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Hand Lacerations and Job Design
Characteristics in Line-Paced Assembly

Jennifer L. Bell, PhD
Leslie A. MacDonald, ScD

This study investigated risk factors for laceration injuries among
workers employed in line-paced manufacturing assembly operations.
Most lacerations (76% of 576) occurred on the hands and fingers
(grouped as “hand” lacerations). On average, 37% of surveyed workers
reported at least one laceration to the hand in the preceding year,
resulting in an overall hand laceration rate of 83 per 100 workers per
year. An inverse relationship was found between level of job routiniza-
tion and hand lacerations, with progressively higher rates of hand
lacerations occurring among workers assigned to less routine (more
variable) work patterns. Fabricated metal parts handling and job
variability may be related to increased risk of hand lacerations in
line-paced work environments where personal protective equipment is the
primary strategy to control exposure to sharp objects. (J Occup
Environ Med. 2003;45:848–856)

L acerations ranging from minor inju-
ries requiring little more than a ban-
dage to severe injuries damaging ten-
dons or nerves are one of the most
commonly reported injuries incurred
by workers while on the job. When
examining work-related hospital
emergency department and medical
center visits, laceration injuries con-
sistently have ranked in the top three
most numerous injuries.1–6 Lacera-
tions have been cited repeatedly as
an important source of injury in a
wide variety of occupations and in-
dustries.7–12

Work-related laceration injuries
most commonly affect the hands and
fingers, often resulting in days lost
from work and considerable em-
ployer expense.3,10,12–14 Lost work
time associated with a laceration can
be protracted because hand wounds
can impede manual task performance
and there often is no alternative work
that can be assigned during recov-
ery.3 Laceration injuries also in-
crease workers’ susceptibility to in-
jury after chemical exposure because
damage to the dermal barrier permits
increased percutaneous absorp-
tion.15,16

Although the frequency, severity,
and cost of laceration injuries have
been fairly well documented, there
conversely is a lack of studies de-
scribing detailed risk factors for lac-
erations. Lacerations occurring in as-
sociation with the use of manual
cutting tools (eg, knives and box
cutters), powered tools, and sharp
object handling have been docu-
mented, but this information gener-
ally has only been descriptive.3,9,10

However, two quantitative studies
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were able to identify risk factors for
occupational hand injuries.17,18 Us-
ing a case–control design, Hertz and
Emmett17 found that performing a
task that was not a usual job require-
ment, using defective materials, the
presence of cardiovascular disease,
extended sleep patterns, and youth
(age less than 25 years) were associ-
ated with hand lacerations. Sorock et
al18 used case-crossover methodol-
ogy to examine transient risk factors
and found risk of injury to be ele-
vated when equipment or materials
performed differently while perform-
ing an unusual work method or task,
while being distracted, and while
being rushed. Although these studies
dealt with a variety of hand injury
types, both of these studies identified
lacerations as the most common
form of hand injury.

In this study, three retrospective
annual surveys were conducted to
investigate the incidence of lacera-
tion injury events among workers
employed in line-paced manufactur-
ing assembly operations within an
appliance manufacturing plant. It
was hypothesized that modifiable oc-
cupational factors, such as the han-
dling of sharp objects (fabricated
metal parts) and job variability,
would be positively associated with
hand laceration rates, after adjust-
ment for nonmodifiable factors (eg,
age, job tenure). The specific goal of
this study was to identify occupa-
tional risk factors for hand laceration
injuries. The implications of our
findings for the prevention of occu-
pational hand laceration injuries is
discussed.

Methods

Study Population
All production workers employed

full-time in two washing machine
assembly operations during three
survey periods (1995, 1997, and
1999) were eligible for enrollment in
the study. On both assembly lines,
workers were assigned to direct pro-
duction (fabrication and assembly)
or support functions (eg, in-line re-

pair, floaters, utility workers). For
direct production assembly workers,
a conveyor transported washing ma-
chine units between workstations at a
fixed interval and work was hand
intensive and highly routinized. The
pace of workers in support functions
was generally not fixed and the work
tasks were more variable. On the
assembly line where traditional top-
load washing units were produced,
cycle times for direct production
functions were 22 seconds at the start
of the study (1995) and were found
to be shorter during each successive
survey (17 and 14 seconds, respec-
tively), job rotation was fairly un-
common (no more than 25% of the
assembly jobs), and job rotation was
voluntary for all but a few jobs.

The second washer assembly line,
which was newly designed for the
production of a new front-load
washer, was not yet fully operational
at the time of the initial survey in
1995. Job functions among the small
team of production workers assigned
to the new line in 1995 had no fixed
work cycle. Tasks at that time in-
volved implementing coordinated
process engineering activities such
as parts ordering, tolerance checks,
and the installation and configuration
of workstations and tooling. With
each subsequent survey, job func-
tions on the new line were increas-
ingly routinized and cycle times
were successively reduced to �33
seconds in 1997 and �28 seconds in
1999 (cycle times between work
cells on the new line varied slightly).
In contrast to the voluntary job rota-
tion on the traditional line, produc-
tion tasks on the new line were or-
ganized into work cells and a
mandatory hourly rotation between
jobs within each cell was imple-
mented through department policy.

Data Collection Procedures
All participating workers com-

pleted a self-administered question-
naire during normal work hours
(time was set aside for the survey by
plant management) for each of the
three survey periods. The same ques-

tions were presented during each sur-
vey period except where otherwise
noted below. Information about indi-
vidual factors were obtained by
questionnaire. These factors included
gender, age (�25 years, �25 to 49
years, �50 years), height (�65
inches, �65 inches to 71 inches, �
71 inches), body mass index (�30,
�30), smoking status (current non-
smoker, current smoker), hand dom-
inance (left, right, neither), and upper
limb musculoskeletal case status.
Case status was designated as posi-
tive if symptoms (pain, aching, stiff-
ness, burning, numbness, or tingling)
in the neck, shoulder, elbow, or
hand/wrist were reported within the
past year that lasted more than 1
week or occurred at least once per
month in the past year.19

A four-category “job routiniza-
tion” variable was created from a
combination of job title data and data
obtained from interviews with key
informants to distinguish the job
scope and content of distinct work-
groups. Exposure data from direct
observational assessments of all
workers assigned to direct produc-
tion were used to supplement these
data for determinations of job rota-
tion status and whether metal parts
were handled. The four categories of
routinization (from high routiniza-
tion to low) were defined as follows:
1) in-line inspection tasks, 2) single
“mono” short-cycle assembly tasks,
3) multiple short-cycle assembly
tasks (ie, job rotation), and 4) a
“non-routine” group comprised of
in-line product repair workers,
“floaters” who fill in for assembly
workers who are absent or need to
leave the line, utility workers who
provide direct support of line opera-
tions, and technicians who set-up and
troubleshoot production equipment.
The first two groups (in-line inspec-
tion and mono tasks) were similar in
their level of routinization but are
distinguished by the amount of metal
parts handling, with in-line inspec-
tion workers generally not required
to handle metal parts.
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Work-related factors, such as work
shift (first, second, or third) and time
in current job (time in current job �3
months, �3 months to 1 year, � 1
year), were obtained by question-
naire. For the small proportion of
participants who had missing values
for work shift and/or job tenure, data
for these variables were obtained by
company records. Measures of phys-
ical job stressors were selected pri-
marily from checklists developed as
part of the Occupational Safety and
Health Administration’s proposed
1995 Ergonomic Protection Stan-
dard.20 These physical demand mea-
sures included time spent in awk-
ward body postures of the upper
limbs, work pace conditions, manual
impact force (eg, using the hand as a
hammer), and tool use. Pictures were
included as visual guides to aid
worker judgments in selecting pos-
ture categories. In addition, a rating
of perceived exertion was obtained,
using a modified five-point response
scale as described by Varghese et
al.21

Work-related laceration outcomes
were identified from participants’
questionnaire responses. Workers
were asked “in the past year, have
you received any cuts or lacerations
anywhere on your body while at the
[name of company] plant?” Those
who responded “yes” were then
asked to report “yes or no” for all
body locations where a laceration
injury or injuries occurred (“face,
head or neck,” “shoulder or arm,”
“hand or wrist,” “fingers or thumbs,”
“back, chest, stomach,” “legs, feet,
hip area”). For each body location in
which workers experienced a lacera-
tion, they were asked to then report
“yes or no” if the injury occurred on
their current job. Workers were not
asked to report on the severity of the
injury. For those participants report-
ing laceration outcomes during the
third survey period (1999), addi-
tional information was collected on
the injury source (ie, type of equip-
ment, tooling or materials). Partici-
pants of the 1999 survey were also
asked about their use of personal

protective equipment (PPE). Infor-
mation related to PPE use was
sought for duration of use per day,
body area protected and, if applica-
ble, reasons for not using PPE.

Data Analysis
Using the procedure of Schoe-

maker et al,22 laceration rates were
calculated using the number of hand
laceration injury incidents incurred
at the study site while working in the
current job (up to 1 year) as the
numerator, whereas time employed
in the current job (in days) defined
the value for the denominator (up to
1 year). Rates were expressed as rate
of laceration incidents as opposed to
rate of lacerated persons.23 Time in
current job was defined according to
the date each worker completed the
study questionnaire in relation to the
date each worker reported being as-
signed to their current job. This pro-
cedure allowed rates to be computed
despite missing information on the
number of hours worked by each
employee each year. Rates were mul-
tiplied by 100 and expressed as num-
ber of laceration incidents per 100
worker-years.

The data were treated cross-
sectionally, with associations be-
tween lacerations, exposures and co-
variates examined within each
survey period. Poisson regression
was used to compute crude rate ra-
tios (cRR), adjusted rate ratios (aRR)
and 95% confidence intervals (CI)
for the assessment of the relationship
between laceration rates and predic-
tor variables.24–26 Because of repeat
participation by some study subjects,
generalized estimating equations
with an autoregressive correlation
structure were used to control for
within-worker correlation.27,28 Gen-
eralized estimating equation adjust-
ment was not used for the subset of
measures only included in the 1999
survey. Covariation was assessed
among key variables using chi-
square tests.

Results
There were 769 questionnaires

completed from 497 employees dur-
ing three survey periods (1995, 1997,
1999). Because of changes in the
number of work shifts and per shift
production volume between each
survey, the number of eligible pro-
duction workers varied from a low of
253 (1997) to a high of 461 (1999)
and participation rates ranged from
71% (1999) to 90% (1997). Twenty-
six questionnaires were omitted be-
cause they had missing data for lac-
eration outcome or time employed in
the current job, leaving 743 question-
naires available for analysis. Of the
743 questionnaires, 214 (29%) were
completed in 1995, 219 (29%) in
1997, and 310 (42%) were com-
pleted in 1999. Fifteen percent of the
participants completed all three
questionnaires, whereas 20% com-
pleted two, and 65% completed one
questionnaire.

The average age of the study par-
ticipants was 39 years (range, 18– 67
years). Although the average time
employed in the current job assign-
ment was 2 years (range, 0.01– 30
years), the total time employed at the
appliance plant averaged 10 years
(range, 0.23–41 years). Half of the
participants were female.

There was a total of 576 lacera-
tions (anywhere on the body) re-
ported during the three survey peri-
ods (Table 1). Workers could have a
value of zero for laceration incidents
if they checked none of the body
locations and potentially a value of
six if they checked all of the body
locations. For hand lacerations,
workers could have a value of zero,
one (if they checked either hand or
finger) or two (if they checked both
hand and finger).

Most lacerations (76%) occurred
on the fingers (44%) and hands
(32%). The proportion of lacerations
at other body sites ranged from 2%
for the head to 13% for the arms.
Lacerations at the different body
parts were correlated with each
other. People who reported a lacera-
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tion to the finger (the most common
location) were significantly more
likely to also report a laceration dur-
ing the same survey period to all
other body parts. The hand (chi-
square � 320.8, P � 0.0001), head
(Fisher exact test, P � 0.0183), back
(Fisher exact test, P � 0.0030), arm
(chi-square � 94.19, P � 0.0001),
and leg (chi-square � 45.13, P �
0.0001). Because hand and finger
(hereafter both grouped as “hand”)
lacerations were so prevalent, all
subsequent analyses focused on in-
jury to this body area. On average,
37% of surveyed workers reported at
least one hand laceration (ie, cut to
the hand, finger, or both) during a
survey period. The overall rate of
hand lacerations was 83 per 100
worker-years.

Participants from the 1999 survey
reported the following sources of
hand lacerations: 76% were related
to stamped metal parts (appliance
cabinet, panel etc.), 72% related to
large assembly parts (console, base,
tub), 50% related to small assembly
parts (wires, screws, clips, springs,
fill hose etc.), 14% related to the
workstation, 7% related to hand tools
(powered and non-powered), and 5%
related to machinery. One quarter
(26%) checked the “other” category
(utility knife, metal packing bands,
cardboard box etc.). Because these
numbers include multiple lacerations
per subject and because the catego-

ries are not mutually exclusive, they
do not sum to 100%.

A majority (68%) of the partici-
pants in 1999 reported wearing PPE
at least some of the time to protect
against lacerations. Of the workers
who wore PPE at least some of the
time, the majority (80%) reported
wearing gloves, 45% reported wear-
ing finger tape, 10% reported wear-
ing arm guards, 8% reported wearing
an apron, and 4% reported wearing
other PPE. Aside from those workers
who reported that they felt that PPE
was not necessary for their job, rea-
sons stated among those who did not
wear PPE were as follows: PPE got
in the way of work performance
(69%), it was uncomfortable because
factory temperatures were too hot
(19%), poor fit (14%), PPE was not
readily available (2%), and “other”
(14%); workers’ could provide multi-
ple answers so these results do not sum
to 100%.

In univariate analyses, an inverse
relationship was found between age
and hand laceration rates. Compared
with those 50 years and older, those
aged 25 to 49 years and those less
than 25 years had higher hand lacer-
ation rates (cRR � 1.58, 95% CI,
1.18– 2.12 and cRR � 4.08, 95% CI,
2.72– 6.10, respectively). Smokers
were found to have higher hand lac-
eration rates than nonsmokers
(cRR � 1.45, 95% CI, 1.14– 1.85).
Workers with upper-limb musculo-

skeletal pain were found to have
higher hand laceration rates than
workers who did not report any pain
(cRR � 2.23, 95% CI, 1.49– 3.34).
This association was insensitive to
the severity of musculoskeletal
symptom status because those who
were symptomatic but did not meet
the frequency and duration criteria
for “case status” had a similar risk
profile (cRR � 2.31, 95% CI, 1.59–
3.40). No significant associations
with hand lacerations were found for
sex, height, body mass index, or right
or left handedness.

A strong inverse relationship was
found between job tenure and hand
laceration rate in univariate analyses.
Compared with workers employed in
the current job more than 1 year,
workers employed more than 3
months up to 1 year and those work-
ers employed 3 months or less had
significantly higher hand laceration
rates (cRR � 2.01, 95% CI, 1.59–
2.54 and cRR � 9.44, 95% CI, 7.10–
12.59, respectively). Because job
tenure was highly associated with
laceration rates and because of its
strong correlation with individual
factors also associated with lacera-
tion rate (age, chi-square � 54.01,
P � 0.0001 and smoking status,
chi-square � 12.10, P � 0.0023), it
was used as a covariate in multivar-
iate modeling to assess the effect of
other work-related variables on hand
laceration rates.

TABLE 1
Summary Information for Study Population by Each Survey Period

July 1995 March 1997 August 1999

Overall number of workers available for enrollment 272 253 461
Number of participants 220 222 327
Participation rate (before 26 questionnaires omitted) 81% 90% 71%
Traditional line cycle time 22 s 17 s 14 s
New Line cycle time Not fixed1 �33 s �28 s
Total no. lacerations (total body) 147 128 301
Total no. hand lacerations 109 105 223
% (no.) participants with at least one hand laceration 31% (67) 30% (66) 46% (144)
% (no.) participants with �1 hand lacerations (ie, reporting

both a hand and a finger laceration)
20% (42) 18% (39) 25% (79)

Number of worker years 153.3 160.1 207.6
Hand laceration rate per 100 workers per year 71.1 65.6 105.9

* Because of start-up operations, cycle times were not established at the time of the initial survey. Cycle times between work cells on the
new line varied slightly.
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Multivariate Modeling
There was no significant differ-

ence in laceration rates between the
two washer assembly lines (aRR �
1.16, 95% CI, 0.91– 1.48) or be-
tween first and second/third shift
workers (aRR � 1.22, 95% CI,
0.98– 1.52), after adjustment for job
tenure. Compared with the 1995 sur-
vey, the laceration rate was not dif-
ferent in 1997 (aRR � 0.97, 95% CI,
0.74– 1.27), but it was higher in
1999 (aRR � 1.37, 95% CI, 1.07–
1.75).

Compared with workers in line-
paced inspection tasks, line-paced
assembly workers in mono-task jobs
who handled more fabricated metal
parts had an 80% higher risk of hand
lacerations after adjustment for job
tenure. Moreover, an inverse rela-
tionship was found between level of
job routinization and hand lacera-
tions, where a progressively higher
rate of hand lacerations occurred
among workers assigned to less rou-
tine work patterns such as multi-task
job rotation and direct production
support functions (eg, floater, utility
worker, reject repair; Table 2). When
level of job routinization was exam-
ined in relation with PPE use, con-
tinuous PPE use during the entire
workday was less common among
workers who rotated (27%) or who
were employed in less routine work
patterns (14%); these workers re-
ported more occasional PPE use dur-
ing the workday (chi-square �
33.80, P � 0.0001).

Examination of the associations
between workers’ exposure to phys-
ical job stressors and hand laceration
rates showed a general trend that
those exposed for part of the work-
day were at higher risk than those
reporting no exposure to specific
physical stressors or those exposed
the entire workday (Table 3). This
pattern of increased risk among those
with occasional daily exposure to
physical stressors was shown for tool
use, awkward body postures, force-
ful grasping, and PPE use. More
global indices of physical job stress
related to work pace demands (diffi-
culty maintaining work pace for 8
hours per day) and rating of per-
ceived exertion (overall physical ef-
fort level demanded by your job)
showed progressively higher rates of
hand lacerations with higher stressor
levels (Table 3).

Discussion
In this study of production work-

ers employed full-time within a
household appliance manufacturing
facility, the rate of laceration injuries
was examined and risk factors for
hand lacerations were identified. Of
the total number of lacerations re-
ported (n � 576) over the three
survey periods, the vast majority
(76%) occurred on the hands and
fingers. On average, 37% of the
study participants reported at least
one hand laceration during each sur-
vey period. Compared to workers
assigned to routine in-line inspection

tasks, all other workers in direct
production and support functions
were at greater risk of hand lacera-
tions. Routine (mono) task assembly
workers had an 80% increased risk
of hand lacerations, compared to
workers assigned to in-line inspec-
tion tasks where metal parts handling
is generally not required. The in-
creased risk was 2-fold for assembly
workers who rotated, generally on an
hourly basis, among multiple short
cycle job tasks, while risk was
greater than 2-fold for workers as-
signed to more variable work pat-
terns. Further examination showed
that workers who rotated or who
were employed in less routine work
patterns were less likely to consis-
tently use personal protective equip-
ment throughout the workday.

Consistent with the result that
more variable work patterns (eg, job
rotation or non-routine job functions)
were associated with higher lacera-
tion rates, examination of associa-
tions with physical job stressors
showed that laceration rates were
higher among those with occasional
daily exposure to conditions such as
tool use and awkward body postures
while working, compared with those
who were not exposed or who were
exposed the entire workday. The data
also showed that difficulty maintain-
ing work pace and higher exertional
demands on the job were associated
with progressively higher increased
risk for hand lacerations among all
workers.

TABLE 2
Rate ratios (with Lower and Upper 95% Confidence Limits) for Hand Lacerations Adjusted for Job Tenure and the
Proportion of Workers Reporting Continuous Personal Protective Equipment (PPE) Use by Routinization Level

Routinization Level n* aRR LCL UCL

Continuous
PPE (%)

(>4 h per day)†

Inspection 87 1.00 Reference 38
Mono task 242 1.80 1.13 2.85 42
Fixed job rotation 219 2.03 1.28 3.19 27
Non routine 190 2.12 1.33 3.39 14

Bold face indicates P � 0.05.
* Surveys (n � 743) were included in the laceration analysis but not all people responded to every question; therefore, sample sizes do not

always sum to 743.
† PPE use percentiles apply only to subjects who participated in the last survey, n � 310.
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The majority of workers in this
study were cut by stamped metal
parts (eg, the washer cabinet and
panels), whereas tooling and equip-

ment were less common sources of
injury. Sorock et al.29 similarly re-
ported that hand injuries (most of
which were lacerations) are most

commonly caused by metal items.
Between the two routine worker
groups (line-paced inspectors and
mono-task assemblers), risk of hand

TABLE 3
Rate Ratios (With Lower and Upper 95% Confidence Limits) of Hand Lacerations for Physical Work Load Characteristics,
Adjusted for Job Tenure

Independent Variables n* aRR† LCL UCL

Time spent using an impact tool (eg, hammer)
Never 380 1.00 Reference
�2 h/day 181 1.48 1.16 1.90
2–4 h/day 41 1.75 1.23 2.50
�4 h/day 88 1.29 0.91 1.84

Time spent operating a power tool
Never 291 1.00 Reference
�2 h/day 74 1.31 0.94 1.82
2–4 h/day 115 1.39 1.02 1.89
�4 h/day 230 1.22 0.94 1.59

Time spent using the hand (palm) as a hammer
Never 429 1.00 Reference
�2 h/day 152 1.96 1.56 2.46
2–4 h/day 43 0.99 0.61 1.59
�4 h/day 55 1.19 0.81 1.76

Time with wrist deviation (flexion, extension)
Never 129 1.00 Reference
�2 h/day 85 1.73 1.09 2.76
2–4 h/day 102 2.12 1.39 3.23
�4 h/day 352 1.96 1.35 2.83

Time with wrist deviation (ulnar, radial)
Never 211 1.00 Reference
�2 h/day 102 1.67 1.16 2.40
2–4 h/day 95 1.96 1.39 2.76
�4 h/day 257 1.75 1.29 2.35

Time spent gripping, holding, or controlling objects
forcefully with the fingers

Never 203 1.00 Reference
�2 h/day 79 1.39 0.95 2.05
2–4 h/day 80 1.72 1.22 2.44
�4 h/day 302 1.61 1.21 2.14

How often is personal protective equipment (PPE) worn to
prevent cuts/lacerations†

Never, not necessary in this job 55 1.0
Never, because it’s too hot, uncomfortable, poorly fitting,

gets in the way, not readily available for use, etc.
115 1.92 1.10 3.34

Sometimes, but not full 8 h 92 2.21 1.42 3.46
All the time, full 8 h of work time 39 1.58 0.99 2.54

Difficulty in maintaining work pace for 8-h day
Not difficult 289 1.00 Reference
A little difficult 287 1.21 0.96 1.54
Somewhat difficult 123 1.33 1.01 1.76
Very difficult 23 2.21 1.32 3.70

Overall physical effort demanded by job
Very light 50 1.00 Reference
Fairly light 101 1.42 0.70 2.87
Moderate 402 2.23 1.15 4.30
Hard 117 2.41 1.19 4.87
Very hard 31 2.64 1.23 5.79

Bold-faced indicates P � 0.05.
* Surveys (n � 743) were included in the laceration analysis but not all people responded to every question; therefore, sample sizes do not

always sum to 743.
† PPE use applies only to subjects who participated in the last survey, n � 310.
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laceration injury was significantly
higher among the assemblers despite
their greater reported continuous use
of PPE. This result is consistent with
our observational understanding of
job conditions at this job site in
which job performance among as-
sembly workers required greater
proximity to and handling of metal
parts with exposed sharp edges and
generally required a faster work pace
and higher levels of exertion. Sorock
et al18 has also documented an in-
creased risk of hand injury during
times when workers were rushed.

The findings in this study concern-
ing the level of job routinization are
similar to results from two other
studies. Hertz and Emmett17 found
that people who experienced a hand
injury were more likely to report
doing a non-usual task at the time of
injury than were noninjured controls.
Sorock et al18 also found hand inju-
ries to be significantly more likely to
occur during the time when an unfa-
miliar task was being performed. In
the current study, it was not known
whether laceration incidents among
those who rotate or those who per-
form more varied job functions were
more likely to occur shortly after
transitions between jobs or task as-
signments. Further research is war-
ranted to identify if there are factors
associated with the transition period
or with characteristics of rotating
tasks that may account for an in-
creased risk of injury among workers
in non-routine or multi-task jobs. It
would also be important to identify
factors associated with PPE use pat-
terns by routinization level.

It is possible that rotating between
jobs, even at a fixed time interval,
may also introduce a degree of unfa-
miliarity or uncertainty with task
conditions. Alternatively, the in-
creased risk found among workers
who rotate may be due to the jobs
within rotation patterns having
greater physical requirements or due
to workers who rotate being less
likely to consistently wear PPE dur-
ing the workday. We were unable to
identify any studies reporting an as-

sociation between job rotation and
injury outcomes. Given the dramatic
increase in the proportion of private
sector firms employing job rotation,
from 27% in 1992 to 56% in 1997,30

it is important that employers recog-
nize that the use of job rotation,
which is often instituted to control
the risk of musculoskeletal disorders,
may introduce an unintended conse-
quence in the form of increasing risk
of laceration injuries.

The results of this study were also
consistent with previous reports of
the relationship between individual
factors and hand injuries. No associ-
ation was found between hand dom-
inance and hand laceration rates,
which corresponds with a recent re-
view of the role of hand dominance
on hand injuries among workers.31

Age was inversely associated with
laceration rates. Younger age has
been found to be a risk factor for
hand injuries in other studies.17,32,33

However, age was significantly cor-
related with job tenure (or experi-
ence) in this study, which was found
to be a strong predictor of laceration
rate. The finding of increased risk of
injury among less experienced work-
ers has also been widely report-
ed.14,22,34,35 The studies showing a
relationship between inexperience on
the job with increased risk of inju-
ries, however, do not also report the
relationship between age and job ex-
perience. Distinguishing among risk
factor conditions requires that they
not be strongly correlated.36 The
crude rate ratios reported in this
study, however, suggest that job ex-
perience is a more important predic-
tor of hand laceration injury than
age.

The relationship reported in this
study between current smokers and
laceration rates is consistent with
previous studies showing that smok-
ers are at an increased risk of occu-
pational injury.37,38 Although these
other studies looked at total inju-
ries37 and musculoskeletal injuries,38

our findings suggest that smokers
may also be at higher risk for acute
injuries. Smoking status was highly

correlated with age and job tenure in
this study so distinguishing among
these risk factors is limited, however,
it is important to note that smoking
status was more weakly associated
with the occurrence of lacerations.

The presence of upper limb mus-
culoskeletal symptoms was associ-
ated with a higher risk of hand lac-
erations. Injury risk among workers
with a more chronic musculoskeletal
condition was not incrementally
greater than symptomatic workers
with lower symptom frequency or
duration, suggesting that the associ-
ation between musculoskeletal
symptoms and hand lacerations was
not dependent upon chronicity. This
finding may reflect greater difficulty
among workers with upper limb
musculoskeletal symptoms to per-
form more controlled motor func-
tion, placing them at greater risk of
injury. Similarly, Vlaeyen et al39

suggest that workers who experience
pain may fear exacerbation of pain,
affecting their movement patterns.
Because of the cross-sectional nature
of the study data, it was not deter-
mined whether musculoskeletal
symptoms are a risk factor for lacer-
ation injuries or whether this associ-
ation reflects a comorbid condition
among workers exposed to working
conditions that place them at risk for
both laceration and musculoskeletal
injuries. Further research is war-
ranted to delineate the nature of this
association.

Limitations of this study include
the lack of a severity measure in the
definition of lacerations. Because we
did not have severity indicators, it is
difficult to directly compare the high
rate of injury (83 hand laceration
injury incidents per 100 workers per
year) in this study population to
other populations. However, a study
of poultry slaughterhouse workers
showed that 19% of workers re-
ported lacerations during a single
day,40 suggesting that a high lacera-
tion rate is possible in an industrial
setting. Other research has found that
circumstances surrounding less se-
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vere injuries may be similar to those
of more severe injuries.14

We were not able to determine if
workers who reported both a hand
and a finger laceration during the
same survey period experienced
these lacerations during the same
incident. This is an unlikely scenario
however. Unpublished data on loca-
tions of hand lacerations from So-
rock et al’s 2002 study29 showed that
81 of 877 lacerations (9.2%) oc-
curred at the same time, such as two
fingers being cut, or a cut to both
hand and fingers during same inci-
dent (Gary Sorock, personal commu-
nication). We believe the laceration
rate reported in our study may actu-
ally be underestimated, since we
were not able to determine if multi-
ple lacerations occurred to the same
body part (such as two lacerations to
the fingers) during each survey pe-
riod. Record-based laceration data at
the site of this study were too sparse
to include in our analyses. There is
no requirement for employers to
record laceration occurrences involv-
ing minimal first aid treatment. Fur-
thermore, workers’ injury and illness
reporting behavior can be influenced
by factors other than severity, includ-
ing fear of reprisal from the em-
ployer and cultural norms. The rate
of new workers employed at the
worksite increased during the study,
and new workers may have greater
reservation about reporting injuries
to an employer while on probation-
ary status or they may lack familiar-
ity with reporting procedures.

Although routinization, the main
workplace risk factor examined in
this study, was assessed from the
combination of data gathered from
direct observational analysis of job
tasks and discussions with key infor-
mants, data used in this analysis
concerning worker exposure to spe-
cific biomechanical stressors were
based on workers’ self-reported ex-
posure. However, alternative assess-
ment techniques (ie, direct observa-
tion and accelerometry) were
employed as criterion measures to
inform the convergent validity of

these measures. Favorable agreement
was shown for all of the self-reported
measures used in analyses reported
in this paper.41,42 Although the self-
reported physical stressor measures
used may lack precision, the general
relationship patterns reported in Ta-
ble 3 are believed to be accurate.

Another potential limitation of this
study is the denominator data used in
the rate calculations, which was
based upon the number of days em-
ployed in the current job, as opposed
to the more common use of the
number of work hours. We believe
the use of “days” in the rate calcula-
tion provides a reliable estimate of
each workers exposure time because
the study population consisted only
of full-time workers, where work
hours between workers vary little
due to the interdependent task struc-
ture of the assembly line.

Personal protective equipment was
the primary method used at the study
site to control worker exposure to the
large number of sharp metal objects
in the work environment. The rate of
lacerations was high despite the
ready availability of PPE among the
workforce. Workers in more varied
job assignments were found to be
less likely to wear PPE consistently
throughout the workday. Gloves and
finger tape were the most commonly
used PPE by this workforce, and
non-use was most often attributed to
interference with task performance
and poor fit.

To reduce the high prevalence of
laceration rates in industrial environ-
ments, emphasis should be placed on
engineering solutions to control the
production of fabricated parts with
sharp edges and to otherwise provide
effective contact barriers. Examples
of engineering controls to reduce lac-
eration risk could include more fre-
quent die maintenance (eg, sharpen-
ing), reduced die tolerance limits to
reduce the formation of metal burrs,
the substitution of laser cutting tech-
nology to provide more dulled edges,
the application of tape to sharp edges
to provide a contact barrier, and pro-
cess design improvements to de-

crease the amount of metal part han-
dling. In addition, it is important that
workers receive ample training in
hazard identification prior to new job
assignments and that, when PPE is
required, that multiple sizes are
available to promote good fit and
enhanced compatibility with as-
signed tasks. The findings of this
study show that it is especially criti-
cal to target new workers at the
worksite, and those in more variable
job functions, for injury prevention
training.
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