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Abstract

Aim: In this study, we evaluated the presence of sarcopenia multidimensionally in patients with knee osteoarthritis (OA) using
clinical, ultrasonographic and biochemical parameters, and in this respect, it was aimed to investigate the relation between OA
and sarcopenia and to identify the most practical, easily accessible and inexpensive method for investigating sarcopenia.Materials
and methods: 102 patients with clinical and radiological diagnosis of knee osteoarthritis and 33 healthy control subjects were
included in the study. The detailed musculoskeletal system examination of the patients included in the study was carried out
by a single physician, and blood sample tests were recorded .Dual-X-ray absorptiometry (DEXA) is used to measure Body
composition parameters and muscle mass measurements, isometric muscle strength evaluations, handgrip strength and gait
speeds for diagnosis of sarcopenia. Short-form -36 (SF-36) The Nutritional Assessment-short form (MNA), the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC), the International Physical Assessment Questionnaire Short Form
(IPAQ-SF) and the Center for Epidemiologic Studies Depression Scale (CES-D scale) were administered to every patient as
outcome measures.Results: Body composition parameter results showed that sarcopenic patients had statistically lower values
as fat mass, lean body mass and skeletal muscle index (p <0.001, p= 0.001, p <0.001, respectively) than those of non-sarcopenic
and control group. It was determined that body composition values measured with DEXA, ultrasonographic measures, isokinetic
muscle strength assessment, handgrip strength and gait speed had predictive values for sarcopenia. Conclusion: We found that
patients with sarcopenic OA were older, weaker, undernourished, and restricted in their level of physical activity in the study
in which we identified sarcopenia as approximately 12% in patients with osteoarthritis. Among the methods of determining
sarcopenia, ultrasound becomes prominent with its practical, cheap and easily accessible features. We think that our results
will increase the awareness of the presence of sarcopenia in OA patients.

Multi-Dimensional Evaluation Of The Presence Of Sarcopenia In Patients With Knee Os-
teoarthritis

Sefa GÜMRÜK ASLANa, MD, Hakan GENÇb, MD

a University of Health Sciences, Gaziler Physical Medicine and Rehabilitation Training and Research Hos-
pital, Department of Physical Medicine and Rehabilitation, Ankara, Turkey

b University of Health Sciences, Ankara Training and Research Hospital, Department of Physical Medicine
and Rehabilitation, Ankara, Turkey

ABSTRACT

Aim: In this study, we evaluated the presence of sarcopenia multidimensionally in patients with knee osteoar-
thritis (OA) using clinical, ultrasonographic and biochemical parameters, and in this respect, it was aimed
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to investigate the relation between OA and sarcopenia and to identify the most practical, easily accessible
and inexpensive method for investigating sarcopenia.

Materials and methods : 102 patients with clinical and radiological diagnosis of knee osteoarthritis and
33 healthy control subjects were included in the study. A total of 135 subjects were evaluated using the
European Working Group on Sarcopenia in Older People (EWGSOP) diagnostic criteria of sarcopenia. The
first group consists of (OA) patients with sarcopenia, the second group consist of OA patients without
sarcopenia and the third group is controls subjects. The detailed musculoskeletal system examination of
the patients included in the study was carried out by a single physician, and complete blood count, renal
function tests, electrolytes, total protein, albumin, 25 (OH) vitamin D, serum leptin, serum adiponectin,
PTH, TSH and vitamin B12 values were recorded using the venous blood samples taken from the study
group.Dual-X-ray absorptiometry (DEXA) is used to measure Body composition parameters and muscle
mass measurements, isometric muscle strength evaluations, handgrip strength and gait speeds for diagnosis of
sarcopenia. Short-form -36 (SF-36) The Nutritional Assessment-short form (MNA), the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), the International Physical Assessment Questionnaire
Short Form (IPAQ-SF) and the Center for Epidemiologic Studies Depression Scale (CES-D scale) were
administered to every patient as outcome measures.

Results: The mean age of the group with sarcopenia was statistically higher than the other two groups
(p <0.001). The weight, body mass index (BMI), waist circumference, upper mid-arm circumference, thigh
and leg circumference of osteoarthritis (OA) patients with sarcopenia were statistically lower than those
of non-sarcopenic and control group (p <0.01-p<0.001). Body composition parameter results showed that
sarcopenic patients had statistically lower values as fat mass, lean body mass and skeletal muscle index
(p <0.001, p= 0.001, p <0.001, respectively) than those of non-sarcopenic and control group and fat mass
index values (p = 0.012) are lower than the non-sarcopenic group. With respect to sarcopenia, the effect of
adiponectin and leptin levels were not detected. It was determined that body composition values measured
with DEXA, ultrasonographic measures, isokinetic muscle strength assessment, handgrip strength and gait
speed had predictive values for sarcopenia.

Conclusion: We found that patients with sarcopenic OA were older, weaker, undernourished, and restricted
in their level of physical activity in the study in which we identified sarcopenia as approximately 12% in
patients with osteoarthritis. Among the methods of determining sarcopenia, ultrasound becomes prominent
with its practical, cheap and easily accessible features. We think that our results will increase the awareness
of the presence of sarcopenia in OA patients.

Keywords: Sarcopenia, osteoarthritis, ultrasound, Dual-X-ray absorptiometry, body composi-
tion, isokinetic evaluation, leptin, adiponectin

Trial registration: Registry: ClinicalTrials.gov, Registration number: NCT04828200. Date of registration:
1 April 2021. Retrospectively registered.

WHAT’S KNOWN?

-Sarcopenia and OA have been postulated to be co-existing conditions. The relationship between sarcopenia
and OA is still unclear and no strong consensus has been reached.

- Sarcopenia is often associated with frailty, falls, fractures and disability.

WHAT’S NEW?

- The presence of sarcopenia in patients with knee OA is evaluated multidimensional way, including body com-
position parameters, ultrasonographic muscle structure evaluations, isometric muscle strength evaluations,
handgrip strength and walking speed evaluations, biochemical evaluations, anthropometric measurements
and comprehensive functional evaluation tests measured by DEXA were examined.

- The relation between OA and sarcopenia was aimed to be investigated as well as the most practical, easily
accessible and inexpensive method for investigating sarcopenia was aimed to be identified.
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. INTRODUCTION

Osteoarthritis (OA) is one of the most common joint disorders worldwide . The knee is the most common
symptomatic joint in osteoarthritis. In epidemiological studies conducted in various regions of the world, it
has been reported that 10-30% of people over the age of 65 have symptomatic knee OA (1, 2).

The elderly population is increasing in the world and constitutes the majority of the population, especially
in developed countries. As people age, they are more likely to suffer from the problems. The term sarcopenia
was first used by Irwin Rosenberg to describe the loss of muscle mass associated with ageing (3). Today
sarcopenia is defined as a syndrome characterized by the general and progressive loss of skeletal muscle
mass and strength. Sarcopenia contributes to several adverse health outcomes, including loss of mobility
and independence, reduced quality of life, fall and fracture risk, frailty, and mortality(3, 4). Many factors
contribute to the development of sarcopenia. These include the aging process itself, deficiencies in the optimal
diet, immobility / sedentary life, chronic diseases, and the use of many medications (3).

It has been found that the development of sarcopenia is faster in patients with OA, and this has been found
to be associated with increased inflammatory cytokines in OA (5). TNF-α and IL-1β play an important role
in the increase in protein catabolism, which explains the muscle loss that leads to a decrease in physical
activity in individuals with joint pain (6, 7). In this study, the presence of sarcopenia in patients with knee
OA is evaluated multidimensionally using clinical, ultrasonographic and biochemical parameters. In this
respect, the relation between OA and sarcopenia was aimed to be investigated as well as the most practical,
easily accessible and inexpensive method for investigating sarcopenia was aimed to be identified.

PATIENTS AND METHODS

A total of 102 patients ages 50 to 70 years who were admitted to University of Health Sciences, Ankara
Training and Research Hospital, Physical Medicine and Rehabilitation Department between April 2016 and
September 2016, were diagnosed with knee osteoarthritis according to the American College of Rheumatology
criteria (8) and 33 healthy volunteers (mean age 54,6 years; range, 52 to 69 years) were enrolled in this
study.A total of 135 subjects were evaluated by the European Working Group on Sarcopenia in Older People
(EWGSOP) diagnostic criteria (4) for the diagnosis of sarcopenia. The first group consists of knee OA
patients with sarcopenia, the second group consist of OA patients without sarcopenia and the third group
is the control group, which is not being exposed to be sarcopenia or knee OA. In addition, the patients
who have had knee replacement surgery on the affected limb or for whom outcomes will be measured after
knee replacement surgery or who have a concomitant joint disease such as rheumatoid arthritis or gout
will be excluded because these conditions or procedures will confound the assessment of the outcomes of
the interventions and those with a history of malignant disease, hyperthyroidism/ hypothyroidism, chronic
inflammatory disease, diabetes mellitus, and uncontrollable heart and kidney diseases and pregnant women
were excluded. The detailed musculoskeletal system examination of the patients included in this study was
carried out by a single physician, and whole blood count, C-reactive protein, erythrocyte sedimentation rate,
and routine biochemistry tests were performed using the venous blood samples taken from the study group.
Written informed consent was obtained from each participant. The study protocol was approved by the Ethics
Committee of University of Health Sciences, Ankara Training and Research Hospital, (16/03/2016/633). The
study was conducted in accordance with the principles of the Declaration of Helsinki.

ASSESSMENT TOOLS

After obtaining written informed consent, the participants’demographic details were noted and were screened
for the following risk factors of sarcopenia: history of smoking, quality of life using Short Form-36 (SF-36)
(9), malnutrition using Mini-Nutritional Assessment (MNA-SF) (10), physical inactivity using the Interna-
tional Assessment Questionnaire Short Form (IPAQ-SF) (11), history of depression using The Center for
Epidemiologic Studies Depression Scale (CES-D scale) (12) and the timed ‘Up & Go’ test using which scale
were used to assess functional performance (13).

Complete blood count, renal function tests, electrolytes, total protein, albumin, 25 (OH) vitamin D, serum

3
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. leptin, serum adiponectin, PTH, TSH and vitamin B12 values were recorded. Anthropometric measure-
ments such as waist, hip, upper-middle arm (MAC), calf circumference (CC) and thigh and subcutaneous
fat measurements from 3 regions (triceps, biceps, thigh) were measured with the caliper and recorded.
Quadriceps-hamstring Peak Torque (PT) values and the ratio of PT values to body weight (PT / VA) (at
60 and 180 ° / sec speeds) were evaluated with an isokinetic dynamometer. The Western Ontario and Mc-
Master Universities Arthritis Index (WOMAC) were used in the evaluation of knee Osteoarthritis (14). The
radiological staging was evaluated with the Kellgren Lawrence (KL) scale (15).

Sarcopenia was diagnosed according to the sarcopenia diagnosis criteria published by EWSGOP using wal-
king speed, hand grip strength, anthropometric measurements and body composition parameters which were
determined by DEXA method. The muscle masses of the patients were evaluated by measuring the fat mass
(Fat Mass-FM), fat mass index (FMI), lean body mass (LBM) and skeletal muscle index (SMI) calculated
by DEXA. Appendicular muscle mass (ASM) is calculated by summing the lean soft tissue of the two upper
limbs and the two lower limbs. Skeletal muscle mass index is calculated by dividing the appendicular lean
mass by the square of the neck height [SMI = ASM / height2 (kg / m2)]. Those with both low muscle
mass and muscle strength were considered sarcopenic. All ultrasonographic examinations were performed
by a single physiatrist experienced in musculoskeletal sonography. All ultrasonographic measurements were
taken by the same physician experienced in musculoskeletal sonography in order to avoid interindividual
variability. Ultrasound measurements was performed in B-mode using 5-12 MHz linear multifrequent trans-
ducer (Logic e portable; GE Healthcare, China). The transducer was placed perpendicularly to the long
axis of the muscles with adequate use of contact gel and minimal pressure to avoid excessive compression of
the muscles. Each examination was performed bilaterally while patients were in supine and prone position.
Rectus femoris muscle thickness was assessed on the bilateral side of the patient, in a supine position with
both knees extended and relaxed and toes pointing to the ceiling, at the halfway point between epicondylus
lateralis and trochanter major of the femur. For the evaluation of the rectus abdominal muscle the probe
was positioned longitudinally to the muscle, brain-caudal direction. Two images were placed, one to two
centimeters to the right and one to two centimeters to the left of the umbilicus. Gastrocnemius medialis
(GM) muscle thickness was assessed at the medial part of the GM muscle belly: half of the distance from
the popliteal crease to the center of the medial malleolus. All A set of three consecutive measurements was
performed, and the average value was reported as muscles thickness. Data were reported in centimeters (cm)
as means ± standard deviation. The thicknesses of subcutaneous were measured in the axial view at the same
point. Additionally, fascicle length and pennation angle were measured between the two parallel aponeuroses
of the gastrocnemius muscle (bulkiest part of medial head) in the longitudinal view when subjects were in
prone position with their ankles at 90°. Comprehensive evaluation tests, anthropometric measurements and
laboratory parameters, initially measured muscle ultrasound parameters, were compared in patients with
and without sarcopenia. All measurements and blood samples for the control group were measured in the
same way.

STATISTICAL ANALYSIS

Statistical analysis was performed using the IBM SPSS version 23.0 software (IBM Corp., Armonk, NY,
USA). Descriptive data were expressed in mean ± standard deviation (SD) for normally distributed va-
riables, median and ’minimum-maximum’ values for non-normally distributed variables. After looking at
the statistical difference with the Mann-Whitney U test in two group comparisons and the Kruskal Wallis
test in more than two group comparisons, Dunn-Bonferroni double comparison test was performed. The
relationship between the numerical variables was examined using the Spearman correlation coefficient. The
strength of the relationship was determined according to the correlation coefficient (r). A r value of 0 to
0.2 was considered very weak, 0.2 to 0.4 weak, 0.4 to 0.6 moderate-to-severe, 0.6 to 0.8 strong, and 0.8
to 1 very strong relationship. A p-value of <0.05 was considered statistically significant. A multiple lineer
regression model was used to identify predictors sarcopenia. The model fit was assessed using appropriate
residual and goodness-of-fit statistics. A 5 % type –Ӏ error level was used to infer statistical significance. The
criteria value to consider the variables for the multivariate analyses was p < 0.10. Standardized coefficients
(β, ranging from -1 to 1) for all independent variables included in the regression equations ,coefficient of
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. determination(r2) and correlation coefficient (r ) were analyzed for all. . . independent variables.Statistical
significance was set at p < 0.05.

RESULTS

Within the scope of the study, a total of 152 individuals; 117 patients who were admitted to the physical
therapy and rehabilitation outpatient clinic with knee pain who were also diagnosed with knee osteoarthritis,
and 35 healthy individuals as control group were examined. Fifteen OA patients and two of kontrol individ-
uals were excluded. A total of 135 individuals were evaluated with the EWGSOP diagnostic criteria for the
presence of sarcopenia. Twelve (11.8%) of 102 patients with osteoarthritis were sarcopenic. There were no
sarcopenic individuals in the control group. OA patients with sarcopenia constituted the first group(Group
1) , non-sarcopenic OA patients constituted the second group (Group 2) , and controls healty individuals
constituted the third group (Group 3). Distribution of some descriptive characateristics among study groups
are presented in Table 1. The weight, BMI, waist circumference, hip circumference, upper-middle arm
circumference, thigh and leg circumference of patients group 1 were statistically lower than the group 2 and
group 3. (p <0.01-p0.001). In the non-sarcopenic osteoarthritis group, weight and height of the patients were
lower than the control group. Biceps, triceps, and thigh extensor surface measurements were found to be less
in the group with sarcopenia than in the other groups (p <0.001-p = 0.002). Bilateral hand grip strength
and gait speed of sarcopenic patients were found to be statistically lower than non-sarcopenic and control
groups. All of the patients group 1 were at a low level in the physical activity assessment questionnaire.
Thirty eight of the patients with group 2 were at a low level, 44 were at a moderate level, 8 were at a very
active level. Twenty one individuals of the group 3 were at a low level, 9 were at a moderate level and 3 were
found to be doing very active physical activity. The metabolic equivalents (METs) values obtained from
IPAQ-SF were also calculated as min/week (Table 2). The METs values were found to be statisticall lower
in the group 1 compared to the group 2 (p = 0.017). The mean MNA score was found to be statistically
significantly lower in the group 1 compared to the other two groups (p <0.001) (Table 2). In the CES-D
evaluation, the score was calculated as 25.58 ± 11.73 (5-52) in the sarcopenic group, 22.47 ± 14.07 (4-54) in
the group 2 and 15.15 ± 10.85 (0-49) in the group 3 (Table 2).

When OA groups with and without sarcopenia were evaluated with the WOMAC score and the WOMAC
pain and stiffness values were compared, it was found that there was no significant difference between the
sarcopenic and non-sarcopenic osteoarthritis groups (p> 0.05). When the WOMAC physical function scores
were compared, a significant difference was found between the groups (p <0.05). The WOMAC total scores
were statistically higher in the sarcopenic group than in the non-sarcopenic osteoarthritis group (p = 0.006).

The pain that was experienced by patients at night, on the move and at rest were compared with VAS and
no significant difference between groups were found No statistically significant difference was found between
the group1 and 2 in the calculated sub-parameters of SF-36 used to evaluate the quality of life (p> 0.05).

When laboratory parameters were evaluated, calcium levels of patients group 1 were statistically lower than
group 2 (p = 0.023), leptin (p = 0.720), adiponectin (p = 0.068) and vitamin D (p = 0.285) levels were
not detected as statistically significant. In the comparison between the sarcopenic patients and the control
group, vitamin D levels were found to be statistically significantly higher in the control group (p = 0.030).
Albumin levels in the control group (p = 0.035) were found to be lower than the other two groups (Table
3).

When body composition parameters measured by DEXA, were compared in patients with and without
sarcopenic OA and the control group, sarcopenic patients had statistically significantly lower fat masses,
lean dry weights and SMI values (p <0.001, p = 0.001, p0.001, respectively), where as sarcopenic patients’
FMI values (p = 0.012) were found to be lower in patients than group2 and 3. In the group 2 , it was found
that the fat percentage and LBMI values (p <0.001, p = 0.002) were higher than the other two groups
(Table 4).

When the study groups were compared in terms of muscle strength measured by the isokinetic dynamometer,
average knee extension forces at 60° / sec angular velocity for the right and left knee were lower in the
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. sarcopenic group when evaluated in terms of peak torque values (p <0.001, p0.001, and the ratio of peak
torque to body weight (p = 0.007 and p = 0.031, respectively). In the group 1 , right knee flexion forces at 180
degrees angular velocities and peak torque values were statistically significantly lower (p = 0.038) than group
2 and 3.. Bilateral gastrocnemius medius fascicle lengths and right gastrocnemius medius pennate angles of
sarcopenic patients were found to be statistically significantly lower than non-sarcopenic and control groups.
Right gastrocnemius medius muscle thickness was significantly decreased in the sarcopenic group compared
to the non-sarcopenic group (p = 0.014). Left gastrocnemius medius muscle thickness was higher and rectus
abdominis muscle thickness was statistically significantly lower in the non-sarcopenic group compared to the
other study groups (p = 0.025 and p = 0.001. It was determined that there was no significant difference
between the bilateral rectus femoris subcutaneous tissue thickness and muscle thickness between the groups
(p> 0.05)

(Table 5).

No statistically significant correlation was found between muscle ultrasound evaluations and adiponectin and
leptin levels within the sarcopenic group. It was found that there was also a weak positive correlation between
adiponectin level and rectus abdominis muscle thickness within the non-sarcopenic group. A moderate-weak
and positive correlation was found between the leptin level and bilateral gastrocnemius subcutaneous tissue
thickness, left gastrocnemius muscle thickness, bilateral rectus femoris subcutaneous tissue thickness and
rectus abdominis subcutaneous tissue thickness. When the relationship between body composition values
measured by DEXA and muscle parameters measured by the US were examined; a statistically significant,
moderate and positive correlation was found between FMI and rectus abdominis muscle thickness in patients
of group 1. A statistically significant, strong and positive correlation was found between SMI and bilateral
gastrocnemius muscle thickness.

When stepwise multiple linear regression analysis was performed, hip circumferences and gastrocnemius
muscle thickness (Model 1) were found to be significant predictors for SMI (r=0.998, r2=0.995). The signi-
ficant variables (p < 0.05 according to correlation analyses) included in Model 1 are age, body mass index,
waist and hip circumferences, gait speed, rectus femoris and gastrocnemius medialis muscle thicknesses.
Model 2 was included age, body mass index, waist and hip circumferences, gait speed, grip strength, rectus
femoris and gastrocnemius medialis muscle thicknessesIn (Model 2); hip circumferences and gastrocnemi-
us muscle thickness were significant predictors for gait speed (r=1.000, r2=1.000). Gastrocnemius muscle
thickness was the strongest predictor (with a high standardized regression coefficient) for gait speed in both
models.

There was a moderate positive correlation (r: 0.643, p: 0.024) between walking speed and vitamin D levels and
a moderately negative correlation (r: -0.615, p: 0.033) with fat mass (FM). A moderate negative correlation
(r:-0.594, p: 0.042) was found between the timed up to go test and leptin levels.

DISCUSSION

In this multidimensional study which investigated the presence of sarcopenia in patients with osteoarthritis,
the rate of sarcopenia in knee OA patients was found to be approximately 12%. Sarcopenic OA patients
were found to be older, weaker, thinner, malnourished, and had limited physical activity levels. Unlike other
studies, the presence of sarcopenia in a multidimensional way, including body composition parameters, ul-
trasonographic muscle structure evaluations, isometric muscle strength evaluations, handgrip strength and
walking speed evaluations, biochemical evaluations, anthropometric measurements and comprehensive func-
tional evaluation tests measured by DEXA were examined. As far as we know, this is the first study in the
literature to use all of these parameters at the same time. In this study, all parameters except biochemical
parameters were found to have predictive value in diagnosing sarcopenia.

Kemmler et al. in their study with elderly individuals over the age of 70, found the prevalence of sarcopenia
to be 4.5% and reported that patients with hip and lower extremity OA were more likely to have sarcopenia
than those without osteoarthritis (9.1% with OA; 3.5% without OA) (16). The rate of sarcopenia found in
our study appears to be similar to Kemmler et al. Clinical evidence suggests that the link between OA and
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. sarcopenia occurs through functional and cellular pathways. It has been reported that patients with OA and
rheumatoid arthritis are more prone to the development of sarcopenia due to the increased cytokines (5).

Baumgartner et al., for the diagnosis of sarcopenia, used the appendicular muscle mass (ASM) and skeletal
muscle mass index (SMI) calculated by DEXA and reported the prevalence of sarcopenia as 13-24% under
the age of 70 and > 50% in those aged 80 and over. Studies have found a strong correlation between DEXA
and body composition measurements in elderly individuals with MR and CT measurements, which are gold
standard methods (17).

In recent years, it has been suggested that muscle ultrasonography can be used as a practical, easily accessible
and inexpensive method in the evaluation of sarcopenia. In the literature reviews, 4 studies were found in
which DEXA and US were used together to diagnose sarcopenia. In all of these studies, ultrasonographic
measurements of muscle thickness from many regions and thighs were found to be consistent with muscle mass
values measured by DEXA.(18-21). In our study, the relationship between left gastrocnemius pennation angle
and isokinetic muscle strength (peak torque extensor at an isokinetic 180 ° angular velocity) and appendicular
lean body mass measured by DEXA was shown. The relationship between the angle of pennation of the right
gastrocnemius muscle were found to be correlated with muscle strength (peak torque at an isokinetic 180-
degree angular velocity and peak torque/body weight extensor ). A strong positive correlation was found
between SMI and bilateral gastrocnemius medialis muscle thickness also.

The advantage of using DEXA in the diagnosis of sarcopenia is the better evaluation of SMI and skeletal
muscle mass which was found to be associated with physical disability (22). Handgrip strength and quadriceps
muscle strength are associated independently with predicting disability (23). Isometric handgrip strength,
lower extremity muscle strength was found to be strongly correlated with knee extension torque and thigh
cross-sectional muscle area (24). In our study, bilateral extensor isokinetic 60 degrees angular velocities of
the knee joint were found to be statistically lower in the sarcopenic group compared to the other 2 groups.
In functional evaluations, bilateral handgrip strength was found to be decreased in the sarcopenic group.
Bilateral handgrip strength and bilateral knee extension strengths were positively correlated as moderate
and with respect to several health outcomes.

Additionally, in this study, sarcopenia was found to be significantly associated with physical dependence,
regardless of age, ethnic difference, comorbidities, health-related behaviours and fat mass (25). Gait speed
plays an important role in the evaluation of sarcopenia. Gait speed is the first functional assessment to be
considered in the evaluation of sarcopenia (26).

Active muscle strength test in the elderly is difficult to perform due to the reasons such as immobilization,
pain, injury, surgical procedure, cognitive impairment, and technical complexity. The cross-sectional area of
the muscles shows muscle mass and is related to muscle strength. Therefore, the cross-sectional area can
be evaluated in order to have an idea about muscle strength in clinical applications. It has been stated
that in intensive care patients, muscle loss can be monitored with rectus femoris and vastus intermedius
muscle thickness (27). Although the quadriceps femoris pennation angle was not found to be significantly
correlated with functional muscle parameters, in the study conducted by Strasser et al. with 26 healthy
elderly individuals, the pennation angle was found to be lower than the control group consisting of 26 healthy
young individuals (27). In our study, bilateral measurements were including in 3 regions by ultrasonograph.
Fascicular length and pennation angle of the gastrocnemius muscle were evaluated as well as muscle thickness,
and non-sarcopenic patients and healthy volunteers were included in the study as well as sarcopenic patients.
In our study, it was found that bilateral gastrocnemius fascicle lengths and right-sided gastrocnemius pennate
angle were lower in sarcopenic patients than those without and in the control group, and there was no
significant difference between bilateral rectus femoris subcutaneous tissue and muscle thickness.

Decreased muscle quality and muscle mass can be considered as the most important factors in OA patho-
genesis (28). At the same time, the painful joint can cause a decrease in muscle tone and consequently a
decrease in muscle mass. When the relationship between OA and sarcopenia was examined, it could not be
understood whether OA is a risk factor or a direct result of sarcopenia. For this, it may be recommended
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. to conduct a systematic study investigating the development of sarcopenia in the ipsilateral extremity with
OA occurring in a single joint and its effect on physical functions (29). In our study, the WOMAC function
and total score evaluated in the sarcopenia group were found to be statistically significantly higher than the
other two groups. The decrease in muscle mass and muscle quality caused by sarcopenia in patients with
OA may explain the increasingng in WOMAC scores. In addition, a negative correlation between WOMAC
function and total score and left-hand grip strength was found as an indicator of upper extremity muscle
function in our function studies. This suggests that sarcopenia may affect not only the lower extremity but
the whole body in these patients.

In our study, a relationship between rectus abdominis subcutaneous tissue thickness and right-hand grip
strength, and between rectus abdominis muscle thickness and FMI was found. Although Abe et al. did not
find a correlation between BMI and body mass with abdominal muscle thickness (2-3 cm from the side of
the umbilicus, lower part of the rectus abdominis) measured by ultrasound, a correlation with handgrip
strength and standing up test performance was found. The body mass with the appendicular lean soft tissue
mass (ALM) parameter measured by DEXA was evaluated (30). In another study using BIA in patients
with metabolic syndrome, a positive correlation was found between rectus abdominis muscle thickness and
skeletal muscle mass index (SMI) (31). In a cross-sectional study conducted by Kara et al. with 30 healthy
volunteers, low vitamin D levels were found to be associated with decreased muscle strength (especially knee
and ankle extensors), but no relationship was found with muscle architecture (32). In our study, a positive
correlation was found between bilateral gastrocnemius medius muscle thickness and SMI and vitamin D
levels. Therefore, it can be thought that Vitamin D supplementation may increase muscle mass and decrease
sarcopenia in these patients.

In the study conducted by Kositsawat et al. where 1826 people were studied; a relationship was found
between low vitamin D levels and the decreased walking speed (33). In our study, a negative relationship was
found between gait speed, and FM measured by DEXA, and a positive relationship with vitamin D level.
Although there was no significant difference between vitamin D levels in our study, the average vitamin
D levels in the sarcopenic group were determined to be 19 ng/mL. These levels can be considered as a
deficiency in the literature and may explain the relationship between vitamin D levels and walking speed
in this study. Additionally, in our study, a cross-sectional relationship between increased BMI index and
decreased walking speed and a positive correlation between increased leptin levels and BMI was found.
In another study, although no relationship was found between the thigh muscle cross-sectional area and
the decrease in walking speed, a relationship was found between the change in the thigh muscle area and
the change in walking speed. The total amount of fat and muscle fat infiltration has been reported to be
important predictors for a reduction in walking speed (34). This report may likewise explain our findings.

As shown in our study, it is an expected result that sarcopenic patients are weaker (low body weight and
BMI) and their bilateral hand grip strength, walking speed, waist and hip circumference, upper-middle arm
circumference, calf and thigh circumferences are lower compared to non-sarcopenic patients. Similar to our
findings, in a study conducted by Marini et al. with 207 sarcopenic people between the ages of 65-93, it was
found that waist circumference, upper middle arm and calf circumference, weight and BMIs were significantly
lower in both genders compared to those without sarcopenia (35).

The relation of sarcopenia and malnutrition has been shown in many studies (36, 37). In their study Velazquez
et al. which involved 90 elderly women with an average age of 78, it was found that the prevalence of
sarcopenia was 41%, when the nutritional status was evaluated according to MNA founded that 7.1% of
those with normal, 45.9% of those with malnutrition risk, and 77.2% of those with nutritional deficiency were
sarcopenic (38). In our study, MNA was used for malnutrition assessment and it was found that sarcopenic
patients were significantly malnourished compared to non-sarcopenic and control groups. Therefore, it is our
understanding that improving the nutritional status of OA patients may be beneficial in increasing muscle
mass and preventing sarcopenia in these patients.

Leptin has been found to be increased in the cartilages of patients with OA, and although it is mainly
synthesized from adipocytes, it is also synthesized from chondrocytes (18). A positive correlation has been
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. found between the leptin level measured in synovial fluid and BMI, and it has been stated that this may be
one of the metabolic factors explaining the role of obesity in the pathogenesis of OA (5). The function of
leptin in OA is not fully determined but it has a biphasic effect which facilitates cartilage synthesis at low
levels and causes inflammation and degeneration of cartilage at high levels (39). In our study, the relationship
between sarcopenia, plasma leptin and adiponectin levels were evaluated and the relationship between leptin
and adiponectin levels and muscle ultrasound and isokinetic evaluations of the patients were studied. A
weak and low positive correlation was found between leptin levels and subcutaneous tissue thickness of the
gastrocnemius and rectus femoris muscle in the muscle ultrasound evaluation performed in the non-sarcopenic
knee OA group. This link may be due to the correlation between leptin and obesity.

In our study, although the serum leptin level was found to be lower in the sarcopenia group compared to the
group without sarcopenia, there was no statistically significant difference between the two groups. Moreover,
there were significantly different BMIs between these two groups. The BMI values in the sarcopenic group
were significantly lower than the group 2 and 3 The lower serum leptin levels in the sarcopenia group
compared to the group without sarcopenia may be related to lower BMI. The studies of Toussirot et al. and
Sarı et al. stated that the low leptin levels found in patients with ankylosing spondylitis could be attributed
to the low BMI values of the patient group in furtherance to our study (40, 41). In our study, the FM value
measured by DEXA in sarcopenic patients was found to be lower than the other two groups. The low level
of leptin in the sarcopenic group compared to the other two groups may be related to the low FM value.

Adiponectin plays a role in many processes such as energy metabolism, insulin resistance, and vascular
physiology. High molecular weight adiponectin is the most active form of adiponectin which is the most
sensitive marker reflecting insulin resistance and metabolic rate (42). High adiponectin levels have been
recognized as a predictor for bone mineral density loss (43). In addition, high adiponectin levels have been
shown to contribute to physical disability in a prospective cohort in which the effect of adiponectin on
physical functions was investigated (44). In our study, a negative correlation was found between adiponectin
levels and the VAS score in motion. This relationship was found in the sarcopenic group. The fact that
adiponectin is seen as more determinant in terms of pain intensity in patients with low BMI, especially
biomechanical factors, may be related to its role in inflammatory pathology. In our study, the relationship
between adiponectin level and quality of life were also studied. In our study, the quality of life of the patients
was evaluated using the SF-36 scoring system. When SF-36 sub-scores were compared with adiponectin levels
in the OA group, a moderate negative correlation was observed between the pain sub-score. Quality of life
can be affected by conditions such as disease activation, pain status, and the presence of comorbidities. It is
a predictable situation that a more serious disease state will progress when quality of life worsens.

One of the limitations of our study is that the limit cut-off value for DEXA measurement was used according
to the values calculated in previous studies. Since there is no muscle mass limit value determined for Turkish
society, our evaluations was based on the studies with the highest number of patients and the values suggested
by EWSGOP. In our study, only female patients, thinking that they would create a more homogeneous group,
were included. Most previous studies investigating sarcopenia in OA patients also included only women in
literature.

CONCLUSIONS:

In our study, where the rate of sarcopenia was found to be approximately 12% in patients with osteoarthritis,
it is found that sarcopenic OA patients were older, weaker, less powerful, undernourished and limited in
physical activity..Although the relationship between sarcopenia and OA cannot be fully explained, clinicians
should be aware of the risk of developing sarcopenia in patients with OA, guide their patients to increase
their physical activity, and provide nutrition and vitamin D support to increase their muscle mass.

It will be an important step to have low cost and easily accesible sarcopenia diagnostic with relatively
simple methods. Our study is important in terms of showing the changes in the muscular structures of
sarcopenic patients and showing that muscle ultrasound can be considered as a cheaper and faster method
than other gold standard methods in the diagnosis of sarcopenia. However, this view should be supported by
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. further studies involving more patients and the parameters related to sarcopenia which should be determined
clearly. Since the relationof OA, which is considered to be the most common joint disease, with sarcopenia
is emphasized, It is believed that our study will increase awareness in this direction.
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