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Do changes in oral health-related quality-of-life, facial pain and
temporomandibular disorders correlate after treatment of severe
malocclusion?
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Abstract

Introduction. The aim was to evaluate the relationships of changes in facial pain, temporomandibular disorders (TMDs) and
oral health-related quality-of-life (OHRQoL) in adults who underwent orthodontic or orthodontic/surgical treatment.
Methods. Sixty-four patients (46 women, 18 men, range 18-64 years) with severe malocclusion and functional problems
were treated in Oulu University Hospital. Of these, 44 underwent orthodontic-surgical and 20 orthodontic treatment. Data
were collected with questionnaires and clinical stomatognathic examinations before and on average 3 years after treatment.
The OHRQoL was measured with OHIP-14 (The Oral Health Impact Profile), the intensity of facial pain with the Visual
Analogue Scale (VAS) and the severity of TMD with the Helkimo’s anamnestic (Ai) and clinical (Di) dysfunction indices.
Results. A significant improvement was found in facial pain, signs and symptoms of TMD and OHRQoL after the treatment
(p <0.05). The decrease in VAS was associated with improvement in OHIP-14 severity (r=0.296, p=0.019). The correlations
between changes in OHIP-14 severity and Ai and Di were not statistically significant. Conclusion. Treatment of severe
malocclusion seemed to improve OHRQoL via decreased facial pain. Decreased facial pain was associated especially with
improved OHRQoL dimensions of physical pain, physical disability and social disability.
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Introduction

Severe malocclusions can be associated not only with
esthetic impairment, but also with multiple functional
problems such as temporomandibular disorders
(TMD) and facial pain. The self-perceived impacts
of malocclusion can vary between individuals and are
associated with impaired oral health-related quality-
of-life (OHRQoL) [1,2]. Even though treatment plan-
ning and outcome measures are mainly based on
clinical assessment by professionals, the improvement
of patient’s OHRQoL is regarded as one outcome
measure of orthodontic treatment [3]. Orthodontic
and orthodontic-surgical treatments are expensive,
long-lasting and cause pain and discomfort for a
patient. To improve the quality and effectiveness of

orthodontic care, it is essential to understand how
signs and symptoms of TMD and facial pain are
associated with OHRQoL during treatment of mal-
occlusion, and which kind of patients benefit most
from the treatment.

TMDs are characterized as a heterogeneous set of
clinical problems involving the masticatory muscles
and/or temporomandibular joints (TM]s) [4]. Facial
pain that originates from the musculoskeletal struc-
tures of the masticatory system is included to be one
symptom of TMD [5]. TMD has a multifactorial
background, with structures, occlusion, craniofacial
morphology, function, trauma, stress and psycholog-
ical factors as possible risk or contributing factors, the
importance of occlusion in TMD etiology being still
under debate [6-11].
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Pullinger and Seligman [12] have found that occlu-
sal characteristics are co-factors for only a small
portion of TMD patients. However, studies have
found that subjects with malocclusion and dentofacial
deformities have higher prevalence of facial pain and
TMD than subjects with normal occlusion [13,14].
The malocclusion types which have been shown to
associate to some degree with TMDs include unilat-
eral crossbite, anterior open bite and extreme maxil-
lary overjet [12,15-17]. Also, other occlusal factors
like deep bite and Angle Class II/III occlusion have
been suggested to be risk factors for TMD [16,18—
20], but these associations are being questioned in
other studies [13,21,22]. Because pain and TMD-
related reasons are common motivation factors for
seeking orthodontic/orthodontic-surgical treatment,
the prevalence of TMD has been high in previous
studies concerning adults with severe malocclusion
[23-25]. A systematic review suggested that ortho-
dontic-surgical treatment is more likely to improve
than worsen the signs and symptoms of TMD [26].
Associations between TMD, facial pain and OHR-
QoL have been mostly studied in TMD patients who
have not sought orthodontic treatment. A decreased
OHRQoL in TMD patients has been described in
systematic reviews [27,28]. The intensity of pain has
also been found to be associated with poorer OHR-
QoL in adults with orofacial pain [29].

In our earlier study we found that, among patients
with severe malocclusion, TMD and OHRQoL were
directly and indirectly (via facial pain) associated
before treatment [30]. The strongest association
was seen between facial pain and OHRQoL in both
genders. Orthodontic and orthognathic treatment has
been shown to be associated with improved OHRQoL
[31-33]. However, there are no studies concerning
the associations of the changes between TMD, pain
and OHRQoL during treatment of malocclusion. The
aim of this longitudinal study was to evaluate the
relationships of the changes in facial pain, TMDs
and OHRQoL in adults who underwent orthodontic
or orthodontic/surgical treatment. The hypotheses
were that signs and symptoms of TMD and facial
pain decrease after treatment and the changes are
correlated with changes in OHRQoL. Accordingly,
the hypothesis was that females have more TMD signs
and symptoms and more facial pain compared to
males.

Materials and methods

A total of 169 adult patients who were referred for
orthodontic treatment to the Oral and Maxillofacial
Department at Oulu University Hospital, Finland,
were screened for the investigation during the years
2001-2004. Both an orthodontist and a maxillofacial
surgeon screened all the patients. Of these, 99 met the
inclusion criteria, which was severe malocclusion with
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considerable functional problems such as pain, trau-
matic occlusion or chewing problems. These maloc-
clusion types were severe mandibular retrognathia/
maxillary prognathia, anterior crossbite, severe open
bite, traumatic deep bite, severe lateral crossbite or
asymmetry or oligodontia. Exclusion criterion was
neuropathic pain. Only patients with adequate pre-
and post-treatment data (questionnaires and clinical
examinations) were included in the analysis. Five
patients had an incomplete pre-treatment question-
naire; nine patients were not reached after follow-up
and a post-treatment questionnaire was given or sent
to 85 patients, 21 of whom did not respond to the
questionnaire. The subjects in the final study con-
sisted of 64 patients (46 women, 18 men, mean
age = 37.5 years, range = 18-64 years), 44 of whom
underwent combined orthodontic-surgical treatment
involving either a sagittal ramus osteotomy and/or Le
Fort 1 osteotomy, while 20 patients underwent
conventional orthodontic treatment. Distributions
of patients according to malocclusion types are
described in Table I. Occlusal characteristics of the
study group have been described earlier in more detail
[34].

Data on OHRQoL,, facial pain and severity of TMD
symptoms were collected with self-completed ques-
tionnaires before (T'1) and an average of 3 years after
treatment (T2). OHRQoL was measured with a Finn-
ish translation of the 14-item Oral Health Impact
Profile (OHIP-14) using a 1-month recall interval.
OHIP-14 is a valid and reliable instrument, which is
based on Locker’s [35] conceptual model of oral
health. It has been used in representative surveys to
get population estimates for prevalence, extent and
severity, also in Finland [36-38]. OHIP-14 includes
seven dimensions: functional limitation, physical
pain, psychological discomfort, physical disability,
psychological disability, social disability and handi-
cap. Responses were coded as follows: 0 = ‘never’, 1 =
‘hardly ever’, 2 = ‘occasionally’, 3 = ‘fairly often’ and
4 = ‘very often’. The OHIP-14 severity score (poten-
tial range = 0-56) was calculated by summing the
response codes for 14 items. Item-specific responses
were categorized by using two cut-off points: FoVo
(fairly often, very often) and OFoVo (occasionally,

Table I. Main diagnoses of the patients describing the occlusal
characteristics of the study group before treatment (T'1).

Main diagnosis n %
Extreme overjet (8 mm or more)/Retrognathic 12 18.8
mandible

Anterior open bite (6 teeth or more) 12 18.8
Traumatic deep bite 16 25.0
Anterior crossbite 10 15.6
Unilater crossbite/Severe asymmetry 12 18.8
Oligodontia 2 3.0
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fairly often, very often). The extent and prevalence
scores were calculated using both cut-off points. The
extent score is the number of items reported (potential
range = 0-14). The prevalence is the percentage of
people reporting one or more items. Higher OHIP-14
scores indicate worse and lower scores indicate better
OHRQoL. For cases with one or two missing
OHIP-14 items, values were imputed using the item’s
sample mean. Additionally, dimension scores for
seven dimensions were calculated by summing two
response codes of each dimension.

Prevalence of facial pain was asked in the pre-
treatment questionnaire with the following question:
‘Have you had pain in the face during the last
12 months? no/yes (now and then/fairly often/often
or continuously)’. If the patient reported facial pain,
the patient was asked to assess the intensity of facial
pain with a visual analog scale (VAS) with the follow-
ing instruction: ‘Mark the intensity of facial pain at the
moment on the pain line. If you do not have pain at the
moment, think about the pain during the last
12 months’. The VAS had anchor points at the left-
(no pain) and right-hand (worst pain imaginable) ends
of a 100-mm horizontal line. If the patient reported
having no facial pain, the VAS value was coded as 0.
The same questions with 1-week reference period
were asked in the post-treatment questionnaires.

The severity of TMD symptoms was measured with
Helkimo’s [39] anamnestic dysfunction index (Ai)
and classified according to anamnestic dysfunction
index as 0 (no symptoms), I (mild symptoms) and II
(severe symptoms).

Clinical examinations were performed before and
on average 3 years after treatment. The degree of
TMD was assessed with the total score of Helkimo’s
[39] clinical dysfunction index (Di). The clinical
dysfunction index is based on the evaluation of five
clinical signs: impaired range of movement, impaired
function of the temporomandibular joint (TM]),
muscle pain, TMJ pain and pain on movement of
the mandible. The signs of TMD were classified with
standardized classification of Helkimo: Di 0 (0 points,
no signs and symptoms), Di I (1-4 points, mild
TMD), Di II (5-9 points, moderate TMD) and Di
IIT (10-25 points, severe TMD). The clinical exam-
inations were performed by three dentists trained by
one dentist specialized in stomatognathic physiology.

Stauistical analysis

Changes in OHIP-14, facial pain (VAS) scores and
Helkimo’s Di were found to be asymmetrically dis-
tributed and, therefore, non-parametric methods
were used in the analysis. Statistical significances of
differences in OHIP-14 severity and extent scores and
VAS scores between male and female and orthog-
nathic and orthodontic patients at different time
points were evaluated using Mann-Whitney U-test.

Statistical significances of differences in OHIP-14
prevalence measures, Helkimo’s Ai and Di indices
between male and female and orthognathic and ortho-
dontic patients at different time points were evaluated
using y°-test. Statistical significance of the changes
occurring during the study was evaluated using Wil-
coxon signed-rank test for OHIP-14 severity and
extent, VAS, Di and Ai and McNemar’s test for
OHIP-14 prevalence scores. Associations between
changes in OHIP-14 severity, VAS, Di and Ai scores
were evaluated using Spearman correlation coeffi-
cients. In addition, associations between changes in
OHIP dimensions and VAS were tested with Spear-
man correlation coefficients. The statistical analyses
were performed using IBM SPSS Statistics 20.

The study was approved by the Ethics Committee
of the Northern Ostrobothnia Hospital District,
Finland.

Results

The patients showed significant improvement in VAS
regarding the intensity of facial pain and in OHIP-14
values during follow-up (p < 0.05, Wilcoxon test and
McNemar test). Sixty-two per cent of the patients
reported facial pain before treatment and 20% after
follow-up. Mean values for OHIP-14 variables are
shown in Table II. Statistically significant improve-
ments in VAS and OHIP-14 and all OHIP-14 dimen-
sions were seen among both treatment groups and
among both genders (p < 0.05). There were no
statistically significant differences between genders
or between treatment groups in OHIP scores or VAS.

Ninety per cent of patients were classified as Ai I or
Ai Il of Helkimo’s anamnestic index before treatment,
compared to 60% after treatment (Table III). Before
treatment, 84% of the patients were classified as
having moderate or severe TMD (Di II, Di III),
the corresponding proportion after treatment being
29% (Table III). The positive changes in Ai and Di
occurring between the time points were statistically
significant (p < 0.05, Wilcoxon test) among all
patients and among all sub-groups, except that among
men the improvement in Ai was not statistically
significant. No statistically significant difference
(xz—test) was found at T1 or T2 between genders
or between treatment groups.

The changes in OHIP-14 severity scores and VAS
were significantly associated (r = 0.296, p = 0.019)
(Table 1V), the decrease in facial pain associating
particularly with improvement in the OHIP dimen-
sions physical pain, physical disability and social dis-
ability (r = 0.253, r = 0.263, r = 0.281, respectively,
p < 0.05) (Table V). A statistically significant positive
correlation was found between changes in Ai and
Di (r = 0.387, p = 0.005). The changes in Ai or Di
were not associated with OHIP-14 severity or VAS
(Table IV).
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Table II. Mean values of the Oral Health Impact Profile (OHIP-14) and facial pain intensity (VAS) before treatment (T1) and at follow-up

(T2).
Time All Gender Treatment
(n = 64)
Male Female Orthognathic Orthodontic
(n=18) (n = 46) (n = 44) (n = 20)
Severity mean T1 18.1* 16.2* 18.8* 18.3* 17.6*
T2 4.5 4.2 4.6 4.2 5.3
Extent mean, FOVO cut-off T1 2.8% 2.2% 3.0% 2.8% 2.6%
T2 0.2 0.1 0.2 0.2 0.3
Extent mean, OFOVO cut-off T1 5.9% 5.2% 6.2% 6.0% 5.8%
T2 1.3 1.0 1.3 1.2 1.5
Prevalence (%) FOVO cut-off T1 71* 65% 73*% 74% 63*
T2 11 11 11 9 15
Prevalence (%) OFOVO cut-off T1 94* 88* 96* 93% 95%
T2 52 50 52 50 55
Facial pain mean (VAS) T1 3.1% 2.2% 3.5% 3.2% 2.9%
T2 0.9 0.4 1.1 0.6 1.5

Severity, sum of OHIP impacts (potential range = 0-56); extent, number of items reported ‘fairly often’ or ‘very often’ (FoVo) or ‘occasionally’,
‘fairly often’ or ‘very often’ (OFoVo) (potential range = 0-14); prevalence, the percentage of subjects reporting at least one OHIP impact; facial

pain, VAS (potential range = 0-10).

* statistically significant change (p < 0.05, Wilcoxon test) between T1 and T2.

Table III. The Helkimo clinical dysfunction index (Di) and anamnestic dysfunction index (Ai) scores before (T1) and after (T2) treatment.

Dysfunction index

Anamnestic index

Di 0 Dil DiII Di IIT Ai 0 Ail Ai IT

All T1 2% 14* 32% 52% 10* 21%* 69*
T2 7 64 20 9 40 28 32

Male T1 0* 28* 17* 55% 19 31 50
T2 6 76 18 0 40 33 27

Female T1 2% 9* 39% 50% * 17* 76*
T2 7 59 22 12 40 27 33

Orthognathic T1 2% 11* 32% 55% 12% 17% 71*
T2 5 64 23 8 42 26 32

Orthodontic T1 0* 22% 33% 45* 6* 20% 65*
T2 11 63 15 11 35 35 30

* Statistically significant change (p < 0.05, Wilcoxon test) between T1 and T2.

The hypotheses were partly rejected. Although the
intensity of facial pain and signs and symptoms of
TMD decreased during the follow-up, only the
decrease of facial pain intensity correlated positively
with the decrease of OHIP impacts. Opposite to the
hypothesis, the gender differences were not found in
facial pain intensity, Ai or Di.

Discussion

The decrease in the intensity of facial pain was asso-
ciated with improved OHRQoL during the follow-up,
but the changes in signs and symptoms of TMD were
not.

The strengths of the present study were the long
follow-up and the valid and reliable instruments used
to measure OHRQoL and signs and symptoms of
TMD. In a current study, the Helkimo index was
chosen to measure the signs and symptoms of TMD.
Currently, the most often used indices are the
Research Diagnostic Criteria for Temporomandibu-
lar Disorders (RDC/TMD) or the recently published
Diagnostic Criteria for Temporomandibular Disor-
ders (DC/TMD) [40], but these indices were not
translated and validated in Finnish when the study
was initiated. However, an advantage of the Helkimo
index is that it allows numerical scoring, in contrast to
RDC/TMD and DC/TMD. As this was secondary
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Table IV. Correlations between changes in Oral Health Impact
Profile (OHIP-14) severity score, intensity of facial pain (VAS), the
Helkimo clinical dysfunction index (Di) and anamnestic dysfunc-
tion index (Ai) during follow-up (T1-T2).

OHIP-14 severity Facial pain (VAS) Di
Facial pain  0.296 (p = 0.019) 1
(VAS)
Di 0.165 (p = 0.228) 0.009 (p = 0.948) 1
Ai 0.196 (p = 0.144) 0.189 (p = 0.156) 0.387
(» = 0.005)

analysis of data collected for a longitudinal study, no
power analysis was performed particularly for this
part. For ethical reasons it was not possible to have
an untreated control group with the same level of
malocclusion and oral impacts, but the prevalence of
facial pain and OHRQoL can be compared to the
national epidemiologic samples instead [38,41]. Since
the present study was part of a larger longitudinal
study, including several time points, the shorter ref-
erence period in the post-treatment questionnaire
concerning facial pain intensity was chosen to exclude
pain due to treatment. However, based on previous
results, the duration of the reference period (1 month
vs 12 months) does not seem to have a statistically nor
clinically significant effect on reported oral impacts
[42]. A re-analysis of the same data on four single-
item questions was conducted, showing the agree-
ment to be substantial for three items: facial pain, jaw
pain and OHIP-14 pain item [43]. The re-analysis
showed moderate agreement for the fourth item,
dental pain, which is commonly acute compared to
facial pain, which is more often chronic. Although the
facial pain questions in the present study concerned
primarily the pain at that moment, it is possible that
the shorter periods have under-estimated the preva-
lence and intensity of facial pain. For that reason, the
amount of the improvement should be interpreted
with caution.

The prevalence of reported facial pain at baseline
was manifold compared to Finnish young adults (62%
vs 12.2% among men and 17.9% women) [41]. The
decrease in reported facial pain confirms the earlier

findings of several studies after orthognathic treat-
ment [14,44-46]. In this study, women reported facial
pain more often at baseline than men. It has generally
been shown that the prevalence of facial pain and
TMDs is higher among women [47]. The gender
differences in experienced pain have been explained
by biological, hormonal, psychosocial and social fac-
tors, among others [47,48]. There was no difference
in the intensity of facial pain between genders after
treatment, showing that treatment outcome was not
dependent on gender.

The majority of the patients had moderate or severe
TMD at baseline. The results are in line with previous
studies reporting that patients seeking orthognathic
surgery treatment have more symptoms and signs of
TMD compared to matched controls [14,49,50]. In
the present study, the percentages of severe signs and
symptoms of TMD before treatment were higher than
the corresponding levels reported in previous studies
among orthognathic patients [46,49]. The high prev-
alence of TMD in the present study can be explained
by the inclusion criterion of considerable functional
problems. The inclusion criterion were the same as in
publicly funded orthodontic care for adults in Fin-
land. The marked improvements in the dysfunction
indices confirm the results of other longitudinal stud-
ies that have used the Helkimo index at pre- and post-
surgery [45,46,49,51]. In a systematic review, Al-
Riyami et al. [26] concluded that orthognathic sur-
gery decreased both self-reported pain symptoms and
clinically diagnosed pain on palpation tenderness
measured with the Helkimo indices.

Pain has multidimensional influences on physical
functioning. Therefore, it seems logical that change in
facial pain was associated with changes in the OHR-
QoL dimensions of physical pain and physical dis-
ability. Interestingly, change in pain was also
associated with change in the social disability dimen-
sion (irritability and difficulty in doing usual jobs).
These findings are in accordance with the empirically
derived model of oral health presented by
Nuttall et al. [52]. In this empirically-derived model,
pain is linked with disability (physical, psychological
and social) and handicap, whereas functional limita-
tion is not, as was suggested in the original model of

Table V. Mean scores for Oral Health Impact Profile (OHIP-14) dimensions before treatment (T'1) and after follow-up (T2) and changes
during follow-up (T1-T2) and correlations between changes in dimensions and change in facial pain intensity (VAS).

Functional Physical Psychological Physical Psychological Social disability Handicap
limitation pain discomfort disability disability
Mean T1 1.8 4.3 3.9 1.6 2.8 1.9 1.8
Mean T2 0.7 1.8 0.9 0.2 0.4 0.2 0.3
Change -1.1 -2.5 -3.0 -1.4 -2.4 -1.7 -1.5
Facial pain (VAS) r* 0.165 0.253" 0.239 0.263" 0.210 0.281" 0.185
P 0.207 0.044 0.059 0.037 0.102 0.027 0.147

*, Spearman correlation coefficient for association between changes in OHIP dimensions and facial pain (VAS), 'p < 0.05.



Locker [35]. A similar hierarchy was also found in the
path model at baseline of this study, where stronger
association was observed between facial pain and
OHRQOoL than between TMD or occlusal character-
istics and OHRQoL [30]. The results of the present
study support both the empirically derived model and
the path models, emphasizing the direct association of
pain with OHRQoL.

Changes in OHRQoL were not conveyed via clin-
ically assessed TMD signs or TMD symptoms. This
finding can be due to the fact that, besides pain-
related TMD signs, the Helkimo indices include
also TMJ joint sounds, which reportedly do not
improve after treatment and do not necessarily affect
the patient’s quality-of-life [26]. To our knowledge,
this is the first long-term study investigating associa-
tions between OHRQoL, pain and TMD during
orthodontic/orthodontic-surgical treatment; there-
fore, comparative data is missing.

The results showed a remarkable change in OHR-
QoL from low level to normal population level. It can
be suggested that OHRQoL improves via decreased
facial pain, rather than improved signs and symptoms
of TMD. Although the results showed an association
between facial pain and OHRQoL after orthodontic
or orthodontic-surgical treatment, more longitudinal
studies are needed to study causality between these
factors.

In conclusion, orthodontic and orthodontic-surgical
treatment of severe malocclusion seems to improve
OHRQOoL via decreased facial pain in adults with
pre-existing functional problems.
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