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Quantitative methods for somatosensory 
evaluation in atypical odontalgia

Abstract: A systematic review was conducted to identify reliable 
somatosensory evaluation methods for atypical odontalgia (AO) patients. 
The computerized search included the main databases (MEDLINE, 
EMBASE, and Cochrane Library). The studies included used the following 
quantitative sensory testing (QST) methods: mechanical detection 
threshold (MDT), mechanical pain threshold (MPT) (pinprick), pressure 
pain threshold (PPT), dynamic mechanical allodynia with a cotton swab 
(DMA1) or a brush (DMA2), warm detection threshold (WDT), cold 
detection threshold (CDT), heat pain threshold (HPT), cold pain detection 
(CPT), and/or wind-up ratio (WUR). The publications meeting the inclusion 
criteria revealed that only mechanical allodynia tests (DMA1, DMA2, 
and WUR) were significantly higher and pain threshold tests to heat 
stimulation (HPT) were significantly lower in the affected side, compared 
with the contralateral side, in AO patients; however, for MDT, MPT, PPT, 
CDT, and WDT, the results were not significant. These data support the 
presence of central sensitization features, such as allodynia and temporal 
summation. In contrast, considerable inconsistencies between studies were 
found when AO patients were compared with healthy subjects. In clinical 
settings, the most reliable evaluation method for AO in patients with 
persistent idiopathic facial pain would be intraindividual assessments 
using HPT or mechanical allodynia tests.
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Introduction
Atypical odontalgia (AO) is a rare chronic orofacial condition that 

represents a real challenge for the dentists.1 These patients feel continuous 
and severe pain in the tooth or in the dentoalveolar region, in the absence 
of identifiable odontogenic pathology.2,3 As such, AO was classified as a 
type of persistent idiopathic facial pain by the International Headache 
Society (IHS).4 The incidence of AO is 3%–6% among patients undergoing 
endodontic treatment.5,6 Dental treatments like endodontics can damage or 
sever nerve fibers, leading to a perturbation or interruption of peripheral 
afferent impulses. The somatosensory deficit caused by deficient afferent 
impulses is known as deafferentation. Accordingly, AO was tentatively 
described as neuropathic pain because of the potential involvement of 
nerve damage.7

Several mechanisms are involved in the pathophysiology of AO. 
First, the higher density in sodium channels in the regenerating nerve 
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endings leads to enhanced firing of action potentials, 
and an ephaptic transmission of nerve impulses to 
the trigeminal spinal subnucleus caudalis.8 Second, 
the higher frequency of action potentials firing 
from the first order to the second order neuron, 
and the release of neurotransmitters, may lead 
to a central sensitization process in the central 
nervous system (CNS). Finally, a deficiency in the 
endogenous modulatory control of pain can contribute 
to the facilitation and maintenance of pain.9 These 
processes are expressed clinically as somatosensory 
abnormalities such as allodynia, hyperalgesia, and 
pain exacerbation by thermal, mechanical, and/or 
chemical stimuli.10,11

Quantitative sensory testing (QST) was developed 
to assess the presence and severity of somatosensory 
abnormalities in patients with neuropathic pain.7,12 A 
research team recently published recommendations 
to standardize the evaluation of somatosensory 
function for orofacial pain conditions, and to allow 
data comparison between studies.13 However, the 
usefulness and applicability of each QST method for 
the examination of AO patients remains undefined. 
Therefore, a systematic review was conducted to 
identify the most reliable quantitative QST method 
for the somatosensory evaluation of AO patients.

Methodology
Search Strategy

The articles of interest used a specific QST method 
to evaluate AO patients, and included data analysis. 
The relevant articles were identified by searching the 
databases PubMed, LILACS, Cochrane (including 
Central Cochrane), and Current Controlled Trials, 
from January 1990 to August 2011, in the English, 
Portuguese, or Spanish languages. The keywords used 
were as follows: atypical odontalgia OR deafferentation 
pain in teeth OR phantom toothache AND sensory 
abnormalities OR sensory test OR quantitative 
sensory testing OR QST. In addition, a manual search 
was performed for the most relevant journals (Pain, 
Journal of Pain, European Journal of Pain, Journal 
of Oral Rehabilitation, Journal of Orofacial Pain, 
and Headache).

Inclusion criteria
The studies included were randomized controlled 

trials, cohort studies, clinical trials, case-control 
studies, and cross-sectional studies, describing 
the following QST methods: mechanical detection 
threshold (MDT), mechanical pain threshold (MPT) 
(pinprick), pressure pain threshold (PPT), dynamic 
mechanical allodynia with a cotton swab (DMA1) or 
a brush (DMA2), warm detection threshold (WDT), 
cold detection threshold (CDT), heat pain threshold 
(HPT), cold pain detection (CPT), or wind-up ratio 
(WUR).14,15,16 These methods were previously described 
in detail by Svensson et al.13 Case-reports and literature 
reviews were excluded.

The inclusion criteria was AO subjects aged 18-85 
years fulfilling the following diagnostic criteria:3,17,18

a. Persistent pain ≥ 8 hours per day, during ≥ 15 
days or more per month, and for ≥ 3 months;

b. Pain localized to the dento-alveolar area, where 
the maximum pain is confined within an 
anatomical area;

c. Pain not caused by another disease or disorder, 
dental, neurological examination, or imaging.

Data Collection
Three independent reviewers selected and analyzed 

the articles. Disagreements between reviewers on the 
selection criteria were resolved through a discussion 
on the article content until a consensus was reached.

Critical Appraisal
After selecting the papers, the study designs and 

characteristics were extracted. The diagnostic tools 
QUADRAS, CASP, and Analysis of Needs were not 
used,19 because the use of QST methods for diagnostic 
purposes needs further validation.20 However, we used 
a critical appraisal tool adapted from Thomas et al.21 
This tool analyses 5 criteria: study design, objective 
and methodology criteria, sample size, internal and 
external validity, and statistical tests. The quality of 
each study was rated using the following scoring 
system applied to each criterion: (E) Excellent, (G) 
Good, (R) Regular, or (X) Excluded. Each study was 
globally then rated as strong, moderate, or weak.
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Results
An initial search identified 46 potentially relevant 

studies. After abstract analysis, 36 studies were 
excluded, because they did not meet the inclusion 
criteria (Figure 1). Full-text examination of the 
remaining 10 studies indicated that 6 of them did 
not fulfill the inclusion criteria (Table 1). Thus, four 
studies were included in this systematic review.

The characteristics and quality evaluation of the 
4 included studies are shown in Table 2. All 4 studies 
were evaluated as “Strong” on the basis of the quality 
criteria. One study was conducted in the United States,10 
two in Sweden,11,22 and one in Denmark.23 The articles 
were published from 2006 to 2011. In total, 112 AO 
patients were evaluated (mean: 28 subjects; range: 10-46), 
predominantly women (83%), with a mean age of 54.3 
years. The mean duration of pain was 7.9 years, with a 
higher prevalence of AO in the maxilla (62%).

The diagnostic criteria for AO were similar in all 
studies: (1) pain in the tooth or in a corresponding 
region; (2) continuous or nonparoxysmal; (3) pain 
duration between 410 and 6 months;11,22,23 and 
(4) the absence of dental pathology detected by 
clinical examination or imaging. In all the included 
AO patients, pain started after some process of 
deafferentation, like endodontic therapy or tooth 
extraction. In all studies, periapical and/or panoramic 
examination was performed as a complementary 
image evaluation for differential diagnosis. One 

paper included additional diagnostic criteria for 
AO as burning or throbbing pain in the tooth or in 
corresponding region.10

Regarding QST evaluation, none of the studies 
performed all the tests (Table 3).11,22 However, they all 
included control data involving either the contralateral 

Figure 1. Flow diagram of the selection process for this 
systematic review.

Potentially relevant papers identified
and screened for retrieval

(n = 46)

Papers excluded based on: (n = 36)
Literature reviews (n = 11)
Animals studies (n = 3)
Subjects without Atypical
Odontalgia (n = 18)
Performed no Quantitative
Sensory Testing (n = 4)

Papers retrieved for more detailed
evaluation
(n = 10)

Papers excluded based on: (n = 6)
Project study with no results (n = 1)
Performed no Quantitative
Sensory Testing (n = 5)

Papers included in this
systematic review

(n = 4)

Table 1. Rationale for article exclusion after full-text reading.

Paper Reason

Jensen TS. Sensory examination and pharmacological modulation of oral 
hyperexcitability in patients with atypical odontalgia and matched healthy 
controls. 2005.

Evaluation based on magnetic resonance imaging and 
the dynamic pressure detection threshold detected with an 
intraoral instrument. 

Moana-Filho EJ, Nixdorf DR, Bereiter DA, John MT, Harel N. Evaluation of a 
magnetic resonance-compatible dentoalveolar tactile stimulus device. BMC 
Neurosci. 2010 Oct 28;11:142.

No results shown.

Baad-Hansen L, List T, Jensen TS, Leijon G, Svensson P. Blink reflexes in 
patients with atypical odontalgia. J Orofac Pain. 2005 Summer;19:239-247.
Baad-Hansen L, List T, Kaube H, Jensen TS, Svensson P. Blink reflexes in 
patients with atypical odontalgia and matched healthy controls. Exp Brain Res. 
2006 Jul;172(4):498-506.

Evaluation based on an electrical stimulation.

Baad-Hansen L, List T, Jensen TS, Svensson P. Increased pain sensitivity to 
intraoral capsaicin in patients with atypical odontalgia. J Orofac Pain. 2006 
Spring;20(2):107-14.

Evaluation based on electrical and chemical stimulation tests. 

Tassinari G, Migliorini A, Girardini F, Luzzani A. Reference fields in phantom 
tooth pain as a marker for remapping in the facial territory. Funct Neurol. 
2002 Jul-Sep;17(3):121-7.

Evaluation based on a mechanical test with a dental mirror, 
and a thermal test with a gutta-percha at 60°C and ice cubes 
(0°C). 
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side of the same AO patients and/or a group of healthy 
participants.10,11,22,23 In all cases, pain intensity was 
measured with a Visual Analogue Scale (VAS).

During contralateral comparisons, pain intensity 
was significantly higher with dynamic mechanical 
tests conducted at constant and identical stimulus 
intensity (DMA1, DMA2, and WUR). Among the 
thermal tests, HPT generated a significantly lower 
pain threshold than CDT and WDT. However, there 
was no significant difference between MDT, MPT, 
PPT, WDT, and CDT. Finally, CPT was not performed 
in any study. Regarding group comparisons, AO 
patients showed significantly higher pain thresholds 
with DMA1, DMA2, MDT, MPT, PPT, and CPT than 
a group of healthy individuals. The results of WUR 
and HPT were inconclusive because only one study 
showed significant differences. In addition, there 
was no significant difference between AO patients 
and control subjects for WDT and CDT.

Discussion
This systematic review emphasizes the reliability 

of the dynamical mechanical tests DMA1, DMA2, and 
WUR, and the thermal test HPT, for the somatosensory 
evaluation of AO patients. Additional QSTs appear to 
be helpful when the patients were compared to healthy 
controls, such as mechanical tests (DMA1, DMA2, 
MDT, MPT, and PPT) and thermal tests (HPT). The 
4 included studies specially indicated the following: 
(1) studies evaluating AO with QST are recent; (2) the 
scientific quality of the papers are consistently high; 
(3) the diagnostic criteria for AO were similar and all 
AO patients previously undergone dental therapy; 
(4) mechanical allodynia and pain threshold to heat 
stimulation were significantly different in AO patients 
than in healthy subjects; (5) there are inconsistencies 
between studies regarding pain thresholds detected 
by mechanical pressure and thermal detection; and 
(6) methodological problems were encountered in the 
studies comparing AO patients with healthy subjects.

A few controlled studies investigated the 
relationship between somatosensory abnormalities 
in AO patients. Although a critical evaluation for QST 
studies is currently not available, the questionnaire 
adapted from Thomas et al.21 was useful to select 
and evaluate the studies, thus contributing to the 

methodology excellence. This tool was adapted 
because the selected studies were not all clinical 
trials, and the questionnaire from Thomas et al.21 
also allows the evaluation of clinical observational 
studies accounting for 2 of the 4 selected studies.

This systematic review revealed that AO is more 
frequent in women than men, and that maxilla is the 
most prevalent affected region, which is consistent 
with epidemiological studies.5,24,25 Women are more 
likely to suffer a variety of recurrent pains, and 
to express greater pain intensity than men.26 The 
underlying mechanism remains poorly understood, 
but possible factors include sex hormones, genetic 
variants, emotions, and menstrual cycle.26,27

The periapical and panoramic radiographic 
techniques have been used as parameters for the 
radiographic examination. It was recently noticed 
that the use of Cone Bean Computed Tomography 
(CBCT) in patients with suspected AO improves 
the differentiation between AO and Symptomatic 
Apical Periodontitis (SAP) in patients with chronic 
intraoral pain. It was reported in an additional 17% 
of periapical bone destruction in CBCT compared 
with the conventional radiography.28

Somatosensory abnormalities are common features 
in patients with suspected neuropathic pain like AO, 
and QST is a helpful tool to evaluate these cases.14 
Among them, dynamic mechanical tests (DMA1, DMA2, 
and WUR) determine the presence of allodynia. They 
activate low-threshold mechanoreceptors and forward 
impulses through the nerve fiber Aβ to the CNS, which 
can trigger a cascade of events and increase neural 
excitability in the caudal subnucleus of trigeminal 
nerve. Therefore, these tests reflect the presence of a 
central sensitization process in AO patients. In clinical 
settings, they are conducted by brushing the bristles 
of a toothbrush or a cotton swab on the painful area. 
The contralateral side is commonly used as a control 
to assess somatosensory changes in pain intensity. In 
this review, DMA1, DMA2, and WUR all generated 
significantly higher pain intensities on the affected 
side than on the contralateral side of AO patients.15 
In contrast, none of the static mechanical QSTs (MDT, 
MPT, and PPT) showed significant differences in 
pain threshold between affected and control areas. 
Although touch and pressure sensations are often 
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classified as distinct, they are detected by the same 
receptors on the Meissner and Pacine Corpuscle and 
Merkel Discs.29 Taken together, these data indicate 
that peripheral nerve impulses alone cannot explain 
the constant pain of these patients,11 suggesting an 
amplification of the nociceptive pathways.

Temperature variations can be discriminated by at 
least three sensory receptors, which cold, heat, and pain 
receptors. Nerve impulses are sent to the CNS through C 
fibers for heat and through Aδ fibers for cold. In contrast, 
pain receptors (nociceptors) are free nerve endings 
stimulated by excessive heat or cold, which are evaluated 
by thermal pain threshold tests (HPT or CPT). On the 
other hand, thermal detection tests (CDT or WDT) activate 
different receptors, which probably justify the different 
results from these tests in the review.29 In the present 
review, the only thermal QST that detected significant 
differences in pain threshold between the affected area 
and the contralateral side of AO patients was HPT, thereby 
supporting the involvement of central sensitization and 
temporal summation. Temporal summation is related to 
constant and repeated C fiber nociceptive stimulation, 
resulting in exaggerated and amplified afferent inputs 
to the subnucleus caudalis of the trigeminal brain stem 
sensory nuclear complex.15

There were major inconsistencies between studies 
comparing the QST data of AO patients and healthy 

subjects. In fact, QSTs are psychophysical assessments, 
whereby the perception a painful stimulus is affected 
by individual characteristics such as psychosocial, 
emotional, and cultural factors.30,31 The results of 
QSTs would accordingly be associated with higher 
interindividual variability than contralateral 
variability in the same patient. Therefore, the most 
reliable methodology would be individual QSTs 
applied to the affected and unaffected sides of the 
AO patients. However, this paradigm only applies if 
the contralateral side is indeed unaffected.

The main limitation for this systematic review was 
the small number of articles selected on the basis of 
the stringent inclusion and exclusion criteria, which 
was inevitable for such a new field of research.

Conclusion
This systematic review supports a role for CNS 

sensitization in the somatosensory abnormalities of 
AO patients. The most reliable evaluation method 
by QSTs would be a bilateral comparison of pain 
thresholds using mechanical allodynia (DMA1, DMA2, 
and WUR) and/or heat pain threshold (HPT) tests.
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