
Relationships Among Lifting Ability,
Grip Force, and Return to Work

Background and Purpose. The relationship between functional capacity
evaluation (FCE) data and work disability has not been studied. The
validity of FCE testing results in terms of subsequent return to work
(RTW) was the focus of this exploratory study. Subjects and Methods.
Six hundred fifty adults of working age were evaluated as part of a
standardized FCE. Clients were contacted by telephone 6 months after
the FCE to determine their work status. Predictor variables were
gender, age, time off work, maximum safe loads during 3 dynamic lifts,
and isometric grip force. Other variables measured were whether or
not the client returned to work (RTW-Y/N) and level of return to work
(RTW level). Results. A multivariate logistic regression analysis demon-
strated that the more time a worker was away from work, the less likely
was RTW. Male subjects were less likely to return to work than female
subjects. The more weight lifted from floor to waist, the more likely was
RTW. The logistic regression equation correctly classified 80.3% of the
subjects who returned to work and 56.6% of the subjects who did not
return to work. Each of the 3 lift tests was related to RTW level, whereas
the grip force tests were not related to either RTW-Y/N or RTW level.
Discussion and Conclusion. Time off work and gender were the
strongest predictors of RTW, but certain FCE subtests of lifting were
related to RTW and RTW level for people with work-related chronic
symptoms. Grip force was not related to RTW. [Matheson LN, Isern-
hagen SJ, Hart DL. Relationships among lifting ability, grip force, and
return to work. Phys Ther. 2002;82:249–256.]
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F
or many years, hypothesized relationships
among impairments, functional limitations, and
disabilities have been a focus in rehabilitation.1,2

Rehabilitation professionals have referenced the
relationship between impairment measured at the organ
level, functional limitation in terms of task performance,
and disability in terms of participation in major life
activities in the development of methods to treat3,4 and
evaluate5 work disability. The disability benefits system
that was established in 1956 by the US Social Security
Administration (SSA) has stimulated interest in the
validity of using impairment and functional limitation
data to determine disability (inability to work). The SSA,
in certain circumstances, uses impairment and functional
limitation data to make decisions concerning disability
and, thus, eligibility to receive disability benefits.

Recently, disability determination based on information
about the functional capacity of the claimant has been
the focus of the SSA’s Re-Design Project.6 In 1998, more
than 2 million people applied for disability benefits with
the SSA, and 11 million Americans received benefits
based on disability, worth approximately $77 billion.7 In
addition to the federal system, each state in the United
States and each province in Canada have a separate
disability benefits system for people with work-related
symptoms, as do all countries with modern economies.
In addition, private insurance companies that insure
against disability have their own disability determination
systems. Many of these systems rely on health care
professionals’ opinions regarding the insured person’s
functional abilities and limitations to predict disability.
This reliance on data about function occurs even though
the validity of such data to predict disability has not been
well studied.8,9

Information from what are commonly called “functional
capacity evaluations” (FCEs) has been used in making
decisions about disability for many years.10,11 In this
process, a person with medical impairment is provided
benefits if his or her abilities are not adequate for the

demands of work. Information from FCEs is used to
translate the effect of the impairment in terms of ability
to perform work tasks. In this article, functional capacity
evaluation is defined as a “detailed examination and
evaluation that objectively measures the client’s current
level of function in terms of the demands of competitive
employment.”12(p48) In this context, the primary purpose
of the FCE is to compare a client’s functional abilities
with the demands of his or her work12(p47) in order to
allow the safe return to work (RTW).3,13

As FCEs have evolved, standards for test development
and service delivery have been promulgated.3,13–16 In
these standards, reliability and validity are of paramount
importance. Although the reliability of some scores from
FCE subtests17,18 and some FCE batteries19 has been
studied, limited reliability data are available for most
FCEs.20 In general, FCE scores have been shown to be
reliable when strict operational definitions are devel-
oped and implemented.16,17 A few researchers8,21 have
investigated the validity of FCE scores in terms of defin-
ing the relationship between performance on functional
tests and subsequent employment. The authors of a
review of the validity of data from 28 work-related
functional assessments reported that “there was . . . no
instrument that demonstrated moderate to good validity
in all areas. Very few work-related assessments were able
to demonstrate adequate validity in more than one area,
or with more than one study.”8(p145) The authors empha-
sized that there is a need for further validity research.

The purpose of our study was to determine the validity of
functional capacity tests of lifting ability and grip force in
terms of whether or not clients seeking rehabilitation
subsequently returned to work and the level of work to
which they returned. These functional capacity tests are
components of a standardized FCE that is used at
multiple clinical sites in North America. Previous
research has shown these tests to yield reliable measure-
ments,17,22 but the validity of data from these tests in
terms of guiding RTW has not been studied. The lift test
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intratester reliability was examined in a study in which 12
blinded judges viewed random videotape segments of a
lifting evaluation of 3 subjects.17 Depending on the lift
test segment, agreement among raters was found to
range from ��.68 to ��1.00 using the Cohen kappa
statistic adjusted for chance agreement. In a study of 27
subjects with an average interval of 1 week, Pearson
product moment correlations of grip force test-retest
reliability were found to range from r �.79 to r �.93 for
either the dominant or nondominant hand, depending
on whether single or multiple measurements were
taken.22

Our study examined whether there is a relationship
between subjects’ RTW (eg, “I returned to a new job in
the same company”) or level of return to work (RTW
level) and performance of lifting or hand-grasp subtests
in the FCE. We studied FCE performance data collected
approximately 6 months prior to a telephone follow-up
interview, at which time information was collected con-
cerning RTW status.

Method

Subjects
In this retrospective study, we used a sample of conve-
nience of clients from 25 clinics in 16 states in the
United States and one province in Canada affiliated with
the Isernhagen Work System (IWS).* All clients were
working-age adults who were not working due to
reported functional limitation. All clients had received
an FCE following the IWS format (IWS-FCE) between
January 1991 and April 1998 as part of the RTW
decision-making process. In the normal course of prac-
tice, attempts to interview by telephone all clients tested
at participating clinics were made 6 months after the
IWS-FCE. In total, 803 clients (60.5% males) were
located and interviewed. The telephone follow-up inter-
view was accomplished a mean of 6.8 months (SD�2.5,
range�4–9) after completion of the IWS-FCE. At the
time of the interview, all clients were questioned con-
cerning whether they had received work hardening,

work conditioning, or any other medical or rehabilitative
intervention in the interval between the IWS-FCE and
the follow-up. Because our research concerned the
validity of FCE performance for subjects who had com-
pleted active treatment, the group of 148 clients who
reported that they had received any of these clinical
services between IWS-FCE and follow-up were excluded
from subsequent analyses. This was the only exclusionary
criterion.

Data were analyzed on an anonymous basis after confi-
dentiality safeguards for the study had been reviewed
and accepted by the senior author’s institutional review
board. There were no group-wise differences, as deter-
mined by independent one-way analyses of variance
(ANOVAs), between the excluded and included samples
in terms of age, time off work, time to follow-up inter-
view, or gender proportion (all P�.05). The study
sample of 650 subjects had a mean age of 41.5 years
(SD�10.1, range�19–71). Subjects reported being off
work a mean of 14.1 months (SD�11.7, range�0–84)
prior to the IWS-FCE. The sample consisted of 349
subjects (53.6%) who had returned to work and 301
subjects (46.4%) who had not returned to work. Demo-
graphic comparison of the groups is presented in Table
1. As a group, subjects who returned to work were
younger (40.1 years versus 43.2 years) and had been off
of work for a shorter period of time (6.9 months versus
17.0 months) (P �.05) than those who did not return to
work.

Procedure
Subjects were tested with the IWS-FCE protocol.23 The
IWS-FCE protocol was finalized in 1988 and has not been
revised. There were no changes in the protocol over the
course of the data collection period. Across data collec-
tion sites, standardized training was required of all
evaluators. The IWS-FCE is a standardized test battery
designed to quantify safe physical abilities of the client24

for the purpose of assisting in the RTW decision-making
process. The IWS-FCE is administered by a physical
therapist or occupational therapist who has been for-
mally trained. The IWS-FCE involves 29 functional assess-
ment subtests (10 strength tasks that include or are

* Isernhagen Work Systems, 1015 E Superior St, Duluth, MN 55802.

Table 1.
Demographic Comparison of Groups

Total
Sample
Size

Returned to Work Did Not Return to Work

n X SD n X SD

Age (y)a 650 349 40.1 9.8 301 43.1 10.2
Time off work (mo)a 602 315 6.8 8.6 287 17.1 16.9
Percentage of males/females 650 349 59.3/40.7 301 61.2/38.1

a Independent one-way analysis of variance (P�.05).
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components of manual materials handling and 19 move-
ment tasks that either do not involve materials handling
or in which the materials handling does not focus on
strength). Each subtest in the IWS-FCE has an opera-
tional definition that has been described in an examin-
er’s manual.23

For our study, subtests of the IWS-FCE were selected for
study because each had previously been shown to have
what we considered acceptable reliability.17,25,26 The
subtests were 3 measures of lifting ability and 2 measures
of grip force, each of which is described below.

Lifting ability. The standard protocol for evaluating
lifting ability uses a method that has been described.17,23

This protocol consists of progressive performance testing,
which we operationally define as sequential lifting events
in which the amount of weight lifted is increased until a
“safe maximum lift” is achieved.17 The starting position
is the same for all subjects: standing erect with elbows
flexed at a right angle and with hands positioned on the
handles of a 30.48- � 30.48- � 30.48-cm (12- � 12- �
12-in) box placed on a shelf that creates the proper
degree of elbow flexion. The starting position is the
same for all subjects. A lifting event consists of 5 lift
repetitions performed at sequential weights, beginning
at a weight that can be lifted easily by the subject and
gradually progressing to safe maximum endpoint. The
safe maximum endpoint is operationally defined as the
highest load (measured in pounds) lifted 5 times where
a stable spine is maintained and predetermined physio-
logical limits are not exceeded (eg, heart rate), as
described in the reference manual24 and training pro-
gram. The ability of trained evaluators to identify a safe
maximum lift endpoint has been shown to be reli-
able.17,25 These operational definitions are applied to 3
different lifting ability subtests:

1. Floor-to-waist lift. The person being evaluated begins
in the starting position, lowers the box to the floor,
and lifts it back to the starting position.

2. Waist-to-crown-level lift. The person being evaluated
begins in the starting position and lifts the box to a
shelf until the hands are at crown (top of the head)
height. The box is then lowered to the starting
position.

3. Horizontal lift. The person being evaluated begins in
the starting position, lifts the box from the shelf, and
carries the box 1.2 m (4 ft) horizontally to a shelf at
the same height, where the box is placed on the shelf.
The box is then lifted again and carried to the
starting position.

Grip force. Whole-hand isometric grip force is mea-
sured (in pounds) with the Jamar analog hydraulic
dynamometer† using the procedure described by
Mathiowetz et al27 in all 5 grip span positions for each
hand. We used the average of 3 maximum-effort
squeezes for the grip span position that was greatest for
the individual as the hand strength datum for each
hand. In addition, because age and gender are impor-
tant covariates for grip force,27 a z-score transformation28

of each average hand strength value was calculated based
on published normative data.27 This calculation pro-
vided an absolute value as well as a norm-referenced
value.

Data for 2 self-report variables—RTW and RTW level—
were collected during a telephone interview approxi-
mately 6 months after the IWS-FCE. The first variable
(RTW), concerning whether or not the subject had
returned to work (RTW-Y/N), was recorded as the
subject’s response to the question, “Have you returned
to work?” This response was recorded as “Yes” or “No.” If
the subject answered “Yes” to the RTW-Y/N question, a
question addressing the second variable was posed:
“What level of work are you doing?” The subject was
asked to select one response from the 4-response vari-
able (RTW level) described in Table 2.

Data Analysis
To guard against bias in sample selection, and confirm
that the selected sample was not different from the
sample that was excluded, univariate analyses of demo-
graphic variables were conducted using chi-square anal-
ysis for nominal data and one-way ANOVA for ratio data.
To study the differences between the group that
returned to work and the group that did not return to
work, we performed a chi-square analysis for nominal
data and a one-way ANOVA for each of the ratio-level
performance variables. To examine the relationship
between IWS-FCE variables and whether or not a person
returned to work, a separate one-way ANOVA was con-
ducted on each performance variable across RTW-Y/N
groups. Multiple logistic regression analysis28 was per-

† Asimow Engineering, Santa Fe Springs, CA 90670.

Table 2.
Return-to-Work Levels (RTW Level)

RTW
Level Description of RTW Level

1
I returned to my prior job without modification

in the same company.

2
I returned to my prior job with modification in

the same company.
3 I returned to a new job in the same company.
4 I returned to a new job in a new company.
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formed on the predictor variables of gender, age, time
off work, and the 5 performance variables against RTW-
Y/N as the outcome variable. This analysis was per-
formed on the set of 539 subjects with complete data sets
for these variables. Of the original sample of 650 sub-
jects, 48 subjects did not have data for time off work, 28
subjects were missing grip force data, and 35 subjects
were missing lifting ability data. To address the relation-
ship between IWS-FCE performance and RTW level,
each performance variable and RTW level was compared
using a series of one-way ANOVAs with Scheffé post hoc
analyses when a one-way ANOVA was significant. All tests
of significance were conducted with ��.05.

Results

Relationships Among FCE Performance and
Return to Work
The comparisons between the group that returned to
work and the group that did not return to work are
presented in Table 3. The separate one-way ANOVAs
demonstrated that, for each performance variable, those
who returned to work performed better than those who
did not return to work (all P �.05).

The relative contribution of the performance data in the
context of the demographic variables was assessed with

multivariate logistic regression analysis using RTW-Y/N.
These results are summarized in Table 4 for the sample
of 539 subjects with complete data sets. The combination
of variables in the logistic regression equation correctly
classified 80.3% of the subjects who returned to work
and 56.6% of the subjects who did not return to work,
with an overall correct classification of 69.4%. The
overall percentage was higher (P �.05) than the chance
rate of 53.8%. Time off work (� 2

539�39.66, P�.001) and
subjects’ gender (� 2

539�8.71, P�.003) were related to
RTW-Y/N, with more time off work and male gender
predicting a lower likelihood of returning to work. Age
(� 2

539�1.64, P�.200) was not related. Of the perfor-
mance variables, only floor-to-waist lift (� 2

539�4.81,
P�.028) was related to RTW-Y/N, with greater lift ability
related to improved likelihood of RTW.

Return-to-Work Level
The relationships between IWS-FCE subtests and RTW
level are summarized in Table 5. For comparison, the
values of subjects who did not return to work are also
included, although their data were not part of the
statistical analysis. The ANOVA for each performance
variable demonstrated that floor-to-waist lift (F3,341�6.91,
P�.0002), waist-to-overhead lift (F3,340�3.64, P � .0131),
and horizontal lift (F3,341 � 5.03, P � .002) were related
to RTW level, whereas neither right grip force

Table 3.
Performance Comparison of Groups

Total
Sample
Size

Returned to Work Did Not Return To Work

n X SD Range n X SD Range

Floor-to-waist lift (pounds of load)a 627 345 37.7 23.8 0–110 282 22.9 15.9 0–115
Waist-to-overhead lift (pounds of load)a 637 344 27.9 15.8 0–70 293 21.1 15.0 0–65
Horizontal lift (pounds of load)a 640 345 45.0 23.8 0–140 295 32.9 22.3 0–110
Right grip force (pounds of force)a 624 334 86.4 34.3 0–193 290 79.1 40.2 0–172
Left grip force (pounds of force)a 622 332 83.4 32.1 0–196 290 75.6 35.2 0–154

a Independent one-way analysis of variance (P�.05).

Table 4.
Multivariate Logistic Regression Analysis of Return-to-Work Likelihood (n�539)a

Variable
Regression
Coefficient (�)

Standard
Error � 2 P

Odds
Ratio

Gender: maleb �.815 .276 8.71 .003 0.443
Age �.012 .010 1.64 .200 0.988
Time off workb �.066 .011 39.66 �.001 0.936
Floor-to-waist liftb .018 .008 4.81 .028 1.018
Waist-to-overhead lift .003 .013 0.07 .793 1.003
Horizontal lift �.001 .010 0.01 .926 1.001
Right grip force �.002 .005 0.23 .632 0.998
Left grip force .010 .005 3.25 .072 1.010
Interceptb .595 .548 1.18 .278 1.812

a Multivariate logistic model: log-likelihood��314.46, � 2�115.18, P�.0001. Observations correctly classified�69.4%.
b P�.05.
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(F3,330�2.17, P�.091) nor left grip force (F3,328�2.59,
P�.053) were related.

The Scheffé post hoc analyses demonstrated that floor-to-
waist lift and horizontal lift both could be used to
differentiate subjects who returned to their prior job
without modification from those who returned to either
a modified job or to a new job in the same company.
Waist-to-overhead lift differentiated subjects who
returned to their prior job without modification from
those who returned to a new job in the same company.

Discussion
Our results are in agreement with previous research with
a wide variety of rehabilitation populations, that the
amount of time off work is strongly related9,29–32 to
whether or not a person returns to work (RTW Y/N),
with gender making modest contributions.9,31,33 In addi-
tion to time off work and gender, we found that small
amounts of variance in RTW were related to differences
in performance of IWS-FCE lifting subtests. Although
greater trunk force and leg force have each been asso-
ciated with improved RTW,34 our study is the first to
show that the greater the lifting ability the greater the
likelihood of RTW. We found that certain measures of
performance are more strongly related to RTW-Y/N
than are others. Results of multivariate logistic regres-
sion suggest colinearity of the performance tests. After
the floor-to-waist lift variable was considered, the remain-
ing performance variables did not provide additional
explanatory power. Thus, when it is not possible to
administer more than one test, measuring floor-to-waist
lift is likely to be most useful.

We also found that IWS-FCE performance was related to
RTW level. Performance on the floor-to-waist lift and
horizontal lift differentiated between subjects who
returned to work in the same company at their prior job
without modification and those who returned to work in
a modified job. This same combination of tests differen-
tiated between subjects who returned to work in the

same company at their prior job without modification
and those who returned to work in a new job. Thus, if
employers use FCE to screen employees who return to
work after a period of disability, these tests may be
useful. The waist-to-overhead lift is less often useful,
differentiating subjects who returned to work in the
same company at their prior job without modification
and those who returned to work in a new job. Grip force
was not related to RTW level. At least for this population,
measurement of grip force is not likely to be useful for
RTW decisions.

The positive relationship between lift ability and both
measures of RTW is a reasonable finding and suggests
that lift ability is a valuable characteristic to measure
when FCE is used to guide RTW decisions. In contrast,
although hand force is a widely measured performance
characteristic, we found that it was not related to either
RTW-Y/N or RTW level. The widespread use of grip
force to predict RTW, in our opinion, should be recon-
sidered. Its use may be justified for other purposes,35 but
not for prediction of RTW in this population.

There was no difference in lift ability or grip force
between subjects who returned to work at a new job at
the same employer and those who did not return to work
at all. This finding suggests that the employer’s ability to
provide a different job to people who otherwise would
not return to work may determine outcome rather than
some of the variables we measured. This requires more
study.

Return to work is an outcome that is so broadly deter-
mined36,37 that some have challenged its utility.38 A
review of several studies that used RTW as an outcome
variable following rehabilitation for low back pain9

showed that RTW is a multi-determinant outcome that
often was not well defined and included several types of
vocational outcomes. Because RTW is so important for
individuals with disabilities and for the institutions that
provide disability benefits, some authors9,36,38 recom-

Table 5.
Comparison of Performance Characteristics (in Pounds) Across Level of Return to Work (RTW Level)

RTW Level

Floor-to-Waist
Lifta,b

Waist-to-
Overhead
Liftb

Horizontal
Lifta,b

Right Grip
Force

Left Grip
Force

X SD X SD X SD X SD X SD

1 44.3 25.6 30.8 15.9 50.5 24.3 85.4 32.9 80.2 31.1
2 35.1 19.3 26.1 14.8 40.8 21.0 88.0 32.2 84.7 31.2
3 28.6 19.2 23.2 12.8 37.9 20.8 77.0 34.1 76.7 30.6
4 36.0 25.3 28.6 17.7 44.9 26.0 92.1 38.1 91.0 35.0
Did not return to workc 24.4 22.8 20.9 14.9 32.6 22.2 78.7 39.9 75.5 35.1

a Difference between level 1 and level 2, P�.05.
b Difference between level 1 and level 3, P�.05.
c Data from clients who did not return to work are provided for comparison; their data were not part of the statistical analyses.
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mended that standardized and consistent definitions of
RTW be used, but that may mean that successful results
are not individualized to each client’s needs and work
setting. One of the potentially useful results of this study
occurred as we considered RTW as both a dichotomous
variable (RTW-Y/N) and as a multi-level variable (RTW
level). Because RTW level has important financial con-
sequences, the use of a multi-level RTW variable is
recommended. This study demonstrated the utility of
RTW as an outcome variable that can be studied
effectively.

There were limitations in our study. This exploratory
retrospective study needs to be confirmed by a prospec-
tive study with a new data set. In addition, information
about job demands and job availability was not assessed.
Success in RTW is dependent on both of these factors,39

in addition to the demographic and performance vari-
ables studied. Another limitation has to do with the
absence of a uniform method for comparing informa-
tion about an individual’s impairment with his or her
functional limitations, as other authors9 have recom-
mended. Without this information, we were unable to
study the effect on the individual of the impact of
impairment on functional limitation and work disability.
Finally, the time over which the data were collected is a
threat to the utility of these findings. Although efforts
were taken to minimize differences between sites and
across time in the administration of the IWS-FCE, pat-
terns of change in the environment such as rates of
unemployment and changes in the availability of certain
jobs in a local economy were more likely to be
pertinent.9

Conclusion
Validity of data from lifting and hand-grasp subtests of a
standardized FCE in terms of RTW-Y/N and the level of
work to which the client returned was assessed. Although
the 2 factors that had the strongest relationships to RTW
Y/N were gender and the time a worker was away from
work, the amount of weight lifted from floor to waist was
also related to RTW-Y/N. Logistic regression models
correctly classified 80.3% of the subjects who returned to
work and 56.6% of the subjects who did not return to
work. Lift tests were positively related to RTW level,
whereas the grip force tests were not related to either
RTW Y/N or RTW level.
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