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1. The American Conference of Governmental Industrial Hygienists
(ACGIH) threshold limit values (TLV) for hand activity level is able to
predict the risk of carpal tunnel syndrome (CTS). 2. The current TLV
might not be sufficiently protective as workers exposed above the
Action Limit already experience more than twice the risk of CTS
compared to "unexposed" workers.
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Validation of the ACGIH TLV for hand activity level in the OCTOPUS cohort:
a two-year longitudinal study of carpal tunnel syndrome

by Roberta Bonfiglioli, MD," Stefano Mattioli, MD,” Thomas J Armstrong, PhD,? Francesca Graziosi,
MSc," Francesco Marinelli, MStat,” Andrea Farioli, MD," Francesco S Violante, MD

Bonfiglioli R, Mattioli S, Armstrong TJ, Graziosi F, Marinelli F, Farioli A, Violante FS. Validation of the ACGIH TLV
for hand activity level in the OCTOPUS cohort: a two-year longitudinal study of carpal tunnel syndrome. Scand J
Work Environ Health. 2013;39(2):155-163. doi:10.5271/sjweh.3312

Objectives This study aimed to evaluate the risk of musculoskeletal disorders to the hand-wrist system. The
American Conference of Governmental Industrial Hygienists (ACGIH) proposed threshold limit values (TLVO)
based on hand activity level (HAL) and normalized peak force (PF). We validated ACGIH TLV©O in OCTOPUS,
a large cohort study on carpal tunnel syndrome (CTS).

Methods Industrial and service workers were followed from 2000-2003. We classified subjects with respect to
action limit (AL) and TLV. Case definitions were: (i) self-reported symptoms; and (ii) combination of symptoms
and positive nerve conduction studies. Poisson regression models including age, gender, body mass index, and
presence of predisposing pathologies were conducted to estimate incidence rate ratios (IRR) of CTS.

Results There were 4097 eligible workers. Of these, 236 (5.8%) were non-responders, 2194 (53.6%) had a
complete follow-up, 728 (17.8%) were lost after intermediate assessment, and 939 (22.9%) were lost after base-
line. Among the 3860 subjects with complete information at baseline, 2599 (67.3%) were women [mean age
38.1 [standard deviation (SD) 9.5] years; mean body mass index (BMI) 23.8 (SD 3.9) kg/m?]. ACGIH TLVO
classification predicted both CTS symptoms [IRR between AL and TLV 2.43 [95% confidence interval (95% CI)
1.77-3.33]; above TLV 3.32 (95% CI 2.34—4.72)] and CTS confirmed by nerve conduction studies [IRR between
AL and TLV 1.95 (95% CI 1.21-3.16); above TLV 2.70 (95% CI 1.48-4.91)].

Conclusions We found a dose-response relationship between ACGIH TLV© classification and risk of CTS.
The increased risk observed for workers exposed between AL and TLV suggests that the current AL and TLV
might not be sufficiently protective.

Key terms American Conference of Governmental Industrial Hygienists; biomechanical overload; CTS; hand

force; industrial worker; MSD; musculoskeletal disorder; occupational exposure; repetition.

Carpal tunnel syndrome (CTS) continues to be a major
cause of disability and cost to society. The prevalence
of CTS in the general population has been estimated as
between 1- 5% (1, 2), while studies on its incidence have
reported rates ranging from 0.5-3.8 per 1000 person-
years (3-5). In Italy, a rate of 1.1 per 1000 person-years
has been documented for surgically treated CTS (6).
Widely cited personal factors of CTS include gender,
body mass index (BMI), height, marital status, familiar
history, and other pathologies facilitating CTS onset
(eg, rheumatoid arthritis, diabetes) (7, 8). There are a
number of epidemiological studies that show a relation-

ship between manual work (especially repetitive and
forceful exertions) and CTS (9-11); however, many of
these studies are cross-sectional and a causal relation-
ship cannot therefore be concluded (9). Longitudinal
studies are needed to investigate to what extent work is
a primary cause of CTS.

A dose—response relationship for CTS and mechani-
cal loads is supported by biomechanical models, labora-
tory studies and epidemiological studies. Early studies
[eg, by Tanzer in 1959 (12)] demonstrated that certain
postures of the wrist produce elevated pressure on the
median nerve inside the carpal canal. Armstrong &
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Chaffin (13) proposed a pulley-belt model that showed
the contact forces on the median nerve are related to
tension in the finger flexor tendons and wrist flexion.
Studies by Phalen (14) and Armstrong et al (15) showed
fibrous connective tissue and thickening of the flexor
synovia and the walls of arterioles inside the carpal
tunnel in areas subjected to high contact stress tendon
loads. Moore at al (16) showed that the tendon loads in
the median nerve help explain the epidemiological find-
ings of Silverstein et al (17) that CTS and hand—wrist
tendonitis are related to repetitive work. Keir & Rempel
(18) showed that deviation of the wrist from a neutral
posture is associated with elevated fluid pressure inside
the carpal tunnel. These studies provide support for the
contribution of repetitive exertions, high hand forces and
certain postures commonly involved in manual work to
chronic tendon and nerve injuries in the wrist.

Based on available data, the American Conference of
Governmental Industrial Hygienists (ACGIH) proposed a
threshold limit value ( TLV©) to determine unacceptable
levels of hand activity and force for workers performing
mono-task handwork (19). The ACGIH also proposed
an action limit (AL) to trigger administrative controls.
A mono-task job is defined as “... performing a similar
set of motions or exertions repeatedly ...” The ACGIH
cites “assembly line” and “keyboard” work as specific
examples of mono-task jobs. Both of these examples can
include a broad range of possible exposures. There is
no clear cut-off between mono- and multi-task jobs. We
argue that the ACGIH TLV© applies to jobs in which
there is a regular or predictable pattern of exertions over
the course of each work shift.

The aim of this study was to investigate biomechani-
cal load as a causal factor for CTS, using the ACGIH
TLVO© based on hand activity level (HAL) and normal-
ized peak force (PF).

Methods

Setting, study design, and population

For this report we used data from the Occupational Car-
pal Tunnel Syndrome Observational Prospective Unified
Study (OCTOPUS), a longitudinal study of different
industrial and service worker groups started in 2000;
Violante et al (8) has reported the materials and methods.
In order to study the dose—response relationship between
occupational risk factors and CTS, we aimed to enroll
workers exposed to different biomechanical loads on the
hand-wrist system. Hence, we established a heterogeneous
dynamic cohort of persons employed in one of six selected
factories [producing large (N=1) and small (N=1) domes-
tic appliances, underwear (N=1), ceramic tiles (N=1),
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and shoes (N=2)] and workers employed in all municipal
nursery schools of Bologna (Italy). All production workers
and clerks (or similar white-collar workers) were invited
to participate (N=4332), while managers and profession-
als were excluded from the study (number unknown).
Eligibility criteria were (i) performing jobs for which the
ACGIH TLV© could be evaluated from job observations,
(ii) no history of surgical treatment for CTS, and (iii) not
meeting the case definition for CTS at baseline.

The initial response proportion among invited and
eligible workers was 94.3% (3861 out of 4097). Table
1 summarizes the distribution of the participants’ main
characteristics according to follow-up status. Among
workers with a complete follow-up, the proportion of
women was slightly lower. Workers lost to follow-up after
baseline presented a lower degree of exposure to biome-
chanical risk factors according to the ACGIH TLVO for
HAL. Workers lost to follow-up after the first assessment
was slightly more affected by CTS symptoms at baseline.

The flow through the study is reported in figure 1.
Information on the disease status and personal charac-
teristics/habits were collected directly in the workplaces
annually. The first (baseline) assessment was performed
in 2000-2001; the second (intermediate) assessment in
2001-2002; and the third (last) assessment in 2002—
2003. Of the 3861 workers, 429 participated only in
the first and the last assessment; these subjects were
assumed to be healthy at the missed assessment and we
considered them as contributing for two person-years
each in our analyses.

The ACGIH TLV® for hand activity level

The ACGIH TLV®© is based on HAL and PF, which are
measured on scales of 0—10 where 0=no exposure and
10=the greatest exposure imaginable (19). The PF is the
relative effort required for the most forceful part of the
job. The ACGIH recommends that the peak value be
based on a 90" percentile. The 90" percentile is more
stable than the maximum value that often varies among
the same sequences of exertions. The HAL takes into con-
sideration exertion frequency and recovery time between
successive exertions and is an average for the entire job.
HAL and PF are combined together by taking the ratio
PF/(10-HAL) (20). The calculated value is evaluated
against ACGIH reference values (the AL and the TLV).

A worker is considered to be exposed above the
AL if his/her ratio PF/(10-HAL) is >0.56; if the ratio
is >0.78 the exposure is considered to exceed the TLV
(20). Hence, three categories of biomechanical load on
the hand-wrist system can be identified by the ACGIH
method: (i) loads below the AL (herein, referred to as
“acceptable loads™); (ii) loads between AL and TLV
(“borderline loads™); (iii) loads above TLV (“unaccept-
able loads”).



Data collection

Lists of jobs were provided by the participating compa-
nies and the nursery schools for each study site. A walk-
through inspection was performed at each site to verify its
suitability for study and to develop a data collection plan.
A team of eight independent observers, working in pairs
as described by Ebersole et al (21), assessed ACGIH HAL
and PF exposures. All observers were experienced in
occupational ergonomic analysis techniques and blinded
to health outcomes. For each job, two (or more) investiga-
tors observed all normal job activities and independently
estimated the overall HAL and PF for the hand with the
highest exposure. The investigators then compared and
discussed their observations and attempted to achieve
agreement within one point on the scale of ten points.
Each job was assigned a single exposure value based on
the averages of the final ratings following the discussion
by the observers as described by Ebersole et al (21). In
most cases, the raters achieved agreement within one
point. Ratings were not performed for each hand sepa-
rately. In many cases, the workers could choose which
hand they used based on personal preference, eg, right-
or left-handedness. Plant representatives were consulted
to confirm that there were no abnormal conditions (eg,
equipment problems, new workers, etc) that might influ-
ence the exposure assessment. All available jobs were
assessed at each site.

Exposure to hand—arm vibrations (HAV) was
assessed in terms of presence or absence; workers per-
forming jobs in which any vibratory tools were used for
every work-cycle, independently of total time of usage,
were considered exposed to HAV.

Biomechanical exposure assessment was not per-
formed again after 2001 except in the factory that pro-
duced large domestic appliances, where a big fire broke
out in 2001 and destroyed one of the assembly lines.
Assembly activities were then assessed in 2003 when
the line restarted. The average biomechanical loads were
assumed to be constant during the study period for all
jobs. There were no known changes in production at par-
ticipating companies between 2000—2003. The ACGIH
TLVO for HAL was primarily intended for mono-task
jobs (19); therefore activities that did not include regular
or predictable patterns of exertions over the course of
each work shift (ie, maintenance or cleaning activi-
ties, electricians) were excluded. At each assessment,
workers were asked about changes in their jobs; thus,
exposure to biomechanical risk factors, according to
the jobs performed, was separately recorded for each
follow-up period.

Personal information was collected with standardized
questionnaires administered at every assessment by a
trained physician. Possible covariates to be considered in
multivariate analyses were selected a priori and included:

Bonfiglioni et al

sex, age, BMI, height, wrist circumference, smoking sta-
tus, alcohol consumption, family history of CTS among
first-degree relatives, personal history of wrist fractures,
personal history of diseases predisposing to CTS (diabetes
mellitus, amyloidosis, gout, progressive systemic sclero-
sis, rheumatoid arthritis, systemic lupus erythematosus,
thyroid disorders, tendonitis of the finger flexors, and
chronic renal failure), and exposure to HAV.

Case definitions and outcomes

Our case definitions were established at an individual
level; a worker was considered to be affected by CTS if
at least one hand met the case definition of interest. We
considered two different case definitions: (i) presence
of CTS symptoms in the 30 days before the interview;
and (ii) presence of CTS symptoms and slowing of
sensory conduction velocity of the median nerve from
wrist to palm.

The definition of symptoms followed the classi-
fication scheme for assessment of symptom qualities
proposed in the consensus criteria for the classification
of CTS in epidemiologic studies (22). Information was
collected with a structured questionnaire including the
Katz hand diagram (23); subjects that reported numb-
ness, tingling, burning, or pain in =1 of digits 1, 2, or
3 (“classic/probable” or “possible” symptoms of CTS)
were classified as symptomatic (22).

Experienced electro-diagnostic testers performed
nerve conduction studies (NCS), as described elsewhere
(8). The sensory conduction velocity of the median
nerve from wrist to palm was classified as “slowed” if
it fell below the lower 99% confidence limit (43.8 m/s)
of the electro-diagnostic reference values described by
Kimura (24). For the case definition based on symptoms
and NCS findings, we constructed two different outcome
variables as presented in table 2, referred to as “nar-
rower” and “broader”. The “narrower” outcome variable
did not consider symptomatic subjects with normal con-
duction studies, while the “broader” variable included
them as “non cases”. We intended the “narrower” vari-
able as the main outcome measure based on NCS, while
the “broader” variable served as a sensitivity analysis.

Statistical analysis

Summary statistics are expressed as numbers (percent-
ages), mean (standard deviation), or median (interquartile
range) as appropriate. The correlation between variables
was studied using Spearman’s rank correlation coefficient
(Spearman’s rho). The associations between biomechani-
cal exposures and CTS risk were assessed by calculating
incidence rate ratios (IRR) and relative 95% confidence
Intervals (95% CI) with multivariate Poisson regression
models. HAL and PF were considered time-varying expo-
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sure and, for each person-year, the exposure was classified
independently. Of note, among the subjects that contrib-
uted two person years to the analysis, only 18 workers
changed their ACGIH exposure class in the second year.
Covariates to be included in the multivariate models were
selected with a “significance-test-of-the-covariate™ strat-
egy (25). We started from a model which included all the
pre-selected baseline covariates alongside a variable with
two degrees of freedom for the three ACGIH categories;
we then performed a backward deletion, retaining the
variables that reached the statistical significance level of
P<0.1 at the likelihood ratio test.

Only subjects with complete information on selected
covariates entered the analyses (list-wise deletion).
After the selection of the covariates, possible nonlinear
associations between continuous predictors and outcome
were explored using multivariate fractional polynomials
(26); we did not find any evidence of non-linearity of
the association with the outcome for the two continuous
variables (ie, age and BMI) included in the final model.

The main exposure variable under investigation was
constructed according to the three ACGIH categories; to
explicitly study the individual contribution of HAL and
PF in predicting the risk of CTS, we also created Poisson
regression models that included one of the two param-

Invited workers
N=4332

Not meeting inclusion criteria:

= ACGIH TLVs method not applicable
N=174

= Previously surgically treated for CTS

N=61
Eligible workers
N=4097
A

OCTOPUS Cohort
N=3861

Non-responders:
N=236

Step-by-step-exclusions from analyses:
= Lost to follow-up after the baseline

eters at a time or the two parameters together. The robust
Huber-White “sandwich” estimator of variance clustered
on the 7 enterprises was used in our analyses (27).

All the analyses were performed using Stata 11.1 SE
(Stata Corp, College Station, TX, US). All tests were 2
sided.

Results

There were 4097 workers eligible for the cohort. Of
these, 236 (5.8%) were non-responders, 2194 (53.6%)
had a complete follow-up, 939 (22.9%) were lost after
baseline, and 728 (17.8%) were lost after intermediate
assessment. During the second assessment, 354 new
workers entered the dynamic cohort. One subject with
missing information on a possible confounder (BMI)
was excluded from the analyses.

Among the 3860 subjects with complete information
at baseline, the mean age was 38.1 [standard deviation
(SD) 9.5] years, the mean BMI was 23.8 (SD 3.9) kg/m?,
and median current job seniority was 7 [inter-quartile
range (IQR) 2—15] years. The subjects consisted of 2599
(67.3%) women [mean age 39.2 (SD 9.5) years, mean

’ Two observations (at 1 year) ‘

Figure 1. Flowchart
of the study. The OC-

N=939
= Missing information on BMI N=1076
N=1
A4
Study population Two observations (at 2 years)
N=2921 N=429
Three observations (at 1 and 2 years)
N=1416
* A 4

TOPUS cohort, Italy,

v

Case definition based on
CTS symptoms

Case definition based on
CTS symptoms and NCS

2000-2003. [ACGIH=
American Congress

Case definition based on
CTS symptoms and NCS

2492 subjects
(310 incident cases, 3953 pyrs)

’ 2299 subjects

(84 incident cases, 3825 pyrs) ‘

2596 subjects
(84 incident cases, 4300 pyrs)

1 1
T T
1 1
1 1
1 1
: (narrower) : (broader) of Government In-
: Prevalent cases : dustrial Hygienists;
Prevalent cases | g=f119d NCS i Zre;/?lgent cases BMI=body massindex;
= efuse =
N=429 ! | N=239 ! | Refused NCS CTS=carpal tunnel
1 | Negative NCS y |N=239 syndrome; NCS=nerve
v L [N=297 v ! | conduction study;
1 1 TLV,=threshold limit
1 1
1 1

value.]
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BMI of 23.2 (SD 4.1) kg/m?, and median current job
seniority of 8 (IQR 2—17) years] and 1261 (32.7%) men
[mean age 35.6 (SD 9.2) years, mean BMI of 25.1 (SD
3.3) kg/m?, and median current job seniority of 6 (IQR
2-11) years]. A total of 429 subjects were symptomatic
at baseline; among them, 119 had a slowing of sensory
conduction velocity of the median nerve. Baseline char-
acteristics according to follow-up status are presented
in table 1.

All symptomatic subjects (at baseline or during
follow-up) were invited to undergo NCS; 239 (32.3%)
workers refused to undergo examination. During the
study period, 310 workers presented incident symptoms;
84 of them had a positive electroneurographic testing.

The distribution of the study population (N=2921)
at baseline according to HAL, PF and gender is shown
in figure 2. The distribution of PF appear to be more
heterogeneous among men, as most women presented
values ranging from 4-5. Overall, a moderate correlation
(Spearman’s rho 0.42) was found between the values of
HAL and PF at the baseline; the correlation was stronger
among women (Spearman’s rho 0.52) than men (Spear-
man’s rho 0.27).

After preliminary analysis, gender, age, BMI, and
presence of pathologies predisposing to CTS onset were
retained as covariates in multivariate models for all three
outcome variables. Of note, exposure to HAV did not
reach the predefined significance level for the selection
of covariates (P<0.1) for any of the outcome variables.
Table 3 presents the estimates for the multivariate Pois-
son models selected to study the relationship between
ACGIH categories and risk of CTS. Estimates for the
two case definitions are consistent, even if the rate ratios
for the case definition based on CTS symptoms and NCS
[adjusted IRR between AL and TLV 1.95 (95% CI 1.21-
3.16); above TLV 2.70 (95% CI 1.48—4.91)] are approxi-

Bonfiglioli et al

mately 20-30% lower than those for the case definition
based only on symptoms [adjusted IRR between AL
and TLV 2.43 (95% CI 1.77-3.33); above TLV 3.32
(95% CI 2.34-4.72)]. Nevertheless, both multivariate
models in table 3 present a dose—response relationship
between the ACGIH classification and the risk of CTS.
Among personal characteristics, female gender appears
as a strong determinant of CTS in both case definitions,
with a risk of disease more than doubled in comparison
to males. The effect of BMI and age seemed stronger
when studying CTS diagnosed with NCS.

In table 4, we report the IRR of CTS and 95% CI
from multivariate Poisson regression models using 4 dif-
ferent metrics for occupational exposure; the estimates
are presented for all three outcome variables. For the
first two outcome variables, exposure estimates clas-
sified according to ACGIH are derived from the same
models presented in table 3. When adopting the broader
case definition based on symptoms and NCS (right col-
umn of table 4), the estimates appeared lower than those
estimated for the other case definitions. Results from
Poisson models including only HAL and PF, respec-
tively, appeared associated with CTS for all the outcome
variables. However, when considering models with both
HAL and PF, HAL was still a strong predictor of the
outcome variables while the estimates for PF consider-
ably decreased. Also, for all case definitions, estimates
for HAL were more precise in models not including PF.

Discussion

ACGIH TLVO for HAL predicted a dose-response rela-
tionship for the incidence of CTS in the OCTOPUS
cohort. The ACGIH formula used to determine whether

Table 1. Baseline characteristics of eligible subjects according to follow-up status. The OCTOPUS cohort, Italy, 2000-2003.
[ACGIH=American Conference of Governmental Industrial Hygienists; AL=action limit; BMI=body mass index; CTS=carpal tunnel syn-

drome; SD=standard deviation; TLV=threshold limit value]

Characteristics at baseline Followed-up workers

Workers lost to follow-up Workers lost to follow-up

(N=2194) after baseline after the intermediate assessment
(N=939) (N=728)
N % Mean SD N % Mean SD N % Mean SD
Women 1349 61.5 . 682 72.6 . 568 78.1 . .
Age (years) . 37.8 9.3 . 37.7 9.8 . 39.3 9.8
BMI (kg/m?) . 24.0 39 . 23.4 3.8 . 23.9¢2 40°
Predisposing diseases ° 229 104 . . 100 10.7 . . 102 14.0 . .
ACGIH TLV method
Below AL 1235 56.3 621 66.1 414 57.0
Between AL and TLV 518 23.6 185 19.7 159 219
Above TLV 442 20.1 133 14.2 154 212
Affected by CTS symptoms 307 14.0 125 13.3 122 16.8

2Information missing for one subject.

b Subjects who reported being affected by at least one of the following diseases: diabetes, amyloidosis, gout, thyroid disorders, scleroderma, rheumatoid

arthritis, systemic lupus erythematosus, digital flexor tendonitis.

Scand J Work Environ Health 2013, vol 39, no 2 159
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Men (n=1004)

© -

Normalized Peak Force
4
L

Women (n=1917)

Hand Activity Level

Theshold Limit Value

Action Limit

Figure 2. Distribution of the 2921 participants by gender, hand activity level and normalized peak force. The OCTOPUS cohort, Italy, 2000-2003

(Circle sizes are proportional to the number of workers).

the exposure exceeds the AL or TLV (ie, ratio=PF/(10-
HAL)) is calculated giving equal weights to HAL and PF;
if our findings are confirmed in other studies, a different
formula that gives a higher weight to HAL should be
considered. In addition, our cohort presented an appre-
ciable increase in risk of CTS for subjects below the TLV
but above the AL; this element might suggest that the
current cut-off value used for the TLV (ie, ratio =0.78)
might not be sufficiently protective and some workers
could be at risk even for exposures below the TLV. This
work supports a dose-response relationship between the
incidence of CTS and the biomechanical loads associated
with increasing HAL and PF (table 4). CTS incidence
was slightly more sensitive to HAL than PF. Previous
studies have also found CTS to be more sensitive to
repetitiveness than force (17, 28, 29). This may imply
that the recovery time between successive tendon loads is
more important than the magnitude of the loads at normal
work rates and intensities. This finding may also be due
to inaccurate estimates of PF from observations. Studies
by Ebersole et al demonstrate that inter-rater variations
are greater for PF than HAL (30).

As regards personal characteristics, our results are con-
sistent with the current knowledge on CTS. The presence
of gender differences for CTS has been reported several
times in the medical literature (eg, 3—6). However, it has
been hypothesized that gender could “mask” exposure dif-
ferences between men and women (31, 32); in particular,
gender could be a proxy of exposure when occupational
exposure to biomechanical risk factors is not collected
or is highly misclassified. In our longitudinal study, the
occupational biomechanical exposure of the hand—wrist
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system was carefully assessed according to the ACGIH
recommendations, and we found an important increase in
risk of CTS for women. Age is a well-known predictor of
the disease (4, 5, 33), alongside BMI (7, 8, 34).

Figures obtained with the case definition based only
on symptoms were consistent with those obtained when
also considering NCS. This finding is in line with the
results of a recent systematic review that highlighted
that complex case definitions (eg, based on examina-
tions) for upper-limb disorders (including CTS) yield
similar associations with occupational determinants to
those obtained using simple case definitions based on

Table 2. Outcome variables used for multivariate Poisson regres-
sion models. [CTS=carpal tunnel syndrome; NCS=nerve conduc-
tion studies].

Symp- NCS® Outcome variables
toms CTS CTS symp- CTS symp-
symptoms toms and NCS toms and NCS
(narrower) (broader)
Positive Positive Case Case Case
Positive Negative Case Excluded Non-case
Positive Not performed Case Excluded Excluded
due to patient’s
refusal
Negative Not relevant Non- Non-case Non-case
for case case
definition

2 Subjects who reported “classic/probable” or “possible” symptoms of
CTS were classified as “positive”(18).

b Subjects with a sensory conduction velocity of the median nerve from
wrist to palm <43.8 m/s were classified as “positive”(22).



Table 3. Results from multivariate Poisson regression mod-
els including exposure classified according to American Con-
gress of Government Industrial Hygienists (ACGIH) alongside
selected covariates. The OCTOPUS cohort, Italy, 2000-2003.
[AL=action limit; BMI=body mass index; CTS=carpal tunnel syn-
drome; IRR=incidence rate ratio; NCS=nerve conduction studies;
TLV=threshold limit value; 95% Cl=95% confidence interval].

Bonfiglioni et al

Table 4. Estimates  from 12 Poisson regression models adopting
different metrics for occupational exposure to biomechanical risk
factors. The OCTOPUS cohort, Italy, 2000-2003. [ACGIH=American
Congress of Government Industrial Hygienists; AL=action
limit; CTS=carpal tunnel syndrome; HAL= hand activity level;
IRR=incidence rate ratio; NCS=nerve conduction studies; PF=peak
force; TLV=threshold limit value; 95% Cl1=95% confidence interval]

Characteristics ~ Cases Person- Univariate Multivariate
years analysis model
atrisk “RR  95%CI IRR  95% Cl

Case definition

based on CTS

symptoms

Sex

Male 70 1597  1.00 1.00

Female 240 2356 232 1.05-5.14 2.37 1.83-3.06

Age (years) 310 3953 1.04 1.02-1.07 1.03 1.02-1.04
BMI (kg/m?) 310 3953 1.04 1.02-1.06 1.03 1.00-1.06
Predisposing
diseases ®
0 251 3583 1.00 1.00
>1 59 370 228 1.77-2.92 1.60 1.31-1.94
ACGIH TLV
method
Below the AL 107 2365 1.00 1.00
Between AL 97 860 249 221-2.81 243 1.77-3.33
& TLV

Above TLV 106 728 322 1.79-577 3.32 2.34-4.72

Case definition
based on CTS

symptoms and
NCS (narrower)

Sex

Male 15 1562 1.00 1.00

Female 69 2263 3.18 1.82-554 285 1.51-5.37
Age (years) 84 3825 1.08 1.06-1.10 1.06 1.05-1.08
BMI (kg/m?) 84 3825 110 1.07-1.13 1.09 1.04-1.14
Predisposing

diseases ®

0 64 3481 1.00 1.00

>1 20 344 316 1.49-6.71 1.91 1.26-2.91
ACGIH TLV

method

Below the AL 34 2318 1.00 1.00

Between AL 24 807 2.03 1.57-2.61 1.95 1.21-3.16
and TLV

Above TLV 26 700 253 0.97-6.60 2.70 1.48-4.91

aMultivariate models included sex, age, body mass index, predisposing
diseases and ACGIH classification.

bThis group includes: diabetes, amyloidosis, gout, thyroid disorders,
scleroderma, rheumatoid arthritis, systemic lupus erythematosus, and
digital flexor tendonitis.

symptoms (35). Moreover, findings from a review on
the case definitions for CTS in epidemiological stud-
ies suggested the possibility of comparing the results
obtained in studies adopting various case definitions
of CTS, based on different combinations of symptoms,
clinical examination, and/or NCS (36).

Study strengths and limitations

Our study is one of the very few prospective validations
of observational methods for the assessment of biome-

Exposure [Range] CTS CTS symptoms  CTS symptoms
symptoms and NCS and NCS
(narrower case (broader
definition) case definition)
IRR  95%ClI IRR  95%ClI IRR 95% Cl
ACGIH TLV method
Below the AL 1.00 1.00 1.00
Between AL & TLV 243 1.77-3.33 1.95 1.21-3.16 1.62 1.09-2.42
Above TLV 332 234-472 2.70 1.48-4.91 2.23 1.36-3.66

HAL
HAL, unitary 143 1.27-161 1.37 1.19-157 1.31 1.17-1.47
increase [2-7]
Normalized PF
PF, unitary 1.26 1.08-1.48 1.31 1.08-1.59 1.26 1.07-1.49
increase [1-7]
HAL and
normalized PF
HAL, unitary 139 1.21-161 1.32 1.12-1.56 1.26 1.09-1.46
increase [2—7]
PF, unitary
increase [1-7]

1.06 0.91-1.23 1.09 0.97-1.22 1.09 0.98-1.20

a Estimates from multivariate models including sex, age, body mass in-
dex, and predisposing diseases.

chanical exposures at work (37). To our knowledge,
the OCTOPUS cohort is larger than any other previ-
ously published occupational cohort designed to study
the association between CTS and biomechanical risk
factors. One of the strengths of this study is the direct
assessment of HAL and PF for each job. Moreover,
information on possible confounders was collected
prospectively by direct interviews.

Regarding participation in the study, on the one
hand, the initial response proportion was satisfactory
(>94%), on the other hand, loss to follow-up was not
negligible and attrition bias could represent a concern.
A comparison of baseline characteristics in the OCTO-
PUS cohort highlighted that women tended to be lost to
follow-up more than men.

However, we should consider that loss of subjects
to follow-up could have been mainly determined by
workers who changed their employment status, were
from factories that closed down (the underwear fac-
tory), or were temporarily absent from work (eg, due to
illness, parental leave, or other employee benefits). All
the aforementioned conditions seem to be weakly related
to CTS. Hence, we hypothesize that loss to follow-
up should not substantially bias our results. Another
possible limitation of our study is that the assessment
of biomechanical risk factors was performed only at
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baseline. However, there were no changes in produc-
tion technologies or volumes in the seven participating
enterprises during the study period. Therefore, misclas-
sification of biomechanical exposure due to changes in
jobs should be negligible.

Since exposure assessment was not feasible for
multi-task jobs, only activities that included regular or
predictable patterns of exertions over the course of each
work shift were assessed. Thus, our study is not able
to provide information for multi-task manual jobs (eg,
maintenance workers, cleaners, janitors). In our analysis,
429 workers that participated in the last assessment,
but missed the intermediate one, were assumed to con-
tribute for two person-years each. As 46 of them were
considered to be affected by CTS for the case definition
based on symptoms and 5 of them met the case defini-
tion based on symptoms and NCS, person-years in our
study could be slightly overestimated, and a tiny bias
in point estimates could be present. In the OCTOPUS
cohort, HAV were registered as a dichotomous exposure;
no measurements of frequency or acceleration were col-
lected. Hence, we were not able to study HAV properly
as a risk factor for CTS and we only explored the expo-
sure to HAV as a possible confounder of the relationship
between the ACGIH classification and the risk of CTS.

Concluding remarks

Based on the measure of the HAL and the PF, the
ACGIH TLVO for HAL enables the classification of
workers in three categories (below the AL, between the
AL and the TLV, above the TLV). The HAL is based on
the frequency of exertions and the duty cycle (distribu-
tion of work and recovery periods), while the PF is the
peak effort exerted by the hand during each regular work
cycle. We found a dose—response relationship between
biomechanical exposure classified according to ACGIH
and incidence of CTS. According to the ACGIH, the
TLV should not be exceeded; also, the AL is considered
the level that triggers general controls, including surveil-
lance. However, a non-negligible risk was found in our
study for workers exposed between the AL and the TLV;
hence, the current limits — AL and TLV — might not be
sufficiently protective for some workers. The apparently
different strength of association of HAL and PF with
CTS found in our study deserves further investigation.
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