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Abstract
Background:

Sarcopenia often accompanies osteoarthritis (OA), which is managed by total knee arthroplasty (TKA) in the late
stage. Recent studies have suggested a higher risk of post-operative complications after TKA in sarcopenic OA
subjects, but whether TKA can bene�t them similar to non-sarcopenic subjects remains unexplored. This study
aimed to examine the dynamic, mutual impact of sarcopenia and TKA in a one-year post-operative period.

Methods: This prospective cohort study was conducted between 2015 to 2018 at our hospital. Patients with end-
stage OA of the knee waiting for TKA were recruited into the study. Primary outcome measures were change in
muscle strength, mass and function. Secondary outcome measures were quality of life (QOL) measurements for
pain, psychological and physical health.

Results: Fifty-eight patients were recruited, of which 79.3% were female and 32.8% already had sarcopenia at
baseline. The average age of sarcopenic subjects and non-sarcopenic subjects was comparable (67.89±7.07 vs.
67.92±6.85; p=0.99), but sarcopenic subjects had a lower body mass index (BMI) (25.64±2.64 vs. 28.57±4.04;
p=0.01). There was a statistically signi�cant improvement in walking speed (10.24±5.35 vs. 7.69±2.68, p<0.01)
and muscle strength in both sarcopenic and non-sarcopenic patients after TKA. This was accompanied by an
improvement trend in muscle mass in all subjects. There was no change in handgrip power before and after TKA
and subsequent follow-up (19.31±5.92 vs. 18.98±6.37 vs. 19.36±7.66; p=0.97). QOL measured before, after and
at follow-up with WOMAC (total: 42.27±15.98 vs. 20.65±15.24 vs. 16.65±18.13) and SF12v2 (PCS: 33.06±8.55 vs.
38.96±8.01 vs. 40.67±7.93) revealed progressive signi�cant improvement (both comparisons p≤0.01). Further
analysis with the IPAQ also found increased engagement of high-intensity activities.

Conclusions:  This study showed that sarcopenia among patients with end-stage OA of the knee is not
uncommon, but both sarcopenic and non-sarcopenic OA patients achieved signi�cant clinical and functional
improvement after TKA. Further studies with an larger sample size and different ethnicities could help ascertain a
bene�cial role of TKA in sarcopenic OA subjects.

Background
Sarcopenia, de�ned as age-related decline in muscle mass and strength, is a common condition in the aging
population resulting in signi�cant functional impairment and inactivity [1-3]. The prevalence of sarcopenia
increases with age, reaching an astounding 50% among the population aged 75 or above in the United States [4].
Sarcopenia is often associated with frailty, falls, fractures and disability in this susceptible population [5-7].
Furthermore, the disease is a strong predictive risk factor for mortality and morbidity among older patients in
nursing homes [8]. 

Notably, sarcopenia often accompanies osteoarthritis (OA). However, the relationship between sarcopenia and OA
is still unclear and no strong consensus has been reached [9, 10]. Sarcopenia and OA have been postulated to be
co-existing conditions [11, 12]’ conversely, sarcopenia may be a risk factor for OA progression [13] and vice versa,
with an increased risk of sarcopenia in patients with OA [14]. Cross-sectional studies have revealed that OA in the
knee is associated with declines in muscle mass and strength in the lower limbs as the patient adapts to a
sedentary lifestyle and inactivity to avoid knee joint pain and stiffness [15-18]. In turn, the subsequent reduction in
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energy expenditure, together with ageing-related gains in adipose tissue, lead to these patients to develop
overweight or even obesity. This increased load further exacerbates knee OA progression, and it is the
combination of these factors that is considered to create and perpetuate a vicious cycle between obesity,
sarcopenia and osteoarthritis [19, 20].

            Patients with end-stage OA of the knee will eventually pursue total knee arthroplasty (TKA) as the only
viable option. TKA has been proven to relieve pain and regain mobility. It has been widely accepted that TKA
greatly increases social and physical aspects of quality of life [21-24]. Despite the common coprevalence of
sarcopenia and OA, reports on the impact of sarcopenia on end-stage OA patients undergoing TKA are limited to
two recent retrospective case-control studies, suggesting that patients with sarcopenia undergoing primary TKA
have greater in-hospital length of stay, increased odds of 90-day medical complications, falls, lower extremity
fractures, prosthetic joint infection and reoperations [25, 26]. Frailty, a condition closely associated with
sarcopenia, has also been linked to a higher rate of mortality, post-operative admission to the intensive care unit,
discharge to institutional care and re-admission in a recent population-based study of patients undergoing TKA
[27]. However, whether TKA can bene�t sarcopenic OA subjects similar to non-sarcopenic OA subjects is currently
unexplored. It is not known, after TKA-related improvements in knee symptoms, whether sarcopenic OA subjects
can attain signi�cant improvements in muscle strength, muscle mass and gait speed, which are the main
domains that de�ne sarcopenia. It may be possible that, after TKA, sarcopenic patients can participate in more
activities to improve their muscle strength and gait speed, as they are free from knee pain. A longitudinal study
that examines and observes changes in sarcopenic features after TKA over time can bridge the knowledge gap in
this aspect and can provide insight into how to best manage patients with concomitant OA and sarcopenia. 

This study aimed to examine the status of sarcopenia in individuals with symptomatic end-stage OA of the knee
and the subsequent interaction between sarcopenia and TKA, which was employed as a de�nitive treatment for
OA. It was hypothesised that, after TKA, sarcopenic patients would have improved knee symptoms and function,
similar to non-sarcopenic patients. 

Methods
This study was conducted in compliance with the Declaration of Helsinki and was approved by The Joint Chinese
University of Hong Kong – New Territories East Cluster Clinical Research Ethics Committee (Ethics approval
number: 2015.539). The study was registered with US ClinicalTrials.gov (NCT03579329).

 This prospective study was conducted at the Prince of Wales Hospital, Hong Kong from 1st November 2015 to
30th May 2018. Consecutive patients visiting the Orthopaedics Specialist Outpatient Clinic with symptomatic end-
stage OA of the knee referred and opted for TKA as treatment were invited to participate in the study.
Radiographic severity of knee OA was assessed and documented based on the Kellgren and Lawrence
classi�cation [28]. Clinical diagnosis of knee OA was based on medical history and clinical examination of knee
joints. Clinical diagnosis of sarcopenia was examined using the Asian Working Group for Sarcopenia (AWGS)
algorithm after they are recruited into the study [29].

Sample size 

The estimated study sample size is 50. Sample size was calculated using G*Power 3.1.9. This calculation was
based upon DXA parameter being an indicator of sarcopenia[30]. As there are no similar previous studies, the
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sample size was calculated based on our pilot data of the present study comparing the DXA data measured at
recruitment and after 12 months. Results showed DXA difference increased from the mean values of 5.84 to 6.02
after 12 months. Accounting for the 3.1% increase with the signi�cant levels at 0.05 and power of 0.8 yielded a
sample size of 45. Expecting a 10% withdrawal rate, a total of 50 subjects were required. Instead, researchers
were able to �nalise the recruitment of 58 end-stage OA knee patients upon their ful�lment of study prerequisites
for this research. 

Eligibility criteria

The inclusion criteria were: (1) aged over 50 years with end-stage knee OA; (2) scheduled for TKA; (3) agreed to
provide written consent and able to comply with study assessments. Exclusion criteria were: (1) history of
connective tissue disorders or myositis; (2) previous period of alcoholism or drug abuse; (3) breastfeeding or
pregnant women; (4) presence of serious pathologies with steroid-based systematic therapy in progress or
interrupted for less than one month, or signi�cant haematological disease; and (5) presence of signi�cant
cognitive impairment. The sarcopenia status was assessed by the AWGS algorithm after participant enrolment
into the study. 

Physical measurements

Patient demographic data were recorded upon enrolment. Body weight and height were measured using a
standard stadiometer and the body mass index (BMI) was calculated (bodyweight in kg/[height in m]2). Body
composition at baseline and follow-up was measured using dual-energy X-ray absorptiometry (DXA) (Horizon,
Hologic, Bedford, MA). Total appendicular skeletal muscle mass (ASM) was calculated by the sum of lean mass
measured in the four limbs, with the operator adjusting the cut lines of the limbs as described by Heyms�eld et al.
[31] Knee �exion/extension muscle strength were measured by instructing the patient to perform an active knee
�exion/extension movement in a sitting position with both feet off the ground, and the hip �exed at 90° and the
knee joint in the mid-�exion range. The optimal isometric force of the knee �exion/extension movement was
measured by a dynamometer attached at the malleoli level with a strap. The measurements were taken at
maximum force for three times. Grip strength was measured as the average of three repeated grip measurements
on a dynamometer using the dominant hand. The six-meter gait speed test was used to measure gait speed by
using the best time in seconds to �nish a 6-m walk along a straight line using usual walking speed and the
average value was used for analysis.

De�nition of sarcopenia

Sarcopenia was de�ned according to the Asian Working Group for Sarcopenia (AWGS) algorithm[29]. A person
who has low muscle mass, low muscle strength and/or low physical performance was categorised as having
sarcopenia. Low muscle mass was de�ned as height-adjusted muscle mass by DXA <7.0 kg/m2 for men and <5.4
kg/m2 for women; low muscle strength was de�ned as grip strength <28 kg for men and <18 kg for women; and
low physical performance as gait speed <1.0 m/s for both men and women.

Outcomes 

The primary outcome was DXA measurements. DXA values were used to produce the lean mass index (LMI),
which is de�ned as the ratio of total lean mass (soft tissue only, excluding bone) to height squared, and the
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appendage lean mass index (ALMI), which is de�ned as the ratio of lean mass on the limbs to height squared.

Several measurements comprised the secondary outcomes and assessments were consecutively conducted
within one month before TKA (baseline), 6 months (post-treatment), and 12 months postoperatively. Quality of life
(QOL) measurements were done in terms of psychological and physical health. Pain, stiffness and physical
functions of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) were given scores
ranging from zero to 100, with higher scores representing greater associable disability functions. Medical
Outcomes Study Short Form 12 Health Survey Version 2 (SF-12v2) was administered to approximate the general
health status in subjects as a means to compute a physical and mental health composite score (PCS & MCS)
ranging from zero to 100; a higher score indicates a better level of health. The International Physical Activity
Questionnaire (IPAQ) is an internationally comparable record of health-related physical activity, used to monitor
changes in the amount or type of exercise performance level over the research period. Physical activity levels in
terms of IPAQ were categorised as “low”, “moderate” and “high” and the categorisation followed the standard
criteria [32, 33]. The contraposition of SF-12v2 and IPAQ indexes across research timelines allowed for a
meaningful interpretation of bodily and psychological functional �uctuations to assess the effect of TKA on
sarcopenia symptoms. Handgrip (handgrip dynamometer at upper extremity strength), lower limb muscle strength
in terms of knee joint �exion/extension and the 6-m gait speed test for lower extremity function were also
recorded at the three time points.

Statistical analysis

              Demographic statistics on age, sex, BMI and length of hospital stay are reported in terms of mean ± SD or
frequencies where appropriate (Table 1). Comparisons of ALMI and LMI against patients with or without
sarcopenia were carried out both cross-sectionally (between patients with sarcopenia or not) and longitudinally
(among the three time points, i.e. baseline, 6 months and 12 months) correspondingly. Longitudinal comparisons
of mean values of PCS and MCS in SF12v2, WOMAC domain scores, IPAQ �ndings in terms of low, moderate, and
high activities, knee �exion/extension strength, as well as handgrip scores and 6-m gait speed were made. To
control for possible confounders, further longitudinal comparisons were performed by controlling sex, age and
BMI using one-way ANOVA. A two-sided p-value ≤ 0.05 was considered statistically signi�cant. All statistical
analyses were carried out using IBM SPSS Version 26.0 (Armonk, NY: IBM Corp).

Results
Fifty-eight patients were recruited with 12 males and 46 females. Nineteen (32.8%) patients had sarcopenia at
baseline. The mean age of sarcopenic subjects and non-sarcopenic subjects was comparable (67.89±7.07 vs.
67.92±6.85; p=0.99) but sarcopenic subjects had a lower BMI (25.64±2.64 vs. 28.57±4.04; p=0.01). Background
medical comorbidities were comparable between the two groups. Patients with sarcopenia stayed slightly longer
in the hospital after surgery despite not being statistically different from patients without sarcopenia (8.11 vs.
7.39 days, p=0.61). The demographic characteristics of the patients are summarised in Table 1. 

Primary outcome measures

Improvement trends in muscle mass in both sarcopenic and non-sarcopenic patients were observed at 12 months
(LMI in sarcopenic: 12.93±1.27 (baseline) to 13.27±1.3 (12 months), p=0.14; LMI in non-sarcopenic: 14.96±1.83
(baseline) to 15.42±2.01 (12 months),  p=0.06)) (Table 2). After controlling for possible confounders, it was found
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that sarcopenic females that were overweight or obese had statistically signi�cant improvements in both ALMI
([age≤75, female, overweight or obese]: 4.89 (Baseline) vs. 4.96 (6 months) vs. 5.10 (12 months); p=0.04) and
[Age>75, female, overweight or obese]: 4.47 vs. 4.60 vs. 4.79; p=0.05) and LMI ([age≤75, female, overweight or
obese]: 12.30 vs. 12.45 vs. 12.86; p=0.04 and [age>75, female, overweight or obese]: 11.78 vs. 11.86 vs. 12.26;
p=0.04) after total knee arthroplasty (Table 3) (Figure 1). Nevertheless, despite the increase in muscle mass after
TKA, both the ALMI and LMI in sarcopenic subjects remained lower than non-sarcopenic subjects at 12 months
with statistical signi�cance ([ALMI] at baseline: 5.26 (sarcopenia = yes) vs. 6.11 (sarcopenia = no); p<0.01; 6
months: 5.22 vs. 6.15; p=0.02; 12 months: 5.38 vs. 6.28; p<0.01) ([LMI] at baseline: 13.10 (sarcopenia = yes)
vs.14.96 (sarcopenia = no); p<0.01; 6 months: 12.99 vs. 15.06; p=0.01; 12 months: 13.39 vs. 15.42; p<0.01) (Table
3). 

Secondary outcome measures

Statistically signi�cant improvements in walking speed in both sarcopenic and non-sarcopenic patients were
found as evidenced by reduced time in the 6-m gait speed test (10.24±5.35 (baseline) to 7.69±2.68 (12 months),
p<0.01) (Table 4) (Figure 2). There were statistically signi�cant improvements in operated knee extension muscle
strength (12.56 vs. 15.53, p<0.01) and �exion muscle strength (5.34 vs. 6.53, p=0.03) in both sarcopenic and non-
sarcopenic patients after TKA. There was no change in handgrip power before and after TKA and subsequent
follow-up (19.31 (baseline) vs. 18.98 (6 months) vs. 19.36 (12 months); p=0.97) (Table 4). Patient outcome
measures kept improving in terms of the WOMAC pain domain (baseline vs. 6 months vs. 12 months = 8.67 vs.
4.32 vs. 3.73, p<0.01), stiffness domain (3.48 vs. 2.03 vs. 1.77, p<0.01) and function domain (30.12 vs. 14.26 vs.
11.69, p<0.01). The physical component score of the SF12v2 also echoed the improvement (33.06 vs. 38.96 vs.
40.67, p<0.01). In conjunction with this trend, the percentage distribution of IPAQ ratings showed increased
engagement of high-intensity activities (Figure 3). 

Adverse events

No adverse events were noted during this study.  

Discussion
Our study illustrates a high prevalence of sarcopenia among patients with end-stage OA of the knee. There were
58 patients at baseline, of which 19 (32.8%) had sarcopenia and 39 (67.2%) did not. The prevalence of
sarcopenia in Asia ranges from 6.7% to 18.6% in older men and 0.1% to 23.6% in older women, according to
various reports from Japan, Taiwan, Hong Kong and Korea [34-37]. However, it has also been found that the
prevalence of sarcopenia among community-dwelling elderly with OA is near three times that of those without OA,
which possibly explains the relatively high prevalence of sarcopenia among our OA subjects [38].

This study demonstrated that TKA can bene�t patients with severe knee OA with or without co-existing
sarcopenia by improving knee function and symptoms, in turn enhancing their lower limb muscle strength, gait
speed and potentially lean muscle mass. It is important to note that de�cits in gait speed, muscle strength and
lean muscle mass are the core components that de�ne sarcopenia. According to the latest review in The Lancet
on sarcopenia, physical activity is regarded as the primary treatment for sarcopenia, as there are currently no
speci�c drugs approved for the treatment of sarcopenia [39]. Our study illustrates the importance of identifying
sarcopenic patients with concomitant joint disease and managing these patients accordingly to facilitate
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physical activity, which may in turn bene�t their concomitant sarcopenia. At the end of this study, �ve sarcopenic
patients at baseline turned non-sarcopenic, leading to a total of 44 patients without sarcopenia (75.9%). However,
our results also show that knee arthroplasty alone cannot allow sarcopenic subjects to pick up the overall
difference in average lean muscle mass compared to non-sarcopenic subjects. This highlights the importance of
managing sarcopenia through a multimodal approach, for example a combination of high protein diet, knee
arthroplasty and a supervised exercise program which by then should be more effective as the physical limitation
due to knee OA has been alleviated. In our study, the patients only received standard physiotherapy designed for
rehabilitation after of knee arthroplasty surgery to improve knee range and walking ability; this did not target
building skeletal muscle strength and mass as would be found in a resistance exercise program for sarcopenia.
Having said that, some of these OA patients were elderly with low motivation and were content with pain-free
knees without further interest in participating in further sarcopenia muscle strengthening exercises. As such, some
passive physical interventions or “exercise mimetics” like neuromuscular electrical stimulation or whole-body
vibration may be considered for elderly patients [40]. In fact, whole-body vibration has been shown to increase
knee extensor strength and decrease lower leg swelling after TKA and is thus worth further investigation for a
combined effect on sarcopenia [41].

To the best of our knowledge, our study is the �rst one to observe the status of sarcopenia after TKA
longitudinally, monitoring changes in muscle strength, muscle mass and gait speed over time. Previous studies
have focused on pre-operative sarcopenia as a risk factor for poor surgical outcome. For example, sarcopenia has
been identi�ed as a risk factor for morbidity and mortality in colorectal surgery and gastric cancer surgery, and
also as a risk factor for prosthetic infection after joint arthroplasty [26, 42, 43]. In our study, no increase in
infection rate nor other complications were found; nevertheless, the timeframe for late infection and late
complications was beyond this study period. One important difference between the current study and the previous
research on sarcopenia with surgery is that those surgeries mainly induced a catabolic status in the patients while
knee arthroplasty induces catabolism in the early phase followed by anabolism due to the patient regaining their
mobility and ability to exercise. This phenomenon may potentially explain the improvement in lean mass in
overweight or obese sarcopenic female subjects in our study, as they lost fat and weight during the initial
catabolism after arthroplasty and built up muscle during their subsequent rehabilitation, made possible by better
walking ability and less body weight hindering movement [19, 38, 44]. However, the �nding is limited by the small
scale of our study and further studies with larger sample sizes are warranted to validate this relationship.

 There are certain limitations to our study. Firstly, all patients received standard physiotherapy in the early phase
for post-op rehabilitation. Afterwards, we did not restrict or prescribe further exercise to patients and they may
have engaged in variable degrees of exercise. This could have contributed to the variable improvement in muscle
mass among our patients. Nevertheless, we found in general that they engaged in more exercise as re�ected by
improvement in the WOMAC function domain, physical component score of the SF12v2 and higher percentage
distributions of IPAQ ratings of high-intensity activities (Figure 3). Similarly, although we encouraged our patients
to have high protein intake according to a dietitian’s advice, we could not control the exact patient diet at home;
those with a relatively higher protein diet may have had better muscle mass building than their counterparts [39].
Besides, as there have been no previous studies looking into this topic, the sample size in this study was based on
our pilot data and was small. A larger replicating study may help con�rm the change in muscle mass over time,
for which we showed only a trend for improvement without statistical signi�cance in the overall sarcopenic group.
Another limitation is that our study examined sarcopenia using the Asian Working Group for Sarcopenia (AWGS)
algorithm and therefore the results may not be applicable to other ethnicities, for example to Caucasians in which
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sarcopenia is diagnosed by the consensus de�nition of the European Working Group on Sarcopenia in Older
People (EWGSOP2) [45]. Future population-based studies on other ethnicities with different lifestyles may provide
a more comprehensive understanding of the interrelationship between TKA and sarcopenia.

Conclusions
To conclude, our study showed that sarcopenia among patients with end-stage OA of the knee is not uncommon.
Total knee arthroplasty can provide signi�cant improvement in pain, stiffness and function in sarcopenic OA
patients. Domains of sarcopenia like muscle strength and gait speed showed improvement after TKA. Further
studies with larger sample sizes and different ethnicities can help ascertain the impact of TKA on sarcopenic OA
subjects.

Abbreviations
ALMI: Appendage lean mass index

ANOVA: Analysis of variance

BMI: Body mass index

DXA: Dual-energy X-ray absorptiometry

IPAQ: International Physical Activity Questionnaires

LMI: Lean mass index

MCS: Mental Component Score

OA: Osteoarthritis

PCS: Physical Component Score

QOL: Quality of life

SD: Standard deviation

SF12v2: Short Form 12 Version 2

TKA: Total Knee Arthroplasty

WOMAC: Western Ontario and McMaster Universities Arthritis Index

Declarations
Ethics approval and consent to participate:

Ethical approval was obtained from the ethics review board of the Joint NTEC/CUHK Ethics Committee
(Research Ethics Committee approval number: 539).



Page 9/21

Informed consents had been received from every participant to participate in this study

Consent for publication:

Written informed consent was obtained from every participant.

Availability of data and materials:

The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.

Competing interests:

The authors declare that they have no competing interests.

Funding

This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-for-
pro�t sectors.

Author’s contributions

KKWH and LCML designed the research, collected and assembled the data, and wrote the paper. WWC
analysed and interpreted the data and contributed to the writing of the paper. QP collected and assembled
the data. KYC and RMYW contributed to the writing of the paper. All authors took part in the writing and final
editing of the manuscript. All authors have been given a copy of the manuscript, all have approved the final
version of the manuscript, and all are prepared to take public responsibility for the work and share
responsibility and accountability for the results.

Acknowledgements

Not applicable.

References
1. Evans WJ: What is sarcopenia? The Journals of Gerontology, Series A: Biological Sciences and Medical

Sciences 1995, 50:5-8.

2. Marcell TJ: Sarcopenia: causes, consequences, and preventions.(Author Abstract). The Journals of
Gerontology, Series A 2003, 58(10):911.

3. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, Martin FC, Michel J-P, Rolland Y,
Schneider SM et al: Sarcopenia: European consensus on de�nition and diagnosis. Report of the European
Working Group on Sarcopenia in Older People. Age and Ageing 2010, 39(4):412-423.

4. Berger MJ, Doherty TJ: Sarcopenia: Prevalence, Mechanisms, and Functional Consequences. Body
Composition and Aging 2010, 37:94-114.

5. Chalhoub D, Cawthon PM, Ensrud KE, Stefanick ML, Kado DM, Boudreau R, Greenspan S, Newman AB,
Zmuda J, Orwoll ES et al: Risk of Nonspine Fractures in Older Adults with Sarcopenia, Low Bone Mass, or
Both. Journal of the American Geriatrics Society 2015, 63(9):1733-1740.



Page 10/21

�. Harada A: [Locomotive syndrome and frailty. Frailty in patients with fall & fall-related fracture]. Clin Calcium
2012, 22(4):27-33.

7. Oliveira A, Vaz C: The role of sarcopenia in the risk of osteoporotic hip fracture. Clin Rheumatol 2015,
34(10):1673-1680.

�. Landi F, Liperoti R, Fusco D, Mastropaolo S, Quattrociocchi D, Proia A, Tosato M, Bernabei R, Onder G:
Sarcopenia and Mortality among Older Nursing Home Residents. Journal of the American Medical Directors
Association 2011, 13(2).

9. Litwic A, Edwards MH, Dennison EM, Cooper C: Epidemiology and burden of osteoarthritis. British Medical
Bulletin 2013, 105(1):185-199.

10. Papalia R, Zampogna B, Torre G, Lanotte A, Vasta S, Albo E, Tecame A, Denaro V: Sarcopenia and its
relationship with osteoarthritis: risk factor or direct consequence? Musculoskelet Surg 2014, 98(1):9-14.

11. Bennell KL, Wrigley TV, Hunt MA, Lim B-W, Hinman RS: Update on the Role of Muscle in the Genesis and
Management of Knee Osteoarthritis. Rheumatic Disease Clinics of North America 2012, 39(1).

12. Loureiro A, Mills PM, Barrett RS: Muscle weakness in hip osteoarthritis: A systematic review. Arthritis care &
research 2013, 65:340-352.

13. Loeser RF: Age-related changes in the musculoskeletal system and the development of osteoarthritis. .
Clinics in geriatric medicine 2010, 26.

14. Landi F, Liperoti R, Fusco D, Mastropaolo S, Quattrociocchi D, Proia A, Russo A, Bernabei R, Onder G:
Prevalence and Risk Factors of Sarcopenia Among Nursing Home Older Residents. Journals of Gerontology
Series A: Biomedical Sciences and Medical Sciences 2012, 67A(1):48-55.

15. Toda Y, Segal N, Toda T, Kato A, Toda F: A decline in lower extremity lean body mass per body weight is
characteristic of women with early phase osteoarthritis of the knee. J Rheumatol 2000, 27(10):2449-2454.

1�. Arokoski MH, Arokoski JP, Haara M, Kankaanpaa M, Vesterinen M, Niemitukia LH, Helminen HJ: Hip muscle
strength and muscle cross sectional area in men with and without hip osteoarthritis. J Rheumatol 2002,
29(10):2185-2195.

17. Baker KR, Xu L, Zhang Y, Nevitt M, Niu J, Aliabadi P, Yu W, Felson D: Quadriceps weakness and its relationship
to tibiofemoral and patellofemoral knee osteoarthritis in Chinese: The Beijing osteoarthritis study. Arthritis &
Rheumatism 2004, 50(6):1815-1821.

1�. Zhai G, Blizzard L, Srikanth V, Ding C, Cooley H, Cicuttini F, Jones G: Correlates of knee pain in older adults:
Tasmanian older adult cohort study. Arthritis Care & Research 2006, 55(2):264-271.

19. Godziuk K, Prado CM, Woodhouse LJ, Forhan M: The impact of sarcopenic obesity on knee and hip
osteoarthritis: a scoping review. BMC Musculoskelet Disord 2018, 19(1):271.

20. Chung SM, Hyun MH, Lee E, Seo HS: Novel effects of sarcopenic osteoarthritis on metabolic syndrome,
insulin resistance, osteoporosis, and bone fracture: the national survey. Osteoporos Int 2016, 27(8):2447-
2457.

21. Stenquist DS, Elman SA, Davis AM, Bogart LM, Brownlee SA, Sanchez ES, Santiago A, Ghazinouri R, Katz JN:
Physical Activity and Experience of Total Knee Replacement in Patients One to Four Years Postsurgery in the
Dominican Republic: A Qualitative Study. Arthritis Care & Research 2015, 67(1):65-73.

22. Chang M, Kim S, Kang Y, Chang C, Kim T: Activity levels and participation in physical activities by Korean
patients following total knee arthroplasty. BMC Musculoskeletal Disorders 2014, 15(1):240.



Page 11/21

23. Lützner C, Kirschner S, Lützner J: Patient Activity After TKA Depends on Patient-speci�c Parameters. Clin
Orthop Relat Res 2014, 472(12):3933-3940.

24. Da Silva RR, Santos AAM, de Sampaio Carvalho Júnior J, Matos MA: Quality of life after total knee
arthroplasty: systematic review. Revista Brasileira de Ortopedia (English Edition) 2014, 49(5):520-527.

25. Ardeljan AD, Polisetty TS, Palmer J, Vakharia RM, Roche MW: Comparative Analysis on the Effects of
Sarcopenia following Primary Total Knee Arthroplasty: A Retrospective Matched-Control Analysis. J Knee
Surg 2020.

2�. Babu JM, Kalagara S, Durand W, Antoci V, Deren ME, Cohen E: Sarcopenia as a Risk Factor for Prosthetic
Infection After Total Hip or Knee Arthroplasty. J Arthroplasty 2019, 34(1):116-122.

27. McIsaac DI, Beaule PE, Bryson GL, Van Walraven C: The impact of frailty on outcomes and healthcare
resource usage after total joint arthroplasty: a population-based cohort study. Bone Joint J 2016, 98-
B(6):799-805.

2�. Kohn MD, Sassoon AA, Fernando ND: Classi�cations in Brief: Kellgren-Lawrence Classi�cation of
Osteoarthritis. Clin Orthop Relat Res 2016, 474(8):1886-1893.

29. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, Jang HC, Kang L, Kim M, Kim S et al: Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J Am Med
Dir Assoc 2020, 21(3):300-307 e302.

30. Guglielmi G, Ponti F, Agostini M, Amadori M, Battista G, Bazzocchi A: The role of DXA in sarcopenia. Aging
Clinical and Experimental Research 2016, 28(6):1047-1060.

31. Heyms�eld SB, Smith R, Aulet M, Bensen B, Lichtman S, Wang J, Pierson RN, Jr.: Appendicular skeletal
muscle mass: measurement by dual-photon absorptiometry. Am J Clin Nutr 1990, 52(2):214-218.

32. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, Pratt M, Ekelund U, Yngve A, Sallis
JF et al: International physical activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003, 35(8):1381-1395.

33. International Physical Activity Questionnaire [https://sites.google.com/site/theipaq/]

34. Lau EM, Lynn HS, Woo JW, Kwok TC, Melton LJ, 3rd: Prevalence of and risk factors for sarcopenia in elderly
Chinese men and women. J Gerontol A Biol Sci Med Sci 2005, 60(2):213-216.

35. Tanimoto Y, Watanabe M, Sun W, Sugiura Y, Tsuda Y, Kimura M, Hayashida I, Kusabiraki T, Kono K:
Association between sarcopenia and higher-level functional capacity in daily living in community-dwelling
elderly subjects in Japan. Arch Gerontol Geriatr 2012, 55(2):e9-13.

3�. Chien MY, Huang TY, Wu YT: Prevalence of sarcopenia estimated using a bioelectrical impedance analysis
prediction equation in community-dwelling elderly people in Taiwan. J Am Geriatr Soc 2008, 56(9):1710-
1715.

37. Kim YS, Lee Y, Chung YS, Lee DJ, Joo NS, Hong D, Song G, Kim HJ, Choi YJ, Kim KM: Prevalence of
sarcopenia and sarcopenic obesity in the Korean population based on the Fourth Korean National Health and
Nutritional Examination Surveys. J Gerontol A Biol Sci Med Sci 2012, 67(10):1107-1113.

3�. Kemmler W, Teschler M, Goisser S, Bebenek M, von Stengel S, Bollheimer LC, Sieber CC, Freiberger E:
Prevalence of sarcopenia in Germany and the corresponding effect of osteoarthritis in females 70 years and
older living in the community: results of the FORMoSA study. Clin Interv Aging 2015, 10:1565-1573.

39. Cruz-Jentoft AJ, Sayer AA: Sarcopenia. Lancet 2019, 393(10191):2636-2646.

https://sites.google.com/site/theipaq/


Page 12/21

40. Valenzuela PL, Castillo-Garcia A, Morales JS, Izquierdo M, Serra-Rexach JA, Santos-Lozano A, Lucia A:
Physical Exercise in the Oldest Old. Compr Physiol 2019, 9(4):1281-1304.

41. Hsiao YH, Chien SH, Tu HP, Fu JC, Tsai ST, Chen YS, Chen YJ, Chen CH: Early Post-Operative Intervention of
Whole-Body Vibration in Patients After Total Knee Arthroplasty: A Pilot Study. J Clin Med 2019, 8(11).

42. Lieffers JR, Bathe OF, Fassbender K, Winget M, Baracos VE: Sarcopenia is associated with postoperative
infection and delayed recovery from colorectal cancer resection surgery. Br J Cancer 2012, 107(6):931-936.

43. Kuwada K, Kuroda S, Kikuchi S, Yoshida R, Nishizaki M, Kagawa S, Fujiwara T: Sarcopenia and Comorbidity
in Gastric Cancer Surgery as a Useful Combined Factor to Predict Eventual Death from Other Causes. Ann
Surg Oncol 2018, 25(5):1160-1166.

44. Auyeung TW, Lee JS, Leung J, Kwok T, Woo J: Adiposity to muscle ratio predicts incident physical limitation
in a cohort of 3,153 older adults--an alternative measurement of sarcopenia and sarcopenic obesity. Age
(Dordr) 2013, 35(4):1377-1385.

45. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, Cooper C, Landi F, Rolland Y, Sayer AA et
al: Sarcopenia: revised European consensus on de�nition and diagnosis. Age Ageing 2019, 48(4):601.

Tables
Table 1. Demographic characteristics of patients with or without sarcopenia (N=58)
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Demographic variables Sarcopenia   P value

  Yes (N=19) No (N=39)  

Age      

   ≤75 16 (84.2) 33 (84.6) 1.00

   >75 3 (15.8) 6 (15.4)  

       

Sex      

   Male 5 (26.3) 7 (17.9) 0.50

   Female 14 (73.7) 32 (82.1)  

       

BMI      

   Normal 9 (47.4) 7 (17.9) 0.03

   Overweight or obese  10 (52.6) 32 (82.1)  

       

Smoking      

   Yes 0 0 -

   No 19 (100.0) 39 (100.0)  

       

Drinking Behaviour      

   Yes 0 0 -

   No 19 (100.0) 39 (100.0)  

       

Diabetes Mellitus      

   Yes 5 (26.3) 18 (46.2) 0.17

   No 14 (73.7) 21 (53.8)  

       

Hypertension      

   Yes 12 (63.2) 28 (71.8) 0.55

   No 7 (36.8) 11 (28.2)  

       

Hyperlipidemia      
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   Yes 3 (15.8) 15 (38.5) 0.13

   No 16 (84.2) 24 (61.5)  

       

Neurological disease      

   Yes 0 3 (7.7) 0.54

   No 19 (100.0) 36 (92.3)  

       

Renal disease      

   Yes 2 (10.5) 1 (2.6) 0.25

   No 17 (89.5) 38 (97.4)  

       

Cardiac disease      

   Yes 3 (15.8) 4 (10.3) 0.67

   No 16 (84.2) 35 (89.7)  

       

Respiratory disease      

   Yes 0 3 (7.7) 0.54

   No 19 (100.0) 36 (92.3)  

       

Gastrointestinal disease      

   Yes 0 1 (2.6) 1.00

   No 19 (100.0) 38 (97.4)  

       

Medication with muscle wasting consequence      

   Yes 0 0 -

   No 19 (100.0) 39 (100.0)  

 

 

Table 2. Longitudinal comparisons of SF12v2, WOMAC, IPAQ, and Functional Assessments of all patients
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Questionnaires and Functional Assessments   Time point   P value

  Baseline 6 months 12 months  

SF12v2        

   PCS 33.06±8.55 38.96±8.01 40.67±7.93 <0.01

   MCS 45.87±9.70 47.04±10.53 48.50±10.19 0.46

         

WOMAC        

   Total 42.27±15.98 20.65±15.24 16.65±18.13 <0.01

   Pain 8.67±3.51 4.32±3.20 3.73±4.62 <0.01

   Stiffness 3.48±1.81 2.03±1.70 1.77±2.07 <0.01

   Function 30.12±11.96 14.26±11.43 11.69±12.86 <0.01

   Percentage 44.03±16.64 21.51±15.87 17.35±18.88 <0.01

         

IPAQ        

   Low 11 (21.6) 4 (12.1) 4 (9.5) 0.24

   Moderate 18 (35.3) 18 (54.5) 17 (40.5)  

   High 22 (43.1) 11 (33.3) 21 (50.0)  

         

Knee �exion/extension muscle strength        

   Operated knee extension 12.56±6.23 10.80±4.99 15.53±7.98 <0.01

   Operated knee �exion 5.34±2.92 4.61±2.49 6.53±3.85 0.03

   Non-operated knee extension 14.19±7.61 14.07±7.80 15.18±8.36 0.79

   Non-operated knee �exion 5.55±3.13 5.49±2.48 6.74±3.94 0.15

Handgrip muscle strength 19.31±5.92 18.98±6.37 19.36±7.66 0.97

Six-meter gait speed test 10.24±5.35 7.56±2.14 7.69±2.68 <0.01

PCS: Physical component score; MCS: mental component score; IPAQ: International Physical Activity
Questionnaires

 

 

Table 3. Longitudinal comparisons of Appendage Lean Mass Index and Lean Mass Index in patients with or
without sarcopenia
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DXA Sarcopenia   Time point   P value

    Baseline 6 months 12 months  

ALMI Yes 5.26±0.82 5.22±0.81 5.38±0.85 0.09

LMI   13.10±1.44 12.99±1.21 13.39±1.38 0.14

ALMI No 6.11±0.89 6.15±1.01 6.28±1.03 0.07

LMI   14.96±1.83 15.06±1.97 15.42±2.01 0.06

Appendage Lean Mass Index (ALMI): Appendage lean mass/height2; Lean Mass Index (LMI): Total lean
mass/height2

 

Table 4. Longitudinal comparisons of Appendage Lean Mass Index and Lean Mass Index in patients with and
without sarcopenia
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Sarcopenia Sex Age BMI DXA
variables

Time points P
value

          Baseline 6 months 12 months  

Yes Male ≤75 Normal ALMI 6.34±0.35 6.56±0.29 6.37±0.34 0.44

      Overweight
or obese

ALMI 6.03±1.46 6.51±1.67 6.79±0.21 0.40

    >75 Normal ALMI 5.07±0.09 5.38±0.11 5.28±0.15 0.42

      Overweight
or obese

ALMI 5.35±0.47 5.23±0.17 5.21±0.14 0.48

    ≤75 Normal LMI 14.45±0.64 14.60±0.35 14.65±0.07 0.45

      Overweight
or obese

LMI 14.50±2.52 14.90±1.58 15.50±0.57 0.44

    >75 Normal LMI 12.22±1.19 12.34±1.69 12.54±0.68 0.46

      Overweight
or obese

LMI 13.39±0.87 14.09±0.62 13.76±0.95 0.45

  Female ≤75 Normal ALMI 5.17±0.17 5.28±0.52 5.30±0.15 0.31

      Overweight
or obese

ALMI 4.89±0.15 4.96±0.15 5.10±0.38 0.04*

    >75 Normal ALMI 5.05±0.07 5.12±0.10 5.18±0.10 0.34

      Overweight
or obese

ALMI 4.47±0.43 4.60±0.41 4.79±0.52 0.05*

    ≤75 Normal LMI 13.50±0.28 13.90±0.42 14.10±0.28 0.34

      Overweight
or obese

LMI 12.30±1.01 12.45±1.35 12.86±0.21 0.04*

    >75 Normal LMI 13.30±0.27 13.70±0.26 13.90±0.72 0.36

      Overweight
or obese

LMI 11.78±0.77 11.86±1.13 12.26±0.88 0.04*

                 

No Male ≤75 Normal ALMI 6.44±0.57 6.21±0.22 6.54±0.43 0.39

      Overweight
or obese

ALMI 7.69±0.55 8.04±0.64 7.95±0.86 0.39

    >75 Normal ALMI 7.37±0.37 7.54±0.69 7.46±0.12 0.38

      Overweight
or obese

ALMI 7.89±0.50 8.21±0.66 7.94±0.74 0.42

    ≤75 Normal LMI 14.70±1.44 14.25±0.49 14.70±0.85 0.45

      Overweight
or obese

LMI 17.80±1.29 18.83±1.05 18.45±1.93 0.33

    >75 Normal LMI 16.40±1.59 16.90±0.38 16.65±0.35 0.31
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      Overweight
or obese

LMI 17.98±1.41 18.54±1.02 18.39±1.84 0.34

  Female ≤75 Normal ALMI 4.85±0.25 4.74±0.23 4.72±0.22 0.41

      Overweight
or obese

ALMI 6.05±0.53 5.92±0.66 6.06±0.56 0.36

    >75 Normal ALMI 4.59±0.05 4.28±0.14 4.44±0.22 0.49

      Overweight
or obese

ALMI 5.90±0.34 5.95±0.57 6.27±0.53 0.27

    ≤75 Normal LMI 12.17±0.51 12.00±0.28 12.25±0.49 0.43

      Overweight
or obese

LMI 14.90±1.10 14.88±1.38 15.11±1.30 0.40

    >75 Normal LMI 12.00±1.34 11.40±1.36 11.70±0.42 0.48

      Overweight
or obese

LMI 14.80±1.70 14.15±0.92 15.25±0.99 0.34

* Statistical signi�cance using ANOVA

Appendage Lean Mass Index (ALMI): Appendage lean mass/Height2; Lean Mass Index (LMI): Total lean
mass/Height2

 

Table 5. Cross-sectional comparisons of Appendage Lean Mass Index and Lean Mass Index between patients
with and without sarcopenia in the 3 time points

DXA scores Time point Sarcopenia   P value

    Yes No  

ALMI Baseline 5.26±0.82 6.11±0.89 <0.01

  6 months 5.22±0.81 6.15±1.01 0.02

  12 months 5.38±0.85 6.28±1.03 <0.01

         

LMI Baseline 13.10±1.44 14.96±1.83 <0.01

  6 months 12.99±1.21 15.06±1.97 0.01

  12 months 13.39±1.38 15.42±2.01 <0.01

Appendage Lean Mass Index (ALMI): Appendage lean mass/height2; Lean Mass Index (LMI): total lean
mass/height2

Figures
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Figure 1

Muscle Mass changes after TKA: Longitudinal changes of Appendage Lean Mass Index (ALMI) and Lean Mass
Index (LMI) scores in sarcopenia patients of different age groups and BMI categories
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Figure 2

Muscle function changes after TKA: Six-meter gait speed test across the time points
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Figure 3

Quality of Life changes after TKA: Longitudinal changes of SF12v2, WOMAC, and IPAQ showing a gradual
improvement in physical function and decreased pain after total knee arthroplasty


