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Study Design: Psychometric study with 2-week interval.
Introduction: Musculoskeletal hand complaints are common among manual workers. Mismatch between
anthropometric hand features and tasks can affect the ability to perform hand activities, with an
increased risk of complaints. Although screening of these features may improve diagnosis and treatment,
no validated screening tool is available. The Practical Hand Evaluation (PHE) screening tool might fill this
gap, but its psychometric properties are unknown.
Purpose of the Study: To test the reliability of the PHE and to explore the feasibility of item reduction of the PHE.
Methods: Right-hand profiles of 117 healthy volunteers (66 women, 51 men; mean age, 22.8 years) were
independently assessed 4 times by 6 couples of researchers using the PHE, twice on day 1 and twice 2-3
weeks later. Intrarater and inter-rater reliability (intraclass correlations), standard error of measurement
(SEM), potential confounding factors (gender, joint hyperlaxity, and measurement order) affecting the
instrument’s reliability (limits of agreement), and collinearity between the PHE items were determined
(variation inflation factor analysis and hierarchical clustering of correlation coefficients).
Results: The intrarater and inter-rater reliabilities of the PHE were good for 12 of 14 items (86%; r ¼ 0.67-
0.90). Absolute SEM varied between 2.01 and 9.23 mm. The percentage of shifts of at least 2 classes in a
repeated measurement was <15%. Cluster analysis identified 6 clusters of hand items.
Discussion: The reliability for nearly all PHE items is good. Measurement errors were substantial relative
to variances in the reference population, but not to gender, joint laxity and order of administration.
Clustering into 6 seperated clusters of items was possible.
Conclusions: The PHE fulfills many of the criteria for screening of anthropometrics of the hand. Its reli-
ability is high. The SEM might be improved with future adaptations toward a digital photographic PHE.
Reduction to 6 items seems also possible.

� 2018 Hanley & Belfus, an imprint of Elsevier Inc. All rights reserved.
Introduction

The lifetime prevalence of musculoskeletal problems of the
upper extremities in professions involving intensive or repetitive
manual work, including desktop workers, dental hygienists,1-4

professional sportsmen,5-7 and musicians, is high (up to 55%).8,9
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These problems frequently interfere seriously with work perfor-
mance and evenwith careers.10 Much research has been performed
among professional musicians because of the extreme physical
demands musicianship may make on upper extremities, particu-
larly on the hands.8,9,11,12 For example, studies have reported fre-
quencies of bimanual finger movements up to 1800 per minute
among pianists or extreme finger positions among violinists during
many hours of exercise.13 If musicians have unfavorable anthro-
pometric hand features, like hand and finger sizes,14-16 these high
upper extremity work demands may amplify biomechanical
stresses of the hand and fingers, and many hours of playing in-
crease exposure time to this stress.14 Relationships have been
reported between anthropometric features of the hand and
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playing-related pain.17-22 However, 2 systematic reviews among
musicians12,23 found no consistent results regarding these features,
which might be due to the diversity of anthropometric aspects they
included.

Screening of the anthropometric features of the manual
workers’ hands would seem to be a relevant step in the diagnostic
process for hand problems in various populations of manual
workers. This screening method should be valid, reliable, unam-
biguous, and not time consuming. One such clinical assessment
tool for the screening of anthropometric features of musicians’
hands has been described by Wagner.14 This tool, the Practical
Hand Evaluation (PHE), consists of 14 items regarding the size of
the hand and the distances between the fingertips, which can be
measured with ruler, pencil, and paper within 10 minutes. The
PHE has been used to calculate percentiles for the individual
anthropometric hand characteristics from a large sample of pro-
fessional German musicians. This yielded associations between
musculoskeletal hand complaints (MSHCs) and certain hand
measurements, such as a small span between thumb and little
finger in pianists.15

However, none of the psychometric values of the PHE have been
established, for example, the intrarater and inter-rater reliability
and standard error of measurement (SEM), as these are priorities
when establishing the clinical utility of any instrument. The goal of
this study was therefore to determine if the PHE is a reliable
screening instrument for the anthropometric features of the hand.
Moreover, we assumed that assessing all 14 items of the PHE might
yield redundant information about the anthropometric values of
the hand, and reducing the number of items might enhance its
clinical usability as a screening instrument. We therefore examined
whether reduction of items was statistically feasible. We also
studied the influence of potential confounding factors on the reli-
ability of the PHE.

Subsidiary goals were as follows:

1. Testing the intrarater and inter-rater reliability for the PHE
items.

2. Testing the measurement error and the potential impact of this
measurement error on the classification of PHE items.

3. Testing the influence of gender, joint hyperlaxity, and mea-
surement order on the reliability.

4. Exploring the feasibility of reducing the number of items in the
PHE.
Method

Study design and participants

We conducted a psychometric study. The study used 2 types of
participants; rater participants and subject participants (from
whom the hand features were measured). Subject participants
included third-year physical therapy students and staff of the
Hanze University of Applied Sciences in Groningen (the
Fig. 1. (A, B) Schedule of measure
Netherlands), recruited in 2016 and 2017. Informationwas provided
via an explanatory letter, with additional oral information as
needed. Subject participants were eligible if they were 17-50 years;
had no self-reported pathology, disorders, or complaints of the
right hand; and were able to fill out the questionnaire (English or
Dutch version). All subjects gave informed consent. The medical
ethics committee (METc 2016/220) decided that no formal approval
was required. The guidelines for reporting reliability and agree-
ment studies were used for conducting and reporting of the
study.24
Procedure

The test conditions were kept as constant as possible, including
room temperature and acclimatization of the participants for at
least half an hour before test administration to minimize the in-
fluence of unwarranted sources of bias. The raters received training
from one of the authors (KHW, with appr.20 years of experience as
a hand rehabilitation physician), with approximately 20 years of
experience as a hand rehabilitation physician, to optimize the
consistency of the test procedure. Training consisted of two 2-hour
sessions for practical instruction on the assessment procedure,
exercising, and receiving feedback until the raters hadmastered the
procedure. Tests were independently administered by 6 fixed
couples of raters. The right hand of each of the subject participants
was assessed in 4 measurements on 2 days by a rater couple
(referred later as rater A and rater B). On the first day, the subject
participant wasmeasured by each of the 2 raters, with an interval of
approximately half an hour, to calculate inter-rater reliability at
short intervals (rater A� 30minutes� rater B) (Fig. 1). Two to three
weeks later, subjects weremeasured again by the same rater couple
to establish intrarater and inter-rater reliability at long intervals
(Fig. 1). The raters were blinded for their own and other raters’
results.

On day 1, the procedure started by having each subject partici-
pant complete a short questionnaire to check the eligibility criteria
for the study and to collect information on language, age, gender,
hand dominance, and body height. Joint hyperlaxity of each
participant was assessed to determine its possible influence on the
reliability of the PHE (see later). This was done on day 1 by the first
rater. Subsequently, the hand characteristics were assessed: par-
ticipants were sitting in a stable but relaxed position behind a table
in a quiet room,with rater A or B sitting across the same table. Rater
A or B marked the center of the participants’ fingertips with
removable ink to enable optimal measurement. Raters A and B
simultaneously measured 2 subject participants in different rooms
(round 1). Half an hour after the assessment, the subject partici-
pants were retested in the other room by the other researcher
(round 2). All marking points on the fingertips were removed
before the subject participants entered the next room. Subject
participants were instructed not to correct the other rater if they
noticed differences in test performance. After 2-3 weeks, the pro-
cedure was repeated with the same rater couple for each subject
ments by the 6 rater couples.
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participant. Before the second assessment, subject participants
completed a short questionnaire to assess if their situation had
been stable since the previous measurements, and if there were
reasons for exclusion from the retest due to hand problems. The
orders of measurement for 1 rater couple on the 2 days were as
follows: ABAB, BABA, ABBA, or BAAB. A percentage of the subject
participants were tested using either the same order of items (for
the particular rater couple) or in reversed order to determine the
influence on the measurement error.

The 12 raters involved measured 2 groups, 1 in 2016 and 1 in
2017. This was done because there were actually 2 consecutive
studies with partially different study goals. Because the 6 raters of
the second study tested the PHE items against another (photo-
graphic) assessment procedure, they assessed only 4 of the 14
hand-related items of the PHE (span 1-5, span 2-5, difference 1-3,
and hand length). We assumed that these items were representa-
tive of the clusters of PHE items that might be most clinically
relevant in screening hand anthropometrics. The other 10 PHE
items were not included in the second study, resulting in a smaller
number of participants for testing the reliability values of these 10
items (Table 1).

Measures

Practical Hand Evaluation
Wagner14 developed a standardized assessment procedure for

hand features by measuring 3 different biomechanical compo-
nents: shape (5 items), passive range of joint motion (15 items), and
muscle strength (15 items). For the purpose of clinical screening,
Wagner reduced the number of items from 35 to 14 to create the
PHE (Appendix A; Fig. 2).

Joint laxity
Joint laxity was assessed twice on day 1 by both raters inde-

pendently by applying the 5 criteria developed by Beighton.25 The
Beighton score is a simple 9-point system to quantify joint laxity
(score, 0-9); higher scores mean more laxity, and a score of 4 or
higher is interpreted as hyperlaxity.25 One point is scored if the
subject can place their palms on the ground (with legs straight)
while standing bent forward, 1 point is given for each elbow and
each knee that bends backward, 1 point for each thumb that
touches the forearm when bent backward, and 1 point for each
little finger that bends backward for more than 90�.

Data analysis

Demographic characteristics are presented as mean and stan-
dard deviation (SD; for interval/ratio data) or percentages (for
dichotomized data). The percentage of missing data among the
PHE items was calculated over the total of measurements per
item: percentages �3% were judged as acceptable, between 3%
Table 1
Schedule of rater couples and the characteristics of the ratings

Rater couple Period Subjects N

I 2016 1, 3-24 23
II 2016 101-114, 116-121 20
III 2016 201-219 19
IV 2017 501, 524, 525, 534-538, 552-555 12
V 2017 502-523 22
VI 2017 526-533, 539-551 21

117

a Hand length; difference 1-3; span 1-5; and span 2-5.
and 15% as doubtful, and >15% as not acceptable.26 Missing data
were handled via pairwise deletion; a particular case was used if it
had a missing value when analyzing other variables with non-
missing values.

Reliability

Reliability was assessed using 1-way random intraclass corre-
lation coefficients (ICCs) because of the multiple raters, with 95%
confidence intervals. Intrarater and inter-rater reliabilities were
analyzed using ICC for continuous data if data were normally
distributed.27 Normality of data distribution was checked visually
via histograms for each of the 14 different PHE items and also for
these items when calculated for each of the 3 factors separately.
Spearman rho and ICC were both determined if data were not
normally distributed. More specifically, we used the ICC 1-way
random-effects absolute agreement (single measurement) for the
inter-rater reliability because the different rater couples rated
different participants (Table 1). For intrarater reliability, we opted
for the ICC 2-way mixed-effects absolute agreement (single mea-
surement).28 Interpretation of the ICC for reliability measures was
as follows: <0.50 ¼ poor, 0.50 � x < 0.75 ¼ moderate,
0.75� x< 0.90¼ good, and�0.90¼ excellent.29 Spearman’s rho for
the items with non-normal distribution differed very little (<0.02)
from the ICCs. For reasons of clarity, only ICCs are presented here.
Inter-rater reliabilityshort (within day 1; assessment moment 1-2)
and inter-rater reliabilitylong (for more than 2 days; assessment
moment 1-3 or 1-4) were both determined.

Measurement error

The measurement error between 2 raters on 2 different days
was calculated in 2 ways: the absolute error of measurement (SEM)
and the shift percentage of the measurement error (percentage of
shifts). The latter represents the chance that a particular PHE item
of a subject participant will end up in a different category when
rated by the second rater. SEM and coefficient of variation were
assessed using SD :

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� inter� rater reliabilityshort

p 30 and SD/
mean, respectively. Percentage of shifts was estimated in 3 steps.
First, the percentile data of the sample used by Wagner14 were
divided into 7 categories: extremely small if x � P5; very small if P5
< x � P10; small if P10 < x � P30; average if P30 < x � P70, large if
P70 < x � P90; very large if P90 < x < P95; and extremely large if x
� P95. Second, test scores were converted into these categories
based on the reference tables provided by Wagner.14 Third, we
calculated by how many classes each subject had shifted. Finally,
we determined the percentage with a shift of �2 categories. We
assumed that a shift of �2 of 7 percentile categories was a relevant
shift in percentile categories erroring clinical practice. We defined a
shift percentage of <5% as acceptable, one of 5% � x < 10% as
substantial and one of �10% as large.
Item order Order raters Items

N down N up N ABAB/BABA N ABBA/BAAB

11 12 13 10 All
20 0 12 8 All
10 9 14 5 All
12 0 12 0 4a

22 0 22 0 4a

21 0 21 0 4a

96 21 94 23



Fig. 2. Examples of the rating of 2 items of the PHE. (A) Span 2-3 and (B) ¼ difference 1-3. PHE ¼ Practical Hand Evaluation.
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Potential confounding factors

To evaluate potential influences on the reliability, the data set
was stratified on gender, joint hyperlaxity, and item order. For
each stratified group within each potential confounding factors,
1-way random ICCs were calculated for the 2 measurements on
the first day. Differences in ICCs were visually evaluated to see if a
pattern would emerge, and if they fell into identical interpreta-
tion classes as defined by Portney and Watkins.29 These inter-
pretation classes were used as a reference to determine whether
reliability within a particular group would be different from that
within another group. Differences that imply going from the poor
to the good or excellent interpretation class were considered
unacceptable. To investigate the influence of possible stretch and/
or training effects, the differences between the first and second
measurements on the first day were assessed using limits
of agreement (LoA). The LoA was defined as the mean
difference �1.96 SD of differences between measurements on
days 1 and 2.
Item reduction

Two types of analyses were done to identify collinearity and
possibilities for further item reduction. First of all, the variation
inflation factor (VIF) with a cutoff of 5 was used for stepwise
elimination of items, which could be predicted by other items. In
addition, hierarchical clustering of correlation coefficients was used
to group correlating items together. Correlation plots for different
numbers of clusters were visually inspected for their fit.31 Possible
item reduction was analyzed using the crude data set as well as
data adjusted for hand length.
Table 2
Demographic variables of the study population

Potential confounding
factors

Group Gender Hyperlaxity

Male Female Yes

Body height 182.6 � 5.6 170.7 � 6.9 173.3 � 8.4
Age 23.5 � 4.5 22.2 � 3.2 22.7 � 2.4
Gender Male d d 10 (20%)

Female d d 19 (28%)
Hyperlaxity Yes 10 (34%) 19 (66%) d

No 40 (46%) 47 (54%) d

Item order Down 44 (46%) 52 (54%) 22 (23%)
Up 7 (33%) 14 (67%) 7 (33%)

Total Total 51 (44%) 66 (56%) 29 (25%)

SD ¼ standard deviation.
All data were analyzed using the R software environment,
version 3.3.1.32 Level of significance was set at P � .05, 2-tailed.

Results

About 117 subject participants enrolled in this study; 62 in 2016
and 55 in 2017 (Table 2). No eligible subject participants refused to
participate, and no dropouts were identified during the study.

The percentage of missing data per PHE itemwas acceptable for 11
of 14 items (78.6%), doubtful for 2 of 14 items (14.3%), and not accept-
able for 1 item (span3-4; 7.1%). The latterwas causedby the fact that 16
participantswereunable toperformthehandpositionof span3-4 item.

Reliability

ICCs for intrarater, inter-ratershort, and inter-raterlong reliability
were interpreted as excellent in 14.3%, 14.3%, and 0%, respectively;
as good in 78.6%, 85.7%, and 92.9%, respectively; and as moderate in
7.1%, 0%, and 7.1%, respectively; poor reliability was not found
(Table 3). Moderate reliability was found for the inter-rater reli-
ability for span 1-5 item and for 3 of 4 values for span 3-4 item. ICCs
for intrarater reliability were generally higher than those for the
inter-rater reliability. In terms of the classification of Nunally and
Bernstein,33 most ICCs are in the �0.80 range, indicating that the
PHE is reliable for use as a screening instrument to assess anthro-
pometric features and flexibility/stiffness of the hand.

Measurement error

SEM ranged from 2.4 to 8.4 mm for the total sample (Table 4).
The percentage of shifts by �2 categories was between 9.4% and
Item order Total Unit

No Down Up

176.7 � 8.6 176.2 � 8.9 174.3 � 7.5 175.9 � 8.7 Mean cm � SD
22.8 � 4.3 22.4 � 2.9 24.4 � 6.5 22.8 � 3.9 Mean years � SD

40 (80%) 44 (86%) 7 (13%) 51 (100%) N (group row %)
47 (71%) 52 (79%) 14 (21%) 66 (100%)

d 22 (76%) 7 (24%) 29 (100%)
d 73 (84%) 14 (16%) 87 (100%)

73 (77%) d d 96 (100%)
14 (67%) d d 21 (100%)
87 (75%) 96 (82%) 21 (18%) 117 (100%)



Table 3
Intrarater and inter-rater reliability

Potential confounding
factors

Intrarater
ICC (95% CI)

Inter-ratershort
ICC (95% CI)

Inter-raterlong
ICC (95% CI)

Hand length 0.90 (0.85-0.93) 0.90 (0.87-0.93) 0.87 (0.82-0.91)
Hand width 0.87 (0.81-0.90) 0.78 (0.69-0.84) 0.80 (0.72-0.85)
Difference 1-3 0.80 (0.73-0.86) 0.83 (0.77-0.88) 0.79 (0.71-0.85)
Difference 3-5 0.77 (0.68-0.83) 0.76 (0.68-0.83) 0.75 (0.65-0.82)
Span 1-2 0.79 (0.71-0.85) 0.75 (0.66-0.82) 0.73 (0.64-0.81)
Span 1-3 0.88 (0.83-0.92) 0.87 (0.82-0.91) 0.80 (0.72-0.85)
Span 1-4 0.87 (0.82-0.91) 0.81 (0.74-0.87) 0.80 (0.72-0.86)
Span 1-5 0.90 (0.85-0.93) 0.90 (0.86-0.93) 0.84 (0.77-0.88)
Span 2-3 0.80 (0.73-0.86) 0.80 (0.73-0.86) 0.79 (0.71-0.85)
Span 2-4 0.85 (0.78-0.89) 0.75 (0.66-0.82) 0.75 (0.66-0.82)
Span 2-5 0.80 (0.72-0.85) 0.86 (0.81-0.90) 0.81 (0.74-0.86)
Span 3-4 0.67 (0.56-0.76) 0.77 (0.69-0.84) 0.76 (0.67-0.83)
Span 3-5 0.78 (0.69-0.84) 0.82 (0.75-0.87) 0.80 (0.73-0.86)
Span 4-5 0.83 (0.76-0.88) 0.80 (0.72-0.86) 0.79 (0.71-0.85)

ICC ¼ intraclass correlation coefficient; 95% CI ¼ 95% confidence interval; Inter-
ratershort¼ inter-rater reliability within day 1; Inter-raterlong ¼ inter-rater reliability
between days 1 and 2.
Bold rows are coefficients based on 117 participants; otherwise, analysis was done
on 62 participants.
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21.0% in the whole study sample. A shift in the PHE percentiles
classification of�2 categories was found in<5% for 0 items, in 5%�
x < 10% for 4 items (28.6%), in 10% � x < 15% for 10 items (71.4%),
and in �15% for 0 items.
Potential confounding factors

Stratification for gender, joint hyperlaxity, and item order
revealed neither major shifts in interpretation classes between
categories for these factors nor any significant differences between
the 2 rating moments on day 1 (Table 5). Nor did the LoA showed
any consistent differences between the raters over all items
(range, �2.5 to 1.1 mm), with a random error between 5.7 and
22.0 mm.

The general tendency was that the ICCs among the various
stratified groups were all in the same range. Some substantial dif-
ferences in ICCs were observed (Table 5), for example, a lower
reliability for difference 3-5 item in women (which might be
related to smaller hand size) and measurements related to the
fourth finger in subject participants with hyperlaxity. In combina-
tion with a contrary of higher ICCs for other PHE items in case of
hyperlaxity, the latter difference might be statistically based.
Table 4
Measurement error properties per item on first test

Item N Mean � SD (cv) Meanmale � SD (cv) M

Hand length 117 189.4 ± 11.9 (6.3%) 198.5 ± 8.5 (4.3%)
Hand width 62 82.1 � 6.3 (7.7%) 88.1 � 4.4 (4.9%)
Difference 1-3 117 74.6 ± 7.6 (10.2%) 78.6 ± 7.2 (9.2%)
Difference 3-5 62 36.1 � 4.1 (11.4%) 36.1 � 3.9 (10.8%)
Span 1-2 62 153.2 � 17.1 (11.2%) 159.9 � 20.9 (13.1%) 1
Span 1-3 62 176.5 � 17.4 (9.8%) 186.5 � 18 (9.6%) 1
Span 1-4 62 181.1 � 21.7 (12.0%) 195.4 � 22.4 (11.4%) 1
Span 1-5 117 194.4 ± 18.9 (9.7%) 205.9 ± 18.3 (8.9%)
Span 2-3 62 74.4 � 13.9 (18.7%) 77.1 � 15.6 (20.2%)
Span 2-4 62 96.8 � 16.4 (17.0%) 101.2 � 15.5 (15.3%)
Span 2-5 117 134.6 ± 16.2 (12.0%) 140.6 ± 16.4 (11.7%)
Span 3-4 62 58.9 � 14.0 (23.8%) 64.8 � 13 (20.1%)
Span 3-5 62 108.8 � 14.1 (12.9%) 114.2 � 14.4 (12.6%) 1
Span 4-5 62 71.5 � 14.0 (19.6%) 76.0 � 14.4 (18.9%)

SD ¼ standard deviation; cv ¼ coefficient of variance; SEM ¼ standard error of measurem
Bold rows are based on 117 participants; otherwise, analysis was done on 62 participan
Item reduction

Stepwise backward elimination of items based on the VIF
revealed multiple redundant items in the crude and adjusted data
set (Table 6). Three of these items concerned measuring the span
between the thumb and other digits. This might indicate that all
thumb span items provide similar information about the flexibility
of the thumb.

Hierarchal clustering of correlation coefficients using various
numbers of clusters was visually inspected. Six clusters digit (dig. 1
cluster, dig. 5 cluster, dig. 2-4 cluster, hand size cluster, difference 3-
5 cluster, and difference 1-3 cluster) seemed to best fit the corre-
lation plot in the crude and adjusted data sets (Fig. 3). Three of
these clusters seemed related to hand/finger size. Three other
clusters showed high correlations with span items containing a
similar joint. Items related to the thumb and little finger particu-
larly stood out.

Discussion

This study demonstrated good reliability for nearly all PHE
items. Measurement errors, however, were substantial relative to
variances in the reference population. Variables that were assumed
to be of potential influence on the reliability of the PHE (gender,
joint laxity, and order of administration) showed no substantial
influence. Items could be statistically clustered into 6 separate
clusters. The clusters thus identified seem to be physiologically
plausible with respect to hand function. Our findings suggest that
the PHE meets many of the criteria for screening. The clinical
applicability may be increased in the future by using a short version
of the PHE, based on our proposed item reduction.

Reliability

This is the first study to present reliability parameters for a
practical screening of anthropometric features of the hand. Previ-
ously, the test-retest reliability (with 1 rater) and measurement
error of hand radiographs were found to be excellent (ICCs, 0.99).5

However, the radiographic method has disadvantages of cost, time,
radiation load, and the availability of the X-ray equipment. These
ICCs should be viewed critically as clinical practice has to deal with
different X-rays interpreters, thus dealing with 2 sources of sys-
tematic errors. Moreover, with the X-ray method, only anthropo-
metric values were determined, whereas the PHE measures a
combination of anthropometric aspects and hand flexibility.
eanfemale � SD (cv) SEM (mm) Percentageshift % Missing values
in all trials

182.5 ± 9.1 (5.0%) 4.0 9.4 1.3
78.8 � 4.6 (5.8%) 2.4 21.0 0.0
71.6 ± 6.4 (8.9%) 3.4 15.4 1.3
36.0 � 4.3 (11.9%) 2.1 17.7 0.0

49.5 � 13.6 (9.1%) 8.3 16.1 0.0
71.1 � 14.5 (8.5%) 6.2 14.5 0.0
73.6 � 17.3 (9.9%) 8.2 13.8 5.6
185.5 ± 13.9 (7.5%) 6.4 14.5 1.3
72.9 � 12.8 (17.6%) 6.3 9.7 0.0
94.2 � 16.6 (17.7%) 7.1 19.6 7.3
129.9 ± 14.4 (11.1%) 7.0 6.8 1.3
55.5 � 13.7 (24.7%) 7.5 6.8 25.8
05.9 � 13.2 (12.4%) 6.3 11.3 0.0
68.9 � 13.3 (19.3%) 5.9 13.3 2.0

ent.
ts.



Table 5
Inter-ratershort ICC of data stratified by gender, hyperlaxity, and item order

Item Inter-ratershort ICC LoAa

Gender Hyperlaxity Item order

Male Female Yes No Up Down

Hand length 0.82 0.83 0.91 0.90 0.87 0.91 L1.16 ± 10.83
Hand width 0.53 0.51 0.58 0.85 0.87 0.73 �0.31 � 6.70
Difference 1-3 0.80 0.77 0.86 0.83 0.76 0.84 1.13 ± 8.96
Difference 3-5 0.59 0.84 0.67 0.80 0.68 0.80 �0.15 � 5.72
Span 1-2 0.77 0.70 0.91 0.65 0.81 0.74 �1.50 � 21.66
Span 1-3 0.88 0.80 0.95 0.81 0.83 0.89 �0.55 � 16.44
Span 1-4 0.88 0.65 0.84 0.78 0.73 0.84 �0.77 � 22.00
Span 1-5 0.87 0.85 0.94 0.88 0.89 0.90 L0.79 ± 17.63
Span 2-3 0.78 0.83 0.75 0.83 0.86 0.78 �2.47 � 15.91
Span 2-4 0.76 0.73 0.48 0.83 0.74 0.76 �2.07 � 18.86
Span 2-5 0.83 0.87 0.88 0.86 0.87 0.86 �1.35 � 18.93
Span 3-4 0.75 0.76 0.47 0.87 0.83 0.75 �1.07 � 19.48
Span 3-5 0.75 0.86 0.87 0.80 0.78 0.85 �0.55 � 16.85
Span 4-5 0.91 0.70 0.73 0.83 0.78 0.82 �1.87 � 16.72

ICC ¼intraclass correlation coefficient; LoA ¼ limits of agreement.
Limits of agreement between the first and second measurements on the first day.
Bold rows have coefficients based on 117 participants; otherwise, analysis was done on 62 participants.

a Paired sample t test between scores during first and second measurements on the first day were not significant for all items.
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Measurement error

It remains unclear from our study what the clinical relevance of
the measurement error might be. We assume that only extreme
values of a particular PHE item in a manual worker individual
might correlate with MSHC: extremely small hands might be
easily overstretched, and extremely large hands might be posi-
tioned less efficiently or accurately. Hence, the risk of misclassi-
fication of a particular measurement toward the extremes (due to
SEM), whereas the actual value is in the midrange of the reference
values, should be minimal. The same applies to the shift from an
extreme to a midrange category. Thus, although the SEM might be
regarded as relatively small, the percentage of shifts (taking the
measured value plus or minus SEM into account) relative to
reference categories for a larger sample of participants14 appears
to be substantial. On the other hand, Wagner34 indicated that the
items of the PHE together form a hand profile of features, and it is
not clear whether a harmonic hand profile (ie, the measurement
values of 1 hand are within the same or adjoining category) can
shift to a disharmonic hand profile (ie, with some values in the
upper extreme and others in the lower extreme) due to mea-
surement error. A substantial percentage of shifts implies a lower
Table 6
Data of stepwise backward elimination of item based on collinearity (VIF score)

Crude (not adjusted for hand length) It

Step 1 Step 2 Step 3 Step 4 Step 5

5454 5398 4871 4641 4547 H
4228 4178 4168 3508 3417 H
2565 2554 2381 2278 2221 D
2066 1970 1904 1904 1904 D
6944 6568 6334 1990 1937 Sp
17,870 14,076 7507 Sp
25,372 Sp
20,847 15,595 Sp

4676 4514 4470 3816 Sp
5427 4215 4207 4201 4137 Sp
9872 7668 7269 6938 Sp
3075 2490 2462 2337 2261 Sp
4351 4351 3972 3971 2950 Sp
4779 3756 3629 3436 2676 Sp

VIF ¼ variation inflation factor.
Bold rows have variation inflation factors based on 117 participants; otherwise, analysis
specificity of the PHE, with a possibly substantial number of false-
positive or false-negative values due to measurement error. This is
not an a priori argument against using the PHE as a screening
instrument in hand therapy, but in view of the interindividual
variability between measurements, care should be taken when
interpreting results on an individual basis. The combination of
high ICCs and substantial SEM might be interpreted as arguments
against the use of the PHE as a screening instrument for hand
features. However, the ICCs indicate that the instrument’s reli-
ability is sufficient to use it for screening.33 Moreover, the SEM is a
statistical criterion for the maximum difference among measure-
ments at group level, with a 95% certainty that the difference
found is a true difference due to differences between the test and
retest situation. The percentage of shifts in classification found in
this study might therefore be interpreted as a conservative inter-
pretation of the instrument’s reliability. The interpretation of a
combination of high ICCs and substantial SEM is common in hu-
man research. In detailed testing, as is the case with the PHE, a
substantial SEM cannot be ignored for screening at the level of the
individual.35 A way to reduce SEM is repeated measurement, for
example, as shown in repeated vs mono blood pressure
measurement.36
em Adjusted for hand length

Step 4 Step 3 Step 2 Step 1

and length d d d d

and width 1695 1830 2042 2075
ifference 1-3 1675 1684 1868 1882
ifference 3-5 1325 1346 1365 1401
an 1-2 1607 4622 5937 6210
an 1-3 13,056 16,274
an 1-4 18,832
an 1-5 5671 10,724 13,884
an 2-3 3402 3425 3592 3639
an 2-4 3039 3048 3049 3706
an 2-5 4024 4486 4487 5800
an 3-4 2056 2066 2184 2699
an 3-5 2157 2298 2373 2382
an 4-5 2365 2370 2561 3372

was done on 62 participants.
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Fig. 3. (A) Clustering of the PHE items based on correlation coefficients. (B) Clustering after adjustment for hand length. PHE ¼ Practical Hand Evaluation.
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Potential confounding factors

In contrast to our initial assumptions, we did not find any sub-
stantial influence of the factors of gender, hyperlaxity, and order of
administration. Because the sample data in the studies by Wag-
ner14,34 were categorized according to gender, we wanted to know
if reliability differed between men and women. The gender factor
consisted of 2 characteristics, viz, hand size and percentage of
hyperlaxity, which might be relevant in this respect. Women
generally have smaller hands than men, and among women, there
is a higher percentage of hyperlaxity (both in the general popula-
tion and in our study sample). The possible influence of differences
in hand size is discussed previously. The presence of hyperlaxity
showed no substantial influence on reliability. Together with our
finding that the reliability of the PHE is not influenced by the order
of item administration (due to stretching effects), the absence of an
influence of these factors simplifies the test instructions for future
raters. This is another advantage of the PHEwhen used in screening
situations. No statistical differences were found between the first
and second measurements on the first day, suggesting limited ef-
fects of training and stretching on the second measurement.
Item reduction

Although a number of subjects failed to meet the requirements
for a full analysis on possible item reduction, an exploratory anal-
ysis was done to evaluate clustering among PHE items. Stepwise
elimination of items based on the VIF showed that span items that
included the thumb had high collinearity. What these scores have
in common is thumb length and flexibility of the thumb joint. This
might indicate that these components make major contributions to
the span items. All thumb-related itemsmight thus be replaced by a
single item span 1-2 or span 1-5, depending on clinical task rele-
vance. Hierarchical clustering of correlation coefficients of items
supported this hypothesis. In addition to dig. 1 cluster, other clus-
ters with assumed clinical relevance were also identified. Three of
them were related to span and 3 others to hand/finger size. Scores
adjusted for hand length showed more distinctive clustering
compared with crude scores, so hand length might be an
underlying confounding factor that needs to be corrected for in
future use. Similarly, no clinical interpretation is as yet available of
individual or combined scores in terms of specific symptoms.
Wagner14,34 suggested that some individual items might be asso-
ciated with specific pain features, for instance, pianists with span 1-
5, which is too small to reach a full octave on a regular piano. But
disharmony between multiple item percentile scores could also be
an indicator of hand feature deficiencies. In conclusion, our pre-
liminary analysis yielded some starting points for reducing the
number of items in the PHE even further. Both statistical clustering
and clinical predictability should be kept in mind when restruc-
turing items of the PHE for future research.
Strengths and limitations

The design of our study was chosen so as to maximize the
reliability of the study.31 In theory, reliability measures may
display variation arising from several sources; the number of
participants and number of measurements, the ranges between
the minimum and maximum values of the data, the measurement
instrument itself, the raters, the participants, the circumstances
under which the measurements are made, and random factors.26

Three of these aspects are discussed successively later. One of
the strengths of this study was the large number of participants.
However, data for 10 of 14 PHE items were based on only 62 of the
117 participants; if it had been based on more participants, even
higher ICCs for these items might have been found. The range
from the minimum to maximum number of millimeters per item
differed substantially. It can be assumed that for the smallest
distances (eg, difference dig. 3-5), the impact of the SEM could be
bigger than for larger distances (eg, difference dig. 1-5) as the rater
cannot reduce the measurement error below a certain number of
millimeters (eg, due to minor changes in the position of the pen
while marking the distance on paper). Thus, the potential impact
of the SEM on the reliability of the 2 items with the smallest mean
distance (ie, differences dig. 3-5 and dig. 2-3) can be assumed to
be bigger than its impact for other PHE items. The potential impact
of the SEM on the reliability of most items was substantial, with a
slight tendency toward lower ICCs and higher percentages of shifts
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for the 2 aforementioned items with small mean distances. The
subject participants were healthy Dutch volunteers and aged be-
tween 17 and 50 years. Although this had the advantage of a
relatively homogeneous study sample, the generalizability of the
findings toward other populations might be limited to some de-
gree. Our population was taller than the reference population from
Germany.14 As smaller hands may increase the impact of the shift
percentage due to SEM, this may reduce the clinical applicability.
Because our study excluded patients with MSHC, it is not clear to
what extent the reliability of the PHE may be generalized to the
population of patients with MSHC. The raters were extensively
instructed, and we assume that this instruction has greatly
benefited the reliability of the study.

Clinical implications

A systematic approach to the examination of the hand increases
the chance of detecting anthropometric hand features that might
relevantly interfere with the desired high level of hand func-
tioning14-16 or that might pose a risk for the development of MSC.
The PHE can be used for research purposes at group level, in view of
its high ICCs. The PHE can also be used for individual screening of
hand profiles, despite the substantial SEM, as the 14 PHE items
together contain redundant information (as shown by our VIF
analysis). Thus, the impact of the substantial SEMwill be reduced in
an individual screening if all 14 items are assessed together. At this
stage of the development of the PHE, the individual items of the
PHE alone should not be used for the assessment of individual
anthropometric hand features. Reducing the SEMwill be needed to
overcome this shortcoming.

Future research

As stated previously, in future studies, the reliability of the
PHE might be improved by having each rater measure each item 2
or 3 times. Further research might consider determining the
reliability of a digital photographic alternative for the manually
measured PHE procedure. In combination with a reduction in the
number of PHE items, such a photographic PHE procedure could
meet more of the criteria for a screening instrument because of
fewer false-positive or false-negative findings, even if repeated
photographs are needed. Another suggestion for further research
might be a prospective study of the correlation of the difference
between harmonic and disharmonic hand profiles and the prev-
alence of MSC of the hand. Although a causal relation seems
plausible, there is so far no evidence about the so-called at risk
hand profiles for MSC of the hand when combined to specific
work demands.

Conclusion

Results of this study showed that the observed agreement in
test-retest administration of the PHE within and between raters
was high for most PHE items. Among the items, the reliability of
measuring span 3-4 showed the lowest agreement. Measurement
errors were substantial relative to variances found in a reference
population. Our results, however, suggest that the PHE is a suitable
instrument for the screening of anthropometric hand features.
Gender, joint hyperlaxity, and order of administration did not
substantially influence its reliability. Statistical clustering of items
was possible for several items of the PHE, with 6 clusters that seem
to be physiologically plausible with respect to hand function.
Together, these results suggest that the PHE meets many of the
criteria for screening. Clinical value might be further improved by
item reduction.
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