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ABSTRACT

Objectives. To determine the reliabil-
ity and validity of a new measure of
finger motion in patients with systemic
sclerosis (SSc), the ‘delta finger-to-
palm’ (delta FTP) and compare its psy-
chometric properties to the traditional
measure of finger motion, the finger-to-
palm (FTP).

Methods. Phase 1: The reliability of
the delta FTP and FTP were examined
in 39 patients with SSc. Phase 2: Crite-
rion and convergent construct validity
of both measures were examined in 17
patients with SSc¢ by comparing them
to other clinical measures: Total Ac-
tive Range of Motion (TAROM), Hand
Mobility in Scleroderma (HAMIS), the
Duruoz Hand Index (DHI), Health As-
sessment Questionnaire (HAQ), and
modified Rodnan skin score (mRSS).
Phase 3: Sensitivity to change of the
delta FTP was investigated in 24 pa-
tients with early diffuse cutaneous SSc.
Results. Both measures had excellent
intra-rater and inter-rater reliability
(ICC 0.92 t0 0.99). Fair to strong cor-
relations (r,=0.49-0.94) were observed
between the delta FTP and TAROM,
HAMIS, and DHI. Fair to moderate
correlations were observed between
delta FTP and HAQ components relat-
ed to hand function and upper extrem-
ity mRSS. Correlations of the tradition-
al FTP with these measures were fair
to strong, but most often the delta FTP
outperformed the FTP. The effect size
and standardised response mean for
the mean delta FTP were 0.50 and 1.10
respectively, over a 2—-8 month period.

Conclusion. The delta FTP is a valid
and reliable measure of finger motion
in patients with SSc which outperforms
the FTP.

Introduction

Systemic sclerosis (SSc) is an autoim-
mune disease which involves multiple
organ systems. In addition to skin, SSc
affects subcutaneous tissue, tendons,
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and synovium of the hands, resulting
in finger joint contractures (1). These
contractures cause limitation in fin-
ger range of motion (ROM), leading
to functional limitations in activities
of daily living (ADLs) (2-7) and are
associated with disease severity and
progression (8). An outcome measure
which easily and accurately determines
finger ROM in patients with SSc would
be desirable, both for patient manage-
ment and use in clinical trials.

The time-honoured method for measur-
ing finger ROM in SSc is the finger-to-
palm (FTP) distance (distance from the
tip of the third finger to the distal pal-
mar crease in maximal active flexion),
sometimes referred to as fist closure (9).
Although recommended as a secondary
outcome measure for clinical trials in
SSc, the FTP has been validated in only
one study, in which the authors reported
an interobserver variation of 24% and
a coefficient of variation of 0.52 (10).
To date, the FTP has been shown to be
only a fair outcome measure (11). Ex-
perts agree that the FTP possesses face
(credibility) and partial construct (bio-
logical sense) validity, but has not been
assessed for criterion (accuracy) or dis-
criminate (sensitivity to change) validity
(11). To address this issue and improve
on the FTP, we propose a new measure
of finger ROM, the “delta FTP”, which
combines both finger joint flexion and
extension. The delta FTP is the differ-
ence of the distance measured between
the 3% fingertip and the distal palmar
crease with fingers in full extension and
the distance with fingers in full flexion.
Validity is the extent to which an in-
strument measures what it is intended
to measure (12). There are several dif-
ferent types of validity. Face validity or
credibility considers whether a measure
reflects what it is intended to measure
(13). The FTP provides a summation of
flexion of all three finger joints (MCP,
PIP, DIP). However, the FTP does not
represent full finger motion because



limitations in finger extension have
not been taken into account. Some pa-
tients with SSc have fingertips which
are “fixed” in palmar flexion without
the ability to extend. These individu-
als have severe hand dysfunction, but
paradoxically have a “falsely normal”
traditional FTP measurement (8). The
misclassification of this group of pa-
tients as having mild or no limitation
threatens the face validity of the FTP.
Preliminary studies comparing the
FTP to the delta FTP in our SSc pa-
tient cohort support the delta FTP as a
more sensitive indicator of functional
limitation. In 25 SSc patients with low
delta FTPs (<4cm), indicating severely
limited ROM, the mean concurrent
HAQ-DI was 1.21, considerably higher
(more disability) than the mean values
previously published in SSc (HAQ-
DI = 0.86-1.09) (4, 14-17). Six (24%)
of the individuals in this sample had
an FTP measurement of <2.0 cm and
would have been misclassified as hav-
ing minimal or no limitation in finger
motion if only the traditional FTP had
been recorded (4, 16).

In concurrent criterion validity, the cri-
terion data (gold standard) are collected
at the same time as the new measure-
ment (or “predictor’” data) for a particu-
lar concept. The current ‘gold standard’
for measuring finger ROM is goniome-
try. Flexion and extension of each indi-
vidual joint is measured separately and
the results are combined to give a cumu-
lative score, the Total Active Range of
Motion (TAROM) (2). Using goniome-
try has limitations as it requires training
and is time-consuming. Conversely, the
delta FTP is quick and easy to admin-
ister, providing a summation of flexion
and extension of all three finger joints
(MCP, PIP, DIP). Comparing the delta
FTP and the FTP to the TAROM would
provide evidence to support concurrent
criterion validity.

Convergent construct validity examines
the association between measures that
should be statistically related as they
reflect similar concepts. In this study,
the correlation between the delta FTP
(and the FTP) and the Hand Mobility
in Scleroderma (HAMIS) test (18, 19),
a performance based test of finger/hand
motion, and the Duruoz Hand Index
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(Rheumatoid Hand Function Disabil-
ity Scale or Cochin Hand Scale) (20,
21), a self report of hand function, were
examined to evaluate the convergent
construct validity of the delta FTP. In
addition, since disease severity markers
in SSc, such as the Health Assessment
Questionnaire Disability Index (HAQ-
DI) and modified Rodnan skin score
(mRSS), have correlated with the FTP
in previous studies (15), we examined
these and other disease severity mark-
ers in relation to the delta FTP.

In addition to truth (face, criterion and
construct validity), a clinical outcome
measure should demonstrate discrimi-
nation (reliability and sensitivity to
change) and feasibility (practicality)
(22). To evaluate reliability, both intra-
rater (within rater) and inter-rater (be-
tween raters) reliability of the delta FTP
were examined. To investigate the delta
FTP’s sensitivity to change, the effect
size and standardised response mean
were evaluated in patients with serial
delta FTP measurements and change in
clinical status assessed by mRSS.

The goals of the present study were to
evaluate the reliability and validity of
the delta FTP in a cohort with SSc by
studying its (i) intra-rater and inter-rater
reliability, (ii) concurrent criterion and
convergent construct validity, and to
(iii) compare these psychometric prop-
erties with those of the traditional FTP.

Participants and methods
Participants

This study was completed in three phas-
es. Intra-rater and inter-rater reliability
were examined in Phase 1, concurrent
criterion and convergent construct valid-
ity in Phase 2, and sensitivity to change
in Phase 3. Subjects for Phases 1 and
2 were SSc patients with either diffuse
cutaneous (dc) or limited cutaneous (Ic)
disease, while subjects for Phase 3 were
all dcSSc patients with early disease
(defined as <2 years from onset of skin
thickening), recruited from the Univer-
sity of Pittsburgh Scleroderma Clinic
during 2007-2008. The studies were
approved by the University of Pitts-
burgh Institutional Review Board.
Patients were classified according their
clinical phases of skin thickening as
edematous, fibrotic or atrophic (23).

S-29

Arbitrary definitions for these phases
were used, based on duration of skin
thickening at the time of determina-
tion of the delta FTP: edematous <2
years; fibrotic 2—4 years; and atrophic
>4 years.

Measures

FTP and Delta FTP measurements
The standard finger-to-palm (FTP)
measurement is obtained using a ruler
to measure the distance (in centime-
tres) between the tip of the pulp on the
3" finger and the distal palmar crease
while the patient attempts to make a
full fist (maximal finger flexion at all 3
finger joints: MCP, PIP, and DIP). The
delta FTP is finger extension, the dis-
tance between the 3" fingertip and the
distal palmar crease while the patient
attempts full finger extension, minus
the FTP. A more detailed description of
the method used to measure FTP and
delta FTP is included in Appendix 1.

The Duruoz Hand Index (DHI)

(also known as the Rheumatoid Hand
Function Disability Scale or Cochin
Hand Scale)

The DHI is a self-report questionnaire
which measures hand functional abil-
ity (20) and is both reliable and valid
in patients with SSc (5). The DHI asks
how much difficulty the patient has
performing 18 daily tasks of living in
reference to hand function. Each item is
scored from O (performed without dif-
ficulty) to 5 (impossible to do). A total
score is obtained by adding the scores
of all questions (range 0-90). A higher
score indicates greater disability.

Health Assessment Questionnaire
(HAQ)

The HAQ is a self-report questionnaire
which focuses on 8 domains of func-
tion in ADLSs: dressing/grooming, aris-
ing, eating, walking, hygiene, reach,
grip and activity (24). Each domain is
assigned a rank from O (can do with-
out difficulty) to 3 (unable to do) and a
composite disability index (DI) is cal-
culated, with a higher score indicating
greater disability. The HAQ has been
shown to be a valid and reliable instru-
ment measuring the impact of disease
on functional status (14) and has been
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validated in patients with SSc (25). Im-
provement of the HAQ-DI in SSc has
been shown to reflect clinical improve-
ment of disease status, correlating with
physician global assessment (17).

Total Active Range of Motion (TAROM)
TAROM is a composite goniometric
measurement of finger range of mo-
tion. The TAROM is calculated as the
sum of simultaneous active MCP, PIP
and DIP flexion in a fisted position mi-
nus the sum of any extension deficits
noted while all finger joints are in max-
imum extension. This measurement is
commonly employed by occupational
therapists (OTs) to evaluate deficits in
overall hand range of motion and to
document response to therapy (2).
The TAROM of the 3" finger was as-
sessed by a single experienced OT (TT)
during Phase 2 using a Roylan finger
goniometer (Sammons Preston, USA),
which permits measurement from 30
degrees of hyperextension to 120 de-
grees of flexion. The 3" fingers of both
hands were measured to permit a direct
comparison with the delta FTP. The re-
liability of finger and hand goniometric
measurements is extensively reported
in the literature (2, 26-31). Therefore,
we collected this measure only once to
limit subject pain and fatigue.

Hand Mobility in Scleroderma (HAMIS)
The HAMIS is a 9-item performance-
based test designed to examine the ef-
fects of SSc on hand mobility and hand
function, focusing on detection of limi-
tation of motion in performing tasks
related to finger, wrist and forearm
motions (18, 19). Each task is scored
from O (no impairment) to 3 (cannot
do), yielding a total possible score of
27 for each hand and 54 overall. High-
er scores reflect poorer hand mobility.
The HAMIS is a reliable and valid tool
in assessing hand mobility in patients
with SSc, and serves as an indicator of
hand function (18, 19). The HAMIS
was performed by a trained OT (MP)
during Phase 2.

Modified Rodnan Skin Score (mRSS)

The mRSS is a clinical assessment of
skin thickness by palpation at 17 sur-
face anatomical sites, graded from 0

(normal) to 3 (severe thickening) with
a maximum of 51 points (32). In dc-
SSc the mRSS has demonstrated con-
vergent validity, correlating with the
absolute value of, and changes in joint
tenderness, oral aperture, handspread,
FTP distance, disability and survival
(11, 15, 33). An experienced physician
(TAM) performed finger, hand, forearm
and upper arm mRSS measurements
during Phase 2.

Other variables

Visual Analogue Scales (VASs) were
included to assess disease severity. Pa-
tients completed the following VASs
to assess the impact of SSc during the
previous week: pain, Raynaud phe-
nomenon, finger ulcers, and overall
disease severity (15). In previous SSc
studies these scales have performed
well and have correlated positively
with the appropriate clinical measures
(1, 15). VAS scales were scored con-
tinuously from 0 to 3, with 3 indicat-
ing greater pain or disability.

Methods

Phase 1. Intra-rater and inter-rater
reliability

Two delta FTP and FTP measurements
were performed by 2 physician exam-
iners on 39 consecutive outpatients
seen between November 2007 and
January 2008. The measurements were
taken approximately 30 minutes apart
to minimize the effect of patient fatigue
from repetitive finger motion.

Phase 2. Concurrent criterion and
convergent construct validity
Seventeen SSc patients were recruited
to participate in a one-day study. Pa-
tients with a broad range of delta FTP
(0.9-8.9) measured at recent clinical
visits were specifically recruited in or-
der to test the validity of this measure
across the spectrum of finger range of
motion and disease severity. Patients
completed DHI and HAQ question-
naires first to minimise the effect of
using their hands during performance
tests or their reports of pain. The order
of the remaining tests was randomised
to avoid possible fatigue or pain ef-
fects. The TAROM, HAMIS, mRSS,
and delta FTP/FTP were each conduct-
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ed in a separate room by a particular
physician or OT.

Phase 3. Sensitivity to change

A retrospective analysis was performed
on 24 patients with early dcSSc. Early
dcSSc was defined as disease duration at
time of initial visit <2 years from onset
of skin thickening. This subgroup was
targeted because these patients are the
most likely to be entered into clinical tri-
als of potential disease modifying treat-
ments and show changes in skin score.
Subjects were seen twice, and changes
in disease status between clinical visits
were documented by mRSS and concur-
rent delta FTP measurements.

Statistical analysis

Phase 1

Intraclass correlation coefficients (ICCs)
with 95% confidence intervals were cal-
culated to examine the intra-rater and in-
ter-rater reliability of the delta FTP and
FTP. Intraclass correlation coefficients
of >0.80 were considered strong (34).

Phase 2

Spearman rho correlation coefficients
were used to examine the concurrent
criterion validity of the delta FTP and
FTP with the TAROM, and to examine
the convergent construct validity of the
delta FTP and FTP with the HAMIS,
DHI, and measures of disease severity
—mRSS, HAQ DI and subsets, and pa-
tient-reported VAS. When appropriate,
the left-hand or right-hand delta FTP
and FTP measurements were used in
comparison to measures that had sepa-
rate right and left hand measurements
or scores. A p-value of <0.05 was con-
sidered significant. Correlation coef-
ficient values >0.70 were considered
strong, 0.70-0.50 moderate, 0.49-0.30
fair, and <0.30 poor (35).

Phase 3

Responsiveness to change was evalu-
ated using 2 statistical approaches,
standardised response mean (SRM)
and effect size (ES). The SRM is de-
fined as the mean change in score be-
tween the baseline and follow-up visit
divided by the standard deviation of the
individual change in scores. A higher
SRM indicates greater responsiveness.



A SRM >0.80 is considered large (36).
ES is the ratio of observed change to a
measure of variance. We used Cohen’s
d, in which the numerator is the mean
change in the delta FTP from baseline
visit to follow-up and the denominator
is the standard deviation of delta FTP
at baseline. Using Cohen’s d, an ES of
0.20-0.49 represents a small change,
0.50-0.79 a medium change, and >0.80
a large change (37). In general an ES
of 0.20 to 0.50 is considered relevant
for detecting the minimally important
difference (MID), the smallest change
in a score which may influence clinical
management (38).

All statistical procedures were per-
formed with Stata software v.10 (State
Corp., College Station, TX, USA) and
SPSS v.16 (SPSS Inc., Chicago, IL,
USA).

Results

Patients

Table I shows the baseline demograph-
ic and clinical characteristics of the
subjects in Phases 1, 2 and 3. Overall,
the groups are representative of SSc,
with mean ages in the 50s, predomi-
nately Caucasian and female. Phase
2 had a disproportionate number of
males (42%) compared to clinical prac-
tice. Diffuse cutaneous (dcSSc) disease
was more frequent in both Phase 1 and
2 groups (70% and 82% respectively),
in part due to referral bias. Phase 3 spe-
cifically targeted dcSSc patients in the
early phase of disease (<2 years from
onset of skin thickening); therefore, all
patients were in the edematous clinical
phase of skin thickening. Other physi-
cal examination findings consistent
with early disease were more notable in
the Phase 3 subjects, such as swelling
of fingers (63%), tendon friction rubs
(46%), and higher mRSS (22.5+10.5).
Phase 1, the reliability study, and Phase
2, the validity study, included patients
from all three cutaneous phases, with
44% and 47% of the patients in the
atrophic phase, respectively.
Concomitant medication use in each
phase demonstrated less than 30% be-
ing on either NSAIDs or prednisone.
The maximum prednisone dose was 10
mg per day at the time data were col-
lected. DMARDs were used signifi-
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Table I. Demographic and clinical characteristics of systemic sclerosis patients in study

Phases 1, 2 and 3.

Characteristic Phase 1 Phase 2 Phase 3
Reliability Validity Responsiveness
(n=39) (n=17) to change
(n=24)
Age (mean = SD years) 50.0+13.0 524+11.2 53.05+11.53
Sex (female) T7% 58% 80%
Ethnicity (Caucasian) 85% 94% 100%
SSc subtype
diffuse 70% 82% 100%
limited 30% 18%
Disease duration from onset of skin 58+5.6 8.5+8.1 08+04
thickening (mean + SD years)
(median and IQR) 29 (18-6.9) 37 (22-13.1) 08 (06-1.2)
Cutaneous phases™®
Edematous 11 (28%) 3 (18%) 24 (100%)
Fibrotic 11 (28%) 6 (35%) 0
Atrophic 17 (44%) 8 (47%) 0
Physical examination findings
Finger joint swelling 0 0 0
Swelling of fingers 7 (18%) 7 (42%) 15 (63%)
Tendon friction rubs 3 (8%) 1 (6%) 11 (46%)
mRSS (total) 1531+£12.6 127+8.9 22.5+10.48
Right FTP 29+1.6 3714 32+13
Right delta FTP 58+238 57+£2.6 69+23
Medications
NSAIDs 5 (13%) 1 (6%) 5 (21%)
Prednisone’ 8 (21%) 4 (24%) 7 (29%)
DMARDs* 8 (21%) 11 (65%) 22 (91%)

*Clinical phases based on duration of skin thickening: edematous <2 years; fibrotic 2-4 years; atrophic

>4 years.

prednisone dose ranged from 2-10 mg per day for all 3 Phases.
‘DMARD:s include d-penicillamine (85%), mycophenolate mofetil (13%), and cyclophosphamide,

methotrexate or hydroxychloroquine (<5%).

Table II. Intra- and inter-rater reliability* of delta FTP and FTP' in 39 SSc patients in

Phase 1.

Delta FTP?
ICC

Icc

Intra-rater agreement
Left hand, rater 1
Left hand, rater 2
Right hand, rater 1
Right hand, rater 2

Inter-rater agreement
Left hand, 1% measurement
Left hand, 2" measurement
Right hand, 1* measurement
Right hand, 2" measurement

0.99 (0.98,0.99)
0.99 (0.9, 0.99)
0.99 (0.98,0.99)
0.99 (0.9, 0.99)

0.96 (0.91,0.98)
0.97 (0.93,0.98)
0.97 (0.94,0.98)
0.97 (0.95,0.99)

0.99 (0.98,0.99)
0.99 (0.99,0.99)
0.98 (0.97,0.99)
0.99 (0.99,0.99)

0.92 (0.83,0.96)
0.95 (0.88,0.97)
0.94 (0.89,0.97)
0.94 (0.90,0.97)

“Intra-rater and inter-rater reliability assessed by intraclass correlation coefficient (ICC) and reported

as ICC (95% confidence interval).
FTP: finger-to-palm distance.

cantly more often in the Phase 3 group
(early deSSc), with 91% of the subjects
on a DMARD compared to 21% of the
subjects in Phase 1 and 65% in Phase
2. The most common DMARD pre-
scribed in all patients combined was
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d-penicillamine (85%), followed by
mycofenolate mofetil (13%). The re-
mainder of DMARDSs were used in less
than 5% of the patients and included
cyclophosphamide, methotrexate and
hydroxychloroquine.
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Phase 1. Intra-rater and inter-rater
reliability

The range of FTP was 0.1 to 7.9 cm,
with a mean of 2.9 cm (+1.6). The delta
FTP ranged from 0.3 cm to 10.1 cm,
with a mean of 5.8 cm (£2.8). The in-
tra-rater and inter-rater agreement was
excellent for both the delta FTP and
FTP measurements. ICCs ranged from
0.92 to 0.99 (Table II).

Phase 2. Validity

Table III shows the mean values £SD of
the clinical variables analysed. Spear-
man correlation coefficients are sum-
marised in Table IV. The delta FTP
is expected to be inversely related to
most outcome measures, resulting in a
negative correlation coefficient. As the
disease progresses, the third fingertip
motion (extension minus flexion) is re-
duced and a smaller delta FTP results.
In contrast, the HAQ DI, patient VAS,
mRSS, DHI and HAMIS scores increase
as finger impairment worsens and func-
tional limitation increases. The TAROM
is the only variable which should be
positively correlated with the delta FTP.
Conversely, the FTP should have a posi-
tive correlation with all variables except
TAROM because the FTP typically in-
creases as finger ROM decreases.

The delta FTP demonstrated strong cor-
relations with the TAROM and HAMIS,
moderate correlations with the upper
extremity mRSS, and fair correlations
with the DHI and HAQ subsets of grip,
dressing, eating, and hygiene (Table
IV). Patient VAS variables showed lit-
tle or no correlation with the delta FTP,
with correlation coefficients ranging
from 0.02 to 0.19 (data not shown).
Correlations between the traditional
FTP and the above outcome measures
varied from little to strong correlations,
paralleling the delta FTP.

Phase 3. Sensitivity to change

Over a mean period of 4.8 + 3.4 months
between office visits, the mean change
in the mRSS was 5.25 + 4.25 in these
early dcSSc patients. As expected,
mRSS increased with disease progres-
sion as the delta FTP decreased. The
mean difference of the delta FTP be-
tween these visits was 1.0 cm for the
left hand, 1.3 cm for the right hand, and

Table III. Mean values and SD for clinical variables in 17 SSc patients in Phase 2.

Variable Overall Left hand Right hand
(mean left and right)”
FTP (cm) 338 +1.23 305+ 1.10 3.66+ 144
Delta FTP (cm) 7596 +2.38 623+ 228 5.66+ 2.58
TAROM (degrees) 7172.18 £ 66.30 181.24 + 73.94 163.12 + 63.20
HAMIS (0-54;0-27R/L) 1553 £11.20 7.65+ 542 7.88+ 5.88
mRSS upper extremity 14.82 £5.68 729+ 249 7.53+2.79
(0-30; 0-15R/L)

DHI total ( 0 —90) 17.18 +16.65
HAQDI (0-3) 0.89 +0.69

HAQ dressing (0 — 3) 0.88 +0.86

HAQ eating (0 - 3) 0.76 £0.83

HAQ hygiene (0 — 3) 1.06 +1.03

HAQ grip (0-3) 1.29 £0.99
Pain VAS (0 - 3) 0.81 +0.88
Hand Pain VAS (0 - 3) 095 +091
Raynaud VAS (0 - 3) 093 +£0.71
Digital Ulcer VAS (0 - 3) 0.64 +0.80
Disease Severity VAS (0 - 3) 0.90 +£0.79

SD: Standard deviation; FTP: Finger-To-Palm distance; TAROM: Total Active Range of Motion;
HAMIS: Hand Mobility in Scleroderma; DHI: Duruoz Hand Index; mRSS: modified Rodnan Skin
Score; HAQ DI: Health Assessment Questionnaire Disability Index; VAS: Visual Analogue Scale.
“mean value of left hand and right hand for given variables.

Table IV. Correlation of variables with delta FTP and FTP in 17 SSc patients in Phase 2.

Variable Delta FTP? FTP?
1, (p-value) 1, (p-value)
TAROM 0.94* -0.89*
HAMIS -0.82* 0.70*
mRSS (upper extremity) -0.68* 0.56¢
DHI Total -0.49% 0.47
HAQDI (0-3) -0.20 0.12
HAQ dressing (0 - 3) -0.40 0.39
HAQ eating (0 — 3) -0.49* 0.51%
HAQ hygiene (0 —3) -0.42 0.40
HAQ grip (0-3) -0.30 0.20

" FTP: finger-to-palm distance.

®Correlations of variables with the mean values of delta FTP and FTP between left and right hands are
represented in the Table, individual hand correlations were similar.

TAROM: Total Active Range of Motion; HAMIS: Hand Mobility in Scleroderma; DHI: Duruoz Hand
Index; mRSS: modified Rodnan Skin Score; HAQ DI: Health Assessment Questionnaire Disability

Index.
*p<0.01,* p<0.05.

1.1 cm for both hands combined. The
effect size was calculated to be 0.47 for
the left hand, 0.57 for the right hand,
and 0.51 for mean delta FTP between
hands. The SRMs were 1.02, 1.23 and
1.07 respectively.

Discussion

This study is the first to specifically
analyse the psychometric properties
of the FTP, a method commonly used
to assess finger ROM in SSc. The FTP
demonstrated sound reliability, concur-
rent criterion and convergent construct
validity, making it a relatively valid

outcome measure. However, the FTP
has the potential to misclassify a sub-
group of patients with SSc whose fin-
gers are “fixed” in flexion and have ex-
tremely limited finger ROM. This was
demonstrated both in our preliminary
data (see Introduction) and in some of
the current study subjects. For exam-
ple, of the 39 Phase 1 subjects, 10 had
a delta FTP less than 4cm, implying se-
vere impairment of motion, 2 of whom
had a FTP <2cm, which is interpreted
as minimal impairment (8). If judged
by FTP alone, 2 (20%) of these 10 pa-
tients with the greatest impairment by



delta FTP would have been categorised
as having minimal impairments. The
misclassification of this subgroup of
patients challenges the face validity
of the FTP as a tool intended to meas-
ure finger motion in patients with SSc,
threatening the overall validity of the
FTP. Use of the delta FTP avoids such
misclassification.

In addition to the face validity superi-
ority, other lines of evidence support
the integrity of the delta FTP as an
outcome measure. It demonstrated ex-
cellent intra- and inter-rater reliability,
with ICC values of 0.96 or greater, ex-
ceeding the reported reliability of the
goniometer, the ‘gold standard’ method
to measure finger ROM which has been
reported to range from 0.58 for the
DIP joint to 0.83 for the MCP joint in
healthy subjects (39) and from 0.61 to
0.96 in patients with RA (40). These re-
sults reflect an average variation of fin-
ger joint measurement of 3 to 5 degrees
for a single observer and 5 to 7 degrees
between observers using a goniometer
(2, 29-31, 41). The delta FTP appears
to provide a more reliable means of
measuring finger ROM than goniomet-
ric measurement. The reliability of the
delta FTP was not influenced by the
clinical phase of skin thickening. Re-
peatability (both intra- and inter-rater)
of the delta FTP was similar in those
with very atrophic or ‘claw like” hands
compared to those with edematous or
fibrotic hands.

Strong correlations between the TAR-
OM measured by goniometry and the
delta FTP support concurrent criterion
validity of the delta FTP in subjects
in all three cutaneous phases of SSc
(edematous, fibrotic, and atrophic). Al-
though it was unnecessary to test con-
struct validity of the delta FTP given the
presence of a gold standard, we inves-
tigated the delta FTP’s relationship to
both a hand performance test (HAMIS)
and a self-report questionnaire of hand
function (DHI). We hypothesised that
if the delta FTP had good convergent
construct validity, there would be a
large correlation between the HAMIS
and the delta FTP, because they both
include measures of finger ROM, and
a smaller correlation between the DHI
and the delta FTP, because the DHI
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serves as an overall assessment of hand
functional ability. The data supported
these hypotheses and the convergent
construct validity of the delta FTP. The
correlation between the HAMIS and the
delta FTP was strong, while the corre-
lation between the DHI and delta FTP
was fair, supporting the notion that the
DHI partially indicates the concept of
finger ROM but is influenced by other
factors, such as dexterity and strength
of fingers/hands and the patient’s ad-
aptations to the impairments. Similar
results were seen for the HAQ subcom-
ponents associated with hand function
(dressing, eating, hygiene and grip),
also supporting convergent construct
validity.

To evaluate the delta FTP’s ability to
assess disease severity, it was compared
to both the mRSS and patient VASs.
The mRSS is a more objective meas-
urement of disease severity in dcSSc,
with certain total skin scores associated
with mild, moderate or severe disease
(8), while the VAS is a subjective pa-
tient-reported measure of how patients
consider that their disease has affected
their function over the past week. This
may explain the delta FTP’s moderate
correlations with the mRSS and poor
correlations with the patient-reported
VAS. The relationship between the
delta FTP and the mRSS support the
delta FTP as a measure reflecting dis-
ease severity.

This relationship was further evalu-
ated in Phase 3, in which early dcSSc
patients with change in disease status,
reflected by change in mRSS, were
evaluated for change in delta FTP. The
delta FTP demonstrated both a moder-
ate effect size and large standardised
response mean in this group of subjects
with early dcSSc (<2 years from onset
of skin thickening), supporting it as a
sensitive measure to detect change in
clinical status, which is an important
characteristic of an outcome measure.
High responsiveness indicates that
fewer subjects are needed to demon-
strate a significant difference.

An additional criterion to justify an
outcome measure as valid is feasibil-
ity. The delta FTP is a highly feasible
instrument both clinically and as a re-
search measure. This is apparent in the
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speed with which the measurement can
be taken (less than 2 minutes), the sim-
plicity of the equipment and training,
and the ease of interpretation.

The possible contributors to finger
joint contractures in SSc are (1) skin
and subcutaneous tissue edema and
thickening; (2) tendonitis with fibrosis
leading to tendon shortening; and (3)
arthropathy with synovitis and joint
damage. Skin thickening is definitely
related to contractures (see Phase 2,
negative correlation between delta
FTP and finger skin thickening [-0.68,
p<0.01]). Based on the high frequency
of palpable tendon friction rubs in early
dcSSc (540/909 or 59% in our Sclero-
derma Databank), we believe that ten-
don shortening also plays an important
role (42). None of the study patients
had finger joint swelling on physical
examination (Table I). We do not have
adequate data on hand radiographs per-
formed simultaneously with delta FTP
measurements. However, among 1264
Databank SSc patients with hand ra-
diographs available, only 208 (16%)
had either joint space narrowing or ero-
sions. For these reasons, we do not be-
lieve that arthritis is the primary cause
of SSc joint contractures.

Limitations

In Phase 1 repeated delta FTP and FTP
measurements were taken 30 minutes
apart to minimise patient fatigue at
the expense of recall bias, which has
the potential to inflate intra-rater ICC.
However, if intra-rater bias is present,
it likely has had only a minimal effect
given the very strong inter-rater ICC.
In Phase 2 the order of the performance
tests was randomized to prevent fa-
tigue/pain effects on subjects. Howev-
er, the participant sample was too small
to statistically analyse the data to see
if this method was effective. In Phase
2 repeated measurements to evaluate
intra-rater ICC for goniometry could
have been performed. We omitted this
additional step to limit patient burden
and because the reliability of goni-
ometry is well established in a trained
user. Phase 2 may have selection bias
because in general, healthier patients
(less severe disease) are more willing to
participate in studies compared with the
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sequentially examined clinic patients in
Phase 1. However, it is notable that 5 of
the 17 subjects (29%) had a delta FTP
less than 4, indicating severely limited
ROM which is usually associated with
more severe disease. Phase 3 is a ret-
rospective chart review, and thus only
provides preliminary data supporting
sensitivity to change. A large prospec-
tive study in early dcSSc will be re-
quired to confirm these findings.

In conclusion, the delta FTP is a val-
id outcome measure assessing finger
ROM in SSc patients of all cutaneous
disease phases. It satisfies the criteria
of a good outcome measure, including
reliability (intra- and inter-rater), va-
lidity (face, concurrent criterion, and
convergent construct), sensitivity to
change (responsiveness) and feasibil-
ity. Although the traditional FTP is a
partially validated outcome measure
of finger ROM in SSc, its tendency to
misclassify impairment is a major con-
cern, challenging its face validity. The
delta FTP does not carry this potential
to misclassify patients, and with its oth-
er psychometric properties determined
in this study, is a better outcome meas-
ure than the FTP. Sensitivity to change
was studied and demonstrated only in
early SSc patients. This is precisely the
subset which is considered ideal for
enrolment in clinical trials of potential
disease-modifying drugs (43).
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Appendix

Measurement of fingertip to palm (FTP) distances in systemic sclerosis

PREPARATION:

1. Use a narrow (20cm) centimeter plastic ruler.
2. Place a dot with a ballpoint pen on the distal palmar crease proximal to the third finger.
3. Ask the patient to ‘loosen up’ by flexing and extending his/her fingers several times.

MEASUREMENTS:

FTP in Extension (a and b)

1. Ask the patient to completely extend his/her fingers.

2. Measure and record to the nearest millimeter the distance from the distal palmar crease dot to the end of the third finger (skin, not
end of nail).

3. Measure and record both right and left hands.

FTP in Flexion (c and d)

1. Ask the patient to completely flex his/her fingers by trying to touch the tip of the third finger to the ink dot. The goal is to bend the
fingers at all three joints (MCP, PIP, DIP).

2. Measure and record to the nearest millimeter the distance from the distal palmar crease dot to the tip of the third finger.

3. Measure and record both right and left hands.

Extension Minus Flexion, the ‘Delta FTP’ Measurement:

To obtain the difference between FTP Extension and Flexion, subtract the flexion measurement from the extension measurement and
record in millimeters.
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