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Abstract

Objective

The relationship between mechanical stress and radiographic progression in rheumatoid

arthritis (RA) is unclear. The assumption is that mechanical stress is greater in the dominant

hand. Therefore, the aim of the present study was to compare the presence and progres-

sion of erosions and joint space narrowing (JSN) in the dominant and non-dominant hand.

Methods

Data from 194 patients recently diagnosed with seropositive RA, and with hand radiographs

taken at the time of diagnosis and at 2-year follow-up, were analyzed retrospectively. Radio-

graphs were scored using the van der Heijde-modified Sharp Score (HSS) method. Each

joint group within each hand was rated separately by two independent examiners in a dou-

ble-blinded manner.

Results

One hundred and ninety-four patients were enrolled (80% female, 88% positive rheumatoid

factor, 92% positive anti-citrullinated protein antibody, and 95.4% right-handed). The base-

line, follow-up erosion and JSN HSS were significantly higher in the dominant hand than in

the non-dominant hand. The annual rate of radiographic progression was also higher in the

dominant hand. The erosive progression in the wrist joints varied significantly according to

handedness, but the erosion in the proximal interphalangeal joints and metacarpophalan-

geal joints was similar in both hands. The radiographic progression was associated with the

dominant hand, an abnormal baseline C-reactive protein level, and joint damage at base-

line. There was no significant difference in bone mineral density between the right and left

hands.
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Conclusion

Radiological damage was worse and progressed faster in the dominant hand, suggesting

that mechanical stress is associated with radiographic joint damage in early and active RA.

Introduction
Simultaneous and symmetrical joint involvement is a hallmark of rheumatoid arthritis (RA)
and was included as a diagnostic criterion defined by the American College of Rheumatology
in 1987 [1]. The levels of radiographic damage in the dominant and non-dominant hand
both at a specific time point and at follow-up are highly correlated [2]. Asymmetric hand
involvement is often observed in patients with osteoarthritis (OA) and the majority of individ-
uals with asymmetric hand OA presented in their dominant hand [3, 4]. The cartilage degener-
ation in OA can be correlated with abnormal or excessive articular contact stress [5]. Thus
handedness [4] and occupational load [6, 7] are considered as possible causes of those asym-
metric hand OA. Similarly, studies show that RA patients with hemiplegia or paralysis tend
to suffer asymmetrical joint damage [8–10], suggesting that intra-articular mechanical stress
is an important factor contributing to radiographic progression of RA. However, few studies
have examined the severity and progression of joint damage in the right and left hands
simultaneously.

Radiographic joint damage occurs early and progresses after RA diagnosis [11, 12] and has
a significant impact on physical function [13, 14]. In general, joint inflammation such as joint
swelling and increased acute phase reactant in RA leads to structural damage, which manifests
as erosions and joint space narrowing (JSN) [15]. The latter is also a feature of osteoarthritis
(OA) of the hand. Although joint erosion and JSN are included in most image scoring systems
for RA, less focus is placed on erosion and JSN as separate entities.

Therefore, to gain insight into the relationship between mechanical stress and radiographic
progression of RA in the hand, we separately analyzed joint erosions and JSN on radiographs
taken of the dominant and non-dominant hand of early RA patients both at baseline and at
2-year follow-up. As periarticular osteoporosis is the earliest radiological changes in RA [16,
17], we also analyzed hand bone mineral density (BMD) data to postulate association between
mechanical stress and BMD as early changes before radiographic joint destruction. If the fre-
quent use of a hand facilitates joint damage, such information would be useful for the manage-
ment of RA patients.

Materials and Methods

Study population
The medical records of 374 patients diagnosed with RA between January 2011 and June 2012
at Seoul St. Mary’s hospital (the tertiary referral rheumatology center in Korea) were analyzed
retrospectively. All patients met the 2010 Rheumatoid arthritis classification criteria [18]. Of
the 374 patients, 88 did not have baseline hand X-rays or at least one set of available follow-up
radiographs, 85 were lost to follow-up, and seven had seronegative RA. The presentation of
rheumatoid factor (RF) and/or anti-citrullinated protein antibodies (ACPA) is known predic-
tive factors for development of erosions and the degree of radiological progression [11]. In the
present study, the effect of mechanical stress on radiographic progression was focused and
serologic factors were limited. Therefore, the remaining 194 patients were included in the
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study. All were recently diagnosed with seropositive RA and had both baseline and follow-up
hand radiographs. The study was approved by the Institutional Review Board of Seoul
St. Mary’s Hospital (KC14RISI0524). Informed consent was waived for this retrospective study
and patient information was anonymized and de-identified prior to analysis.

Radiographic evaluation
Radiographs of both hands (posteroanterior view) were scored using the van der Heijde-modi-
fied Sharp Score (HSS) [19]. Briefly, radiological damage in each hand was scored according to
the degree of erosions and JSN. In addition, the following hand joints were analyzed separately:
the proximal interphalangeal joints (PIPs), the metacarpal joints (MCPs), and the wrist joints.
The first interphalangeal joint was included in the PIP joint group and the first carpometacar-
pal joint was included in the wrist joint group. The sum of the total erosion score for the hands
ranged from 0–160 and the total JSN score ranged from 0–120. The total hand HSS ranged
from 0–280. Paired hand radiographs were scored by two experienced rheumatologists inde-
pendently. They were blinded to the patient characteristics, the study aims, and hand domi-
nance. The initial and 2 years follow-up hand radiographs were read in chronological order. To
estimate inter-observer reliability, 40 randomly selected films were interpreted twice by each
reader at an interval of at least 4 weeks. The Cohen’s κ value for the two readers varied from
0.86 to 0.94. The inter-observer correlation coefficient varied from 0.86 to 0.97. Thus, the aver-
age score for the two readers was used for the final analysis. The intraclass correlation coeffi-
cients for the two readers ranged from 0.79 to 1 and from 0.83 to 1.

The annual radiographic progression rate (ΔHSS/year) was calculated by dividing the
change in hand HSS by the number of years that had elapsed between the baseline and follow-
up hand X-rays. A clinically significant change in the total HSS, which includes hands and feet,
is 5 [20]; the present study regarded a change in the hands HSS score of 3 as clinically signifi-
cant. The hand HSS for each incidence of erosion or JSN was categorized as “no progression”
(ΔHSS< 1.5) or “progression” (ΔHSS� 1.5/year).

Potential contributing factors
Factors with the potential to influence joint damage progression were also considered. These
included disease activity at baseline (determined by measuring acute phase reactants such as C-
reactive protein (CRP) and the erythrocyte sedimentation rate (ESR)), the baseline hand HSS,
and the number of disease flare-ups involving the hands (estimated according to the number of
ultrasound determined synovitis). The use of methotrexate (MTX), other conventional and
biologic disease-modifying anti-rheumatic drugs (DMARDs), and glucocorticoids during the
follow-up period was also recorded as dichotomous variables (yes/no) if patients had been tak-
ing them for more than 3 months.

Hand dominance was assessed by asking the patient to state which they used predominantly
during daily life. The interview was undertaken by nurses in the outpatient clinic who were
blinded to the results of the hand X-rays and laboratory findings.

Bone mineral density in the right and left proximal phalanges
Periarticular and mid-bone bone mineral density (BMD) was measured in the second to the
fifth proximal phalanges of both hands to assess the degree of periarticular osteoporosis as pre-
viously described [21]. Mid-bone BMD was used as the individual reference value and the ratio
of mid-bone-to-periarticular BMD was calculated. These ratios were compared between the
right and left hands of 45 RA patients from a different cohort. Overall, 86.3% of Koreans are
right-handed and more than 90% of female participants over the age 40 years are right-handed
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[22]. Therefore, we presumed that the right hand was the dominant hand, as handedness could
not be interviewed in those patients.

Statistical analysis
All statistical analyses were performed using R language ver. 3.01 (R Foundation for Statistical
Computing, Vienna, Austria). The HSS for the different joint groups in each hand at baseline
and at 2-year follow-up were compared using the Wilcoxon signed rank test. The Wilcoxon
signed rank test was also used to compare BMD in the second to the fifth PIPs of right and left
hands.

Generalized Estimating Equation (GEE) regression models were used to examine the rela-
tionship between the dominant hand joint damage progression (erosions, JSN, and both) and
potential risk factors such as handedness during the 2-year follow-up period. Annual changes
in the HSS related to erosions, JSN, and both calculated in each hand and combined score
changes per year in dominant and non-dominant hand were used as the continuous outcome
variable for all analyses. Separate models were used to assess the effect size of independent vari-
ables in relation to the HSS changes. Combined GEE models were used to evaluate the contri-
bution of each of the variables associated with radiographic progression (as identified by
univariate analysis) in the presence of other dependent variables. When interpreting the GEE
analyses, the progression rate (HSS changes per year) of non-dominant hand was considered
as the reference. Adjustments were made for possible confounding variables (age, sex, anti-
rheumatic drug use, and the initial HSS) associated with radiographic progression. P values<
0.05 were considered statistically significant. The radiographic progression of joint erosion,
JSN, or both, was estimated by Kaplan-Meier analysis. Non-progression was examined using
the log-rank test.

Results

Baseline characteristics
In total, 194 patients (80% females, 88% RF-positive, 92% ACPA-positive) with at least one
2-year hand radiograph were included in the analyses (Table 1). All patients were Korean and
95.4% (n = 185) were right-handed. Most (90.7%, n = 165) were never smokers. The mean age
(SE) at RA diagnosis was 50.7 (1.0) years. During follow-up, 75.8% of patients (n = 147) were
prescribed glucocorticoids more than 3 months, and 88.7% received MTX (mean dose, 9.7
(0.3) mg per week). Fourteen percent (n = 27) of patients began to use biologics during the
2-year follow-up period. The baseline mean (SE) ESR was 43.2 (2.2) mm/hr and the baseline
mean (SE) CRP level was 1.3 (0.2) mg/dL. The mean (SE) follow-up duration was 2.0 (0.1)
years, and 54.1% of the patients (n = 105) experienced hand joint flare-up and among them,
80 patients (76.2%) showed dominant hand joint flare-up. The location and number of joint
flare up was not different according to the handedness.

Baseline and follow-up HSS in the dominant and non-dominant hands
The baseline HSS for both hands was 0 in 39% (n = 76) of patients. The mean (SE) baseline
HSS for the dominant hand was 3.1 (0.5), whereas that for the non-dominant hand was 2.4
(0.4) (Fig 1A). The baseline erosion and JSN scores were also higher in the dominant hand
than in the non-dominant hand (Fig 1B and 1C). The HSS for the dominant hand was also
higher than that for the non-dominant hand at the 2-year follow-up: 5.5 (0.6) versus 3.7 (0.5),
respectively.

Relationship between Mechanical Stress and Joint Damage

PLOSONE | DOI:10.1371/journal.pone.0135409 August 6, 2015 4 / 13



Radiographic progression, as defined by increase in the HSS� 3, was observed in 33% of
patients (n = 64) during the follow-up period. The mean annual changes in HSS for erosion,
JSN, and both, were higher for the dominant hand than for the non-dominant hand (Fig 1D).
The HSS for erosions and JSN in the wrist joints were much higher than those for the PIPs and
MCPs (Table 2). In the PIPs, JSN progression was greater in the dominant hand than in the
non-dominant hand; however, there was no significant difference in progression of erosion in
these joints between the dominant and non-dominant hand. Erosion and JSN progression in
the MCPs was not significantly different between the dominant and non-dominant hand.

Patients with no initial evidence of radiographic joint damage in either hand yielded an HSS
of 0 at baseline and showed an average progression score of 0.9/year, whereas patients with evi-
dence of radiographic joint damage at baseline had a progression score of 2.5/year. For patients
with no initial radiographic joint damage, the progression of erosion was not significantly dif-
ferent between the dominant and non-dominant hands, although there was a significant differ-
ence in JSN progression between hands. However, for patients with initial radiographic joint
damage, both erosion and JSN progressed significantly (P = 0.008 and P< 0.001, respectively)
more quickly in the dominant hand. A similar relationship was found when considering the
initial CRP levels: patients with a normal CRP level (reference value, 0.01–0.47 mg/dL) at

Table 1. Baseline characteristics of the 194 patients with newly-diagnosed rheumatoid arthritis.

Parameters N (%)a

Age, years 50.7 ± 1.0

Female 155 (79.9)

Dominant hand

Right 185 (95.4)

Left 9 (4.6)

Documented hand synovitis during follow-up 105 (54.1)

Smoking status at diagnosis

Non-smoker 165/182 (90.7)

Ex-smoker 6/182 (3.3)

Current smoker 11/182 (6.0)

Rheumatoid factorb, IU/mL 174.6 ± 15.4

Anti-citrullinated peptide antibodyc, U/mL 160.6 ± 8.4

Baseline erythrocyte sediment rate, mm/hr 43.2 ± 2.2

Baseline C-reactive proteind, mg/dL 1.3 ± 0.2

Treatment

Methotrexate use 172 (88.7)

- Methotrexate dose, mg/week 9.7 ± 0.3

Use of other conventional DMARDs 139 (71.6)

Glucocorticoid use 147 (75.8)

Biologics 27 (14.1)

Mean follow-up duration, years ± 0.1

- Patients without joint damage at baseline 39.18)

- Joint damage progression during follow-up 64 (32.99)

DMARDs, disease-modifying anti-rheumatic drugs
a Plus-minus values represent the mean ± SE.
b Reference range, 0–20 IU/mL.
c Reference range, < 7 U/mL.
d Reference range, 0.01–0.47 IU/mL.

doi:10.1371/journal.pone.0135409.t001
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baseline had an average progression score of 1.2/year while those with abnormal CRP levels at
baseline had an average score of 3.0/year. There was no significant difference in erosion
between the dominant and non-dominant hand in the normal CRP group; however, JSN
increased significantly according to handedness. Finally, progression of both erosion and JSN
was more rapid in the dominant hand than in the non-dominant hand of patients with abnor-
mal CRP levels.

Fig 1. Hand total, erosion and joint space narrowing (JSN) van der Heijde modified Sharp scores
(HSS) at baseline and at 2-year follow-up, time-to-radiographic progression and annual progression
according to handedness.Radiographic progression was defined as a change in the erosive or JSN
HSS� 1.5 and a total HSS� 3 in both hands during the follow-up period. (A) Baseline and follow-up total
HSS were significantly higher in the dominant hand than in the non-dominant hand. The Log-rank test
identified a significant difference in overall progression between the dominant and non-dominant hand
(P = 0.041). (B and C) Baseline and follow-up erosion and JSN score were significantly higher in the
dominant hand than in the non-dominant hand. The overall erosion and JSN progression rates were 5.7%
and 7.5% respectively, during the 2-year follow period. (D) Annual progression of erosion, JSN, and both,
were more rapid in the dominant hand.

doi:10.1371/journal.pone.0135409.g001

Table 2. Annual changes in the van der Heijde modified Sharp score between the dominant and non-dominant hand.

Score Non-Dominant Dominant p-value

Mean±SE Mean±SE

Erosion + JSN 0.65±0.10 1.23±0.16 < 0.001

Erosion 0.20±0.03 0.38±0.07 0.011

PIPs 0.01±0.01 0.04±0.02 0.116

MCPs 0.01±0.01 0.05±0.02 0.072

Wrist 0.16±0.03 0.29±0.06 0.044

JSN 0.46±0.08 0.85±0.11 < 0.001

PIPs 0.08±0.03 0.20±0.04 < 0.001

MCPs 0.06±0.03 0.11±0.03 0.156

Wrist 0.31±0.06 0.54±0.09 < 0.001

Patients without initial radiographic joint damage

Erosion 0.08±0.03 0.08±0.03 >0.999

JSN 0.25±0.06 0.58±0.11 <0.001

Erosion+JSN 0.33±0.06 0.67±0.12 0.002

Patients with initial radiographic joint damage

Erosion 0.27±0.05 0.57±0.11 0.008

JSN 0.59±0.13 1.02±0.17 <0.001

Erosion+JSN 0.85±0.15 1.59±0.25 <0.001

Patients with normal CRP

Erosion 0.16±0.04 0.15±0.04 0.657

JSN 0.35±0.12 0.62±0.10 0.005

Erosion+JSN 0.51±0.13 0.76±0.12 0.016

Patients with elevated CRP

Erosion 0.23±0.06 0.63±0.13 <0.001

JSN 0.57±0.12 1.10±0.20 <0.001

Erosion+JSN 0.80±0.14 1.74±0.30 <0.001

JSN, joint space narrowing; MCPs, metacarpal joints; PIPs, proximal interphalangeal joints; SE, Standard error

doi:10.1371/journal.pone.0135409.t002
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Cumulative incidence of radiographic joint damage progression
Radiographic progression was defined as a change in the erosive or JSN HSS� 1.5 and a total
hand HSS� 3 at follow-up. Erosive radiographic progression occurred in 5.7% (n = 22) of
patients, JSN progression occurred in 13.4% (n = 52) of patients, and overall progression (both
erosion and JSN) occurred in 7.5% of patients (n = 29) during the follow-up period. The domi-
nant hand showed greater total progression than the non-dominant hand (P = 0.041) (Fig 1A).
However, there was no significant difference in the degree of erosive and JSN progression
between hands (P = 0.088 and P = 0.052, respectively) (Fig 1B and 1C).

Radiographic progression according to handedness
Single GEE analysis revealed that the annual rate of erosive progression (ΔHSS/year) was asso-
ciated with abnormal levels of acute phase reactants (ESR and CRP), glucocorticoid use, hand-
edness, and a higher baseline erosive HSS. A high positive ACPA and the use of biologics were
also associated with the annual rate of JSN progression. In particular, the use of conventional
DMARDs was negatively correlated with the progression of JSN and progression of both ero-
sion and JSN (Table 3). Age, sex, use of biologic DMARDs, and the number of joint flare-up
was not associated with radiographic joint damage.

Multiple GEE analyses (including all associated variables identified by the single GEE
model) showed that the dominant hand, the HSS for erosion, JSN, and both at baseline, and
abnormal CRP levels were independently associated with annual radiographic progression of
erosion, JSN, and both. The use of conventional DMARDs was negatively correlated with JSN
(Table 4).

BMD in both hands
BMD was measured in the hands of 45 patients in another cohort and the mid-to-periarticular
BMD ratio for the second to the fifth proximal phalanges in the right hand was compared with
that in the left. There was no significant difference in BMD in any of the fingers in the right
and left hands (Table 5).

Table 3. Demographic and disease factors associated with the rate of annual progression in the dominant and non-dominant hand according to
single GEE analysis.

Variable Erosion JSN Erosion + JSN

β coefficient p-Value β coefficient p-Value β coefficient p-value

Dominant hand 0.18 0.004 0.39 <0.001 0.58 <0.001

Abnormal ESRa 0.26 <0.001 0.36 0.009 0.62 <0.001

Abnormal CRPb 0.28 0.002 0.35 0.035 0.63 0.005

High-positive ACPAc 0.39 0.001 0.50 0.003

Other cDMARDs -0.50 0.012 -0.58 0.047

Steroid use 0.23 0.002 0.50 <0.001 0.73 <0.001

Baseline HSS 0.08 <0.001 0.05 0.028 0.08 <0.001

ACPA, anti-citrullinated peptide antibodies; cDMARDs, conventional disease-modifying anti-rheumatic drugs; CRP, C-reactive protein; ESR, erythrocyte

sediment rate; HSS, van der Heijde modified Sharp score; MTX, methotrexate; RF, rheumatoid factor; JSN, joint space narrowing
a Reference range, < 15 mm/hr.
b Reference range, 0.01–0.47 IU/mL.
c Reference range, < 7 U/mL. A high positive ACPA value > 21 U/mL (three times the upper normal limit).

doi:10.1371/journal.pone.0135409.t003
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Discussion
The aim of the present study was to examine the association between handedness and radio-
graphic structural damage in patients with RA. The results showed that the rate of progression
of radiographic joint damage was worse in the dominant hand than in the non-dominant
hand. However, although erosion and JSN in the wrist joints of the dominant hand progressed
more quickly than in the non-dominant hand, there was no significant difference between the
rate of erosion in the PIP joints in the two hands. By contrast, JSN in the PIPs of the dominant
hand progressed more rapidly than that in the non-dominant hand. This discrepancy in the
rate of radiographic progression between the dominant and non-dominant hands was not
observed for the MCPs. Previous studies show that the PIPs experience greater mechanical
stress than the MCPs during common daily activities [23], and that the radiographic OA score
is higher for PIPs than for MCPs [24]. Thus, we propose that the differences in the rate of
radiographic progression reported herein are due to increased mechanical stress on the PIPs.
These findings are different from those of Knevel et al. [25], who reported that both radio-
graphic damage at a specific time point and the rate of radiographic progression in the hands
are highly correlated. Interestingly, they also found that the correlation between the right and
left hands was weaker at baseline than at follow-up, especially in terms of the total JSN score
and in the early RA cohort.

Mechanical stress at a joint surface damages the joint tissue, resulting in OA [26]. Therefore,
radiographic progression is associated with JSN progression due to mechanical stress. How-
ever, hand OA is a slowly progressive disorder; indeed, the OA progression rate is 1.1/6 years
according to the OARSI atlas (range 0 to 96) [27]. Compared with this, RA progresses at a
much faster rate. Therefore, mechanical stress might play a role in radiographic progression
in addition to the degenerative changes associated with RA. In addition, age influences the

Table 4. Factors associated with the rate of annual progression in the dominant and non-dominant hand according to multivariate GEE analysis.

Variable Erosion JSN Erosion and JSN

β coefficient p-Value β coefficient p-Value β coefficient p-value

Dominant hand 0.16 0.032 0.38 0.006 0.53 0.003

Abnormal CRPa 0.25 0.001 0.29 0.044 0.52 0.006

Baseline HSS 0.07 <0.001 0.05 0.033 0.08 <0.001

Other cDMARDs use -0.51 0.002 -0.59 0.010

cDMARDs, conventional disease-modifying anti-rheumatic drugs; CRP, C-reactive protein; HSS, van der Heijde modified Sharp score; JSN, joint space

narrowing.
aReference range, 0.01–0.47 IU/mL

doi:10.1371/journal.pone.0135409.t004

Table 5. Comparison of the meanmid-bone-to-periarticular BMD ratio in the right and left hands.

Right mid-bone-to-periarticular BMD ratio (IQR) Left mid-bone-to-periarticular BMD ratio (IQR) p-value

2nd PIP 0.52 (0.43–0.63) 0.51 (0.43–0.61) 0.488

3rd PIP 0.51 (0.45–0.61) 0.53 (0.46–0.57) 0.705

4th PIP 0.49 (0.42–0.55) 0.47 (0.42–0.54) 0.664

5th PIP 0.50 (0.45–0.61) 0.49 (0.42–0.60) 0.672

mean 0.51 (0.47–0.59) 0.50 (0.45–0.56) 0.538

BMD, bone mineral density; IQR, interquartile range; PIPs, proximal interphalangeal joints.

doi:10.1371/journal.pone.0135409.t005
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progression of OA; however, we did not find that erosion and JSN scores differed according to
age in the RA patients examined in the present study.

We did observe an association between baseline levels of systemic inflammation (according
to CRP levels) and asymmetrical erosive progression over the 2 year follow-up period. Erosive
progression in patients with normal CRP levels at baseline did not differ according to handed-
ness; however, the rate of JSN progression in the dominant hand was greater than that in the
non-dominant hand. By contrast, greater HSS changes, and clear differences in both erosion
and JSN between the dominant and non-dominant hands, were observed in patients with
abnormal CRP levels at baseline. Thus, these results support the notion that mechanical stress
plays a role in joint erosion in RA, particularly in individuals with an active inflammatory con-
dition. The use of conventional DMARDs (but not biologics) was negatively correlated with
the annual rate of radiographic progression. Most of the patients in the present study were tak-
ing conventional DMARDs in combination with MTX. Korean national insurance guidelines
stipulate that biologics should only be prescribed when a patient is refractory to at least two
conventional DMARDs over a period of 6 months. Because the patients in the present study
were newly diagnosed with RA, conventional DMARDs were prescribed to control active
inflammatory disease. Thus, our results imply that it is important to control active inflamma-
tory disease if one is to reduce radiographic progression. These findings correspond well with
those of the earlier studies which reported that combination DMARDs significantly reduced
radiographic progression [28, 29].

Patients with recent onset RA or individuals at risk of RA show a high prevalence of local-
ized cortical erosion [30] and osteopenia [21, 31]. However, we found no difference in BMD
between the dominant and non-dominant hands in the present study. Periarticular deminerali-
zation is the direct result of an inflammatory process that is triggered by the release of local
inflammatory mediators. Thus, we suppose that inflammation accelerates cortical thinning or
decreases bone density in both hands to a similar extent.

Taken together, the data presented herein suggest that mechanical stress in the dominant
hand may accelerate progression toward cortical breaks and JSN in the context of local inflam-
matory reactions. Therefore, we suggested that the use of wrist splints or partial finger casts
may reduce radiographic joint damage in patients with RA.

A major limitation of the present study is its retrospective nature. This means that we were
unable to measure the forces applied to the joint surfaces. Neither did we know the occupation
of the patients nor the degree of daily hand use. In addition, the study may be subject to selec-
tion bias because the hospital is a tertiary referral center and a large number of patients were
excluded due to lack of data.

A second limitation is that the radiologists were not blinded to sequence of x-rays. Although
handedness and aim of study were blinded to the readers, they could assume right handed.
There were only nine patients who were left handed; four patients showed more radiographic
progression in left hands, three patients were not progressed, and two patients showed more
radiographic progression in right hands. These two patients who showed higher baseline HSS
on right hand.

A third limitation is that we used plain radiographs to assess hand joint damage. The degree
of JSN might be influenced by the position of the joint in the plain radiograph and (possibly)
by the amount of joint swelling [32]. MRI and ultrasound are playing increasing roles in the
diagnosis of early RA; therefore, further studies should be conducted using these modalities.

A fourth limitation is that we could not compare hand radiographs and BMDmeasure-
ments in the same patient. In addition, we did not know the handedness of the patients in
whom BMD was measured. Because BMD was measured in only 45 patients, we cannot assume
that the right hand was the dominant hand.
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However, the study has some strengths. First, as the non-dominant hand was used for refer-
ence in each individual, all other risk factors for radiographic joint damage (including treat-
ment) were relatively well controlled. Second, we examined erosions and JSN (and both) in
separate joint groups.

Conclusions
Higher erosion and JSN scores were observed in the dominant hand of early RA patients dur-
ing the 2-year follow-up period of this study. The annual rate of radiographic progression was
also higher in the dominant hand. However, there was no significant difference in BMD
between the dominant and non-dominant hands. These findings suggest that mechanical stress
may accelerate radiographic joint damage in patients with active inflammatory RA. Further
research on the relationship between changes in inflammatory cytokine levels and mechanical
stress is needed to confirm and extend these findings.
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S1 Table. Baseline and follow up (median 4 years) joint space narrowing score according to
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(DOCX)
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