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Abstract:

Objectives:

To compare the muscle pathology findings among subgroups of idiopathic inflammatory myopathies (IIM) patients, and to determine
the correlations of muscle biopsy scores with muscle power and creatine kinase (CK).

Methods:

The  medical  records  of  IIM  patients  consisting  of  the  demographic  data,  clinical  parameters  and  laboratory  conducted  were
retrospectively  reviewed.  Their  initial  muscle  biopsies  were  reviewed,  and  four  domains  were  scored:  inflammation,  vascular,
muscle, and connective tissue.

Results:

Ninety-five IIM patients (28 patients with idiopathic polymyositis (PM) 9 idiopathic dermatomyositis (DM), 5 DM associated with
malignancy, and 53 PM/DM associated with connective tissue disease) with median (IQR: Q1, Q3) disease duration of 1.2 (0.5, 3.1)
months  were  included.  No  significant  differences  in  initial  muscle  pathology  findings  and  muscle  pathology  score  among  the
subgroups were found. Muscle degeneration and endomysial fibrosis scores were negatively correlated with muscle power (r=-0.23
and-0.24, respectively, p<0.05) and positively correlated with CK (r=0.27 and 0.39, respectively, p<0.01). No significant correlation
was detected either inflammation or vasculitis scores with muscle power and CK levels.

Conclusion:

In this study, muscle biopsy cannot be used to differentiate among subgroups of IIM patients. In addition, we found only modest
correlation of muscle biopsy scores with muscle power and CK. Further study is necessary to confirm our findings.
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INTRODUCTION

Idiopathic  inflammatory  myopathies  (IIM)  are  a  heterogeneous  group  of  diseases  characterized  by  chronic
inflammation of muscle fibers and which result in skeletal muscle weakness. The Bohan and Peter criteria [1, 2] are the
most commonly used classification criteria for IIM diagnosis worldwide because they are simple and easy to use for
general physicians and in general hospitals. The method has been criticized, however, for overdiagnosis of polymyositis
(PM) [3, 4]. The classification  criteria are  essential  for the  diagnosis  of IIM [1, 2, 5 - 7], in which  muscle  pathology
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is  a component used in conjunction with other clinical  and laboratory variables.  To date,  several  muscle pathology
scoring systems have been investigated for correlations with muscle weakness and serum muscle enzymes; however,
those scoring systems have not yet been fully validated [8 - 10]. In addition, data regarding the differences in the muscle
pathology  findings  between  subgroups  of  IIM have  been  limited.  Furthermore,  discrepancies  of  data  regarding  the
correlation of histo-morphological muscle alterations with clinical and laboratory parameters in IIM among the different
studies have been reported [8, 9, 11, 12].

This study was conducted to compare muscle biopsy findings and muscle biopsy scores among subgroups of Thai
patients with IIM and to examine correlations between muscle biopsy scores and clinical variables.

METHODS

Patient Selection

A retrospective study was conducted on adult IIM patients (age 18 years or older at diagnosis) who had undergone
open muscle biopsy and who had been followed up at the Rheumatology Clinic, Maharaj Nakorn Chiang Mai Hospital,
Chiang  Mai  University,  Thailand,  from  January  2003  to  December  2011.  The  rheumatologists  in  charge  of
inflammatory  myopathies  patients  in  the  rheumatology  clinic  selected  the  sites  for  muscle  biopsy  for  diagnosis
confirmation and distinguishing from other myopathies such as inclusion body myositis or necrotizing autoimmune
myositis. Selected sites were primarily on muscles which having muscle power grade 2-4. All patients fulfilled the 1975
IIM classification criteria [1, 2]. Using those criteria, the patients were divided into four subgroups: group 1 – patients
with idiopathic polymyositis (PM); group 2 – patients with idiopathic dermatomyositis (DM); group 3 – cases of IIM
associated  with  malignancy;  and  group  4  –  cases  of  IIM  associated  with  connective  tissue  diseases  (CTD).  The
diagnosis of rheumatoid arthritis (RA), systemic lupus erythematosus, and systemic sclerosis (SSc) was based on the
American  College  of  Rheumatology  (ACR)  revised  criteria  for  classification  of  RA  [13],  SLE  [14]  and  SSc  [15],
respectively. Patients whose muscle pathology slides were not available for review were excluded from the study. For
patients who had multiple muscle biopsies, the initial biopsy was used for analysis. This study was approved by the
Research Ethics Committee, Faculty of Medicine, Chiang Mai University.

The onset of IIM in this study was defined as the time of the first report of muscle weakness or DM rash as recorded
by the physician. Disease duration was defined as the interval between disease onset and the time of the initial muscle
biopsy.  The  following  data  was  recorded  as  of  the  date  of  the  initial  muscle  biopsy:  demographic  data,  diagnostic
criteria, clinical manifestations, muscle pathology findings, laboratory tests conducted, current dose of corticosteroid
(CS) and kind of immunosuppressive drug currently used.  We defined pulmonary artery hypertension (PAH) as an
estimated systolic pulmonary artery pressure (SPAP) > 50 mmHg at rest, with normal left ventricular ejection fraction
on Doppler echocardiography (Echo) [16]. Myocarditis was defined as cardiac global hypokinesia determined by Echo
and elevated cardiac enzyme (creatine kinase MB isoenzyme) that was not explained by other causes. Interstitial lung
disease (ILD) was determined by presence of pulmonary fibrosis on plain chest X-ray or high-resolution computed
tomography (HRCT.) Muscle power was graded on the 6 point Medical Research Council Scale [17] which ranges from
0 (muscle weakness with no visible muscle contraction) up to 5 (normal muscle strength). Recorded muscle power was
calculated as summation of proximal muscle power of both upper and lower extremities and then divided by four.

Muscle Pathology Scoring System

Muscle specimens were submerged for 10 seconds in isopentane (2-methyl butane) cooled by liquid nitrogen, then
serial  5  μ-thick  sections  were  prepared  using  Hematoxylin  and  Eosin  (H.&E.)  stain.  All  muscle  biopsies  were
interpreted by an experienced muscle pathologist (S.S.). For each muscle biopsy, information of four domains including
inflammation, vascular, muscle, and connective tissue based on the 2007 international consensus proposed-score system
for muscle biopsy [10] was recorded. A Likert scale was then created to grade the degree of pathological involvement in
each domain as shown in Table 1.

Statistical Analysis

Data were expressed as percentage, mean (SD), or median (interquartile range: [IQR: Q1, Q3]), where appropriate.
Categorical variables, parametric continuous variables and non-parametric continuous variables in the four groups of
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patients  were  compared  using  the  Fisher’s  exact  test,  one-way  analysis  of  variance,  and  Kruskal-Wallis  test,
respectively. The multivariable linear regression analysis was used to evaluate the association between age, gender,
disease  duration,  current  dose  of  CS and immunosuppressive  drug use  and each muscle  biopsy  scores.  Correlation
between  muscle  pathology  scores  and  clinical  variables  was  determined  using  the  Spearman’s  rank  correlation
coefficient. Statistical analyses were performed using the Statistical Package for Social Sciences software version 17.0
(SPSS, Chicago, IL, USA). For all statistical analyses, p-values <0.05 were considered statistically significant.

Table 1. Muscle biopsy scores.

Domain
Score

0 1 2 3
Inflammation
Inflammatory cell
infiltration
(endomysium: score×2)

None
(< 10 cells at 20× high power

field)

1 cluster
(≥ 10 cells at 20× high power

field)
2 clusters ≥ 3 clusters

Vascular
Vasculitis none 1 vessel 2 vessels ≥ 3 vessels

Muscle
Atrophy
(perifascicular atrophy:
score ×2)

≤ 5% of total area 6–25% 26–50% > 50%

Degenerative fibers ≤ 5% of total area 6–25% 26–50% > 50%

Internal nuclei Absent
(≤ 3/100 fibers)

Present
(> 3/100 fibers)

Invaded non-necrotic
fibers none 1 fascicle 2 fascicles ≥ 3 fascicles

Connective tissue
Endomysial fibrosis none thin with angular fibers moderate thick with blunt

fibers
markedly thick with round

fibers

RESULTS

Patient Characteristics

The 95 IIM patients (74 females and 21 males) had a mean age ±SD of 47.4±12.8 years and median (IQR: Q1, Q3)
disease duration of 1.2 (0.5, 3.1) months. On the day of the biopsy, proximal muscle weakness was presented in all the
cases. Muscle biopsy was performed on the bicep muscle in 87 patients (91.6%) and on the quadriceps muscle in 8
(8.4%). Elevated serum creatine kinase (CK), aspartate aminotransferase (AST), and alanine transaminase (ALT) were
observed in 87 of 95 patients (91.6%), 86 of 91 patients (94.5%), and 71 of 91 patients (78.0%), respectively. Elevated
serum erythrocyte sedimentation rate (ESR>20 mm/hr) was observed in 53 of 64 patients (82.8%).

Based on Bohan and Peter’s classification criteria, the study population was divided into four subgroups consisting
of  28  cases  (29.5%)  with  idiopathic  PM  (group  1),  9  cases  (9.5%)  with  idiopathic  DM  (group  2),  5  cases  (5.3%)
associated with malignancy (group 3), and 53 cases (55.7%) associated with CTD (group 4). In group 3, all the five
cases had DM associated with malignancies (one case each of basal cell carcinoma, adenocarcinoma of the stomach,
ovarian cancer, papillary carcinoma of thyroid, and gastrointestinal stromal tumor). In group 4, PM was associated with
CTD in 51 cases (SSc in 23 cases, SLE in 15 cases, mixed connective tissue disease in 8 cases, RA in 3 cases, and
unclassified CTD in 2 cases) and DM associated with CTD in 2 cases (one each of SSc and SLE).

Table 2. Clinical characteristics of patients with IIM.

Variable
Group

Group 1
(n=28)

Group 2
(n=9)

Group 3
(n=5)

Group 4
(n=53)

p-value

Female, n (%) 19 (67.9) 6 (66.7) 4 (80) 45 (84.9) 0.221
Age at the time of biopsy (years) 50.6±1.6 48.0±13.3 54.6±10.9 44.9±13.2 0.140
Disease duration (months) 2.1 (1.1, 3.2) 1.9 (1.1, 3.9) 0.7 (0.1, 4.6) 0.9 (0.3, 2.1) 0.005**
Corticosteroid (CS) used before biopsy;
(N=25), n (%)

5 (17.9) 1 (11.1) 1 (20.0) 18 (34.0) 0.329

Current dose of CS, mg 60 (30,60) 50 2.5 12.5 (5, 37.5) 0.075
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Variable
Group

Group 1
(n=28)

Group 2
(n=9)

Group 3
(n=5)

Group 4
(n=53)

p-value

Immunosuppressive used before biopsy;
(N=13), n (%)

2 (7.1)a 1 (11.1)a 1 (20.0)b 9 (16.9)c 0.512

Myalgia, n (%) 11 (39.3) 3 (33.3) 2 (40.0) 22 (41.5) 0.982
Arthritis, n (%) 3 (10.7) 1 (11.1) 0 11 (20.8) 0.626
Dysphagia, n (%) 5 (17.9) 2 (22.2) 1 (20.0) 11 (20.8) 1.000
Cardiac involvement, n (%) 1 (3.6)d 0 0 13 (24.5)e 0.034
Pulmonary involvement, n (%) 6 (21.4)f 0 0 15 (28.3)g 0.197
Muscle power
Prior CS, (N=70) 3.1±0.8(n=23) 3.2±0.7(n=8) 2.9±0.5(n=4) 3.6±0.6(n=35) 0.050
After CS, (N=25) 2.9±0.7(n=5) 3.0(n=1) 3.5(n=1) 3.8±0.6(n=18) 0.450
CK (mg/dl)
Prior CS, (N=70) 7,098(4,086, 10,857)

(n=23)
2,215.5 (379.7,

4,238) (n=8)
1,605.5 (424.7,
2,646.7) (n=4)

1,440.0 (666, 2,381)
(n=35)

<0.001**

After CS, (N=25) 1,482 (693, 5,865) (n=5) 293.0(n=1) 279.0(n=1) 2,278 (472.5, 4,435)
(n=18)

0.299

ESR (mm/hr), (n=64)
Prior CS, (N=44) 60.0 (37.0, 77.0)

(n=11)
46.0 (8.5, 64.0)

(n=5)
48.0 (33.0, 63.0)

(n=2)
76.5 (54.2, 94.7)

(n=26)
0.299

After CS, (N=20) 13.0 (10.5,20.0)
(n=4)

(n=0) (n=0) 87.0 (28.7, 100.2)
(n=16)

0.008**

Group 1 = idiopathic PM, group 2 = idiopathic DM, group 3 = PM/DM associated with malignancy, and group 4 = PM/DM associated with CTD.
Parametric continuous variables presented as mean±SD; non-parametric variables presented as IQR (Q1, Q3);
Categorical variables, parametric continuous variables and non-parametric continuous variables in the four groups of patients were compared using
the Fisher’s exact test, one-way analysis of variance, and Kruskal-Wallis test, respectively.
**p<0.01
Prior CS=underwent biopsy prior using corticosteroid; After CS= underwent biopsy after using corticosteroid
Immunosuppressive  treatment:  a  =  methotrexate;  b  =  azathioprine;  c  =  methotrexate  (n=5),  cyclophosphamide  (n=1),  d-penicillamine  (n=1),
leflunomide (n=1), and mycophenolate mofetil (n=1).
Cardiac involvement: d=1 myocarditis; e= 4 myocarditis, 8 mild to moderate pericardial effusion in, and 6 PAH
Pulmonary involvement: f=5 ILD and 1respiratory muscle weakness; g= 13 ILD, 1 pleural effusion and 1 respiratory muscle weakness.

Details of the demographics, pathologic classification, current dose of CS and kind of immunosuppressants used,
clinical characteristics, and laboratory test results of the study population by subgroup are provided in Table 2.

Upon comparing the initial muscle biopsy among the subgroups, we found that the group 4 patients had the shortest
disease duration. No significant differences in the proportion of patients receiving corticosteroid or immunosuppressive
treatment before muscle biopsy were found. Group 4 patients had more cardiac complications (myocarditis in 4 cases,
mild to moderate pericardial effusion in 8 cases, and pulmonary artery hypertension in 6 cases) than patients in the other
subgroups. There were no significant differences in myalgia, arthritis, dysphagia or pulmonary involvement among the
subgroups.

Seventy patients had undergone biopsy prior using corticosteroids (prior CS) and 25 patients had undergone biopsy
after using corticosteroids (after CS). Of the prior CS patients, patients in group 4 had the highest muscle power and
ESR,  but  the  lowest  CK levels.  Additionally,  CK levels  were  highest  in  the  group 1  patients.  Among the  after  CS
patients, no significant differences in muscle power and CK levels among the four subgroups were observed. However,
the highest ESR in group 4 was still persisted.

Muscle Pathology of Patients with IIM by Subgroup

Fig.  (1)  shows  the  frequency  of  the  four  domains  of  muscle  pathology  findings  of  the  different  subgroups.  No
significant differences among groups were identified. A similar comparison, excluding 25 patients who had undergone
biopsy after using corticosteroids, likewise detected no significant differences in muscle pathology findings among the
four subgroups (data not shown).

A comparison of study population muscle biopsy scores by subgroup are provided in Table 3. Among the prior CS,
the  patients  in  group  1  had  significantly  higher  degeneration  scores  and  endomysial  fibrosis  scores  than  the  other
subgroups,  while  no  significant  differences  among  the  subgroups  with  respect  to  the  remaining  two  domains

(Table 2) contd.....
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(inflammation and vasculitis) were detected. Similarly, there were no significant differences among the groups with
respect to the four domain scores in patients who had undergone biopsy after using corticosteroids.

Additionally, in the total group, the results of the multivariable linear regression analysis after adjusted for age,
gender, current dose of CS and immunosuppressive drug use and each muscle biopsy scores showed that only disease
duration  modest  correlated  with  vasculitis  score  (R2=0.34,  ß  =0.18,  p=<0.01),  atrophy  score  (R2=0.04,  ß  =0.06,
p=0.047) and total muscle biopsy score (R2=0.07, ß =0.28, p=0.01). No significant association was observed between
the age, gender, CS use and immunosuppressive drug use and the remaining muscle biopsy scores (data not shown).

Table 3. Muscle biopsy scores of patients with IIM.

Biopsy score, IQR (Q1,Q3) Group 1 Group 2 Group 3 Group 4 p-value
Prior CS
(N=70)

(n=23) (n=8) (n=4) (n=35)

After CS
(N=25)

(n=5) (n=1) (n=1) (n=18)

Inflammation
Prior CS 1.0 (0, 3.0) 0 (0, 0.7) 0.5 (0, 1.0) 0 (0, 1.0) 0.218
After CS 0 (0, 4.0) 0 4.0 1.5 (0, 3) 0.382
Vasculitis
Prior CS 0 (0, 0) 0 (0, 0.2.2) 0 (0, 0) 0 (0, 0) 0.465
After CS 0 (0, 0) 0 0 0 (0, 0) 0.943
Muscle
Atrophy
Prior CS 1.0 (1.0, 2.0) 1.5 (1.0, 3.7) 1.5 (0.2, 2.7) 2.0 (1.0, 2.0) 0.947
After CS 1.0 (0.5, 2.0) 6.0 2.0 2.0 (1.0, 2.0) 0.196
Degenerative
Prior CS 1.0 (0, 2. 0) 0 (0, 1.0) 0 (0, 2.2) 0 (0, 1.0) 0.031*
After CS 1.0 (0, 1. 0) 2.0 2.0 1.0 (0, 1.0) 0.184
Invaded non-necrotic fiber
Prior CS 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.685
After CS 0 (0, 0) 0 0 0 (0, 0) 0.736
Endomysial fibrosis
Prior CS 1.0 (0, 2.0) 0 (0, 1.7) 0.5 (0, 1.0) 0 (0, 1.0) 0.017*
After CS 1(0, 1.5) 0 0 1.0 (0, 1.0) 0.549
Total muscle biopsy score
Prior CS 3 (2, 5) 2.5 (1.0, 5.7) 1.5 (0.2, 5.7) 2.0 (1.0, 3.0) 0.113
After CS 3.0 (0.5, 4.0) 9.0 5 3.0 (2.0, 3.2) 0.334
p-value is from the Kruskal–Wallis test.
*p<0.05
Prior CS=underwent biopsy prior using corticosteroid; After CS= underwent biopsy after using corticosteroid.

Correlation of Muscle Biopsy Scores with Clinical and Laboratory Variables

Correlation coefficients of muscle pathology scores with the clinical variables are shown in Table 4. For the total
group of patients  in the study,  muscle domain scores (degeneration and invasion of non-necrotic fiber),  connective
tissue domain scores (endomysial fibrosis), and total biopsy scores showed only a weak positive correlation with serum
CK levels (r=0.24 -0.39, p<0.05). The degenerative scores and the endomysial fibrosis scores showed a weak negative
correlation with muscle power (r=-0.23 and -0.24, respectively, p<0.05). In the prior CS group, the magnitude of the
correlation of degenerative scores, invasion of non-necrotic fiber, endomysial fibrosis scores and total biopsy scores
with serum CK levels was higher (r=0.32 -0.51, p<0.01). However, there was no significant correlation between muscle
biopsy scores and ESR.
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Fig. (1). The frequency of muscle biopsy domain findings of patients with IIM.

DISCUSSION

The clinical  findings,  laboratory results and pathology findings of the 95 Thai patients with IIM were analyzed
retrospectively. Similar to other studies [8, 9, 18 - 24], our IIM patients were predominantly female with a mean age of
40-50 years. The majority (55.7%) of our IIM patients were in group 4, higher than the 14.0% to 44.1% reported by
other  studies  [8,  9,  18,  19,  21,  23,  24].  As  expected,  group  4  patients  had  a  higher  prevalence  of  arthritis  and
cardiopulmonary involvement than did patients in the other subgroups. We found that SSc was the most common CTD
in  group  4,  a  finding  that  differs  from  other  studies  which  have  reported  that  SLE  was  the  most  prevalent  CTD
associated with IIM [18, 24]. The variations in the findings of the different studies could be due to the diversity in the
different study populations.

Interestingly,  the  malignancies  associated  with  IIM  in  our  study  population  consisted  of  basal  cell  carcinoma,
adenocarcinoma  of  stomach,  ovarian  cancer,  papillary  carcinoma  of  thyroid,  and  gastrointestinal  stromal  tumor,  a
finding  which  differs  from  reports  from  other  Asian  countries  -  Taiwan  [22]  and  Singapore  [25]-  which  report
nasopharyngeal cancer as being the most common associated malignancy. Again, the diversity of the study populations
with their different genetic makeup and environmental backgrounds may be an explanation for these differences.

Table 4. Spearman’s rank correlation coefficient of muscle biopsy score with clinical and laboratory variables.

Biopsy score Correlation coefficient
Muscle power CK ESR

Total group (n=95) (n=95) (n=64)
Prior CS (n=70) (n=70) (n=44)
1. Inflammation
    Total group −0.03 0.13 0.19
    Prior CS -0.14 0.16 0.05
2. Vasculitis
    Total group 0.06 -0.08 0.09
    Prior CS 0.04 -0.17 0.04
3. Muscle
Atrophy
    Total group -0.05 0.00 0.06
    Prior CS -0.03 0.05 0.09
Degenerative
    Total group -0.23* 0.27** -0.09
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Biopsy score Correlation coefficient
Muscle power CK ESR

Total group (n=95) (n=95) (n=64)
Prior CS (n=70) (n=70) (n=44)
    Prior CS -0.23 0.38** -0.25
Invaded non-necrotic fiber
    Total group -0.08 0.27** 0.06
    Prior CS -0.18 0.32** -0.25
4. Endomysial fibrosis
    Total group -0.24* 0.39** -0.11
    Prior CS -0.25* 0.51** -0.16
Total biopsy score
    Total group -0.14 0.24* 0.05
    Prior CS -0.14 0.33** -0.07
CK=creatine kinase, ESR=Erythrocyte sedimentation rate
*p<0.05, ** p<0.01
Prior CS=underwent biopsy prior using corticosteroid; After CS=underwent biopsy after using corticosteroid.

In this study, we developed a new Likert  muscle biopsy scoring system based on the four domains of the 2007
international consensus proposed-score system for muscle biopsy [10]. We found that endomysial fibrosis scores were
lowest among the group 4 patients, the group which had the shortest period between weakness and biopsy, reflecting an
early stage of myopathy. Patients belonging to group 1 had the highest degeneration scores and endomysial fibrosis
scores; they also had longer average disease duration than group 4 patients, a reflection of connective tissue increases
during the chronic  stage [5].  There was a  significant  difference in  muscle  biopsy scores  between patients  who had
undergone biopsy before using corticosteroids and those who had undergone biopsy after using corticosteroids. The
timing of the use of corticosteroid, either before or after biopsy may influence pathology scores.

We found no significant differences in frequency among the four pathological subgroup domains, an indication that
muscle biopsy is not an effective means of differentiating between the various subgroups of IIM patients. This finding is
concordant with the report of Schwarz et al. [8], although a different scoring system was used in that study. In contrast
to our findings, Prasad et al. [12] reported that patients who had myositis associated with CTD had significantly more
vasculitis than either idiopathic PM patients or idiopathic DM patients. Ringel et al. [11] reported that inflammatory
myopathy  associated  with  CTD  was  most  similar  to  idiopathic  DM,  with  patients  having  more  perivascular
inflammation than idiopathic PM patients, which is different from our findings. The differences in findings among the
various studies may have stemmed from differences in the study populations.

The degenerative and endomysial fibrosis scores of all the patients in this study combined showed a weak positive
correlation with the CK levels (r=0.27 and 0.39, respectively, p<0.001), while those scores showed a weak negative
correlation with muscle power (r=-0.23 and -0.24, respectively, p<0.05). The total biopsy scores showed only a weak
correlation with CK levels (r=0.24, p<0.05). Interestingly, no significant correlation was detected either inflammation
or vasculitis scores and muscle power, CK, or ESR. Therefore, damaged muscle fiber rather than active inflammation
contribute to high CK levels and impaired muscle power.

The influence of the use of corticosteroids or other immunosuppressants before a biopsy on the pathology findings
was inconclusive. In our study, 26.3% of the patients had been treated with corticosteroids prior to biopsy. However,
even  after  excluding  the  25  patients  who  had  used  corticosteroids  prior  to  biopsy,  the  majority  of  the  previous
correlations were still in the same direction and of the same magnitude, with the exception of a moderately positive
correlation observed between endomysial fibrosis scores and CK levels (r=0.51, p<0.01). We found that previous CS
use did not influence the inflammatory score, agreeing with Pinhata et al. [26], although using the different pathology
scoring  method.  Furthermore,  in  multivariable  linear  regression  analysis,  after  adjusted  for  age,  gender,  disease
duration, current dose of CS and immunosuppressive drug use, we found no significant correlation of CS use and any of
muscle biopsy scores.

Although different scoring systems were used, Louthrenoo et al. [9], found that the degree of muscle destruction
and inflammation was negatively associated with weakness but positively correlated with CK. That study also found
that ESR showed no correlation with muscle weakness, CK, or muscle pathology, which agrees with our findings [9].
Schwarz et al. [8], however, found no correlation between muscle pathology and clinical parameters in IIM patients.

(Table 4) contd.....
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Differences in findings may be due to the fact that different muscle scoring systems were used as well as to the diversity
of the study populations.

Moreover, inflammation in IIM patients has been reported to be spotty [5]. In addition, taking a biopsy from a non-
inflamed muscle may bias the findings. The majority of biopsies (91.6%) in this study were taken from biceps by the
attending rheumatologist from a muscle that was moderately clinically affected. However, the biopsies were not MRI-
based because at the time of this study MRI-guided muscle biopsy was not available in our institution.

Other limitations of this study included the small sample size of the patient group 2 and 3; as a tertiary referral
autoimmune rheumatic disease center for the northern Thailand, most IIM patients had a higher frequency of group 4.
The  heterogeneity  of  the  study  population  among  the  different  subgroups,  especially  disease  duration,  may  have
affected the pathology findings. In addition, the criteria of Bohan and Peter [1, 2] used to classify our study population
cannot  distinguish  polymyositis  from  inclusion-body  myositis.  Furthermore,  enzyme  histochemistry  and  immuno-
histochemistry staining techniques for  muscle pathology analysis  were not  available for  most  of  the muscle biopsy
specimens during the study period. Finally,  due to the limited number of muscle pathologists at  our institution, the
muscle  biopsies  were  read  by  a  single  experienced  muscle  pathologist  blinded  to  clinical  data;  therefore,  the
interobserver  and  intraobserver  variability  should  be  further  validated.

This study did have several strengths, including the large sample size of IIM patients in group 4. Additionally, the
study provided valuable insights into muscle pathology findings determined using our newly developed muscle biopsy
score system. The study also provided useful data regarding the relationships of muscle biopsy scores with the clinical
and laboratory variables in the different subgroups of IIM patients.

CONCLUSION

In conclusion, in this study, muscle biopsy cannot be used to differentiate among subgroups of IIM patients. In
addition,  we  found  only  modest  correlation  of  muscle  biopsy  scores  with  muscle  power  and  CK.  Further  study  is
necessary to confirm our findings.
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