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Abstract

Background: Total Knee Arthroplasty (TKA) is the primary treatment for advanced knee osteoarthritis. Despite its clinical
success and favourable Patient-Reported Outcome Measures (PROMs), approximately 20–30% 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 (ROM). 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 (KOOS) may overestimate function compared to
gait analysis studies.

Objective: The aim of this study was to conduct a narrative review focusing on the utility, strengths and limitations of different
outcome measures used in routine orthopaedic practice to optimise post-TKA evaluation.

Methods: A literature search was conducted in February 2025 across two 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 6,831 studies were retrieved and screened in this review, with four themes emerging around muscle mass,
strength, performance and PROMs. The Oxford Knee Score (OKS) is favoured for its ease of use and minimal ceiling effects.
Broader tools like KOOS and Western Ontario and McMaster Universities Osteoarthritis (WOMAC) provide detailed insights
but are less practical clinically. For muscle strength, the Portable Fixed Dynamometer (PFD) showed high reliability and
comparability to Isokinetic Dynamometry. Dual-energy X-ray Absorptiometry (DXA) remains the gold standard for assessing
muscle mass, while Bioelectrical Impedance Analysis (BIA) offers a practical alternative. The Five-Repetition Sit-to-Stand (5R-
STS) test effectively evaluates lower limb power and speed.

Conclusions: Clinicians should integrate both objective (muscle mass, strength, performance) and subjective (PROMs) measures
to improve TKA recovery assessment. This multidimensional approach not only enhances the accuracy of patient evaluation but
also supports the development of tailored rehabilitation strategies that address individual deficits and optimise functional
outcomes.
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Assessing Recovery in Total Knee Arthroplasty: A critical narrative review

of  Muscle  Mass,  Strength, Physical  Performance  and  Patient  Reported

Outcome Measures.

Abstract

Background:  Total  Knee  Arthroplasty  (TKA)  is  the  primary  treatment  for  advanced  knee

osteoarthritis.  Despite  its  clinical  success  and  favourable  Patient-Reported  Outcome  Measures

(PROMs), approximately 20–30% 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 (ROM). 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 (KOOS) may overestimate function compared to gait analysis studies. 

Objective: The aim of this study was to conduct a narrative review focusing on the utility, strengths

and limitations of different outcome measures used in routine orthopaedic practice to optimise post-

TKA evaluation. 

Methods: A literature search was conducted in February 2025 across two 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  6,831  studies  were  retrieved  and  screened  in  this  review,  with  four  themes

emerging around muscle mass, strength, performance and PROMs. The Oxford Knee Score (OKS) is

favoured for its  ease of use and minimal ceiling effects.  Broader tools like KOOS and Western
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Ontario and McMaster Universities Osteoarthritis (WOMAC) provide detailed insights but are less

practical  clinically.  For  muscle  strength,  the  Portable  Fixed  Dynamometer  (PFD)  showed  high

reliability and comparability to Isokinetic Dynamometry. Dual-energy X-ray Absorptiometry (DXA)

remains the gold standard for assessing muscle mass, while Bioelectrical Impedance Analysis (BIA)

offers a practical alternative. The Five-Repetition Sit-to-Stand (5R-STS) test effectively evaluates

lower limb power and speed. 

Conclusions: Clinicians should integrate both objective (muscle mass, strength, performance) and

subjective  (PROMs)  measures  to  improve  TKA  recovery  assessment.  This  multidimensional

approach not only enhances the accuracy of patient evaluation but also supports the development of

tailored rehabilitation strategies that address individual deficits and optimise functional outcomes.

Keywords

Arthroplasty, Osteoarthritis, Function, Outcome, Total Knee Replacement 

1. Introduction 

Osteoarthritis (OA) is a leading cause of pain and disability worldwide, affecting 528 million people
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as of 2019 1,2.

Among various treatment options for OA, 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 complication risks, making it one of the most

successful  orthopaedic  procedures.  However,  despite  these  clinical  successes,  post-operative

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 pre-operative physical conditioning

and psychological status. Among these, pre-operative quadriceps strength has been identified as a

key predictor of post-operative function, directly impacting mobility and the ability to perform daily

activities  6,7.  Nonetheless,  frequently  used  tools  to  evaluate  TKA in  orthopaedics  often  rely  on

measures such as pain assessment and ROM 8, which, while valuable, may not fully capture post-

operative recovery or functional capacity.

Evidence suggests that these metrics correlate poorly with objective measures of physical function

and do not adequately reflect muscle weakness or biomechanical impairments that persist post-TKA

9.  While  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  10.  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 utility,  strengths  and limitations of different outcome

measures used in routine practice when assessing recovery post-TKA, emphasising the importance of
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incorporating  objective  physical  performance  metrics  alongside  PROMs.  We hypothesise  that  a

multidimensional 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. 

2. 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 on 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 studies utilising standardised 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  potentially  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  organised  (muscle  mass,  muscle  strength,  physical

performance  and  PROMs),  allowing  patterns  across  assessment  domains  to  be  identified  and

synthesised 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 = 6,831)

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]
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3. Results

.1.  Patient Reported Outcome Measures

There are numerous PROMs available  to assess the outcomes of TKA, including: Knee Society

Clinical Rating System (KSS), WOMAC, KOOS, and the OKS 11–14. In clinical practice and research,

it is essential to prioritise the use of sound PROMs over frequently used ones. The ultimate goal

herein, is to find a balance between standardised measures and specific contextually relevant PROMs

in the field of TKA.

The KSS and OKS PROMs are  shorter  than  the  KOOS and WOMAC, with  ten  and 12 items,

respectively.  The OKS is  solely  derived from patient  input,  while  the  KSS comprises  a  PROM

section completed by the patient  and an informational-clinical section for the surgeon. Only the

PROM section of the KSS is utilised 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. (2012) reported

considerable inter- and intra-examiner variability in the clinical-reported section of the KSS, which

raises concerns about its  reliability and consistency in  clinical  use15.  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/recreation  and quality  of  life.  Like  the  OKS these  instruments  are  totally  focused on the

patient and their self-reported experiences. 

All  four  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 ask further pain information in the context of general activities, such as

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

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 16. In contrast, the KOOS and WOMAC both include a section dedicated to assessing pain

experienced during specific activities, with nine identical items. This encourages the patient to recall

and report on the pain experience during knee manoeuvres 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 17. 

The only resemblance when assessing function across the four 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 measures 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
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and  recreation  and  includes  items  that  ask  about  quality  of  life.  While  similarities  can  provide

consistency, differences between PROMs may capture important nuances specific to each condition. 

The  KSS  evaluates  four  distinct  domains:  clinical,  functional,  satisfaction,  and  fulfilment  of

expectation. A notable feature is the inclusion of both high-demand tasks and three 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 component is designed to offer a

more  individualised  perspective  on  recovery  and  may  help  inform more  targeted  post-operative

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. (2010), who highlighted concerns in revision TKA scenarios, and Lingard et

al. (2001), who found the system less responsive than broader tools like the SF-36 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. (2002) 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  misalignment  between  what  the  tool  measures  and  what  matters  most  to

patients, ultimately impacting its content validity and clinical utility18–20. 

Ghanem et al highlight that two very different patients could receive the same clinical score on the

KSS 18. 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 claims, a revised Knee

Society Scoring System (2011-KS 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
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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, healthcare

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  amongst  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 activities of daily living  24. While

ROM is commonly measured and reported, the significance of isolated muscle function has been

overlooked here. Capin et al (2022) found quadriceps strength in particular, to be a critical factor in

TKA recovery and considered it a rate-limiting step 25. This limited quantification of isolated muscle

function is an area that warrant attention and improvement in the care of TKA patients. 

The OKS was developed specifically for evaluating the outcomes of TKA 26. The simplicity and

shortness of the questionnaire make it an attractive option for researchers and this may in part have

contributed to its broad use in cohort studies and joint replacement registers  27,28. Whitehouse et al

(2005) criticises  this  intentional  oversimplification  of  the  questionnaire,  highlighting  the  lack of

scope and sophistication necessary to accommodate the complex interrelated issues of many patients,

such as joint stiffness, muscle weakness and instability  29. To address these limitations, the authors

suggested using a combination of assessment tools and methods 30. This could include performance-

based  functional  tests,  isolated  muscle  function  tests,  muscle  mass  measurement,  and  imaging
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studies. 

Another consideration is that OKS has a high response rate when compared to other PROMs  11,

although this is not always consistent 29. Analysis of the National Health Service PROMs data set of

72,154 OKS, concluded that OKS does not exhibit a ceiling or a floor effect at 6 months 31. Marx et

al,  (2005)  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  32.

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 randomised control

trials to assess knee arthroplasty long-term outcomes 33. 

The WOMAC (developed in 1982) has undergone multiple revisions since and has been validated for

TKA clinical trials 34–36, with ceiling effects at 6 months and 12 months for TKA patients  37.  The

KOOS was an upgrade to the WOMAC to effectively capture the requirements 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  38.  Roos and Toksvig-Larsen (2003) evaluated the outcome of 105 patients

(mean age 71) after TKA and found, 74% of all Sport/Recreation items were considered to be “not

applicable” 37. 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 (2016) 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 39. 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
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raises questions about the sensitivity of the measurement tool.  

Several  studies  have  evaluated  the  performance  of  different  PROMs  in  measuring  outcomes

following lower extremity joint replacement surgery.  Harris  et  al  (2016) identified the OKS and

WOMAC as the best-performing PROMs specific to the lower extremity 40. The study assessed the

validity, reproducibility, and acceptability of the scoring systems. Similarly, Alviar et al (2011) in

their review, found OKS and WOMAC, to be the best PROMs after assessing the quality of patient-

reported outcome scoring systems  41. Collins and Roos (2012) analysed attributes of the 11 most

frequently used PROMs for THR and TKA and considered KOOS, WOMAC and OKS to be good

PROMs 42. 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 interpretation.  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 addressing muscle weakness.

3.2. 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 assessment tools in

TKA (Table 1). To this end, this section will focus on the types of muscle strength assessments that

are feasible in a TKA clinical setting. 

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]
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TABLE 1 HERE

When evaluating muscle function, the measured outcomes commonly include muscle strength and

power  43.  Various methodologies assess these parameters, ranging from manual muscle testing to

more  complex  and  expensive  isokinetic  assessments.  However,  no  general  consensus  exists

regarding  the  preferred  method  of  assessing  muscle  function  in  orthopaedic  practice,  as  each

approach has distinct advantages and limitations 44.

1)  Isometric  Contraction:  Isometric  strength  assessment  measures  the  maximum force  generated

during a contraction in which the muscle length remains constant (Figure 1(a)). Although isometric

contractions are relatively uncommon in daily activities, their clinical relevance lies in their ability to

predict functional capacity, particularly in elderly individuals and those with significant functional

impairments  45.  Furthermore,  isometric  strength  assessments  have  demonstrated  high  reliability

across different orthopaedic populations 46.  Isometric strength assessments can be easily performed

using a  dynamometer  or  force  plate  and the  individual  is  instructed  to  push  or  pull  against  an

immovable object. PFD have demonstrated high reliability (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.  

Toonstra and Mattacola 2013 51 compared the reliability of IKD, PFD, and Handheld Dynamometry

(HHD) for isometric knee strength assessment. Their findings revealed high test-retest reliability for

both IKD and PFD, while HHD showed fair to poor reliability. 

The  strength  of  IKD  lies  in  its  ability  to  provide  stabilization  during  testing  and  standardized
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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 minimise joint

strain.  This  makes  them particularly  suitable  for  early  postoperative  assessments,  where  patient

safety is a priority. Given these benefits, isometric strength measurements serve as a practical and

reliable method for monitoring recovery following TKA.

2) 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 1(b)). 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  specialised

equipment (e.g., weights, resistance machines) and the time-intensive nature of testing make it less

practical for large patient cohorts 52. 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 53.

3) Isokinetic Contraction: Isokinetic testing measures muscle strength as the peak torque generated

during a contraction performed at a constant angular velocity (Figure 1(c)). This method provides
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resistance that matches the individual's effort throughout the range of motion, 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 54,55. Additionally, isokinetic assessments

require  specialised  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.

FIGURE 1 HERE

Lauermann et al. (2014) 56 compared quadriceps strength assessments using isometric, isokinetic, and

1-RM methods in TKA patients. All  three methods showed similar validity in detecting strength

deficits, suggesting that isometric testing is an effective alternative to more complex assessments.

Similarly, Lienhard et al.  (2013) 57.  found comparable test-retest reliability across these methods in

TKA patients, reinforcing the viability of isometric assessments in clinical practice.

3.3. Muscle mass measurements
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Studies have shown significant correlation between skeletal muscle mass and cross-sectional skeletal

muscle  area  in  the  extremities  with  muscle  strength  or  power  58–60.  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.

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  61.

This method uses X-ray beams to create cross-sectional images of the body, allowing estimation of

total  body fat,  visceral  fat,  and skeletal  muscle  mass  62,63.  Despite  its  early acceptance and high

validity confirmed through cadaver dissection (r = 0.97), CT has general limitations such as high

costs, the need for skilled technicians, and exposure to radiation 64,65. Test-retest reliability was found

to be high (1.4%, r = 0.999)  65,66. However, in current practice, CT is rarely utilised for measuring

muscle mass, likely due to its associated limitations and the emergence of alternative, more practical

techniques such as the MRI.

The introduction of Magnetic Resonance Imaging (MRI) in the 1980s replaced the CT scan as the

gold standard 67. Its 3-dimensional images of skeletal muscle, fat tissue, and other organs is created

by  emitting  radiofrequency  energy  from  hydrogen  atom  nuclei  in  magnetic  fields,  with  signal

variations  indicating  different  tissue  types  67,68.  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 subjects. Validated

through  post-mortem cadaver  studies  (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  65,69.  However, limitations in
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clinical and research settings include high costs, the need for technical expertise, space requirements,

infeasibility  for claustrophobic patients  or  those with MRI-incompatible  implanted devices (e.g.,

cardiac pacemakers) and standardisation is hampered by the existence of various data acquisition

protocols 64,70. 

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 67. DXA operates by utilising two X-ray beams to differentiate between fat, bone,

and lean tissue based on their X-ray absorption properties  71,72. 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)  73–75. 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% 76,77.

However, DXA does present some limitations. Firstly, it  does not directly quantify muscle mass;

instead,  it  calculates  lean  soft  tissue  mass  or  Fat  Free  Mass  based  on  the  different  grey  tones

observed  in  the  DXA scan.  Assumptions  are  made  during  this  calculation,  and  factors  like

dehydration and oedema, which can be common in populations with obesity, may interfere with the

accuracy of the measurements.  Additionally,  the lack of  standardisation across  devices,  software

packages,  and  versions  can  yield  different  results,  affecting  the  reliability  and  comparability  of

measurements. Moreover, while DXA involves less radiation exposure compared to CT, there is still

some exposure 78,79.

BIA has become widely used for assessing body composition in both clinical and nonclinical settings

80. BIA operates on the principle that tissues with higher water and electrolyte content, like skeletal
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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. Measurements obtained along with parameters like sex, age, and body

weight are then integrated into population-specific body composition prediction equations 68,79. The

advantages  of  BIA stem  from  its  non-invasive  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 81. A study by Buckinx et al (2015), attempted

to gauge the reliability of BIA in assessing appendicular lean mass 82. The results showed high intra-

operator 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  83.

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. 

3.4. 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 individual's body weight as resistance, quantifying performance by

the time taken or the number of repetitions completed. Several authoritative groups, including The
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Osteoarthritis  Research  Society  International,  Rehabilitative  Care  Alliance,  and  the  American

Physical  Therapy  Association,  recommend  performance-based  measures  for  individuals  with

osteoarthritis and arthroplasty 84–86. These measures typically include assessments of gait speed tests,

Stair climbing 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 highly predictive of overall

recovery, fall risk, and mortality 87. SCTs focus on functional strength, coordination, and balance, as

stair negotiation requires greater knee flexion and quadriceps activation than level walking 88. 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 89.

While all three 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 mobility and endurance, whereas SCTs are ideal for assessing

functional strength and dynamic balance 90. In contrast, STS tests specifically target  muscle power

and endurance without assessing walking ability or balance  91. 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 85. 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.
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Dobson et al (2013) put forth a set of recommended performance-based measures for individuals

diagnosed with hip and knee osteoarthritis or following joint replacement 85. This selection was based

on expert  surveys and systematic reviews, considering the evidence supporting the measurement

properties  of  the  tests,  their  feasibility,  scoring  methods,  and  expert  consensus.  The  resulting

recommended measures included the 30 second sit-to-stand test (30CST), 40 m Fast-paced Walk

Test, Stair Climb Test, Time up and go (TUG), and 6 Minute Walk Test (6MWT). In a subsequent

update by Dobson et al (2017), the 10 Metre Fast-paced Walk Test and 20-second stair climb test

were suggested as alternatives due to complexities in administering the 40 m Fast-paced Walk and

scoring the 11 Step Stair Climb Test 92. 

A taskforce led by Dr Marie Westby 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 93. Prior to the creation of this

toolkit, Zeni et al (2010) developed the Delaware Osteoarthritis Profile, a comprehensive set of tests

that have been effectively used to measure functional performance pre and post knee arthroplasty,

which include; TUG, SCT and 6MWT 94. 

While the literature contains numerous tests, the focus here will be on muscle strength performance

tests.  STS  with  its  versions  have  been  identified  by  Bergquist  et  al  (2019)  in  their  systematic

literature review to be the most appropriate performance-based clinical muscle strength test 95.  

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 reliability coefficients of 0.84 and 0.92 reported by
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Jones et al (1999) for older men and women retested 2 to 5 days after a baseline test 96. The validity

of the 30CST is supported by its correlation with "leg-press" strength (0.78 for men and 0.71 for

women), as reported by Jones et al (1999). 

The 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 five 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 97. The reliability of the 5R-

STS  test  has  been  estimated  across  ten  studies,  yielding  a  coefficient  of  0.81,  as  reported  by

Bohannon (2011) 91. 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

(2002) 89. 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 (2005) 98. 

Although  the  5R-STS  and  30-second  STS  tests  involve  identical  movements,  they  are  not

interchangeable. The 5R-STS indicates lower limb speed and power for those with lower physical

function post-TKA, while the 30-second STS measures lower limb endurance for those with higher

physical function 99. 

4. Discussion

A range of assessment tools is available to evaluate recovery following TKA, each with distinct

advantages  and limitations.  This  review highlights  the utility,  strengths,  and constraints  of  these
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measures  and  recommends  a  comprehensive,  multidimensional  evaluation  framework.  Such  an

approach enhances the accuracy and clinical relevance of recovery assessments 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  non-invasive, lower-cost option

suitable for clinical settings, despite  reduced accuracy and sensitivity to minor changes in muscle

composition.

PROMs provide valuable insights into patient perspectives. 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 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

utility in TKA follow-up. Nevertheless, PROMs alone do not provide objective strength assessments,

which are critical for a comprehensive evaluation. 

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 mobility

impairments. It also shows strong correlation with knee extension strength and mobility metrics,
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enhancing its predictive utility 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 cardiopulmonary 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.

Finally, it  is important to note that the interpretability and utility 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 contextualise outcomes based on

age, BMI, and comorbid burden. By triangulating across these  assessments, clinicians can reduce

bias from any single measure and develop more individualised recovery evaluation.

FIGURE 2 HERE

5.   Conclusion

A multidimensional approach integrating OKS, PFD, BIA, and 5R-STS provides a more accurate and

clinically meaningful assessment of TKA recovery. While PROMs offer patient insights, they should

be  complemented  with  objective  measures to  capture  functional  deficits.  This  multidimensional

approach not only enhances the accuracy of patient evaluation but also supports the development of

tailored rehabilitation strategies that address individual deficits and optimise functional outcomes.

Future  research  should  focus  on  validating  this  integrated  module  in  clinical  practice ensuring
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broader adoption in routine TKA follow-up. Additionally, further investigation into intrinsic skeletal

muscle (mal)adaptations post-TKA may provide valuable insights into factors contributing to long-

term functional limitations. 

Mandatory statements

Conflict of Interest: None

Source of Funding: None 

Acknowledgments: None

Patient Consent: Not applicable

Ethical Clearance: Not applicable 

Author Credit Statements: AB Methodology, Formal analysis, investigation, writing-original draft,

Visualisation. NM supervision. VM Writing-review & editing. DJP Conceptualisation, Methodology

and supervision. All authors approved the final version of the manuscript. 

References 

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

1. Neogi  T.  The  epidemiology  and  impact  of  pain  in  osteoarthritis.  Osteoarthritis  Cartil.
2013;21(9):1145-1153. doi:10.1016/j.joca.2013.03.018

2. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global burden of 369
diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis for the
Global  Burden  of  Disease  Study  2019.  The  Lancet.  2020;396(10258):1204-1222.
doi:10.1016/S0140-6736(20)30925-9

3. Jüni P, Reichenbach S, Dieppe P. Osteoarthritis: rational approach to treating the individual. Best
Pract Res Clin Rheumatol. 2006;20(4):721-740. doi:10.1016/j.berh.2006.05.002

4. Rissolio L, Sabatini L, Risitano S, Bistolfi A, Galluzzo U, Massè A, et al. Is it the surgeon, the
patient,  or  the  device?  A  comprehensive  clinical  and  radiological  evaluation  of  factors
influencing patient satisfaction in 648 total knee arthroplasties.  J Clin Med. 2021;10(12):2599.
doi:10.3390/jcm10122599

5. Lewis GN, Rice DA, Rashid U, McNair PJ, Kluger MT, Somogyi AA. Trajectories of pain and
function  outcomes  up  to  5  to  8  years  following  total  knee  arthroplasty.  J  Arthroplasty.
2023;38(8):1516-1521. doi:10.1016/j.arth.2023.02.020

6. Tungtrongjit  Y,  Weingkum P,  Saunkool  P.  The effect  of  preoperative  quadriceps  exercise on
functional outcome after total knee arthroplasty. J Med Assoc Thai. 2012;95 Suppl 10:S58-66.

7. Topp R, Swank AM, Quesada PM, Nyland J, Malkani A. The effect of prehabilitation exercise on
strength  and  functioning  after  total  knee  arthroplasty.  PM&R.  2009;1(8):729-735.
doi:10.1016/j.pmrj.2009.06.003

8. Vajapey SP, Morris J, Spitzer AI, Glassman AH, Greco NJ, Li M. Outcome reporting patterns in
total  knee  arthroplasty:  a  systematic  review.  J  Clin  Orthop  Trauma.  2020;11:S464-S471.
doi:10.1016/j.jcot.2020.05.014

9. Mizner  RL,  Petterson SC, Clements  KE, Zeni  JA, Irrgang JJ,  Snyder-Mackler  L.  Measuring
functional  improvement  after  total  knee  arthroplasty  requires  both  performance-based  and
patient-report assessments. J Arthroplasty. 2011;26(5):728-737. doi:10.1016/j.arth.2010.06.004

10. Naili JE, Iversen MD, Esbjörnsson AC, Hedström M, Schwartz MH, Häger CK, et al. Deficits in
functional performance and gait  one year after  total  knee arthroplasty despite improved self-
reported  function.  Knee  Surg  Sports  Traumatol  Arthrosc.  2017;25(11):3378-3386.
doi:10.1007/s00167-016-4234-7

11. Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of patients about
total  knee  replacement.  J  Bone  Joint  Surg  Br.  1998;80-B(1):63-69.  doi:10.1302/0301-
620X.80B1.0800063

12. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical rating system.
Clin Orthop. 1989;(248):13-14.

13. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC:
a  health  status  instrument  for  measuring  clinically  important  patient  relevant  outcomes  to

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

antirheumatic  drug  therapy  in  patients  with  osteoarthritis  of  the  hip  or  knee.  J  Rheumatol.
1988;15(12):1833-1840.

14. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis
Outcome  Score  (KOOS)  -  development  of  a  self-administered  outcome  measure.  J  Orthop
Sports Phys Ther. 1998;28(2):88-96. doi:10.2519/jospt.1998.28.2.88

15. Martimbianco ALC, Calabrese FR, Iha LAN, Petrilli M, Lira Neto O, Carneiro Filho M. Análise
de reprodutibilidade da escala “American Knee Society Score” (AKSS). Acta Ortopédica Bras.
2012;20(1):34-38. doi:10.1590/S1413-78522012000100007

16. Hodges PW, Smeets RJ. Interaction between pain, movement, and physical activity: short-term
benefits,  long-term consequences,  and targets  for  treatment.  Clin J  Pain.  2015;31(2):97-107.
doi:10.1097/AJP.0000000000000098

17. Merkle SL, Sluka KA, Frey-Law LA. The interaction between pain and movement. J Hand Ther.
2020;33(1):60-66. doi:10.1016/j.jht.2018.05.001

18. Ghanem E, Pawasarat I, Lindsay A, May L, Azzam K, Joshi A, et al. Limitations of the Knee
Society Score in evaluating outcomes following revision total knee arthroplasty.  J Bone Joint
Surg Am. 2010;92(14):2445-2451. doi:10.2106/JBJS.I.00252

19. Lingard EA, Katz JN, Wright RJ, Wright EA, Sledge CB. Validity and responsiveness of the
Knee Society Clinical Rating System in comparison with the SF-36 and WOMAC. J Bone Joint
Surg Am. 2001;83(12):1856-1864. doi:10.2106/00004623-200112000-00014

20. Bach CM, Nogler M, Steingruber IE, Ogon M, Wimmer C, Göbel G, et al.  Scoring systems in
total  knee  arthroplasty.  Clin  Orthop.  2002;399:184-196.  doi:10.1097/00003086-200206000-
00022

21. Noble PC, Scuderi GR, Brekke AC, Sikorskii A, Benjamin JB, Lonner JH, et al. Development of
a new knee Society scoring system.  Clin Orthop. 2012;470(1):20-32. doi:10.1007/s11999-011-
2152-z

22. Scuderi GR, Bourne RB, Noble PC, Benjamin JB, Lonner JH, Scott WN. The new knee society
knee scoring system. Clin Orthop. 2012;470(1):3-19. doi:10.1007/s11999-011-2135-0

23. Siljander  MP, McQuivey KS, Fahs AM, Galasso LA, Serdahely KJ,  Karadsheh MS. Current
trends  in  patient-reported  outcome  measures  in  total  joint  arthroplasty:  a  Study  of  4  major
orthopaedic journals. J Arthroplasty. 2018;33(11):3416-3421. doi:10.1016/j.arth.2018.06.034

24. Ritter  MA,  Davis  KE,  Davis  P,  Farris  A,  Malinzak  RA,  Berend  ME,  et  al.  Preoperative
malalignment  increases  risk  of  failure  after  total  knee  arthroplasty:  J  Bone  Joint  Surg  Am.
2013;95(2):126-131. doi:10.2106/JBJS.K.00607

25. Capin JJ, Bade MJ, Jennings JM, Snyder-Mackler L, Stevens-Lapsley JE. Total knee arthroplasty
assessments  should  include  strength  and  performance-based  functional  tests  to  complement
range-of-motion  and  oatient-reported  outcome  measures.  Phys  Ther.  2022;102(6):pzac033.
doi:10.1093/ptj/pzac033

26. Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr AJ, et al. The use of the Oxford

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

Hip  and  Knee  Scores.  J  Bone  Joint  Surg  Br.  2007;89-B(8):1010-1014.  doi:10.1302/0301-
620X.89B8.19424

27. Ben-Shlomo Y, Blom A, Boulton C, Brittani R, Clark E, Dawson-Bowling S, et al. The National
Joint Registry 19th Annual Report 2022.  National Joint Registry; 2022. Accessed March 18,
2025. http://www.ncbi.nlm.nih.gov/books/NBK587525/

28. Lee MK, Naessens JM, Eton DT, O’Byrne TJ, Nyman MA.  Functional outcomes and health-
related quality of life before and after primary total knee replacement for patients from diverse
geographic regions. J Arthroplasty. 2021;36(6):1958-1965. doi:10.1016/j.arth.2021.01.043

29. Whitehouse SL, Blom AW, Taylor AH, Pattison GTR, Bannister GC. The Oxford Knee Score;
problems and pitfalls. The Knee. 2005;12(4):287-291. doi:10.1016/j.knee.2004.11.005

30. Beard DJ, Knezevic K, Al-Ali S, Dawson J, Price AJ. The use of outcome measures relating to
the knee. Orthop Trauma. 2010;24(4):309-316. doi:10.1016/j.mporth.2010.04.001

31. Harris K, Lim CR, Dawson J, Fitzpatrick R, Beard DJ, Price AJ. The Oxford Knee Score and its
subscales do not exhibit a ceiling or a floor effect in knee arthroplasty patients: an analysis of the
National  Health  Service  PROMs  data  set.  Knee  Surg  Sports  Traumatol  Arthrosc.
2017;25(9):2736-2742. doi:10.1007/s00167-015-3788-0

32. Marx RG, Jones EC, Atwan NC, Closkey RF, Salvati EA, Sculco TP. Measuring improvement
following total hip and knee arthroplasty using patient-based measures of outcome: J Bone Joint
Surg Am. 2005;87(9):1999-2005. doi:10.2106/JBJS.D.02286

33. Beard DJ, Davies LJ, Cook JA, MacLennan G, Price A, Kent S, et al. The clinical and cost-
effectiveness  of  total  versus  partial  knee  replacement  in  patients  with  medial  compartment
osteoarthritis  (TOPKAT):  5-year  outcomes  of  a  randomised  controlled  trial.  The  Lancet.
2019;394(10200):746-756. doi:10.1016/S0140-6736(19)31281-4

34. Escobar A, Gonzalez M, Quintana JM, Vrotsou K, Bilbao A, Herrera-Espineira C, et al. Patient
acceptable symptom state and OMERACT–OARSI set of responder criteria in joint replacement.
Identification  of  cut-off  values.  Osteoarthritis  Cartil.  2012;20(2):87-92.
doi:10.1016/j.joca.2011.11.007

35. Berth A, Urbach D, Awiszus F. Improvement of voluntary quadriceps muscle activation after
total  knee  arthroplasty.  Arch  Phys  Med  Rehabil.  2002;83(10):1432-1436.
doi:10.1053/apmr.2002.34829

36. Bellamy N. WOMAC: a 20-year experiential review of a patient-centered self-reported health
status questionnaire. J Rheumatol. 2002;29(12):2473-2476.

37. Roos EM, Toksvig-Larsen S. Knee Injury and Osteoarthritis Outcome Score (KOOS): validation
and  comparison  to  the  WOMAC  in  total  knee  replacement.  Health  Qual  Life  Outcomes.
2003;1(1):17. doi:10.1186/1477-7525-1-17

38. Antosh IJ, Svoboda SJ, Peck KY, Garcia EJ, Cameron KL. Change in KOOS and WOMAC
scores in a young athletic population with and without anterior cruciate ligament injury.  Am J
Sports Med. 2018;46(7):1606-1616. doi:10.1177/0363546518768753

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

39. Collins NJ, Prinsen CAC, Christensen R, Bartels EM, Terwee CB, Roos EM. Knee Injury and
Osteoarthritis  Outcome Score (KOOS):  systematic review and meta-analysis  of measurement
properties. Osteoarthritis Cartil. 2016;24(8):1317-1329. doi:10.1016/j.joca.2016.03.010

40. Harris K, Dawson J, Gibbons E, Lim CR, Beard DJ, Fitzpatrick R, et al. Systematic review of
measurement properties of patient-reported outcome measures used in patients undergoing hip
and  knee  arthroplasty.  Patient  Relat  Outcome  Meas.  2016;Volume  7:101-108.
doi:10.2147/PROM.S97774

41. Alviar M, Olver J, Brand C, Tropea J, Hale T, Pirpiris M, et al. Do patient-reported outcome
measures  in  hip  and  knee  arthroplasty  rehabilitation  have  robust  measurement  attributes?  A
systematic review. J Rehabil Med. 2011;43(7):572-583. doi:10.2340/16501977-0828

42. Collins NJ, Roos EM. Patient-Reported Outcomes for Total Hip and Knee Arthroplasty.  Clin
Geriatr Med. 2012;28(3):367-394. doi:10.1016/j.cger.2012.05.007

43. Gerrits  KH, Beltman MJ, Koppe PA, Konijnenbelt  H, Elich PD, de Haan A, et  al.  Isometric
muscle function of knee extensors and the relation with functional performance in patients with
stroke. Arch Phys Med Rehabil. 2009;90(3):480-487. doi:10.1016/j.apmr.2008.09.562

44. Maffiuletti  NA.  Assessment  of  hip  and  knee  muscle  function  in  orthopaedic  practice  and
research: J Bone Joint Surg Am. 2010;92(1):220-229. doi:10.2106/JBJS.I.00305

45. Hyun CW, Han EY, Im SH, Choi JC, Kim BR, Yoon HM, et  al.  Hemiparetic knee extensor
strength and balance function are predictors of ambulatory function in subacute stroke patients.
Ann Rehabil Med. 2015;39(4):577. doi:10.5535/arm.2015.39.4.577

46. Fransen M, Crosbie J, Edmonds J. Isometric muscle force measurement for clinicians treating
patients  with  osteoarthritis  of  the  knee.  Arthritis  Care  Res.  2003;49(1):29-35.
doi:10.1002/art.10923

47. Ieiri A, Tushima E, Ishida K, Inoue M, Kanno T, Masuda T. Reliability of measurements of hip
abduction  strength  obtained  with  a  hand-held  dynamometer.  Physiother  Theory  Pract.
2015;31(2):146-152. doi:10.3109/09593985.2014.960539

48. Bohannon RW, Kindig J, Sabo G, Duni AE, Cram P. Isometric knee extension force measured
using a  handheld dynamometer with and without belt-stabilization.  Physiother  Theory Pract.
2012;28(7):562-568. doi:10.3109/09593985.2011.640385

49. Bohannon RW, Pritchard RO, Glenney SS. Portable belt-stabilized hand-held dynamometry set-
up  for  measuring  knee  extension  force.  Isokinet  Exerc  Sci.  2013;21(4):325-329.
doi:10.3233/IES-130517

50. Martins J, Da Silva JR, Da Silva, MRB, Bevilaqua-Grossi D. Reliability and validity of the belt-
stabilized handheld dynamometer in hip- and knee-strength tests. J Athl Train. 2017;52(9):809-
819. doi:10.4085/1062-6050-52.6.04

51. Toonstra  J,  Mattacola CG. Test-retest  reliability  and validity  of isometric  knee-flexion and -
extension  measurement  using  3  methods  of  assessing  muscle  strength.  J  Sport  Rehabil.
2013;22(1). doi:10.1123/jsr.2013.TR7

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

52. Chapman  PP,  Whitehead  JR,  Binkert  RH.  The  225-lb  reps-to-fatigue  test  as  a  submaximal
estimate of 1-RM bench press performance in college football players.  J Strength Cond Res.
1998;12(4):258. doi:10.1519/1533-4287(1998)012 2.3.co;2

53. Dohoney  P,  Chromiak  JA,  Lemire  D,  Abadie  BR,  Kovacs  C.  Prediction  of  one  repetition
maximum (1-RM) strength from a 4–6 RM and a 7–8 RM submaximal strength test in healthy
young adult males. J Exerc Physiol Online. 2002;5(3):54-59.

54. Horstmann H, Medico P, Lasch F, Krutsch W, Weber-Spickschen TS. Simplified measurement of
maximum  strength  after  knee  surgery:  application-based  knee-training  device  compared  to
isokinetic testing. Open Access J Sports Med. 2020;11:43-49. doi:10.2147/OAJSM.S214598

55. Whiteley R, Jacobsen P, Prior S, Skazalski C, Otten R, Johnson A. Correlation of isokinetic and
novel hand-held dynamometry measures of knee flexion and extension strength testing.  J Sci
Med Sport. 2012;15(5):444-450. doi:10.1016/j.jsams.2012.01.003

56. Lauermann SP, Lienhard K, Item-Glatthorn JF, Casartelli NC, Maffiuletti NA. Assessment of
quadriceps muscle weakness in patients after total knee arthroplasty and total hip arthroplasty:
methodological  issues.  J  Electromyogr  Kinesiol.  2014;24(2):285-291.
doi:10.1016/j.jelekin.2013.10.018

57. Lienhard  K,  Lauermann SP,  Schneider  D,  Item-Glatthorn  JF,  Casartelli  NC,  Maffiuletti  NA.
Validity and reliability of isometric, isokinetic and isoinertial modalities for the assessment of
quadriceps muscle strength in patients with total  knee arthroplasty.  J Electromyogr Kinesiol.
2013;23(6):1283-1288. doi:10.1016/j.jelekin.2013.09.004

58. O’Brien TD, Reeves ND, Baltzopoulos V, Jones DA, Maganaris CN. Strong relationships exist
between muscle volume, joint power and whole body external mechanical power in adults and‐
children. Exp Physiol. 2009;94(6):731-738. doi:10.1113/expphysiol.2008.045062

59. Maughan RJ, Watson JS, Weir J. Strength and cross sectional area of human skeletal muscle. ‐ J
Physiol. 1983;338(1):37-49. doi:10.1113/jphysiol.1983.sp014658

60. Akagi R, Takai Y, Ohta M, Kanehisa H, Kawakami Y, Fukunaga T. Muscle volume compared to
cross-sectional area is  more appropriate for evaluating muscle strength in young and elderly
individuals. Age Ageing. 2009;38(5):564-569. doi:10.1093/ageing/afp122

61. Heymsfield SB, Adamek M, Gonzalez MC, Jia G, Thomas DM. Assessing skeletal muscle mass:
historical  overview  and  state  of  the  art.  J  Cachexia  Sarcopenia  Muscle.  2014;5(1):9-18.
doi:10.1007/s13539-014-0130-5

62. Binay Safer V, Safer U. Usefulness and limitations of single-slice computed tomography analysis
at  the  third  lumbar  region  in  the  assessment  of  sarcopenia.  Crit  Care.  2013;17(6):466.
doi:10.1186/cc13123

63. Gibson  DJ,  Burden  ST,  Strauss  BJ,  Todd  C,  Lal  S.  The  role  of  computed  tomography  in
evaluating body composition and the influence of reduced muscle mass on clinical outcome in
abdominal  malignancy:  a  systematic  review.  Eur  J  Clin  Nutr.  2015;69(10):1079-1086.
doi:10.1038/ejcn.2015.32

64. Lemos  T,  Gallagher  D.  Current  body  composition  measurement  techniques.  Curr  Opin

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

Endocrinol Diabetes Obes. 2017;24(5):310-314. doi:10.1097/MED.0000000000000360

65. Mitsiopoulos N, Baumgartner RN, Heymsfield SB, Lyons W, Gallagher D, Ross R. Cadaver
validation of skeletal muscle measurement by magnetic resonance imaging and computerized
tomography. J Appl Physiol. 1998;85(1):115-122. doi:10.1152/jappl.1998.85.1.115

66. Hudash G, Albright JP, McAuley E, Martin RK, Fulton M. Cross-sectional thigh components:
computerized  tomographic  assessment.  Med  Sci  Sports  Exerc.  1985;17(4):417-421.
doi:10.1249/00005768-198508000-00002

67. Erlandson MC, Lorbergs AL, Mathur S, Cheung AM.  Muscle analysis using pQCT, DXA and
MRI. Eur J Radiol. 2016;85(8):1505-1511. doi:10.1016/j.ejrad.2016.03.001

68. Heymsfield SB, Gonzalez MC, Lu J, Jia G, Zheng J. Skeletal muscle mass and quality: evolution
of modern measurement concepts in the context of sarcopenia. Proc Nutr Soc. 2015;74(4):355-
366. doi:10.1017/S0029665115000129

69. Abate N, Burns D, Peshock RM, Garg A, Grundy SM. Estimation of adipose tissue mass by
magnetic  resonance  imaging:  validation  against  dissection  in  human  cadavers.  J  Lipid  Res.
1994;35(8):1490-1496. doi:10.1016/S0022-2275(20)40090-2

70. Prado CMM, Heymsfield SB. Lean tissue imaging: a new era for nutritional assessment and
intervention. J Parenter Enter Nutr. 2014;38(8):940-953. doi:10.1177/0148607114550189

71. Lustgarten MS, Fielding RA. Assessment of analytical methods used to measure changes in body
composition in the elderly and recommendations for their use in phase II clinical trials. J Nutr
Health Aging. 2011;15(5):368-375. doi:10.1007/s12603-011-0049-x

72. Pietrobelli  A,  Formica  C,  Wang Z,  Heymsfield  SB.  Dual-energy X-ray  absorptiometry  body
composition  model:  review  of  physical  concepts.  Am  J  Physiol-Endocrinol  Metab.
1996;271(6):E941-E951. doi:10.1152/ajpendo.1996.271.6.E941

73. Maden-Wilkinson TM, Degens H, Jones  DA, McPhee JS.  Comparison of  MRI and DXA to
measure  muscle  size  and  age-related  atrophy  in  thigh  muscles.  J  Musculoskelet  Neuronal
Interact. 2013;13(3):320-328.

74. Kim J,  Wang Z,  Heymsfield SB, Baumgartner  RN, Gallagher  D. Total-body skeletal  muscle
mass:  estimation  by  a  new  dual-energy  X-ray  absorptiometry  method.  Am  J  Clin  Nutr.
2002;76(2):378-383. doi:10.1093/ajcn/76.2.378

75. Taylor AE, Kuper H, Varma RD, Wells JC, V. Radhakrishna K, Kulkarmi B, et al. Validation of
dual  energy  X-ray  absorptiometry  measures  of  abdominal  fat  by  comparison with  magnetic
resonance  imaging in  an Indian population.  Federici  M, ed.  PLoS ONE.  2012;7(12):e51042.
doi:10.1371/journal.pone.0051042

76. Hangartner TN, Warner S, Braillon P, Jankowski L, Shepherd J. The official positions of the
International Society for Clinical Densitometry: acquisition of dual-energy X-ray absorptiometry
body composition and considerations regarding analysis and repeatability of measures.  J Clin
Densitom. 2013;16(4):520-536. doi:10.1016/j.jocd.2013.08.007

77. Levine JA, Abboud L, Barry M, Reed JE, Sheedy PF, Jensen MD. Measuring leg muscle and fat

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

mass  in  humans:  comparison  of  CT and  dual-energy  X-ray  absorptiometry.  J  Appl  Physiol.
2000;88(2):452-456. doi:10.1152/jappl.2000.88.2.452

78. Toombs RJ, Ducher G, Shepherd JA, De Souza MJ. The impact of recent technological advances
on the trueness and precision of DXA to assess body composition.  Obesity. 2012;20(1):30-39.
doi:10.1038/oby.2011.211

79. Johnson  Stoklossa  CA,  Forhan  M,  Padwal  RS,  Gonzalez  MC,  Prado  CM.  Practical
considerations  for  body  composition  assessment  of  adults  with  class  II/III  obesity  using
bioelectrical  impedance  analysis  or  dual-energy  X-ray  absorptiometry.  Curr  Obes  Rep.
2016;5(4):389-396. doi:10.1007/s13679-016-0228-5

80. Khalil  S,  Mohktar  M, Ibrahim F.  The theory  and fundamentals  of  bioimpedance  analysis  in
clinical  status  monitoring  and  diagnosis  of  diseases.  Sensors.  2014;14(6):10895-10928.
doi:10.3390/s140610895

81. Marra M, Sammarco R, De Lorenzo A, Lellamo F, Siervo M, Pietrobelli A, et al. Assessment of
body composition in health and disease using bioelectrical impedance analysis (BIA) and dual
energy  X-ray  absorptiometry  (DXA):  a  critical  overview.  Contrast  Media  Mol  Imaging.
2019;2019:1-9. doi:10.1155/2019/3548284

82. Buckinx F, Reginster JY, Dardenne N, Croisiser JL, Kaux FJ, Beaudart C, et al.  Concordance
between muscle mass assessed by bioelectrical impedance analysis and by dual energy X-ray
absorptiometry: a cross-sectional study. BMC Musculoskelet Disord. 2015;16(1):60. doi:10.1186/
s12891-015-0510-9

83. Ling  CHY,  De  Craen  AJM,  Slagboom  PE,  Gunn  DA,  Stokkel  MP,  Westendorp  RG,  et  al.
Accuracy of direct segmental multi-frequency bioimpedance analysis in the assessment of total
body  and  segmental  body  composition  in  middle-aged  adult  population.  Clin  Nutr.
2011;30(5):610-615. doi:10.1016/j.clnu.2011.04.001

84. Jette DU, Hunter SJ, Burkett L, Langham B, Logerstedt DS, Piuzzi NS, et al. Physical therapist
management  of  total  knee  arthroplasty.  Phys  Ther.  2020;100(9):1603-1631.
doi:10.1093/ptj/pzaa099

85. Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM, et al. OARSI recommended
performance-based  tests  to  assess  physical  function  in  people  diagnosed  with  hip  or  knee
osteoarthritis. Osteoarthritis Cartil. 2013;21(8):1042-1052. doi:10.1016/j.joca.2013.05.002

86. Rehabilitative Care Alliance. Rehabilitative care best practices for patients with primary hip &
knee  replacements.  Accessed  10  January  2023.
https://rehabcarealliance.ca/wp-content/uploads/2022/10/UPDATED_October_2017_TJR_QBP_
Rehabilitative_Best_Practices_Report_v8.pdf. 

87. Studenski  S.  Gait  speed  and  survival  in  older  adults.  JAMA.  2011;305(1):50.
doi:10.1001/jama.2010.1923

88. Behrend  H.  Whole  body  gait  function  during  stair  ascending  and  level  walking  in  patients
following  total  knee  arthroplasty.  Int  J  Phys  Med  Rehabil.  2014;02(05).  doi:10.4172/2329-
9096.1000231

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

89. Lord SR, Murray SM, Chapman K, Munro B, Tiedemann A. Sit-to-stand performance depends
on sensation, speed, balance, and psychological status in addition to strength in older People. J
Gerontol A Biol Sci Med Sci. 2002;57(8):M539-M543. doi:10.1093/gerona/57.8.M539

90. Mizner  RL,  Petterson  SC,  Snyder-Mackler  L.  Quadriceps  strength  and  the  time  course  of
functional recovery after total knee arthroplasty.  J Orthop Sports Phys Ther. 2005;35(7):424-
436. doi:10.2519/jospt.2005.35.7.424

91. Bohannon RW. Test-retest reliability of the five-repetition sit-to-stand test: a systematic review of
the  literature  involving  adults.  J  Strength  Cond  Res.  2011;25(11):3205-3207.
doi:10.1519/JSC.0b013e318234e59f

92. Dobson F, Hinman RS, Hall M, et al. Reliability and measurement error of the Osteoarthritis
Research  Society  International  (OARSI)  recommended  performance-based  tests  of  physical
function  in  people  with  hip  and knee  osteoarthritis.  Osteoarthritis  Cartil.  2017;25(11):1792-
1796. doi:10.1016/j.joca.2017.06.006

93. The University of British Columbia. Total joint arthroplasty and outcome measures (TJAOM)
toolkit.  Accessed  10  January  2023.  https://physicaltherapy.med.ubc.ca/physical-therapy-
knowledge-broker/tjaom-toolkit/. 

94. Zeni JA, Axe MJ, Snyder-Mackler L. Clinical predictors of elective total joint replacement in
persons  with  end-stage  knee  osteoarthritis.  BMC  Musculoskelet  Disord.  2010;11(1):86.
doi:10.1186/1471-2474-11-86

95. Bergquist R, Weber M, Schwenk M, Ulseth S, Helbostad JL, Vereijken B, et al.  Performance-
based clinical tests of balance and muscle strength used in young seniors: a systematic literature
review. BMC Geriatr. 2019;19(1):9. doi:10.1186/s12877-018-1011-0

96. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in
community-residing  older  adults.  Res  Q  Exerc  Sport.  1999;70(2):113-119.
doi:10.1080/02701367.1999.10608028

97. Klukowska AM, Staartjes VE, Vandertop WP, Schröder  ML. Five-Repetition sit-to-stand test
performance in healthy individuals: reference values and predictors from 2 prospective cohorts.
Neurospine. 2021;18(4):760-769. doi:10.14245/ns.2142750.375

98. Schaubert KL, Bohannon RW. Reliability and validity of three strength measures obtained from
community-dwelling  elderly  persons.  J  Strength  Cond  Res.  2005;19(3):717.  doi:10.1519/R-
15954.1

99. McCarthy EK, Horvat MA, Holtsberg PA, Wisenbaker JM. Repeated chair stands as a measure
of  lower  limb  strength  in  sexagenarian  Women.  J  Gerontol  A  Biol  Sci  Med  Sci.
2004;59(11):1207-1212. doi:10.1093/gerona/59.11.1207

https://preprints.jmir.org/preprint/84011 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Boukabache et al

TABLES: 
Table 1: Comparative analysis of outcome measures used in 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
PROMs (KSS,

WOMAC,
KOOS, OKS)

Muscle Strength
Tests (IKD, PFD,

HHD)

Muscle Mass
Tests (CT, MRI,

DXA, BIA)

Physical
Performance
Tests (TUG,

6MWT, 5R-STS,
SCT)

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, 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,  non-
invasive,
patient-friendly

Requires  equipment;
portable
dynamometers  are
easier than isokinetic
ones 

CT/MRI  are
expensive; DXA
is  more
accessible;  BIA
is easiest 

Quick,  requires
minimal
equipment  (e.g.,
chair,
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,
MRI),  radiation
exposure  (CT,
DXA),  less
precise (BIA)

Can  be
influenced  by
patient
motivation,
fatigue,  or
comorbidities

Best Use Case Tracking
patient-
perceived
progress

Measuring  post-TKA
quadriceps/hamstrin
g recovery

Evaluating long-
term  muscle
loss  and
sarcopenia

Assessing
mobility  and
real-world
function 
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FIGURES:
Figure 1:  Illustration of three common muscle strength assessment methods used in TKA
recovery: a) Isometric contraction – muscle generates force without joint movement; b) One-
repetition maximum (1-RM) – maximal weight lifted once with proper form; c) Isokinetic
contraction – muscle contracts at a constant speed throughout the range of motion using a
dynamometer.

       

Figure  2:  Clinical  workflow  algorithm  for  integrating  recommended  outcome  measures
throughout the TKA pathway. The flowchart outlines the timing and selection of assessment
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tools from the pre-operative assessment appointment to the final follow-up.
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