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Muscle Architecture In Patients With Sjogren’s Syndrome

Aim: To investigate the effect of primary (pSS) on skeletal muscle architecture and

strength.

Method: 19 pSS patients and 19 age, body mass index and sex matched healthy controls

were included. Symptoms of subject’s were assessed with ESSPRI (The EULAR Sjogren’s

Syndrome Patient Reported Index), anxiety and depression with the Hospital Anxiety and

Depression Scale (HADS), fatigue with Multidimensional Assessment of Fatigue scale

(MAF), functionality with HAQ. Ultrasonographic evaluations were performed with a

multifrequency linear probe from quadriceps femoralis, gastrocnemius and soleus of the

bilateral lower extremity. Muscle thickness, pennation angle and fascicle length were

measured. Isokinetic knee muscle strength tests were performed at 60 and 180°s.

Isokinetic ankle muscle strenght tests were performed at 30 and 120°/s.

Result: In pSS group, mean ESSPRI was 7.70+1.17. Scores of depression (10.05 + 3.09 vs

4.47 + 2.29 p<0.0001), anxiety (8.26 + 4.28 vs 3.79 + 2.42 p<0.0001), functionality (0.94

+ 0.78 vs 0.22 + 0.26, p<0.0001), fatigue (37.69 + 5.47 vs 17.69 + 5.26, p<0.0001) were

significantly higher in patients with pSS than healthy controls. In dominant leg, pennation

angle of vastus medialis was significantly greater in healthy controls than in patients with

pSS (p=0.049). The other ultrasonographic measurements were similar between the two

groups. Peak torque/body weight of knee and ankle muscle were found to be similar.

Conclusion: Although patients with pSS have some minor structural changes on

ultrasonographic evaluation, isokinetic muscle strength were similar between groups. In

patients with pSS, disease activity and fatigue level were negatively correlated with

isokinetic muscle strength measurement.
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Muscle Architecture In Patients With Sjogren’s Syndrome
Aim: To investigate the effect of primary (pSS) on skeletal muscle architecture and strength.
Method: 19 pSS patients and 19 age, body mass index and sex matched healthy controls were included. Symptoms
of subject’s were assessed with ESSPRI (The EULAR Sjogren’s Syndrome Patient Reported Index), anxiety and
depression with the Hospital Anxiety and Depression Scale (HADS), fatigue with Multidimensional Assessment of
Fatigue scale (MAF), functionality with HAQ. Ultrasonographic evaluations were performed with a multifrequency
linear probe from quadriceps femoralis, gastrocnemius and soleus in bilateral lower extremity. Muscle thickness,

pennation angle and fascicle length were measured. Isokinetic knee and ankle muscle strength tests were performed



at 60 and 180°/s and 30 and 120°/s respectly.

Result: In pSS group, mean ESSPRI was 7.70+1.17. Scores of depression (10.05 + 3.09 vs 4.47 £ 2.29 p<0.0001),
anxiety (8.26 + 4.28 vs 3.79 £ 2.42 p<0.0001), functionality (0.94 + 0.78 vs 0.22 £ 0.26, p<0.0001), fatigue (37.69 +
5.47 vs 17.69 £ 5.26, p<0.0001) were significantly higher in patients with pSS than healthy controls. In dominant
leg, pennation angle of vastus medialis was significantly greater in healthy controls than in patients with pSS
(p=0.049). The other ultrasonographic measurements were similar between the two groups. Peak torque/body weight
of knee and ankle muscle were found to be similar.

Conclusion: Although patients with pSS have some minor structural changes on ultrasonographic evaluation,
isokinetic muscle strength were similar between groups. In patients with pSS, disease activity and fatigue level were
negatively correlated with isokinetic muscle strength measurement.

Key words: primary sjogren’s syndrome, muscle architecture, muscle strength, disease activity



Introduction:
5 0gren’s syndrome (SS) is a systemic autoimmune disease with wide range of clinical manifestation. The spectrum
of the disease extends form autoimmune exocrinopathy to a systemic process (1). Patients with pSS often complain
of joint pain, myalgia, increased fatigue, impaired physical capacity and function (2), (3), (4). This may result in
decreased ability to perform daily living activities, working disability and impaired health related quality of life (5),

(6), (7). In fact, it has been reported that myositis is rarely seen in patients with primary sjogren's syndrome (8) (9).

Although there are clinical trials and case reports about clinical and microscopic evidence of skeletal muscle
involvement in patients with pSS, there is no information about the macroscopic structure of skeletal muscle of
patients with pSS (10), (11), (12), (13). Muscle architecture, arrangement of muscle fibers within a muscle relative to
the axis of force generation, is the primary determinant of muscle function (14). The understanding of the
relationship between structure and function is important for clarifying the physiology of force production and
movement. Also it provides scientific basis for tendon transfer procedures, placement of electrode during
electromyography and interpretation of muscle biopsies (15). Commonly used parameters in architectural muscle
analysis are fascicle length, pennation angle, cross sectional area. Fascicle lenght represents the number of
sarcomeres in series and longer fascicles are associated with higher peak shortening velocity (16), (17). Pennation
angle is the angle of the insertion of muscle fascicles into the deep aponeurosis and positively correlated with muscle
thickness (18). Lower leg muscle thickness is valuable predictor of the muscle cross sectional area and muscle
volume and therefore muscle strength (19). The most common method of measuring muscle architecture is B-mode
ultrasonography (US), which has been previously shown to be a reliable and valid method (20), (21).

To the best of our knowledge, no study has evaluated muscle architecture in pSS. Objective evidence on muscle
architecture and strenght in pSS may lead to a better understanding of its role in health releated parameters in this
disease. Therefore, the aim of this study was to asses the muscle architecture in pSS by comparing them with heathy
control group. A second aim was to determine relationship between muscle architecture and strength and mood

status, fatigue, disease activity in patients with pSS.

Material and Method:

19 patients who admitted to our clinic with a diagnosis of pSS according to 2016 ACR/EULAR classification criteria
for primary Sjogren’s syndrome were included to the study (21). Nineteen age and sex matched healthy controls
were included (22). Patients with pSS and concomitant rheumatic disease, neurological disease, peripheral
neuropathy; history of other systemic diseases such as hypothyroidism/hyperthyroidism, diabetes mellitus; previous
history of myositis or overt trauma of the muscles, previous history of lower extremity surgery were excluded.
Demographic and clinical characteristics were recorded. Anxiety and depression were assessed with the Hospital
Anxiety and Depression Scale (HADS), fatigue with Multidimensional Assessment of Fatigue scale (MAF),
functional disability with HAQ (23), (24).

In patient group, disease activity was evaluated with the EULAR Sjogren's Syndrome Patient Reported Index
(ESSPRI). The ESSPRI is a self-evaluation index for measuring symptoms including pain, fatigue and dryness. Each



symptom was measured with a single 0 (no symptoms) to 10 (severe symptoms) numerical scale and the final
ESSPRI score is calculated by averaging these domains with a maximum severity score of 10. Scores of < 5 indicate
low disease activity and scores of > 5 indicate high disease activity (25), (26).

Anxiety and depression were assessed with the Hospital Anxiety and Depression Scale (HADS). This self-evaluation
questionnaire consists of 2 subscales: anxiety (HADS-A) and depression (HADS-D). Both subscales contain 7 items
and each item is scored from 0 to 3. HADS scores of 8§—10 define possible, scores of 11-14 define probable and
scores of 15-21 define extreme cases of depression and anxiety (23).

Fatigue was assessed using the Multidimensional Assessment of Fatigue scale (MAF). This self-reported
questionnaire contains 16 items and measures four dimensions of fatigue: severity, distress, timing and degree of
interference with daily living activities. The MAF score ranges from 0 to 50 and higher scores indicate higher levels
of fatigue (24).

HAQ was used to evaluate how the disease affects some movements and activities in daily life over the past week. It
consists of 20 questions in 8 categories including dressing, arising, eating, walking, hygiene, reach, grip and
activities. Each question scored from 0 to 3 and a lower score represent a better outcome. In scoring the category, the
highest score among the items was accepted as the category score. HAQ score was calculated by dividing the total
score of categories into 8 (27).

Ultrasonographic assessment

A single rheumatologist, who had considerable experience on musculoskeletal ultrasonography and blinded to the
participant’s group assignment, performed ultrasonographic evaluation using a multi-frequency linear probe (6-12
MHz; MyLab 70 XV, EsaoteBiomedica, Genoa, Italy). While obtaining images, a generous amount of water-soluble
gel was applied between the transducer and the skin to aid acoustic coupling and to avoid compression or
deformation of the muscle fibres. Measurement were done on quadriceps femoris, gastrocnemius and soleus of the
bilaterally lower extremity. For quadriceps femoris measurement, participants lied supine with their legs extended
and their muscles relaxed. Rectus femoris images were taken at 50% of the distance between the anterior superior
iliac spine and the superior border of the patella. Vastus lateralis images were acquired at the middle of the thigh
length (the distance between the most prominent portion of the greater trochanter and the lateral femoral epicondile).
Vastus medialis images were taken at 30% the lenght of a reference line connecting the anterior superior iliac spine
to the proximal edge of the patella; the probe was placed just medial to the border between vastus medialis and the
rectus femuris, located using ultrasonography . For gastrocnemius and soleus measurement, participants lied prone
with the feet hanging off the edge of the table and knees fully extended. Images were acquired at the level of the
maximum girth of muscles.

Muscle thickness was measured as the perpendicular distance between the deep and superficial aponeurosis.
Pennation angle was measured as the angle of the insertion of muscle fascicles selected for length measurement into
the deep aponeurosis. Fascicle length is the linear fascicular path between the insertion into the deep and superficial
aponeurosis. It was calculated as muscle thickness / sin (pennation angle) (28).

Isokinetic strength measurement



Isokinetic measurements of muscles were done by a calibrated isokinetic testing machine (Cybex-NORM isokinetic
machine) with standard attachments. Isokinetic knee muscle strength tests were performed bilaterally at 60 and 180°/
s and isokinetic ankle muscle strength tests were performed bilaterally at 30 and 120°/s as peak torque/body weight
(Nm/kg) and work. Before performing the isokinetic test, all participants conducted the submaximal repetitions.
When isokinetic knee muscle strength test was performing, the participants were sitting the chair as the knee is
flexed 90 degrees and the ankle is in neutral position and when isokinetic ankle muscle strength test was performing,
the participants were lying the table as the knee is in 0 degree extension and the ankle is in 90 degrees dorsiflexion.

Approval for the study was obtained from the Committee on Human Research Ethics of Zekai Tahir Burak Women’s
Health Education and Research Hospital (dated: 20.06.2017 decision number: 91/2017). A well written informed

consent was obtained from all participants according to the principles of the Helsinki Declaration.

Statistical analysis:

Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA)
16.0 program for Windows. The variables were investigated using visual and analytical methods to determine
whether or not they were normally distributed. Continuous values were expressed as mean + standard deviation
(SD). Student’s ¢-test was used for comparison of normally distributed data, and the Mann-Whitney U test was used
for comparison of non-normally distributed data. Spearman correlation coefficients was used to investigate
correlation between patient’s characteristics and clinical parameters. A value of p < 0.05 was considered statistically
significant.

Results:

No significant differences between the pSS patients and healthy controls were seen for age, weights, heights and
body mass index (table 1). In pSS group, mean disease duration was 27.68 + 30.93 months and mean ESSPRI was
7.70£1.17. ANA positivity was seen in 11 (57.9%) of patients, anti-SSA 8(42.1%) and anti-SSB 3(15.3%). None of
the parrticipants had any abnormalities in blood tests such as aspartate amino transferase, creatininee phosphokinase.
All patients were taking only hydroxychloroquine 200mg/day. In the last 6 months, there were no patients who took
drugs other than hydroxychloroquine. A significant differences were seen in the experience of anxiety and
depression according to HADS between groups (table 1). In pSS group, 4(21.1%) subjects scored more than 10 on
the anxiety scale and 11(57.9%) scored more than 10 on the depression scale. In the control group, no subject had a
score of more than 10 on the depression scale and on the anxiety scale. The primary SS group had significantly
higher levels of fatigue on the MAF scale than control group (table 1). Also, according to the HAQ, pSS patients had
significantly decreased functional ability compared with healthy control (table 1).

In dominant leg, pennation angle of vastus medialis was significantly greater in healthy controls than that in patients
with pSS (p=0.049). Except pennation angle of vastus medialis of dominant leg, the other ultrasonographic
measurements were similar between the two groups (table 2). Peak torque/body weight of knee and ankle muscles
were found to be similar (table 3). Correlation between disease activity, fatigue, anxiety, depression and isokinetic
muscle strength measurement in patients with pSS were presented in table 4.

Discussion:



To our knowledge, this is the first study that assess the muscle architecture in patients with pSS.

According to our results, thicknesses and fascicle length of lower limb muscles were similar between groups.
However, pennation angle of vastus medialis on dominant leg was significantly lower in pSS patients. We found
similar pennation angles of the other muscles in both group in dominant and non-dominant leg. Additionally, peak
torque/body weight of knee and ankle muscles were similar in both group. Some relationship was found between
knee, ankle muscle strengths, ESSPRI and fatigue in dominant and non-dominant leg.

We know that musculoskletal involvement in patients with pSS may not only be in the form of arthritis and
arthralgia, but also rarely in the form of myositis (especially inclusion body myositis) (8) (9). Therefore in this study,
we investigated whether muscle structure and strength of pSS patients were any different from the healthy subject.
According to our results, thicknesses of lower limb muscles were similar between groups. Pennation angle of vastus
medialis on dominant leg was significantly lower in pSS patients. On the other hand, pennation angle of other

muscles were similar. Additionally fascicle length of other muscles were similar between groups.

Limited number of ultrasonography studies concerning muscle architectural changes in inflammatory diseases have
been performed (29), (30). Kaya et al reported that although systemic lupus erythematosus (SLE) patients had
significantly greater muscle thickness and pennation angle of vastus lateralis than healthy controls, fascicle length
was similar. Authors attributed the increased pennation angle because of increased muscle thickness due to edema
(30). Also, SLE patients had similar muscle thickness, pennation angle and fascicle length of gastrocnemius
compared with healthy controls (30). Matschke et al reported that, when compared with their age-sex- and BMI-
matched healthy subjects, sarcopenic patients with rheumatoid arthritis had significantly smaller vastus lateralis
muscle volume, with no differences in fascicle length, physiological cross-sectional area, pennation angle of vastus
lateralis.(29). Similar to these studies, we found some differences in pennation angle and fascicle lengths in some
muscles compared to healthy controls. This may be due to muscle involvement in pSS, or due to low activity levels
of patients. However, we did not question the activity levels of participants. Also, small sample size might have been
effective in this result. Also all of the patients with pSS had used hydroxychloroquine. These small changes of
muscle architecture in patients with pSS can be related with hydroxychloroquine usage. Because it is known that
hydroxychloroquine can cause myopathy (31). Serum creatinine phosphokinase levels were normal in our patients.

In our study, the mean age was 54.11 + 6.57 and 53.21 £ 6.74 years in pSS group and healthy controls respectively.
So there were some participants with osteoporosis in both group. Increasing the probability of osteosarcopenia with

aging (32), may have been effective in finding similar muscle architecture results in both groups.

In our study, we showed that the muscle strength was similar between groups. In another study, Strombeck et al
investigated isokinetic strength of the flexors and extensors of the knee at velocities of 60°/second in pSS patients.
Similarly to our result, they showed that there was no difference in isokinetic muscle strength of the knee extensors
between pSS patients and healthy controls. But they reported that pSS patients had significantly reduced isokinetic
muscle strenght of the knee flexor, measured as peak torque at 60°/second than healthy controls (4). Also they

reported that pSS patients had significantly reduced in isokinetic endurance of knee flexor, measured at 240°/second



compared to healthy controls (4). Because of muscle endurance is dependent on oxygen uptake, they thought that
patients with pSS had lower level of aerobic capacity or lower level of activity compared to healthy control (4).
Since we did not know the aerobic capacities and activity levels of participants, we may have found the similar
muscle strengths in both groups. But worsened isokinetic lower limb muscle strength was reported in another
rheumatic diseases such as SLE, RA, ankylosing spondylitis and systemic sclerosis (30), (33), (34). Since the use of
drugs such as corticosteroids and the active disease period will affect the measurement of muscle strength, in some
of these studies, there are some limitations such as unknown use of drugs and disease activity.

Disease activity was assessed with ESSPRI. In pSS group, on both legs, ESSPRI was negatively correlated with
isokinetic muscle strength of the knee extensors at velocities of 60°/second and 180°/second, ankle plantar flexors at
velocities of 30°/second. In addition, on dominant leg, ESSPRI was negatively correlated with isokinetic muscle
strength of the knee flexors at velocities of 60°/second. We concluded that isokinetic muscle strength decreases in
some muscle as disease activity increases. To the best of our knowledge, our study is the first study that investigate
the impact of disease activity on isokinetic muscle strength in pSS.

Fatigue is one of the most common extraglandular manifestation in pSS and is associated with decreased aerobic
capacity, lower physical activity levels, functional impairment and impaired health releated quality of life in pSS (4),
(35) (36), (37), (38). In the current study the fatigue score of pSS patients was significantly higher than the control
group, similar to the literature. Additionally fatigue scores were correlated with some isokinetic muscle strength and
work. Likewise, anxiety and depression is more prevalent in patients with pSS than healthy controls (39), (40).
Similarly in our study, the prevalence of depression and anxiety was higher in the pSS group. But there was no
correlation between scores of anxiety and depression and muscle strength.

There were several limitations of this study. Small sample size was an important limitation. Another limitation of the
present study is that physical activity levels of participants were unknown. Due to the cross-sectional design of this
study, the effects of medical therapy and change in disease activity on muscle architecture is unknown. New
prospective studies including larger sample size should be undertaken to confirm the findings of the present study.
Conclusion:

Although patients with pSS have some minor structural changes on ultrasonographic evaluation, isokinetic muscle
strength were similar between groups. In patients with pSS, disease activity and fatigue level were negatively
correlated with isokinetic muscle strength measurement.
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