
Volume 21, Number 3, 2008 201

In recent studies, more evidence has been presented
in favor of the biopsychosocial model for chronic

(nonresponding) pain, regardless of anatomic location
or perceived etiology, in which more emphasis is
placed on centrally mediated factors over possible
local causes.1 Indeed, neurophysiologic studies have
shown that temporomandibular disorder (TMD) pa-

tients are more sensitive to and show augmented
temporal integration of noxious stimuli compared to
pain-free controls.2,3 In addition, another study
showed suppression of cortical responses and brain-
stem reflexes elicited by a predominantly nociceptive
input in TMD patients, suggesting that a dysfunction
of the trigeminal nociceptive system may be respon-
sible for the maintenance of the chronic pain state.4

Clinical studies have shown that different types of
chronic pain conditions (eg, TMD, headache and back
pain) have similar clinical pain parameters (eg, inten-
sity, chronicity, frequency, and pain-related disability)
as well as similar levels of depression and impact on
psychosocial functioning.5 Another common chronic
pain condition, such as irritable bowel syndrome (IBS),
shares with TMD the fact that both are more prevalent
among women, have decreased prevalence with age,
and are probably self-limiting.6,7

Because of this fact, the assessment of psychoso-
cial functioning (neuropsychologic testing) in TMD
has received increased attention.8–10 One study
demonstrated that patients suffering from TMD as a re-
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sult of a motor vehicle accident or those with closed
head injury have significantly increased prevalence
and magnitude of cognitive and neuropsychologic
deficits (ie, memory, attention, and reaction time
deficits) compared to patients with nontraumatic
TMD.11 Importantly, it was also shown that successful
management in patients who develop TMD as a result
of a motor vehicle accident is significantly reduced
compared to successful management in nontraumatic
TMD patients (48% versus 80%, respectively).12 In an-
other study, it was shown that nonresponding TMD pa-
tients with poor treatment outcomes have some degree
of cognitive or neuropsychologic impairment in com-
parison with those with responding TMD who do re-
cover, irrespective of management rendered.13

To investigate the model suggesting that nonre-
sponding chronic pain, irrespective of initial etiology or
anatomic location, may be related to centrally mediated
mechanisms and have similar neuropsychologic im-
pact, the authors selected 2 anatomically distinct chronic
pain conditions—IBS and TMD—to study for the purpose
of assessing their neuropsychologic profiles. The hy-
pothesis was that the neuropsychologic cognitive func-
tion profiles in these 2 nonresponding chronic pain dis-
orders would be not only identical, but also distinct (ie,
worse) from that of the responding chronic pain group,
even after adjusting for confounding variables.

Materials and Methods

This comparative study assessed the neuropsycho-
logic profiles of patients with IBS versus those with
TMD, both responding (rTMD) and nonresponding
(nrTMD) to reversible treatment.

Data Analysis and Sample Size Calculation

The database and a system file were created in the
SPSS Plus 11.5 program (SPSS). For the continuous
variables, 1-way analysis of variance (ANOVA) and
Tukey-b multiple range tests (P < .05) were used. The
Tukey-b post hoc analysis was used because it is con-
sidered a conservative test to compensate for the mul-
tiple comparisons used. For the categorical data, the
chi-square test was used (P < .05). For measures of as-
sociation, the odds ratio (critical odds ratio = 2) was
employed.14 Calculation of sample size for 2 indepen-
dent means was calculated from the means and stan-
dard deviations based on the results of the simple re-
action time test (2-sided test at the .05 significance level
for a power of 80%), which was chosen because it
showed the smallest significant difference between
the 2 TMD groups studied.13,15,16 It was estimated that
57 patients had to be screened in the initial TMD group
to obtain a sample of 17 individuals with nrTMD, which

was increased to 20 to compensate for possible
dropouts. The number of patients in the IBS group (n
= 20) was similar to that of the nrTMD group to allow
for comparisons within groups of similar numbers. In
the logistic regression analysis, the role of confound-
ing variables was assessed by the variation in the odds
ratio. Any variable that changed the initial value by
more than 15% was considered a confounder.17 The in-
fluence of each significant confounding variable was
analyzed individually by including all variables in the
model (Method Enter).11,18

Study Population

Patients participating in this study were chosen from
those newly diagnosed and seeking treatment for TMD
in the Craniofacial Pain Research Unit of the Wasser
Pain Management Centre at Mount Sinai Hospital,
Toronto, Canada. The Human Ethics Committee of the
University of Toronto approved the study and consent
form.13 Patients to be included in the TMD group,
based on the history and clinical examination guide-
lines of the Research Diagnostic Criteria for
Temporomandibular Disorders, were those with mus-
cle disorders (groups Ia and Ib), including myofascial
pain with or without limited opening, as well as those
with arthralgia (group IIIa).9 Only women between the
ages of 15 and 45 years were selected to eliminate age
and gender as confounders. TMD patients were ex-
cluded if they had a history of an arthritic condition (eg,
osteoarthritis or rheumatoid arthritis) or traumatic in-
jury, as well those with a history of metabolic disorders
(eg, diabetes, hyperthyroidisim), neurologic disorders
(eg, dyskinesia, trigeminal neuralgia), vascular dis-
eases (eg, migraine, hypertension), neoplasia, psychi-
atric disorders, drug abuse, and motor vehicle acci-
dents, as well as those currently receiving medication
affecting the central nervous system (eg, muscle re-
laxants, anticonvulsants, antidepressants) or with major
visual, auditory, or motor impairments.13

IBS patients were women who had been previously
treated for the condition, fluent in English, between the
ages of 15 and 45 years (age-, language-, and sex-
matched at baseline with TMD patients), and referred by
gastroenterologists from major gastroenterology out-
patient clinics in general hospitals. Patients were also re-
cruited by newspaper ads. When the patient was re-
cruited from newspaper ads, the treating clinician was
contacted, with previous authorization of the patient, to
confirm the diagnosis that the patient had been previ-
ously treated for the condition. They were also selected
by the examiner based on the medical history following
the Rome guidelines. This category included persons
who experienced abdominal pain more than 6 times in
the prior year, in combination with 2 or more of the fol-
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lowing symptoms: pain that was often not relieved by
defecation (more than 25% of the time), looser and
more frequent stools along with abdominal distension
when pain began, a feeling of incomplete evacuation,
and mucus per rectum. A cutoff score of 2 or more cri-
teria was used.19

Clinical Examination, Treatment, and
Improvement Criteria

All groups (rTMD, nrTMD, and IBS) underwent the
neuropsychologic tests, but only the 2 TMD groups
were submitted to clinical examination. This was a re-
sult of difficulties in recruiting IBS patients willing to
undergo both neuropsychologic tests and TMD clini-
cal examination, and priority was given to the latter be-
cause of its originality. Next, TMD patients underwent
clinical examination by a single experienced clinician
in the following order according to the Research
Diagnostic Criteria for TMD: palpation of the tem-
poromandibular joint and masticatory muscles extra-
orally (masseter, temporalis, and sternocleidomastoid)
and intraorally (medial and lateral pterygoid area, and
insertion of the temporalis) and measurement of max-
imum unassisted mandibular opening. The clinical ex-
amination was performed last to prevent possible pain
exacerbation after examination, which might interfere
with the neuropsychologic test.9,13

Following the initial examination, TMD patients en-
tered into the treatment phase. The reversible treat-
ment(s), employed at the discretion of the 4 experi-
enced treating clinicians, were as follows: mandibular
acrylic flat bite plane with full posterior and cingulum
coverage in the anterior; low-dose muscle relaxant
(cyclobenzaprine, 5 to 10 mg at bedtime for 30 days);
nonsteroidal anti-inflammatory (diflunisal, 500 mg twice
daily for 30 days); and physical therapy (moist heat,
massage, ultrasound, and manipulation).13

The improvement criterion after a 6-month follow-
up for both rTMD and nrTMD groups was a 30% re-
duction as a percentage of the baseline assessment in
pain at rest (100-mm visual analog scale). This cutoff
point has shown an improvement in 70% of patients in
a previous study, which is consistent with the available
literature, and pain at rest (spontaneous pain) is the
main reason for TMD patients to seek treatment.13

TMD patients who met the improvement criterion were
included in the rTMD group, while those who did not
were included in the nrTMD group. 

Neuropsychologic Testing

The tests used in the study were based on a previous
study that employed neuropsychologic tests to compare
TMD as a result of a motor vehicle accident population

with a nontraumatic TMD population.11 All 3 groups
(rTMD, nrTMD, and IBS) underwent a battery of verbal
and nonverbal neuropsychologic tests. Patients’ reaction
times were measured when presented with a given set
of stimuli. Initially, patients were presented with the
task of responding to a simple stimulus (simple reaction
time test [SRT]), where the speed at which the subject
pressed a button held in their dominant hand in re-
sponse to a circle, square, triangle, or cross was
recorded. Subsequent reaction times to more complex
target and nontarget stimuli (color and internal struc-
ture were added) were measured. Reaction to the tar-
get/nontarget stimuli was calculated, along with an as-
sessment of the number of errors made by each subject
when they pressed an incorrect button: multiple choice
reaction time test (MCRT), multiple choice reaction time
test with conflict (MCRT-CF), and multiple choice re-
action time test with constraint (MCRT-CT).20,21

Next, patients were presented with a task assessing
immediate, short-term, and long-term recall of words
in a 16-item, 4-category “shopping list” (California
Verbal Learning Test [CVLT]).22,23 The CVLTs were as-
sessed on the basis of number of correct responses
(CVLT-CR), the number of word clusters (CVLT-CL), the
number of word preservations (CVLT-P), and word in-
trusions (CVLT-I). Finally, a memory function test with
a verbal interference (Brown-Peterson Consonant
Trigram Auditory Memory Task [CCC]) was also in-
cluded, where subjects were asked to repeat 3 conso-
nants presented after being challenged with a contin-
uous mathematical subtraction problem for 3, 9, or 18
seconds. The total number of correct consonants re-
peated was scored, regardless of the order in which the
subject repeated them.24

To assess the levels of depression, the long form of the
Beck Depression Inventory (BDI) was used.25 Sleep pat-
terns may also correlate with treatment outcome in TMD
patients.13,26 To assess sleep disorders, a polysomnog-
raphy-validated 19-item self-administered questionnaire
was used (Sleep Assessment Questionnaire [SAQ]).
Normative data, test description, reproducibility, and va-
lidity of the SAQ have been previously published.27,28

Fatigue and energy level were assessed using a 100-mm
visual analog scale (VAS), because of a lack of stan-
dardized questionnaires for both factors.29,30

Results

After assessment of TMD treatment outcome, data were
obtained from 36 rTMD patients and 24 nrTMD pa-
tients, as well as from 20 age-, language-, and sex-
matched IBS patients. The variables described here are
only the ones tested for all groups. The success rate
among the 4 treating clinicians was 60% (range: 38.1%
to 61.9%; chi-square test, P > .05), regardless of the

Grossi et al

Volume 21, Number 3, 2008 203

Grossi.qxd  4/28/08  12:01 PM  Page 203



treatment modality employed. For the purpose of this
paper, the main comparisons were made between IBS
and nrTMD patients as well as between IBS and rTMD
patients. A more detailed description of rTMD versus
nrTMD can be found in a previous publication.13 Only
19% of all orofacial pain patients met the inclusion cri-
teria, and of these, 50% agreed to participate in the study
(n = 60).

Social and Demographic Distribution Variables

As described in Table 1, the different groups, which
were age-, language-, and sex-matched at baseline,
still remained mostly indistinguishable after data col-
lection, with the exception of income. The data also
demonstrated that the majority of subjects in all groups
had postsecondary education and were predominantly
employed, and no significant difference was found in
both variables. No significant age difference was found
among groups. Finally, most patients were from a low
income social stratum, earning CAN$39,000 or less
per year, with the exception of rTMD patients, who were
predominantly from a high income group and were sta-
tistically different from the other 2 groups (P < .001).

Neuropsychologic Tests and Pain Comparisons 

There were no significant differences in reaction time
(ie, SRT, MCRT, MCRT-CF, and MCRT-CT) among
rTMD, nrTMD, and IBS patients. However, nrTMD and
IBS patients had worse reaction time results in general
compared to rTMD patients, though the actual differ-
ences (range: 8 to 36 ms) observed among the 3 groups
were very small (less than 100 ms) and were not con-
sidered to be relevant.31–33 

In contrast with reaction time, significant differ-
ences (P < .01) were found in most attention and ver-
bal memory tests (ie, CVLT-CR, CVLT-CL, and CCC)
among the 3 groups (Table 2). The rTMD patients per-
formed significantly better than those with IBS on the
neuropsychologic tests, which evaluated attention and

short-term verbal memory under interference. In the
CVLT-CR, rTMD patients remembered considerably
more correct words in a shopping list (13.2%) than
those with IBS. Similarly, rTMD patients were able to
group more words based on their semantic meaning
in the CVLT-CL (42.1%) than the IBS group. Finally, re-
sponding TMD patients were able to remember more
trigrams (groups of 3 letters) in the CCC after verbal
interference (9.6%) than were IBS patients. The only ex-
ceptions were the CVLT-P and CVLT-I, which were
nonsignificant, most likely because of their small num-
ber of responses and consequent higher variability.
Similarly, IBS patients had significantly higher sleep
disorder scores on the SAQ (30%) and depression
scores on the BDI (92.3%) compared to rTMD patients
(P < .01). Fatigue was significantly higher (P < .01) in
IBS patients (42.5%), and their energy level was sig-
nificantly (P < .05) lower (35.2%) according to the VAS
measurements in comparison with rTMD patients. In
contrast, pain at rest was significantly lower (P < .01)
in IBS patients than in rTMD (31.2%) patients. 

A comparison of nrTMD and IBS patients showed
that all neuropsychologic tests used in this study 
were nonsignificant. In the CVLT-CR, both groups had
identical scores (53). In the CVLT-CL, IBS patients were
capable of grouping only 5.5% more words than nrTMD
patients. In the CCC, IBS patients obtained scores only
3.3% higher than those of nrTMD patients. As expected
because of their limited number of responses and
higher variability, CVLT-P and CVLT-I scores were
23.2% lower and 100% higher when comparing IBS and
nrTMD patients, respectively. In addition, IBS subjects
also had similar scores for sleep disorders (8.3%
higher), depression (36.3% higher), fatigue (4.4%
lower), and energy level (34% lower) compared to
nrTMD patients. The only exception was pain intensity
at rest, which was significantly lower (P < .01) in IBS pa-
tients than in nrTMD (29%) patients. However, pain du-
ration for all 3 groups ranged between 3 and 5 years
on average, with great variability, and the results were
nonsignificant.
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Table 1 Sociodemographic Characteristics of the Populations Studied at Baseline

rTMD nrTMD IBS 
Independent variables* (n = 36) (n = 24) (n = 20)

Educational level (%)
Postsecondary diploma/certificate or higher 74.3 50.0 75.0
Some education after high school or less 25.7 50.0 25.0

Employment (%) 
Employed 74.3 58.3 50.0
Unemployed 25.7 41.7 50.0

Income (%)
≥ CAN$40,000  60.6 16.7 35.0 
≤ CAN$39,000 39.4 83.3 65.0 

Mean age (y) 29.4 ± 9.0 26.7 ± 9.0 32.9 ± 10.5 

*Only income showed statistical significance (P < .01). 
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Confounding Variables

Regarding the logistic regression analysis, 4 confounders
that could not be controlled for during the design stage
(ie, educational level, employment, income, age) were
compared using bivariate analysis between the 2 groups
after data collection. With the exception of income, none
of the confounders affected the neuropsychologic (re-
action time and verbal memory) test results (Table 1). In
addition to these traditional confounders, the role of
sleep disorders, depression, and pain intensity and du-
ration in the significant verbal memory tests was also ver-
ified. In total, 5 confounders were included in the logis-
tic regression analysis: income, pain at rest, pain
duration, depression (BDI), and sleep disorders (SAQ).
All variables were analyzed in combination (Method
Enter). The odds ratios for the neuropsychologic tests did
not change (1% to 7%) by more than 15% in any direc-
tion among all 3 groups (Tables 3 and 4). The range of
percent correct observations was also very high (76.6%
to 82.5%). Despite that, sleep disorders, depression, in-
come, and pain duration were more associated with the
test results than was pain at rest. 

Discussion

Social and Demographic Distribution Variables

The socioeconomic and demographic distribution for
IBS is similar to that shown in other studies (Table 1).
Basically, IBS patients tended to be between the ages of
19 and 41, predominantly women (92%), well educated
(average: 12 to 15 years of education), middle to high in-
come level (US$35,000 or higher), and employed

(59%).7,19 The distribution of TMD patients was also sim-
ilar to that seen in the literature, with the majority being
women with a mean age of 28.3 years (± 9.0), a high level
of education (postsecondary diploma/certificate or
higher, 64.4%), employed (67.8%), and from a lower in-
come group (CAN$39,000 per year or less, 57.9%).5,11,13 

Neuropsychologic Tests and Pain Comparisons 

No statistically significant difference was found in any
of the reaction time tests or short-term verbal memory
tests under interference between nrTMD and IBS pa-
tients, and the actual difference in all tests was ex-
tremely small or nonexistent (Table 2). Similarly, fatigue,
energy level, pain duration, depression, and sleep dis-
order scores also showed similar and nonsignificant
differences between the 2 groups. Reaction time tests
in all 3 groups were equivalent although faster than
similar measures performed on patients with TMD as
a result of a motor vehicle accident and with a closed
head injury.11,20,21 The relevance of this finding will be
discussed later.

Alternatively, rTMD patients performed at a higher
level on most verbal memory tests than IBS patients.
Additionally, the IBS group reported significant differ-
ences in fatigue, energy level, and depression, with IBS
patients generally doing more poorly. This study agrees
with a similar study that investigated whether people
with an organic disease (inflammatory bowel disease)
showed cognitive dysfunction relative to a control
group and people with a functional illness (IBS). The
illness groups showed a deficit in verbal IQ relative to
both their own performance IQ and to that of the con-
trol group’s verbal IQ.34
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Table 2 Means (SDs) of the Neuropsychologic Tests and Pain Comparisons Between
and Among the Study Groups*

Independent variable rTMD (n = 36) nrTMD (n = 24) IBS (n = 20) Significance†

SRT (ms) 249 (60) 261 (67) 241 (34) NS
MCRT (ms) 437 (61) 477 (92) 452 (47) NS
MCRT-CF (ms) 484 (73) 528 (107) 492 (56) NS
MCRT-CT (ms) 447 (66) 480 (99) 469 (71) NS
CVLT-CR (0–80) 60 (8.5)a,b 53 (10)a 53 (9)b P = .006
CVLT-CL (0–60) 27 (11)c,d 18 (7.4)c 19 (10)d P = .001
CVLT-P (0–40) 5.3 (6.2) 5.6 (4.2) 4.3 (2.9) NS
CVLT-I (0–10) 0.6 (1.0) 0.7 (1.4) 1.4 (1.8) NS
CCC (0–45) 34 (6.3)e 30 (6.3) 31 (4.8)e P = .009
Fatigue (100-mm VAS) 47 (28)f,g 67 (25)f 67 (25)g P = .007
Energy (100-mm VAS) 51 (25)h 43 (25) 33 (24)h P = .04
SAQ (0–68) 20 (6.2)i 24 (6.8) 26 (8.3)i P = .008 
BDI (0–63) 7.8 (6.4)j 11 (6.9) 15 (9.7)j P = .002 
Pain at rest (100-mm VAS) 64  (25)k 62 (19)l 44 (14)k,l P = .006
Pain duration (mo) 47.4 (53.8) 41.6 (45.7) 32.9 (30.5) NS

*Same superscript letter indicates significant difference (Tukey-b multiple range test; P < .05).
†One-way analysis of variance (P < .05). 
SRT = simple reaction time test; MCRT = multiple choice reaction time test; CF = conflict; CT = constraint;
CVLT = California Verbal Learning Test; CR = correct responses; CL = cluster; P = preservation; I = intru-
sion; CCC = Brown-Peterson Consonant Trigram Test; SAQ = Sleep Assessment Questionnaire; BDI =
Beck Depression Inventory; NS = not significant. 
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In most memory tests, nrTMD and IBS patients per-
formed similar to or worse than rTMD patients (Table
2). The former groups also had higher levels of de-
pression, sleep disorders, and fatigue and lower lev-
els of energy compared to rTMD patients. The only ex-
ception was pain at rest, for which rTMD and nrTMD
patients were indistinguishable from each other and
significantly different from IBS patients. Pain duration
was also higher in both rTMD and nrTMD patients than
in IBS patients, but this was not statistically significant,
and may have resulted in part from the high variabil-
ity observed. The clinical significance of this finding will
be discussed below. 

Five confounders that could not be eliminated in the
design stage were controlled in the analysis stage and
included in logistic regression analysis: income, pain at
rest, pain duration, depression (BDI), and sleep disorders
(SAQ). The variables were analyzed in combination
(Method Enter) to allow direct comparison of all variables
in the 6 models created and did not change the odds ratio
of the verbal memory tests by more than 15% in any di-
rection (Tables 3 and 4). These 6 models were capable
of predicting more than 75% of the results, which is
considered high.16–18 Therefore, the 5 confounders in-
cluded in the logistic regression analysis appear not to
have influenced the neuropsychologic tests. These find-
ings also agree with a previous publication in which this
verbal deficit presented by IBS and inflammatory bowel
disease patients could not be explained by depression,
cognitive load, or medication.34 The average success
rate among the 4 treating clinicians (60%) was not sig-

nificant and consistent with the literature, despite the 4
reversible treatment modalities employed. These 2 vari-
ables did not influence the results.11,13

The findings of this investigation strongly suggest
that the neuropsychologic scores from 2 groups of pa-
tients who are nonresponding to treatment (nrTMD and
IBS) are more similar to each other than to the scores
from 1 responding group (rTMD), despite the origin of
pain; however, because of the study design, which
was not longitudinal, these findings should be inter-
preted carefully. Regarding the reaction time tests, a
larger sample might have disclosed significant differ-
ences; however, the results would not be clinically rel-
evant (100-ms minimum, which was much higher than
the absolute difference of 12 to 44 ms). Similarly, in all
the other nonsignificant neuropsychologic tests, the
absolute difference was also small or sometimes equal
(Table 2). Regarding the tests that were significant, the
absolute differences were very large (9.6% to 92.3%),
and most tests, with the exception of the CVLT-CR
and CCC, produced differences larger than 20%.
Therefore, in the majority of the tests, the difference
was not only significant but also clinically relevant.
Thus, even with a larger sample size, the conclusions
would remain the same, particularly when considering
all tests in combination.

One interesting finding is that sleep disorders, de-
pression, income, and pain duration were more asso-
ciated with the verbal memory test results than pain at
rest (Tables 3 and 4). One explanation is that the tests
used in this study, which showed statistical significance
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Table 3 Odds Ratios (OR) and Variations of OR* of Neuropsychologic Tests Versus
Confounders:  rTMD Versus IBS Using Logistic Regression Analysis (Method Enter)

Study groups
Study groups Pain Pain and all variables

Test† alone Income at rest duration BDI SAQ (variation of OR)

CVLT-CR 0.92 0.75 0.61 0.99 1.04 1.09 0.89 (3.7%)
CVLT-CL 0.93 0.70 0.63 0.99 1.04 1.11 0.94 (1%)
CCC 0.90 0.64 0.62 0.99 1.03 1.10 0.91 (1%)

*Variation of OR greater than 15% when compared to test. 
†Overall percent correct: CVLT-CR = 76.60%; CVLT-CL = 78.72%; CCC = 78.72%.
CVLT = California Verbal Learning Test; CR = correct responses; CL  = cluster; CCC = Brown-Peterson
Consonant Trigram Test; SAQ = Sleep Assessment Questionnaire; BDI = Beck Depression Inventory.

Table 4 Odds Ratios (OR) and Variations of OR* of Neuropsychologic Tests Versus
Confounders: nrTMD Versus IBS Using Logistic Regression Analysis (Method Enter)

Study groups
Study groups Pain Pain and all variables

Test† alone Income at rest duration BDI SAQ (variation of OR)

CVLT-CR 0.99 1.09 0.26 0.94 1.13 0.96 1.06 (7%)
CVLT-CL 1.02 1.08 0.24 0.94 1.14 0.95 1.10 (7%)
CCC 1.04 1.13 0.29 0.94 1.13 0.94 1.08 (3%)

*Variation of OR greater than 15% between groups alone and groups and all variables.
†Overall percent correct: CVLT-CR = 80.00%; CVLT-CL = 82.50%; CCC = 82.50%.
CVLT = California Verbal Learning Test; CR = correct responses; CL  = cluster; CCC = Brown-Peterson
Consonant Trigram Test; SAQ = Sleep Assessment Questionnaire; BDI = Beck Depression Inventory.
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and predominantly assessed verbal memory, short-
term memory, and short-term memory under interfer-
ence, require more complex functional demands and
higher levels of attention and information processing.
This means that higher levels of affective disorders (ie,
sleep and depression) and the duration of pain may in-
terfere with more complex abilities (attention and ver-
bal memory), but not with more simple functions such
as reaction time tests (attention). On the other hand,
traumatic injuries that affect the brain, as seen in pa-
tients with closed head injury or in TMD patients after
motor vehicle accidents, have been shown to affect
more basic functions, such as those seen in reaction
time tests.11,20,21 However, these 2 hypotheses are still
highly speculative at this time. Hence, it would appear
that the nrTMD patients and other populations stud-
ied here are not as “disabled” as those with TMD pain
after a motor vehicle accident or closed head injury.

The results reported in this investigation are con-
sistent with the notion that there are several similari-
ties in subjects suffering from chronic pain, particularly
nrTMD and IBS patients. IBS is more prevalent among
women, has decreasing prevalence with age, and is
probably self-limiting, which parallels data reported for
TMD.7,35 The findings in this study were very similar to
those described by Von Korff et al in an epidemiologic
study of pain complaints, in which similar prevalences
were shown for headache, abdominal pain (IBS), chest
pain, and facial pain (TMD) over a 6-month period.5

Further, pain intensity level appeared similar among all
groups that also had similar numbers of average lost
days of work over a prior 6-month period. IBS and TMD
have been associated with affective disorders (ie, fa-
tigue, unrefreshing sleep, and emotional distress),
which are known to be common in other chronic pain
conditions, such as chronic fatigue and myofascial
pain syndrome.36–38 In this investigation, however, TMD
subjects were separated into responding and nonre-
sponding groups. Using this approach, it was shown
that the neuropsychologic profiles seen in nrTMD and
IBS patients were virtually identical, while both IBS
and nrTMD subjects could be readily differentiated
from the rTMD group. These findings may suggest
that IBS and nrTMD rely on similar central pain pro-
cessing mechanisms with similar neuropsychologic
consequences as a result of the nonresponding
chronic pain. This was further supported by the logis-
tic regression analysis, which showed that pain dura-
tion seemed to be more related to the neuropsycho-
logic findings than pain intensity (Tables 3 and 4).
Indeed, pain intensity at rest was almost identical be-
tween rTMD and nrTMD patients but significantly dif-
ferent from IBS patients, which contrasted with all the
other neuropsychologic findings (Table 2). 

Conclusion

One limitation of this study, besides its relatively small
sample size, is the fact that it is still not clear as to what
extent IBS and nrTMD symptoms—and most likely
those from other chronic pain conditions—represent a
normal appraisal of an abnormal function or an ab-
normal appraisal of a normal function. It must be em-
phasized that the presence of cognitive difficulties of
the nrTMD and IBS patients compared to rTMD pa-
tients does not establish per se a cause and effect re-
lationship. However, what this study does seem to sug-
gest is that neuropsychologic tests may be useful
diagnostically and prognostically.13

Despite its wide distribution, the average pain dura-
tion reported for all 3 groups, ranging from 3 to 5 years,
is comparable to another study (7 years), which con-
cluded, “dating of pain onset may have satisfactory re-
liability for research purposes (ICC = .80).”39 This long-
term chronicity could have important implications with
regard to the management of chronic pain conditions.
Considering that chronic pain conditions are multifac-
torial in origin, multidisciplinary teams may more effec-
tively address a variety of conditions using reversible
treatment modalities focused on central mechanisms.
For example, the literature has shown that cognitive-be-
havioral therapy helps patients with IBS to increase
recognition of the role played by attention allocation,
personal appraisal style, and illness beliefs in mainte-
nance of chronic pain and psychosomatic disorders.
Cognitive-behavioral therapy has been useful for short-
term and long-term management of IBS and TMD.40,41

This is particularly true for nrTMD and IBS, which are es-
sentially nonresponding pain/dysfunction conditions.
Other forms of affective disorder management may also
be employed; relaxation/stress therapy may be effective
for management of IBS and TMD patients, possibly re-
lated to reduction in autonomic arousal and anxiety.42–44

Indeed, a recent randomized controlled clinical trial (1-
year follow-up) comparing usual conservative treat-
ment of TMD by specialists versus a structured self-care
intervention delivered by dental hygienists targeted to
TMD patients reporting minimal levels of psychosocial
dysfunction (Research Diagnostic Criteria for TMD Axis
II), showed that the latter group presented decreased
TMD pain, decreased pain-related interference in ac-
tivity, a reduced number of painful masticatory muscles,
and fewer additional visits for TMD treatment com-
pared to the former group.45

Depression was common in IBS and nrTMD patients,
which indicates lower levels of serotonin. This media-
tor is central in gut physiology, because it participates
in the complex interplay between the gastrointestinal
musculature and the enteric nervous system, autonomic
nervous system, and central nervous system. Imbalance
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in serotonergic levels may affect gastrointestinal motil-
ity, secretion, and visceral sensitivity. These alterations
may manifest in symptoms associated with IBS, includ-
ing abdominal pain, altered bowel habits (constipation
and/or diarrhea), and bloating. Thus, gastrointestinal
serotonergic drugs with known effectiveness have been
developed for the treatment of IBS.46 Previous findings
of severe depression in nrTMD patients correlates well
with previous studies (depression rate of 15.5% to 28%)
that did or did not use the same methodology,47–49 as
well as with a previous study that not use the same pop-
ulation and methodology but showed that depression is
an early predictor of chronic pain even after severe
lower limb trauma.50 This suggests that a decrease in
brain serotonin levels may play a role in chronic pain and
depression. The algesic effect in chronic pain and fi-
bromyalgia patients has been reported.51,52 Short-term
and long-term effectiveness of low-dose tricyclic anti-
depressants (amitriptyline) as well as selective serotonin
reuptake inhibitors corroborates this hypothesis.53,54

Based on the sleep disorder scores in this study, ran-
domized controlled clinical trials with sleep medications
(eg, Zolpidem, Zopiclone) must be carried out in
nrTMD and IBS patients. Notably, Lavigne et al also re-
ported a great number of sleep disorders (ie, insomnia,
sleep apnea, and nocturnal bruxism) in patients with
fibromyalgia and generalized chronic pain conditions.55

It has been consistently reported that most chronic pain
patients, including those with TMD, complain about
sleep quality, and the data shown here certainly agree
with that notion.56–58 Despite the fact that sleep disor-
ders, mood, and pain seem to be closely related, pos-
sibly because of the role of serotonin in both sleep dis-
orders and depression, the true cause-and-effect
relationships are still open for debate. 

It is noteworthy that new data concerning nonre-
sponding pain place particular emphasis on neuropsy-
chologic and cognitive function, which may play impor-
tant roles in pain processing and maintenance of the
pain state. Further, neurophysiologic data show that the
anterior cingulate cortex and other structures in the
brain may play key roles in maintenance and modula-
tion of chronic pain (eg, lower back pain).59 Although pe-
ripheral triggering events surely play an important role
in initiating pain, especially in different anatomic loca-
tions, the development of chronic and nonresponding
pain may depend more on changes or malfunctions in
the central nervous system than peripheral changes on
disease.60 Using functional magnetic resonance imag-
ing, a recent study also reported that pain memory does
exist and can be elicited without noxious stimuli.61 Data
from the present study agree with this hypothesis, con-
sidering that pain duration, which could create a pain
memory, was more closely related to the verbal mem-
ory test results than pain intensity. 
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