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Functional capacity evaluations (FCE) are comprehensive 
batteries of performance-based tests used commonly to 
inform return-to-work decisions for injured workers. As 
many people undergoing FCE have painful musculoskel-
etal conditions limiting their work ability, pain becomes 
a critical factor in the assessment of function. This paper 
considers the available literature related to the influ-
ence of pain on FCE, which clearly indicates FCEs are 
behavioral assessments influenced by pain intensity and 
other pain-related constructs. Increasing pain levels are 
consistently associated with reduced FCE performance 
levels. As such, for purposes of claims adjudication, FCE 
should not be considered a purely “objective” indicator of 
functional impairment independent of subject or evalua-
tor perceptions. FCE may have some value for facilitating 
return-to-work or re-integrating chronically disabled 
workers into the workforce, although pain factors must 
be taken into consideration when making predictions 
about future work status. Shorter FCEs could potentially 
be as effective as more lengthy protocols.

Introduction
Functional capacity evaluations (FCEs) are comprehen-
sive batteries of performance-based tests used commonly 
to determine ability for work or activities of daily living 
[1,2]. FCEs are commonly used in the area of occupa-
tional rehabilitation to inform decisions of return-to-work 
readiness for injured workers [3]. As such, FCE results have 
momentous implications in the lives of individual work-
ers, including whether they will re-enter the workforce or 
continue receiving disability benefits. The nature and qual-
ity of decisions made with FCE are closely linked to the 
tests’ measurement properties and ability to quantify the 
construct (work ability) they are purported to measure. As 

many people undergoing FCE have painful musculoskel-
etal conditions limiting their work ability, pain becomes 
a critical factor in the assessment of function [4]. The 
purpose of this paper is to review the available literature 
related to the effect of pain on FCE and on return-to-work 
decisions informed by FCE results.

Does Pain Affect Function?
The question of whether pain affects function has been 
debated in the literature and clinical community for 
decades [5]. Anecdotally, numerous examples exist of 
sports figures, firewalkers, or others who perform dra-
matic physical feats despite exposure to noxious stimuli 
causing extreme pain [6]. Whether such performance 
capability is the result of pain adaptation, high motiva-
tion levels, stoicism, or other factors is unknown. Partially 
due to observations of people who are capable of main-
taining high performance or activity levels despite high 
pain intensity, pain and function have been considered 
separate and independent constructs [7,8]. This division 
has had implications on the clinical assessment and mea-
surement of pain and function (ie, one may be measured 
without considering the other) and on the goals of treat-
ment and rehabilitation. Pain-based treatments often are 
contrasted with function-based care [9]. 

Various tools and questionnaires have been described 
in the literature and are widely accepted as reliable and 
valid indicators of the pain and function constructs [10]. 
Self-report functional measures inquire directly about 
the cognitions, perceptions, beliefs, and attitudes of 
the individual completing the questionnaire and have 
been found to correlate moderately to highly with self-
ratings of pain, especially in more chronic conditions 
[11,12•,13]. Performance-based functional measures, 
including formal FCEs, have been promoted as alterna-
tive methods of identifying functional levels, which may 
be more “objective” or, in other words, less dependent on 
patient self-ratings [7,14]. Numerous FCE batteries have 
been described and are currently marketed [1]. 

Performance-based functional testing has become 
of tremendous interest to insurers adhering to injury 
models of disability, such as most workers’ compensa-
tion systems, in which pain developing in the workplace 
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needs to be linked to identifiable tissue injury or physical 
pathology [15]. Non-specific pain conditions, including 
regional back, neck, or shoulder pain, are of special con-
cern because these conditions represent leading causes of 
work disability, but do not fit traditional injury models 
[16]. No signs of injury or tissue damage are typically seen 
in these conditions; however, they often result in severe 
and prolonged work disability. This has led to strong sup-
port for assessment procedures, such as FCEs, capable of 
identifying work ability and limitations independent of 
worker self-ratings. Most FCEs are undertaken on people 
with such conditions, and most FCE research has been 
done on workers with non-specific back pain. 

Many insurance and workers’ compensation juris-
dictions rely on FCE results to inform claim and benefit 
adjudication processes and to document levels of func-
tional impairment [15]. Subsequently, some workers 
unwilling or unable to perform to physical maximum 
levels during FCE (ie, those judged as demonstrating 
submaximal, inconsistent, or insincere effort) have 
been withheld indemnity benefits or had claims closed. 
The validity and “objectivity” of judgments made with 
FCE rely directly on the assumption of independence 
between function and pain (or other self-ratings), which 
implies that these constructs can be measured separately. 
However, new research findings have shed light on this 
fundamental underlying relationship as investigators 
have examined what factors influence subject perfor-
mance during FCE.

Functional Capacity Evaluation  
Assessment Models
A variety of FCE assessment models or approaches have 
been described in the literature and used clinically, and 
typically vary according to acceptable test-termination 
points [17]. The two most common approaches are the 
psychophysical (also termed cognitive-behavioral or 
assessment of maximum acceptable load) and kine-
siophysical (including biomechanical or physiologic) 
approaches. These two methods are described in this 
article and the literature is reviewed in consideration of 
the question regarding whether pain affects performance 
in these separate FCE approaches.

Testing of acceptable load
Psychophysical testing ensures that the individual 
undergoing testing is in control of the weight or force 
handled and ability is assessed within self-rated toler-
able levels [18]. Intolerable increases in pain intensity 
with increased load are accepted as valid reasons for 
test termination and, therefore, pain is by definition a 
critical factor influencing psychophysical FCE results. 
Empirical observations have confirmed the close asso-
ciation between pain and maximal performance during 
this form of FCE (Table 1). 

Consistently, higher pain levels have been found to be 
associated with lower psychophysical FCE performance. 
In a sample of 85 subjects with chronic low back pain, 
Lackner et al. [19] found that ratings of pain intensity on 
a visual analogue scale entered final regression models 
predicting psychophysical waist-to-eye level lifting and 
bilateral carrying. Higher pain was associated with lower 
lift performance. The authors confirmed these findings 
in a separate cohort of 100 non-working subjects with 
chronic back pain and found a significant association 
between average pain intensity and floor-to-waist lift 
performance [20••]. The association was maintained 
even after controlling for other factors thought to influ-
ence lift performance, such as gender and anxiety levels. 
The authors also observed a close association between 
functional self-efficacy beliefs and FCE performance, and 
hypothesized that functional self-efficacy may mediate 
the influence of pain intensity on psychophysical lift per-
formance in some circumstances. Higher pain intensity 
may diminish functional self-efficacy beliefs, which sub-
sequently reduces actual lifting ability. 

In another study of 65 subjects with chronic pain 
who completed interdisciplinary functional restoration 
programs, Vowles and Gross [21•] observed a modest but 
statistically significant association (r = ~ 0.25; P < 0.05) 
between pain intensity, as measured with the McGill Pain 
Questionnaire, and psychophysical lift performance. 
Again, higher pain intensity was associated with lower lift 
performance. In a study of 98 men with persistent pain 
referred for treatment at an industrial rehabilitation center, 
Burns et al. [22] found a small but significant correlation 
(r = 0.27; P < 0.01) between the Pain Severity Scale of the 
Multidimensional Pain Inventory and a psychophysical 
carry test modeled after the Progressive Isoinertial Lift-
ing Evaluation (PILE). However, these authors were able 
to predict performance on the PILE and carrying activity 
more effectively using the Pain Anxiety Symptoms Scale.

For making return-to-work decisions, FCE perfor-
mance most commonly is compared with occupational 
demand levels. The matching relationship between 
psychophysical FCE and job demands also appears asso-
ciated with pain factors. Fishbain et al. [23] compared 
psychophysical FCE results with occupational demands 
in 67 patients with chronic low back pain and observed 
moderate, statistically significant correlations (r = 0.36–
0.60; P < 0.01) between the total number of FCE items 
failed and three separate tests of pain intensity. This 
finding was confirmed in a separate study of 188 patients 
with chronic pain being admitted for multidisciplinary 
pain treatment [24••]. Cutler et al. [24••] found pain to 
be a primary predictor of whether patient performance 
met job requirements on lifting, stooping, and crouch-
ing tests from an FCE based on Dictionary of Occupation 
Titles work activities. 

Research findings from Wallbom et al. [25] have 
important implications on the interpretation of psycho-
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physical FCE and on the relationship between pain and 
FCE performance. In a study of 50 subjects undergoing 
multidisciplinary assessment for chronic pain condi-
tions, higher ratings of perceived exertion (BORG scale) 
were associated with and apparently influenced by higher 
pain levels. Patients with higher pain levels rate their 
exertion levels as higher than those with lower pain lev-
els, and thus may be prone to terminate psychophysical 
FCE testing more rapidly. It is clear by definition and 
through review of the literature that testing of acceptable 
performance levels during FCE is influenced by pain per-
ceptions of the individual being tested. 

Reliance on Rater Observation
In contrast to psychophysical testing, which places control 
of test termination with the individual being tested, kine-
siophysical testing places control of test termination with 
administering clinicians who are trained to observe bio-
mechanical and physiologic signs of effort and exertion 
[26]. When performance of the individual being tested 
reaches or exceeds pre-defined safety thresholds (eg, 
heart rate maximums, biomechanical instability), assess-
ment is stopped and maximum levels determined [27]. 
Because kinesiophysical endpoints are of a purely physi-
cal nature, this approach to testing has been reported as 

Table 1. Summary of articles examining the relationship between pain and functional  
capacity evaluation

Study Study design Subjects Results

Psychophysical testing

Lackner et al. [19] Cross-sectional 85 people with chronic 
back pain

Pain VAS entered a final regression model predicting 
dynamic waist-to-eye (P < 0.001) and bilateral  
carrying (P < 0.01); functional self-efficacy was the 
most robust predictor of life performance

Lackner et al. [20••] Cross-sectional 100 people off work 
with chronic back pain

Average pain intensity on VAS entered final model  
(P < 0.01) predicting dynamic floor-to-waist lift; 
functional self-efficacy was the most robust predictor

Vowles and Gross [21•] Longitudinal 65 people with chronic 
pain who completed 
functional restoration 
programs

Higher pain ratings on the McGill Pain Questionnaire 
were associated with lower floor-to-waist lifting  
(r = 0.25; P < 0.05), and carrying (r = 0.26; P < 0.05) 
at the beginning and end of rehabilitation programs

Fishbain et al. [23] Cross-sectional 67 people with  
chronic pain

Total number of failed FCE items correlated with the 
UAB pain behavior scale (r = 0.60; P < 0.001), a VAS 
(r = 0.36; P < 0.01), and a low back pain VAS  
(r = 0.38; P < 0.001)

Cutler et al. [24••] Longitudinal 188 people with chronic 
low back pain under-
going multidisciplinary 
pain treatment

At program admission, a pain VAS significantly 
predicted FCE stooping (β = 0.79), crouching  
(β = 0.77), and lifting (β = 0.76); pain also signifi-
cantly predicted future work status

Burns et al. [22] Cross-sectional 98 men with persistent 
pain being treated at 
a work rehabilitation 
program

A small, but significant correlation (r = 0.27; P < 0.01) 
was observed between the Pain Severity Scale of the 
Multidimensional Pain Inventory and a psychophysi-
cal carry test modeled after the PILE; performance 
on the PILE and carrying activity was predicted more 
effectively using the Pain Anxiety Symptoms Scale

Kinesiophysical testing

Gross and Battie [12•] Cross-sectional 321 workers with 
chronic pain

Pain VAS correlated with maximum FCE manual 
handling (average floor-to-waste, waist-to-overhead, 
and horizontal lift; r = 0.45; P < 0.05) and number of 
failed FCE items (r = 0.34; P < 0.05)

Gross and Battie [28••] Cross-sectional 170 workers with 
chronic back pain

Pain VAS significantly predicted FCE floor-to-waist per-
formance and number of failed FCE items (R2 ~ 0.10)

Unknown testing approach

Hart [30] Cross-sectional 42 workers with 
chronic pain  
syndromes

Higher SF-36 Bodily Pain Scale correlated with FCE 
floor-to-waist lift (r = 0.56), waist-to-shoulder lift  
(r = 0.42), and dynamic 10-foot carrying (0.25)

FCE—functional capacity evaluations; PILE—Progressive Isoinertial Lifting Evaluation; UAB—University of Alabama at Birmingham;  
VAS—visual analog scale.
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independent of the subject’s perceptual or cognitive influ-
ence and, therefore, independent of the influence of pain. 
Traditionally, testing of this nature has been marketed as 
more “objective” and independent of worker “subjective” 
perceptions. However, some recent investigations have 
examined the influence of worker self-ratings on kinesio-
physical FCE performance and brought this underlying 
assumption into question. 

The construct validity of kinesiophysical FCE and the 
purported independence of pain and function was exam-
ined in a cross-sectional study by Gross and Battié [12•] 
in a sample of 321 workers’ compensation claimants with 
low back pain conditions. Pain intensity and perceived 
disability due to pain were moderately and significantly 
associated (r = 0.34–0.52; P < 0.05) with maximum kine-
siophysical lift levels and the number of failed FCE items 
when demonstrated performance was compared with 
required job demands. As in the case of psychophysical 
testing, higher pain ratings were associated with lower FCE 
performance. These results were confirmed in a separate 
sample of 170 workers’ compensation claimants with back 
pain conditions, for whom pain intensity and pain-related 
disability ratings explained the largest amount of variance 
(r2 ~ 10%–20%) in regression models predicting indicators 
of kinesiophysical FCE performance [28••]. Kinesiophysi-
cal FCE does not appear completely independent of the 
“subjective” pain ratings of the individual being tested. 

Two proposed pathways as to how pain influences 
rater judgments during kinesiophysical FCE include an 
influence on demonstrated performance and an influ-
ence on rater observations (Fig. 1). Higher pain levels 
potentially alter the biomechanical techniques of the 
individual being tested (eg, greater limping, more asym-
metrical trunk positions to avoid painful positions) and 
these compensatory patterns lead raters to judge lower 
performance as maximum ability. Alternatively, pain 

complaints or demonstrated behaviors may consciously 
or subconsciously alter the perceptions of the therapist 
administering the FCE, leading them to terminate testing 
at lower performance levels. In the latter case, evaluator 
beliefs and attitudes regarding pain and function will 
have important consequences. Therapists who hold more 
fear-avoidant attitudes toward pain may be more likely to 
terminate testing at lower performance levels. Of note, 
it appears that kinesiophysical testing may not be influ-
enced by subject fear-avoidance beliefs, although this 
observation requires confirmation [29]. 

In a study by Hart [30], the method used for identifying 
maximal endpoints during FCE was not specified. In this 
study of 42 patients referred to one industrial rehabilita-
tion clinic for chronic work-related symptoms, the author 
observed a moderate association between pain intensity and 
FCE lifting, with the highest association (r = 0.56) observed 
between pain intensity and floor-to-waist lifting. 

Sincerity of Effort Testing
In addition to determining maximal functional perfor-
mance capabilities, FCEs also are used frequently to make 
judgments related to sincerity of effort. When adjudica-
tion decisions are made based on such findings, claimants 
judged to be insincere, inconsistent, or providing less than 
full effort may have benefits suspended or claims closed. 
Various techniques and strategies are used to inform such 
judgments; however, none have been thoroughly examined 
and shown to be valid for this important purpose [31]. In 
addition, the techniques used for making such judgments 
appear to be influenced by pain, pain-related disability rat-
ings, depression, and anxiety (with both of the latter also 
closely associated with and affected by pain) [32]. 

Other Forms of Functional  
Performance Testing
In studies examining other forms of functional capacity 
testing, such as isokinetic or isometric strength testing, 
pain remains an important factor. In a group of 148 sub-
jects with back pain for more than 3 months, Mannion et 
al. [33] examined the correlation between isometric back 
strength and a wide variety of psychologic factors. The 
only significant association observed was between pain 
and maximal isometric back strength (r2 = 7.4%). The 
authors also reported that none of their measures of back 
muscle structure, including magnetic resonance imaging 
of muscle dimensions, correlated significantly with pain 
intensity. Al-Obaidi et al. [34] also observed significant 
correlations between pain intensity during performance 
on an isometric strength test and maximum performance 
on the strength test in a group of 63 subjects with chronic 
low back pain. More importantly, the same authors 
reported a higher correlation between pain-related fear 
and performance on the strength test. 

Figure 1. Possible model of pain’s influence on functional capacity 
evaluation.
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More generic, as opposed to work-related, batteries 
of performance tests have been examined to determine 
underlying constructs and relationships with self-ratings 
on factors such as pain intensity. In a series of studies 
conducted on patients with back pain, Simmonds et al. 
[35–37] investigated a battery of back-related performance 
tests (lumbar flexion, repeated trunk flexion, sit-to-stand, 
walking, reaching, and the Sorenson truck extension test). 
They have reported that self-ratings of pain and disability 
are modestly but significantly associated with functional 
performance. In addition, they found the Sorenson trunk 
extension test, long thought to measure trunk endurance, 
to be most commonly terminated due to back pain [38]. 
This is consistent with findings from Rashiq et al. [39] 
who report increased performance levels on this test after 
administration of pain-relieving medication. Although 
performance-based functional testing seems to pro-
vide some unique information that cannot be obtained 
through relying on patient self-reports, it appears artifi-
cial to consider functional testing as entirely independent 
of pain perceptions or beliefs. 

Other Important Pain-related Constructs
Whereas the perception of pain intensity has been found 
consistently associated with FCE performance, other 
pain constructs appear to be even more important [40]. 
The findings of Al-Obaidi et al. [34] related to the impor-
tant influence of pain-related fear on isometric strength 
testing have already been described. A number of addi-
tional constructs have been identified and examined in 
the literature, and detailed models of the interrelation-
ship between these factors have been proposed [41]. The 
fear-avoidance model of disability has been advocated 
and is rapidly gaining acceptance [42]. Some of the most 
influential pain constructs appear to be pain-related fear, 
pain self-efficacy, pain expectations, and perceived pain 
control. These constructs are defined in Table 2. As is evi-
dent from the table, these constructs include cognitive, 
perceptual, and emotional factors. These variables likely 
have direct influences on functional ability and indirect 
influences through altering functional self-efficacy cog-
nitions, although the specific mechanism of how these 
variables interrelate to influence function is unknown. 

Influence on Return-to-work Decisions
If FCE is not completely independent of the pain-related 
perceptions, cognitions, or emotions of the individuals 
being assessed, what impact does this have on FCE inter-
pretation and return-to-work decision-making? Primarily, 
FCE cannot be considered a completely “objective” indi-
cator of functional impairment. FCE and other forms of 
performance-based functional testing indeed are influ-
enced by physical factors such as strength, aerobic fitness, 
and gender, and provide some unique information that 

cannot be obtained through self-report questionnaires 
[28••,35,43]. However, a degree of “subjectivity” also is 
inherent to FCE. Pain intensity or other pain-related psy-
chologic factors may alter a worker’s performance during 
testing, or pain may have an important influence on rater 
maximal ability determinations. Therefore, in insurance 
and workers’ compensation jurisdictions that use FCE 
to inform claims adjudication processes, FCE results can 
inform, but should not be relied on to provide objec-
tive findings for determining legitimacy of work-related 
injuries. FCE results are interpreted more correctly as 
behavioral tests of functional ability, influenced by a 
multitude of factors including pain and other cognitive, 
emotional, and physical variables [44]. Although fre-
quent and prolonged discussion about pain during FCE 
testing is not warranted, at a minimum, performance test-
ing should be accompanied by pre-assessment self-ratings 
of function and pain intensity. Post-FCE measurements 
of pain intensity also are recommended and can pro-
vide important information related to the individual’s 
response to testing and sustained work activity. 

Related to return-to-work decisions, some research 
has investigated the validity of predictions made using 
FCE. It appears that FCE results are modestly associated 
with future recovery outcomes and that the likelihood 
of return-to-work following FCE is quite good [45–47]. 
In fact, the likelihood of return-to-work following FCE 
appears more positive than the prognosis of most chronic 
pain conditions, which typically is very negative after 6 
months or more of work loss. Therefore, the process of 
FCE may be beneficial for facilitating return-to-work and 
assisting in re-integrating workers to the workforce. How-

Table 2. Definitions of various pain-related 
constructs observed to influence  
performance-based functional testing

Pain construct Definition

Pain intensity Perceived magnitude of pain severity

Pain-related fear Unpleasant emotion associated with 
the anticipation of pain; often arises 
from a belief that pain is a sign of dam-
age or bodily harm and that activities 
that may cause pain should be avoided

Pain expectations Pain that is anticipated to accompany a 
future activity or event

Perceived pain 
control

A person’s perceived ability to inde-
pendently cope with or manage pain; 
people with strong pain control 
beliefs experience less distress and 
higher function than people with weak  
convictions of pain control

Pain self-efficacy People’s confidence in their ability to 
cope with or manage pain, especially 
during activity; people with low pain 
self-efficacy may ‘give up’ quickly in 
the absence of pain relief
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ever, a match between FCE performance and required job 
demands is no guarantee that a worker will experience 
sustained return [48]. Other factors, including the pain-
related constructs discussed in this article, are critical 
and also must be taken into consideration when forecast-
ing future work status. Cutler et al. [24••] have reported 
that although FCE measures are important predictors, 
return-to-work cannot be predicted without taking pain 
into account. Even then, work status is a volatile outcome 
by nature and even the best prediction models are not 
capable of 100% accuracy. Other unknown and often 
unpredictable factors including economic trends and 
downsizing have larger influences on work status. 

Are Lengthy Functional Capacity  
Evaluations Needed?
Although return-to-work outcomes following FCE appear 
positive, the most effective approach and duration of FCE 
testing are less clear. No data exist directly comparing 
psychophysical and kinesiophysical FCE testing in terms 
of effectiveness at facilitating return-to-work. In addition, 
current FCE protocols are quite diverse and vary in terms 
of the activities assessed and the duration of testing. Some 
protocols can be completed within a few hours, whereas 
others take days. Given the emerging understanding of 
FCE as a behavioral assessment and the modest predictive 
ability observed, shorter, less burdensome protocols may 
be as capable as longer protocols at identifying important 
recovery barriers. Ruan et al. [49] developed and tested the 
Functional Assessment Screening Test (FAST) made up of 
five brief, non-strenuous performance activities. In 188 
patients with chronic back pain, the FAST protocol was 
found to effectively identify individuals with high levels of 
pain avoidance, dysfunctional pain-coping mechanisms, 
depression, and self-reported disability. Furthermore, 
when investigating FCE predictive value, independent 
researchers have confirmed that most predictive ability 
rests within only a few FCE items. In workers with chronic 
back pain, it appears that floor-to-waist lifting and crouch-
ing are critical activities and as predictive as entire FCE 
protocols. Potentially, brief FCE protocols could effectively 
identify perceptual and psychologic recovery barriers, pro-
vide comparable predictive value, and successfully guide 
return-to-work decisions.

Future Research Directions
Although the mechanism for how pain affects psycho-
physical FCE seems straightforward, the underlying 
mechanism for how pain influences kinesiophysical test-
ing is unknown and an avenue for future research. If pain 
reporting and behavior alter or influence rater judgments, 
FCE training sessions may need to be modified to adjust 
for this influence. In addition, the structural mechanisms 
through which the various pain-related constructs act to 

influence functional performance also need to be elu-
cidated more clearly. Knowing which factors affect FCE 
and other functional testing should provide clues for 
understanding disability more broadly and help improve 
treatment strategies. Lastly, the optimal ‘dosage’ or dura-
tion of functional testing needs to be examined. Shorter 
assessments potentially may be as effective at determin-
ing barriers to functional work performance as longer, 
more burdensome, and expensive FCEs. 

Conclusions
Functional capacity evaluations are behavioral assess-
ments influenced by pain intensity and other pain-related 
constructs. Increasing pain levels are consistently asso-
ciated with reduced FCE performance levels. As such, 
for purposes of claims adjudication, FCE should not 
be considered a purely “objective” indicator of func-
tional impairment independent of subject or evaluator 
perceptions. FCE may have some value for facilitating 
return-to-work or re-integrating chronically disabled 
workers into the workforce, although pain factors must 
be taken into account.
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