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A Reliability Study of Potential Risk Factors
for Acute Traumatic Occupational Hand Injuries
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Background A reliability study of transient workplace exposures was conducted within a
case-crossover study of acute traumatic occupational hand injuries. Exposures examined
included features of work equipment (unusual performance of equipment or materials,
glove use), work practices (performing an uncommon work task, using an unusual work
method), and worker-related factors (being rushed, distracted, ill, or working overtime).
Methods Interviewers administered a follow-up questionnaire about exposure up to 4 days
after the initial interview. The reliability of the usual frequency of exposure in the past
month, exposure reported at the time of the injury, and the degree to which subjects had
confidence in the accuracy of their memory for exposure was assessed.

Results The test-retest reliability for the estimated number of hours of exposure during the
past month was high for six of the eight potential risk factors (intraclass correlation
coefficients (ICC) ranging from 0.84—0.99). ICC for the frequency per month and minutes
per exposure, used to calculate the estimated number of hours per month, ranged from
0.12-0.99 and 0.49-0.99, respectively. Agreement of reported exposure at the time of the
injury, evaluated using the kappa statistic, ranged from substantial agreement to perfect
agreement (0.65—1.0). However, for some factors, there was little or no reported exposure.
Most subjects (74—100%) reported being “very confident” or “certain’ in their memory
for each exposure.

Conclusions These findings suggest that the frequency and duration of unusual transient
workplace exposures can be reliably recalled by subjects interviewed by telephone within
4 days of an injury. Am. J. Ind. Med. 42:336—343, 2002. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

Occupational injury research often uses workers’ retro-
spective recall of exposures prior to their injury. However, the
reliability of these self-reported exposures may depend on
the specific method of data collection in a given study. As
outlined in the NIOSH report, Traumatic Occupational Injury
Research Needs and Priorities [NIOSH, 1998], our current
challenge is to move beyond descriptive information to the
collection of potential risk factor data to develop specific
strategies to prevent occupational traumatic injuries. The
authors of that document note that ‘“‘data are especially
lacking on worker exposures to hazards.”



A limited number of studies have evaluated the quality
of self-reported exposure data used in studying potential
risk factors for occupational injury. Data collected using the
Behavioral Risk Factor Surveillance System (BRFESS), a tele-
phone administered survey, have been found to be relatively
reliable in a test-retest study of injury related questions
[Koziol-McLain et al., 2000]. Another study found that a
single telephone interview is a reliable and valid method for
collecting data on the duration and frequency of common
work tasks [Kallio et al., 2000]. However, it was found that
participants had greater difficulty recalling the frequency and
duration for unusual tasks.

It is also important to examine the degree to which
subjects have confidence in the accuracy of their memory for
workplace exposures. This is based on the assumption that
events and exposures that are recalled with a high degree of
certainty may be more accurately reported. However, the
relationship between confidence ratings and reliability of
recall is unclear. Some studies have observed a positive cor-
relation [e.g., Brigham, 1990], while others have suggested
a low or negative correlation between validity of recall
and self-rated confidence in the accuracy of recall [e.g.,
Chandler, 1994].

Sorock et al. [2001] recently reported the methods and
initial findings of a case-crossover study of acute traumatic
occupational hand injuries. The focus of that study was to
assess the association between transient exposures in the
workplace and the short-term risk of sustaining a hand injury.
In that study, subjects were interviewed by telephone a
median of 1.2 days after reporting a hand injury. The a priori
hazard period (i.e., case period) was defined as 10 min before
the injury. Two control periods were used. One was 60—
70 min prior to the injury (matched-pair interval analysis)
and the other was the average amount of work-time exposed
in the previous month (usual frequency analysis). An
assessment of the reliability of these self-reported exposures
during both the case and control periods is essential to
understand the validity of the study results.

The primary purpose of this study, which was conduct-
ed within the larger case-crossover study of traumatic hand
injuries [Sorock et al., 2001], was to determine the degree to
which reports of transient exposures are reproducible and the
degree to which subjects have confidence in the accuracy of
their memory for these exposures.

MATERIALS AND METHODS
Design

Between June and November 2000, hand-injured
subjects were enrolled by 5 of the 23 clinics from the main
study [Sorock et al., 2001]. Subject participation required
both an initial telephone interview, conducted one to 2 days
after the injury and a follow-up interview. The interviewer
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who conducted the initial interview re-administered portions
of the original structured study questionnaire up to 4 days
later. Both the initial and follow-up interviews utilized
similar primary data collection instruments, training materi-
als, and data management procedures.

Study Sample

Thirty-six subjects were recruited at occupational health
clinics and gave written informed consent to participate in an
initial telephone interview. Subjects also provided verbal
consent to be contacted for the follow-up interview at the end
of the first interview. At that time, the subjects were not told
that the questions they just answered would be repeated, only
that they would be asked about the state of their health and
work conditions prior to the injury. The study was approved
by the Harvard School of Public Health Human Subject
Committee. Thirty-one subjects (86.1%) participated in the
follow-up interview, two refused to participate, and three
were unreachable. However, of those who participated in
both interviews, two subjects were excluded from the
primary analysis because their follow-up interviews occurred
four or more days after the initial interview (4.2 and 6.9 days,
respectively). Therefore, data from 29 subjects (80.6%) were
analyzed.

Reliability Outcome Measures

In the main study, eight exposures were evaluated as
potential risk factors for a job-related hand injury. Exposures
assessed included: performing uncommon work tasks; using
uncommon work methods; working with malfunctioning
tools or equipment or working with materials which per-
formed differently than usual; glove use; working overtime;
being rushed; being distracted; and feeling ill.

To improve recall of the injury event, the interview
began with an open-ended question asking the subject to des-
cribe the circumstances of the injury. The Work-Time-
Before-Injury log [Sorock et al., 2001] was used to document
the presence or absence and timing of exposures during the
90-min period before the injury and the frequency and dura-
tion of each transient exposure during the past month. The
subject was also asked to re-state the injury time, his/her
work tasks, and any work breaks during the 90-min period
leading up to the injury.

To estimate the usual frequency of exposure in the past
work-month, subjects were asked to estimate how often they
were exposed to each potential risk factor in the past month,
and the average duration (in minutes or hours) of each episode
of exposure. Exposure to each potential risk factor was then
calculated by multiplying the reported frequency per month
by the average duration.

The reliability of subjects’ reported exposure at the time
of the injury and their reported usual frequency of exposure



338 Lombardi et al.

during the month before the injury were assessed. In the
follow-up interview, subjects were also asked to rate their
confidence in the accuracy of their memory for their usual
frequency of exposure to each of the potential risk factors
over the month before the injury. A five-point Likert scale
ranging from 1 to 5 (1 = “Not at all confident,” 2 = “Some-
what confident,” 3 = “Average confidence,” 4 = “Very con-
fident,” and 5= “Certain”’) was used [Rosenthal and
Rosnow, 1984].

Data Analysis

Intraclass correlation coefficients (ICC) were calculated
to evaluate the reliability of the usual frequency of exposure
to each of the potential risk factors over the past month
[Shrout and Fleiss, 1979]. Cohen’s kappa coefficient was
calculated to assess the degree of reliability (agreement)
between the first and second interview in the reported
presence or absence of each transient exposure at the time of
the injury [Fleiss, 1975, 1981]. A kappa greater than 0.80
represents almost perfect agreement over and beyond chance,
a value between 0.60 and 0.80 represents substantial agree-
ment, a value between 0.40 and 0.60 represents moderate
agreement, and a kappa below 0.40 represents fair to poor
agreement [Landis and Koch, 1977]. Continuous variables
are presented using the mean + SEM.

To assess the subjects’ confidence in the accuracy of their
memory for usual frequency of exposure during the past
month, the percent of subjects at each level of confidence was
calculated. The mean &= SEM for the five-point Likert scale
for each exposure was also calculated. For each potential risk
factor, the subjects’ self-reported confidence in the accuracy
of their memory was correlated with the absolute value of the
difference in the usual frequency of exposure between the
initial and follow-up interviews. Spearman rank correlation
coefficients and P-values were calculated [Conover, 1980].

RESULTS
Characteristics

Nineteen of 29 subjects (66%) were men with an average
age of 40 years (range 19-71) (Table I). The majority of
subjects were white, non-Hispanic (72%), followed by His-
panic (21%), Black, non-Hispanic (3%), and Asian/Pacific
Islander (3%). The majority of injuries were lacerations
(87%), followed by avulsions (10%), and crushes (3%).
Injuries were mild in severity with a mean total laceration
length of 2.1 £0.2 cm requiring 4.0 0.5 sutures. There
were 29 finger injuries, the majority occurring to the distal
(69%), followed by the medial (17%), and proximal (14%)
portions of the finger.

For these subjects, the median time elapsed between the
injury and the initial telephone interview was 1.4 days (range

0.2—11.2 days) and the average telephone interview lasted
22 min. The follow-up interview occurred a median of
1.2 days after the initial interview (range 1.0—3.9 days).

Reliability of the Usual Frequency
of Exposure in the Prior Month

For five of the eight potential risk factors, at least 75% of
the subjects reported that they had no exposure in the month
before the injury. Table II shows that the reliability for the
estimated number of hours (i.e., usual frequency) of exposure
during the past month was high for six of the eight potential
risk factors with ICC ranging from 0.84—0.99. Reliability
was the highest for feeling ill, performing an unusual work
task, using a different work method, and wearing gloves.
Reliability was also moderately high (ICC > 0.80) for rush-
ing and the use of equipment or materials, which performed
differently than usual. However, the reliability was only
moderate for working overtime, and lowest for being dis-
tracted (ICC =0.55, 95% CI: 0.23-0.76). At the first inter-
view, subjects reported that they were distracted an average
of 5.3 3.0 hr during the month before the injury, compared
with an average of 6.9 £ 3.9 on the follow-up interview.

The analysis was repeated to include all study subjects
who had both an initial and follow-up interview (n=31)
regardless of the amount of time, which passed after the initial
interview (i.e., including the two subjects who were contact-
ed 4.2 and 6.9 days after the initial telephone interview).
The test-retest reliability for the estimated number of hours
of exposure remained similar for the majority of factors.
However for two factors, feeling ill and being distracted, ICC
decreased (ICC=0.47 and 0.20, respectively), possibly
indicating better recall over a shorter time period.

Reliability of the Components
of the Usual Frequency of Exposure

Frequency of exposure

Table III shows that the frequency of working overtime
during the past month was the most reliable exposure,
followed by the frequency of feeling ill, and using a different
work method. The ICC was greater than 0.85 for these
factors. Reliability was moderate for the reported frequency
of performing a usual task, rushing, wearing gloves, and
using equipment or materials, which performed differently
than usual (ICC ranging from 0.62-0.76). Reliability was
lowest for the reported frequency of being distracted
(ICC=0.12,95% CI: —0.25-0.46).

Duration of exposure

The test-retest reliability was highest for duration per
exposure (minutes) for the use of equipment or materials
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Characteristic Men(n =19) Women (n =10) Total (n = 29)
Age (years)

Mean + SEM 412+29 371+34 398+22

Median 400 357 385

Range 19-71 21-50 19-71
Ethnicity N (%)

White, non-Hispanic 16 (84.2) 5(50.0) 21(724)

Hispanic 2(10.5) 4(40.0) 6(20.7)

Black, non-Hispanic 0(0.0) 1(10.0) 1(34)

Asian or Pacific Islander 1(5.3) 0(0.0) 1(34)
Type of injury® N (%)

Laceration 16 (80.0) 10 (100.0) 26(86.7)

Avulsion 3(15.0) 0(0.0) 3(10.0)

Crush 1(5.0) 0(0.0) 1(33)
Time from injury to initial interview (days)

Mean+SEM 20+ 04 2.7 +11 23+04

Median 14 11 14

Range 04-43 02-11.2 02-11.2
Time frominitial interview to follow-up (days)

Mean+SEM 16+02 17 +041 16 +041

Median 10 19 12

Range 10-39 10-21 10-39

#Subjects may have more than one type ofinjury and percentages are based on the total number (n = 30).

which performed differently than usual and using a different
work method (Table III). However, for these two potential
risk factors, the majority of subjects (>82%) reported no
exposure in the past month, thus the number of minutes per
exposure was equal to zero for these subjects. For those
transient factors with the greatest exposure (e.g., wearing
gloves, working overtime, and rushing) the test-retest
reliability was still fairly high (ICC > 0.70). Reliability was

the poorest for being distracted and for performing an
unusual task (ICC of 0.49 and 0.53, respectively).

For both the frequency and duration of exposure, a
simple linear regression of the data from the two interviews
was conducted to examine the relationship between the
magnitude of the response and the degree of reliability
between baseline and follow-up measurements. Due to
relatively small sample sizes, this exploratory analysis was

TABLE Il. Intraclass Correlation Coefficient (ICC) and 95% Cl for the Number of Hours of Exposure During the Past

Month (n = 29)

Reported hours of exposure

Initial interview

Follow-up interview

Potential risk factor Mean + SEM Mean + SEM ICC (95% Cl)

Equipment/materials performed differently 079+074 14+14 0.84(0.69-092)
Different work method 38436 52438 092 (0.84—0.96)
Unusual work task 049 +0.31 045 +0.25 0.93(0.86—-0.97)
Distracted 53430 69+39 0.55(0.23—-0.76)
Rushing 292 +80 283476 0.85(0.71-0.93)
Working overtime 215+ 47 199+ 36 0.70(0.46—0.85)
Feeling ill? 043 £0.31 058 +0.33 099(0.98-1.0)

Wearing gloves 62.6 +£13.6 68.5 +14.1 091 (0.82—0.96)

#0ne subject had missing data.
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TABLE lII. Intraclass Correlation Coefficient (ICC) for the Frequency per Month and Minutes per Exposure Reported During the Initial and Follow-Up Interview

(n=29)

Frequency per month

Minutes per exposure

Initial interview Follow-up interview

(## subjects without (£ subjects without
usual exposure) usual exposure) Initial interview  Follow-upinterview
Potential risk factor Mean + SEM Mean £ SEM ICC (95% Cl) Mean + SEM Mean £ SEM ICC (95% Cl)
Equipment/materials (27)10£0.79 (26)1.8 15 0.76 (0.55—0.88) 24+21 25+19 0.99(0.97-0.99)
performed differently
Different work method (23)1.54+068 (24)16 £0.88 0.86 (0.73—0.93) 2331169 293+17.8 0.95(0.90—-0.98)
Unusual work task (26)0.36 +-0.24 (24)0.52 + 0.26 0.62(0.34—-0.80) 131 +91 106 +54 0.49(016—-0.72)
Distracted (22)96 +5.3 (22)35+12 012 (—0.25—-0.46) 13.8 104 287+ 169 0.53(0.22—-0.75)
Rushing (7)101 £19 (889415 0.64(0.37-0.81) 1270+ 277 1639 + 32.6 0.72(0.48—0.86)
Working overtime (8)94£20 (9)94 +19 0.99(0.98-10) 1280 £ 25.3 136.5 £+ 28.0 0.86 (0.72—0.93)
Feeling ill® (26)0.14 +0.08 (24)018 +0.09 092 (0.83-0.96) 248 +18.2 466 + 247 0.70(0.45-0.84)
Wearing gloves (9)192+58 (9)282 + 145 0.67(0.42-0.83) 1743 £ 371 1834 + 386 0.90(0.80—-0.95)

One subject reported beingill1 day per year,whichwas converted to 0.08 (rounded to 0.1) times per month, and one subject had missing data.

performed by pooling the data for all eight risk factors and
creating separate regression models for the frequency per
month and minutes per exposure. The R? for the duration
per exposure (minutes) was 0.74, whereas for the frequency
per month it was 0.57. An examination of the studentized
residuals from each model showed that as the magnitude of
the frequency and duration of exposures increased, so did the
difference between baseline and follow-up responses.

Reliability of Exposure at the Time
of the Injury

The number of subjects reporting exposure to each of the
eight potential risk factors at the time of injury is reported in
Table IV. The agreement was high for seven of the eight
potential risk factors evaluated using the kappa statistic. For
reports of rushing, glove use, and performing a different work
method at the time of the injury, the kappa statistic ranged
from 0.84-0.92 suggesting almost perfect agreement,
whereas for the use of equipment or materials, which per-
formed differently than usual, there was moderate agreement
(kappa = 0.65). There was perfect or near perfect agreement
among the 29 subjects for working overtime, feeling ill, or
performing a usual task, however due to little or no exposure
reported for these factors, kappa could not be estimated.
There was also perfect agreement (kappa=1.0) for being
distracted, where 10% (3/29) of subjects reported being ex-
posed at the time of the injury during both interviews.

Confidence in the Accuracy of Memory

Table V presents the degree to which the subjects had
confidence in the accuracy of their memory for each of the

potential risk factors for the month prior to the injury.
Subjects had the highest confidence in their memory for the
number of hours of wearing gloves, feeling ill, and working
overtime and had the lowest confidence for doing an unusual
work task when injured. However, 74% of subjects report-
ed being either ““very confident” or ““certain’ for this factor.
Additionally, the mean confidence ratings for each potential
risk factor ranged from 4.0 to 4.4, which indicates that
subjects were on average ‘‘very confident’ in the accuracy of
their memory for these factors.

There were no consistent correlations between the abso-
lute value of the difference in the subjects’ usual frequency of
exposure reported at the initial and follow-up interviews and
the reported confidence in the accuracy of their memory of
the respective exposures for the month prior to the injury.
However, for performing an unusual work task, there was a
statistically significant negative correlation (R =—0.41, P-
value = 0.03), suggesting that workers with more reliable
recall were more confident in their ability to recall and report
this exposure.

DISCUSSION

The ability of workers to recall the frequency and dura-
tion of exposures that occur on the day of their injury, or in the
recent past, is considered a potential limitation of retro-
spective study designs used to evaluate self-reported risk
factors for occupational injuries. In this study, there was a
high degree of reliability for workers’ self-reports of exposure
for all potential risk factors evaluated over the month before
their injuries, except for being distracted. This was shown by
high ICC. For self-reports of exposure at the time of injury,
there was substantial or near perfect agreement, based upon
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TABLE IV. Kappa Statistics for Exposure to Potential Risk Factors at the Time of the Injury

Exposed on

Initial interview

Follow-upinterview

Potential risk factor (n=29) (n=29) Kappa 95% Cl of Kappa
Equipment/materials 2 1 065 002-10
performed differently

Different work method 4 3 084 0.53-10

Unusual work task 0 No estimate No estimate

Distracted 3 3 100 10-10

Rushing 10 9 092 0.77-10

Working overtime 0 0 No estimate Perfect agreement
(no discordant pairs)

Feeling ill* 0 0 No estimate Perfect agreement
(no discordant pairs)

Wearing gloves® 8 7 091 0.74-10

?One subject had missing data.

Kappa, for all of the potential risk factors which were eva-
luated. These findings are consistent with the large per-
centage of subjects reporting either being ““‘very confident™
“or”’certain” in their memory of the number of hours
exposed to these factors during the past month.

There is a growing body of evidence which suggests a
high degree of reliability of information obtained using
telephone-based interviews examining injury related risks
and behaviors [Koziol-McLain et al., 2000]. Data on the
frequency and duration of usual work tasks obtained from

telephone interviews 2 to 3 weeks apart have also been shown
to be reliable. However, these same subjects had difficulty in
remembering the frequency and duration for unusual work
tasks [Kallio et al., 2000]. Recalling routine work tasks and
rarer transient work related exposures might not be the same
phenomena. Unusual or occasional work tasks occurring once
per week or per month may not be as reliably recalled as
unusual transient exposures associated with work tasks (e.g.,
unusual performing equipment or using an unusual work
method to do a task). In the current study, even transient

TABLE V. Confidence in the Accuracy of Memory of Potential Risk Factors for the Number of Hours of Exposure

During the Past Month

N(%) of subjects reporting
very confident or certain

Confidence score

Correlation (P-value) with reliability
of the subjects reported usual

Potential risk factor in their memory (Mean + SEM) frequency of exposure®
Equipment/materials 22(815) 407 £0.13 0.18 (0.38)
performed differently®
Different work method® 23(85.2) 400401 —0.02(0.92)
Unusual work task® 20(74.) 396 +014 —0.41(0.03)
Distracted® 25(89.3) 418 +012 0.11 (0.58)
Rushing® 25(89.3) 411 +£013 0.16 (0.41)
Working overtime 29(100.0) 427 +008 0.06 (0.76)
Feeling ll® 25(92.6) 422 +01 —0.11(0.58)
Wearing gloves® 28(100.0) 443+010 —0.01(0.98)

Note:No subjectsreported that they were notat all confident.

Confidence scores: 1 =notatall confident,2 = somewhat confident,3 = average confidence,4 = very confident,and 5 = certain.
#Spearman rank correlation coefficient of memory score and the absolute value of the difference between the subjects reported usual

frequency of exposure at theinitialand follow-upinterviews.
®Two subjects had missing data.
“One subject had missing data.



342 Lombardi et al.

exposures that occur about once per month on average, could
be recalled reliably within 4 days of the first interview
(Table III).

There are studies in the literature, which suggest that
expressing a high level of confidence in the accuracy of
memory is associated with more reliable recall. Some [e.g.,
Brigham, 1990], but not all studies [e.g., Chandler, 1994],
have reported a positive correlation between confidence
ratings and accuracy. If a high degree of confidence in the
accuracy of recall does correlate with reliable recall this
would suggest a high level of accuracy in memory for
transient exposures. In the present study, it was found that the
subjects’ degree of certainty in the accuracy of their recall did
not often correlate with more reliable recall. For example,
workers with less reliable recall of the amount of time they
were distracted, were not more likely to report higher levels
of confidence in their recall of this exposure. In this case,
there was a slight positive correlation (R =0.11; P-value =
0.58) between the absolute value of the difference in the usual
frequency of exposure reported at the initial and follow-up
interviews and the subjects reported confidence in their recall.
However, a number of factors could explain this discrepancy
including a shift in the criterion used to define “distraction.”
In contrast, for performing an unusual work task, workers
with more reliable data were more likely to report a high
degree of confidence in their recall. In this case, there was a
significant negative correlation (R = —0.41, P-value = 0.03)
between the absolute value of the difference in the amount of
time that the subjects reported performing an unusual work
task over the past month on the first and second interview and
their degree of confidence in their recall. This finding would
support the hypothesis that high levels of confidence in the
accuracy of memory are associated with more reliable recall.
Unfortunately, the sample size in this study is too small to
fully evaluate these findings.

Although our sample size was relatively small, it was
sufficiently powered to evaluate the primary outcome vari-
ables, the reliability of the self-reports of the usual frequency
of exposure to transient risk factors. However, the preva-
lence of four of the eight transient occupational exposures
was low (e.g., percent exposed no greater than 10%) at the
time of the injury. This limited our ability to further examine
the reliability of these transient factors among different sub-
groups. For example, it would be of interest to compare the
reliability of self-reports by job experience. In addition, the
kappa statistic can easily be misinterpreted when expo-
sures being compared are relatively rare [Maclure and
Willett, 1987]. This is reflected by the relatively wide 95%
CI for those exposures, which were most rare (e.g., the use
of equipment or materials which performed differently than
usual; 95% CI=0.01-1.0) in this study. However, for ex-
posures, which were more common, the confidence
intervals were relatively narrow (e.g., rushing; 95% CI =
0.77-1.0).

The high degree of reliability of self-reported exposure
to transient risk factors observed in this study may not be
generalizable to studies of other occupational injuries using
similar data collection instruments. The subjects in this study
experienced only minor to moderately severe hand injuries,
as measured by the type of injury, laceration length, and
number of sutures. Thus, initial interviews with these
subjects were conducted, for the most part, within 2 days of
the injury. For more severe injuries, such as amputations or
fractures, it may not be feasible to interview subjects as
rapidly and the reliability of reports of exposures over longer
time intervals is unknown. An extension of this study would
be an examination of the reproducibility of potential risk
factors for a period after 7 days (longer-term) after the initial
interview. This would help to determine the feasibility of
using a similar data collection instrument where the inter-
view could not take place as close in time to the injury.

Our study suggests that transient workplace exposures,
which occur around the time of an injury, can be reliably
recalled up to 4 days after an initial interview. This is
important since the case-crossover study design attempts to
answer the question, “‘what was different or unusual prior to
the injury?” [Maclure, 1991]. As most occupational injury
research utilizes self-reported exposures, it is important to
continue to develop methods to assess the reliability and
validity of these data. This will ultimately allow for a better
understanding of the etiology of workplace injuries and may
lead to significant improvements in the design of strategies to
prevent these injuries.
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