constraints and increased time
requirements for setup and execution, potentially limiting
their routine use in busy outpatient environments.

Dobson et al [78] put forth a set of recommended
performance-based measures for individuals diagnosed with
hip and knee osteoarthritis or following joint replacement.
This selection was based on expert surveys and systematic
reviews, considering the evidence supporting the measure-
ment properties of the tests, their feasibility, scoring methods,
and expert consensus. The resulting recommended measures
included the 30-Second Chair Stand Test (30CST), 40 m
Fast-paced Walk Test, SCT, Time Up and Go (TUG), and
6-Minute Walk Test (6MWT). In a subsequent update by
Dobson et al [85], the 10 Meter Fast-paced Walk Test and
20-second stair climb test were suggested as alternatives
due to complexities in administering the 40-meter Fast-paced
Walk and scoring the 11 Step Stair Climb Test.

A task force led by Westby et al [86] created the Total
Joint Arthroplasty and Outcome Measures toolkit to be used
before and after arthroplasty, which included: 30-second STS,
gait speed, stair climb test, single leg stance test, 6MWT,
TUG, and functional reach. Prior to the creation of this
toolkit, Zeni et al [87] developed the Delaware Osteoarthritis
Profile, a comprehensive set of tests that have been effec-
tively used to measure functional performance pre and post
knee arthroplasty, which include: TUG, SCT, and 6MWT.

While the literature contains numerous tests, the focus
here will be on muscle strength performance tests. STS with
its versions has been identified by Bergquist et al [88] in

their systematic literature review to be the most appropriate
performance-based clinical muscle strength test.

The 30CST is a component of the Senior Fitness Test
and involves counting the number of sit-to-stand repetitions
completed within a 30-second timeframe. Individuals who
are more than halfway through a repetition at the 30-second
mark are credited with completing the final repetition. This
test has shown good to excellent reliability, with ICCs of
approximately 0.84 to 0.92 in clinical populations, and its
validity is supported by moderate to strong correlations with
leg press strength measures [89].

The 5-Repetition Sit-to-Stand (5R-STS) test has gained
widespread use as either a component of the short physical
performance battery or as a standalone assessment tool in
numerous studies. This test involves performing 5 sit-to-stand
repetitions from a standard chair (44‐48 cm height), with
timing commencing upon a specific command or the initiation
of the first movement and ending when the fifth stand-up is
accomplished or when the patient sits down following the
fifth stand-up [90]. The reliability of the 5R-STS test has been
estimated across 10 studies, yielding a coefficient of 0.81,
as reported by Bohannon (2011) [84]. The validity of this
test as a measure of lower limb functional muscle strength
is supported by its strong correlation with knee extension
strength, as demonstrated by Lord et al [82]. Furthermore, the
correlation between performance on the 5R-STS test and the
TUG test, as well as gait speed tests, adds further support for
its validity, as highlighted by Schaubert and Bohannon [91].

Although the 5R-STS and 30CST tests involve identi-
cal movements, they are not interchangeable. The 5R-STS
indicates lower limb speed and power for those with lower
physical function post-TKA, while the 30CST measures
lower limb endurance for those with higher physical function
[92].

While outcome measures are often viewed as purely
psychometric, their clinical relevance is established through
their role as important drivers of long-term surgical success.
For instance, a recent systematic review and meta-analysis by
Sumbal et al [93] demonstrated that loss of muscle mass, or
sarcopenia, is a significant risk factor for prosthetic loosen-
ing, which remains a primary indication for revision surgery.
Furthermore, physical performance levels and quadriceps
strength have been shown to be strongly associated with
patient satisfaction and restoration of functional ability after
TKA [94]. More recently, Akatsuka et al [95] reinforced
this clinical relevance by reporting significant correlations
between quadriceps muscle mass and postoperative satisfac-
tion, suggesting that these objective measures are predictive
of how a patient perceives their surgical result.

Discussion
Principal findings
A range of assessment tools is available to evaluate recovery
following TKA, each with distinct advantages and limitations.
This review highlights the use, strengths, and constraints of
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these measures and recommends a comprehensive, multidi-
mensional evaluation framework. Such an approach enhances
the accuracy and clinical relevance of recovery assess-
ments by triangulating data across patient-reported outcomes,
strength measures, functional performance, and muscle mass.

Among muscle mass assessment techniques, DXA remains
the gold standard due to its high precision and reliability.
However, alternative methods such as BIA offer a noninva-
sive, lower-cost option suitable for clinical settings, despite
reduced accuracy and sensitivity to minor changes in muscle
composition.

PROMs provide valuable insights into patient perspec-
tives. The OKS is widely employed due to its ease of
use, absence of ceiling or floor effects in the short term,
and extensive validation in clinical research. KOOS, while
broader in scope, often demonstrates ceiling effects and a
higher completion burden. WOMAC overlaps conceptually
but lacks OKS’s responsiveness in early recovery. KSS
combines patient and clinician input but is less feasible
for routine use due to scoring complexity and reliance on
in-person assessment. OKS offers the optimal balance of
validity, efficiency, and clinical use in TKA follow-up.
Nevertheless, PROMs alone do not provide objective strength
assessments, which are critical for a comprehensive evalua-
tion.

In contrast, IKD offers precise quantification of muscle
strength, yet its high cost and operational complexity restrict

its widespread application. As a practical alternative, PFD
provides a reliable, cost-effective, and portable means of
assessing muscle strength, making it highly suitable for
routine clinical practice.

Performance-based measures such as the 5R-STS test offer
objective, time-efficient insights into lower limb function.
Compared to the TUG, 6MWT, or SCT, the 5R-STS requires
less space, is less influenced by cardiovascular limitations,
and is more feasible for patients with early post-op mobi-
lity impairments. It also shows strong correlation with
knee extension strength and mobility metrics, enhancing its
predictive use in post-TKA recovery.

This specific combination, OKS, PFD, BIA, and 5R-STS
is what we have recommended in post-TKA follow-up
(Figure 2) because it balances psychometric validity, clinical
feasibility, and comprehensive recovery profiling. It provides
a more complete view of TKA recovery than any individual
tool. While alternatives like the 6MWT or SCT yield valuable
data, their requirements for time, space, or greater cardiopul-
monary reserve make them less practical for routine follow-
up or for patients with limited mobility or comorbidities.
Likewise, the TUG, though simple, primarily reflects balance
and walking ability but lacks sensitivity to muscle power or
patient satisfaction domains.

Figure 2. Clinical workflow algorithm for integrating recommended outcome measures throughout the total knee arthroplasty (TKA) pathway.
The flowchart outlines the timing and selection of assessment tools from the preoperative assessment appointment to the final follow-up. 5R-STS:
5-Repetition Sit-to-Stand; BIA: bioelectrical impedance analysis; OKS: Oxford Knee Score; PFD: portable fixed dynamometer.
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Limitations

Finally, it is important to note that the interpretability and
use of these tools may vary across populations. For instance,
sarcopenia, obesity, or cardiopulmonary conditions may
skew performance-based results or BIA readings, requiring
clinicians to contextualize outcomes based on age, BMI,
and comorbid burden. By triangulating across these assess-
ments, clinicians can reduce bias from any single measure and
develop a more individualized recovery evaluation.

Conclusions
Throughout this paper, evidence suggests that incorporating
muscle-based and performance-based measures alongside

PROMs is essential for a comprehensive and clinically
relevant assessment of TKA recovery. However, future
research should ensure there are multicenter trials to validate
the integration of the proposed assessments, as well as
consensus agreement with clinicians (ie, through a Delphi
approach) which translates into guidelines. Additionally, a
greater understanding of intrinsic skeletal muscle (mal)adap-
tations following TKA may provide valuable insight into the
mechanisms underlying persistent functional limitations.
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