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Abstract. Objectives: 1. To determine if scores on pain questionnaires and overt behaviors during a functional capacity evaluation
(FCE) were related to variability between repeated measures during a hand strength assessment. 2. To determine if failure of
statistically-based validity criteria, as proposed by Schapmire, St. James and Townsend et al. [26] is likely to be due to pain.
Participants: 200 consecutive clients presenting for an FCE.

Methods: Subjects filled out pain questionnaires, were observed for various behaviors and were administered the distraction-based
hand strength assessment.

Results: Clients failing two or more of the statistically-based validity criteria had higher scores on most pain questionnaires,
presented with a higher frequency of various pain behaviors (p < 0.05 and < 0.001, respectively), and had a lower rate of relevant
surgeries (p < 0.001). There was no statistically significant difference in the number of failed validity criteria between this group
of clients and for normal subjects feigning weakness in a controlled study (p > 0.05).

Conclusions: Pain does not reasonably explain the failure of the statistically-based validity criteria. The protocol is appropriate
for use in a client population.

Keywords: Distraction-based testing, validity of effort, functional capacity evaluation (FCE) Sincerity of effort

tive of the classification of validity of effort, using a
distraction-based protocol consisting in part of simul-
taneous testing of both hands, a method described by
Schapmire, St. James et al. [26]. Niemeyer, Matheson
and Carlton [24] believed that the assessment of validity
of effort would be compromised in repeated measures
protocols if the assessment involves the affected body
part. They cited “pain” as the factor that would result in

1. Background
1.1. Purpose
The purpose of the study was twofold. First, it was

our goal to determine if common clinical impressions
and scores on four pain questionnaires were predic-
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excessive differences between repeated measures, al-
though no mention was made of any experimental re-
sults confirming this belief. So the second purpose of
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this study was to determine if pain would indeed cred-
ibly explain a failure of the statistically-based validity
criteria as described in Schapmire et al. [26]. Wad-
dell, McCulloch, Kummel and Venner has previously
defined “distraction-based testing” as “non-emational,
non-surprising and non-hurtful” [44].

Hirsch et al. [15] found that clients in the “high Wad-
dell score group,” (clients judged to have positive indi-
cators for three or more categories of nonorganic back
pain as described by Waddell [44]. Hirsch [15] found
they tended to have lower physical output in terms of
lumbar ranges of motion, torque and maximum veloci-
ties during B-200 dynamometry. Hirsch stated that the
results of the biomechanical testing for this group of
subjects could be affected by abnormal illness behavior
and, therefore, the physical measurements for ranges
of motion, torques and velocities might not accurately
reflect organic pathology.

Menard et al. [20] had findings very similar to
Hirsch’s in a study of compensation subjects during a
“comprehensive motor evaluation.” Menard identified
a “global” pattern of performance by back pain subjects
from a “High Waddell” group. The pattern included
smaller ranges of motion, torque and maximum veloc-
ities, as well as lower physical output for isometric el-
bow flexion, isometric knee extension, and static grip
measurements on the Jamar Hand Dynamometer. Nei-
ther Hirsch nor Menard assessed the reproducibility of
physical performance parameters which they studied.

Investigating clinical and psychological presentation
in upper extremity clients, Himmelstein et al. [14] com-
pared reports of pain in a working client population to
work-disabled clients. It was reported that those who
were not working had a higher incidence of “indetermi-
nate” diagnoses, reported more pain, expressed more
anger toward the employer, and had a greater psycho-
logical response to perceived pain.

In a forced choice study, exaggerated facial expres-
sions were identified with an accuracy level “above
chance,” although the accuracy level reported was in-
sufficient to be used as the sole basis for making defini-
tive conclusions regarding a client’s presentation [11].
Furthermore, the fact that not all the clinicians agreed
with one another in all instances, the findings indicated
that the ability to identify exaggerated facial expres-
sions is not a science, but an intuitive exercise akin to
“an art”.

An article with the memorable title, “The Seriously
Uninjured Hand,” is widely cited in FCE reports list-
ing supportive references for assessing effort during
hand strength testing [39]. The “bell curve” concept

(stronger grip strength in the mid-range of motion),
proposed in this article to objectively classify effort,
was based on the results from two subjects, one be-
lieved by Stokes to be cooperative, the other believed
by him to be uncooperative. Another study found
high agreement between various clinical impressions
believed to predict “low effort” and the results of a
computer-assisted test in which data relative to the bell
curve and Rapid Exchange Grip (REG) testing were
analyzed, Stokes [40]. Stokes also reported that a “low
tech” version of the protocol, using a hydraulic hand dy-
namometer, was 84.2% sensitive to what was believed
to be “low effort,” but no analysis of clients who had
no behaviors believed by Stokes to be predict REG and
bell curve characteristics was conducted. Therefore,
no information regarding the specificity of the alternate
protocol and, hence, no assessment of its accuracy was
provided.

One study [13] introduced the concept of REG test-
ing, although no specifics were provided with regard to
the standardization of the test with regard to rate of grip
exchange. Some qualified success was found in REG
testing by Joughin who reported sensitivity and speci-
ficity of 81% and 93%, respectively, in the classification
of effort in a population of normal subjects [17]. How-
ever, the results were tempered by the finding of “poor-
er sensitivities and specificities [with REG]” when the
method was used in a clinical setting. Two previous re-
lated studies investigated force-time characteristics of
sincere effort and feigned weakness during grip test-
ing. A study by Smith, Nelson, Sadoff and Sadoff [38]
reported sensitivity of up to 100% and specificity of up
to 95% for asymptomatic males and sensitivity of up to
93.5% and specificity of up to 97.8% for asymptomatic
females. In astudy which applied Smith et al.’s validity
criteria to a population of 60 clients, sensitivity of up
to 85.0% and specificity of up to 96.7% was reported
for males and sensitivity of up to 83.3% and specificity
of up to 100% was reported for females [2]. Shecht-
man, Sindhu and Davenport resumed the study of the
force-time curve to classify effort, but there is yet to be
a follow-up study validating the use of time-force data
for that purpose [35].

One study reported that electromyography (EMG)
analysis in conjunction with force analysis “has poten-
tial,” in classifying sincerity of effort, but that actual
sub-maximal force values are reproducible [23]. Ina
controlled study [16], hand strength was assessed in
11 normal subjects on six different sessions conduct-
ed over a 3- to 5-week period of time to determine if
EMG amplitude and mean power frequency readings
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during hand strength testing varied according to effort
when comparing data from repeated measures. It was
found that neither EMG variable differed significantly
between sincere effort and feigned weakness sessions.

In a study of 80 clients with neurological conditions
and 470 clients with head injuries [9]. This study did
not assess physical performance, but, rather, conducted
psychological, cognitive and perceptional testing. The
title of the study, “Effort Has a Greater Effect on Test
Scores than Severe Brain Injury in Compensation Pa-
tients” is, initself, instructive. Itwas concluded, in part,
“[E]ffort has such a large effect that, if not controlled,
it literally inverts the group differences [on test scores]
between severe versus very mild traumatic brain injury
patients.”

The authors have not identified any studies which
unequivocally support the use of the most prevalent
methods of classifying validity of effort during hand
strength assessment, namely the coefficient of variation
(CV), REG testing and various methods of assessing
the “Bell-Shaped Curve.” Many studies and literature
reviews have found these methods to be inaccurate for
classifying effort during a hand strength assessment [1,
3,4,6-8,10,12,18,21,22,26-34,36,37,41-43,47].

2. Methods

2.1. Subjects

There were two groups of subjects in this study. One
group consisted of 200 consecutive clients who had
undergone an FCE which included a test for sincerity
of effort during a hand strength protocol involving si-
multaneous use of both hands as described by Schap-
mire et al. [26]. All 200 were tested by the first author
of this study. Data from seventy-five (75) additional
subjects were also compiled from the results of an on-
line version of the simultaneous bilateral hand strength
test. The online tests were administered by 16 different
therapists performing the assessment in various loca-
tions throughout the country. All of these subjects were
receiving work-related injury or long term disability
benefits. The Millikin University Institutional Review
Board waived review of this study inasmuch as the data
are derived from archived records of test results and
no personal identifiers are used in the reporting of the
results.

2.2. Classification of hand strength results

All subjects in this study underwent hand strength
testing using a Jamar Dynamometer and a Baseline
pinch gauge to measure the amount of force produc-
tion. This distraction-based protocol includes a unilat-
eral hand grip and pinch strength measurements and ac-
tivities which require the person taking the test to gen-
erate force simultaneously in both hands as described
by Schapmire et al. [26]. The protocol consists of a
randomized order of 66 trials, analyzed for consistency
of effort with the seven statistical validity criteria, list-
ed in Table 1. The criteria classified sincerity of effort,
also referred to as “consistency of effort,” as follows:

1. All seven validity criteria are passed = valid ef-
fort.

2. Onefailed validity criterion = equivocal, or “gray
zone” results.

3. Two or more failed validity criteria = invalid ef-
fort.

2.3. Painscales

Prior to physical assessment, all subjects were asked
to fill out a battery of written questionnaires. Each was
asked to “rate your current level of disability with ‘0’
representing no disability at all and ‘100’ representing
total disability”. Additionally, each client was asked
to “rate your chances of having a good recovery, with
‘0’ representing no chance at all and 100’ representing
absolute certainty of having a good recovery”. Final-
ly, clients were asked to complete written instruments
related to their symptomatic and functional status.

For the purpose of this study, the following ques-
tionnaires were selected for the cervical spine, shoulder
and upper extremity clients:

1. 0-10+ Pain Rating Scale.

2. Visual Analog Scale (VAS).

3. Modified Somatic Perceptions Questionnaire [19].
4. Quantified Pain Drawing [25].

For the cervical spine and upper extremity clients,
only the raw scores for the first three scales were con-
sidered in the statistical analyses. The Quantified Pain
Drawing was originally developedto assess clients with
lower back injury, as such, the scoring system recom-
mended by Ohlund [25] was not used. Therefore, for
the purposes of this study for only clients with cervical
spine and/or upper extremity injuries, the Quantified
Pain Drawing was classified by the evaluator as either
“having a reasonable or anatomically plausible distri-
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Simultaneous bilateral validity criteria and related statistics [26]

Criterion

Frequency of violation during 100
sincere effort sessions specificity

Frequency of violation during 100
feigned weakness sessions / sensitivity

>5CV’s > 15%

Mean of all CV’s 2> 9.75%

> 5 changes = 14%

(comparing unilateral forces to bilateral forces)
Mean of all force changes 2> 15%

(comparing unilateral forces to bilateral forces)
Mean CV > 10% for selected

bilateral data sets

= 2 CV’s > 20% for selected

bilateral data sets

One CV 2> 13% for Lateral Pinch

during bilateral testing

0/100%
0/100%
0/100%

0/100%

0/100%

70/ 70%
77177%
63/63%

1/99% 77177%

73/73%

67/67%

4/96% 62 /62%

These criteria were developed in a controlled study of normal subjects. In the study, all 100 subjects were tested two times. In
one session, they gave a maximum effort. In another session, they were instructed to attempt to consistently feign weakness.

bution of symptoms” or “not having a reasonable or
anatomically plausible distribution of symptoms” for
clients with cervical spine and upper extremity injuries.

In addition to the clients with cervical spine and up-
per extremity injuries, other clients having diagnoses
that were not anatomically related to the upper extrem-
ities were also tested and included as subjects in this
study. Subjects in this group included clients with back
pain and lumbar surgery, (hereafter referred to collec-
tively as “low back clients™), and clients having diag-
noses of “fibromyalgia,” “chronic pain,” or “chronic fa-
tigue” (hereafter referred to collectively as “fiboromyal-
giaclients”). Inaddition to the pain questionnaires pre-
viously mentioned, these particular clients were asked
to fill out the following instruments:

1. Oswestry Low Back Inventory [5].

2. Inappropriate Symptoms Questionnaire (first five
items only) [45].

3. Waddell Disability Index [46].

The Quantified Pain Drawing was scored according
to the criterion suggested by Ohlund et al. [25] for
all non-cervical spine and non-upper extremity clients
reporting low back pain, including the fibromyalgia
clients who universally reported experiencing back
pain.

Although hand strength is not directly related to the
diagnoses of some of the subjects in this study, a two-
step process was used to identify those clients whose
participation in a lifting assessment would conceivably
be very limited, if not completely absent. Such a pro-
cess is more time efficient than systematically — and
unnecessarily — performing hand strength assessments
on subjects whose diagnoses were unrelated to the up-
per extremities. This selection process was implement-

ed to obtain sufficient information to classify validity
of effort in the event the client prematurely terminated
the lifting test either voluntarily or as the result of a
behavioral presentation considered by the evaluator to
be “unsafe for assessing lifting capacity.” Therefore,
the non-cervical spine and non-upper extremity clients
whose scores surpassed three or more of the thresholds
listed below were subsequently screened for possible
non-physiologic hand strength in a “cursory screen-
ing,” described immediately following this list of pain
instruments:

1. 0-10+ Pain Rating Scale, score > 7.

2. VAS, score > 6.5 cm.

3. Modified Somatic Perceptions Questionnaire,
score > 13.

4. Quantified Pain Drawing, score > 24.

5. Oswestry Low Back Inventory, score > 50%.

6. Inappropriate Symptoms Questionnaire, score >
3 (first five items only).

7. Waddell Disability Questionnaire, score > 6.

The use of these cutoffs as part of a selection pro-
cess was not based on a published study. Rather, they
were based on more than a decade of anecdotal experi-
ence, believed to identify clients who are more likely to
essentially refuse to participate in a lifting evaluation.

2.4. Cursory screening procedure, manual testing

The cursory screen for non-cervical spine and non-
upper extremity clients who were selected for adminis-
tration of the simultaneous bilateral protocol consisted
of one isometric grip of 3—-4 seconds on each hand in
Position 2 on the Jamar Hand Dynamometer, with the
clients being instructed to give a maximum effort. Each
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client undergoing the cursory screen also performed
one “explosive grip” in Position 2 for each hand in the
manner described by Schapmire et al. [26]. The clients
undergoing this screening process were administered
the complete simultaneous bilateral hand strength pro-
tocol if they met any two of the following criteria:

1. Hand strength weakness on the “radicular side.”

2. Sub-normal hand strengths in both hands.

3. Positive “explosive grip” in either hand that ex-
ceeded the corresponding static grip measure-
ment by more than 10 pounds.

The following manual strength tests, with client-
initiated force, were administered to all clients in this
study:

1. Shoulder flexion.

Shoulder adduction and abduction.
Shoulder internal and external rotation.
Elbow flexion and extension.

Wrist flexion and extension.

ar®wDd

2.5. Clinical impressions

In addition to the manual strength tests listed above,
clients who had medical histories or subjective com-
plaints involving the low back were administered man-
ual strength tests for lower extremity strengths. If obvi-
ous regional weakness (also called “breakaway weak-
ness,” “give way weakness” or “cogwheeling”) oc-
curred on two or more of the manual strength tests,
“cogwheeling” was noted on the data collection sheet.
If facial affect, verbalization and reports of pain and
dysfunction were considered to be “extreme” by the
evaluator, this impression was noted on the data collec-
tion sheet as “overreaction.”

3. Results

Due to the small sample size for the gray zone group
(nine subjects), their data have been omitted from all
statistical analyses in this manuscript.

3.1. Client demographics

In 15 instances, no precise date of injury could
be identified secondary to conflicting medical records
or significant differences between insurance company
records and the client’s statements. For these cases,
the date of injury was treated as “missing data.” Seven
of these cases occurred during the testing of subjects

who passed all validity criteria, seven during the testing
of clients who failed two or more of the criteria and
one for a client producing equivocal hand strength test
results. Individual data related to “Time Since Injury”
were rounded to the nearest 0.5 month. The mean time
between injury and the hand strength testing was 18.2
months (SD = 16.1) for persons who failed none of
the validity criteria. The mean time between injury
and testing for those who failed two or more criteria
was 17.7 months (SD = 15.8). Persons failing a sin-
gle criterion were, on average, 8.7 months (SD = 5.7)
post-injury.

Referring to Table 2, 83 of the 200 subjects (41.5%)
passed all seven of the criteria. Two or more of the
validity criteria were failed by one hundred eight (108),
or 54.0% of all clients. Not listed in Table 2 the nine re-
maining nine (9) subjects, 4.5% of the entire client pop-
ulation, produced gray zone (equivocal) results, failing
only one validity criterion.

Referring again to Table 2, Category 1, the frequency
of upper extremity surgeries, inclusive of the shoulder,
for the group passing all hand strength validity criteria
was 35/83 (42.2%). This population of clients included
some whose medical histories involved surgeries on the
shoulder, elbow, forearm, wrist, hand or fingers. The
frequency of surgeries for Category 1 clients who failed
two or more validity criteriawas 21/108 (19.4%). Thus,
the frequency of surgical interventions for clients pass-
ing all criteria was 2.2 times the frequency of subjects
who failed two or more validity criteria. This group
difference is statistically significant, x2 (1) = 11.70,
p =0.001.

Still referring to Table 2, there are no statistically
significant differences in the frequencies for clients in
Categories 2-8. The range for the 2 values for these
categories range from 0.24-1.95, with p values ranging
from 0.164-0.874. A total of 16 clients fell into Cat-
egories 9 and 10. These low back and lumbar surgery
clients universally failed two or more hand strength va-
lidity criteria. Group differences in the frequency of
clients in these diagnostic categories are statistically
significant, x2 (1) = 5.58, p = 0.018.

3.2. Accuracy of clinical impressions

Table 3 reports the agreement between three clinical
impressions and the bilateral hand test outcome. These
impressions were related to over-reaction, cogwheel-
ing and a judgment as to whether the distribution of
symptoms on the Quantified Pain Drawing were reason-
able. Inall three cases, x2 test results show statistically
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Table 2
Test outcome per diagnostic category

Diagnosis Passed All Failed > 2 x2 and p values

validity criteria, validity criteria,

N =83 N =108
Category 1: One or more upper extremity surgeries involving the elbow, 35 21 x2 (1) =11.70
forearm, hands or fingers (includes shoulder clients who also had surgeries  (42.2%) (19.4%) p 0.001
on these parts of the body)
Category 2: One or more cervical spine surgeries plus one or more upper 1 3 x2 (1) =0.57
extremities surgeries involving the elbow, forearm hands or fingers (1.2%) (2.8%) p = 0.452
Category 3: One or more cervical spine surgeries or confirmed cervical HNP 7 4 x2 (1) =1.95
(with radiculopathy) (8.4%) (3.7%) p =0.164
Category 4: Any shoulder surgery as primary diagnosis (does not include 15 23 x2 (1) =0.31
clients with cervical spine or other upper extremity surgeries) (18.2%) (21.3%) p = 0.580
Category 5: Fracture in arm, wrist or hand (no history of upper extremity 2 3 x2 (1) =0.03
surgery) (2.4%) (2.8%) p =0.874
Category 6: Non-surgical clients reporting pain in at least one of the fol- 16 23 x2 (1) =0.12
lowing areas: one or both upper extremities, one or both shoulders, cervical  (19.3%) (21.3%) p=0.731
spine pain, cervical spine degenerative disc disease, cervical disc bulge
Category 7: Diagnosis of at least one of the following: Fibromyalgia, chronic 3 8 x2 (1) =124
fatigue, chronic pain (3.6%) (7.4%) p = 0.265
Category 8: Miscellaneous 41 7021 x2 (1) =0.24

(4.8%) (6.5%) p =0.625
Category 9: Low back pain 0 9 x2(1) =7.26

(8.3%) p = 0.007
Category 10: Lumbar surgery 0 7 x2 (1) =5.58
(6.5%) P =0.018

(1Primary diagnoses: T4 fracture, cranial laceration, brachial stretch injury, widespread 3¢ degree burns (multiple skin grafts to shoulder and
upper quadrant).

(2Primary diagnoses: Rib resection (9" and 10"), cranial contusion (disputed loss of consciousness), T7 fracture, thoracic outlet syndrome,
tarsal tunnel release, osteoarthristis with spurring on the thumb, lower extremity pain.

Table 3
Agreement between three clinical impressions and test classification
Passed all validity criteria Failed > 2 validity criteria  »? and p

Was the client over-reactive (facial expression, verbali- “Yes” for 5/83 (6.0%) “Yes” for 65/108 x2 (1) =59.26
zation)? (60.2%) p = 0.000
Did the client cogwheel during manual strength testing? “Yes” for 2/81 (2.4%)!] “Yes” for 39/108 (36.1%) x? (1) = 30.84

p = 0.000
Was the distribution of symptoms on the Pain Drawing N =61 N=70 x2 (1) =4.28
anatomically plausible??2] “Yes” for 54/61 (88.5% ) “Yes” for 52/70 (74.2%) p = 0.039

(1] Not assessed for two subjects who were referred for hand strength assessment only.

[2] “Reasonableness” for Quantified Pain Drawing was not assigned a numerical score since the instrument’s original scoring instructions applied
only to low back pain clients. Therefore when subjects had primary complaints related to the upper quadrant, upper extremities, head, face or
lower extremities, a subjective assessment of the “reasonableness™ of the distribution of symptoms was attempted.

significant differences between clients who passed all
hand strength assessment validity criteria as compared
to those who failed two or more criteria. Although the
clients who failed two or more criteria had a higher fre-
quency for all three impressions, nearly 40% of those
who failed two or more criteria were not judged to be
over-reactive, only 36.1% were believed to cogwheel
during manual strength testing, and 74.2% appeared
to report their symptoms in an anatomically plausible
distribution on the Quantified Pain Drawing.

Table 4 reports the scores on four pain instruments:
0-10+Pain Scale, VAS, Modified Somatic Perceptions,

and Quantified Pain Drawing, scored as described by
Ohlund [25]. Not all subjects chose to complete all
the written pain questionnaires. Written instruments
not completed by the clients were omitted from the
statistical analyses, with the exception of the Oswestry
Low Back Inventory which has a scoring system that
does not require responses to all 10 items to be scored
as described by Fairbanks [5].

Although there are statistically significant differ-
ences between group scores for all scales in Table 4
except the numeric score for the Quantified Pain Draw-
ing, a focus on “statistical significance” is not advised.
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Table 4
Agreement between client-reported pain and disability scores and classification of effort

Score on pain and dis-
ability scales

Passed all
validity criteria
(N, Mean, SD and Range)

Failed > 2
validity criteria
(N, Mean, SD and Range)

t -test results

0-10+ Pain Rating N=75
Mean = 4.51
SD = 2.36
Range = 0-10
Visual Analog Score in N=73
Centimeters Mean = 4.95
SD = 3.85
Range = 0-10
Modified Somatic N = 68
Perceptions Score Mean = 7.24
SD = 6.55
Range = 0-28
Quantified Pain N =10
Drawing Scorell] Mean = 38.90
SD = 23.90
Range = 1-65
Client’s self-reported N =56
rate of disability Mean = 56.93
SD = 26.53
Range = 0-100
Client’s self-reported N =52
chances of having a Mean = 54.73
“good recovery” SD =34.82
Range = 0-100

N =199

Mean = 5.92
SD =2.63
Range = 0-10
N=095

Mean = 6.06
SD =2.76
Range = 0-10
N=095

Mean = 10.66
SD =6.97
Range = 0-30
N =30

Mean = 26.93
SD =19.73
Range = 3-90
N=74

Mean = 69.91
SD =22.83
Range = 2-100
N=70

Mean = 40.37
SD =32.21
Range = 0-100

t = 3.66 (172), p = 0.000

t = 2.55 (166), p = 0.012

t = 3.16 (161), p = 0.002

t=1.58(38), p=0.123

t=2.99 (128), p=0.003

t = 2.28 (120), p =.025

(11Scored per Ohlund [25] if client reported low back pain as a source of pain and/or dysfunction. For most patients
in this group, back pain was incidental to the primary complaint or diagnosis. The score in such cases refers to the
number of squares on the grid that were marked by the client.
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There is a complete overlap between the lower and up-
per ranges for all variables in Table 4, with the ex-
ception of the Modified Somatic Perceptions Question-
naire and the Quantified Pain Drawing. Group mem-
bership, thus, is not predicted by individual scores on
these instruments.

Attention is called to the 27 clients in Table 4 in
Categories 8-10. With the exception of four clients
in these groups (one client with bone spurring in a
thumb, one with thoracic outlet syndrome, one with a
brachial stretch injury, and one with significant burns on
the shoulder, arm and upper quadrant), the remaining
clients have diagnoses that are not directly related to the
upper extremity. However, they were identified during
the cursory screen as individuals who would be likely
to have limited participation in a lifting assessment. Of
the clients so identified and tested, 23/27 (85.1%) failed
two or more of the hand strength validity criteria.

Table 5 compares the number of failed criteria for
eight different groups of subjects. This table also pro-
vides the “predicted range of scores for 95%” of each
of six categories of clients, assuming a normal distri-
bution of scores. This range is comprised of all scores
falling + 2 SD from the mean score for each group.

Only marginal differences are seen when comparing
the uppermost and lowermost predicted scores for all
eight categories of subjects in Table 5.

In Table 5, the ¢-test values comparing the mean
number of failed criteria for Category 1 subjects (hor-
mal subjects instructed to attempt to consistently feign
weakness) to the means for clients for Categories 2-8
are found in Table 5. All ¢ values fell below 1.0 with
the exception of clients in Category 5, comprised of
low back pain and low back surgery clients, clients di-
agnosed with fibromyalgia, and five clients whose di-
agnosis is not considered by the authors to be plausibly
related to the upper extremities. Otherwise, ¢ values
ranged from 0.04 to 0.87. Diagnoses for these subjects
are listed beneath the table. None of the ¢ values are
statistically significant, with all p values > 0.05.

Most noteworthy of the comparisons in Table 5 is
the comparison of the distributions for failed criteria
in Category 1 subjects, normal subjects who were in-
structed to feign weakness in Schapmire [26], to Cat-
egory 8 subjects, consecutive clients tested indepen-
dently by 16 different therapists using an online version
of the test. The average number of failed criteria for
Category 1 subjects was 4.89, SD = 1.85, as compared
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to Category 8 clients (mean = 4.90, SD = 1.69). The
t value in comparing the means was 0.04, p > 0.05.
These results indicate there is no difference between
the average number of failed criteria for these groups.

4. Discussion

There are group differences on the scores of most of
the written pain instruments between the clients who
passed all the hand strength validity criteria and those
who failed two or more. Those who failed the hand
strength validity criteria, as a group, tended to have
pain drawings that were classified as “not reasonable
or anatomically plausible.” Similar results were ob-
tained from questions related to client-perceived rates
of disability and “chances of having a good recovery.”
It is emphasized, though, that these are only group dif-
ferences. Group differences do not predict individual
outcomes.

Subjects in this study who passed the validity criteria
for the hand strength test were rarely judged to have
exhibited extreme over-reaction in terms of facial ex-
pression, grimacing or groaning, and rarely presented
with regional weakness during manual strength testing.
Individuals who failed the validity criteria had a much
higher incidence of such behaviors. However, many
subjects who failed two or more validity criteria were
not judged to be over-reactive. Since subjective im-
pressions can not be standardized between observers,
they should not be the primary basis for deferring an
assessment of effort or as the sole basis for making
predictions related to compliance during a test.

Given the lack of agreement between various im-
pressions such as the ones investigated in this study, it
may be tempting to argue that the solution is to “be-
come better” at interpreting various phenomena such
as facial affect. This process would presumably in-
volve attempting to “fine tune” one’s ability to more
or less divine the presence or absence of exaggerated
expressions of pain. Such an attempt also overlooks
the very real possibility that many clients whose behav-
ior is judged to be “unremarkable” may be just exactly
that — unremarkable. Unremarkable presentations do
not necessarily predict cooperation during a test. Fur-
thermore, it is not readily apparent to the authors how
it would be possible to standardize “interpretation” of
observational data.

It is not possible to predict test outcome for indi-
viduals, based on the various scores for the scales in-
vestigated in this study, or on the presence or absence

of the impressions investigated in this study. Howev-
er, when clients presenting for FCE’s have a cluster of
features including high scores on pain questionnaires,
cog-wheeling during manual strength testing, extreme
overt pain behaviors, or produce questionable results
during a cursory hand strength assessment as described
herein, a complete assessment of sincerity of effort is
appropriate to at least rule out the presence of non-
cooperation. Conversely, the absence of such behav-
iors does not predict a “clean bill of health” with regard
to cooperation during the hand strength assessment.
Those subjects who failed two or more of the va-
lidity criteria during hand strength assessment had a
much lower rate of surgical interventions involving the
cervical spine, shoulders and upper extremities than
clients who passed the validity criteria (Table 2). But
as a group they had higher scores on written pain in-
struments (Table 4). Furthermore, there were no dif-
ferences between the two groups with regard to the
frequency of clients in Categories 3-8 in Table 2. To
conclude that persons who failed the validity criteria
during simultaneous bilateral testing becaue of “pain,”
we must also believe that those who passed the criteria
experienced less pain, even though they had a much
higher rate of surgical intervention as a group. We
would also have to believe that those who failed the as-
sessment of validity had somehow been victimized by
substandard care and under diagnosis, thus accounting
for the lower rate of surgical intervention for that group.
Furthermore, we would have to contend that those who
passed the validity testing may have had unwarranted
surgeries, but that their surgical procedures did not re-
sult in significant pain during the test. Most notably,
we would have to completely ignore the fact that 16 of
the subjects who failed simultaneous bilateral testing
of the hands had diagnoses of low back pain, low back
surgery or lower extremity complaints, none of which
are related to upper extremity function — and yet, as a
group, they failed more validity criteria than any other
client group. Thus, for the clients in this study, “pain”
is not a reasonable excuse for the failure to perform
consistently during a test that involves the hands.
Normally, it is an inefficient use of a clinician’s
time to administer a hand strength assessment to clients
who have diagnoses unrelated to the upper extremities.
However, twenty-three (23) subjects in this study (Cat-
egories 8-10 in Table 2) had diagnoses related to the
low back, or had miscellaneous diagnoses that have no
direct bearing on upper extremity function — and over-
whelmingly, the subjects in these categories failed two
or more of the hand strength validity criteria. These
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clients were selected for test administration on the basis
of the previously-described cursory screen. The infor-
mation presented herein with regard to the inaccuracy
of clinical impressions and the inability of pain ques-
tionnaires to predict test outcome highlights the impor-
tance of knowing when it is completely appropriate to
assess uninvolved parts of the body to assess validity
of effort.

For every group of clients in this study, the mean
number of failed criteria, the SD’s of the various dis-
tributions of scores for these subjects, and the frequen-
cy of equivocal test results for the entire client pop-
ulation were nearly identical to the findings reported
by Schapmire [26]. In fact, there are no statistically
significant differences between Category 1 subjects in
Table 5 (normal subjects instructed to feign weakness)
and any of the client groups in Categories 2—8. Further-
more, the upper and lower ranges of the statistically-
predicted distributions of scores for Categories 2-8 in
Table 5 fall between the upper and lower limits of the
predicted range for the normal subjects who feigned
weakness in a controlled study. Lastly, the frequency
of gray zone tests in this study (4.5%) is nearly iden-
tical to the frequency of such tests in the controlled
study described by Schapmire [26]. These analyses
demonstrate that the validity criteria, in fact, did not
penalize clients by causing them to fail validity crite-
ria at a higher frequency than was observed under ex-
perimental circumstances when normal subjects were
instructed to attempt to feign weakness.

Conventional wisdom for many years has been that
pain affects test performance to the extent that assess-
ments of validity of effort are not appropriate if the
testing involves the injured body part. According to
Niemeyer [24], validity of effort testing must be limited
to the testing of uninvolved parts of the body in a client
population and can not be used to assess an involved
body part. The authors of this study reject that belief
in light of the findings presented herein.

In addition to rejecting the concept that “pain” will
result in an increased number of failed criteria for
clients, the authors also reject the notion that the length
of time off work may somehow affect test performance.
The clients who failed two or more validity criteria in
this study were actually off work for a slightly shorter
period of time than those subjects who passed all the
validity criteria.

Regarding possible weaknesses of this study, the
client data, with the exception of the online test da-
ta, was collected by the first author, raising the pos-
sible issue that other evaluators would have obtained

different results. However, in the controlled study de-
scribed in Schapmire [26], multiple evaluators collect-
ed data on an independent basis and all had the same
result, whether testing normal subjects who were giv-
ing a good effort or normal subjects who were feigning
weakness. With only one error in test classification
for 200 sets of data during a controlled study — com-
bined with the first-author-to-online-test comparison in
this study — the protocol appears to have similar results
across testers. Finally, it is also noted that Category 8
clients (Table 5) who failed two or more validity crite-
ria — and were tested independently by multiple thera-
pists with the online version of the test. These clients
had an average number of 4.90 failed validity criteria.
This average was nearly identical to the mean number
of failed criteria (4.89) for Category 1 subjects who
were feigning weakness in a controlled study conduct-
ed by the first two authors of this study.

One of the strengths of this study is that the infor-
mation constitutes new information which has practical
application. Specifically, this study pertains to simul-
taneous bilateral testing of the hands, a “distraction-
based” testing method as defined by Waddell [44], i.e.,
tests that are “non-emotional, non-surprising, and non-
hurtful.” The “distraction” in the hand strength assess-
ment is the simultaneous testing of both hands. This
study demonstrates that impressions regarding “over-
reaction,” whether or not a pain drawing is “reason-
able,” and whether or not the client “cogwheeled” dur-
ing manual strength testing are all subjective judgments
that do not necessarily predict test outcome when a uni-
form analysis of variability is applied to physical perfor-
mance data. At the same time, it advances the idea that
test behavior, specifically the degree of consistency of
effort, can be measured with a statistical analysis. Un-
like categorical data such as “impressions,” a standard-
ized statistical analysis allows for the formulation of
a reasonable hypothesis regarding the cause-and-effect
relationship between behavior and test outcome.

5. Conclusions

The research hypotheses are rejected. Clinical im-
pressions and scores on pain questionnaires do not pre-
dict classification of validity of effort during the simul-
taneous bilateral hand strength assessment. Given the
significantly lower number of surgical interventions for
clients failing the hand strength validity criteria, “pain”
does not appear to be a reasonable explanation as to
why clients fail the validity criteria proposed by Schap-
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mire [26]. The number of failed criteria reported by
Schapmire [26] for subjects who failed two or more cri-
teria is nearly identical to the number of failed criteria
for all such test results when the test is administered
by other individuals. Given these facts, the simultane-
ous bilateral hand strength protocol appears to be well-
suited for use in identifying abnormal test behaviors in
the clinical setting.
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Abstract. Objective: To determine if passing or failing statistically-based validity criteria during a distraction-based hand strength
assessment is related to test behavior during a lifting assessment.

Farticipants: 200 consecutive clients presenting for an FCE.

Methods: The two testing protocols, one involving a hand strength assessment, the other involving an assessment of lifting
capacities, were administered to assess the variability between repeated measures.

Results: Clients failing two or more statistically-based hand strength validity criteria had significantly more variability between
repeated measures in the lifting assessment, p = 0.001 and 0.014 for right and left unilateral lifts, respectively, and p < 0.0005
for three different bilateral lifts.

Conclusions: A pattern of performance related to the degree of variability in repeated measures protocols for these two distraction-
based protocols is revealed. Passing or failing the hand strength assessment are each equally predictive of test outcome during the
distraction-based lifting assessment. The failure of the validity criteria in these two distraction-based tests cannot be attributed to
a history of surgery but, rather, is the result of abnormal test behavior.

Keywords: Pattern of performance, lifting assessment, validity of effort, functional capacity evaluation (FCE), maximum effort

1. Purpose crate and using the lever arm is suggestive of noncom-
pliance. We predicted that persons whose performance
on the hand strength assessment is strongly indicative
of feigned weakness will be more likely to also have
large discrepancies between the cross-referenced lifts
on the crates and lever arm.

The X—RTS Hand Strength Assessment is described
in further detail with regard to its use in a client popu-
lation of persons taking part in a functional assessment
in Schapmire [2].

This study is concerned with sincerity of effort in
strength testing, which is an ongoing concern in Func-
tional Capacity Evaluation (FCE) testing. This study
compares results from the X-RTS Hand Strength As-
sessment [ 1] to results from a test of lifting capacity that
compares dynamic lifts of standard crates to physically
identical dynamic lifts using a lever arm. A large dif-
ference between the claimed maximum lifts using the

2. Distraction-based methodology for lifting

*Address for correspondence: Darrell Schapmire, MS, X-RTS . . . .
Software Products, Inc., P.O. Box 171, Hopedale, IL 61747, USA. In addition to demonstrating a link between client

Tel.: +1 309 449 5483; E-mail: ds@xrts.com. responses to benign physical maneuvers and observa-
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Fig. 1. X-RTS lever arm.

tions and client scores on psychometric measures, Wad-
dell, McCulloch, Kummel and Venner [4] introduced
the concept of distraction-based testing. The distrac-
tion test specifically mentioned by Waddell et al. was
the “Flip Test,” a comparison between the seated and
supine straight leg raises. Waddell et al. proposed that
such distraction-based tests might be useful in identi-
fying clients who present with exaggerated complaints
of pain, stipulating that distraction-based tests must be
“non-emotional, non-surprising and non-hurtful.” To
the authors’ knowledge, only one previous study as-
sessed the reproducibility of physical effort during a
distraction-based test for the hands [ 1]. No such investi-
gations prior to the current study involved a distraction-
based protocol for assessing validity of effort during a
lifting assessment.

The second class lever arm testing device in this
study is a patented, non-computerized testing device
(Fig. 1) developed by the second author. Its configura-
tion replicates the biomechanics required to lift a box
containing a workload. The handle plate which is held
by the client is configured so as to position the hands
12” apart and place them the same distance from the
body as would be required to lift an empty 12” x 12”
container. An adjustable clip is used to regulate the
length of the chain which connects the handle plate and
lever arm, thereby controlling the height from which
lifts are initiated. A handle on top of the handle plate
is used for unilateral lifting. Thus, the biomechanical
factors are controlled. Along the length of the lever are
equally-spaced measurement points at which a mov-
able carriage can be mechanically locked into position.
Unmarked barbell weights can be affixed to a steel bar
on the carriage. By changing the position of the weight
and/or changing the amount of weight placed upon the
bar, the actual workload can be regulated. Moving any
given weight from one location to another results in
an actual workload that is predictable because all such
movements result in linear changes in the actual work-
load. Likewise, changing the amount of weight applied

to the bar at any given location also results in linear
changes in the actual workload.

3. Study one

We report here a preliminary experiment designed to
test the accuracy with which untrained observers can
estimate the force required to lift the lever arm. This
is directly pertinent to the issue of whether persons can
feign weakness during strength testing in the protocol
used for the main study. The lifting protocol compares
workloads reported by the subjects to be maximum
safe lifts, obtained when lifting unmarked weights in a
lifting crate and from those obtained on the lever arm.
Since the two lifts are, physically, nearly identical, there
is no basis for a major disparity in performance, unless
a person is attempting perform to estimate lifting the
force required to lift the lever instead of simply giving
a maximum voluntary effort.

The literature on intuitive physics finds that people
generally have a poor knowledge of the physics of sim-
ple mechanics, such as motion and force, Sherrin [3],
though we know of none that have examined the kind
of second class lever used herein.

4. Method
4.1. Subjects

A convenience sample of eight males and 17 females
had a mean age of 33.4 years (SD = 15.8). Seven
of the subjects (age range 18-22 years) were students
at Millikin University in Decatur, Illinois, and were
paid $5 for their participation. The other subjects (age
range 19 to 62 years) were employees at two physical
therapy clinics. The experiment was approved by the
Institutional Review Board of Millikin University.

4.2. Procedure

Subjects were tested in groups of up to five at a time.
The subjects stood at the “user’s end” of the device —
the end of the device that is lifted — which was lying
on the floor. They watched as various configurations
of barbell weights were placed on the lever arm.

Subjects were asked to estimate the force, in pounds,
that would be required to lift the lever. They were
shown a line drawing consisting of a representation of
the device, suspended from a scale and were told that
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their task was to estimate the reading that would be
registered if workloads were to be placed at various
locations along the length of the device. They were
explicitly told that their task was not to estimate how
much weight had been placed on the device, but rather
to estimate the actual workload that would result for
each of the configurations they would be shown during
the experiment. Each subject recorded his or her an-
swer on a data sheet on a clipboard. The subjects were
cautioned not to look at each others’ answers, or give
their answers out loud.

A total of 25 workloads of various configurations
of 2.5-pound (1.13 kg), 5.0-pound (2.27 kg) and 10.0-
pound (4.54 kg) barbell weights (markings obscured).
The same sequence was presented to all subjects. The
sequence was not random, but was intended to avoid
repetitions of the same position or of the same num-
ber of weights, and to cover close to the maximum
range of positions and weights. After each estimate,
the subjects turned their backs on the lever arm while
the experimenter changed the number of weights and
their position. When told to by the experimenter, the
subjects turned back around to look at the lever arm
with the weights attached in a new position and make
another estimate. Subjects did not make any actual lifts
of the lever arm.

Across the 25 estimations, the amount of weight
placed on the lever arm varied from 2.27 kg to 58.97 kg
(5-130 Ibs). The positions varied from 0 inches from
the center of the fulcrum to 64 inches. The actual
force required to lift the lever ranged from 5.85 kg to
50.41 kg.

4.3. Analysis

Data analysis was conducted using SPSS and the
Excel statistical functions.

4.4. Results

Each trial was scored for each subject as the differ-
ence between the actual workload and their estimate.
The mean average variation across subjects between the
actual workloads and the estimates was 43.0% (SD =
81.7) for signed change and 84.1% (SD = 55.9) for
absolute unsigned change. Of the 625 individual es-
timates, 473 (75.7) had an unsigned error of 25% or
more, and 141 (22.6) had an unsigned error of 100% or
more.

For individual subjects, the range of average errors
was from —106.8% to 301.7% for signed errors and
from 38.6% to 301.9 for unsigned errors.

4.5. Discussion

Because the weights used were standard size bar-
bell weights, many of the subjects doubtless knew the
amount of weight positioned on the lever, though any
advantage gained from this appears to have been more
than offset by an inability to also consider the posi-
tion of the weight on the lever arm. The findings of
this experiment are in keeping with the literature on
intuitive physics, in replicating the general finding that
most people have, at best, a very poor understanding of
simple mechanics.

In the case of a client attempting to control the out-
come of'an FCE to avoid return to work, they may avoid
making a lift above an amount needed for return to
work. When tested using the lever arm, they would face
the difficulty of estimating the force needed to lift the
lever. It would be difficult for a client to control the out-
come of a test in which workloads were placed upon the
device, using a visual estimation of the workloads. As
such, the device is useful in a distraction-based, repeat-
ed measures lifting protocol, particularly in situations
for which secondary gain issues might affect test be-
havior. Furthermore, the use of such a device meets the
aforementioned criteria for distraction-based tests (i.e.
“non-emotional, non-surprising and non-hurtful”) [4].

5. Study two

The main study examines the relationship between
physical performance data in two distraction-based
tests in which comparisons are made between repeated
measures to classify effort. A more complete descrip-
tion of those tests is presented in Part I of this arti-
cle [2] and in the original study [1] which demonstrat-
ed the effectiveness of a distraction-based test for hand
strength. In the protocol, which used simultaneous
bilateral testing of the hands as the distraction-based
technique, accuracy as 99.5% in classifying validity of
effort (199/200 proper classifications) in a non-client
population. The authors have found no previous stud-
ies identifying a pattern of performance with regard to
the reproducibility of physical performance data during
multiple distraction-based tests.

6. Research hypothesis

The research hypothesis is that subjects who fail two
or more validity criteria during a distraction-based pro-
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tocol for assessing consistency of effort during a hand
strength assessment will have more variability between
repeated measures of a distraction-based lifting pro-
tocol than subjects who pass all of the validity crite-
ria for the distraction-based hand strength assessment.
In essence, the hypothesis is that compliance during a
hand strength assessment is related to consistency of
effort during a lifting evaluation.

7. Methods

Test results of 200 consecutive clients who had un-
dergone a functional capacity evaluation (FCE) were
compiled. All subjects in this study had applied for
benefits in connection to reported work-related injuries
or for long term disability status. The Institutional Re-
view Board of Millikin University exempted review of
this retrospective analysis of anonymous archival data.

8. Hand strength validity criteria

The hand strength protocol used in this study con-
sists of a randomized order of 66 trials, 48 of which in-
volve unilateral Jamar Dynamometry or pinch strength
assessment and 18 of which involve simultaneous test-
ing of both hands. A statistical analysis as described by
Schapmire et al. [1] consisting of seven validity criteria
is used to classify sincerity of effort as follows:

1. All validity criteria are passed = valid effort.

2. One failed validity criterion = equivocal, or ‘gray
zone’ results.

3. Two or more validity criteria are failed = invalid
effort.

9. Lifting activities

Iflifting was a critical component of job duties of the
claimants, an attempt was made to administer a repeat-
ed measures lifting protocol. In its entirety, the lifting
protocol was a two-step process consisting of baseline
testing with lifted crates that was followed by cross-
reference testing on the lever arm. During baseline
testing, the workloads were comprised of unmarked
rectangular steel bars placed symmetrically in a heavy
duty plastic container weighing 1.29 kg (2.85 1bs) and
having top side dimensions of 0.30 m x 0.30 m (12” x
12”). For both modes of lifting, the height from which
the lifts were initiated was referenced to the distance

of'the client’s knuckles from the floor. Instructions and
a demonstration of safe lifting mechanics were given
to each client. It was explained to each client that the
goal was to identify a “one-time, safe maximum lifting
capacity” for each of the various lifts performed dur-
ing the test. Each client was also instructed to imme-
diately terminate any lifting activity if he/she believed
the workload would be unsafe to lift. Limited only by
the client’s demonstrated functional ranges of motion,
safety considerations and/or willingness to participate,
the following lifts were assessed:

Bilateral 0.51 m (20) to Waist Lift.

Bilateral 0.38 m (15”) to Waist Lift.

Bilateral 0.25 m (10”) to Waist Lift.

If right side-involved, Right Unilateral Lift from
either 0.25 m or 0.51 m.

5. Ifleft-side-involved, Left Unilateral Lift from ei-
ther 0.25 m or 0.51 m.

L=

Lifting activities were terminated when any of the
following conditions were met:

1. Ifthe client indicated that a “maximum safe level
of lifting” had been attained.

2. Ifthe evaluator believed that performing a heavier
lift would be unsafe because of radiating pain in
an extremity.

3. If the evaluator believed the client’s presentation
was grossly unsafe secondary to behavioral fac-
tors such as refusal to fully grasp the handles of
the object being lifted, or gross unsteadiness sug-
gestive of imminent risk of fall.

4. If the client dropped any workload.

Lifting activities were not performed if any of the
following conditions were present:

1. The client indicated the need to use a cane or
walker on a continuous basis.

2. The client demonstrated the inability to squat to
assume the position to initiate a bilateral lift from
0.51 m above the floor.

3. The client refused to participate.

4. The client was not required to perform lifting
tasks on the job or if the referral was solely for
hand strength assessment.

The results of the baseline testing were cross-
referenced by having the client perform corresponding
lifts on the class one lever unless the subject lifted the
maximum amount of weight required on the job during
the baseline testing.
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10. Lifting validity criteria

Results were classified as having ‘acceptable con-
sistency’ between repeated measures during a lifting
evaluation if all of the following criteria were met:

1. No single set of comparative lifts had variability
>30%.

2. At least half of all comparisons had variability
<25%.

3. The average variation between all comparative
lifts was <20%.

Results were classified as ‘equivocal consistency’ of
effort between repeated measures if a// of the following
criteria were met:

1. No single set of comparative lifts had variability
>30%.

2. At least half of all comparisons had variability
<25%.

3. The average variation between all comparative
lifts were >20% and <25%.

Results were classified as having ‘unacceptably high
variation” between repeated measures if at least three
of the following criteria were met:

1. Atleast one set of comparative lifts had variation
>40%.

2. Two or more sets of comparative lifts had varia-
tion >30%.

3. Mean variation between comparative lifts was
>25%.

4. Atleasthalfofall comparative lifts have variation
was >25%.

It is mathematically possible to obtain test results
which do not fit into any of the aforementioned cate-
gories. Such results necessarily include data sets with
high variability as well as data sets with low variabil-
ity, an apparent contradiction in behavior that demon-
strates neither an obvious pattern of consistency nor
an obvious pattern of inconsistency. Lacking any ob-
jective evidence of other physical performance testing
data which would call into question the test behavior of
the subject, such results are classified as "atypical” and
re-testing would be recommended. If other objective
indices of effort indicate noncompliance, the lifting as-
sessment classification of effort is a judgment call, left
to the discretion of the test administrator.

10.1. Analysis

Data analysis for this portion of the study was also
performed with SPSS and the Excel statistical func-
tions.

11. Results

The mean time between injury and the hand strength
testing was 18.2 months (SD = 16.1) for persons who
failed none of the validity criteria. The mean time be-
tween injury and testing for those who failed two or
more criteria was 17.7 months (SD = 15.8). In 15 in-
stances no precise date of injury could be identified
secondary to conflicting medical records or significant
differences between insurance company records and
the client’s subjective statements regarding the date of
accident. For these cases, the date of injury was treated
as ‘missing data’. Seven of these cases occurred during
the testing of subjects who passed all validity criteria,
seven during the testing of clients who failed none of
the criteria and one for a client producing equivocal
results.

Clients whose baseline lifting met job requirements
were not tested on the lever arm. Some of the subjects
were excluded from all lifting activities for the reasons
stated beneath Table 1. Details about diagnoses and be-
havioral presentations are provided. Chi-square differ-
ences between the two groups represented in the table
are shown. For subjects passing all hand strength valid-
ity criteria, the frequency of lifting weight equal to the
amount required on the job was statistically higher than
for subjects failing two or more criteria. There were
no statistically significant differences between the two
groups of clients with regard to the number of subjects
who had no lifting on the job, the number of clients
who demonstrated the inability to assume the proper
posture to perform a bilateral lift from 207, or in the
frequency of clients who were unable to complete the
lifting assessment because of pain. Five clients who
failed two or more hand strength criteria demonstrat-
ed the inability to stand without a cane or walker and,
therefore, did not take part in a lifting assessment. It is
noted, however, that four of these subjects were back
clients who failed validity criteria associated with hand
strength assessment, i.e., failed validity criteria for the
testing of uninvolved parts of the body. No such lim-
itations occurred in the group of subjects passing all
hand strength criteria. Similarly, in the group of clients
failing two or more hand strength criteria, there were
12 clients who demonstrated the inability to perform at
least three lifts of five pounds or more. No such result
was obtained for clients passing all hand strength cri-
teria. Lastly, in the group failing two or more criteria,
there were 10 clients whose presentation contraindi-
cated conducting a lifting evaluation, for the reasons
listed beneath Table 1. By any reasonable standard,
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Table 1
Number (percentage) of clients excluded from lifting assessment per test outcome of classification of effort during hand strength assessment
Group 1: Group 2: Group 3: Group 4: Group 5: Group 6: Group 7:
Met on the No lifting on ~ Demonstrated Client unable  Client unable ~ Completed Refusal to
job lifting the job or inability to to complete to stand fewer than participate or
requirements  referred for assume lifting  evaluation without three lifts of ~ other unusual
(baseline hand strength  posture due to pain support of less than 5 1bs  presentation or
testing only)  testing only or unsafe cane or walker circumstances
Passed All Hand 40/83 2/83 3/8301] 1/83(21 0 0 0
Strength Assessment  (48.2%) (2.4%) (3.6%) (1.2%)
Validity Criteria
Group differences per  x2 (1) =6.81 x?(1)=0.03 x2(1)=0.12 x2(1)=0.04 NA NA NA
X2, p values[?! p <0.0005  p=0.874 p=0.728 p=0.851
Failed Two or More ~ 10/108 3/108 5/10814] 1/10805] 5/1086] 12/108(7] 10/108(8]
Hand Strength (9.3%) (2.8%) (4.6%) (0.9%) (4.6%) (11.1%) (9.3%)
Assessment Validity
Criteria

(1 One client with elbow pain, one cervical spine client with a below the knee amputation, one client lumbar diskectomy.

(210ne rotator cuff/closed reduction client who lifted 30 pounds, complained of significant increase in symptoms, and was believed by evaluator
to be unsafe for additional lifting after baseline testing.

(3]Compares frequency of Passed All to Failed Two or More Criteria.

[4]One shoulder pain patient, one client bilateral ulnar nerve release, one cervical spine patient, one client lumbar fusion, one client microdiskec-
tomy.

[510ne client ulnar nerve release, one client lumbar fusion, one client lumbar diskectomy.

(6]0One lumbar fusion, one wrist client internal fixation who presented using a walker, one sacro-iliac joint fusion patient, one client lumbar
diskectomy, one client lumbar diskectomy.

[7)Four patients with rotator cuff repair, one subacromial decompression patient, one client shoulder pain, one client cervical spine and shoulder
pain, one client wrist arthroscopy, one client ulnar shortening, one client cervical spine degenerative disk disease, one client back and knee pain,
unable to perform complete lifts on lever arm, one client lumbar laminectomy, one back pain patient.

(8]0ne client bilateral upper extremity pain client whose floor length dress was so tight that the client was unable to sufficiently bend at the knees,
one low back pain client who refused to lift, one client resection of 9th and 10th ribs who refused to lift lever arm, one fibromyalgia client who
insisted on lifting with the hips in maximum abduction (no lifting assessment secondary to safety concerns), one ulnar nerve release client who
insisted on standing with one ankle inverted, one fibromyalgia client complaints of frequent falls and demonstrating unstable gait pattern, one
wrist fracture client and one bilateral median nerve release client who essentially refused to lift lever arm, one cervical fusion client demonstrating
a loss of balance on multiple occasions, one fibromyalgia client complaining of loss of equilibrium, one client unable to lift an empty milk crate
1.29 kg (2.85 Ibs.) and complaining of intermittent blindness secondary to low back injury (unconfirmed subjective report).

these presentations lack credibility. Again, no such be-
haviors were present in the group of clients passing all
hand strength validity criteria.

Table 2 reports the results of the lifting evaluation.
The percentage change for each set of comparative lifts
was calculated in the manner described beneath the ta-
bles (lever arm values being the numerator). Unilateral
lever arm lifts were performed only on the symptomat-
ic limb or on the symptomatic side (if a back or lower
extremity client) because it is assumed that there is no
incentive to under-perform during a test of an asymp-
tomatic part of the body. Persons having ‘equivocal’
results during the hand strength assessment are omitted
from this table due to smallness of sample size, with
only seven persons from this group being tested on the
lever arm. Only one of eight (12.5%) of the subjects
who failed one hand strength criterion performed with
‘acceptable consistency’ during the lifting evaluation.
Another subject from this group lifted weight equal to
the amount of weight lifted on the job. Due to sample
size, these data are omitted from the table.

Two subjects classified as having “‘unacceptably high
variability’ during the repeated measures lifting proto-
col completed three baseline lifts, but only two lifts on
the lever arm. Average variability for the two lifts was
59.1% for one client and 70% for the other. For all
other clients whose data are shown in Table 3, at least
three sets, and no more than five sets of comparative
lifts were performed.

In Table 3, without exception, for all bilateral and
unilateral lifts, the average percent change between
baseline and lever arm lifts is lowest for the clients
passing all hand strength validity criteria and highest
for clients failing two or more validity criteria. In
comparing these two groups of clients, there are sig-
nificant differences in variability between the repeated
measures for all bilateral lifts, p < 0.0005 in all three
cases. P values showing statistically significant group
differences during unilateral lifting were seen for the
right unilateral lift from 10” (p = 0.010) and for the
left unilateral lift from 10” (p = 0.014).
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Table 2

Baseline and lever arm Lifts!!) per test outcome of simultaneous bilateral hand strength assessment

Clients passing all
hand strength criteria

Clients failing two or more
hand strength criteria

t-test results
(group differences)

Bilateral Lift from 10”
(0.25 m)

Bilateral Lift from 15”
(0.38 m)

Bilateral Lift from 20”
(0.51m)

Right Unilateral Lift
from 10” (0.25 m)

Left Unilateral Lift
from 10” (0.25 m)

Right Unilateral Lift
from 20” (0.51 m)

Left Unilateral Lift
from 20” (0.51 m)

N =31

17.37 kg,6.40 SD (2]

19.23 kg,6.58 SD [3!

22.3% Mean Change, 25.4 SD!4]
Range = 1.6-107.9%

N =37

18.46 kg, 0.93 SDI2I

20.94 kg., 8.07 SDI3

20.7% Mean Change, 24.9 SDI4!
Range = 0.1-107.9%

N =38

19.05 kg, 7.93 SDI2!

20.77 kg, 8.39 SD[3!

19.6% Mean Change, 17.6 SDI4!
Range = 0.9-68.7%

N =10

12.34 kg, 7.94 SD2I

15.15 kg., 6.21 SDI3

49.5% Mean Change, 51.9 SD[4]
Range = 4.5-128.7%

N =17

12.34 kg, 6.35 SDI2I

14.01 kg., 6.35 SDI3

50.2% Mean Change, 38.6 SDI4!
Range = 0.1-129.1%

N=2

13.20 kg, 1.68 SDI2!

15.15 kg., 31.13 SD3I

13.9% Mean Change, 9.2 SD[4]
Range = 4.6-23.2%

N =2

17.19 kg, 9.34 SDI2I

17.60 kg, 6.12 SD3I

17.0% Mean Change, 0.30 SD[4]
Range = 16.7-17.4%

N =48

8.80 kg, 5.08 SDI2]

13.02 kg, 6.12 SD[3!

60.9% Mean Change, 49.5 SD[4!
Range = 0.9-336.1%

N =54

9.30 kg, 4.81 SD(2]

13.38 kg, 5.67 SDI3

55.4% Mean Change, 45.8 SD[4]
Range = 3.6-336.1%

N =62

8.75 kg, SD 4.76[2]

12.70 kg, 4.99 SD[3!

56.0% Mean Change, 37.1SD/4]
Range = 1.6-156.7%

N =29

5.90 kg, 3.95 SD(2]

10.25 kg., 3.76 SDI3]

97.9% Mean Change, 47.4 SD4]
Range = 3.0-205.6%

N =28

6.03 kg, 3.18 SD(2]

10.34 kg, 3.90 SDI3!

86.2% Mean Change, 49.5 SD4
Range = 6.8%-205.8%

N=7

9.03 kg, 4.58 SDI2]

11.20 kg., 3.49 SDI3]

43.6% Mean Change, 18.8 SD[4]
Range = 9.7-115.8%

N=38

8.48 kg, 3.18 SDI2I

11.29 kg, 3.99 SDI3!

42.6% Mean Change, 18.2 SD[]
Range = 0.6-91.8%

t =4.01(77), p < 0.0005

t =4.20(89), p < 0.0005

t =6.49 (98), p < 0.0005

t =272 (37), p = 0.010

t =2.56(43), p = 0.014

Not applicable,
sample sizes too small

Not applicable,
sample sizes too small

(U Includes only clients undergoing both baseline and lever arm testing. Subjects lifting the amount of weight required on the

job were not tested on the lever arm.

[21Baseline lifts (unmarked steel bars). All clients lifting less weight than required on the job and who were also tested on the

lever arm.
(31 Lever arm lifts.
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[4IThe average of all changes for each lift for all subjects, each change calculated with: [(Lever Arm lift/Baseline lift) *

(100)]-100.

Table 3 reports the agreement between the classifi-
cation of validity of effort for the hand strength assess-
ment and the test behavior or presentation during the
lifting protocol. Clients who passed all hand strength
validity criteria had a statistically higher (p < 0.0005)
frequency of performing with ‘acceptable consisten-
cy’ during the repeated measures testing, as defined in
the Methods section, than did clients who failed two
or more hand strength criteria. Similarly, clients who
failed two or more hand strength criteria had lifting as-
sessment results that were classified as having ‘unac-
ceptably high variability’ at a rate that was significantly

higher than those clients who passed all hand strength
validity criteria (p < 0.0005).

In Table 3, regarding the degree of consistency be-
tween the results of the hand strength assessment and
behavior during the lifting assessment, consideration is
given not only to the results of the clients who were test-
ed on the lever arm, but also the various presentations
that were observed during the test. Clients were clas-
sified and grouped, based on behavior. For example,
clients who lifted the amount of weight required on the
job were considered to be similar to the clients who per-
formed with ‘acceptable consistency’, as defined in the
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Table 3

Concurrent validity between hand strength assessment classification of validity and client behavior during the lifting assessment

Passed all validity criteria

during hand strength assessment

Number/N (Percentage)

Group Differences per x2,
p values

Failed two or more criteria
during hand strength assessment
Number/N (Percentage)

Met criteria for ‘acceptable consistency’
during repeated measures lifting
evaluation

Met criteria for ‘unacceptably high vari-
ability’ during lifting evaluation
Convergence between test behaviors in
hand strength assessment results and lift-
ing assessment

25/38 (65.8%)

12/38 (31.6%)

6511177721 (84.4%)

5/61 (8.1%) x?2 (1)=36.77, p < 0.0005

55031/61 (90.1%) X2 (1)=37.74, p < 0.0005

77141792151 (83.7%) X2 (1) = 0.02.60, p =

0.899

[(UIncludes all 25 subjects who passed the hand strength assessment and also had lifting results were classified as having ‘acceptable consistency’
between repeated measures and 40 subjects who demonstrated the ability to perform the heaviest lifting required on the job (no lever arm testing).

One ‘equivocal consistency’ lifting evaluation not included.

[2ITncludes all 37 subjects who completed Baseline and Lever Arm testing (one subject having *equivocal consistency” during the lifting assessment
not included), plus 40 subjects who lifted the amount of weight required on the job (Category 2 clients in Table 1).

[31Includes one lifting assessment with results classified as atypical’ as described in Methods and Results.

[Includes 55 subjects who failed the hand strength assessment and also had ‘unacceptably high variability’ during the lifting assessment,
12 subjects from Category 6 in Table 1, and 10 subjects from Category 7 in Table 1. One ‘equivocal consistency’ lifting evaluation not included.
[51Includes 60 subjects who completed Baseline and Lever Arm testing (one ‘equivocal consistency’ lifting evaluation not included), 10 subjects
who lifted the amount of weight required on the job and had no lever arm testing (Category 2 clients in Table 1), and all 22 clients in Categories

6 and 7 in Table 1.

Table 4

Frequency of surgery per test classification for ‘passed both’, ‘failed both’, and ‘failed one” test for validity of effort

Passed validity criteria for both tests
Number/N (percentage)

Failed validity criteria for both tests
Number/N (percentage)

Group differences per x2, p value

History of a Relevant
Surgery or Fracture!"]

20/25 (80.0%)

Passed Validity Criteria for Both Tests
History of a Relevant ~ 20/25 (80.0%)

Surgery or Fracture!*]

32/55 (58.2%)

Failed Validity Criteria for One Test
13/18 (72.2%)

x2 (1) = 3.60, p = 0.056/2]

Group differences per x 2, p value
x2 (1) = 0.36, p = 0.55103]

[MRelevant Surgery or Fracture denotes a surgery or fracture involving the cervical spine and/or at least one upper extremity, including the

shoulder.
[2ICompares “Passed All’ and ‘Failed Both’.
[31Compares *Passed All’ and *Failed One’.

Methods section. Likewise, the clients whose unusual
presentations precluded participation in a lifting assess-
ment were considered to have test behavior similar to
the clients whose lifting results revealed “unacceptably
high variability’. These tallies were then compared to
the results obtained for each of these groups, per hand
strength assessment classification (passed all criteria
versus failed two or more criteria). In these compar-
isons, for clients who passed all hand strength validity
criteria, 65/77 (84.4%), test behaviors during the lifting
assessment were consistent with the hand strength test
results. Similarly, for clients failing two or more cri-
teria, 77/92 (83.7%) demonstrated test behaviors that
were consistent with the abnormal test behaviors seen
in the hand strength test. ‘Gray zone’ hand strength
assessments and lifting evaluations are not included in
these percentages.

Table 4 compares the diagnostic status of the sub-
jects per test classification, with reference to whether
the subjects had a relevant surgical history or history
of a fracture. A total of 25 subjects passed the validity
criteria for both tests. Of this number, 20 (80%) had
undergone surgery involving the cervical spine and/or
at least one upper extremity, including the shoulder. In
contrast, there were 55 subjects who failed both tests
for validity of effort. Of this number, 32 (58.2%) had
undergone surgery involving the cervical spine and/or
at least one upper extremity, including the shoulder.
Chi-square analysis shows that these differences ap-
proach statistical significance, (p = 0.056), with re-
gard to frequency of surgery. There were no significant
differences between those who passed both tests com-
pared to those who failed one validity test, with regard
to frequency of surgery (p = 0.0557).
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12. Discussion

Test behavior in one of the distraction-based tests in
this study can predict behavior in the other with rela-
tively high accuracy. Thus, there is good concurrent
validity between the two tests. The classification of
test behavior during the hand strength assessment and
during the repeated measures lifting assessment were
based on uniformly applied statistical analyses; applied
in the same manner for all clients. Clients who fail the
validity criteria for one of these distraction-based tests
tended to either fail the other, or presented with behav-
iors which were readily judged, by any reasonable stan-
dard, as a likely misrepresentation of functional status.
However, the correlation between test outcomes is not
perfect. Therefore, it is advised that more than one test
which relies on empirical data to classify effort be used
to assess persons presenting for functional assessment
in medical-legal cases.

13. Conclusions

The research hypothesis is validated. We conclude:

1. This study reveals a pattern of performance relat-
ed to the degree of variability in repeated mea-

sures protocols for these two distraction-based
protocols administered to a population of insur-
ance claimants.

2. Passing or failing the hand strength assessment
are each equally predictive of test outcome during
the distraction-based lifting assessment.

3. The failure of the validity criteria in these two
distraction-based tests can not be

attributed to a history of surgery but, rather, it is the
result of abnormal test behavior.
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