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ABSTRACT
Introduction: Sincerity of effort (SOE) is a complex phenomenon faced by clinicians
administering functional tests. SOE is influenced by a variety of mental and physical
factors, making it difficult to determine. SOE is of particular interest in Functional
Capacity Evaluations (FCEs), and should be measured with valid and reliable methods
that are creditable in legal proceedings. With former SOE tests questioned and
discredited in courts of law, this review aims to investigate an objective measure used in
determining SOE, surface electromyography (sEMG). Methods: A review with a
systematic approach was conducted in the summer of 2012. A total of 184 databases
were searched via the Halmstad University search engine. An inclusion criteria was
applied for peer reviewed literature published in English, resulting in 491 publications.
Results: 12 publications were chosen from the search with 1 additional publication
added after review of titles, abstracts and full text. The resulting peer reviewed literature
shows evidence sEMG is a valid and reliable tool in determining muscular effort. The
findings are subdivided into isometric and dynamic contraction groups, and place
emphasis on differentiating sub-maximal voluntary contractions (sub-MVC) from
maximal voluntary contractions (MVC). Secondly, sEMG, when coupled with present SOE
measures such as lifting and range of motion (ROM) tests, motion analysis, muscle
activation, coordination and force patterns, and strength distribution, particularly in hand
grip (HG), have been found to be even more accurate in helping to determine SOE. The
complexity of determining SOE is discussed, particularly with low back pain (LBP)
subjects. Conclusion: sEMG does not directly indicate SOE. However, the reviewed
studies suggest sEMG is a valid and reliable tool and provides objective data such as
muscular effort and differentiates LBP subjects from normal. This information,
particularly when combined with other valid and reliable tests can be used to help
determine SOE by the clinician.

Key words: Electromyography, functional capacity evaluation, sincerity of effort
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INTRODUCTION

Insurers are increasingly relying on Functional Capacity Evaluations (FCEs), a global assessment system used
to determine limitations of their policy holders (Fabian et al, 2005). With secondary gain at stake, sincerity of
effort (SOE) has become a key measurement in case management. Lechner et al defines SOE as a “patient's
conscious motivation to perform optimally during an evaluation”. He describes sincere effort as the patient's
optimal or best physical performance, whereas insincere effort is defined as the patient deliberately giving less
than full effort in the course of a physical examination (Lechner et al, 1998). Over the years, FCEs have
evolved, as did the methods used by clinicians administering them. There is an increasing interest from the
medicolegal community as well as the insurance industry to determine the SOE of claimants during functional
evaluations. Insincere patients can over use treatment, prolong recovery, increase cost of care and receive
unwarranted secondary gain (Lechner et al, 1998).

Determining SOE is thus an integral part of a Functional Capacity Evaluation (FCE) and plays an important role
in case management decisions and credibility, particularly from a legal perspective. In 1998, a review of SOE
measures discussed test validity and its implications on case management and judicial proceedings. The
authors discussed that such SOE measures as the “Waddell's Nonorganic Signs, descriptions of pain behavior
and symptom magnification, coefficients of variation, correlations between musculoskeletal evaluation and
function, grip measurements and the relationship between heart rate and pain intensity” lacked validity with
low back pain (LBP). Also, Waddell Signs for example, were not meant as measures of SOE. In a 1995 US
Supreme Court ruling of Daubert v Men'll-Dow Pharmaceuticals, the legal implications of judgments pertaining
to sincerity of effort were addressed. According to this ruling which established the criteria for admissibility of
evidence in courts of law, “expert witness testimony must be based on measurements that have established
reliability and validity published in peer-reviewed journals. Given the available literature, the reviewed
approaches for documenting SOE do not meet the criteria established by this ruling, nor do they comply with
American Physical Therapy Association measurement standard” (Lechner et al, 1998).

Determining SOE is very complex and has been described with various terms in the literature. For the purposes
of clarification and deeper understanding of the complexity of determining SOE, the author shall define SOE as
an “acute incident during assessment”. This will serve to distinguish SOE from other used terms such as
malingering and to introduce the complexity of the interacting variables in determining SOE. Loosely said, SOE
is determined by the clinician, both subjectively and objectively, and is based on information derived from
validated methods of testing. This can include many forms of data, such as psychometric questionnaires or
physical tests such as those designed to differentiate sub-maximal voluntary contraction (sub-MVC) from
maximal voluntary contraction (MVC). Detecting sub-MVC when MVC was instructed is a key measure in
attempting to objectively determine SOE.

In both laboratory and clinical settings, the need for objective assessment of physical effort is ever increasing.
Surface electromyography (sEMG) is a technique that is non-invasive and one that permits objective
measurements of muscular performance. More specifically, sEMG is a measure of the signal of electrical activity
of muscle, which is measured in millivolts. When sEMG is normalized, it can detect MVC as well as sub-MVC,
which provides useful data when determining intentional sub-maximal effort, or in other words, SOE
(Dankaerts et al, 2004). This is done by analyzing the root mean square (RMS), which is derived from the
dynamic sEMG amplitude (Fabian et al, 2005) & (Solnik et al, 2010).
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Concordantly, the uncertainty of present SOE tests as well as pressure from the legal system towards clinicians
administering FCEs and determining SOE, invites new objective methods and research to increase credibility of
FCE reports used in judicial proceedings. Thus, the proposed objective method that may be utilized in clinical
and laboratory settings is sEMG. The aim of this paper will therefore be to conduct a review with a systematic
approach of past and current studies pertaining to sEMG, and how it may serve to help determine or measure
SOE in a valid and reliable way, which may be utilized in Functional Capacity Evaluations. The primary interest
in doing so will be to establish if and how sEMG may differentiate the sincere effort subjects from those who
provide insincere or intentional sub-maximal effort when instructed to perform their best.

METHODS
By conducting a literature review of sEMG as a measure of effort in FCEs, particular attention will be given to
distinguishing sub-MVC from MVC. However, any influencing factors or interacting variables that may be
identified in the literature review will be discussed as they may offer further clinical insight in determining SOE.

Search Strategy
We searched the following Databases via the Halmstad University multi-database search engine. This engine
searches all 184 databases, of which the most notable are PEdro, Science Direct, SportsDiscuss, Pubmed etc.
Our search strategy was: “EMG” AND “functional capacity evaluation” or "physical capacity evaluation" or
"physical demands evaluation" or "functional abilities evaluation" or “submaximal effort” or “sub-maximal
effort” or “malingering” or “insincere effort” or “sincerity of effort” or “symptom magnification” or “symptom
amplification”.
The terms were searched as key words in the body of full text reports.

Inclusion Criteria
•

Consideration was given to articles published prior to August 31, 2012

•

Articles from peer reviewed literature, including findings of systematic reviews

•

Relevant to sEMG measures of SOE as pertaining to FCEs

•

English written articles only

Study Selection
One reviewer independently carried out the selection of possible studies for inclusion from the retrieved
references, based on titles and abstracts. All possible eligible studies were obtained in full and evaluated based
on the inclusion criteria. Excluded studies were identiﬁed and presented in chart 1.

Ethical and Social Considerations
All of the subjects from the reviewed literature gave informed consent and/or were ethically approved.
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Chart 1:

Potentially relevant studies
identified and screened for
retrieval (n=491)

Studies excluded due to
review of titles found to be
irrelevant (n=91)
Studies retrieved for more
detailed evaluation
(n=400)
Studies excluded due to not
fulfilling inclusion criteria
(n=382)
Potentially appropriate
studies to be included in
the review (n= 18)
Studies excluded, not relevant
to sEMG in FCEs (n=2)
Studies included from sources
outside the search (n=3)
19 Studies fully reviewed

Studies excluded, not relevant
to sEMG in FCEs (n=6)

Studies with usable
information, by outcome
(n=13)

“Flow Chart of Systematic Search”
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RESULTS

Twelve articles were found to fulfill the inclusion criteria, with an additional article found after the primary
search, for a total of thirteen relevant articles.
The tables one through three depict the key findings with a horizontal summary of each included study,
beginning with author, followed by subjects, method and lastly findings, with emphasis on results and their
validity and reliability, if any. Table one is for Dynamic Contractions & sEMG; table two is Isometric Hand Grip
& sEMG; table 3 is Isometric Contractions and sEMG.
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The results have been sub divided into two groups:
Dynamic contractions
and
Isometric (Iso) contractions

Dynamic contractions are further subdivided into:

Isometric contractions are further subdivided into:

1a. Lifting Capacity (LC) and Range of Motion (ROM)

2a. Iso Hand Grip category

1b. Low back pain (LBP) versus Normal

2b. Iso Lifting category

1a & b. Dynamic Contractions (LC & ROM) & sEMG;
sEMG used to help determine SOE was supported in one article (Gatchel et al 2009) concerning Dynamic
Lifting, and four other articles and one meta analysis (Edenbichler et al, 2009, Fabian et al, 2005, Gatchel et al
2010, Geisser et al 2005, & Newman et al 1996) for differentiating LBP from normal, which do not provide a
direct measure of SOE, however, they provide an important indication of SOE when assessing patients who
have or claim to have LBP.
In summary, Gatchel et al conducted a study with the comprehensive muscular activity profile (CMAP) which
supports sEMG as a useful tool in determining subject physical effort during lifting capacity as well as range of
motion (Gatchel et al, 2009). A follow up study by Gatchel et al a year later once again utilizing the sEMG
based CMAP showed a significant difference in lifting capacity (LC), but not for lumbar ROM, between LBP and
healthy subjects, thus implying clinical utility of CMAP in quantifying functional differences among the two
groups (Gatchel et al 2010). In yet another study using sEMG, muscular activation patterns (but not motion
patterns) were found to differ between healthy & LBP subjects during FCE tests of floor to waist lifting (Fabian
et al, 2005). Furthermore, a meta-analysis found sEMG to differentiate LBP from normal inconclusive for
isometric contractions, however, dynamic lifting presented with good sensitivity and specificity, advocating
promise for sEMG measure as an objective marker of LBP (Geisser et al 2005). Furthermore, a study in support
of a system that detects lumbar abnormality or differentiates healthy from LBP, looked at sEMG of lifting
involving flexion, extension and lateral movement and found that sEMG provides lumbar functional capacity of
the subjects tested (Newman et al, 1996). Lastly, Edenbichler et al explored the notion of time-frequency
sEMG measures in classifying impaired low back function among cLBP versus normal subjects. Their findings
also support this general concept by claiming their technique has good potential in FCEs involving cLBP and
may provide a future diagnostic tool for classifying impaired muscular function in such patients (Edenbichler et
al, 2009).

Taking a closer look at the research, LBP and CLBP are important considerations as they are interacting
variables with muscular effort when determining SOE. It is a common problem for clinicians to misinterpret low
back pain as insincere effort. Ergos, differentiating performance of LBP versus normal subjects with sEMG,
offers valuable information for a clinician determining SOE in FCEs. A study by Newman et al investigated the
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inconsistencies by physicians and clinicians when evaluating LBP. This has traditionally been done by assessing
clinical examination, history and imaging studies, as a key finding of an FCE. The authors found that their
sEMG system detected LBP with good accuracy and sensitivity while quantifying the patients’ work related
functional capacities (Newman et al, 1996).
Secondly, the following literature review offers more evidence from forty four relevant studies in
regards to this topic. Geisser et al concluded that sEMG is a promising objective marker of LBP. His Metaanalysis consistently documented significant differences in sEMG among the healthy and LBP groups. This is
seen with higher sEMG among the LBP patients, with the largest effect size in the static standing position and
flexion/relaxation measures. However, inconsistent finding were noted in studies examining isometric exercises
or muscle recovery following exercise (Geisser et al, 2005).
Fabian et al further supported clinician error in traditional observation based detection of LBP.
According to the FCE therapist observations, motion patterns showed no significant differences between the
healthy and LBP groups in lifting protocols tested. However, with sEMG use, the results showed a lower
activation of the back muscles in the LBP subjects than in the healthy controls as well as no increase in cocontraction during standing or turning while carrying a front load (Fabian et al, 2005). Furthermore, sEMG via
the Instantaneous Median Frequency (IMDF) technique was also recommended as a “good potential for
augmenting current functional capacity evaluation procedures for patients with musculoskeletal conditions like
chronic LBP and may provide a future diagnostic tool for classifying impaired muscle function in these
patients.” (Ebenbichler et al, 2009).
Lastly and most recently, Gatchel et al conducted two studies that further support sEMG as a useful
tool in maximum effort measures as well as differentiating between LBP and healthy subjects. The first of two
studies by Gatchel et al investigated detecting sub-MVC in lumbar lifting and range of motion (ROM) with
CMAP, which involved purposeful muscular measurements during work and rest with sEMG. The sEMG based
CMAP showed higher sensitivity than clinician ratings. Furthermore, CMAP data combined with clinician ratings
demonstrated high rates of sensitivity and was recommended for objectively quantifying subject muscular
performance and effort (Gatchel et al 2009).
A year later, the same author published another study further comparing range of motion (ROM) and
lifting capacity (LC) among low back pain (LBP) and normal subjects. CMAP was once again found to be a valid
clinical tool in quantification of these measurements, as well as differentiating between the two groups with the
LBP group displaying lower performance (Gatchel et al, 2010).

2a.

Isometric Hand Grip & sEMG;

SEMG as an SOE measure was supported in four articles concerning Hand Grip (Buchholz et al 2008, Gulke et
al 2007, Hoffmaster et al 1993, Niebuhr et al 1993).
In summary, within this research, sEMG used during grip strength correlated to the subjective ratings of effort
reported by the subjects (Buchholz et al 2008). Grip strength distribution patterns of MVC & sub-MVC with
sEMG were also shown to be significantly different (Gulke et al 2007). However, MVC vs sub-MVC did not show
greater variability on jamar testing, but the sEMG did detect insincere effort and was recommended to be
combined with other tests to detect SOE (Hoffmaster et al 1993). This recommendation was further supported
with evidence from a study where sEMG differentiated MVC from sub-MVC as well as sincere from feigned
efforts, shown by differences in force as well as sEMG amplitude and frequency. The overall conclusion of this
study also recommended combining sEMG with other existing methods to better detect SOE (Niebuhr et al
1993).
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In closer detail, the first study examined the accuracy of subjective ratings with corresponding direct
measurements taken of upper extremities with several instruments, including sEMG. Based on the Borg CR-10
scale, psychophysical ratings of exposure were measured while among other upper extremity parts, the wrists
were measured with sEMG. Ratings of effort were significantly correlated with measured HG force, as
represented by the percent of MVC. This information supports the use of sEMG to help measure of HG force
and sincerity. This information was useful as the authors were trying to gain insight to the validity of selfreports of the workers’ effort (Buchholz et al 2008).
In a study by Niebuhr et al, sEMG of the forearm flexor muscles was combined with dynamometer
(Jamar) measurements of grip strength to measure effort. It was hypothesized that SOE in maximal grip
contractions versus feigned, sub-maximal contractions could be distinguished by differences in the force,
frequency and amplitude of the sEMG measures. Seventeen healthy subjects performed multi trail 100% and
50% maximum effort with their right hand. sEMG was measured of the right palmaris longus/flexor carpi
radialis muscles and the results were consistent with previous research reviewed by the author; the 50%
efforts in comparison to 100% efforts showed: a slower rise to peak force, lower peak force and a different
pattern of force measurements as a function of handle position. Maximal and sub-maximal efforts also differed
in the sEMG data: The 50% efforts showed higher frequency and lower amplitude than did the 100%. The
authors concluded that the results supported their hypothesis and that sEMG could be used as a measure of
effort during grip strength testing and in conjunction with force analysis, sEMG may be a valuable tool for
clinicians determining a patient’s SOE (Niebuhr et al., 1993). However, Gulke et al stated that the correlation
of a higher sEMG frequency with sub-maximal effort by Niebuhr et al, could not be confirmed by other authors
(Gulke et al, 2007). Furthermore, Gulke et al stated that in general, it was agreed that the amplitude of the
sEMG signal was useful in assessing the level of effort applied (Gilbert and Knowlton, 1983; Hoffmaster et al.,
1993; Kroemer and Marras, 1981; Niebuhr et al., 1993; West et al., 1995).
Likewise, Hoffmaster et al found that a combination of Jamar dynamometry and sEMG showed significant
differences between sincere and sub-maximal effort in sEMG amplitude and frequency. Furthermore, it was
found that while sincere and sub-maximal hand grip exertions were consistent in his three to five week period,
the combination of Jamar five rung dynamometer with sEMG discovered a difference in the pattern of force,
supporting such methods to detection of malingerers by clinicians (Hoffmaster et al, 1993). In conclusion,
sEMG has been shown by the above literature to correlate to subjective reports, differentiate between sub-MVC
& MVC as well as help clinicians objectively determine SOE by changes in sEMG signal (frequency & amplitude)
as well as HG force distribution patterns. Further combining sEMG with other SOE measures such as
simultaneous bilateral HG or pinch testing proved to be even more objective than sEMG alone.

2b.

Isometric Contractions (Lifting) and sEMG;

sEMG as an SOE measure was supported in five articles concerning Isometric Contractions (Gatchel et al, 2009,
Anders et al 2005, Dankaerts et al 2004, McIntosh et al 2012, & Solnik et al 2010).

In summary, the following literature provides further evidence that sEMG may provide objective data that helps
to determine SOE. Topics include significant differences between MVC and sub-MVC activation characteristics
and more specifically co-ordination patterns with sEMG (Anders et al 2005). Secondly, an sEMG based
computerized profile was found to a validated method for calculating effort and performance in isometric lifting
(Gatchel et al, 2009). Furthermore, a model proposed in another study has detected frequency changes during
sub-maximal effort and thus suggests that an equation can be derived and applied to detect sEMG alterations
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during sub-MVC isometric contractions across a uniform group of people (Solnik et al 2010). Lastly, reliability
of sEMG in isometric contractions, in the context of functional testing is addressed. A four step procedure is
explored in reliability of sEMG muscle fiber conduction velocity (MFCV) (McIntosh et al 2012), as well as the
reliability of sEMG of truck muscles in LBP, which found sub-MVC preferable for amplitude normalization.
Examining the studies closer, Anders et al found differences in coordination patterns with sEMG of
various movements among MVC and sub-MVC. It was found that shoulder muscles show higher proportions in
sub-MVC as well as quite different strain rates from MVC (Anders et al 2005). In 2009, the comprehensive
muscular activity profile (CMAP) was found to, with the combination of therapist subjective ratings, be a valid
method of quantifying muscular performance and effort during isometric lifting tasks as well as lumbar range of
motion (Gatchel et al, 2009).

To add to this, Solnik et al demonstrated that a statistical model could be derived to describe sEMG
alterations during sub-maximal isometric contraction among a homogeneneous group of people, despite
individual differences. These alterations, or signal frequency changes at 80% of MVC of the biceps brachii,
showed a significant relationship (p < 0.05) between slope and initial frequency value. The authors recorded a
prediction error at 9.8%, and 7.2% when modified the equation to initial values of frequency of each
participant (Solnik et al, 2010). This is recent evidence to support that sEMG can differentiate sub-MVC from
MVC in a diverse population of subjects.
In terms of reliability, McIntosh et al recently investigated the reliability of sEMG force, RMS, MFCV
and amplitude with remarkable consistency within subjects indicated with high intra-class correlation
coefficients (McIntosh et al 2012). Dankaerts et al showed excellent reliability of sEMG in detecting truck
muscle activity in both maximum and sub-maximum isometric contractions of healthy and LBP subjects
(Dankaerts et al, 2004). In conclusion, sEMG has been demonstrated to have the potential as a reliable marker
in differentiating between MVC and sub-MVC via activation characteristics (co-ordination patterns) as well as
frequency changes during sub-maximal effort.

DISCUSSION
The results of the present review suggest that sEMG is a potentially useful tool for evaluating subject effort
during dynamic (lifting/ROM) as well as isometric (lifting/hand grip) performance tasks. This is largely
accomplished by detecting sub-MVC when standardized normal and LBP/cLBP subjects are instructed to
perform MVC. The literature found during this review has demonstrated MVC being accurately differentiated
from sub-MVC by changes in sEMG signal (frequency & amplitude) as well as HG force distribution patterns.
Secondly, sEMG has been shown by the reviewed literature to correlate to subjective reports, as well as
enhance clinician ratings. Furthermore, sEMG has demonstrated the ability to differentiate MVC and sub-MVC
with activation characteristics (co-ordination patterns) changes during sub-maximal effort. ROM, dynamic
lifting and motional analysis may also be paired with sEMG to enhance the objective measurements of
muscular effort. Lastly, sEMG was successfully utilized for determining sub-MVC in dynamic contractions with
LBP/cLBP subjects, which provides crucial information when dealing with subjects complaining of LBP during
testing. This information can be used by a clinician administering FCEs to aid in determining SOE, when MVC is
instructed.
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To build a model of understanding, SOE is differentiated from malingering, which is a diagnosable chronic
condition. Malingering is not considered a mental illness, but can affect SOE. For the sake of simplicity, Figure
1 shows the simple chart of SOE, with Figure 2 on its right, displaying the intermediate chart of SOE, which act
to better explain the complexity associated with SOE definition and its interacting variables:

Chronic

ACUTE

•SOE - single occurance,
exctrinsically
motivated; such as
feigned effort in an FCE

CHRONIC

•MALINGERING repeated behavior,
such as faking an illness
to avoid military duty

MENTAL
ILLNESS

•FACTITIOUS DISORDER
- Menchansen
Syndrome
•SOMATIZATION
DISORDER - Briquet's
Syndrome

Mental
Illness
Hysteria

MALINGERING

Acute
SOE

Figure 1 – “Simple chart of SOE”

Figure 2 – “Intermediate chart of SOE”

In the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV-TR), "The essential
feature of Malingering is the intentional production of false or grossly exaggerated physical or psychological
symptoms, motivated by external incentives such as avoiding military duty, avoiding work, obtaining financial
compensation, evading criminal prosecution, or obtaining drugs." (American Psychiatric Association, 2000). The
current proposed revisions in the DSM-IV-TR 5th edition will not change this approach (American Psychiatric
Association, 2012).
Furthermore, malingering is different from mental illnesses such as somatization and factitious disorders
(Rogers, 2008). Somatization disorders, also known as Briquet's syndrome or hysteria are characterized by
various continuing clinically significant complaints about pain in regard to sexual, gastrointestinal, and
pseudoneurological symptoms. Such complaints must start prior to the patient becoming 30 years of age
(American Psychiatric Association, 2000).

On the other hand, factitious disorders are “conditions in which a person acts as if they have an illness by
deliberately producing, feigning, or exaggerating symptoms” (Elwyn, 2011). For example, Münchausen
syndrome, which is a severe factitious disorder, was the first of its kind and was once the umbrella definition
for all such disorders (Elwyn, 2011). Patients with this condition may create symptoms by taking hallucinogens,
contaminating urine samples, infecting themselves with bacteria and other related behaviour. They may
perpetrate factitious disorders either by proxy as a caregiver or as a patient to gain any benefits including
nurturance, attention, leniency and sympathy, which are perceived as not obtainable any other ways (Asher,
1951 & Elwyn, 2011).
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As stated previously, SOE is related to malingering, which is a very complicated diagnosis. It can be described
as mild, moderate or severe (Aronoff et al, 2007). Patients often report physical, emotional and cognitive
symptoms (Bianchini, 2005). Aside from malingering, SOE is further complicated by psychological, neurological
and psychiatric factors. For example, patients with muscoskeletal dysfunction may limit their full effort due to
fear, pain, re-injury, depression, anxiety or lack of understanding of instructions or importance of tests
(Lechner et al, 1998). Thus, clinicians often rely on documentation and cross reference of patient and clinician
reported measures such as history, observations, reported symptoms, questionnaires as well as various
objective findings. As a clinician, it is imperative to be familiar with all of the dimensions pertaining to SOE, as
well as the factors that affect it. Many clients may be unaware that they are not trying their best effort when
performing SOE tests (Reitan and Wolfson, 1997). A determination of SOE should never be made before
excluding other explanations of present symptoms and signs. Individuals may be affected by fatigue,
psychological factors, medication effect, cognitive dysfunction, pain and suffering or other psychiatric
conditions. Thus, it is imperative that a clinician establish a client’s credibility through their history, clinical
evaluation and subsequent diagnostics (Aronoff et al, 2007). In an attempt to visually portray the complexity
of SOE, figure 3 below represents the third and final stage of understanding the interactions associated with
SOE, the complex chart of SOE:

Figure 3:

“Complex chart of SOE”

SEMG has not been shown to determine intent or directly measure SOE. It does however differentiate between
MVC and sub-MVC with a multitude of variables. When a subject is specifically instructed to perform a MVC,
sEMG has been shown to detect deliberate sub-MVC in healthy as well as low back pain subjects. This
information can in turn be used to determine SOE based on the physical testing involved. However, such tests
do not account for mental or other non-voluntary factors.
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As for the results of the review, in the study by Buchholz et al, the correlation between self-reported manual
effort and grip force was weak when estimated from sEMG and further calibrated into force on an absolute
scale. However, Koppelaar and Wells (2005) found a moderate correlation between a visual-analogue scale
(VAS) or self-reported hand force and sEMG of the flexor digitorum superficialis muscle. This relationship
became much more significant when the grip force was expressed relative to grip strength (Koppelaar & Wells,
2005).
Returning to the topic of socioeconomics, Gatchel et al advised of the ever growing annual costs (tens of
billions) associated with the diagnosis and care of musculoskeletal disorders in the United States and the need
to develop valid and objective measures to quantify function of patients with such disorders. He further advised
that the most critical and difficult part of a functional measurement is the subject’s effort, which in turn has a
profound effect on their performance (Gatchel et al 2009).
One key reason for this is the fact that psychosocial factors such as fear-avoidance of movement or secondary
gain frequently influence the experience or reporting of pain. It is thus necessary to have a method that
gauges if subjects are exerting intentional maximum effort (ie; SOE) in the course of purposeful muscle
activity. The results of this study showed just that with the use of sEMG utilized in CMAP. Furthermore, the
argument of subjective versus objective can be subsided with the combination of the two, CMAP and therapists’
ratings of sub-maximum and maximum performance, which produced the optimal sensitivity, specificity, as
well as overall classification rates, all with measures in the 0.90 range. In terms of the subjective, the authors
support the notion of experienced clinicians who are familiar with proper sEMG preparation protocols (skin
prep, electrode placement etc) as well as the training and experience to independently evaluate subject effort
during functional testing (Gatchel et al 2009).
In terms of isometric testing, Gulke et al presented a new and advanced way of determining hand strength and
sincerity of effort. This method measured each finger individually and was thus able to recognize the
distribution pattern of strength between fingers for each of examined grip. It was demonstrated that with a
wide grip, the proportions of strength applied by individual fingers appears to decrease from radial to ulnar.
With a narrow grip position, the authors found that the central rays provide a higher proportion of total
strength than the peripheral rays. Such individual strength distribution patterns were found to be stable,
irrespective of the grip being performed with maximal or sub-maximal effort. This method has implications for
future hand grip testing as currently most therapists employ a simple 5 rung jamar device which does not
provide individual hand digit data. The device used in this study could also be used for diseases and injuries of
the proximal parts of the hand, and provide objective evaluation of grip strength. (Gulke et al, 2007).
Furthermore, Solnik et al found a constant decline of EMG frequencies during sustained sub-max iso
contraction in both group and individual settings. This equation allows for individual differences among subjects
to be derived by sEMG alterations during sustained sub-maximal, iso contractions. Although the protocol used
was for well controlled fatiguing conditions, an algorithm can be derived and used in sEMG measurement to
detect sub-maximal isometric contractions of the biceps brachii. The authors were able to have one linear
equation for a variety of subjects, which would serve well in the functional testing realm of FCEs (Solnik et al,
2010).
Low Back Pain
LBP is a problematic factor when considering SOE with the employment of sEMG. Although sEMG can
reliably differentiate between healthy and LBP subjects, the data cannot be used to directly measure or
determine SOE. However, differentiating sub-MVC from MVC along with healthy from LBP or cLBP subjects,
provides us with important information. Such data can be used to confirm if a subject does in fact have LBP,
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and for those that do not, an indication of insincere effort may be made. The greatest contributor of evidence
for differentiating LBP from normal came from the Meta analysis by Geisser et al. The authors found evidence
of static, isometric and primarily dynamic measurements which demonstrated sEMG differences among the two
groups, healthy and LBP (Geisser et al, 2005). Specifically, the results for static testing showed good ability to
identify normal subjects but poor ability to identify LBP subjects. The average sensitivity was quite poor at
39.6% and the average specificity was 90.8%. For dynamic sEMG testing, the average sensitivity was more
profound at 88.8%, and the mean specificity at 83.1%. This data was also based on 110 subjects with LBP and
60 controls. Finally, Iso sEMG average sensitivity and specificity from studies reviewed measured highest at
84.4% and 89.8% respectively (Geisser et al, 2005).
Furthermore, Fabian et al cautions that physiological causes and effects of LBP are complex and likely the
result of 3 interacting variables: a passive system consisting of discs and ligaments, muscular system and a
control system. While it is not presently possible to apportion how each factor leads to cLBP, the results of the
study indicated that the cLBP subjects are not able to adapt their activation patterns with an increasing load
caused by a coordinative dysfunction. These disturbed activation patterns were discovered not only in back
muscles but also in the biceps brachii muscle. This notion suggests that the coordinative dysfunction may be a
predisposing factor and is not solely the result of pain (Fabian et al, 2005).
In terms of pain, it is interesting to note however that although LBP has been demonstrated to adversely affect
MVC and subject effort consistent with research which shows that general muscle pain has known effects on
motor performance, a recent study offers opposing results. Khan et al explored the effects of pain on
performance by injecting saline into the biceps of participating subjects. The results showed that induced
muscle pain did not have a significant effect on torque during sub-maximal efforts (P > 0.05; n = 6). This
suggested that muscle pain did not change the relationship between the effort and the production of voluntary
torque (Khan et al, 2011).
Lastly, in terms of reliability, Dankaerts et al suggested that there is limited research on reliability of sub-MVC
and MVC of trunk muscles in LBP and healthy control patients. Despite this, MVC is still extensively used to
provide a basis of normalization for evaluation of muscle dysfunction. The authors further advised that unless
reliability of different normalization procedures are established, the data derived directly from such procedures
may have limited validity for classification of cLBP patients with alternate muscle dysfunction (Dankaerts et al,
2004).
In summary, there appears to be evidence that sEMG does indeed differentiate normal from LBP subjects (in
terms of performance, not diagnosis) by detecting sub-maximal performance in a valid and reliable way. It
should be of note that a systematic literature review of LBP malingering methods is currently in manuscript by
Van der Meer, S., and may provide valuable insight into this topic, as low back pain plays a major influence in
determining SOE the outcome of case management direction.

Combining sEMG with other valid SOE measures
Shapmire et al advised that the use of sEMG introduces many complexities, including abrasion of the
skin for adequately low resistance and electrode placement (Shapmire et al 2002). In his research, he argued
that the best method of detecting SOE was described by Stokes et al who demonstrated the difference between
peak scores in the five-rung grip strength test and peak scores on the rapid exchange grip test (REG), which
was predictive of sincere versus insincere effort. In this research, the normal subjects were instructed to
provide sincere or feigned effort. The compliant subjects showed essentially no difference in the two peak
forces, whereas the non-compliant subjects demonstrated a substantial difference. A regression model
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classified normal subjects with 100% accuracy and non-compliant patients with 96.6% accuracy. This approach
required a computer linked to a dynamometer, and it should be noted that the authors did not report whether
the errors were in sensitivity or specificity (Stokes et al, 1995). Schapmire et al also reported that detection of
sincere effort in grip strength is notoriously difficult. His study in validating new protocols in detection of SOE
during pinch and HG simultaneous bilateral strength testing yielded a near perfect accuracy on retesting
(Shapmire et al 2002). Such a method could be further improved with the addition of sEMG, as employing such
reliable and validated SOE measures and combining them with sEMG may further increase credibility of the
clinician determining SOE in FCEs.
In another attempt to avoid false SOE measurements, clinicians should fully understand the difference between
effort and malingering, which is also a complex phenomenon. Contrary to the previously stated information in
the introduction, Howards et al discussed how malingering has a negative connotation in the majority of
literature as it is projected to exaggerate symptoms, physical and/or psychosocial for gaining external rewards.
The study describes a number of misconceptions about malingering as well as an inherent problem in its
objective measures. The authors suggested a biopsychosocial approach in elimination of misdiagnosis of
malingering (Howard et al, 2010).
Surface Electromyography may be an objective, valid and reliable measurement of muscular effort, however,
interacting factors such as pain, illness, fatigue, injury and many others must be considered by the
administering clinician. In terms of subjective measures, a study by Bianchini et al, found the Minnesota
Multiphasic Personality Inventory (MMPI-2) to be a valid indicator in detection of malingering in patients with
chronic pain (Bianchini et al, 2008). A clinical assessment of malingering and deception text by R. Rogers, lists
validated psychiatric SOE measures is documented in recent 3rd edition published in June 2012 (Rogers, 2012).
Combining sEMG with already valid and reliable objective SOE measures may offer further
creditability. Bos et al described a list of reliable (test-retest) objective tests in determining MVC in their
systematic literature search in 2002. These methods include: Isometric lifting, pushing, and pulling, dynamic
lifting, pushing, and pulling tests such as Ariel, Aristokin, Lido lifting test, Employment Potential Improvement
Corp (EPIC) lifting test, progressive isoinertial lifting evaluation (PILE) protocol, rating of acceptable load (RAL)
lifting test, incremental lifting machine, Lift test of Laflin and colleagues, six days functional capacity
evaluation, and one repetition maximum method (Bos et al, 2002). Lastly, good test-retest reliability (ICC >
0.75) was recently found for sub-pain and sub-percent efforts in hand grip measured with a jamar
dynamometer (Bhagwant, 2012). This is further supported by Shenk et al, who recommends sEMG during
lifting protocols in FCEs to provide additional information on lifting capacity (Shenk et al, 2006).

Methods
The systematic approach used for this methodological review was complex due to the present amount of terms
used to describe SOE as well as its relevance to FCEs or functional tests. SOE is yet another aspect of FCE’s
that needs standardized terminology. Typical alternates of SOE include sub-maximal effort, symptom
amplification and malingering, and this issue has been identified by the academic community and is due to be
addressed at the next international convention for FCE researchers, held in Canada later this year.
Furthermore, during the search we came across one Meta analysis that is controversial for being included in
this review. However, as it offered insight into sEMG differentiating LBP from healthy subject, it was decided to
be included for its valuable content in determining SOE in LBP subjects. Finally, all articles were found via the
Halmstad 184 database search engine, and the results of the keyword searches were verified with major
databases for any missed content.
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CONCLUSION
In conclusion, sEMG does not directly indicate SOE. However, the literature found and reviewed supports sEMG
to be a valid and reliable tool in determining muscular effort by means of differentiating sub-MVC from MVC
both dynamically and isometrically. This objective data can be used by the clinician to help determine SOE.
Secondly, SEMG has also been found to differentiate LBP from normal subjects, which again has important
implications for the clinician in determining SOE when dealing with LBP patients. Lastly, combining sEMG with
present valid SOE measures such as simultaneous bilateral HG, motion analysis or pinch testing shows promise
to produce even more objective data than sEMG alone. This study is the first review of sEMG used in aiding to
determine SOE and should act to draw awareness to the topic and invite future research. Due to the
socioeconomic impact of insincere effort during functional testing, future investigations may further support
and develop the promising role sEMG may play in helping to determine SOE in such medical legal tests as
FCEs.

Abbreviations: MVC, maximal voluntary contraction; sub-MVC, submaximal voluntary
contractions, RMS, root mean square; sEMG, surface electromyography, cLBP, chronic
low back pain, FCE, functional capacity evaluation; SOE, Sincerity of effort.
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