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A B S T R A C T

Study Design. This is a structured, evidence-based review of all available studies addressing the
concept of nonorganic findings: Waddell signs (WSs).

Objectives. To determine what evidence, if any, exists for the various interpretations for the pres-
ence of WSs on physical examination.

Summary of Background Data. WSs are a group of eight physical findings divided into five 
categories, the presence of which has been alleged at times to have the following interpretations:
Malingering/secondary gain, hysteria, psychological distress, magnified presentation, abnormal
illness behavior, abnormal pain behavior, and somatic amplification. At the present time, there is,
therefore, significant confusion as to what these findings mean.

Methods. A computer and manual literature search produced 61 studies and case series reports relat-
ing to WSs. These references were reviewed in detail, sorted, and placed into tabular form accord-
ing to the following subject areas: 1) Reliability (test-retest); 2) Reliability (inter-rater); 3) Reliability
(factor analysis); 4) Validity, psychological distress; 5) Validity, correlation Minnesota Multiphasic
Pain Inventory (MMPI); 6) Validity, correlation abnormal illness behavior; 7) Validity, other behav-
iors; 8) Validity, as a nonorganic phenomenon; 9) Validity, correlation pain drawing; 10) Validity,
functional performance; 11) Validity, treatment outcome; 12) Validity, predicting surgical treatment
outcome; 13) Validity, return to work outcome; 14) Validity, secondary gain correlation; and 15)
Validity, pain correlation. Each study in each topic area was classified according to the type of study
it represented according to the type of evidence guidelines developed by the Agency for Health
Care Policy and Research (AHCPR). In addition, a list of 14 study quality criteria was used to
measure the quality of each study. Each study was categorized for each criterion as positive, (cri-
terion filled), negative (criterion not filled), or not applicable independently by two of the authors.
A percent quality score was obtained for each study by counting the total number of positives
obtained, dividing by 14 minus the total number of not applicables, and multiplying by 100. Only
studies having a quality score of 75% or greater were used to formulate the conclusions of this
review. The strength and consistency of the evidence represented by the remaining studies in each
topic area (above) was then categorized according to the strength and consistency AHCPR guide-
lines. Conclusions of this review for each topic area are based on these results.

Results of the Data Synthesis. Of the 61 studies, four had quality scores below 75% and were not
used to generate the results of this review. According to the AHCPR guidelines for strength and
consistency of the reviewed data, the following results were obtained: 1) There was consistent evi-
dence for WSs being associated with decreased functional performance, poor nonsurgical treat-
ment outcome, and greater levels of pain; 2) There was generally consistent evidence for WSs not
being associated with psychological distress, abnormal illness behavior, or secondary gain; 3) There
was also generally consistent evidence that WSs are an organic phenomenon and that they cannot
be used to discriminate organic from nonorganic problems; 4) There was inconsistent evidence that
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Introduction

During the 1980s, Waddell et al. [1–3] studied
a group of low back pain (LBP) physical signs

frequently found in chronic pain patients (CPPs).
These signs, earlier in this century, were identified
as predominantly nonorganic and, as such, were
thought to represent either malingering or hyste-
ria [4]. Waddell et al. [1] standardized these 
signs in CPPs and placed them into five general
categories (tenderness, simulation, distraction,
regional, and overreaction). In all, they listed eight
signs under these five general categories (Table 1).
Waddell et al. [1] also determined that these signs
were reliable and valid and suggested that if a CPP
demonstrated three or more categories of nonor-
ganic signs that the CPP should be evaluated for
psychological problems.

The interpretation of these nonorganic signs,
henceforth called Waddell’s signs (WSs), and their
exact meaning has been fraught with difficulty.
The presence of WSs has been thought to 
indicate psychological distress [3,5] and a more
“magnified or more emphatic presentation of the
severity of their problem” [3]. It was also proposed
that WSs should draw attention to the possibility
of abnormal illness behaviors [3], which was
defined by Waddell [6] as “maladaptive overt
illness related behavior which is out of proportion
to the underlying physical disease and more
readily attributable to associated cognitive and
affective disturbance.” WSs have also been
equated with pain behavior and have been pre-
sented as a pain behavior assessment tool [6].
Finally, some other researchers have also equated
WSs with “somatic amplification” [7]. Unfortu-
nately, some of the above words, such as “magni-
fied” and/or “out of proportion,” have led some
authors and clinicians [8,9] to revert to the origi-
nal interpretation of WSs: Malingering or pain of
psychological origin. For example, in a recent
review [10] of detecting sincerity of effort, WSs
are listed as one of the “widely” used methods to
determine sincerity of effort. This led Main and
Waddell [11] to attempt to “reappraise” the inter-
pretation of WSs.

Since the early 1980s, WSs have been exten-
sively used by clinicians [11]. As such, there is a
wide body of literature on the subject. Unfortu-
nately, although there has been one review [12] in
this area, this literature has not been reviewed 
in detail in an evidence-based, structured fashion 
in order to clarify the interpretation of WSs. The

WSs do demonstrate inter-rater reliability, do not correlate with the neurotic triad of the MMPI,
are associated with poorer surgical treatment outcome, and are associated with nonreturn to work;
5) There was little or no evidence that WSs demonstrate test-retest reliability, or reliable factors,
and are associated with self-esteem problems, catastrophizing, or the nonorganic pain drawing.

Conclusions. Based on the above results, the following conclusions were made: 1) WSs do not cor-
relate with psychological distress; 2) WSs do not discriminate organic from nonorganic problems;
3) WSs may represent an organic phenomenon; 4) WSs are associated with poorer treatment
outcome; 5) WSs are associated with greater pain levels; 6) WSs are not associated with secondary
gain; and 7) As a group, WS studies demonstrate some methodological problems.

Key Words. Nonorganic Physical Signs; Waddell Signs; Nondermatomal Sensory Abnormalities;
Abnormal Illness Behavior; Disease Magnification; Somatic Amplification; Conversion Symptoms;
Malingering; Chronic Pain

Table 1 Waddell’s nonorganic signs

Tenderness
• Superficial skin tender to light touch
• Nonanatomic deep tenderness not localized to one area
Simulation
• Axial loading pressure on the skull of a standing patient

induces lower back pain
• Rotation: Shoulders and pelvis rotated in the same plane

induces pain
Distraction
• Difference in straight leg raising in supine and sitting positions
Regional
• Weakness: Many muscle groups, “give-away weakness”

(patient does not give full effort on minor muscle testing)
• Sensory: Sensory loss in a stocking or glove distribution,

nondermatomal
Overreaction
• Disproportionate facial or verbal expression (i.e., pain behavior)
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Science Citation Index, which was conducted back
to 1974. The latest date searched for each database
was 2000. A manual search was also performed
using key pain journals, pain meeting abstracts, and
textbooks. For the following journals, the following
years were reviewed: Pain, 1975–2000; Spine,
1976–2000; Journal of Pain and Symptom Manage-
ment, 1986–2000; The Pain Clinic, 1986–2000;
and Clinical Journal of Pain, 1985–2000. Abstract
books of the following meetings were reviewed for
the following years: International Association for
the Study of Pain, 1981, 1984, 1987, 1990, 1993,
1996, and 1999; and American Pain Society 
Meetings, 1982–2000. Three pain textbooks were
reviewed for possible references. These were: 
Evaluation and Treatment of Chronic Pain, Third
Edition, Aronoff G, editor, 1999; Handbook of
Pain Management, Second Edition, Tollison CD,
Satterthwaite JR, Tollison JW, editors, 1994; and
Textbook of Pain, Third Edition, Wall P, Melzak R,
editors, 1993. Ninety-eight references were found
in this manner and were subject to a cursory review.
Studies were chosen for detailed review according
to one inclusion criterion only: If they addressed
WSs in some fashion. Of the 98 references found,
37 either did not relate to the subject area (WSs) or
used other concepts, such as nonorganic symptoms
or related to disability issues. The 61 remaining
studies [1,3,5,7,14–71] were sorted into groups
according to which subject matter that study
addressed in reference to the meaning of WSs. It is
to be noted that some studies addressed more than
one subject matter relevant to this review. These
groups were the following: 1) Reliability (test-
retest) [1,18]; 2) Reliability (inter-rater) [1,7,18–
20]; 3) Reliability (factor analysis) [22]; 4) Validity,
the psychological distress concept [7,22–29]; 5)
Validity, correlation with Minnesota Multiphasic
Personality Inventory (MMPI) [1,21,22,30,31,55];
6) Validity, correlation abnormal illness behavior
[3,7,23,29]; 7) Validity, correlation other behavior
[25,32,33]; 8) Validity, as a nonorganic phenome-
non [25,35–44]; 9) Validity, correlation with pain
drawing [46]; 10) Validity, functional performance
[27,32,33,45,47–49]; 11) Validity, treatment out-
come [5,22,30,31,50]; 12) Validity, predicting 
surgical outcome [1,2,16,30,31,51]; 13) Validity,
outcome return to work [1,14,16,30,31,52–
59,68,71]; 14) Validity, secondary gain correlation
[1,7,14,15,17,22,25,27,28,46,48,49,60–62]; 15) Val-
idity, pain correlation [15,16,25,27,28,50,60,63–
67,69,70].

Research information from the 61 references
was then abstracted into tabular form. Appendices

purpose of this evidence-based, structured review
is: 1) To isolate any studies that have addressed
WSs in pain patients; 2) To determine what evi-
dence exists for the various interpretations on the
meaning of WSs; 3) To evaluate the quality of that
evidence; and 4) Using high-quality studies only,
to evaluate the strength of that evidence through
an evidence-based, structured review process
using the Agency for Health Care Policy and
Research (AHCPR) levels of evidence guidelines
(Table 2) [13]. It is to be noted that this review
should not be confused with a meta-analysis.

Methods

Relevant references were located by the following
procedure. MEDLINE, Psychological Abstracts,
Science Citation Index, and the National Library of
Medicine Physician Data Query (PDQ) databases
were searched using the following 13 subject head-
ings: Nonorganic physical signs; Waddell signs;
nondermatomal sensory abnormalities; sensory
loss stocking; sensory loss glove; physical findings,
distraction; nonanatomic tenderness; illness behav-
ior; conversion symptoms; disease magnification;
abnormal illness behavior; pain behavior; and
somatic amplification. Each of these was exploded
with the medical subject heading (MESH) “pain.”
Each term was exploded for subheadings in MESH,
and all retrieved references were reviewed. The
searches were not restricted to the English lan-
guage and were conducted back to 1966, except for

Table 2 Levels of evidence guidelines as applied by the
AHCPR [13]

A Types of evidence guidelines
I A meta-analysis of multiple, well-designed, controlled

studies
II At least one well-designed experimental study
III Well-designed quasiexperimental studies, such as

nonrandomized controlled, single-group pre/post, cohorts,
time series, or matched case-controlled studies

IV Well-designed nonexperimental studies, e.g., comparative,
correlational, descriptive, case control

V Case reports and clinical examples

B Strength and consistency of evidence guidelines
A There is evidence of Type I or consistent findings from

multiple studies of Type II, III, or IV
B There is evidence of Type II, III, or IV and findings are

generally consistent
C There is evidence of Type II, III, or IV but findings are

inconsistent
D There is little or no evidence or there is Type V evidence

only

Panel consensus only: Practice recommended on the basis of opinion of
experts in pain management.
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1–15 were organized according to the above
groupings. These tables are arranged to present
the reference, research question, study design,
sample size, nonorganic findings outcome
measure, statistical analysis, results, quality score,
categorization of type of evidence the study rep-
resented (Table 2A), and reviewer comments.

The quality of the studies was categorized
according to the systems developed by and
reported by Hoogendoorn et al. [72] and de Vet et
al. [73]. These researchers developed and tested a
list of criteria to be used to assess methodological
quality of prospective, historical cohort, and case
control studies. For details of how these criteria
were developed, the reader is referred to the orig-
inal studies [72,73]. Thirteen criteria were selected
from their list that were appropriate to the studies
utilized (Appendix 17). Hoogendoorn et al. [72]
described 23 criteria, of which many of the crite-
ria were not appropriate to the topic of this review
and, as such, were not included in the criteria list
used in this study. In addition to the 13 selected
criteria, one other criterion was added. This crite-
rion was appropriate to the topic being studied.
Waddell et al. [1], in their original study, deter-
mined that, for a patient to be categorized as being
positive for WSs, he/she had to have a positive
finding on three out of five WS groups. As such,
this was added to the criteria list as a desirable cri-
terion. This resulted in a total of 14 criteria. The
full criteria list is presented in Appendices 17A–D.

For each included study, each criterion was
rated as either present/fulfilled (+), not present/
unfulfilled (-), or not applicable (NA). NA was
used as follows. There were basically four types of
studies analyzed for quality: Case control, cohort,
correlational, and case series. Thus, some criteria
in Table 2 pertained only to case control studies,
while others only to cohort studies, etc. As such,
NA was used if the criterion in question pertained
to another type of study other than the one being
reviewed. In addition, NA was used when that cri-
terion did not pertain to the study in question, for
example, no need to use WS Groups. NA was not
used when information was not available or not
described [74]. Under those circumstances, a neg-
ative was assigned [74]. A negative was also
assigned if the item did not meet the preselected
criteria [74]. Each study was rated independently
for each criterion by the senior author (DF) and
another author (BC). Both raters chose either a
positive, negative, or NA categorization for each
criterion for each study selected for detailed
review. The assigned categorizations by DF and

BC for each selected study were then compared in
a meeting. Any discrepancies in the categoriza-
tions were resolved by mutual agreement. This
resulted in a final decision as to whether each cri-
terion received a negative, positive, or NA cate-
gorization. Categorizations were then summarized
and placed into tabular format, (Appendices
17A–D). A quality score was obtained by counting
he number of positives obtained. This score was
divided by 14 (the total number of criteria) minus
the number of NAs and multiplied by 100, which
gave the percentage quality score.

Studies scoring less than 50% historically have
been rated as “low quality” [74]. These studies are
usually not used to arrive at conclusions about a
review topic. For the purposes of this review,
however, we arbitrarily set the acceptable quality
score at 75%. Studies scoring less than 75% were
not used in arriving at a conclusion about the
reviewed topic. These studies are marked with a
Q in Appendices 1–15.

The senior author was the one who independ-
ently abstracted the data into Appendices 1–15.
However, data abstraction was checked independ-
ently by BC. Any discrepancies were resolved by
mutual agreement. In addition, BC checked the
classifications of the reviewed studies, that is,
whether the reviewed study was a cohort, case
control, etc. Any discrepancies in this classification
were also resolved by mutual agreement.

The categorization of the type of evidence the
study represented was based on the guidelines
developed by the AHCPR for categorizing the
levels of evidence represented by reviewed studies
(Table 2A) [13]. Studies were categorized I
through V according to this scheme. In this cate-
gorization, I represents a meta-analysis of well-
designed, controlled studies and V represents a
case report or clinical example. This categoriza-
tion was also independently arrived at by the
senior author and BC. Any discrepancies were
again resolved by mutual agreement in a meeting
format.

The strength and consistency of the research
evidence in each group of studies in each table
(Appendices 1–15) were then categorized accord-
ing to the AHCPR guidelines [13] developed for
this purpose (Table 2B). These guidelines allow
the researcher to categorize the reviewed evidence
as being consistent, generally consistent, noncon-
sistent, or demonstrating little evidence for sup-
porting the hypothesis under study. In using these
categorization guidelines, only studies attaining 
a score of 75% or greater were used. Categoriza-
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tions according to these guidelines (Table 2B)
were performed independently by the senior
author and B.C. Any discrepancies were later
resolved by mutual agreement.

In addition, all references were reviewed for the
following demographic questions: 1) What per-
centages of chronic LBP patients demonstrated
each of the individual WSs? 2) What percentages
of chronic LBP patients demonstrated 0, 1, 2, 3,
4, or 5 categories of WS? 3) What percentages of
CPPs with WSs demonstrated each category of
WS? and 4) Is there a differential distribution 
of WSs between the sexes? For questions 1, 2, and
3, mean percentages were calculated if possible.
These data are presented in Appendices 18–20.
Finally, data from Appendices 1–15 were format-
ted into a summary table (Table 3). This last table
was designed to summarize the overall findings of
the structured review by listing the following: The
research question under study in reference to
WSs; categorization of the type of evidence plus
the overall quality score of the evidence utilized;
categorization of the strength and consistency of
the evidence; and conclusions from the strength
and consistency categorization.

Results

Of the 61 studies, three [18,59,60] had quality
scores below 75% (Appendices 1–15). These three
studies were not used to arrive at overall quality
scores or to arrive at strength and consistency of
evidence conclusions.

Two studies [1,18] addressed the issue of WS
test-retest reliability (Appendix 1). Both studies 
in this group represented Type III evidence.
However, one study [18] had a quality score below
75% and was therefore not used to draw conclu-
sions. The other study [1] demonstrated test-retest
reliability in 85% of patients. Based on these
observations and according to AHCPR guidelines
(Table 2B), the consistency of this evidence was
rated D (there is little or no evidence).

Five studies [1,7,18–20] addressed the issue of
WS inter-rater reliability (Appendix 2). One study
[1] in this group represented Type III evidence,
while the rest [7,18–20] represented Type IV evi-
dence. One study had a quality score below 75%
and was therefore not used. Two studies [1,19]
supported inter-rater reliability for WSs, while
two [7,20] did not. Based on this observation and
using AHCPR guidelines (Table 2B), the consis-
tency of this evidence was rated C (inconsistent
evidence).

One study [22] addressed the issue of reliability
of WSs in reference to factor analysis (Appendix
3). It found that, of the eight WSs, only four could
be grouped to form one reliable factor. This study
represented Type III evidence. Because of a lack
of other studies in this category, the consistency 
of this evidence was rated D (there is little or no
evidence).

Nine studies [7,22–29] addressed the issue of
WS correlation with psychological distress and
whether this concept is valid (Appendix 4). Three
studies [2,25,26] in this group represented Type
III evidence, and the rest represented Type IV evi-
dence. The majority of these studies (87.8%) sup-
ported the no-psychological-distress correlation.
Based on these observations and using AHCPR
guidelines (Table 2B), the consistency of this 
evidence was rated B (generally consistent).

Six studies [1,21,22,30–31,55] (one study [31]
was used twice for a total of seven reports)
addressed the issue of WS correlation with the
neurotic triad of the MMPI and whether this
concept is valid (Appendix 5). All studies in this
group represented Type III evidence. Three
[1,27,55] of the seven studies, or 42.8%, supported
the notion that there is a correlation between WSs
and the neurotic triad of the MMPI. The major-
ity (57.2%) of the studies ([21,30,31], one study
was used twice), however, supported the alternate
hypothesis: No correlation. Based on these obser-
vations and using AHCPR guidelines (Table 2B),
the consistency of this evidence was rated C
(inconsistent).

Four studies [3,7,23,29] addressed the issue of
WS correlation with abnormal illness behavior
(AIB) and whether this concept is valid (Appendix
6). Three [7,23,29] studies in this group repre-
sented Type IV evidence and one [3] represented
Type III. The hypothesis that WSs are related to
AIB was not supported. All studies (100%) sup-
ported the alternate hypothesis: No correlation.
Based on these observations and using AHCPR
guidelines (Table 2B), the consistency of this evi-
dence was rated B (generally consistent).

Three studies [25,32,33] addressed the issue of
WS correlation with self-esteem [32,33] and cata-
strophizing [25] (Appendix 7). All studies in this
group represented Type III evidence. Neither of
the self-esteem studies supported the hypothesis
that WSs are related to self-esteem. The one 
catastrophizing study indicated a relationship
between WSs and catastrophizing. Based on these
observations and using AHCPR guidelines (Table
2B), the consistency of this evidence was rated as
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Table 3 Strength and consistency of the evidence for the WS research questions addressed in Appendices 3–17

Type of evidence
categorization
(according to number Categorization of
of studies in each strength and Conclusions from
category) and overall consistency of the research review

Research questions quality score overall evidence categorization

1. Do WSs demonstrate 1 study, Type III D Not enough studies to draw conclusion
test-retest reliability? QS = 100%

2. Do WSs demonstrate 1 study, Type III C Inconsistent evidence that WSs demonstrate
inter-rater reliability? 3 studies, Type IV inter-rater reliability

QS = 90%
3. Do WSs demonstrate 1 study, Type III D Not enough studies to draw conclusion

reliable factors? QS = 76.9%
4. Are WSs correlated with 3 studies, Type III B Generally consistent findings that WSs are 

psychological distress? 6 studies Type IV not associated with psychological distress
QS = 91.3%

5. Are WSs correlated with 6 studies, Type III C Inconsistent findings that WSs are not
the neurotic triad of the QS = 93% associated with the MMPI neurotic triad
the MMPI?

6. Are WSs associated with 1 study, Type III B Generally consistent findings that WSs are
abnormal illness behavior? 3 studies, Type IV not associated with abnormal illness 

QS = 100% behavior
7. Are WSs associated 3 studies, Type III D (self-esteem) Not enough studies to draw conclusions for

with: A) Self-esteem or QS = 83.6% D (catastrophizing) catastrophizing and self-esteem 
B) Catastrophizing? association with WSs

8. Are WSs a nonorganic For discrimination: B (organic Generally consistent findings that WSs
phenomenon and can 2 studies, Type III phenomenon) represent an organic phenomenon and
WSs discriminate organic 1 study, Type IV B (discrimination) cannot discriminate organic from
from nonorganic pain QS = 91.8% nonorganic problems
problems? For organic

phenomenon:
1 study, Type III
1 study, Type IV
4 studies, Type V

9. Is there a correlation 1 study, Type III D Not enough studies to draw conclusion
between WSs and a QS = 92.3%
nonorganic pain drawing?

10. Are WSs associated with 1 study, Type IV A Consistent findings that WSs are associated 
decreased functional 6 studies, Type III with poorer physical performance
performance? QS = 85.7%

11. Are WSs associated with 4 studies, Type III A Consistent findings that WSs are associated 
poorer treatment 1 study, Type IV with poorer treatment (nonsurgical)
outcome? QS = 90.5% outcome

12. Are WSs associated with 4 studies, Type III C Inconsistent findings that WSs are
poorer surgical 1 study, Type IV associated with poorer treatment (surgical)
outcome? QS = 93.3% outcome

13. Are WSs associated with 14 studies, Type III C Inconsistent findings that WSs are
nonreturn to work? 1 study, Type IV associated with poorer treatment 

QS = 91.4% (nonreturn to work) outcome
14. Are WSs associated with 13 studies, Type III B Generally consistent findings that WSs are

secondary gain? 3 studies, Type IV not associated with secondary gains
QS = 87.5%

15. Are WSs associated with 5 studies, Type III A Consistent findings that WSs are associated 
pain? 1 study, Type V with greater pain

8 studies, Type IV
QS = 89%

Abbreviations: QS = average quality score of studies in this research area.

D for both self-esteem and catastrophizing (there
is little or no evidence).

Ten studies [35–44] addressed the issue of
whether WSs represent a nonorganic phenome-
non and/or can be counted on to discriminate
nonorganic from organic problems (Appendix 8).
Four studies [25,35,39/40,42] addressed the issue

of discrimination. However, of these, one [42] had
a quality score of less than 75% and was not used.
Of the remaining studies, two [25,35] were Type
III and one [39/40] was Type IV. All three of those
studies were consistent in indicating that WSs do
not discriminate organic from nonorganic prob-
lems. Based on these observations and using



The Meaning of Waddell Signs: A Review 147

AHCPR guidelines (Table 2B), the consistency 
of the above evidence was rated B. Six reports
[36–38,41,43,44] addressed the issue of whether
WSs represent an organic rather than a nonor-
ganic phenomenon. Four studies [36,37,43,44] in
that group represented Type V evidence, while
one [38] represented Type III and another [41]
represented Type IV. All those studies were con-
sistent in indicating that WSs do have an organic
substrate. Based on these observations and using
AHCPR guidelines (Table 2B), the consistency of
this evidence was rated B (generally consistent) for
both issues.

One study [46] addressed the issue of whether
WSs correlate with a nonorganic pain drawing
(Appendix 9). This study represented Type III 
evidence indicating that there was a correlation.
Based on these observations and using AHCPR
guidelines (Table 2B), the consistency of this evi-
dence was rated D (there is little or no evidence).

Seven studies [27,32,33,45,47–49] addressed
the issue of whether WSs are associated with
decreased functional performance (Appendix 10).
All these studies, except one [27], represented
Type III evidence, while the lone study repre-
sented Type IV evidence. All these studies were
consistent in indicating that WSs are associated
with poorer physical performance. Based on these
observations and using AHCPR guidelines
(Appendix Table 2B), the consistency of this evi-
dence was rated A (consistent).

Five studies [5,22,30,31,50] (two studies [30,31]
were used twice for a total of seven reports)
addressed the issue of whether WSs are associ-
ated with treatment outcome (Appendix 11). All
studies, except one [5], represented Type III evi-
dence. All of these studies, except one [22] (which
was unequivocal), were consistent in indicating
that WSs are associated with poorer treatment
outcome. Based on these observations and using
AHCPR guidelines (Table 2B), the consistency of
this evidence was rated A (consistent).

Five studies [1,16,30,31,51] (one study was used
twice for a total of six reports) addressed the issue
of whether WSs are associated with poorer sur-
gical outcome (Appendix 12). All these studies,
except one [16], represented Type III evidence,
while the lone study represented Type IV evi-
dence. The studies were not consistent in indicat-
ing whether WSs are associated with poorer
surgical outcome. Fifty percent of the studies
[1,30,51] indicated that WSs are associated with
worse surgical outcome. Based on these observa-
tions and using AHCPR guidelines (Table 2B), the

consistency of this evidence was rated C (incon-
sistent).

Fifteen studies [1,14,16,30,31,52–59,68,71]
(three [30,31,56] were used twice for a total of 18
reports) addressed the issue of whether WSs are
associated with nonreturn to work (Appendix 13).
All these studies, except one [16], represented
Type III evidence, while the lone study [16] rep-
resented Type IV evidence. The studies were not
consistent in indicating whether WSs are asso-
ciated with nonreturn to work. Twelve studies
[1,16,30,31,53–56,59,68,71], or 66.6%, indicated
that WSs are associated with nonreturn to work.
Based on these observations and using AHCPR
guidelines (Table 2B), the consistency of this evi-
dence was rated C (inconsistent).

Sixteen studies [1,7,14–17,22,25,27,28,46,48,
49,60–62] (four [1,7,25,60] were used twice and
two [22,48] were used three times for a total of 24
reports) addressed the issue of whether WSs are
associated with secondary gain (Appendix 14). All
these studies represented Type III evidence, except
for three [7,27,28], which represented type IV evi-
dence. The majority of the studies [1,7,14,22,25,
27,28,46,48,61], 75.0%, indicated that WSs are
not associated with secondary gain. Based on these
observations and using AHCPR guidelines (Table
2B), the consistency of this evidence was rated B
(generally consistent).

Fourteen studies [15,16,25,27,28,50,60,63–67,
69,70] (one [66] was used twice for a total of 15
reports) addressed the issue of whether WSs are
associated with greater pain perception (Appendix
15). Five [15,25,50,60,63] studies represented
Type III evidence, one study [70] represented
Type V evidence, and seven studies [16,27,28,64,
66,67,69] represented Type IV. These studies 
were extremely consistent. All reports indicated 
a relationship between pain and WSs, and twelve
of the reports indicated a relationship between
greater pain and WSs. Based on these observa-
tions and using AHCPR guidelines (Table 2B), 
the consistency of this evidence was rated A 
(consistent).

Appendices 17A–D present the raw study
quality ratings for each study for the 14 quality cri-
teria. In addition, these tables present the overall
quality score for each study.

Appendices 18–20 present the compilation of
the demographic material for WSs. In reference
to WS sex distribution, three studies [22,25,63]
reported a higher frequency in women, while
three studies [1,2,46] reported no differences
between men and women.
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Table 3 summarizes the strength and consis-
tency of the evidence for the WS research ques-
tions presented in the introduction. This table
indicates the following. There is substantial con-
sistent evidence (rating A) for the following
research findings: 1) WSs are associated with
decreased functional performance; 2) WSs are
associated with poorer nonsurgical treatment
outcome; and 3) WSs are associated with greater
pain levels. There is evidence that is generally con-
sistent (rating B) for the following research find-
ings: 1) WSs do not correlate with psychological
distress; 2) WSs are not associated with abnormal
illness behavior; 3) WSs do not discriminate
between organic and nonorganic problems and
appear to be an organic phenomenon; and 4) WSs
are not associated with secondary gain. There is
inconsistent evidence (rating C) for the following
research findings: 1) WSs do demonstrate inter-
rater reliability; 2) WSs do not correlate with the
neurotic triad of the MMPI; 3) WSs are associated
with poorer surgical treatment outcome; and 4)
WSs are associated with nonreturn to work. There
is little or no evidence (rating D) for the follow-
ing research findings: 1) WSs demonstrate test-
retest reliability; 2) WSs demonstrate reliable
factors; 3) WSs are associated with self-esteem,
catastrophizing, and a nonorganic pain drawing.
In reference to the above consistent and inconsis-
tent findings, it is to be noted that the direction of
some of the inconsistent findings supports the
above consistent findings. For example, the lack of
correlation with the neurotic triad of MMPI sup-
ports the consistent findings of no correlation with
psychological distress, abnormal illness behavior,
or self-esteem. Similarly, the inconsistent findings
of poorer surgical outcome and nonreturn to work
support the consistent findings of poorer physical
performance and poorer treatment outcome.

Discussion

Waddell et al. [1] reported WSs to demonstrate
high test-retest reliability and to also demonstrate
high inter-rater reliability. Unfortunately, we were
only able to find one study that supported test-
retest reliability, which was of poor quality. We,
therefore, concluded that not enough studies exist
to conclude that WSs demonstrate test-retest reli-
ability. In addition, there was also inconsistent evi-
dence for WS inter-rater reliability. Researchers
using WSs in future studies will need to report
their own inter-rater reliability figures. Similarly,
clinicians using WSs to make clinical diagnoses

will need to keep in mind that their findings in ref-
erence to these signs could be unreliable.

Waddell et al. [1] indicated that the “final proof
of the validity of W.S. depends on their value in
predicting outcome of treatment.” As indicated in
Table 3, the evidence is consistent (rating A) that
WSs are associated with decreased functional 
performance and poorer nonsurgical treatment
outcome. In addition, the evidence, although
inconsistent (rating C), indicates that WSs are
associated with poorer surgical outcome and non-
return to work. Overall, therefore, this evidence
points to the validity of WSs in predicting
outcome. At issue is why WSs are associated with
overall treatment outcome. This issue is discussed
below in reference to the results of this evidence-
based review.

The presence of WSs has been thought to indi-
cate a magnified (nonorganic problem) [3,8,9] or
to indicate the presence of secondary gain issues
[8–10]. These interpretations for WSs were made
in spite of the fact that Waddell et al. [3] indicated
that WSs were “most related to physical severity”
and that “illness behavior was secondary to phys-
ical disorder and improved or deteriorated with
successful or failed treatment” [15]. The results of
this evidence-based review indicate that the evi-
dence is generally consistent (rating B) in indicat-
ing that WSs cannot discriminate between organic
and nonorganic problems and may be an organic
phenomenon. In addition, additional evidence,
which is generally consistent (rating B), indicates
that WSs are not associated with secondary gain
issues. Thus, these two interpretations of WSs are
open to question and, therefore, may not serve as
an explanation for the association of WSs with
treatment outcome.

Waddell’s signs have been thought to be a psy-
chological phenomenon and, in many papers, have
been called behavior signs. Waddell’s signs have
been thought to indicate psychological distress
[3,5] or abnormal illness behavior [3], to be similar
to pain behavior [6], or to be somatic amplifica-
tion [7]. The reviewed evidence indicates that
there is very little evidence for any of these inter-
pretations and that all these interpretations could
be wrong. There is generally consistent evidence
(rating B) that these signs do not indicate psycho-
logical distress or abnormal illness behavior. Addi-
tional evidence, although inconsistent (rating C),
indicates that WSs are not associated with the
neurotic triad of the MMPI. Thus, to date, no firm
association between psychological disturbance and
WSs has been established. Therefore, psycholog-
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ical problems may not be the reason why WSs are
associated with poorer treatment outcome.

It is interesting to note that the association of
pain with WSs has not been a central topic of dis-
cussion in the WS literature. This association
appears to have been entirely ignored in favor of
a search for psychological explanations. Neverthe-
less, the authors were able to locate 14 studies that
directly or indirectly addressed the issue of the
association of pain with WSs. This evidence was
amazingly consistent (rating A) in indicating an
association between greater pain and the presence
of WSs. What, then, is the relationship between
WSs and pain levels, and can pain actually explain
the presence of WSs? It appears that there is 
substantial literature evidence that indicates that
there may be a strong relationship between some
WSs and the presence of pain. This literature is
reviewed below in reference to the WSs involved.

Nondermatomal sensory loss in a stocking,
glove, whole leg, or whole arm distribution is one
of the regional WSs [1]. Similarly, nondermatomal
or nonanatomic deep tenderness not localized to
one area is another WS [1]. The central concept
here is the belief that both pain/tenderness and
sensory loss should occur in a dermatomal distri-
bution [75,76]. This is a belief that has been a
central tenet of neurology for many years [75].
Recently, this belief has been challenged through
animal experiments and human observations. Rats
with a painful peripheral neuropathy have been
shown to have pain in a stocking-like distribution
(nondermatomal). This has been called extraterri-
torial pain [77], which is related to input from
undamaged nerves. Similarly, tactile hypesthesia
(numbness) is often associated with painful condi-
tions. Nathan [78] and others [79] have found that,
when there is a lesion in the peripheral or central
nervous system causing pain or local tenderness,
stimuli applied to the skin of the affected part are
not clearly perceived, that is, there is numbness.
This was exactly the finding of one of the studies
presented in this review [67]. Nathan [78] and
others [79] found that the area of this pain-related
hypesthesia could be reduced or removed if the
pain was relieved. Moriwaki and Yuge [79] also
reported that pain-associated tactile hypesthesia
often spreads outside of the territory of the
affected peripheral nerves responsible for the pain,
that is, is extraterritorial. Finally, it is well known
that trigger points in myofascial pain syndrome
(MFPS) have been reported to refer not only
pain/tenderness, but also numbness [80] and do
not follow dermatomal referral patterns [81].

Indeed, nondermatomal sensory loss and nonder-
matomal deep tenderness are frequently found in
MFPS [82,99]. Therefore, nondermatomal sensory
abnormalities are consistent with referred MFPS
phenomena. These observations on MFPS refer-
ral patterns recently were bolstered by one human
experimental study. In that study, it was found that
ongoing muscle pain could cause sensory changes
in the referred pain area [83]. This short review
indicates that both pain and numbness can be non-
dermatomal, that is, extraterritorial. In addition,
MFPS can lead to nondermatomal phenomena. As
such, these studies call into question the validity
of a nonorganic interpretation for the WSs of
nondermatomal sensory loss and nondermatomal
deep tenderness. It is clear that these signs may not
be a nonorganic phenomenon, as was postulated
in the early literature, and may be explainable by
the presence of pain.

Another WS that may not have a nonorganic
etiology, but may be related to pain, is that of
regional weakness. In this sign, muscle groups,
also in a nondermatomal distribution, appear
weak, for example, the whole arm. However,
recent human evidence [84,85] has shown that
acute stimulation of nociceptive muscle afferents
can inhibit single motor unit activity without
changing recruitment order and, thus, LBP
patients may experience fatigue faster than con-
trols [86]. In a reverse of that experiment, CPPs
with apparent weakness of dorsal foot flexors were
restored to normal flexor strength by pain relief
[34,87]. Finally, it appears that patients with pain
also experience muscle fatigue faster than compa-
rable controls [88]. In addition, the WS of regional
weakness is frequently found in patients with
MFPS [82]. Those studies also point to the pos-
sibility that the WS of regional weakness may 
have little validity as a nonorganic sign. This sign
may also be related to perceived pain and pain-
associated phenomena.

Two other WSs that may not have a nonorganic
etiology, but may be related to pain, are tender-
ness (superficial skin tenderness to light touch) 
and overreaction (disproportionate facial or ver-
bal expression to examination). Recent studies
demonstrated that fibromyalgia syndrome (FMS)
patients, compared with controls, have greater
sensitivity to pressure pain [87] and greater sensi-
tivity to pressure pain and light touch at the site
of maximal pain compared with the contralateral
side [87]. Similarly, MFPS patients have been
demonstrated to have qualitatively altered noci-
ceptive processes in highly tender muscles [88]. In
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addition, clinicians have noted that WSs are
typical features seen in FMS [89]. Thus, touch
hypersensitivity (superficial skin tenderness to
light touch as a WS) may be a normal clinical
finding in FMS and/or MFPS. These touch hyper-
sensitivity findings in these syndromes may indi-
cate neuronal changes associated with central
sensitization [90]. How do these observations
relate to the WS of overreaction? A recent study
[91] demonstrated, by multiple regression analy-
ses, that high pain and high pain behavior (over-
reaction) were both independently related to
tender point scores in FMS. Thus, tender point
scores may be related to the superficial skin ten-
derness to light touch WS and to the overreaction
WS. These two WSs may, therefore, have little
validity as nonorganic signs and may, thus, be
related to perceived pain and pain-associated 
phenomena.

The above discussion indicates that five WSs
(nondermatomal sensory loss, nondermatomal
deep tenderness, regional weakness, superficial
skin tenderness to light touch, and overreaction)
out of eight may not have nonorganic etiologies
and may be related to pain. Thus, this evidence
indirectly supports the finding in this study on the
importance of the association of pain with WSs.

One of the purposes of a structured, evidence-
based review is to note some systematic method-
ological problems in the reviewed studies. From
the above discussion, it is obvious that, in clinical
studies comparing patients for WSs, one needs to
control for pain levels. None of the above studies
demonstrated this kind of analysis. In addition,
one also needs to control for the presence of 
FMS and MFPS or eliminate patients with these
diagnoses from the analyses groups. None of 
the reviewed studies used this approach. There is
also some evidence in the recent literature that
complex regional pain syndrome (CRPS) can be
related to nondermatomal sensory abnormalities
[92,93]. None of the reviewed studies controlled
for the presence of CRPS.

Another methodological problem noted in the
reviewed studies was that of the issue of gender.
The majority of the reviewed studies did not
control for gender, and some studies did not
report a sex break down [22]. Some studies,
however, did control for gender by reporting on
men only [32], while some other studies actually
compared men with women for WSs [1,15,
22,25,46,63]. Some of those studies [22,25,63]
reported a higher frequency of WSs in women.
This finding is not surprising. There is a higher

frequency of FMS within females. Thus, these
findings support the possibility of a systematic
error in the reviewed studies related to gender.
Future WS studies will need to control for gender.

Another methodological problem noted in the
reviewed studies was that of acute pain versus
chronic pain. The reviewed studies varied accord-
ing to the type of pain syndrome studied. For
example, some studied acute LBP, some studied
chronic LBP, some studied CPPs, not indicating
what types of pain syndromes were involved, and
finally, some studies used both acute and chronic
LBP (Appendices 18–20). The issue of not con-
trolling for the type of pain is problematic. This is
because, as indicated in Appendices 18 and 19,
there may be differences in the frequencies of WSs
among these types of pains. As such, future WS
studies will need to avoid mixing chronic and acute
pain and specify clearly the groups studied. One
last issue relates to WSs and chronic versus acute
pain. Some authors [94] have claimed that WSs are
positive physical findings confirming the diagnosis
of chronic pain. As can be seen from Appendices
18 and 19, WSs are present in acute pain as well.
As such, WSs are not positive physical findings
confirming chronic pain and should not be used in
this manner.

Another systematic methodological problem
noted in the reviewed studies was that of noncon-
sistent identification of the patients exhibiting
WSs. In the original study [1], Waddell et al. sug-
gested that the presence of three out of five WS
categories indicated psychological distress. Yet
subsequent researchers [2,16,21,22,23,26,27,29,
30,32,33,45–50,52,54–58,60,62–66], in addition to
using WS categories, have used other approaches.
These have been the average numbers of WSs
[14,59], a modified Waddell Score [17], some WSs
only [5,18–20,24,25,30,35–44,51,53,67–70], the
somatic amplification rating scale (SARS) [7], dif-
ferent cutoffs for WS score categories [3,22,28,
31,32], and, simply, the presence of WSs [61]. As
such, this body of literature suffers from lack of
consistency in using a WS method for identifying
the “distressed” patient.

There are a number of problems with this
review, which relate to the class of review that this
review represents. There are four classes of
research reviews [95]. In the first class, new devel-
opments in a field are identified and discussed.
The second class of review uses empirical evidence
to highlight, illustrate, or assess a particular theory
or, tentatively, to propose a new theoretical frame-
work. In the third class of review, a reviewer can
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organize knowledge from divergent lines of
research. The fourth class of review is called the
integrative type. In that type of review, the
reviewer is “primarily interested in inferring gen-
eralizations about substantive issues from a set of
studies directly bearing on those issues” [96].
Meta-analysis belongs to the fourth class of review.
This review belongs to the third class of review
[97]. As such, it is subject to the usual problems
associated with traditional reviews. The problem
with traditional reviews usually relates to the fact
that these reviews use a vote-counting approach
for summarizing outcomes of individual studies.
The results of statistical tests of significance in the
reviewed studies are counted, and the tally is used
as a basis to draw inferences about the consistency
of outcomes. This vote-counting procedure is
flawed in two major ways. First, the vote-counting
procedure divides the decision of the results of the
studies into two groups while not providing any
indication of the strength of relationships or mag-
nitude of differences that distinguishes groups and
does not necessarily take into account the quality
of the reviewed studies [98]. We have attempted
to control for this last problem. Second, the vote-
counting method can lead to erroneous conclu-
sions when the statistical power in individual
empirical studies is low [98]. Because this review
used the vote-counting method, the limits of the
conclusions drawn from it should be appreciated.
Definitive answers to the questions asked in this
review, therefore, await the possible application of
meta-analysis to the studies brought together in
this review.

Conclusions

This structured, evidence-based review of the WS
literature utilizing AHCPR guidelines for levels of
evidence has lead to the following conclusions: 1)
WSs do not correlate with psychological distress;
2) WSs do not discriminate organic from non-
organic problems; 3) WSs may represent an organic
phenomenon; 4) WSs are associated with poorer
treatment outcome; 5) WSs are associated with
greater pain levels; 6) WSs are not associated with
secondary gain; and 7) WS studies, as a group,
demonstrate some methodological problems.
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Appendix 18 Mean percentage values (range of studies) for each WS of total population studied for chronic pain and
acute pain

Mean pain percentages reported Mean percentages
Waddell Sign (chronic pain) [1,14,63] reported (acute pain) [1,54]

Superficial tenderness to light touch 24.7% 9.3%
Nonanatomic deep tenderness 26.4% 7.8%
Axial loading 31.4% 16.0%
Rotation 21.9% 13.6%
Distraction 14.6% 1.5%
Give-away weakness 22.4% 9.1%
Sensory stocking nondermatomal 26.1% 2.4%
Overreaction 24.3% 13.8%

Appendix 19 Mean percentages of WS categories for chronic pain compared with acute pain

Mean percentages reported for Mean percentages reported 
WS category chronic pain [27,32,33,46,47] for acute pain [58]

Zero categories 39.0% 43.4%
One category 21.6% 28.9%
Two categories 15.2% 11.6%
Three categories 11.9% 5.8%
Four categories 13.9% 8.6%
Five categories 2.9% 1.4%
Three plus categories [1,21,32,46,55] 27.4% 9.4%

Appendix 20 Mean percentages of WS categories of those chronic pain patients with WSs

WS category Mean percentages of WS categories [57]

Tenderness 32.5%
Simulation 52.7%
Distraction 50.1%
Regional 44.4%
Overreaction 46.3%


