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Objective The aim of this study was to quantify potential transient risk factors for occupational acute hand injury
among hospitalized workers in the People’s Republic of China (PRC).

Methods Participants were recruited from 11 medical facilities in 3 cities of the PRC. A face-to-face interview
was used to collect information on the occurrence of 8 potential risk factors within a 90-minute time period before
an acute traumatic hand injury and during a control period within the month before the injury. The reliability of
reporting transient risk factors was assessed, and a case-crossover design was used to estimate the injury inci-
dence risk ratio (IRR) of each risk factor.

Results 1In total, 703 hospitalized workers completed the interview (527 male, 176 female), with a mean age of
31.8 [standard deviation (SD) 10.3] years. The median time interval between injury and interview was four days.
Thirty percent of participants had a crush injury and 25.7% had an amputation. Using malfunctioning machinery/
tools/material, performing a task with a different method, working overtime, and wearing gloves were found to have
good reliability in test-retest examination [intra-class correlation coefficient (ICC)>0.9]. The IRR of a hand injury
were markedly increased while using malfunctioning machinery/tools/material [110.4, 95% confidence interval
(95% CI) 97.4-125.2], performing a task with a different method than usual (84.3, 95% CI 67.7-105.1), or being
distracted (69.6, 95% CI 57.9-83.7). Gender and size of company were associated with differences in glove usage.

Conclusions The results suggest the importance of transient, potentially modifiable factors in the etiology of
occupational acute hand injury in the PRC. Regular maintenance of machinery/tools, work practice controls, and
avoiding distractions should be priorities for reducing the risk of occupational acute hand injuries.
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Economic globalization has further accelerated already
booming labor-intensive industries in developing coun-
tries/regions. The hand is identified as the most injured
body part for workers not only in developed countries
(eg, United States) (1) but also in developing countries
(eg, Turkey) (2). The prevalence of work-related hand
injury was reported to be 13.6% in a large hospital in
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Pakistan (3). A very interesting observation was that
hand injuries increased even as the total rate of occupa-
tional accidents decreased in a developing region (4).
Hand injuries are common in the People’s Republic
of China (PRC) (5). Data from epidemiological studies
on hand injuries published in Chinese from 1994-2005
show that between 23-54% of all visits to emergency
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departments were for hand injuries (5). A search of the
Chinese core journals from 1996-2006 using the China
Academic Journals fulltext database (CAJ) (the largest
database of academic journals published in Chinese)
and the key words “hand injury” produced 90 papers on
hand injury. Of the 13 epidemiological studies, only one
examined risk factors for work-related traumatic hand
injury using an analytic study design (ie, case—control),
while the others were primarily descriptive studies. The
case—control study evaluated fixed risk factors for hand
injury that are commonly studied, such as employment
type, age, and gender (6). PubMed was also searched
for papers on hand injury among Chinese, published in
English during the same period. Fifty-six papers were
identified; none quantified risk factors for occupational
hand injury.

In the current study, we evaluated several potentially
modifiable transient risk factors for acute hand injury
(eg, using malfunctioning equipment and being dis-
tracted), rather than fixed risk factors (age and industry
type). These transient factors have not been well studied
in the PRC. The case-crossover study design provides a
design approach that can be used to study transient risk
factors for acute events (7). One important feature of the
case-crossover design is that each participant serves as
his/her own control canceling the potential confound-
ing due to differences between individuals, such as age,
gender, occupation, or task experience. However, recall
bias can occur if interview data is involved. For more
information on limitations and study planning using
case-crossover design, please see Maclure & Mittleman
(8). This design has been used to study occupational
injuries in the US by Lombardi et al (9) and Sorock et al
(10, 11), who identified modifiable transient risk factors
for acute hand injuries.

In the Sorock et al (11) and Lombardi et al (9) stud-
ies, performing unusual work tasks, being distracted
or rushed, equipment or tool malfunction, new work
methods, or not wearing gloves were significantly asso-
ciated with the occurrence of an acute work-related
hand injury. A similar design was adopted to study
occupational hand injuries among 192 workers from
Hong Kong. Chow et al (12) reported malfunctioning
equipment/materials, different work methods, perform-
ing unusual work tasks, working overtime, feeling ill,
being distracted, and rushing as transient risk factors for
hand injury occurrence. However wearing gloves was
not a significant protective factor.

To evaluate the US hand injury protocol for use
with injured workers in the PRC, a pilot study was con-
ducted with the study materials translated into Chinese
(13). This study assessed the feasibility of participant
recruitment, standardized informed consent procedures,
cross translation of the Hand Injury Study questionnaire
into Chinese, and interview quality control. Areas of
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improvement in study procedures identified from the
pilot study, such as data collection efficiency and qual-
ity, were incorporated into the final study questionnaire.
For example the data collection protocol in the final
study used non-physician interviewers and required
intensive interviewer training compared to the original
design in the pilot study. Key aspects of the study proto-
col and results describing the basic characteristics of the
study population and injury patterns have been reported
elsewhere (5). The purpose of the current report is to
provide analytic data on transient risk factors associated
with work-related acute traumatic hand injury among
hospitalized workers in the PRC.

Methods

Participant selection

Between October 2004-2006, study subjects were
recruited from patients admitted for treatment for a
sudden-onset, traumatic injury to the fingers, hand, or
wrist in two hand-surgery hospitals and nine general
hospitals in three industry-concentrated cities: Ningbo
(Zhejiang Province), Wuxi (Jiangsu Province), and
Liuzhou (Guangxi Zhuang Autonomous Region) in the
PRC. A total of 730 participants were approached for
an interview, of which 27 were unavailable, refused
participation, or terminated their interview. In total,
703 (96.4%) completed the interview and were included
in the analysis. The enrollment criteria for the study
required that participants must have had one or more of
the following types of work-related injury to the fingers,
hand, or wrist: laceration, crush, avulsion, puncture,
fracture, contusion, amputation, or dislocation. Par-
ticipants were first screened by clinicians for eligibility
and to determine work-relatedness of the injury. After
participants signed up to the study, the severity of a
hand injury was assessed using the Hand Injury Sever-
ity Score (HISS) developed by Campbell et al (14). A
HISS score >50 was defined as a severe or major injury.

The Fudan School of Public Health Institutional
Review Board, the Liberty Mutual Research Institute
for Safety Institutional Review Board, and the Harvard
School of Public Health Human Subjects Committee
approved the study.

Data collection

We previously reported on the development of our
structured questionnaire (15), modeled after the studies
by Sorock et al (11), translated into Chinese, and evalu-
ated in the previous pilot study (13). The questionnaire
recorded information on 8 self-reported transient expo-



sures starting at 90 minutes before the onset of the hand
injury regarding the participant’s work equipment,
work practices, and worker- and workplace-related fac-
tors. Interviewers trained in human research participant
protection, related governmental regulations, informed
consent, interview techniques, and questionnaire cod-
ing conducted face-to-face interviews. The transient
risk factors examined included: (i) using malfunction-
ing machinery, tools, or work materials; (ii) perform-
ing a task with a different method; (iii) performing an
unusual work task; (iv) being distracted; (v) rushing;
(vi) feeling ill; (vii) working overtime; and (viii) wear-
ing gloves (13).

The usual frequency of exposure in the past work-
month, in which an injury did not occur, was used as
control information (10). Information on the 8 tran-
sient factors during the 90-minute period (in 10-minute
intervals) before the injury was recorded on a work-
time-before-injury log by the interviewer. Participants
were asked to estimate the usual frequency and average
duration (in minutes or hours) of each episode of expo-
sure to each potential risk factor in the past work week
or month. The total exposure to each transient factor
was then calculated by multiplying the reported usual
frequency by the corresponding average duration of each
exposure. Unexposed work time to each transient factor
was determined by subtracting the amount of exposed
work time in a month from the total amount of time that
each subject reported working, including overtime.

Data analysis

In a case-crossover design, the individually-stratified data
are compared using each specific transient exposure’s
information (yes/no) at the time of injury and the usual
duration of each specific exposure in the past month.
Therefore, standard methods for stratified analyses were
applied in this study (7, 16). Relative risk (RR) estimates
were based on the ratio of the observed frequency of
exposure to each transient factor relative to the expected
duration of exposure in the past work month. The aver-
age amount of worktime exposed to each factor in the
past work month was defined as the control period in the
analysis. Participants who reported that an exposure was
present at the time of the injury were considered exposed
in the analysis. The average incidence rate ratio refers
to the rate of having a sudden onset hand injury when
exposed to each potential transient risk factor compared
to the rate when unexposed. The Mantel-Haenszel esti-
mator for person-time data was used to estimate the RR
and 95% confidence intervals (95% CI) for each transient
factor (17).

Gender, size of enterprises, and powered machine
use were found to affect the risk of hand injury or
severity of injury in our pilot study (5). The potential
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effect modifications of these three fixed factors on
the transient factors were evaluated. Chi-square tests
of homogeneity were used to test stratification of the
potential effect modifiers. Gender was categorized into
male and female; powered machine use was either “yes”
or “no” at the time of injury; size of enterprises was
grouped into “<100 employees”(small enterprise) and
“>100 employees” (large enterprise).

To evaluate the reliability of the self-reported
responses to the exposure questions, information on
each transient risk factor was obtained at a follow-up
interview, within 5 days after the initial interviews
with a random sub-sample of 32 participants, and these
responses were compared to their initial interviews. To
examine the reliability of reported exposure information,
a test-retest procedure was conducted. Intra-class cor-
relation coefficients (ICC) were calculated to evaluate
the inter-correlation of reported exposures in the past
work month. Cohen’s kappa coefficient was used to
estimate the degree of agreement between the initial and
follow-up interviews in reporting each of the exposures
to potential risk factors at the time of the injury.

Results

Worker characteristics

As shown in table 1, 527 males (75%) and 176 females
participated in this study. The duration from worker
injury to interview was a median of 4 (range 0-256)
days with 86% of injured workers being interviewed
within 2 weeks of injury. The average age of the study
population was 31.5 [standard deviation (SD) 10.3]
years. The average age, local residence, and past hand
injury experience was not statistically significantly dif-
ferent between males and females. Women were more
represented in plastics, food products, textiles and pub-
lishing, while men were more represented in machinery,
fabricated metal, basic metal and wood products. In
addition, in this sample, there were a higher proportion
of women working in manufacturing than men (94%
female versus 82% male). Less than 32% of workers
had any safety training; 44% reported having a safety
officer supervising their workplace. Most participants
were right-handed (98.8%), 0.8% were left-handed, and
0.4% were ambidextrous.

Injury outcomes

Injuries were relatively evenly split among the right
and left hand (52% of 750 injuries were to the left
hand), with the index finger the most often injured.
Crushes (29.7%) were the most frequent nature of injury,
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Table 1. Descriptive information of hand injured workers, Peo-
ple’s Republic of China, October 2004-0ct-2006, N=703. Mean
age=31.8 (standard deviation 10.3) years. Median age 31 (range
16-62) years.

Characteristic Male Female Total
N % N % N %
Gender 527 75 176 25
Occupation
Manufacturing 430 81.6 166 943 596 84.8
Machinery 124 288 25 151 149  25.0
Fabricated metal 88 205 22 133 110 185
Motor vehicles 41 95 16 96 57 9.6
Wood products 34 79 11 6.6 45 7.6
Rubber & plastics 29 6.7 29 175 58 9.7
Food products 15 35 13 78 28 4.7
Textiles 14 33 14 84 28 47
Other manufacturing2 85 19.8 36 21.7 121 203
Construction 43 8.2 3 1.7 46 6.5
Other 54 10.2 7 40 61 8.7
Job experience °
< 3 months 128 243 52 295 180 256
3-12 months 151 287 52 295 203 289
1-5 years 159 302 48 273 207 294
>5 years 87 165 28 131 110 156
Safety training
Yes 175 332 48 273 223 317
No 333 632 121 68.8 454 64.6
Do not remember 19 36 7 40 26 3.7
Safety officer on site
Yes 242 459 69 39.2 311 442
No 237 450 86 489 323 459
Do not know 48 91 21 119 69 9.8
Company size ¢
<50 280 536 100 56.8 380 541
50-249 144 276 55 31.3 199 283
>250 98 188 21 119 119 169

2 Other manufacturing include manufacturing of basic metals, furniture
and publishing/printing.

b Missing 3 cases.

¢ Missing 5 cases.

followed by amputation (25.7%), fracture (18.5%), lac-
eration (12.4%), avulsion (7.3%), contusion (4.9%), dis-
location (0.9%), and puncture (0.4%). Severe or major
injuries (65%) occurred most often while working with
food products (79.2%), furniture (72.2%), non-metallic
mineral products (71.4%), and wood products (70.6%).
Powered machines were involved in 59.5% of injuries. A
typical scenario was: “The cutter machine was stuck by a
paper roller that just fed in and stopped for a couple of
minutes, I tried to remove the paper roller but the cutter
was activated suddenly and cut my fingers”. Additional
descriptive details have been previously published (5).

Exposures

Six hundred forty nine participants (92.3%) reported
exposure to at least one transient risk factor at the time
of injury, with a total of 1221 exposures or approxi-
mately 1.9 exposures per participant on average. Among
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the participants reporting any exposure during the
study case or control periods, 261 participants (37.1%)
reported exposure to only 1 potential risk factor, 255
(36.3%) to 2, and 133 (18.7%) to =3. The most frequent
co-occurring exposure was wearing gloves (41.4%).
Wearing gloves occurred most often with malfunction-
ing machine tools or work material (N=155), performing
an unusual work task (N=79), being rushed (N=65),
performing a task with a different method (N=52), and
being distracted (N=43).

Work equipment-related exposures were the most
frequently reported exposures at the time of injury
including wearing gloves (55%) and using malfunction-
ing machinery, tools, or work material (42.8%). Using
malfunctioning machinery, tools or work material, was
also associated with the highest RR (110.4, 95% CI
97.4-125.2) of hand injury among the eight transient
risk factors measured. There was an elevated RR of
hand injury (2.5, 95% CI 2.0-3.1) when wearing gloves.
Performing a task with a different method, performing
an unusual work task, and working overtime were three
work practice-related exposures. These exposures were
associated with a 67.7-fold, 42.0-fold, and 1.6-fold
increase in the RR of hand injury, respectively. Perform-
ing an unusual work task was the third most frequently
reported exposure at the time of injury (20.8%) and
performing a task with a different method was the
fifth (14.2%), while working overtime was reported
less frequently (8.3%). Being distracted, rushing, and
feeling ill were considered worker-related exposures.
All three exposures were significantly associated with
the occurrence of hand injury (table 2). With respect to
person-time exposed in the prior month, the transient
risk factors with the highest percentages of time exposed
were wearing gloves (53.5%), working overtime (4.5%)
and being rushed (3.1%), see figure 1.

In work-equipment-related exposures, 301 partici-
pants reported using malfunctioning machinery, tools, or
work materials. Of these, 39% were attributed to the tool/

Table 2. Transient exposures and relative risk (RR) of work-related
acute traumatic hand injury, People’s Republic of China, October
2004-0ct-2006. [95% Cl=95% confidence interval.]

Transient Exposed at Exposedin  RR 95%Cl
exposure the time of  the prior
injury month

Unusual performe 301 232 110.42 97.38-125.21
Unusual task 146 103 52.34 41.98-65.26
Unusual method 100 48 84.34 67.68-105.11
Feeling sick 24 36 14.24 8.64-23.46
Rushed 121 114 33.64 24.78-45.66
Distracted 84 42 69.62 57.87-83.74
Over time 58 249 2.08 1.57-2.74
Gloves 387 399 2.51 2.02-3.11

2 Indicates unusually performing or malfunctioning equipment.
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Figure 1. Percentage of subjects ex-
posed to each of the eight transient
risk factors at the time of the injury
(white bars) compared to the aver-
age percentage of total person-time
atworkexposedto eachriskfactorin
the month prior to the injury (black
bars). Forexample, 42.8% of injured

worker were exposed to using mal-
] 42.8

Unusual performing equip/material 0% ‘ ‘

‘ functioning machine, tools, or work

0.0 10.0 20.0

Percentage

| material at the time of the injury, but
40.0 50.0 60.0 participants reported being exposed
tothistransientfactor 0.8% of work
time in the previous month.

machine not performing as expected, 21% to an unusual
work piece, 17% to a jammed machine, 13% were unclas-
sified, 6% to lost communication with co-worker, and 3%
to accidentally hitting a switch. In work-practice expo-
sures, 146 participants reported performing an unusual
work task, including putting the hand in unusual posi-
tion (24%), unjamming (16), hammering or pressing
task (16%), material handling (15%), machine mainte-
nance (11%), and cutting (8%). One hundred participants
reported performing a task with a different method,
including using a different tool or operation (36%), put-
ting a hand in an unusual position (28%), unusual work
piece (23%), and being close to blade (6%); 7% were not
categorized. In worker-related exposure, the leading rea-
sons for rushing (N=121) included working quickly to get
the current job done (30%), being rushed by supervisor
or customer (25%), preparing to go home (12%), catch-
ing up with backed-up work (8%), being understaffed
(3%), and other time pressures or emergencies (21%).
The leading reasons for being distracted (N=84) included
thinking about non-work tasks (26%), talking/looking to a
co-worker (20%), fatigue (15%), and other external (10%)
or internal (29%) distractions.

Effect of gender, powered machine, and size of enterprise

Workers in small enterprises (<100 employees) and
female workers had increased RR compared to those in
large enterprises and male workers, respectively. While
the RR for powered machines were higher when using
gloves, being sick, rushing, and being distracted, these
differences were not statistically significant (table 3).

Reliability assessment

In the reliability sub-study, 35 participants were invited
to be re-interviewed at the initial interview using the
original questionnaire. Of the randomly selected par-
ticipants, 32 completed the second interview while 3
declined participation. Of those who completed the
second interview, most were re-interviewed within 5-7
days of the first interview, except for one case who was
re-interviewed after 18 days.

In reporting exposures to transient risk factors at the
time of injury, kappa values for being rushed, working
overtime, performing an unusual work task, wearing
gloves, and using malfunctioning machinery, tools, or
work material showed high levels of agreement (>0.75).
Performing a task with a different method had a kappa
of 0.64 which indicates substantial agreement between
the two interviews. Reports of being distracted had the
lowest reliability, and exposure to feeling sick could not
be calculated due to zero values in cells. In reporting
average exposure hours to transient risk factors in the
prior work-month, exposures to using malfunctioning
machinery, tools, or work materials, performing task
with a different method, working overtime, and wear-
ing gloves showed the highest reliability with ICC>0.9
between the two interviews; exposures to feeling sick
showed fair reliability with ICC>0.8. Other exposures,
like performing an unusual work task, being distracted,
or rushing showed the lowest reliability (ICC range:
0-0.05).
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Table 3. Relative risks (RR) of hand injury for transient factors stratified by selected worker/workplace characteristics, People’s Republic
of China. [95%C1=95% confidence interval.]

All subjects Male Female Powered Non-powered Small Large
machine machine enterprises enterprises

RR 95%Cl  RR 95%Cl RR 95% Cl RR 95%Cl  RR  95%Cl RR 95% Cl RR 95% Cl

Work

equipment

Unusual 110.4 97.4-125.2 86.3 76.8-97.0 404.5 218.2-749.8 88.4 77.3-101.1 -°P —b 872 76.7-99.2 199.2 142.7-278.0
performance

Glove use 2.5 20-31 29 2337 9.0¢ 3.3-243 52 3.7-74 15 1.2-20 42: 31-566 22 1.5-3.2
Work

practice

Unusual 84.3 67.7-105.1 58.9 46.6-743 -° - 609 471-787 b -b 50 38.6-648 -° -b
method

Unfamiliar ~ 52.3 42.0-65.3 43.7 34.4-55.5 115.7 62.0-215.9 43.1 33.7-55.2 128.2 72.9-225.2 41.7 32.1-542 90.6 58.7-140.0
task

Over time 2.1 1.6-2.7 2 1528 24 14-43 2 1527 29 1.6-563 25 1835 14 0.9-24
Worker—

related factors

Being sick 142 86-235 129 7.7-216 287 7.7-1063 36 16.8-77.2 45 20-103 125 6.6-234 315 13.9-71.6
Rushed 33.6 24.8-45.7 30.3 20.7-444 419 246-714 425 29.3-61.7 171 9.3-316 431 278668 21 13.8-31.9
Distracted ~ 69.6 57.9-83.7 49.5 40.4-60.8 -° -b 748 61.9-904 508 28.4-90.9 264.8192.1-365.0 23 17.1-30.9

2P<0.05, chi square test for homogeneity.
b Insufficient information for calculation of relative risk.

Discussion workers from injury by high energy external forces.
In the Sorock et al report (18), for example, glove
use was not associated with a reduced relative risk of
The study population in this report was relatively young crush, avulsion, amputation, or fracture injuries to the
(mean age 32 years), predominantly male (75%), worked fingers or hand (RR 0.93, 95% CI 0.62—1.39) but was
in manufacturing industries (70%), and in smaller scale associated with a reduced RR of a laceration injury
industries (54% in companies with <50 employees). [lacerations accounted for 63% of all injuries in the
Our sampling strategy required that participants had Sorock et al report (11)]; (ii) wearing gloves may also
been hospitalized due to hand injury. Using the Hand reduce operational flexibility and could actually cause
Injury Severity Scoring (5), 65% of these hand injuries a gloved hand to be caught in moving machinery; and
were categorized as “severe” or “major”. We utilized the (ii1) wearing gloves might be confounded by other co-
case-crossover design to assess if the injury may have occurring risk factors. The last point has been referred
been “triggered” by one or more transient risk factors to as multiple-correlated transient factors (19), for
that occurred just prior to the injury. The same protocol example, wearing gloves occurred most often with mal-
was used as in a North American study by Sorock et al functioning machine tools or work material, performing
(11) and Lombardi et al (9) and in Hong Kong, China, an unusual work task, being rushed, and performing a
by Chow et al (12). task with a different method. Another possibility is that
In these prior studies, wearing gloves was identified workers sometimes wear incorrectly sized gloves. Hsu
as a protective factor that was significant in Sorock et et al (20) reported Taiwanese hand-surface areas (HSA)
al’s report (11) (RR 0.4, 95% CI 0.3-0.8) but insig- show significance in gender difference (male mean HSA
nificant in Chow et al’s (RR 0.7, 95% CI 0.38-1.34). 155.3,SD 17.5, cm?; female mean HSA 128.4, SD 18.5,
However, in the current study, wearing gloves showed cm?) using a high-resolution 3D hand scanner suggesting
a RR of 2.5 (95% CI 2.0-3.1), indicating that wearing that female workers may be likely to wear over-sized
gloves was associated with an elevated risk of a hand gloves (20). Use of over-sized gloves may increase the
injury in our study population. Although inconsistent hazard of being caught by excess glove material in mov-
with prior studies, there are several possible explana- ing machinery (see table 3). Proper sizing of gloves for
tions for this finding including: (i) greater exposure to men and women may need greater attention in industrial
heavy energized machines and systems in the current settings, especially for female workers as our data sug-
population than the populations examined in the other gested women working with gloves had higher chance
two studies. The more severe injuries (eg, crushes) evi- of hand injuries.
denced in the current population could indicate greater Other transient risk factors showed strong asso-
exposure to higher energy risks. Gloves do not protect ciations with occurrence of hand injury. The RR value
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varied from 110.4 (using malfunctioning machinery,
tools, or work material, 95% CI 97.4-125.2) to 2.08
(working overtime, 95% CI 1.6-2.7). To further under-
stand the impact of the malfunctioning machinery/tools
on the absolute risk of workplace injury, one must con-
sider the baseline risk of injury, the frequency of expo-
sure to the transient risk factor, and the RR associated
with it. For example, participants in this study reported
working with malfunctioning equipment for 0.85% of
their work time in last work month. Assuming that the
average monthly risk of an acute hand injury at work is
5.0% in small enterprises and the RR associated with
working with unusual-performing equipment among
workers in this industry is 87.2, we can estimate the
absolute risk as (0.9915 x 5%) + (0.0085 x 5% x 87.2)
= 8.7%. Thus, under these assumptions, the average
monthly absolute excess risk associated with work-
ing with malfunctioning equipment would be 3.7% in
populations of workers with a similar distribution of
transient exposures.

Our findings regarding using malfunctioning
machinery, tools, or work material were similar to
those of Chow et al (12) and Sorock et al (10). This
suggests that maintenance or regular checking of
machines or tools involving hand operation should be
a high priority in controlling work-related acute trau-
matic hand injuries. In comparing the size of the RR
across studies, the results of the current study showed
generally higher RR relative to both the Chow et al
(12) and the Sorock et al (10) studies. The difference
in reported RR values of transient risk factors may
reflect differences among the studied populations and
the working conditions. In the Sorock et al study (10),
the participants were recruited from occupational clin-
ics and primarily reported minor injuries; the Chow et
al study (12) enrolled participants from among injured
workers making claims for occupational compensa-
tion for hand injuries. In our study, participants had
been hospitalized as a result of their hand injury and,
consequently, tended to have more severe injuries
than the other two studies. Although reliability results
were generally strong for all exposures, the size of the
RR in this study may also be the result of participants
underestimating exposures in the prior work month
(control period) due to the limited ability to recall
exposure information over a longer period of time.
Perhaps just as likely, the workers in this study might
have over-reported exposure at the time of the injury.
For example, the percent exposed to an unusual task
at the time of the injury and at any time in the past
month were 21% and 15%, respectively, for the injured
Chinese workers and 11% and 31%, respectively, for
the injured US workers. The results of the reliability
sub-study suggest the consistency of reporting over
time. Reliability in reporting exposures at the time of
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injury showed good or very good agreement between
initial and follow-up interview for most of the expo-
sures and low agreement for exposure to being dis-
tracted. This finding on distraction also had the lowest
ICC of any transient risk factor in the Lombardi et al
report (21) suggesting that distraction may be hard to
reliably recall at the time of the injury. The possible
explanations of low ICC may reflect the less organized
working environment among the injured workers in
this study for example, a pile of unorganized working
material may catch a passing-by co-worker and create
a distraction to the nearby workstation.

Regarding exposure to malfunctioning machin-
ery, the largest RR identified in the current study
were associated with unexpected movement of tool
or machine (eg, circular saw run in reverse direction),
unusual work piece (eg, cutting through a knot in wood
piece) and jammed machine. Proper warnings and
relative locking mechanisms to prevent human body
part involvement in the danger area (such as points
of operation or power transmission) are stated in the
general national guideline on machinery safety (5.2.4
GB/T15706.2-2007 as a Chinese version of ISO12100-
2:2003) from the China National Standardization Tech-
nical Committee for Safety of Machinery (22). A
detailed lock- and tag-out procedure can be found in
the chemical industrial standard of safety management
protocol for facility maintenance (HG/T 23008-92). It
should be noted that the above regulations are NOT
mandatory (which would show a “T” in the assigned
serial number). The current results suggest the potential
value of adopting a standard such as Control of Hazard-
ous Energy - Lockout/Tagout and Alternative Methods
(ANSI/ASSE Z7244.1-2003) for improved machine
safety for workers in the PRC.

Concluding remarks

This study identified eight modifiable transient risk
factors for an acute traumatic hand injury among Chi-
nese workers. These include: (i) using malfunctioning
machinery, tools, or work material; (ii) performing a
task with a different method; (iii) performing an unusual
work task; (iv) being distracted; (v) rushing; (vi) feeling
ill; (vii) working overtime; and (viii) wearing gloves.
Regular maintenance of machine or tools involving hand
operation is a high priority to control acute traumatic
hand injury. Safety officers should give a high priority
to worker training on how to protect the hands when
machinery, tools, or work materials malfunction. More
research on why gloves may increase the risk of hand
injury is also needed.
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