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Abstract
Background: Musculoskeletal ultrasound can be now considered a complement to physical examination in
rheumatoid arthritis. This study evaluates the role of musculoskeletal ultrasound in assessment of rheumatoid hand
function and underlying functional defects and disabilities in order to find out a possibly better tool for assessment.
Results: Hand grip weakness was significantly associated with metacarpophalangeal joints synovitis of ulnar 4
fingers (p = 0.045), wrist joint synovitis (p = 0.009), flexor tendons tenosynovitis of the ulnar 4 fingers (p = 0.001),
flexor pollicis longus tendon tenosynovitis (p = 0.013).
Hand function impairment by grip ability test was significantly associated with metacarpophalangeal joints synovitis
of ulnar 4 fingers (p = 0.009), wrist joint synovitis (p = 0.004), and flexor tendons tenosynovitis of the ulnar 4 fingers
(p = 0.042). Multiple linear regression analysis showed that the most influencing factor affecting grip ability test and
hand grip strength was ulnar 4 Flexor tendons tenosynovitis (P = 0.023, P = 0.037) respectively.
Conclusions: Joint synovitis and tenosynovitis that are detected by musculoskeletal ultrasound can be used as an
assessment tool for hand function in rheumatoid arthritis, since they are associated with reduced hand grip
strength and impaired hand ability.

Background
Rheumatoid arthritis (RA) is a chronic autoimmune disease that primarily affects the lining of the synovial
joints causing synovitis which damages cartilage, bone,
ligaments, and tendons. In rheumatoid hands, there are
reductions in muscle strength and mobility accompanied
with deformities. It is associated with functional impairment and disabilities [1, 2]. One of diagnostic criteria for
activity in RA is poor hand grip [3]. However, little is
known about the relationships between rheumatoid
hand function and different pathological findings in the
joints, such as inflammation and structural damage. This
raises the need for incorporating newer techniques and
approaches to assess rheumatoid hand function for more
early treatment and prevention of such disabilities [4].
MSUS (musculoskeletal ultrasound) is preferable than
physical examination for detecting joint synovitis with
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analogous sensitivity to magnetic resonance imaging, yet
easier to use and cheaper. MSUS can demonstrate synovial fluid effusion and synovial thickening with a
greater sensitivity than clinical examination [5]. It was
found by one study that ultrasound disease activity score
reflects not only disease activity but also the disability
status and structural joint damage [6]. It remains to be
verified whether MSUS can predict preservation of function and hand functional outcomes in RA patients better
than the traditional clinical or serological scores [7].
The aim of this study was to find out the value of
musculoskeletal ultrasound as a tool for assessment of
hand function, defect, and disability in rheumatoid hand
and whether it can be used in early detection of such
disability.

Methods
Thirty RA patients were included in a monocentric
cross-sectional study of 1.5 years’ duration. Patients were
diagnosed according to the American College of
Rheumatology (ACR) 1987 criteria for RA diagnosis [8],
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with at least 6-month disease duration. Patients with
previous hand surgery, nerve injury, fracture or dislocation of wrist and hand bones, hand infections, visual,
auditory, or cognitive problems were excluded from our
study. Full history taking and thorough clinical examination with special attention to the musculoskeletal system including joints and tendons was performed for all
patients. Disease activity was assessed using the disease
activity score in 28 joints (DAS28) with erythrocyte sedimentation rate (ESR). Hand dysfunction was assessed
using the grip ability test (GAT) which is a
performance-based test of hand function specifically developed for subjects with RA. It consists of three items
which represents different grip types used in daily life
[9]. Grip strength was measured by modified Sphygmomanometer Test [10].
Laboratory investigations were done that included ESR
by Westergren method; serum C- reactive protein (CRP)
by nephelometry; rheumatoid factor (RF) by latex fixation test; and anti-cyclic citrullinated antibody (antiCCP) by ELISA.
MSUS was performed by EULAR certified MSUS
teacher of 8 years’ experience in MSUS for all joints and
tendons of RA hands using logic p5 R4.0. with (7–12
MHz) linear probes. Using this relatively low-frequency
prob has limitation of near field resolution. This study
addressed this limitation by optimization to the highest
frequency available and using high end machine. Eleven
joints including the second to fifth proximal interphalangeal (PIP) joints, the first interphalangeal (IP) joint, the
first to fifth metacarpophalangeal (MCP), and wrist joint
were examined for synovitis. Eleven tendon compartments including the first to fifth finger flexor tendons
and compartment I–VI carpal extensor tendons were
performed in longitudinal and transverse planes for
tenosynovitis. Detection of synovitis according to
EULAR-OMERACT combined scoring system for grading synovitis in RA where grade 0, no grey-scaledetected synovial hypertrophy (SH) and no power Doppler (PD) signal (within the synovium); grade 1, grade 1
SH and ≤ grade 1 PD signal; grade 2, grade 2 SH and ≤
grade 2 PD signal or grade 1 SH and a grade 2 PD signal; and grade 3, grade 3 SH and ≤ grade 3 PD signal or
grade 1 or 2 synovial hypertrophy and a grade 3 PD signal (Fig. 1) [11, 12]. The setup parameters for PD were
the same all over the study. The Doppler frequency was
5 MHz, pulse repetition frequency was 0.9 kHz, gain was
23, and wall filter was 113 Hz. The power mode does
not measure velocity or direction and enables detection
of low-speed blood flow, as it can be found in newly
formed vessels in inflamed synovial tissue (synovitis and
tenosynovitis).
Detection of tenosynovitis by semi-quantitative
OMERACT four-grade scoring system to score
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tenosynovitis on B-mode where grade 0, normal; grade
1, minimal; grade 2, moderate; and grade 3, severe, and
four-grade semi-quantitative scoring system on Doppler
mode where grade 0, no Doppler signal; grade 1, minimal; grade 2, moderate; and grade 3, severe (Fig. 1) [13].
Erosions were observed in two different planes and
scored according to semi-quantitative scoring by ultrasound structural total (ScuSST) as follows: grade 0 = absence of erosion, grade 1 = erosion < 2 mm, grade 2 =
erosion 2–3 mm or two erosions < 2 mm, and grade 3
erosion > 3 mm or multiple erosions (Fig. 1) [14].
Statistical analysis

The collected data was revised, coded, tabulated, and introduced to a PC using Statistical package for Social Science (SPSS 20). Data was presented and suitable analysis
was done according to the type of data obtained for each
parameter: mean, standard deviation (±SD), and range
for parametric numerical data, while median and interquartile range (IQR) for non-parametric numerical data.
Percentage of non-numerical data. Mann-Whitney test
was used to assess the statistical significance of the difference of a non-parametric variable between two study
groups. Student’s T test was used to assess the statistical
significance of the difference between two study group
means. Linear regression analysis was used to test and
estimate the dependence of a quantitative variable based
on its relationship with a set of independent variables. A
p value < 0.05 was considered significant.

Results
Descriptive analysis

Thirty RA patients with 60 RA hands were included in
the present study. Their mean age was 40.2 ± 11.7 years.
Their mean disease duration was 8.3 ± 6.3 years. DAS 28
ESR was calculated and ranged from 2.1 to 6.1 with
mean 3.7 ± 1.2. Seven (23.3%) patients were in remission. Nine (30%) patients had experienced low diseases
activity. Ten (33.3%) patients showed moderate disease
activity. Only 4 (13.3%) patients were in high activity.
Correlation between DAS28 ESR score and disease duration showed no statistically significant correlation between the DAS28 ESR score and disease duration, r =
0.239, P > 0.05. Table 1 shows demographic, clinical,
and laboratory data.
Joint synovitis was detected according to EULAROMERACT combined scoring system for grading synovitis in RA [11, 12]. Synovitis among RA hands was most
common in wrist joint (60%) followed by MCP 2 (35%)
and MCP 3 (28.4%) joints. Joint erosion was detected
semi-quantitatively using ScuSST [14] most common in
wrist joint (28.4 %) followed by MCP 3 (15%) and MCP
2 (13.4%) joints. Tenosynovitis was detected by semiquantitative OMERACT scoring system [13]. The most
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Fig. 1 MSUS of some of present study patients. a Dorsal longitudinal scan of a metacarpophalangeal joint. Yellow arrow indicates joint cavity
enlargement due to hypoechoic synovial fluid as well as hyperechoic synovial thickening with bulging over the tops of the periarticular bones (grade
2 synovial hypertrophy). b Dorsal longitudinal scan of radiocarpal and midcarpal joints. Yellow arrows indicate joint cavity enlargement due to
hypoechoic synovial fluid as well as hyperechoic synovial thickening (grade 2 synovial hypertrophy). c Volar transverse view of middle finger at
metacarpal bone showing flexor tendon sheath widening (grade 2 tenosynovitis). d Dorsal longitudinal scan of a wrist joint showing interruption of
cortical bone (erosion) measuring 2.9 mm (grade 2). Green arrows indicate distention of extensor carpi-ulnaris sheath involving synovial effusion and
synovial hypertrophy (hypoechoic and hyperechoic respectively) (grade 1 tenosynovitis). RT, right; LT, left; RCJ, radio-carpal joint; MCJ, mid-carpal joint;
MCP, metacarpal joint; MCP, metacarpophalangeal joint; FDP&S, flexor digitorum profundus and superficialis; ECU, extensor carpi-ulnaris; P, pisiform

common affected tendons were extensor carpi-ulnaris
(ECU) (23.4%) followed by middle finger flexor tendons
(11.7%) and middle finger extensor tendons (10%).
Hand grip strength showed statistically significant negative correlation with DAS28 & ESR (r = − 0.598, p < 0.001,
r = − 0.470, P = 0.009) respectively. GAT showed statistically significant correlation with DAS28 and ESR (r =
0.562, p < 0.001, r = 0.499, p = 0.005) respectively. Both
hand grip strength and GAT showed no statistically significant correlation with anti-CCP (r = − 0.253, p = 0.282,
r = 0.149, p = 0.531) respectively.
Association of ultrasonographic findings with hand
function impairment

Comparison between RA hands with and without various ultrasonographic findings as regards GAT was done
as shown in Table 2.

Hand function impairment by GAT was significantly
associated with MCP joints synovitis of ulnar 4 fingers
(p = 0.009), wrist joint synovitis (p = 0.004), and flexor
tendons tenosynovitis of the ulnar 4 fingers (p = 0.042).
There was no significant association between ulnar 4 fingers extensor tendons tenosynovitis (p = 0.758), flexor
pollicis longus (FPL) tenosynovitis (p = 0.396), flexor
carpi ulnaris (FCU), ECU, flexor carpi radialis (FCR), extensor carpi radialis longus (ECRL) and extensor carpi
radialis brevis (ECRB) tendons tenosynovitis (p = 0.854)
and hand function impairment by GAT (Table 2).
Hand grip weakness was significantly associated with
metacarpophalangeal joints synovitis of ulnar 4 fingers
(p = 0.045), wrist joint synovitis (p = 0.009), flexor tendons tenosynovitis of the ulnar 4 fingers (p = 0.001),
flexor pollicis longus tendon tenosynovitis (p = 0.013),
and tenosynovitis of EPL, EPB, APL, and FPL (p =
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Table 1 Demographic, clinical, and laboratory features of the rheumatoid arthritis patients
Mean ± SD, median (IQR) or n (%)

Parameter
Demographic data
Age (years)

40.2 ± 11.7

Disease duration

6.5 (8.5)

Assessment of hand function
Grip strength(mmHg)

183.42 ± 48.17

GAT (seconds)

33.5 (55.5)

Laboratory data
ESR (mm/h)

4–74

CRP (mg/dl)

13.5 (8.75–21)

Anti-CCP (units)

100 (78–167.7)

RF (quantitative) (units)

86 (52–121)

Ultrasonographic findings
Ulnar 4 MCPJs synovitis

28 (46.7)

Ulnar 4 PIPJs synovitis

20 (33.3)

Wrist joint synovitis

24 (40%)

Ulnar 4 fingers flexors Tenosynovitis

10 (16.7%)

Ulnar 4 fingers extensors tenosynovitis

10 (16.7%)

APL, EPL, EPB, FPL tenosynovitis

10 (16.7%)

FPL tenosynovitis

3 (5%)

FCU, ECU, FCR, ECRL, and ECRB tendons tenosynovitis

14 (23.3%)

SD standard deviation, IQR interquartile range, n number, mmHg millimeter mercury, GAT grip ability test, ESR erythrocyte sedimentation rate, CRP C-reactive
protein, RF rheumatoid factor, CCP cyclic citrullinated peptide, MCPJs metacarpophalangeal joints, PIPJs proximal interphalangeal joints, APL abductor pollicis
longus, EPL extensor pollicis longus, EPB extensor pollicis brevis, FPL flexor pollicis longus, FCU flexor carpi ulnaris, ECU extensor carpi ulnaris, FCR flexor carpi
radialis, ECRL extensor carpi radialis longus, ECRB extensor carpi radialis brevis

Table 2 Comparison between RA hands with and without different ultrasonographic findings as regards GAT. Cut-off values for
MSUS findings to be present: grade 1 synovitis (grade 1 SH and ≤ grade 1 PD signal) or more of any of the mentioned joints, grade
1 or more tenosynovitis of any of the mentioned tendons
GAT (seconds)
Normal: ≤ 20 s
Absent

Present

Median

IQR

Median

IQR

p value

Ulnar 4 PIPJs synovitis

32.5

18.5–75.5

37.0

18.5–69

0.851

Ulnar 4 MCPJs synovitis

27.5

17–47.5

43.5

29.5–92

0.009

Wrist joint synovitis

30.5

17–54

77.5

32–100

0.004

Flexor tendons tenosynovitis of the ulnar 4 fingers

30.5

18–60

52.0

34–147

0.042

Extensor tendons tenosynovitis of the ulnar 4 fingers

32.5

19–74

40.5

17–100

0.758

Tenosynovitis of EPL, EPB, APL, and FPL

30.0

18–59

75.0

40–120

0.005

FPL tendon tenosynovitis

33.0

18–74

37.0

31–147

0.396

FCU, ECU, FCR, ECRL, and ECRB tendons tenosynovitis

32.0

18–76

37.0

23–74

0.854

Bold, < 0.05
P level of significance, GAT grip ability test, IQR interquartile range, MCP metacarpophalangeal, MCPJs metacarpophalangeal joints, PIPJs proximal interphalangeal
joints, APL abductor pollicis longus, EPL extensor pollicis longus, EPB extensor pollicis brevis, FPL flexor pollicis longus, FCU flexor carpi ulnaris, ECU extensor carpi
ulnaris, FCR flexor carpi radialis, ECRL extensor carpi radialis longus, ECRB extensor carpi radialis brevis
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0.000). Hands with metacarpophalangeal joints synovitis
of ulnar 4 fingers, wrist joint synovitis, and flexor tendons tenosynovitis of the ulnar 4 fingers were more
likely to have weaker hand grip strength than hands
without these sonographic findings. There was no significant association between ulnar 4 PIP joints synovitis
(p = 0.524); ulnar 4 fingers extensor tendons tenosynovitis (p = 0.808); FCU, ECU, FCR, ECRL, and ECRB tendons tenosynovitis (p = 0.765); and hand grip strength
(Table 3).
Influence of significant variables on GAT and hand grip
strength

The purpose of this analysis is to know to what extent is
the GAT and grip strength were influenced by the significant independent variables. While doing multiple linear regression analysis and entering significant
associated variables in univariant analysis, the only factor
that affected GAT was flexor tendons tenosynovitis of
the ulnar 4 fingers, 95% CI rang 4.9–64.61 (p = 0.023).
The only factor that affected grip strength was flexor
tendons tenosynovitis of the ulnar 4 fingers, 95% CI
range − 62.26 to − 0.5 (p = 0.037) (Table 4).

Discussion
The role of MSUS in early diagnosis and detecting disease
activity is well established. Moreover, some investigators
find it even better than clinical examination [15, 16]. It
has the advantage to assess all structures directly involved
in rheumatoid process such as synovium, tendons, and
cartilage [17]. An important issue regarding MSUS is its
reliability; it is considered a highly operator-depending
technique. Its accuracy depends on both acquisition and
interpretation of US images. This raises the need for a
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uniform evaluation of US-detected pathologies [18]. Thus,
this study used universal guidelines for pathology definitions and semi-quantitative scoring systems.
It was important to consider pitfalls in PD ultrasound
specially because RA patients mostly receive steroids
and disease-modifying anti-rheumatic drugs. Consequently, this study used GS in addition to PD to evaluate
synovitis and GS only to evaluate tenosynovitis.
PD-detected tenosynovitis had only a small or no additive value to GS tenosynovitis. A reason for this could be
that PD performs better from the dorsal side of the joint
than from the palmar side [19]. It was also important to
consider standardization of gain settings and avoidance
of unnecessary probe pressure and ensure complete relaxation of part under evaluation to avoid masking the
Doppler activity [20].
This study evaluated associations between hand dysfunction and findings detected by MSUS in patients with
or without hand deformity and disability.
Among present study, RA hands’ mean value of handgrip strength was lower than normal population. Moreover, GAT was prolonged among RA hands. Current
study results were matching with Bircan et al.’s [21] and
Verma and his colleagues’ [4] studies where GAT scores
were seen affected in 95 % of the studied RA patients.
These findings were in agreement with the findings of
Silva et al. [22] who found that the handgrip strength
was weak among the patients with RA compared with
the controls. This is attributed to the joint damage, pain,
and muscle weakness due to disuse and disease progression [23]. These inflammatory markers are reported to
have catabolic effects on muscle. TNF-alpha and its soluble receptors are associated with a decline in muscle
mass and muscle strength [24].

Table 3 Comparison between RA hands with different ultrasonographic findings and RA hands with normal hand ultrasound as
regards hand grip strength. Cut-off values for MSUS findings to be present: grade 1 synovitis (grade 1 SH and ≤ grade 1 PD signal)
or more of any of the mentioned joints, grade 1 or more tenosynovitis of any of the mentioned tendons
Grip strength (mmHg)
Absent
Ulnar 4 PIP joints synovitis

Present

Mean

SD

Mean

SD

p value

186.3

50.7

177.8

43.4

0.524

MCP joints of ulnar 4 fingers synovitis

195.0

48.4

170.2

45.1

0.045

Wrist joint synovitis

196.4

45.1

164.0

46.9

0.009

Flexor tendons tenosynovitis of the ulnar 4 fingers

191.0

47.8

145.5

29.2

0.001

Extensor tendons tenosynovitis of the ulnar 4 fingers

184.1

45.8

180.0

61.3

0.808

Tenosynovitis of EPL, EPB, APL, and FPL

190.4

49.5

148.5

14.7

0.000

FPL tendon tenosynovitis

185.1

48.8

151.7

12.6

0.013

FCU, ECU, FCR, ECRL, and ECRB tendons tenosynovitis

184.5

47.8

180.0

51.1

0.765

Bold, < 0.05
SD standard deviation, mmHg millimeter mercury, P level of significance, MCP metacarpophalangeal, MCPJs metacarpophalangeal joints, PIPJs proximal
interphalangeal joints, APL abductor pollicis longus, EPL extensor pollicis longus, EPB extensor pollicis brevis, FPL flexor pollicis longus, FCU flexor carpi ulnaris, ECU
extensor carpi ulnaris, FCR flexor carpi radialis, ECRL extensor carpi radialis longus, ECRB extensor carpi radialis brevis
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Table 4 Multiple regression model for analyzing the factors influencing GAT and hand grip strength
B

95% CI for B

p value

(Constant)

40.29

27.19–53.39

< 0.001

Ulnar 4 MCPJs synovitis

26.13

− 0.17 to 52.44

0.051

Flexor tendons tenosynovitis of the ulnar 4 fingers

34.75

4.9–64.61

0.023

(Constant)

200.90

187.47– 214.34

< 0.001

Dependent variable: GAT

Dependent variable: hand grip strength

Ulnar 4 MCPJs synovitis

− 33.69

− 60.22 to − 7.15

0.014

Flexor tendons tenosynovitis of the ulnar 4 fingers

− 31.38

− 62.26 to − 0.5

0.037

Tenosynovitis of EPL, EPB, APL and FPL

− 26.38

− 57.26 to 4.5

0.093

Bold, < 0.05
GAT grip ability test, B regression coefficient, CI confidence interval, P level of significance, APL abductor pollicis longus, EPL extensor pollicis longus, EPB extensor
pollicis brevis, FPL flexor pollicis longus

There was a positive correlation between GAT and CRP
as activity marker (p = 0.001). This is in concordance with
Westbury and his colleagues [25] who noted that increased high-sensitivity CRP was associated with poorer
grip strength. Dedeoglu and his colleagues [26] in their
study determined that grip strength was significantly related to disability and impairment, disease activity, and articular damage. A systematic review of twenty articles by
Arab Alkabeya and colleagues [27] found out that grip
strength and disease activity were identified as the most
influential factors on hand function in people with RA.
Similar to this study, Taştekin et al. [28] and Dedeoglu
et al. [26] reported that grip strength was negatively correlated with the DAS 28 whereas in patients with relatively
early RA and relatively lesser deformities, hand strength is
affected more by disease activity. This study showed that
both GAT and hand grip strength were not associated
with levels of anti-CCP antibodies. However, elevated titers of anti-CCP antibodies may contribute to a poor
radiological outcome and severity of the disease [29].
Abdel-Nasser and colleagues [30] stated that no relation
was identified between anti-CCP and disease activity score
based on 28 joints (DAS 28) in RA patients.
Hands with ulnar 4 MCP joints synovitis and wrist joint
synovitis were associated with functional impairment as
assessed by GAT. These were also significantly associated
with weak hand grip strength. This was matching with a
study by Závada and his colleagues [15]. They concluded
that the articular synovitis scores were significantly correlated with HAQ score while erosions’ score was not correlated with HAQ score. Another study [6] stated that
power Doppler ultrasound scores were significantly associated with the functional status.
This may relate to biomechanical factors such as relative increased range of movement of these joints as has
been suggested for the reason of a higher prevalence of
bone erosion and synovitis [31]. A stable wrist is needed
to perform power grip. Biomechanically, a stable wrist

prevents the dissipation of finger flexion and extensor
forces as the tendons move over the carpus. Synovitis
may cause biomechanical instability [32].
Tendons play an important role in the function of the
hand. This study therefore assessed tenosynovitis as well
as articular synovitis. Flexor tendons tenosynovitis of the
ulnar 4 fingers and tenosynovitis of EPL, EPB, APL, and
FPL were associated with functional impairment as
assessed by GAT. Tenosynovitis of the mentioned tendons
was also significantly associated with weak hand grip
strength. This study also observed that the association between hand function impairment as assessed by GAT and
the tenosynovitis of flexor pollicis longus alone was weak.
This result may be due to the fact that the frequency of
FPL tenosynovitis was low in this study (only 3 hands). It
did not reach statistical significance. However, all hands
with FPL tenosynovitis had hand function impairment as
assessed by GAT. Erol et al. [33] found negative correlation between grip strength with tenosynovitis score by
MRI. The gripping and wrist actions share several muscles; flexor digitorum profundus (FDP) and flexor pollicis
longus (FPL) contribute to wrist flexion and grip-force
production [33, 34]. A study by Nishino and coworkers
[35] indicated that the US scores of combined articular
synovitis and tenosynovitis scores correlated better with
hand dysfunction than either individual score.
This study has few limitations. The sample size was
small. In addition, due to the cross-sectional design of this
study, findings of this study cannot be used to predict future hand dysfunction. Further investigations in greater
detail with larger numbers of patients are needed.

Conclusions
Joint synovitis and tenosynovitis that are detected by
musculoskeletal ultrasound can be used as an assessment tool for hand function in rheumatoid arthritis,
since they are associated with reduced hand grip
strength and impaired hand ability.
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