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Abstract

Purpose. To examine the relationship between initial anatomic severity evaluated by the Hand Injury Severity Scoring
(HISS) system and recovered hand function evaluated by the Purdue Pegboard after occupational hand injury.
Method. In the retrospective cohort study, 95 patients hospitalized between 1 January 2000 and 31 December 2003 for

surgery due to occupational hand injury were recruited. The HISS scores were obtained by chart review by a surgeon. The
Purdue Pegboard was performed at least 6 months after the injury by well-trained occupational therapists. The Purdue
Pegboard scores were compared with the initial HISS scores by simple regression, multiple regression and logistic regression
analysis.

Results. The total HISS score was negatively correlated with scores of the Purdue Pegboard subtests, including injured-
hand, both-hands, and assembly. The risk of having low injured-hand score (< 13) was significantly increased in workers
with initial major severity (HISS > 101), with OR 9.57 (95% CI 1.4-94.8). The risk of having low both-hands score (< 10)
was significantly increased in workers with initial severe and major severity (HISS of 51-100 and >101), with OR 4.5 (95%
CI 1.1-21.8) and OR 25 (95% CI 3.5—-263). The risk of having low assembly score (< 25) was significantly increased in

workers with initial major severity (HISS > 101), with OR 9.0 (95% CI 1.3-72.5).
Conclusion. 'The study showed that after occupational hand injury, initial anatomic severity evaluated by the HISS system

could predict hand function after recovery.

Keywords: Hand injury, hand function, HISS, the Purdue Pegboard

Introduction

Work-related injury creates cost not only in medical
burden but also in loss of productivity [1,2]. In
Taiwan, the incidence of work-related injuries was as
high as 3.6—5.9 persons per thousand persons per
year between 1991 and 1999, and 6.1 - 6.6 between
2000 and 2003 [3]. Furthermore, ‘clamped and
rolled’ constituted the second frequent type of
occupational injury, following traffic accident, and
caused the most disability as the result of occupa-
tional injury in 2003. The most frequent body part of
occupational injury was finger and hand [3]. A

previous study revealed the economic impact of hand
injuries, especially labor costs [4]. Therefore, occu-
pational hand injury is an important issue in Taiwan.

The prediction of recovery after injury is important
to clinical practitioners including surgeons, rehabili-
tation staff and occupational practitioners. A thor-
ough evaluation of the recovery after hand injury
would offer a workable treatment program [5].
Surgeons have to decide what surgical approach to
use; rehabilitative staff have to set the goal and make
the strategy of training. Occupational practitioners
have to evaluate the work ability and the possibility of
return-to-work. Thus, predicting the recovery after
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occupational hand injury provides important infor-
mation for the care of workers with occupational
hand injuries.

The hand is a complicated structure. Its perfor-
mance depends on its sensory system and motor
system, including skeletal system and neuromuscular
system. Many studies had tried to reveal the effect of
individual structures or factors [6—10]. Campbell
and Kay tried to include all the possible involving
anatomic components and get comprehensive eva-
luation. The Hand Injury Severity Scoring (HISS)
system was developed in 1996. This system eval-
uated the four systems, including integument (skin
and nail), skeletal (bones, joints and ligaments),
motor (tendons and intrinsic muscles) and neural
(median, ulnar and digital nerves) components.
They also used the HISS as a guide to predict
outcome, such as return-to-work [11].

A previous study revealed significant correlation of
the HISS score with the time interval between injury
and the end of healing [12]. They also showed
statistically significant correlation between the HISS
score and the American Medical Association (AMA)
impairment rating which was evaluated by loss of
active movement [13]. Regarding correlation with
disabilities evaluated by the Disabilities of the Arm,
Shoulder and Hand (DASH), one subjective out-
come measurement instruments for upper extremity
symptoms and function by questionnaire [14,15],
the results in two studies were somewhat contra-
dictory. Mink van der Molen found that there was no
statistically significant correlation between the HISS
and the DASH [13], but Saxena found that these two
were significantly correlated [16]. The International
Classification of Functioning, Disability and Health
(ICF) system [17] has been widely used to describe
health-related state in many studies [18,19]. Accord-
ing to the ICF system, these previous studies focused
on domain of the ‘body functions and structures’
(i.e., wound and tissue healing, AMA impairment
rating) and domain of ‘participation’ (i.e., return-to-
work, DASH). As far as we know, there has been no
direct comparison between the HISS score and hand
function, which refers to domain of ‘activity’.

Dexterity, or hand function refers to the ability to
manipulate objects with the hands. Accuracy and
speed are the parameters of measurement [20].
Many hand function tests were developed since the
twenty century, including the Purdue Pegboard [21],
O’Connor Dexterity Tests [22], Jebsen Test of Hand
Function [23], Minnesota Rate of Manipulation Test
[24], Smith Hand Function Test (Smith) [25],
Bennett Hand Tool Dexterity Test [26], Nine Hole
Peg Test [27], TEMPA [28], and so on. The Purdue
Pegboard was first developed in 1948 by Joseph
Tiffin, PhD, an Industrial Psychologist in Purdue
University [21,29]. It was initially developed for
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employee selection [21], but was later used more
extensively in other vocational fields [30], as well as
for the evaluation of hand function in various
ailments [31—33]. Test-retest reliability was studied
with fair to good reliability [34—36], despite of
practice effect reported [35,36]. In our study, we
used the Purdue Pegboard as an indicator of hand
function after hand injury.

The aim of this study is to examine the correlation
between initial anatomic severity after occupational
hand injury, evaluated by the HISS system, and hand
function after an adequate period of recovery,
evaluated by the Purdue Pegboard.

Methods
Subjects

Patients hospitalized between 1 January 2000 and 31
December 2003 for surgery due to occupational
hand injury in one tertiary referral centre in southern
Taiwan were recruited. These patients were at least 6
months after injury, allowing complete recovery from
the injury. They were clinically stable and no longer
needed a splinting device. We excluded patients with
poor communication (e.g., foreign language speak-
ing only), no work while injured, age younger than
15 or older than 65, hand injury beyond distal to
carpus, bilateral hand injury, and previous severe
hand injury. Left-handed patients accounted for only
around 1%, and thus excluded from analysis for the
purpose of homogeneity of the study population.
Phone interview was conducted between August
2003 and December 2004 for demographic informa-
tion. Informed consent was obtained for participation
of this study. For those agreed to participate, clinic
appointment was made for hand function testing.
Written consent was again obtained at this visit.

The Purdue Pegboard

There are two types of manual dexterity (hand
function), including gross and fine dexterity. The
former one emphasizes more global movement, and
the latter one requires fine, interdigital movements.
The Purdue Pegboard measures these two.

The Purdue Pegboard is a board with four cups at
the top to contain pins, collars and washers, and two
rows of holes in the middle from top to bottom. Five
separate scores from four subtests were obtained in
formal test, including right hand, left hand, both
hands, right + left + both hands, and assembly [37].
The one-hand and both-hands subtests measure
unilateral and bilateral gross manual dexterity,
and the assembly subtest measures fine dexterity
[21,35]. We replaced the right hand or left hand
subtest with injured-hand subtest. Therefore, scores
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of injured-hand, both-hands and assembly subtests
were used in our study for the evaluation of hand
function after adequate recovery period after hand

injury.

The injured-hand subtest

In this test, the participant was asked to pick up one
pin at a time with their injured hand from the cup on
the same side as their injured hand and then place
each pin into a series of holes, running adjacent to the
cup, from top to bottom. The score referred to the
number of the pins he or she moved in 30 seconds.

The both-hands subtest

In this test, both hands were used at the same time.
The participant was asked to pick up one pin with
right hand from the right-hand cup and pick up one
pin with left hand from the left-hand cup, at the same
time, and then place the pins down the rows of holes.
The score referred to the pairs of pins he or she
moved in 30 seconds.

The assembly subtest

In this more complicated test, finger dexterity was
tested. In step one, the participants picked up one
pin from the dominant-hand cup with their domi-
nant hand and placed the pin in the top hole in the
dominant-hand row. In step two, they picked up a
washer with their non-dominant hand and dropped
the washer over the pin. In step three, they picked up
a collar with their dominant hand and dropped the
collar over the pin. In step four, they picked up
another washer with their non-dominant hand and
dropped it over the collar. After completing the four
steps, they moved on to the next holes. The score
referred to the number of pins, washers or collars he
or she moved in 60 seconds.

The norm was provided in several populations
[21,35,37]. We adopted the one in which male
hourly production workers were studied [37]. The
hourly production workers represented the popula-
tion in whom good hand function was especially
required. We defined poor hand function as getting
scores lower than those of the 5 percentile of this
population; those were 13 in the one hand (injured-
hand) subtest, 10 in the both-hands subtest, and 25
in the assembly subtest.

The Hand Injury Severiry Scoring (HISS) system

Medical records were reviewed by a hand surgeon.
The chart records included photographs of the injury
upon arrival at the emergency department and notes
of the findings during operation. Initial emergency

room evaluation and the operation records were
translated into scores by using the HISS system [11].
The HISS system was developed by Campbell and
Kay in 1996. Four components, integument, skele-
tal, motor and neural (ISMN), were evaluated over
each ray. Weighting factor (according to the func-
tional importance) was given to each ray. Besides,
there were absolute values which required no
modification in integument and neural components.
There were also conditions in which the scores
should be doubled. A score could be obtained for
each component by summing up the weighted value
of each ray and absolute value in each component.
The total HISS score was thus obtained by summing
up the scores of the four components.

According to original report, four categories of
severity were also stated [11]. A HISS score of 20 or
below was classified as ‘Minor’ severity, between 21 and
50 as ‘Moderate’ severity, between 51 and 100 as
‘Severe’ severity, and 101 and above as ‘Major’ severity.

Statistics

T-test or Chi-square test was used for examining the
difference between two groups. T-test or simple
regression was used for association between covari-
ates and the hand function tests. Simple regression
and multiple regression were used for correlation
between the HISS scores and scores of the hand
function tests. Logistic regression was used for
evaluating the risk of poor hand function by initial
severity. Potential covariates, including gender, age,
and education, are known predictors for hand
performance, and were included as adjusting covari-
ates in the regression analyses. Whether injured hand
was dominant could potentially affect the perfor-
mance of hand, and was used as a covariate. In
addition, uninjured-hand Purdue was included as an
adjusting covariate, which served as an indicator of
one’s own hand ability. Odds ratio and 95%
confidence intervals of having poor hand function
was calculated after adjusted for covariates.

Results
Demographic data

According to our inclusion criteria, 329 occupational
hand injury patients were candidates in our study.
Among them, 191 patients completed the phone
interview, and 95 patients were able to visit our
hospital for the hand function tests. There was no
statistical difference in gender and age between
patients with and without telephone interview. There
was also no statistically significant difference in
gender, age, marriage status and education between
patients with and without the hand function tests.
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Among the 95 patients, 77 men and 18 women,
who completed the study, all hand function studies
were completed at least 6 months after the injury
episode. The subjects had mean age of 39.4 years,
and the most prevalent education level of senior high
school (44.2%). Forty two (44.2%) suffered from
dominant hand injury, and 53 (55.8%) non-domi-
nant hand injury (Table I). The most common injury
type was ‘clamped, crushed and rolled’ (65.3%).

The HISS system

The mean total HISS score was 47.3 (SD 36.0),
median 37 (range 2-158). The mean scores of

Table I. Demographic characteristics and injury side in the study
population.

Variable n % Mean + SD
Gender
Female 18 18.9
Male 77 81.1
Age 39.4 + 12.6
<27 23 24.2
28-37 23 24.2
38-48 24 25.3
>49 25 26.3
Education 11.1 + 3.5
Elementary school or less 19 20.0
Junior high school 15 15.8
Senior high school 42 44.2
College 19 20.0
Injured hand
Dominant 42 44.2
Non-dominant 53 55.8

Predicting hand function after injury 851

individual component and the case numbers (per-
centages) of involvement in each component are
listed in Table II. Integument component was highly
involved (96.8%), but neural component was not
(28.4%). There was no significant association
between the HISS scores and covariates (gender,
age, education and dominant hand injury or not).
The distribution of the HISS scores according to
severity categories had reasonable representation,
namely, most with moderate (HISS 21-50), and
least with major severity (HISS > 101) (Table VI).

The Purdue Pegboard

Mean scores with standard deviation (SD) of
injured-hand, both-hands and assembly subtests in
the Purdue Pegboard are listed in Table III. Around
one-third of patients got low scores in all the three
subtests. The associations between covariates (gen-
der, age, education, dominant or non-dominant
hand injury) and hand function were evaluated.
Age was negatively associated with assembly score,
and education was positively associated with assem-
bly score, but not other scores (Table IV).

Correlation between scores of the HISS system and the
Purdue Pegboard

The total HISS score was significantly associated with
scores of the injured-hand, both-hands and assembly
subtests (see Figure 1). However, not all of the four
components were associated with the subtests. After
adjusting for covariates, scores of the three Purdue
Pegboard subtests were still associated with the total

Table II. Distribution of scores of the HISS system among the 95 participants.

Number
(percentage) of
Subtest Mean + SD Median Range Possible range involvement*
Total 47.3 + 36.0 37 2-158 0-1064 95 (100%)
Integument 19.7 + 15.4 15 0-104 0-472 92 (96.8%)
Skeletal 15.2 + 19.6 8 0-116 0-192 71 (74.7%)
Motor 8.6 + 13.9 0 0-77 0-256 43 (45.3%)
Neural 39471 0 0-24 0-144 27 (28.4%)

*Involvement was defined as score of that component more than zero.

Table III. Distribution of scores of the Purdue Pegboard among the 95 participants as compared to normal workers.

Number

(percentage) of
Subtest Mean + SD Median Range Possible Range low score*
Injured-hand 12.7 + 3.3 13 1-20 0-25 40 (42%)
Both-hands 10.3 + 2.6 11 2-15 0-25 34 (36%)
Assembly 28.6 £9.5 28 4-52 0-80 34 (36%)

*Low score was defined as lower than 5 percentile among the norm from male hourly production workers [37].
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Table IV. Association between covariates and the Purdue Pegboard scores.

Injured-hand Both-hands Assembly
Purdue Pegboard -
Covariate n Mean Mean P Mean P
Gender
Female 18 13.6 0.18 11.2 0.10 30.7 0.31
Male 77 12.4 10.1 28.1
Age
<27 23 13.5 0.08 11.0 0.05 32.7 <0.01*
28-37 23 13.0 11.1 31.9
38-48 24 11.2 9.7 25.0
>49 25 13.0 9.5 25.2
Education
Elementary school or less 19 12.7 0.79 9.3 0.15 22.3 <0.01*
Junior high school 15 11.9 9.8 26.8
Senior high school 42 12.9 10.8 31.8
College 19 12.8 10.7 29.3
Injured hand
Dominant 42 12.9 0.62 10.4 0.68 27.9 0.51
Non-dominant 53 12.5 10.2 29.2
*» < 0.05.
20 . . Discussion and conclusion
) i D c -
= - - - - This is the first study using an anatomical evaluation
E :‘.‘ e W (e " system to predict hand function after occupational
s 1 e " " hand injury. We found that initial hand injury severity
S g R . -1 . as measured by the HISS system could predict hand
g 104 - - - - function after an adequate recovery period.
o - - - - - Although this study was retrospective, information
% ] 5 o ) bias has been cautiously prevented by blinding the
[ q . chart-reviewer, i.e., the hand surgeon from the study
] subjects’ hand function results. The chart records
0] - included photographs of the injury upon arrival at
0 AR A O TR 1bOr . the emergency department and notes of the findings
Total HISS during operation. The operation records were re-

Injured hand Purdue = 14.62-0.04 Total HISS (p < 0.01)

Figure 1. Relationship between injured-hand Purdue after
recovery and the total HISS score immediately after injury.

HISS score, but not the individual components. The
skeletal component was associated with the injured-
hand and both-hands subtests, but not the assembly
subtest. The neural component was associated with
the assembly subtest (Table V).

We further analyzed the correlation between the
severity categories of HISS and poor hand function.
The risk of having low score in the injured-hand
subtest was significantly increased in workers with
initial major severity. The risk of having low score in
the both-hands subtest was significantly increased in
workers with initial severe and major severity. The
risk of having low score in the assembly subtest was
significantly increased in workers with initial major
severity (Table VI).

quired by the Universal Health Insurance Board to be
as thoroughly as possible for reimbursement purpose.
Therefore, information relevant to the HISS compo-
nents was readily available from the chart.

The HISS system comprehensively evaluated the
injury anatomy. The scores of the HISS system
represented the initial anatomic severity. Although
the total HISS score had a wide possible range (0—
1064), those of our subjects located in only lowest
fifth range. The distribution was similar to previous
reports [11—13]. The most severity category was the
moderate severity (40.0%) and the least category was
the major severity (8.4%). The distribution was also
reasonable although the percentage of the major
severity was less than previous reports [12,13,16].

This study used Purdue Pegboard as a measure-
ment of hand function status after recovery. Scores
of the injured-hand, both-hands, and assembly were
obtained. These three subsets represented different
levels of difficulty in tasks. While comparing the
performance of our subjects to the norm from male
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Table V. Correlation between the HISS scores and the Purdue Pegboard scores after adjustment for covariates.

Purdue Iniured—hader Both-hands® Assemblyi

Pegboard
HISS
component p SE of P SE of 8 P b SE of f P
Total score —0.04 0.01 <0.01* —0.03 0.01 <0.01* —0.08 0.02 <0.01*
Integument§ —0.04 0.02 0.06 —0.03 0.02 0.07 —0.02 0.06 0.80
Skeletal® —0.04 0.02 0.05* —0.04 0.01 0.01* —0.09 0.05 0.08
Motor® —0.05 0.03 0.07 —0.00 0.02 0.86 —0.03 0.07 0.67
Neural® —0.01 0.05 0.79 —0.03 0.04 0.37 —0.33 0.14 0.02*

*p» < 0.05; 7LAdjusted for sex, age, education, dominant hand injury or not, uninjured hand Purdue; iAdjusted for sex, age, education,
dominant hand injury or not; Adjusted for all other components among integument, skeletal, motor and neural.

Table VI. The risk of having low score in the Purdue Pegboard according to the HISS severity after adjustment for covariates (gender, age,

education, dominant hand injury or not).

Purdue Injured-hand Both-hands Assembly
Pegboard
HISS
severity (score) n (%) OR 95% CI of OR P OR  95% CI of OR P OR 95% CI of OR P
Minor (<20) 23 (24.2) Reference Reference Reference
Moderate (21-50) 38 (40.0) 1.41 0.42-5.03 0.58 2.08 0.52-9.82 0.32 1.39 0.35-6.21 0.65
Severe (51-100) 26 (27.4) 3.23 0.92-12.41 0.07 450 1.10-21.78 0.04*  2.66 0.61-12.72 0.20

Major (>101)

8 (8.4) 9.57 1.40-94.80 0.03*

25.00 3.53-262.77 <0.01* 8.99 1.30-72.46 0.03*

*p < 0.05; OR, odds ratio; CI, confidence interval.

hourly production workers, more than one-third of
our subjects did not achieve the 5 percentile level of
the norm. Those with such low scores are candidates
for early intensive rehabilitation [38].

All 3 subsets in Purdue Pegboard had scores
negatively associated with initial HISS score. It
implied that after at least half year of recovery,
patients with higher initial anatomic severity regained
lower hand function scores. However, risk of having
poor performance (poorer than 5 percentile of normal
workers) in the 3 subsets appeared to associate with
different HISS severities (Table VI). The injured-
hand subset showed direct effect of hand injury on
hand function. The risk of poor performance was
noted in patients with initial major severity
(HISS > 100), and borderline significant in patients
with severe HISS (51 -100). In the assembly subset,
the sound hand could compensate for the clumsiness
of the injured hand, and the risk of poor performance
was noted only in patients with HISS > 100. The
both-hands subtest required both hands to work
simultaneously, and was thus more difficult to
execute [35]. Poor performance was noted in patients
with HISS of >50.

In our study, we found not all individual compo-
nents of the HISS system correlated with the hand
function. Similar result was also reported [16].
Saxena reported only skeletal and motor compo-
nents, but not neural component, were associated
with the DASH. We revealed the skeletal component

was associated with the injured-hand and both-hands
subtests, but not the assembly subtest. The neural
component was found to be associated with the
assembly subtest. The explanation may be more than
half of our subjects were not injured (i.e., scored zero)
in motor and neural components and hand function
performance of these subjects would be affected by
other components. So the association between these
components and the hand function would be masked.
The other explanation is that overall evaluation to
predict the outcome is better than evaluate on only
certain components. The total HISS score is thus
more valuable than score of individual component.

A rehabilitation staff concerns very much the
recovery of hand function. Hand is an important
but complicated part of human body. Both skeleton
and soft tissue (tendon, ligament, nerve, skin) play
their important roles. Since an injury seldom involves
a single component, one cannot evaluate the severity
by using any single structure. Interactions among the
hand components have been well known to affect the
overall hand performance [6—10]. Since the HISS
system provides comprehensive evaluation of the
severity of injury, as well as prediction of hand
function after recovery, it can be used as an early
indicator for setting a reasonable final goal of
rehabilitation. In addition, early identification of
patients needing more intensive rehabilitation will
potentially improve clinical outcomes among the
most severely injured.
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In conclusion, initial anatomical severity after

occupational hand injury, evaluated by the HISS
system, may predict hand function as evaluated by
the Purdue Pegboard. Subjects with the initial total
HISS score greater than 50 may have high risk of
having poor hand function after recovery. Intensive
rehabilitation is suggested. Further investigation with
more study subjects will be warranted to distinguish
effects of the HISS components on hand function
after recovery.
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