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Inter and Intracbserver Variability of Total Skin Thickness
Score (Modified Rodnan TSS) in Systemic Sclerosis
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ABSTRACT. Objective. Assessment of the inter and intraobserver variability of the modified Rodnan (m-Rodnan)
total skin thickness score by clinical palpation [a commonly used outcome measure in trials of sys-
temic sclerosis (SSc)].

Methods. Skin thickness was assessed by clinical palpation of 17 body areas on a 0 to 3 scale (nor-
mal, mild, moderate, severe). The m-Rodnan total skin thickness score was derived by summation
of the scores from all 17 body areas. Using the m-Rodnan, 6-7 investigators assessed skin thickness
in 5-6 patients with SSc (22 patients and 23 examiners total) at each of 4 sessions for the determina-
tion of interobserver variability (accuracy). In addition 21 of the investigators then assessed m-Rodnan
in 2-3 patients each (60 patients total) 3 times over a 2-8 week period to quantitate intraobserver
variability (reliability).

Results. Interobserver and intraobserver mean + within patient standard deviations (SD) for the
m-Rodnan were found to be 17.7 + 4.6 and 20.7 + 2.45, respectively.

Conclusion. The m-Rodnan total skin thickness score is at least as reliable for measuring skin thick-
ness in SSc as are the ARA and Ritchie joint tenderness counts for assessing joint disease in rheu-
matoid arthritis. These data are useful for the determination of sample size and for the definitions
of clinically meaningful response. Assessment of skin score is sufficiently reproducible to include
as a measure of disease outcome, especially if patients are serially evaluated by the same investigator.

(J Rheumatol 1995,;22:1281-5)

Key Indexing Terms:

SCLERODERMA SKIN SCORE

Tightening and thickening of the skin (scleroderma) is a
hallmark of systemic sclerosis (SSc)!2. Assessment of the
extent of skin involvement provides the basis for classifica-
tion of disease into diffuse cutaneous and limited cutaneous
syndromes!-3. Extent and severity of skin thickening have

SKIN THICKNESS

SYSTEMIC SCLEROSIS

been related to survival, risk of accrual of visceral involve-
ment and overall disease progressivity3-.

The role of serial assessment of skin involvement by semi-
quantitative skin scoring, employing simple clinical palpa-
tion of the skin, remains controversial. While skin scoring
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is frequently employed in clinical trials and reported as a
measure of outcome™’$, there are lingering concerns about
whether skin scores are valid independent measures of
outcome®.

The original Rodnan total skin thickness score assessed
cutaneous thickening in 26 body areas utilizing a rating of
0 (normal thickness) to 4 (extreme thickening)*10. This
scale included areas felt to be difficult to assess reliably (toes),
areas that are normally relatively thickened (upper back) and
overrepresented anatomic areas of relatively small body sur-
face area (right and left breasts individually as opposed to
chest and abdomen). Accordingly, a modified Rodnan (m-
Rodnan) total skin thickness score has been in widespread
use in which 17 anatomic areas (face, anterior chest, abdo-
men and, right and left separately; the fingers, hands, fore-
arms, upper arms, thighs, lower legs, and feet) are scored
by clinical palpation using a O to 3 scale (0 is normal and
1-3 reflect mild, moderate, and severe skin thickening)!!.
Validation of the m-Rodnan method has been reported in ab-
stract form!2.

This study was undertaken by those members of the
Scleroderma Clinical Trials Consortium who are participants
in the ongoing High-Dose vs Low-Dose D-penicillamine in
Early, Diffuse Scleroderma Trial%!! in the United States,
which incorporates the m-Rodnan as a measure of outcome.
We sought information as to the accuracy (interobserver
variability) and reproducibility (intraobserver variability) of
the m-Rodnan. Similar data were gathered on several other
physical measures commonly used to evaluate scleroderma
(maximum oral aperture, hand extension, fist closures)!.
We further sought to analyze potential sources of variability
and to assess whether further simplifications in total skin
thickness scoring techniques are warranted.

MATERIALS AND METHODS

Patients. All patients in this study met 1980 American College of Rheuma-
tology preliminary criteria for classification as definite SSc!4. Eighty-two
subjects with SSc were evaluated including 75 with diffuse cutaneous
scleroderma (skin thickening of any degree proximal to the elbows and knees,
often involving the torso) and 7 with limited cutaneous scleroderma (skin
thickening of any degree limited to sites distal to the elbows and knees,
with or without facial involvement)3.

Skin assessments. All skin scores were performed utilizing the m-Rodnan
total skin thickness score technique!!l. Participants were instructed by one
of 2 participants (JRS, DEF) either of whom or both attended each session
as described below. Participants were asked to assess skin thickening by
clinical palpation as an isolated clinical finding and specifically requested
not to consider skin immobility (tethering) as part of their scoring. The 17
anatomic areas were rated as O (normal skin thickness), 1+ (mild but definite
skin thickening), 2+ (moderate skin thickening) and 3+ (severe skin thick-
ening) and the m-Rodnan derived by summation of the scores from all 17
areas (range 0-51).

Instruction was given in techniques of measurement of maximum oral
aperture (maximum vertical interlabial distance in millimeters during 3
sequential efforts of the patient at maximum active oral opening); active
hand extension (maximum distance in millimeters from the external most
point of the thumb to the external most point of the 5th finger during maxi-
mum unsupported active hand extension by the patient); and active fist

closures (shortest distance in millimeters from the up of the 4th finger to
the distal palmar crease during 3 sequential efforts at maximum fist closure).
Standardized transparent millimeter rules were provided.

Study design. Interobserver variability. Four separate sessions were held
(UCLA, Pittsburgh, UMDNJ twice) each attended by 6 or 7 examiners!!.
With the exception of one examiner who attended 3 sessions and 3 examiners
who each attended 2 sessions, each examiner attended only 1 session. Fol-
lowing didactic instruction in m-Rodnan technique, one or 2 patients were
examined as teaching cases in a blinded, randomized manner by the 6 or
7 examiners, after which all examiners discussed their findings, reexamined
the patient if necessary and came to a consensus about the grading of each
of the body areas examined. Agreement on techniques and definitions was
reached on each of the 2 teaching patients and all examiners had the oppor-
tunity to reexamine those areas in which disagreement had initially occurred.
The remaining 5 or 6 patients were examined separately by each examiner,
blinded to the other examiners’ results and without consultation. To assure
uniformity across the 4 separate scoring sessions at different sites, one or
both instructor-examiners (DEF or JES) attended all 4 sessions and com-
municated the consensus opinion; written notes were kept of definitions which
were communicated to each of the separate sessions. A total of 20 patients
with diffuse cutaneous (d)SSc and 2 with limited cutaneous (1)SSc were
examined by 23 examiners.

Intraobserver variability. Each investigator returned to their clinic where
they assessed the m-Rodnan in 3 patients on 3 separate occasions each within
a 2 to 8 week period without reference to previous examinations. For the
purposes of this exercise, it was assumed that skin scores of individual patients
did not change significantly over the 2 to 8 week study period. A total of
55 patients with dSSc and 5 with 1SSc were examined by 21 examiners.

Analysis. Definitions. Unless otherwise specified the term mean + SD refers
to the measurement of examiner, patient and residual variation inclusive,
while the term mean + within patient SD refers to (a) the measurement
of among and within examiner and residual variation inclusive (excluding
patient variation, which is assumed to be negligible) in the interobserver
study and (b) the measurement of within examiner and residual variation
(excluding patient variation, which is assumed to be negligible) in the intra-
observer study. Coefficients of variation were calculated as follows: (mean
+ SD) multiplied by 100.

Interobserver variability study. The amount of disagreement among examiners
assessing patients with a range of skin involvements was analyzed by cal-
culating and pooling the standard deviations (SD) of the m-Rodnan total
skin thickness scores and of the other physical measures of skin involve-
ment (maximum oral aperture, active hand extension and active fist closure)
recorded on each patient by the 6 or 7 examiners (within patient SD). The
mean, within patient SD and variance of all m-Rodnan skin scores and of
the other physical measurements on a single patient were calculated. Over-
all mean values for the m-Rodnan and the other physical measures were
calculated by averaging the mean values of all the patients examined. The
overall within patient SD was derived by calculating the square root of the
sum of the variances divided by the number of patients evaluated. This overall
within patient SD provides a quantitative assessment of interobserver dis-
agreement. The results were corrected for multiple observations by the 4
examiners who attended more than one session.

Intraobserver variability study. The mean, within patient SD and variances
of all 3 skin thickness score measurements made by an examiner on each
patient were calculated. An overall mean skin thickness score for all 3 of
the patients with SSc assessed by each examiner was calculated by averag-
ing the mean skin thickness scores for all 3 patients. The overall intraobserver
within patient SD for each examiner and for the entire group of 21 examiners
were derived by calculating the square roots of the sum of the variances
divided by the number of patients evaluated in that study (i.e., for one in-
vestigator the within patient SD equals the square root of the sum of the
variances of the 3 patients after dividing the sum by 3; for all 21 investiga-
tors, it equals the square root of the sum of variances derived from the 21
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individual calculations above after dividing the sum by 21). This overall
within patient SD provides a quantitative assessment of the intraobserver
disagreement.

RESULTS
Primary analyses. Interobserver variability. The analysis of
the overall mean m-Rodnan total skin thickness score and
the overall within patient SD (17.7 + 4.6) for the interob-
server variability study (Table 1) has been published!!.
Since it obviates error introduced by among patient varia-
bility, the calculation of within patient SD (derived from as-
sessments on a single patient by multiple examiners) pro-
vides the best measure of interobserver variability.
During the interobserver variability study, the maximum
oral aperture, active hand extension, and active fist closure
were also measured. The overall mean + within patient SD
for each of these variables is shown in Table 1.

Intraobserver variability. The intraobserver mean and within
patient SD of the m-Rodnan for each investigator (each of
whom examined 2-3 patients) are displayed in Table 2. The
overall mean + within patient SD was 20.7 4+ 2.45, with
a coefficient of variation of 12% (Table 2). Similarly since
errors introduced by among patient and among examiner
variability are eliminated, the calculation of within patient
SD (derived by serial measurements on a single patient by
a single examiner) provides the best measure of intraobserver
variability.

Exploratory analyses. The potential effects of the training
sessions were considered. The mean and within patient SD
of the m-Rodnan for the 6 teaching patients (using the origi-
nal, blinded and uncorrected scores) and the 23 examiners
were calculated (20.6 + 4.0) and were compared to the larger
group of 22 patients with SSc examined as part of the blind-
ed, randomized variability study (17.7 + 4.6, differences
not significant). While the small interobserver variability for
both exercises followed a didactic teaching session, these

Table 1. Interobserver variability of m-Rodnan total skin
score and other physical measures of skin involvement in 20
patients with SSc

Within PT Coefficient of

Mean SD* Variation

Modified Rodnan total skin

thickness score i L7457/ + 4.6 25
Maximum oral aperture

(mm) 48.5 + 31 6
Active hand extension (mm)

Right 163.9 + 6.8 4

Left 168.6 + 6.8 4
Active fist closure (mm)

Right 32.5 £:5.9 18

Left 32.3 + 6.0 19

* SD = standard deviation.
*#* Coefficient of variation = o/p * 100 or [(mean + SD) * 100].

Table 2. Intraobserver variability (mean and within patient
SD) of m-Rodnan skin thickness score (one examiner
assessing 3 patients on 3 separate occasions)*

Examiner Mean Within Patient SD
El 2157 193
E2 28.6 3.22
E3 22.8 2.77.
E4 215 3.16
E5 44.1 3.70
E6 24.3 2.43
E7 9.5 2.83
E8 14.9 2,95
E9 18.3 1.97
E10 1122 1.05
Ell 20.8 3.61
El12 18.1 313
El13 25.4 1,73
El4 16.1 1.60
ElS 19.7 1.60
El6 22.9 3.20
El7 14.0 1.70
E18 24.3 2.21
E19 36.3 0.58
E20 18.7 1.91
E21 8.9 0.88

Mean 20.7 2.45

* 17 body areas assessed, 0-3 scale. SD = standard deviation.

results suggest that the clinical practicum did not improve
or change interobserver examination techniques.

The physician participants in this study included senior ex-
perience clinicians and relatively junior individuals. We could
detect statistically significant differences in the m-Rodnan
scores of only 2 junior investigators during the interobserv-
er variability study. By the time these 2 investigators had
returned home to complete their intraobserver studies, their
variability data were well within the limits of the senior in-
vestigators. The results of the two instructors were very close
to the mean of all observers.

Other differences were noted in individual physician ap-
proaches to use of skin scoring that we were not able to quan-
tify in this study: these include a tendency by some to con-
fuse thickening with tethering; a general inability to dis-
criminate the contribution of local edema to cutaneous thick-
ening; and apparent difficulty in assessing legs and feet in
comparison to the upper extremities.

Several post hoc analyses were performed to determine
whether the m-Rodnan could be shortened to include fewer
than 17 sites. While complete examination of the skin is
clearly appropriate for patient care, a shortened but efficient
skin scoring technique would be useful for studies, as it might
speed data collection. It would only be useful, however, if
significant information is not lost. To test for this possibili-
ty, several analyses were performed to determine whether
fewer than 17 sites could be used to predict the full m-Rodnan
skin thickness score in the 20 patients with dSSc examined
in the interobserver variability study; right limbs (the sum
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of the 7 body areas of the right upper and lower limbs); left
limbs (analogous to the right above); both upper limbs (the
sum of 8 areas on both upper limbs); right upper limb (the
sum of 4 body areas on the right upper limb); left upper limb
(analogous to the right upper limb); upper body only (the
sum of 11 areas: face, chest, abdomen, and both upper arms,
forearms, hands and fingers); lower body only (the sum of
6 areas: both thighs, lower legs, and feet); central body only
(the sum of 6 areas: both upper arms and thighs, chest and
abdomen); and distal body only (the sum of 11 areas: face
and both fingers, hands, forearms, lower legs, and feet).

The mean + SD m-Rodnan total skin thickness score
derived from these alternate methods of summing skin scores
(150 patient-examiner interactions) are compared to the full
m-Rodnan in Table 3 along with their partial correlations
(in which the effect of observers and patients were removed).
Not unexpectedly, all the alternative scoring techniques were
highly correlated with the m-Rodnan (p <0.0001). The best
correlations with the m-Rodnan scores were derived from
examination of the limbs (0.92), indicating that limb (upper
plus lower) gives nearly as much information as adding trun-
cal data. Since symmetry existed, it does not appear to mat-
ter which side of the body was examined. Other reduced
scores were less closely correlated with the m-Rodnan,
although upper body was more closely correlated than lower
body (0.86 vs 0.77). These alternative skin score summing
methods deserve to be evaluated in future studies as simpler
methods of assessing skin thickness in patients with dSSc.

Skin thickening of body skin areas of the right upper and
lower limbs (fingers, hands, forearm, upper arms, thighs,
legs, and feet) were individually compared to those of the
left side to see if skin thickening was a symmetrical process.
With the exception of the dorsum of the feet, the right side
was not significantly different from the left: the mean score
+ SD of 0.49 + 0.81 of the left foot was significantly greater
than that of 0.42 + 0.75 of the right (p = 0.004).

Table 3. Partial correlations* of 9 alternative skin score
summing methods with the m-Rodnan total skin score as
assessed in 20 patients with diffuse cutaneous scleroderma
(all p < 0.0001)

# Areas Skin Score  Correlation
with

m-Rodnan
m-Rodnan 17 17.7 + 8.4 1.00
Left limbs 7 7.6 + 3.8 0.92
Right limbs 7 7.6 £ 3.9 0.92
Upper body 11 13:5 1641 0.86
Distal 11 12.1 £ 5.8 0.86
Sum of both upper limbs 8 109 + 4.9 0.86
Lower body 6 4.3 + 4.0 0.77
Proximal 6 59 + 4.1 0.75
Right upper body 4 SEORFEROPS 0.69
Left upper body 4 54+24 0.67

* Correlation of variables after the effect of patients and observers have
been removed.

DISCUSSION

Our study demonstrates that following a didactic teaching
session, performance of the m-Rodnan by rheumatologists
is both acceptably accurate and reproducible. The coefficient
of variation for interobserver variability (accuracy) of the
m-Rodnan is 25%. The coefficient of variation for intra-
observer variability (reproducibility) is only 12%. These
results are actually considerably better than standard clini-
cal techniques of assessing rheumatoid arthritis (Ritchie in-
dices and American Rheumatism Association joint counts)
in which the coefficients of variation are 37 and 43%,
respectively!s.

Similar results were noted for other commonly employed
physical measures reflective of skin involvement in SSc in-
cluding active hand extension and maximal oral aperture.
Active fist closure had appreciably higher variation, in part
attributable to the diversity of hand deformities in the pa-
tients studied but also to variability in examiner technique.

The relative precision of these accessible and inexpensive
clinical measures suggests that they are appropriate varia-
bles to consider in serial assessments of patients with SSc
as outcome measures in interventional trials. Our observa-
tion of lower intraobserver variability than interobserver
variability emphasizes the appropriateness of using the same
examiner throughout the course of a clinical trial.

Skin involvement in SSc is locally symptomatic, interferes
with joint motion, and impairs both functional and cosmetic
status. Nonetheless, its overall importance in assessing SSc
outcome remains unclear. The present data suggest that clin-
ical assessment of skin thickening is a valid measure of out-
come and that the m-Rodnan total skin thickness score is
sufficiently precise to be studied in comparison to other meas-
ures of outcome including patient self-assessment, activities
of daily living, visceral disease, and survival. We suggest
that m-Rodnan continue to be employed in SSc trials and that
data be sought that permit relevant comparisons to other out-
comes. It is not clear, for example, what level of improve-
ment in skin thickening might be judged *‘clinically meaning-
ful’’ either as a surrogate for disease progressivity or as an
individual disease manifestation.

It is taught that the skin thickening of SSc is a symmetri-
cal process, a contention supported by Rodnan in his study
of forearm punch biopsies: the weights of paired skin biopsy
cores taken from the right and left forearms were within 10
mg of each other in 16 of 21 patients with SSc biopsied!°.
Although we did not specifically analyze symmetry within
individual patients, our study employing clinical assessment
of skin thickness supports this conclusion for the group as
a whole. While not a major portion of the exploratory data
analyses, symmetry of the left and right sides was good with
no significant differences between left and right among the
7 areas examined except in the feet, where a 2% mean differ-
ence was found (data not shown). While statistically differ-

602

SSc skin score variability



ent (p = 0.004), this degree of difference is not clinically
meaningful.

Not surprisingly, we found that the results of all 9 alter-
nate methods of scoring were highly correlated with the
results of the m-Rodnan technique. Since the correlation of
coefficients for the limbs accounted for 85 % of the data from
the full m-Rodnan score and all other approaches accounted
for only 45-74 %, the best of the reduced skin scores proba-
bly involves examination of the limbs alone. Our data also
suggest that the variability of the m-Rodnan would be
minimally compromised by further reducing the number of
body areas assessed.

We are concerned, however, that a reduction in the num-
ber of areas, and thus a reduction in the range of skin scores
possible, could reduce the sensitivity of the measure in seri-
al assessments. For example, the proximal body skin score
(Table 3), employing 6 anatomic areas, offers a range of only
0 to 18; but in this group of patients with dSSc it produced
a skin score of 5.9 + 4.1. An improvement of 33 % in a sub-
ject with a skin score of 18 is an absolute improvement of
6 but this absolute improvement of 6 is also a complete remis-
sion in nearly half the subjects who had skin scores <5.9,
an unlikely result. In addition, in a previous analysis of m-
Rodnan in which variability of high and low scores were
compared, the within patient SD was constant, regardless
of how high or low the mean scores were!!. The reduction
in the number of areas could also result in the loss of ability
to detect change in a patient, which then could result in a
false-negative result about the efficacy of a study treatment.
Since this analysis was an exploratory cross sectional exer-
cise, the findings will need to be tested in other trials and
longitudinally before any of these scaled down scoring tech-
niques can be accepted as equivalent to the m-Rodnan score.

The present data demonstrate that intraobserver variability
for clinical skin scoring in SSc is low and the technique is
reproducible and accurate. Clinical researchers in rheuma-
tology perform skin scores with an accuracy and precision
comparable to or better than accepted measures of outcome
in rheumatoid arthritis (i.e., joint counts). Skin scoring
should be included as an outcome measure in clinical trials
for SSc as an accessible, noninvasive, inexpensive, and relia-
ble tool for assessing cutaneous disease status and changes
over time?!6. Skin scoring can be viewed as a clinical sur-
rogate marker for fibrosis although its value as such will need
to be validated by prospective trials linking its behavior to
measures of internal organ dysfunction.
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