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Review

thickness is the primary or secondary outcome measure. This 
document highlights the views of scleroderma experts and is 
not meant to be used as a regulatory document.

Natural history of skin involvement in SSc

SSc is s c assified into di se c taneo s SSc dcSSc  
or imited c taneo s SSc cSSc  ased on t e e tent of skin 
in o ement  cSSc is defined as skin t ickenin  dista  to 
the elbows and knees, with or without involvement of the 
face. dcSSc is characterized by the presence of skin thick-
ening, proximal as well as distal, to the elbows and knees 

it  or it o t in o ement of t e face  t is enera  
accepted that skin thickness tends to increase in early dc-
SSc and decrease in ate dcSSc  a t o  t e time of eak 
in o ement is t ica   mont s a er t e onset of 
skin t ickenin  ar  dcSSc is o en defined as t e eriod 
of ra id  increasin  ind ration t ickenin  of t e skin  

t o  t ere is s stantia  indi id a  etero eneit  skin 
in o ement in dcSSc ma  o t ro   ases  i  an edem-
ato s ase t at s a  asts  mont s  ii  a fi rotic or 
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Introduction

e modified Rodnan skin score mRSS  is a meas re of 
skin thickness and is used as a primary or secondary outcome 
meas re in c inica  tria s of s stemic sc erosis SSc  sc ero-
derma  is artic e i es a rief istor  of t e de e o ment 
of t e mRSS  o t ines ractica  as ects of assessin  mRSS in 
c inica  tria s  and ro ides recommendations for t e se of 
t e mRSS in ase  and  c inica  tria s ere c an e in skin 

ABSTRACT

e modified Rodnan skin score mRSS  is a meas re of skin t ickness and is sed as a rimar  or secondar  o t-
come meas re in c inica  tria s of s stemic sc erosis sc eroderma  is state of art re ie  ro ides a istorica  
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ides idance on assessin  mRSS  and makes recommendations for incor oration of t e mRSS into c inica  tria s
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ind rati e ase t at asts from  ears or on er  and iii  
an atro ic ase t at asts for rest of t e atient s ife  a -
t o  rare  atients a e a rec rrence of ro ressi e skin 
in o ement in ater disease i   e d ration of eac  

ase ma  di er in eac  indi id a  atient and t e ases 
o en o er a  eac  ot er  e co rse of skin t ickness a so 
di ers  ser m a toanti odies  atients it  anti R  

o merase  tend to a e more ra id ro ression t an do 
t ose it  anti Sc  to oisomerase  anti od  n cSSc  
t ere is i e c an e in skin t ickness o er time e ce t in t e 
s set o are anti Sc  ositi e and ro ress to dcSSc 
o er time 

Skin thickness as surrogate of disease severity  

and mortality

Measurement of skin thickness is used as a surrogate for 
disease acti it  se erit  and morta it  in atients it  dc-
SSc  n ear  dcSSc  an increase in skin t ickenin  is enera  
associated with new or worsening internal organ involve-
ment and increased morta it    orsenin  mRSS is as-
sociated it  i er morta it  and ot  ne ati e rena  and 
cardiac o tcomes  nterna  or an in o ement or ors-
enin  are artic ar  associated it  t e rior tra ector  
of skin t ickenin   and i er skin t ickness ro ression 
rates are redicti e of interna  or an in o ement and mor-
ta it   n addition  atients o ne er ac ie ed a i  
skin score a e a o er fre enc  of ma or or an ased 
com ications  and t ose it  i  skin scores t at fai ed 
to im ro e   ears of disease a e si nificant  i er 
morta it  on erse  a en ation of eak skin score or im-
provement is associated with favorable outcomes, including 

e er s r i a    ese oints em asize t e otentia  
enefit of inc din  mi der or ear  cases of SSc in c inica  

tria s  

Historical perspective

r  era d Rodnan at t e ni ersit  of i s r  t eo-
rized a o t  and t en st died  t e tra ector  of skin t ick-
enin  in t e co rse of SSc  e noted t at t e skin  artic -
ar  t e dermis  t ickened initia  and a er some ears 

usually thinned. He became convinced that an observer 

co d  it  ractice  acc rate  estimate o  t ick skin is 
 a atin  it  o s stantiate is oint  e de e o ed a 

met od for estimatin  t ickness  c inica  a ation sin  
a  sca e  e erformed an e eriment in ic  e esti-
mated skin t ickness of t e dista  forearm  skin a ation 
in atients it  SSc and t en erformed a skin nc  io -
s  in t at same ocation  e t en ei ed t e  of skin 
from t e io s  e corre ation et een is c inica  esti-
mate of thickness and the weight of a 7-mm punch biopsy 

 as   e f rt er e ored c inica  a ation 
for estimatin  skin t ickness in  c taneo s sites  e first 
f  descri tion of is met odo o  as is ed in  
in the context of a controlled study of D-penicillamine in  
SSc 

Some ears ater  r  Rodnan s co ea es modified is 
met od  estimatin  skin t ickness sin  a  sca e in  

od  areas i   ine of t e ori ina  areas neck  s o -
ders  reasts  er ack  o er ack  toes  

ere dro ed eca se c inica  in esti ators fo nd it too dif-
fic t to come to consens s d e to i  inter o ser er aria-
tion  ne of t e first a ications of t is mRSS  as in a 
randomized c inica  tria  R  of i dose ers s o dose 

enici amine in ear  dcSSc  
During the same period, when the mRSS was devel-

o ed  se era  ro s ere e orin  di erent a s of as-
sessin  o a  skin in o ement in atients it  SSc  or 
e am e  a a e  et a   ro osed a modification of 
t e Rodnan tec ni e for meas rin  skin t ickness scores 
ran ed from  n esti ators at  de e o ed a skin 
scoring technique which involved assessment of skin teth-
erin  or ide indin  in  od  areas scores ran ed from 

  not er met od assessed t e ercenta e of to-
ta  od  s rface area a ected  sc eroderma  o -
ever, consensus was eventually reached where the mRSS 
became the gold standard for measuring skin thickness in  
SSc 

The modified Rodnan Skin Score as an outcome  
measure

e mRSS meets t e R  fi ters of tr t  discrimina-
tion  and feasi i it  as detai ed in erke  et a   rie  
mRSS as t e fo o in  c aracteristics

Fig. 1 - ree ases of skin in o ement in di se c taneo s s stemic sc erosis  A  demato s ase  B  tro ic ase  C  nd rati e 
phase.
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a. Feasible: Easy to perform with no equipment and re-
quires little time

b. Face validity: Captures and measures skin thickness
c. Content validity: Covers the affected body areas in SSc
d. Construct validity: Correlates with other measures of 

SSc s c  as d rometer   and traso nd 
e. Criterion validity: Reflects the gold standard of skin bi-

o s   e corre ation et een c inica  estimate of 
thickness by Dr. Rodnan and the weight of a 7-mm punch 

io s   as   n addition  m o fi ro ast 
and hyalinized collagen scores on the skin biopsy cor-
related with the forearm mRSS score in a single-center 
st d  corre ation coefficients of  and  res ec-
ti e  

f. Sensitivity to change: Analysis of multicenter clini-
cal trials show change over time. For example, the 
mRSS was able to differentiate between treatment 
with methotrexate and placebo in early dcSSc and 
between cyclophosphamide and placebo in the dc-
SSc s set in t e Sc eroderma n  St d   e 
mRSS also improved in the Autologous Stem Cell 
rans ant St d   and s o ed a trend to ards 

im ro ement it  treatment it  toci iz ma   
n addition  t e minima  c inica  im ortant differ-

ence of the mRSS has been established in dcSSc and 
ran es et een  to  nits in t e enici amine 
st d  t e mean ase ine mRSS as  nits   
The minimal clinically important difference estimates 
differ by the baseline mRSS and may be lower for re-
cent trials that are recruiting milder skin thickening in  
dcSSc 

Utilizing the mRSS in clinical trials and routine  
care of SSc

Practical aspects

Positioning of the patient

This is an important part of assessing mRSS. Each area 
e amined s o d e in t e re a ed osition so t e nder -
in  m sc es are re a ed to a oid fa se  o erestimatin  t e 
area skin scores  ro er scorin  cannot e done it  atients 
in re ar c ot es  n e amination o n or oose c ot in  is 
needed it  a ro riate se of s eet dra e  en e a at-
in  t e er e tremities  face  and anterior c est  e rec-
ommend t e atient e seated in a re a ed osition it  
arms  t e side of t e od  en e a atin  t e a domen 
and o er e tremities  e recommend t e atient ie s ine 
on an e amination ta e or ed it  t e i s at  de rees  

e ion and feet are dorsi e ed

Assessing skin thickness

ere are t o tec ni es to accom is  t is  a ation 
of t e skin i  

 se an inde  fin er and t m  ere t e skin is ro ed or 
pinched gently to gauge thickness.

 se t o t m s to form a fo d of skin et een ad anc-
ing lateral thumb borders. This method may be easier 
when skin overlies bone such as in the fingers and on the 
dorsum of the hands.

Fig. 2 - odified Rodnan skin score 
mRSS  is assessed in  di erent 

areas. Case report form to capture 
mRSS  o do n oad t is form  
please see the Supplementary ma-
teria  to t is artic e  a ai a e on ine 
at sc eroderma o rna com
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t is im ortant to nderstand t e re ati e distri tion of 
subcutaneous fat and underlying musculoskeletal structures 
in di erent anatomica  areas as t e  ma  a ter t e e aminer s 
a reciation of skin t ickness

Skin should be scored based on how it feels and not how it 
looks. For example, shiny skin or abnormally pigmented skin 
does not imply increased thickness.

Global average vs. maximum score vs. most representative 
area of an anatomic area

ere are di erences in scorin  mRSS in c inica  rac-
tice t e recommend standardizin  mRSS meas rement 

in clinical trials. The three commonly used techniques  
include:

Maximum score: The examiner assigns a score to individual 
anatomic areas according to the most severe local involve-
ment. For example, if the distal forearm has a patch consid-
ered  ereas t e remainder of t e forearm is  t en a 
score of  is recorded
Representative area: The examiner scores individual areas 

it  a score t at is most re resentati e of t e area  n t e 
e am e a o e   o d e t e most re resentati e score
Global average: The examiner scores individual areas and 
takes a era e of t e area  n t e e am e a o e   o d e 

Fig. 3 - A  ssessment of modified 
Rodnan skin score mRSS  sin  inde  
fin er and t m  or t o t m s to 
meas re t ickness  mRSS   ere 
there is no appreciable skin thick-
ness  B  odified Rodnan skin score  
mRSS    ere t ere is mi d skin 

t ickness  C  odified Rodnan skin 
score mRSS    ere t ere is 
moderate skin t ickness  D  odi-
fied Rodnan skin score mRSS    
where there is severe skin thickness. 
A  ine rink es  no t ickness a -
reciated  B  i d  skin t ickness  

easily able to detect a thickened skin 
fo d et een  fin ers  C  od-
erate  skin t ickness  di c t  in 
making a skin fold and unable to ap-

reciate fine rink es   Se ere  
skin t ickness  ina i it  to make skin 
fo ds et een  fin ers



Khanna et al  

  ic ti  nternationa

t e most re resentati e score  o e er  if t e dista  fore-
arm ad areas scored  and  ereas t e ma orit  of t e 
forearm is  t e a era e o d e  di ers from re re-
sentati e area ere t e score o d e  Some in esti-
gators prefer not to divide the scored region formally into 
s areas t refer to ro ide an a era e score t at re ects 
overall skin thickness and accounts for the observed varia-
tion in a more e i e fas ion  ot  met ods are so nd and  
acceptable.

e ro ose sin  eit er t e re resentati e area  or 
o a  a era e  met od i   n addition  t ere is a t eo-

retica  disad anta e of sin  ma im m score  as it ma  imit 
sensiti it  to c an e  onsider an area o er t e forearm as 
an e am e  t at remains a  t t e ot er forearm areas 
im ro e  sin  ma im m score  t e forearm i  contin e to 

e scored as  des ite definite im ro ement  ne oint of 
c arification is t at if an area of skin as  t no more se ere 
t ickenin  t en t e score of  is i en  i e  for o a  a er-
a e  ma imizin  a ies in t is sit ation

Scoring of each individual cutaneous area (Figs. 3A-3D)

mRSS = 0 is “normal skin” where the examiner appreciates 
fine rink es t no skin t ickness is resent
mRSS = 1 is defined as definite t mi d  skin t ickness 
where the examiner can easily make skin folds between two 
fin ers  fine rink es are acce ta e
mRSS = 2 is defined as moderate  skin t ickness it  dif-
fic t  in makin  skin fo ds and no rink es
mRSS = 3 is defined as se ere  skin t ickness it  ina i it  to 
make skin fo ds et een t o e aminin  fin ers

The same examiner should evaluate the skin thickness 
throughout the trial

Each outcome measure inherently has measurement vari-
a i it  t is recommended t at t e same assessor e amine 
t e atient for t e d ration of t e tria  e inter o ser er 
aria i it  of t e mRSS is  nits coe cient of ariation  

 and t e intra o ser er aria i it  is  nits coe cient 
of ariation    it  t ese aria i ities e er t an 
t at of meas rin  s o en and tender oint co nts in r e -
matoid art ritis  ot  art of t e standard assessment in t at 
disease  t ers a e fo nd simi ar res ts for t e ari-
a i it  of t e mRSS 

Teaching reduces variability of mRSS

The mRSS is a validated outcome in dcSSc but, as in 
r e matoid art ritis  trainin  assessors red ce aria i it  
n a in esti ator SSc teac in  co rse  t e intrac ass cor-

re ation co e cient  as  an acce ta e re ia i -
it  n re eat trainin   mont s ater  t e  as  
essentia  t e same  ese data indicate t at re eated re-
trainin  o er time is not necessar  at east o er  mont s  

o e er  inter in esti ator aria i it  as i  at ot  
trainin  sessions standard de iation   em asizin  
that the intra-person reproducibility of the mRSS is much 

i er t an et een e aminers  i i tin  t e need to 
a e t e same in esti ator consistent  meas rin  t e 

same atient 
dditiona  n is ed data come from an in esti ator 

meetin  ere trainin  as cond cted as art of a ase  
c inica  tria  in dcSSc  o rteen in esti ators ere asked to er-
form mRSS on t o s ects it  dcSSc  mmediate  a er t e 
com etion of mRSS  eac  in esti ator ie ed a ideo demon-
stration  an e ert e aminin  a s ect e i itin  di erent 
as ects of skin scorin  fo o ed  a i e demonstration  an 
e ert on one s ect it  SSc on standardization of mRSS in 
c inica  tria s  en  t e in esti ators e amined t e same t o 
s ects a ain and recorded t eir mRSS  sin  a inear mi ed 
mode  it  random e ects for ot  s ects and sicians  
t e res ts indicated t at t e ideo demonstration ed to a 
decrease in t e in esti ator aria i it  standard de iation de-
creased from  nits efore trainin  to  nits a er train-
in  a decrease of  i e t e aria i it  in mRSS a ri -

ta e to aria i it  amon  atients decreased ess noticea  
a er trainin   nits to  nits a er trainin  e a er is 
expected as the variability in mRSS captures the inherent het-
ero eneit  in mRSS t at e ist across s ects

Caveats in mRSS measurement

 e edemato s ase of dcSSc is s a  associated it  
non-pitting edema of the skin. The mRSS may be difficult 
to assess during the edematous phase of SSc and mRSS 
has been shown to be inaccurate in this setting, with a 
correlation between an edema score on physical exami-
nation and edema on io s  of   ere is 
no agreement upon the approach for determining thick-
ness when skin has edema. ‘Puffiness’ of the skin, gener-
a  fin ers  is scored as 

Fig. 4 - Various techniques to assess 
modified Rodnan skin score mRSS  
of anatomic areas as shown over the 
forearm and upper arm. Maximum 
score  forearm   and er arm   
Re resentati e area  forearm   and 

er arm   o a  a era e  fore-
arm   and er arm  
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 et erin  or ide indin  is defined as stron  attac -
ment of the lower dermis to the underlying subcutane-
ous tissues, making skin movement difficult even in the 
absence of skin thickening. Although tethering can occur 
in the fibrotic phase of the disease, it is also associated 
with atrophic or “thin” skin. The mRSS does not score 
tethering.

 tro ic skin s o d e i en a mRSS of  a t o  
this is erroneously scored as 3 due to underlying teth-
ering.

Other aspects

Assessment in pediatric population: n ea t  c i dren  
the texture of the skin shows age-appropriate skin thickness 
d e to increased s c taneo s fat tiss e com ared to ad ts 
and corre ates it  t e od  mass inde   and t e an-
ner sta e  n ea t  c i dren  skin is o en a reciated as 
t icker d e to increased s c taneo s fat  e a er is cor-
re ated it   and anner sta e and decreases it  a e 
and se a  mat ration  mRSS is not et a idated in eni e 
SSc t t ere are on oin  internationa  e orts to accom is  
this. Therefore, the mRSS assessment should be performed in 
specialized pediatric scleroderma centers and should be cor-
rected for  and anner sta es

Ethnicity differences: ere are si nificant di erences in 
mRSS in di erent et nic ro s in dcSSc atients  a anese 

atients a e o er mRSS in S and  co orts  a t o  
there is no study comparing mRSS by the same examiners in 
di erent o ations  ese di erences co d e e ained  
in art   di erent distri tion of SSc re ated ser m a to-
anti odies amon  et nic ro s  i e  a i er ro ortion of 
anti R  o merase  anti od  in S and  o ations  
com ared it  a anese atients 

Measurement in limited cutaneous SSc: The mRSS can be 
assessed in cSSc  t in t is o ation  it is not a s rro ate 
of disease se erit  or morta it  and is enera  not sensiti e 
to c an e ike  d e to a cei in  e ect

Recommendations for assessing mRSS in clinical trials

Phase 3 trial focused on mRSS as the primary outcome 
measure or a key secondary outcome measure

rainin  is stron  enco ra ed for standardization of 
mRSS in any clinical trial of SSc. Each assessor who will be per-
formin  mRSS in t e tria  s o d nder o trainin  t s o d e 
highlighted that the same assessor should perform mRSS dur-
in  t e co rse of t e tria  e recommend  ases for train-
ing and this is based on successful training conducted during 
t e ase  tria  disc ssed a o e in t e section eac in  
red ces aria i it  of mRSS  and in an on oin  ase  tria

Teaching phase: This should be accomplished by a video 
demonstration  an e ert e aminin  a atient it  SSc dem-
onstratin  di erent as ects of skin scorin  fo o ed  a i e 
demonstration  an e ert on one or more atients it  SSc

Evaluation phase: Each trainee examines at least three 
atients it  SSc  ese atients s o d e di erent t an t e 

trainin  atients  and s o d refera  re ect t e inc sion 
criteria for the proposed trial.

i  e e ert s o d first e amine eac  atient and re-
cord is er mRSS  ii  rainees s o d e i en t e mRSS 
s eet i   and asked to e amine eac  atient  iii  e to 
the measurement variability in mRSS, we recommend the fol-
o in  criteria for certification for t e c inica  tria

 f t e trainee is it in  nits of t e e ert s tota  score 
 nits is e ond t e meas rement aria i it  of mRSS  

 for eac  of t e atients  t en t e trainee as assed 
the Evaluation phase.

 f t e trainee is it in   nits of t e e erts  score for  
of 3 patients, then the expert should review the discrep-
ancies with the trainee and clarify concerns. The trainee 
should be asked to review the mRSS training video and 
then considered to have passed the Evaluation phase.

 f t e trainee is it in  nits of t e e erts  score for 
 or  of  atients  t en t e trainee s o d re eat t e 

training, either on the same day or at another time.

Certification (Fig. 5): e to o istica  iss es re irements 
of atients and costs associated it  i e trainin  it ma  e 
a ro riate to acce t t e certification for ot er tria s if t e 
assessor as nder one i e trainin  assed t e e a ation 
phase, and has performed the mRSS in an ongoing or recent 
trial within the last two years. This assumes that the assessor is 
currently performing mRSS in an ongoing trial or has done so in 
t e recent ast  n addition  re ar e a ation s o d e con-
ducted during the course of a trial to assess intra-rater reliabil-
it  t er ise  t e  are enco ra ed to nder o recertification

Phase 3 trial where mRSS is a secondary outcome measure 
or a phase 2 trial focused on mRSS as the primary outcome 
measure or key secondary outcome measure

e enco ra e se t e aforementioned an for standard-
ization of t e mRSS  t e ackno ed e t e costs associ-
ated it  trainin  eac  assessor  n ie  of a forma  trainin   
session  trainin  at an in esti ator meetin  co d inc de a 
mRSS trainin  ideo and i e demonstration on a minim m 
of one SSc atient  rainees s o d e i en eno  time for 
c arifications  ac  trainee s o d recei e a certificate at t e 

Fig. 5 - n e am e of certification to e ro ided to trainees
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end of in esti ator meetin  ic  s o d e art of t e re -
ulatory binder for the trial.

Finally, we recommend discussing the above-outlined 
guidance with the regulatory agencies associated with a spe-
cific researc  tria  or dr  de e o ment ro ram

Other practical aspects in a clinical trial

How often to conduct the mRSS  ased on c an e in 
mRSS in the published clinical trials and extensive experi-
ence of t e a t ors in c inica  ractice  mRSS s a  does 
not a e c inica  meanin f  c an es V  oints  in ess 
than 3 months. However, there may be pharmacological  
tar ets ere an ear ier e ect ma  e seen on mRSS  ere-
fore, it is reasonable to assess mRSS at least every 3 months 
in a c inica  sit ation

Assessor should avoid looking at prior mRSS scores and 
a oid askin  atients to d e c an e in skin score since t e 
previous visit to reduce bias.

n addition  atients s o d e asked to a oid a ication 
of moist rizers or cosmetics on da  of skin scorin

Conclusion

n conc sion  e a e ro ided recommendations  
for performance of mRSS and have highlighted some  
areas of uncertainty that can form the agenda for future 
research.
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