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Aims: To assess, by systematic review of the literature, (1) the 
prevalence and incidence of temporomandibular disorder (TMD) 
pain after whiplash trauma, and (2) whether treatment modali-
ties commonly used for TMD are equally effective in patients 
with solely TMD pain and those with TMD/whiplash-associated 
disorders (WAD) pain. Methods: A systematic literature search of 
the PubMed, Cochrane Library, and Bandolier databases was con-
ducted from January 1966 through October 2012. The systematic 
search identified 125 articles. After an initial screening of abstracts,  
45 articles were reviewed in full text. Two investigators evaluated 
the methodological quality of each identified study. Results: Eight 
studies on prevalence/incidence of TMD pain in WAD and four 
studies on interventions in TMD pain and WAD met the inclu-
sion criteria. The reported median prevalence of TMD pain after 
whiplash trauma was 23% (range 2.4% to 52%) and the incidence 
ranged from 4% to 34%. For healthy controls, the reported median 
prevalence was 3% (range 2.5% to 8%) and the incidence ranged 
from 4.7% to 7%. For patients with a combination of TMD pain 
and WAD, treatment modalities conventionally used for TMD,  
such as jaw exercises and occlusal splints, had less of an effect (me-
dian improvement rate of 48%, range 13% to 68%) compared to 
TMD patients without a whiplash injury (75%, range 51% to 91%). 
Conclusion: There is some evidence that prevalence and incidence of 
TMD pain is increased after whiplash trauma. The poorer treatment 
outcome suggests that TMD pain after whiplash trauma has a differ-
ent pathophysiology compared to TMD pain localized to the facial 
region. J OrOfac Pain 2013;27:217–226. doi: 10.11607/jop.1027
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disorders, whiplash injuries

Patients with temporomandibular disorders (TMD) typically 
report jaw pain, pain on jaw movements, and impaired jaw 
mobility.1 The etiology of TMD is considered to be multifac-

torial, but it is recognized that indirect trauma caused by whiplash 
trauma can be a contributing factor. The term whiplash trauma 
describes a translatory trauma to the neck followed by hyperexten-
sion-flexion trauma to the neck. The incidence in Sweden is about 
1 to 3.2 per 1,000 inhabitants, mostly from traffic injuries but 
also from other traumas such as falls.2 common signs and symp-
toms after whiplash injury are neck pain, impaired neck move-
ments, and headaches.3,4 although most individuals recover from 
an acute whiplash injury, a substantial number of patients, about 
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one in three individuals, will develop long-lasting 
problems termed whiplash-associated disorders 
(WaD).5 The symptoms following whiplash trauma 
are heterogeneous and relate both to mechanical in-
juries to the neck, pain sensitization, and psycho-
logical and social factors.6 in addition to persisting 
neck pain, neck stiffness, and headaches, common 
symptoms are dizziness, sleep problems, cognitive 
problems, and a generally reduced quality of life.4 
Patients also report problems with daily jaw activi-
ties as well as pain and discomfort during eating 
and chewing, which can further affect daily life and 
social activities.7

although several studies have reported TMD 
pain in patients with WaD,8–10 conflicting data on 
the prevalence and incidence have been report-
ed.11,12 Thus, although the prevalence and incidence 
of TMD pain in the general population is well 
documented, there currently seems to be a gap in 
knowledge about the prevalence and incidence of 
TMD pain in patients with WaD. Prevalence is a 
measure of the total number of cases with a dis-
ease in the population at a specific time. The term 
incidence is related to onset of disease and explains 
the rate at which new cases occur in a popula-
tion, which allows for cause and effect analyses. 
furthermore, it is unclear whether the treatment 
modalities normally advocated for patients with 
TMD pain are effective in patients with a combi-
nation of TMD pain and whiplash injury. Studies 
in animals and humans show a close biomechani-
cal and anatomical relationship between the jaw 
and neck regions, and suggest a functional linkage 
between the jaw-face and craniocervical sensori-
motor systems.13 as jaw function relies on linked 
motor control of the jaw and neck motor systems, 
pain and dysfunction in the neck may impair jaw 
function. in chronic WaD, an association has been 
shown between pain and dysfunction of the neck 
and disturbed jaw motor function. The findings in-
clude reduced amplitude for both mandibular and 
head-neck movements, disturbed coordination of 
jaw and head-neck movements,14,15 and reduced 
endurance during chewing.16 Several studies have 
demonstrated shared symptoms of neck pain and 
TMD. Thus, in studies of TMD patients, neck pain 
is common,17–20 and in studies of neck pain patients, 
TMD is common.21,22 

Therefore, the aims of the present study were to 
assess, by systematic review of the literature, (1) the 
prevalence and incidence of TMD pain after whip-
lash trauma, and (2) whether treatment modalities 
commonly used for TMD are equally effective in pa-
tients with solely TMD pain and those with TMD/
WaD pain. 

Materials and Methods

Inclusion and Exclusion Criteria

clinical studies in adult patients (> 18 years) with 
TMD pain and whiplash injury were included. Stud-
ies were included for assessment of prevalence or 
incidence if they reported TMD pain in a whiplash 
population. intervention studies in patients with 
TMD and whiplash were included if TMD pain or 
global improvement according to iMMPacT23 were 
reported. articles were excluded if no separate out-
come measure of TMD pain or global rating could 
be identified. Epidemiologic studies were excluded 
if they were not based on a whiplash population or 
if data from the same cohort had been reported in 
another article (dual publication).

Literature Search

The search strategy was designed to identify stud-
ies that focussed on (1) prevalence and incidence of 
TMD pain in a whiplash population and (2) man-
agement of TMD pain in WaD.

The search encompassed all articles that were 
indexed in PubMed, the cochrane Library, and 
Bandolier; published in English, Swedish, or Ger-
man; and published between January 1, 1966, and 
October 31, 2012. The search terms used for Pub-
Med were: “Whiplash injuries” [MeSH] or “Whip-
lash associated Disorders” or “Whiplash” anD 
“Temporomandibular joint disorder” [MeSH] or 
“craniomandibular disorders” or “Temporoman-
dibular disorders” or “Temporomandibular joint 
dysfunction” or “Jaw pain” or “facial pain.” for 
the cochrane Library and Bandolier database, the 
search strategy included the terms “Whiplash” anD  
“craniomandibular disorders” or “TMJ” or “TMD.” 
references in original articles and review articles 
were handsearched to identify additional studies.

Procedures

Two of the authors (BH, TL) independently read all  
titles and abstracts that were found in multiple search-
es to identify potentially eligible articles for inclusion. 
all potentially eligible studies were then retrieved, and 
full-text articles were reviewed to determine if they 
met the inclusion criteria. Dis agreement was resolved 
by discussion among the investigators. authors were 
not contacted for missing information. The reviewers 
were experienced oro facial pain researchers.

The data extracted from the epidemiologic stud-
ies were: study design, study sample, number of sub-
jects (age and sex), outcome measure, prevalence/
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incidence of TMD pain, quality score, and author’s 
conclusions. The data extracted from the inter-
vention studies were: study design, study sample, 
number of subjects (age and sex), dropouts, type 
of intervention, outcome measures, results, quality 
score, and author’s conclusions. 

Quality Assessment

Both investigators independently evaluated the 
methodological quality of each identified study. 
They used a scoring system modified from Mac-
farlane et al24 that utilized a standardized checklist 
with 21 items to assess the quality of each study. 
The criteria were scored as yes, no, or unable to de-
termine. Only criteria scored as yes gave a score, 
added up to give a total quality score for the paper; 
the results were presented as percentages of total at-
tainable score. all articles were discussed to verify 
the appraisal process until consensus was reached. 
Disagreements on individual item scores were re-
solved in independent arbitration.

after the independent assessments of the individ-
ual items, which rendered the total quality scores, 
the inter-reliability of the two authors was calcu-
lated with kappa statistics.

Results

The systematic search of three databases identified 
a total of 125 articles (fig 1). The two reviewers 
independently screened abstracts according to the 
inclusion criteria.

after the initial screening of abstracts, 45 articles 
were reviewed in full text. Of these, a total of 33 
articles were excluded12,25–56 (Table 1). Eight stud-
ies8–10,57–61 on the prevalence and incidence of TMD 
pain in whiplash (Table 2), and four intervention 
studies 48,62–64 on the effect of treatment in patients 
with TMD pain and whiplash (Table 3) met the in-
clusion criteria.

The median quality score for included studies on 
prevalence/incidence was 60% (range 40% to 81%) 
and for studies on interventions 55% (range 40% to 
65%). There was a good agreement in the scoring 
of the individual items (used to calculate the total 
quality score), carried out by the two investigators 
(kappa: 0.84).

The reported median prevalence of TMD pain af-
ter whiplash trauma was 23% (range 2.4% to 52%) 
and the incidence ranged from 4% to 34% (median 
10%). for healthy controls, the reported median 
prevalence was 3% (range 2.5% to 8%) and the 
incidence ranged from 4.7% to 7% (median 6%).

four studies investigated treatment effect in pa-
tients with combined TMD pain and neck pain after 
whiplash trauma, showing a median improvement 
rate of 48% (range 13% to 68%) compared to 75% 
(range 51% to 91%) for TMD patients without 
whiplash injury. One study showed no effect from 
jaw exercises.62 a treatment regimen using a com-
bination of occlusal splints, medication, and phys-
iotherapy was used in one study, which reported a 
lower global improvement for patients under litiga-
tion compared to those not under litigation (68% vs 
91%).48 a lower global improvement with similar 
treatment regimes was found in another study of 
patients with TMD pain after whiplash compared 
to TMD patients without a history of trauma (48% 
vs 75%).64 The final study, with similar treatments 
(counseling, occlusal splints, and muscle exercises), 
showed a 13% pain reduction in the neck-injured 
group compared to 51% pain reduction in the TMD 
group without a history of neck trauma.63 

Fig 1  flow diagram of search result and references in-
cluded and excluded in the systematic review.

Search
PubMed:109

Cochrane: 2 (1 duplicate)
Bandolier: 0

Hand search: 15

125 references

Abstracts excluded:
80 references

Screening of articles by 
applying inclusion criteria:

45 references

Articles excluded:
33 references

Articles included:
12 references

Prevalence/Incidence:
8 references

Interventions:
4 references
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Discussion

This systematic review has shown that there is evi-
dence that the prevalence and incidence of TMD 
pain are higher in patients with WaD compared 
to control groups. in addition, data suggest a less 
favorable treatment outcome for this patient group 
compared to TMD pain patients without a history 
of neck injury.

There are variations in the terminology to de-
scribe pain in the jaw-face region following whip-

Table 1  Articles Excluded from the Study (n = 33)

Article Reasons for exclusion

Sale et al25 Dual publication10

Kim et al26 Not whiplash population,  
no data on TMD pain

Severinsson et al12 No data on TMD pain

Hulse and Losert-Bruggner27 No data on TMD pain

Grushka et al28 Not whiplash population,  
no data on TMD pain

Ferrari et al29 Dual publication8

Abd-Ul-Salam et al30 Not whiplash population,  
no data on TMD pain

Kasch et al31 No data on TMD pain

Kasch et al32 No data on TMD pain

Friedman and Weisberg33 Not whiplash population

Kolbinson et al34 Not whiplash population,  
no data on TMD pain

Bergman et al35 No data on TMD pain

Kolbinson et al36 Not whiplash population

Kolbinson et al37 Not whiplash population,  
no data on TMD pain

Kolbinson et al38 Not whiplash population

Khan et al39 No data on TMD pain,  
whiplash diagnosis unclear

Greco et al40 Patient group not defined 
whiplash

Garcia and Arrington41 Not whiplash population,  
no data on TMD pain

Burgess et al42 Not whiplash population

Goldberg et al43 Not whiplash population,  
no data on TMD pain

De Boever and  
 Keersmaekers44

Not whiplash population,  
no data on TMD pain

Seligman and Pullinger45 Not whiplash population

Steigerwald et al46 No data on TMD pain,  
diagnosis unclear

Probert et al47 Data on TMD pain unclear, 
diagnosis unclear, risk for 
selection bias due to  
inclusion criteria

Burgess and Dworkin48 Not whiplash population,  
no data on TMD pain

Braun et al49 No data on TMD pain

Pressman et al50 Not whiplash population,  
no data on TMD pain

Uppgaard51 Not whiplash population,  
no data on TMD pain

Burgess52 Not whiplash population

Pullinger and Seligman53 Not whiplash population

Pullinger and Monteiro54 Not whiplash population

Weinberg and Lapointe55 Not whiplash population

Brooke and Stenn56 Not whiplash population, 
diagnosis unclear

 

Table 2  Articles Reporting Prevalence/Incidence of TMD Pain (n = 8)

Article Study design Study sample

Number of 
subjects  

(% females), 
age 

Outcome 
measure

Prevalence/ 
Incidence*

Quality 
score Authors’ conclusion Comments

Sale and  
 Isberg10

Prospective  
 case-control

WAD I-III 

Controls

59 (63%), 
33 y 

53 (58%), 
36 y

TMJ pain Inc = 34% 

Inc = 7%

P = .009, OR 6.6  
(95% CI 1.6–27.2)

81% 1/3 is at risk for developing late TMJ pain  
 after whiplash trauma

Questionnaire not validated.  
Outcome measure unclear;  
interview procedure unclear. 

Carroll et al8 Cohort  
 prospective

Whiplash  
 claimants 
Controls

7,452 (60%), 
37 y
636

Reduced/ 
 painful jaw  
 movement

Prev = 17.4%  
Inc = 15.8%
Inc = 4.7%

RR 3.36  
(95% CI 2.36-4.78)

67% Reduced/painful jaw movement more  
 common in WAD. Incidence associated  
 with age < 50 y, female sex, dysphagia,  
 and more intense neck pain

Whiplash diagnosis unclear.  
Controls were claimants without whiplash. 
Outcome measure unclear.  
At follow-up of those with jaw pain  
 (44% response rate): 78% had  
 recovered from jaw pain during first year.

Visscher et al61 Case-control Chronic WAD II
Chronic neck  
 pain
Controls

25
15

25
Total: 65 

(55%),40 y

TMD pain Prev = 52%
Prev = 27%

Prev = 8%
P = .003

60% Prevalence of widespread pain and  
 psychological distress in chronic WAD  
 suggest that the TMD pain in these  
 patients is part of a more widespread  
 chronic pain disorder

WAD group only grade II.  
Age and sex distribution not given for  
 the separate groups.  
 Unclear how control group was  
 recruited and how representative it is. 

Klobas et al9 Case-control Chronic WAD II-III

Controls 

54 (60%),
37 y 

66 (61%),
38 y

Pain on jaw  
 movements

Prev = 30.2%

Prev = 3.0%
P < .001

70% Higher prevalence of TMD in chronic  
 WAD than in controls; this indicates  
 that trauma to the neck also affects  
 temporomandibular function

Inclusion and exclusion criteria unclear. 
Outcome measures unclear.

Ferrari et al57 Case-control Whiplash

Controls

165 (16%),
39 y

180 (13%),
39 y

Jaw pain Prev = 2.4%

Prev = 3.3%
P = .86

60% Unlike in many Western societies,  
 Lithuanian accident victims do not  
 appear to report chronic symptoms of  
 TMD despite their acute whiplash injuries

Questionnaire sent on average 27 months  
 after accident (from police records). 
Methodological weaknesses,  
 outcome measures not reliable.  
Skewed sex distribution.

Magnusson60 Case series Chronic WAD 38 (66%),
33 y

TMJ pain and  
 tenderness

Prev = 28.9% 45% Many symptoms in late whiplash  
 syndrome conform with the criteria of  
 other specific diagnoses

Large group excluded (n = 64),  
 outcome measure unclear.  
Diagnosis unclear. No control group.

Kronn59 Case-control Whiplash

Controls

40 (35%),
32 y

40 (35%),
33 y

TMJ pain Prev = 30%

Prev = 2.5%
P < .001

45% More TMJ dysfunction and demand for  
 treatment after whiplash; findings  
 suggest the benefit of examining the  
 jaw in whiplash injured patients

Control group consists of patients with  
 unclear diagnosis. Diagnosis and  
 definition outcome measure unsure. 
Methodological weaknesses.

Heise et al58 Case series Whiplash 155 (62%),
38 y

TMJ and  
 masticatory  
 muscle pain

Prev = 14%
Inc = 4%

40% Incidence of TMJ pain following whiplash  
 injury is extremely low

Diagnoses and definition of outcome  
 measure is unclear. Results unclear.  
No control group.

*P values, odds ratio (OR), relative risk (RR), and confidence interval (CI)  
in bold for differences between whiplash groups and control groups.
Prev = prevalence; Inc = incidence; TMJ = temporomandibular joint.
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lash trauma and WaD. Thus, at the present time, 
a universally accepted term is not available. This is 
highlighted by the fact that in the present review, 
different terms were used for the outcome measures 
in the included studies, for example TMJ pain, jaw 
pain, and TMD pain. The terminology chosen for 
the present review was TMD pain, although this 
term could be viewed as being too limiting to de-
scribe the condition in focus. 

Prevalence and Incidence of TMD Pain

The reported median prevalence and incidence of 
TMD pain were 23% and 10%, respectively, which 
provide some evidence that prevalence and inci-
dence of TMD pain increase in WaD. 

Generally, there were large differences in study 
populations, and some indications that TMD pain 
after a whiplash trauma may develop over time 

Table 2  Articles Reporting Prevalence/Incidence of TMD Pain (n = 8)

Article Study design Study sample

Number of 
subjects  

(% females), 
age 

Outcome 
measure

Prevalence/ 
Incidence*

Quality 
score Authors’ conclusion Comments

Sale and  
 Isberg10

Prospective  
 case-control

WAD I-III 

Controls

59 (63%), 
33 y 

53 (58%), 
36 y

TMJ pain Inc = 34% 

Inc = 7%

P = .009, OR 6.6  
(95% CI 1.6–27.2)

81% 1/3 is at risk for developing late TMJ pain  
 after whiplash trauma

Questionnaire not validated.  
Outcome measure unclear;  
interview procedure unclear. 

Carroll et al8 Cohort  
 prospective

Whiplash  
 claimants 
Controls

7,452 (60%), 
37 y
636

Reduced/ 
 painful jaw  
 movement

Prev = 17.4%  
Inc = 15.8%
Inc = 4.7%

RR 3.36  
(95% CI 2.36-4.78)

67% Reduced/painful jaw movement more  
 common in WAD. Incidence associated  
 with age < 50 y, female sex, dysphagia,  
 and more intense neck pain

Whiplash diagnosis unclear.  
Controls were claimants without whiplash. 
Outcome measure unclear.  
At follow-up of those with jaw pain  
 (44% response rate): 78% had  
 recovered from jaw pain during first year.

Visscher et al61 Case-control Chronic WAD II
Chronic neck  
 pain
Controls

25
15

25
Total: 65 

(55%),40 y

TMD pain Prev = 52%
Prev = 27%

Prev = 8%
P = .003

60% Prevalence of widespread pain and  
 psychological distress in chronic WAD  
 suggest that the TMD pain in these  
 patients is part of a more widespread  
 chronic pain disorder

WAD group only grade II.  
Age and sex distribution not given for  
 the separate groups.  
 Unclear how control group was  
 recruited and how representative it is. 

Klobas et al9 Case-control Chronic WAD II-III

Controls 

54 (60%),
37 y 

66 (61%),
38 y

Pain on jaw  
 movements

Prev = 30.2%

Prev = 3.0%
P < .001

70% Higher prevalence of TMD in chronic  
 WAD than in controls; this indicates  
 that trauma to the neck also affects  
 temporomandibular function

Inclusion and exclusion criteria unclear. 
Outcome measures unclear.

Ferrari et al57 Case-control Whiplash

Controls

165 (16%),
39 y

180 (13%),
39 y

Jaw pain Prev = 2.4%

Prev = 3.3%
P = .86

60% Unlike in many Western societies,  
 Lithuanian accident victims do not  
 appear to report chronic symptoms of  
 TMD despite their acute whiplash injuries

Questionnaire sent on average 27 months  
 after accident (from police records). 
Methodological weaknesses,  
 outcome measures not reliable.  
Skewed sex distribution.

Magnusson60 Case series Chronic WAD 38 (66%),
33 y

TMJ pain and  
 tenderness

Prev = 28.9% 45% Many symptoms in late whiplash  
 syndrome conform with the criteria of  
 other specific diagnoses

Large group excluded (n = 64),  
 outcome measure unclear.  
Diagnosis unclear. No control group.

Kronn59 Case-control Whiplash

Controls

40 (35%),
32 y

40 (35%),
33 y

TMJ pain Prev = 30%

Prev = 2.5%
P < .001

45% More TMJ dysfunction and demand for  
 treatment after whiplash; findings  
 suggest the benefit of examining the  
 jaw in whiplash injured patients

Control group consists of patients with  
 unclear diagnosis. Diagnosis and  
 definition outcome measure unsure. 
Methodological weaknesses.

Heise et al58 Case series Whiplash 155 (62%),
38 y

TMJ and  
 masticatory  
 muscle pain

Prev = 14%
Inc = 4%

40% Incidence of TMJ pain following whiplash  
 injury is extremely low

Diagnoses and definition of outcome  
 measure is unclear. Results unclear.  
No control group.

*P values, odds ratio (OR), relative risk (RR), and confidence interval (CI)  
in bold for differences between whiplash groups and control groups.
Prev = prevalence; Inc = incidence; TMJ = temporomandibular joint.
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rather than being part of an acute syndrome. One 
of the included studies in acute whiplash patients58 
reported a very low incidence of TMD pain follow-
ing acute whiplash injury, whereas five of the stud-
ies based on chronic WaD patient groups reported 
TMD pain in 30% to 50% of patients,9,10,59–61 com-
pared to less than 10% for the control groups. 

in contrast, one study57 reported a prevalence of 
jaw pain in both the “whiplash population” and the 
control group that was lower than the prevalence re-
ported in the general population.24,65 One explana-
tion for this might be a participant selection bias for 
the study in question. The patient group, predomi-
nately men, was recruited based on police reports 
rather than a whiplash diagnosis,57 and the design, 
methodology, and conclusions from this study have 
been criticized.5 Most studies on TMD have report-
ed a higher prevalence than incidence, whereas for 
the healthy control groups in the present review, the 
reported incidence was higher than the prevalence. 
This may be due to the fact that the studies report-
ing on incidence had a higher proportion of female 
subjects, which is in line with a higher incidence of 
TMD pain for women in the general population,65 
and with women being more at risk for developing 
pain following whiplash trauma.66 

Generally for the reports included in this system-
atic review, studies did not use screening questions 
with a proven reliability and validity for the diagno-

sis of TMD. in 1992, new guidelines with the aim to 
improve the diagnosis of TMD, research Diagnostic 
criteria for TMD (rDc/TMD),1 were introduced. 
This protocol is now widely used by clinicians and 
researchers, and the guidelines are being revised to 
increase the diagnostic accuracy in line with the 
STarD (Standards for reporting of Diagnostic  
accuracy) statement.67 

Interventions

The few interventional studies found in this review 
indicated a limited treatment effect in patients with 
combined TMD pain and WaD. These results are in 
line with findings that the effectiveness of occlusal 
splints is dependent on whether or not the TMD pain 
is associated with widespread pain. Thus, a better 
treatment effect has been reported in patients with 
TMD pain localized to the facial region, compared to 
patients with facial and widespread pain.68 Taken to-
gether, the limited effect from the treatment modalities 
conventionally used for TMD69 supports the notion 
that TMD pain after whiplash trauma has a different 
pathophysiology compared to localized TMD pain.

Different explanatory models for the etiology of 
TMD pain after whiplash trauma have been sug-
gested. an early model advocated that acceleration- 
deceleration of the head-neck induced overstretch-
ing or compression of the temporomandibular joint 

Table 3  Intervention Studies (n = 4)

Article
Study 
design

Study 
sample

Number of 
subjects 

(% females), 
age Drop-out

Type of  
intervention

Outcome 
measures Results*

Quality 
score

Authors’ 
conclusion Comments

Klobas et al62 RCT WAD II-III
Tx group

Controls

55:
25 (72%), 

38 y
30 (70%), 

36 y

20%

10%

Jaw exercises + whiplash 
 rehabilitation program 

Whiplash rehabilitation  
 program only

Pain on jaw movement No difference before/after treatment,  
 or between groups

65% Therapeutic jaw exercises did not  
 reduce signs and symptoms of TMD  
 in chronic WAD

Everyone had a rehabilitation program,  
 including physical therapy. 

Burgess and  
 Dworkin48

Treatment  
 outcome  
 study

TMD +  
 whiplash

100 (80%), 
33 y

N/A Information, counselling,  
 occlusal splint, medication  
 physiotherapy, biofeedback,  
 etc.

Pain intensity, SCL-90-R,  
 global improvement,  
 jaw opening

Reduction of pain intensity about 60%;  
 litigating subjects rated their overall  
 improvement as significantly less  
 (68% vs 91%)

45% Litigation may affect pretreatment  
 presentation and posttreatment status

No control group, unclear diagnosis,  
 treatment outcomes unclear.

Romanelli et al64 Case-control TMD +  
 whiplash

TMD

52 

52 

N/A

N/A

Occlusal splint, medication,  
 physiotherapy, massage,  
 chiropractic, etc

Pain intensity, SCL-90-R, 
 global improvement

Reported improvement: 48% for  
 TMD + whiplash, vs 75% for TMD
P < .001

40% Whiplash group had poorer outcome  
 to therapy, which implied different  
 pathophysiology

Age/sex of subjects not given.  
 Unclear outcome measure and  
 results, varying treatment.

Krogstad et al63 Case-control TMD +  
 whiplash

TMD

16 (75%), 
42 y  

16 (75%), 
42 y

N/A

N/A

Info, counseling, muscle  
 exercises, occlusal splint

Pain intensity, SCL-90-R, 
 STAI, muscle tenderness

Pain reduction in TMD + whiplash  
 group 13% vs 51% in TMD group 
P = .003

65% Conservative TMD treatment had a  
 better effect for the TMD only group

Small sample. WAD group recruited  
 from newspaper ad.  
 Outcome measure unclear.

*P values (in bold) for differences between TMD + whiplash groups and TMD only groups.
RCT = randomized controlled trial; N/A = not applicable; SCL-90-R = Symptom Checklist-90 Revised; STAI = State-Trait Anxiety Inventory; Tx = treatment.
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(TMJ), causing a “mandibular whiplash”.55 This 
concept was later refuted,70 and instead an indirect 
mechanism was suggested.71 current research fa-
vor a neurobiological basis, indirectly supported by 
prospective studies showing that, although no struc-
tural damage to the TMJ was found after whiplash 
trauma, about a third of individuals developed TMJ 
pain after neck injury.10 furthermore, there is sup-
port, both in experimental72–74 and clinical75 stud-
ies, of overlapping spread and referral of muscle 
pain between the cervical and trigeminal regions. 
recordings from single neurons in experimental 
animal settings have also shown convergence be-
tween trigeminal and cervical afferent inputs into 
the caudal part of the trigeminal sensory nucleus 
complex.76–78 TMD pain in this patient group has 
been suggested to be part of a widespread pain syn-
drome.61 Taken together, this suggests that the pro-
cess of central sensitization and associated increased 
pain sensitivity may play a role in development of 
TMD pain after whiplash trauma. 

Patients with pain after neck trauma may present 
a mixture of pain generators from both joints, liga-
ments, muscles, and nerves in the head and neck re-
gion that can affect the jaw system in different ways. 
in addition, this patient group presents with a range 
of other symptoms such as vertigo, and disturbances 
in memory, concentration, and sleep.4,79,80 it has been 
reported that bruxism is associated with sleep distur-

bances such as obstructive sleep apnea, snoring, and 
leg movements (restless leg syndrome)81; one study 
reported that in 86% of cases, bruxism episodes 
were associated with an arousal response.82 Thus, in 
WaD patients with sleep disturbances, a secondary 
effect on the jaw system may be caused by an in-
creased load on the masticatory system from night-
time grinding. This is in line with the finding from 
the present review that some improvement in this 
patient group was seen with occlusal splint therapy.

This review used a scoring system modified from 
Macfarlane et al24 that includes 21 items to evaluate 
study quality. The median scores for the epidemio-
logic and intervention studies were 60% and 55%, 
respectively. When this scoring system was used to 
evaluate epidemiologic studies of orofacial pain,24 a 
median quality score of 70% was reported.

a notable finding was the considerable variation 
in the primary studies in study populations, meth-
odology, and choice of outcome measures. There 
were also inconsistencies in the definition of the 
main outcome measure, TMD pain. Many of the 
primary studies were carried out before the intro-
duction of the rDc/TMD criteria1 for the diagnosis 
of TMD, and the iMMPacT recommendations for 
more patient-reported outcomes.23 The intervention 
studies generally, due to study designs, only provid-
ed low-grade evidence. Hence, only one randomized 
controlled trial62 was found in the literature search. 

Table 3  Intervention Studies (n = 4)

Article
Study 
design

Study 
sample

Number of 
subjects 

(% females), 
age Drop-out

Type of  
intervention

Outcome 
measures Results*

Quality 
score

Authors’ 
conclusion Comments

Klobas et al62 RCT WAD II-III
Tx group

Controls

55:
25 (72%), 

38 y
30 (70%), 

36 y

20%

10%

Jaw exercises + whiplash 
 rehabilitation program 

Whiplash rehabilitation  
 program only

Pain on jaw movement No difference before/after treatment,  
 or between groups

65% Therapeutic jaw exercises did not  
 reduce signs and symptoms of TMD  
 in chronic WAD

Everyone had a rehabilitation program,  
 including physical therapy. 

Burgess and  
 Dworkin48

Treatment  
 outcome  
 study

TMD +  
 whiplash

100 (80%), 
33 y

N/A Information, counselling,  
 occlusal splint, medication  
 physiotherapy, biofeedback,  
 etc.

Pain intensity, SCL-90-R,  
 global improvement,  
 jaw opening

Reduction of pain intensity about 60%;  
 litigating subjects rated their overall  
 improvement as significantly less  
 (68% vs 91%)

45% Litigation may affect pretreatment  
 presentation and posttreatment status

No control group, unclear diagnosis,  
 treatment outcomes unclear.

Romanelli et al64 Case-control TMD +  
 whiplash

TMD

52 

52 

N/A

N/A

Occlusal splint, medication,  
 physiotherapy, massage,  
 chiropractic, etc

Pain intensity, SCL-90-R, 
 global improvement

Reported improvement: 48% for  
 TMD + whiplash, vs 75% for TMD
P < .001

40% Whiplash group had poorer outcome  
 to therapy, which implied different  
 pathophysiology

Age/sex of subjects not given.  
 Unclear outcome measure and  
 results, varying treatment.

Krogstad et al63 Case-control TMD +  
 whiplash

TMD

16 (75%), 
42 y  

16 (75%), 
42 y

N/A

N/A

Info, counseling, muscle  
 exercises, occlusal splint

Pain intensity, SCL-90-R, 
 STAI, muscle tenderness

Pain reduction in TMD + whiplash  
 group 13% vs 51% in TMD group 
P = .003

65% Conservative TMD treatment had a  
 better effect for the TMD only group

Small sample. WAD group recruited  
 from newspaper ad.  
 Outcome measure unclear.

*P values (in bold) for differences between TMD + whiplash groups and TMD only groups.
RCT = randomized controlled trial; N/A = not applicable; SCL-90-R = Symptom Checklist-90 Revised; STAI = State-Trait Anxiety Inventory; Tx = treatment.
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all these limitations taken together made it difficult 
to draw firm conclusions. More well-designed stud-
ies are needed that use the rDc/TMD criteria and 
iMMPacT guidelines when appropriate, and there 
is also a need for interventional studies, adhering to 
the cOnSOrT (consolidated Standards of report-
ing Trials) statement.83,84 

There is a strong functional linkage between the 
jaw and craniocervical motor systems,13 and an as-
sociation has been shown between neck pain and 
dysfunction and deranged jaw function in chronic 
WaD.85 The findings include disturbed jaw-neck 
motor function14,15,86 as well as frequent jaw-face 
pain.87 These findings may reflect spread of pain 
related to close sensorimotor linkage between the 
jaw and neck, as well as to lowered sensory and 
pain thresholds due to central sensitization. Taken 
together, these results have implications both for 
evaluating the pathophysiology of jaw-face pain 
in WaD, and for assessment and rehabilitation of 
these patients. routine investigation of neck-injured 
patients should include the jaw-face region, which 
could provide a more individualized rehabilitation 
regimen. a multidisciplinary rehabilitation program 
including dentists should be advocated in patients 
with posttraumatic neck pain.

Conclusions

This review suggests that the prevalence and inci-
dence of TMD pain are increased after whiplash 
trauma. The intervention studies indicated limited 
treatment effect in patients with combined TMD 
pain and neck pain after whiplash trauma. This 
poorer treatment outcome suggests that TMD pain 
after whiplash trauma has a different pathophysi-
ology compared to localized TMD pain, and may 
be due to spread of pain and dysfunction between 
the neck and jaw regions, or be part of a regional 
or generalized pain syndrome caused by sensitiza-
tion mechanisms. Since WaD is a heterogenous di-
agnosis, further studies on the relationship between 
TMD and WaD/posttraumatic neck pain should 
be designed to look for comorbidity between dif-
ferent possible pain generators, eg, facett-joints, 
global neck muscles, stabilizing, deep neck muscles, 
jaw muscles and joints, as well as the coordination 
of their functions. furthermore, sensitization, psy-
chological, and social factors have to be considered. 
There is a need for well-designed prospective studies 
to determine the incidence and possible risk indica-
tors of TMD pain after whiplash trauma in order to 
provide better insights into the possible pathophysi-
ological and cognitive mechanisms involved. 
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