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Introduction

Systemic sclerosis (SSc) is a multisystem, autoimmune, connec-
tive tissue disease characterized by fibrosis, vascular abnormali-
ties, and resultant inflammation (1). The disease leads to exces-
sive deposition of collagen and resultant tissue fibrosis due to 
immune-mediated activation of fibroblasts in the skin and various 
internal organs (2). Cutaneous involvement is the most striking 
feature of the disease. It has been divided into limited cutaneous 
SSc (when the skin involvement is limited to the distal extremities 
and face) and diffuse cutaneous SSc (when there is more proximal 
skin involvement as well) (3). Involvement of the gastrointestinal 
tract is very common and is seen in around 75 to 90% of cases (4).

The esophagus is the most frequently involved part of the gas-
trointestinal tract in SSc, and esophageal abnormalities have been 
noted in more than three-fourths of all patients (5). Atrophy of 
esophageal smooth muscle and its replacement by fibrous tissue 
leads to muscular dysmotility, most prominent in the distal third 
of the esophagus (6). Esophageal manometry is believed to be the 
best tool in the study of esophageal motility (7). SSc is character-
ized by diminished peristalsis in the distal esophagus with loss 
of tone of the lower esophageal sphincter (LES) (8). This mani-
fests clinically as gastroesophageal reflux disease and dysphagia. 
Complications such as esophageal stricture, Barrett’s esophagus, 
and adenocarcinoma of the esophagus are more common in these 
patients compared to the general population (9).

The aim of this study was to evaluate the correlation between 
the severity of skin involvement with the severity of esophageal 
dysfunction, measured objectively by modified Rodnan skin score 
(MRSS) and esophageal manometry, respectively. To the best of 

our knowledge, this is the first such attempt to correlate the sever-
ity of these two systems using objective tools.

Methods

This prospective observational study was carried out at the Post-
graduate Department of Dermatology, Sexually Transmitted Dis-
eases, and Leprosy at Shri Maharaja Hari Singh (SMHS) Hospital of 
the Government Medical College (GMC), Srinagar and Department 
of Gastroenterology, Sheri-Kashmir Institute of Medical Sciences 
(SKIMS), Srinagar, India between November 2011 and March 2014. 
Ethical clearance was obtained from the Institutional Ethics Com-
mittee, SKIMS, and Ethical Committee of the Government Medical 
College, Srinagar. All new patients and patients already diagnosed 
with SSc attending the dermatology outpatient department of 
SMHS hospital were selected for the study. The American Rheuma-
tology Association (ARA) Criteria were used to diagnose SSc (10).

The inclusion criteria were (a) patients of both sexes and (b) 
age more than 18 years. The exclusion criteria were (a) current 
pregnancy or pregnancy in the last 6 months, (b) patients that 
were on or had taken antifibrotic or immunosuppressant drugs, 
and (c) presence of other connective tissue diseases, mixed con-
nective tissue disease, or diabetes mellitus.

Informed consent was given by all patients for inclusion in 
the study, including collection and recording and publishing of 
personal details and clinical photographs. Data recorded for the 
study consisted of age, sex, age of onset of disease, and duration 
of disease. The type of disease (limited or diffuse cutaneous SSc) 
was assessed using the Le Roy classification (11). Skin involvement 
was evaluated using the MRSS. Skin thickening was assessed by
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palpation of the skin in 17 areas of the body (fingers, hands, fore-
arms, arms, feet, legs and thighs, face, chest, and abdomen) using 
a 0–3 scale, where 0 = normal, 1 = mild thickness, 2 = moderate 
thickness, and 3 = severe thickness. Total skin score can range 
from 0 (no thickening) to 51 (severe thickening in all 17 areas). 
MRSS was calculated on two occasions—at the time of initial ex-
amination and at 12 weeks—and the mean value was calculated 
for the study. The patients were subjected to esophageal manom-
etry. For manometry, overnight fasting was advised. The patients 
were instructed to avoid all drugs that affect gastrointestinal mo-
tility, especially anticholinergics, sedatives, antihypertensives, 
and anti-angina drugs for at least 1 week prior to the procedure. 
The patient was placed in a supine position and all tight clothing 
and jewelry worn around the neck was removed. The manometric 
instrument used had a special multilumen 16-channel catheter 
system (RedTech, Inc., Los Angeles, CA, USA). External pressure 
transducers were connected to the catheter, which were perfused 
with distilled water at a continuous rate of 0.5 ml/min by a low-
compliance pneumohydraulic capillary infusion system. Topical 
xylocaine jelly was applied to achieve anesthesia of the nasal mu-
cosa and the catheter assembly was passed through it until the 
reading orifices reached the stomach. The station pull-through of 
the LES was performed at 1 cm intervals. Recording of lower es-
ophageal sphincter pressure (LESP) was done at end expiration 
with mean gastric pressure as the baseline. Ten wet swallows of 
10 ml water each were administered, each swallow separated by 
a period of 30 seconds. The amplitude of the pressure wave was 
measured as the distance from the mean intra-esophageal base-
line pressure to the peak of the wave. The LES relaxation pressure 
was measured as the residual pressure expressed as the percent-
age of the basal pressure. The duration of the pressure waves was 
assessed in seconds. Esophageal manometric reference values 
were taken according to Benjamin et al. (12).

The data collected were tabulated and analyzed with the help 
of Statistical Package for Social Sciences (SPSS) version 16.0. The 
mean, standard deviations, and percentages were calculated, and 
the Pearson correlation coefficient was calculated to look for pos-
sible correlations. A value of p < 0.05 was considered statistically 
significant.

Results

Thirty-one patients were enrolled in the study. Their clinical and 
epidemiological features are shown in Table 1.

The mean MRSS for the patients was 16.9 with a standard de-
viation of 8.7 (Table 2). The various esophageal manometric find-
ings of the patients are summarized in Table 3. The correlation 
between the MRSS and LESP was found to be slightly negative (r 
= −0.127) with no statistical significance between the two (Fig. 1a; 

p = 0.496). There was a negative correlation between LES relaxa-
tion and MRSS (r = −0.331), and this was not significant statistically 
(Fig. 1b; p = 0.070). The correlation between the amplitude of the 
contractions and MRSS was found to be slightly negative (Fig. 1c; 
r = −0.117) and non-significant (p = 0.531). On correlating the dura-
tion of contractions with MRSS (Fig. 1d), a negative correlation (r = 
−0.138) was found, which was not significant (p = 0.459; Table 4). 
The manometric parameters between limited and diffuse SSc were 
found to be statistically insignificant.

Discussion

SSc is an autoimmune disease with a female predisposition, 
which was also observed in our study because less than 10% of 
our patients were males (13, 14). The mean age of our patients at 
the time of presentation was 44.7 years. The average age of onset 
of disease was 36.1 years, and the patients presented to us after a 
mean duration of 8.6 years of developing noticeable changes of 
disease onset. Several studies have shown that SSc has an onset 
around the fourth decade of life, which is very near to our mean 
age of onset of disease (15, 16). Usually the mean time between on-
set of symptoms such as Raynaud’s phenomenon or skin thicken-
ing and presentation is around half of the time seen in our study 
(16, 17). However, Sharma et al. also found a similar duration 
of presentation of patients and hypothesized that patients with 
SSc presenting to a dermatology clinic have a comparatively less 
symptomatic form of disease compared to those that present to 
rheumatology clinics (18). Around two-thirds of our patients had 
limited SSc, whereas the remaining third had a diffuse form of 
the disease. Other studies also point to the fact that the limited 
form of the disease is more common than the diffuse type, but the 
proportion of limited SSc varies considerably (19, 20). The mean 
MRSS score was calculated as 16.9 in our study. Patients with lim-
ited SSc had a mean score of 13.48, whereas it was 24.1 for diffuse 

Table 1 | Characteristics of the patients in the study.
Characteristic Quantity
Total number of patients 31
Males 3 (9.7%)
Females 28 (90.3%)
Mean age 44.7 ± 13.4 years
Mean age of onset 36.1 ± 12.6 years
Mean duration of disease 8.6 ± 6.1 years
Limited systemic sclerosis 21 (67.7%)
Diffuse systemic sclerosis 10 (32.3%)

MRSS = modified Rodnan skin score, SSc = systemic sclerosis.

Table 2 | Mean modified Rodnan skin score of the patients.
Patient group Number Mean MRSS Standard deviation
All patients 31 16.9 8.7
Limited SSc 21 13.5 7.3
Diffuse SSc 10 24.1 6.9

LESP = lower esophageal sphincter pressure, r = correlation coefficient, SSc = systemic sclerosis.

Table 4 | Correlation of modified Rodnan skin score and esophageal manometric parameters.

Parameter All patients Limited SSc Diffuse SSc
r p value r p value r p value

LESP −0.127 0.496 −0.050 0.823 −0.038 0.917
Relaxation % −0.331 0.070 −0.108 0.144 −0.172 0.408
Amplitude −0.117 0.531 0.014 0.951 −0.295 0.087
Duration −0.138 0.459 −0.042 0.856 −0.465 0.176

Table 3 | Esophageal manometric findings of the patients.
Manometric parameters Mean (all patients) Mean (limited SSc) Mean (diffuse SSc) p value
LESP 21.6 ± 12.6 mmHg 22.9 ± 12.6 mmHg 18.8 ± 12.8 mmHg 0.406
Relaxation % 73.2 ± 17.4 75.9 ± 13.8 67.7 ± 23.2 0.226
Amplitude 17.3 ± 24.4 mmHg 19.9 ± 28.3 mmHg 11.9 ± 12.4 mmHg 0.402
Duration 5.5 ± 5.8 seconds 5.4 ± 5.6 seconds 5.6 ± 6.4 seconds 0.930
LESP = lower esophageal sphincter pressure, SSc = systemic sclerosis.
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SSc patients. Other studies have also shown the MRSS to be in the 
same range (21, 22).

Involvement of the esophagus can be seen in more than 70% of 
cases of SSc (6). The distal third of the esophagus is the most often 
and most severely involved area (23). Various causes for esopha-
geal dysfunction have been proposed, such as vascular injury 
leading to ischemia, degeneration of the nerves, collagen depo-
sition leading to fibrosis, and atrophy (24). A retrospective case 
control study on autopsy specimens showed that ischemic and 
inflammatory processes are not important in the pathogenesis of 
SSc. Rather, atrophy of the circular musculature of the esophagus 
is characteristic and may be responsible for the neural dysfunc-
tion of the esophagus, leading to dysmotility (25). The presence 
of involvement of the esophagus does not correlate with the pres-
ence of disease symptoms, and a large proportion of patients with 
documented abnormalities in the esophagus are asymptomatic 
(26). Manometry is considered the earliest and best detection mo-
dality of esophageal involvement in SSc (27). The common abnor-
malities seen with manometry include a lower median wave am-
plitude followed by LESP, and lower duration of contraction and 
percentage relaxation (28). Complete aperistalsis was observed in 
one-third of our patients. Aperistalsis is an important finding in 
SSc and is responsible for the gastro-esophageal reflux disease 
seen in such patients (29).

There have been few studies to evaluate the relation between 
the severity of SSc and the esophageal abnormalities seen with 
manometry. The matter has been complicated by conflicting re-
ports of more severe esophageal involvement in one of the two 
subsets of SSc. Studies supporting more severe esophageal in-
volvement in diffuse SSc argue that this subtype has a greater 
severity of internal organ dysfunction and consequently more se-
verely involves the esophagus. Proponents of the theory that the 
limited cutaneous subset has more severe esophageal dysmotil-
ity argue their point on the basis that this type is associated with 
CREST syndrome (30, 31).

To date, there has been only one study by Kimmel et al. corre-
lating the esophageal abnormalities assessed by high-resolution 
manometry with the severity of skin involvement as measured by 
MRSS. They studied 74 patients through a retrospective chart re-
view and patients were divided into three groups: normal motility 
(n = 19), absent contractility (n = 40), and ineffective esophageal 

motility (n = 15). In 52/74 (70%) patients that had a record of MRSS, 
the severity and extent of skin involvement as measured by MRSS 
did not differ in the three groups in unadjusted analysis (p = 0.19). 
In addition, upon dividing their patients into limited SSc and dif-
fuse SSc, there was no difference in the proportions of normal es-
ophageal motility, absent contractility, and ineffective esophageal 
motility among SSc subtypes (p = 0.34) (32). Unlike Kimmel et al., 
we did not categorize our patients into separate groups with dif-
ferent motility patterns. Rather, we carried out a direct correlation 
between the mean MRSS of each patient with the four parameters 
of esophageal manometry.

There are contradictory reports about the correlation between 
the severity of esophageal motor abnormalities and extent of skin 
involvement in SSc. Some studies have shown that patients with 
diffuse skin involvement have more severe and more frequent 
esophageal motor involvement, whereas other researchers have 
obtained conflicting results. Koshino et al. studied 52 patients 
diagnosed with SSc. The patients were divided into mild, mod-
erate, and severe on the basis of a clinical scoring system hav-
ing six parameters (five of which were related to mucocutaneous 
system): sclerodactyly, digital pitted scars, pigmentation of the 
body, digital contractures, short sublingual frenulum, and bibasi-
lar pulmonary fibrosis. The severity was considered mild (score 
1–2), moderate (score 3–4), or severe (score 5–6). They concluded 
that LESP decreased significantly as the grade of severity of SSc 
increased (33). Bassotti et al. used the Krieg and Meurer criteria 
to divide 125 patients with scleroderma into four groups; namely, 
type I (involvement of the fingers and hands, to the wrist), type II 
L (limited: proximal ascending sclerosis, including the forearm), 
type II D (diffuse: acral onset, with progressive diffuse evolution), 
and type III (primitive truncal onset with subsequent extension 
and early visceral involvement). Manometric abnormalities were 
seen in 80% of the patients and pH-metric abnormalities were 
documented in 78% of the patients. They concluded that esopha-
geal manometric abnormalities correlated significantly with the 
severity of the disease. However, abnormalities in esophageal 
pH-metry did not correlate. Similarly, those patients with more 
severe disease (types II L, II D, and III) had a significantly (p < 
0.001) lower LESP compared with those with less severe disease 
(type I) (34). Roman et al. studied high-resolution manometry in 
49 patients with SSc. They found esophageal body dysmotility in 

Figure 1 | Diagram showing correlation between modified Rodnan skin score (MRSS) and the four esophageal manometric parameters. There exists no significant 
statistical correlation between the MRSS and a) lower esophageal sphincter pressure (LESP), b) relaxation %, c) amplitude of contractions, and d) duration of 
contractions.
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all 14 patients with diffuse skin involvement and in 19/35 (54%) 
with limited skin involvement. They concluded that esophageal 
dysmotility was more prevalent in diffuse SSc (35). Thus the above 
studies support the hypothesis that diffuse skin involvement is a 
predictor for more severe esophageal involvement in SSc.

However, there are also several studies that have not yielded 
any significant correlation between the severity of skin involve-
ment and esophageal motor abnormalities in SSc. Airo et al. per-
formed a retrospective study on 181 patients that were classified 
into four groups according to Le Roy and Medsger’s 2001 criteria 
and the 1980 ARA criteria. They found that the severity of es-
ophageal manometric abnormalities was not statistically signifi-
cantly higher in patients with diffuse SSc, who have greater skin 
involvement than those with limited cutaneous involvement (27). 
Marie et al. failed to show any statistically significant difference 
between SSc subtypes (limited SSc vs. diffuse SSc) and the degree 
of esophageal manometric dysfunction in 43 patients with SSc 
(36). Lahcene et al. studied clinical, endoscopic, and manomet-
ric features of 194 consecutive patients with SSc. They found that 
esophageal motor disorders were common in both forms (limited 
SSc and diffuse SSc) of the disease, regardless of the degree of 
skin involvement. They concluded that the extent of skin involve-
ment did not significantly influence the frequency or severity of 
manometric disorders (26). Savarino et al. studied 99 patients 
with SSc and found that LESP and wave amplitude were statisti-
cally similar in limited and diffuse subsets of SSc and lower than 
that of healthy controls (28). Crowell et al. performed a prospec-
tive study of 200 patients with SSc and 102 controls and studied 
their esophageal motor abnormalities. Classical scleroderma es-
ophagus (reduced LESP with absent contractility) was observed 

in 34% patients with diffuse SSc and 32% with limited SSc. They 
concluded that there is no difference between esophageal motor 
dysmotility and the subsets of the disease (37).

Our study is the first to make a direct correlation between ob-
jective measures of the severity of skin involvement (by MRSS) 
and values of esophageal manometric abnormalities in SSc with-
out categorizing patients into different groups (such as hypoperi-
stalis, aperistalsis, and normal peristalsis). However, our study 
has certain limitations, one of which is the small sample size. The 
mean duration of disease seen in our patients was considerably 
longer than that seen in most rheumatology clinics. Further, high-
resolution manometry and 24-hour pH monitoring were not per-
formed in the study due to limitation of resources, which would 
have yielded important information about reflux. Since our aim 
was to determine a correlation between skin and esophageal in-
volvement measured by MRSS and manometry, respectively, data 
regarding symptoms of gastroesophageal reflux or endoscopic 
findings were not included in this study.

Conclusion

Our study found that there is no statistical correlation between 
the extent of skin involvement as measured by MRSS and the se-
verity of esophageal manometric abnormalities in patients with 
SSc. We also found that there is no difference between the man-
ometric findings seen in limited and diffuse subsets of patients 
with the disease. Thus we believe that all patients with SSc should 
undergo esophageal manometry irrespective of the extent of skin 
involvement or the subtype of disease (limited or diffuse) they 
may be suffering from.
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