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Summary 
Aim:  The aim of this study was to investigate malocclusion severity and its associations with oral health-related quality of life (OHRQoL) among 
middle-aged adults.
Materials and methods:  The study material consisted of 1786 subjects from the Northern Finland Birth Cohort 1966 who attended dental 
and oral examination as part of the 46-year-old follow-up study. Malocclusion severity was assessed using the Dental Health Component (DHC) 
of the Index of Orthodontic Treatment Need (IOTN) and the Peer Assessment Rating index (PAR) from digital 3D dental models. Participants 
also answered a questionnaire including the Oral Health Impact Profile (OHIP-14) and a question on their satisfaction with occlusal function. 
Differences between malocclusion severity groups were evaluated for both genders separately. For adjusted models, multivariate Poisson re-
gression models were conducted.
Results:  In this study population, 31.3% had great or very great orthodontic treatment need according to DHC and the mean PAR total score 
was 22.05. The most severe malocclusions were associated with OHRQoL, especially the psychosocial and handicap dimensions, and satisfac-
tion with occlusal function. There was a significant difference between genders, men having more severe malocclusion but women reporting 
more OHRQoL impacts.
Conclusion:  One third of the study population were considered to have severe malocclusion. There was an association between malocclusion 
severity and OHRQoL in adult population, particularly in women.

Introduction
Unlike other oral health conditions, malocclusion is not ac-
tually a disease but rather a set of different levels of devi-
ations from optimal occlusion. Nevertheless, the most severe 
malocclusions may be handicapping in the sense of the im-
pact they have on daily life (1), and in many countries, their 
treatment is included in public oral health care programs. 
Measuring the severity of malocclusion gives an estimate of 
how much the case deviates from normal occlusion, and the 
severity of malocclusion has been considered to correlate with 
need for orthodontic treatment (1, 2).

The severity of malocclusion has usually been investigated 
using occlusal indices. Different indices have been developed 
for different purposes (3, 4), but most of them can be used 
in determining malocclusion severity and orthodontic treat-
ment need (2, 4, 5). Using occlusal indices gives an objective 
professional evaluation of the level of malocclusion severity 
but have been criticized for lacking the subjective perspective 
of the individual (6, 7, 8). The professionals’ and patients’ 
opinion of treatment need have found to differ significantly 
(9). Even in severe malocclusions, treatment is not obliga-
tory if the adult patient does not experience any harm from 
the malocclusion. On the other hand, minor irregularities can 
be of great concern for the individual, potentially affecting 

self-esteem and self-confidence (10, 11), and the aesthetic 
and psychosocial impacts of malocclusions have been found 
to be a common reason for seeking orthodontic treatment 
(12–14).

Lately, there has been increasing interest in investigating 
the oral health-related quality of life (OHRQoL) as it meas-
ures the individual’s own perception of oral health and 
physical, psychological, and social well-being (6, 7). Factors 
influencing the OHRQoL include caries, tooth loss, malocclu-
sion, socioeconomic/sociodemographic factors, age, sex, cul-
ture, and expectations (15–19).

Previous reviews report evidence of the associations of 
malocclusions with OHRQoL (15, 20, 21). In orthodontic 
patients, severe malocclusion has been found to cause in par-
ticular psychosocial harm, but to have some physical impacts 
as well (22–24). Orthodontic/orthognathic treatment has 
shown to significantly improve OHRQoL (13, 25, 26), and 
those improvements have found to be long-term (27).

On population level, associations between malocclusion 
and OHRQoL have been found among children and adoles-
cents (28–30), but there is only little evidence of these associ-
ations in adult populations (31). The findings in children may 
not be generalized to adult populations because the impacts 
of malocclusion on OHRQoL have been found to be different 
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in different age groups (12, 15, 21), and the long-term effects 
of malocclusion as well as possible adaptation to the condi-
tion will only be detected over the years.

The prevalence of different levels of malocclusions is high, 
and the amount of the adults seeking orthodontic treatment 
is constantly increasing (12). Investigating the associations 
of malocclusion and OHRQoL in adult population provides 
information which can be used when developing treatment 
protocols and allocating resources in public oral health care.

The aim of this cross-sectional study was to investigate the 
severity of malocclusion and its gender-specific associations 
with oral health-related quality of life in a middle-aged adult 
population.

Materials and methods
This cross-sectional study was conducted as part of the 
Northern Finland Birth Cohort 1966 (NFBC1966) initially 
comprising all children from the two northern provinces of 
Finland (Lapland and Oulu) whose expected time of birth 
was in 1966 (n = 12 058) (32). In 2012–2013, a subgroup 
of 3150 subjects (consisting of all the individuals from the 
original study population who lived in Oulu or within 100 
km from Oulu) was invited to participate in an oral exam-
ination as part of the 46-year follow-up study. Participation 
was voluntary, and 1964 subjects (62.3%) (912 males and 
1052 females) agreed to participate. All the subjects signed 
a written informed consent form and had the right to refuse 
from participating or giving their data for the study at any 
time. Subjects with missing 3D dental models or other missing 
information, 10 or more missing teeth, cleft lip or palate, fixed 
appliances or non-occlusion or extreme caries were excluded 
from the study population. The flow chart of the study popu-
lation is presented in Figure 1.

The clinical dental and oral examinations have been de-
scribed in more detail previously (33, 34). Standardized self-
completed questionnaires included questions concerning 
background information, orthodontic treatment history and 
OHRQoL (32, 34). Digital 3D dental models were taken 
using intraoral scanner (iTero 3D scanner, Cadent, San Jose, 
CA, USA), and the models were analysed using the 3Shape 
Ortho Analyzer™ software (Copenhagen, Denmark).

Severity of malocclusion was investigated using two dif-
ferent indices: the Dental Health Component (DHC) of the 
Index of Orthodontic Treatment Need (IOTN) and the Peer 
Assessment Rating index (PAR) (35, 36). The DHC is a five-
grade index categorizing orthodontic treatment need as no 
need (DHC grade 1), little need (DHC grade 2), moderate 
need (DHC grade 3), great need (DHC grade 4), and very 
great need (DHC grade 5) on the basis of the worst single de-
viation from normal occlusion (35). In this study, DHC was 
trichotomized in DHC 1–2, DHC 3, and DHC 4–5 for further 
analyses.

The PAR index was originally developed to assess the 
orthodontic treatment outcome, but it has shown to be 
valid in assessing treatment need, as well (4). It provides a 
single summary score indicating all the occlusal deviations 
in the dentition. The PAR index consists of five compo-
nents: anterior segment, buccal occlusion, overbite, overjet 
and centreline. All the occlusal features of these segments 
were scored and weighted according to British weightings, 
and these component scores were summed up to create a 
PAR total score, a higher score indicating a higher level of 

irregularities (36). The validity and reproducibility of both 
of these indices have been found to be high (35, 36). The 
subgroups of the best and the worst 20% extremities were 
separated from the PAR total scores; the cut-off points were 
set at PAR total score of ≤13 for the good occlusion group 
and PAR total score of ≥31 for the severe malocclusion 
group.

The PAR ratings were recorded by two examiners (L.N. 
and A.-S.S.) and the DHC by one examiner (L.N.) from the 
digital 3D dental models. Both examiners were trained and 
calibrated to use the indices, and interexaminer agreement 
was 0.901, and intraexaminer agreements varied 0.959–
0.995. Digital 3D models have been found to be a valid and 
reliable method for assessing occlusal deviations (37, 38).

OHRQoL was measured using the Finnish translation of 
the 14-item Oral Health Impact Profile (OHIP-14), which has 
been found to be valid and reliable and to have a good pre-
cision (18, 39). The OHIP-14 consists of seven dimensions: 
functional limitation, physical pain, psychological discomfort, 
physical disability, psychological disability, social disability 
and handicap. Each dimension included two questions and 
they were answered on a five-point Likert scale (0 = never, 1 = 
hardly ever, 2 = occasionally, 3 = fairly often, 4 = very often) 

Figure 1. Flow chart of the study population.
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concerning the preceding month. OHIP-14 severity score is 
summed up from the values of the dimension scores (poten-
tial range 0–8), the potential range of OHIP-14 severity being 
0–56. Higher OHIP-14 dimension and severity scores indicate 
worse OHRQoL (39). In addition to the OHIP-14 questions, 
the participants answered one separate question, ‘how satis-
fied are you with your occlusal function’, and the answers 
were coded as follows: 1 = very satisfied, 2 = quite satisfied, 3 
= quite unsatisfied, and 4 = very unsatisfied.

The research program is coordinated by the Department of 
Health Sciences, Faculty of Medicine, University of Oulu, and 
the study protocol was approved by the Ethics Committee 
of the Northern Ostrobothnia District in Oulu, Finland 
(74/2011).

Statistical analysis
The mean values of OHIP-14 severity and dimension scores, 
satisfaction with occlusal function scores, and PAR total and 
component scores were calculated. The differences in mean 
OHIP severity scores according to treatment need groups, 
education, caries and self-reported orthodontic treatment 
history were evaluated. The mean OHIP severity and dimen-
sion scores, satisfaction with occlusal function scores, and the 
mean PAR total and component scores were compared ac-
cording to treatment need groups, so that the scores of mod-
erate and great/very great treatment need groups (DHC 3, and 
DHC 4–5) were compared separately to the scores of the no/
little treatment need group (DHC 2). Similarly, the differences 
in mean OHIP severity and dimension scores and satisfac-
tion with occlusal function scores between the good occlusion 
group and the severe malocclusion group according to PAR 
total scores were evaluated. Mann–Whitney U-test was used 
to examine the differences between groups.

Poisson regression analyses were conducted to evaluate 
the association between malocclusion severity and OHRQoL 
when adjusted for confounders. The possible confounders 
chosen were dichotomized as follows: education (0 = poly-
technic/university degree, 1 = no professional education/

vocational or college-level education), presence of caries (0 = 
no, 1 = yes), self-reported history of orthodontics (0 = no, 1 
= yes). OHIP severity and dimension scores and satisfaction 
with occlusal function scores were dependent variables (sep-
arate model for each) and PAR and DHC were independent 
variables, all as continuous count variables. Poisson regres-
sion estimates (RR) describe the RR when comparing 1-point 
difference in PAR or 1 grade difference in DHC. RR > 1 means 
that the risk for having higher OHIP scores is increased.

All statistical analyses were performed separately for both 
genders. P-values of < 0.05 were considered statistically sig-
nificant. Analyses were conducted using IBM SPSS Statistics 
25.0 (SPSS Inc., Chicago, IL, USA).

Results
The characteristics of the study population are presented in 
Table 1. The mean OHIP severity in the study population was 
3.63 (3.17 in men and 4.02 in women, P = 0.001). Lower 
OHRQoL was statistically significantly associated with caries 
with both genders (P < 0.001), and lower educational level in 
men (P = 0.018).

Of the total study population, 25.8% had no/little 
orthodontic treatment need (DHC 2), 42.9% had mod-
erate treatment need (DHC 3), and 31.3% had great or 
very great orthodontic treatment need, considered to have 
a severe malocclusion (DHC 4–5). None of the subjects 
were scored as having DHC 1. There was a statistically 
significant difference in malocclusion severity between 
genders. Severe malocclusion was more common in men 
as the percentages were 21.2% for no/little need, 46.5% 
for moderate need, and 32.3% for great/very great need, 
while in women they were 29.8%, 39.9%, and 30.3%, 
respectively (P = 0.004) (Table 1).

The mean PAR total score in the study population was 22.05 
(SD 10.62), and there was a statistically significant association 
between DHC grades and PAR total score and all PAR com-
ponent scores. The mean PAR total score was higher in men 

Table 1. Characteristics of the study population, and mean values of the Oral Health Impact Profile (OHIP-14) severity. Mann−Whitney U-test

     All  Male  Female

  n (%)  OHIP 
severity 

 P  n (%)  OHIP 
severity 

 P  n (%)  OHIP 
severity 

 P 

ALL (n = 1786)  1786 3.63  826 3.17 0.001* 960 4.02 0.001*

Education Low 654 (38.9) 3.92 0.076 382 (48.5) 3.54 0.018 276 (30.6) 4.50 0.216

 Med/
high

1026 (61.1) 3.37 406 (51.5) 2.73 626 (69.4) 3.78

Caries Yes 733 (41.3) 3.15 <0.001 394 (47.9) 3.82 <0.001 339 (35.5) 4.92 0.001

 No 1043 (58.7) 4.33 428 (52.1) 2.57 615 (64.5) 3.55

Self-reported orthodon-
tic treatment history

Yes 330 (18.5) 3.41 0.580 137 (16.6) 2.64 0.066 193 (20.1) 3.95 0.631

 No 1456 (81.5) 3.68 689 (83.4) 3.28 767 (79.9) 4.04

DHC 2  461 (25.8) 3.62  175 (21.2) 3.11  286 (29.8) 3.93  

DHC 3  767 (42.9) 3.57 0.450** 384 (46.5) 3.05 0.211** 383 (39.9) 4.10 0.633**

DHC 4  512 (28.7) 3.72 0.191** 245 (29.7) 3.34 0.121** 267 (27.8) 4.07 0.406**

DHC 5  46 (2.6) 3.59 0.633** 22 (2.7) 3.91 0.958** 24 (2.5) 3.29 0.600**

*P-value for the difference between genders.
**The DHC 3, DHC 4, and DHC 5 groups compared separately to the DHC 2 group.
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(22.92, SD 10.58) compared to women (21.29, SD 10.60) (P 
= 0.001). When evaluating the malocclusion severity by DHC, 
severe malocclusion (DHC 4 and 5) was associated only with 
handicap dimension of OHIP-14 in women (P = 0.012), and 
lower satisfaction with occlusal function in both genders (P = 
0.010 in men, P = 0.001 in women) (Table 2).

Table 3 shows the best and worst 20% extremities of PAR 
total scores (considered as good occlusion and severe mal-
occlusion) and their association with OHRQoL. Women with 
severe malocclusion had more functional limitation, psy-
chological discomfort and handicap (P = 0.021, P = 0.041, 
P = 0.002, respectively). In men such associations were not 
found. Severe malocclusion decreased satisfaction with oc-
clusal function in both genders (P < 0.001). On the contrary, 
women with severe malocclusion reported less physical dis-
ability (P = 0.007).

The associations of malocclusion severity with OHRQoL 
and satisfaction with occlusal function adjusted for selected 
confounding variables are presented in Table 4. When ana-
lysing the gender differences, women reported more effects 
on OHRQoL. In men, DHC was associated with OHIP se-
verity, psychological disability and handicap (P = 0.002, P = 
0.006, P = 0.041), and PAR only with psychological disability 
(P = 0.029). In women, DHC was associated with psycho-
logical disability and handicap (P = 0.042, P = 0.004), and 
PAR with OHIP severity (P < 0.001), functional limitation 
(P = 0.001), psychological discomfort (P < 0.001), psycho-
logical disability (P = 0.001), social disability (P = 0.007), 
handicap (P < 0.001), and satisfaction with occlusal function 
(P = 0.040). Negative associations (worse occlusion associ-
ated with better OHRQoL) of DHC and physical pain (P = 
0.008) and of DHC and PAR with physical disability (P = 
0.014, P = 0.022) were found in women. In men, there was 

a negative association of PAR with physical disability (P = 
0.006). Figure 2 illustrates the RRs when comparing patients 
according to difference in their PAR total score (1–60 points 
difference). Especially in women, the risk for higher OHIP 
severity score is increased significantly when having higher 
PAR total scores.

Discussion
The aim of this study was to investigate the severity of mal-
occlusion and its gender-specific associations with OHRQoL 
in a Finnish adult population. The prevalence of severe mal-
occlusions was relatively high in the present study popula-
tion, and the total OHIP-14 score was 3.63, corroborating 
the findings in a previous population-based study (31). This 
study confirms that especially the most severe malocclusions 
have a negative impact on OHRQoL. There were also signifi-
cant gender differences in both malocclusion severity and its 
associations with OHRQoL.

Malocclusions have been found to be generally associated 
with OHRQoL among orthodontic patients (14, 22–24), and 
those associations have also been discovered on population 
level (17, 28, 30, 31). The present study shows that severe 
malocclusion is associated with OHRQoL, and with satisfac-
tion with occlusal function in a middle-aged adult population. 
Previous population-based studies have found associations of 
malocclusion with social and emotional well-being among 
children and adolescents (20, 28). However, studies in adult 
patients and in adult populations have reported functional 
and physical dimensions to be affected as well (19, 22–24, 
31), which is in line with the findings of this study.

Associations of malocclusion severity with OHRQoL 
and satisfaction with occlusal function were found in both 

Table 2. Gender-specific mean values of the Peer Assessment Rating (PAR) total and component scores, the Oral Health Impact Profile (OHIP-14) 
severity and dimensions, and satisfaction with occlusal function for different orthodontic treatment need groups by Dental Health Component (DHC) of 
Index of Orthodontic Treatment Need (IOTN) (DHC 2 no/little need, DHC 3 moderate need, DHC 4–5 great/very great need). Mann−Whitney U-test

   Male  Female

  DHC 2  DHC 3    DHC 4–5    DHC 2  DHC 3    DHC 4–5   

 n = 175 n = 384 P n = 267 P n = 286 n = 383 P n = 291 P

PAR total score 13.84 21.66 <0.001* 30.70 <0.001* 12.38 20.60 <0.001* 30.96 <0.001*

 � Anterior segment 3.15 7.07 <0.001* 8.97 <0.001* 3.08 6.71 <0.001* 8.86 <0.001*

 � Buccal occlusion 3.22 3.56 0.029* 4.50 <0.001* 2.94 3.58 <0.001* 4.41 <0.001*

 � Overjet 4.90 7.36 <0.001* 12.74 <0.001* 4.38 7.22 <0.001* 13.57 <0.001*

 � Overbite 1.27 1.55 0.107 2.39 <0.001* 1.10 1.37 0.032* 2.13 <0.001*

 � Centreline 1.30 2.11 0.002* 2.10 0.002* 0.87 1.71 <0.001* 1.99 <0.001*

OHIP severity 3.11 3.05 0.211 3.39 0.145 3.93 4.10 0.633 4.01 0.503

 � Functional limitation 0.19 0.17 0.932 0.16 0.832 0.19 0.19 0.408 0.22 0.101

 � Physical pain 1.25 1.36 0.388 1.37 0.423 1.57 1.51 0.726 1.34 0.188

 � Psychological discomfort 0.66 0.66 0.509 0.76 0.171 0.93 1.00 0.693 1.04 0.317

 � Physical disability 0.22 0.19 0.629 0.16 0.140 0.31 0.33 0.341 0.20 0.194

 � Psychological disability 0.35 0.32 0.499 0.43 0.207 0.51 0.54 0.495 0.62 0.253

 � Social disability 0.22 0.15 0.435 0.22 0.942 0.16 0.25 0.105 0.22 0.409

 � Handicap 0.22 0.19 0.843 0.28 0.371 0.26 0.28 0.435 0.37 0.012*

Satisfaction with occlusal function 1.93 1.92 0.885 2.07 0.010* 1.91 2.03 0.012* 2.08 0.001*

P-values for the difference compared to the DHC 2 group.
*P < 0.05.
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genders, though, significant gender differences in the asso-
ciations of malocclusion severity and OHRQoL were also 
revealed. Women with severe malocclusions reported signifi-
cantly more OHRQoL impacts than men, mostly in psycho-
logical and handicap dimensions, but also in overall OHIP 
severity and functional limitation. The same tendency was 
seen in both unadjusted and adjusted models, more clearly 
after adjusting with confounding variables. In the regres-
sion models, higher PAR total scores were associated with a 

risk for having higher OHIP scores particularly in women. 
Females have previously been found to be more sensitive to 
OHRQoL impacts, especially related to aesthetics or psycho-
social well-being (14, 22, 30), though the evidence of gender 
differences has been inconsistent (23). One third of the study 
population had severe malocclusion or great/very great 
orthodontic treatment need (DHC 4 and 5), consistent with 
a previous study in a representative adult population (40). 
However, the prevalence of severe malocclusions in previous 

Table 3. Gender-specific mean values of the Oral Health Impact Profile (OHIP-14) severity and dimensions, and satisfaction with occlusal function 
for the best and the worst 20% extremities of the Peer Assessment Rating (PAR) total scores: good occlusion (PAR total score ≤ 13) and severe 
malocclusion (PAR total score ≥ 31). Mann−Whitney U-test

   Male  Female

  Good occlusion  Severe malocclusion     Good occlusion   Severe malocclusion   

  n = 154  n = 182  P  n = 233  n = 185  P

OHIP severity 3.62 3.42 0.755 3.65 4.02 0.713

 � Functional limitation 0.14 0.19 0.397 0.12 0.27 0.021*

 � Physical pain 1.49 1.32 0.239 1.60 1.29 0.070

 � Psychological discomfort 0.76 0.80 0.637 0.80 1.12 0.041*

 � Physical disability 0.26 0.14 0.081 0.37 0.18 0.007*

 � Psychological disability 0.43 0.47 0.359 0.46 0.60 0.229

 � Social disability 0.27 0.19 0.988 0.13 0.18 0.665

 � Handicap 0.27 0.31 0.393 0.17 0.37 0.002*

Satisfaction with occlusal function 1.90 2.12 <0.001* 1.90 2.14 <0.001*

P-values for the difference between malocclusion severity groups.
*P < 0.05.

Table 4. Gender-specific final Poisson regression models for the Oral Health Impact Profile (OHIP-14) severity and dimensions, and satisfaction with 
occlusal function, adjusted for education, caries and self-reported orthodontic treatment history. Independent variables: malocclusion severity defined 
with Peer Assessment Rating (PAR) (scores 0–60) and the Dental Health Component (DHC) (grades 2–5) indices

    Male (n = 784)  Female (n = 897)

 Dependent variable Independent variables  RR  95% CI  P  RR  95% CI  P 

OHIP severity PAR 1.001 0.997–1.005 0.572 1.007 1.004–1.010 <0.001

 DHC 1.085 1.031–1.142 0.002 1.012 0.972–1.053 0.564

Functional limitation PAR 1.010 0.995–1.027 0.197 1.022 1.008–1.035 0.001

 DHC 0.957 0.767–1.194 0.697 1.087 0.911–1.296 0.354

Physical pain PAR 0.997 0.991–1.003 0.291 0.996 0.991–1.001 0.147

 DHC 1.049 0.969–1.135 0.236 0.914 0.856–0.976 0.008

Psychological discomfort PAR 1.006 0.998–1.014 0.143 1.015 1.009–1.021 <0.001

 DHC 1.108 0.993–1.237 0.067 1.063 0.981–1.151 0.133

Physical disability PAR 0.977 0.961–0.993 0.006 0.985 0.973–0.997 0.014

 DHC 0.901 0.727–1.118 0.345 0.836 0.718–0.974 0.022

Psychological disability PAR 1.012 1.001–1.023 0.029 1.014 1.006–1.022 0.001

 DHC 1.235 1.062–1.436 0.006 1.115 1.004–1.239 0.042

Social disability PAR 0.990 0.974–1.006 0.220 1.018 1.005–1.032 0.007

 DHC 1.160 0.938–1.435 0.170 1.127 0.949–1.340 0.173

Handicap PAR 1.013 0.999–1.027 0.062 1.024 1.013–1.035 <0.001

 DHC 1.224 1.008–1.486 0.041 1.229 1.067–1.415 0.004

Satisfaction with occlusal function PAR 1.004 0.999–1.009 0.092 1.005 1.000–1.009 0.040

 DHC 1.041 0.975–1.110 0.228 1.046 0.989–1.106 0.115

RR, relative risk; CI, confidence interval.
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population-based studies varies widely (29, 41–43). The oc-
clusal indices have been found to correlate highly with each 
other (42), which was seen in this study as well. The mean 
PAR total score in the present study population was relatively 
high, similarly to a previous study in adult population using 
the PAR index (42). The severity of malocclusion differed by 
gender, males having slightly higher percentage of severe mal-
occlusions (DHC 4 and 5) than females. Likewise, the mean 
PAR total score in males was slightly higher compared to fe-
males. Parallel findings have been observed in Italian popula-
tion (44) while no gender difference in DHC was seen among 
German adults (40). Anyhow, the difference between genders 
seems to be minor, and the clinical importance is limited.

According to the PAR index, the score limit for good occlu-
sion is considerably low, and the recommended cut-off point 
for orthodontic treatment need has been more than or equal 
to 17 (2, 4, 42). In the present study, over two thirds of the 
study population had a PAR total score ≥ 17, which differs 
significantly from a study among children and adolescents in 
Hong Kong, where more than half of the population had a 
PAR total score ≤ 10 (29). This may be related to the com-
position of the PAR index as it sums up all the occlusal de-
viations, and in a population of 46 year olds, there may be 
numerous smaller irregularities even in acceptable occlusions. 
The high prevalence of severe malocclusion in this study 
population may be related to the low prevalence of ortho-
dontic treatment history (18.5%).

DHC has clear cut-off points for different treatment needs. 
Though DHC is a normative objective measure, the same 
DHC score represents a variety of conditions, and individuals 
with the same DHC score may in reality differ in their mal-
occlusion severity and actual treatment need. In DHC, only 
the one worst occlusal deviation is recorded, which is not ne-
cessarily the one causing harm or about which the individual 
might be concerned (11, 45). Unlike DHC, the PAR index rep-
resents all the occlusal deviations in the dentition, and thus 
seems to be a better predictor of malocclusions’ impacts on 
OHRQoL in the adjusted models in this study.

There are several other factors affecting OHRQoL. 
Therefore, participants with missing teeth, cleft lip and palate 
and ongoing orthodontic treatment were excluded from 
this study (8, 16, 18, 46, 47). Previous orthodontic treat-
ment, oral health and socioeconomic factors were taken into 

consideration as confounding factors in the adjusted models, 
as these have found to have OHRQoL impacts (8, 17, 19). 
The prevalence of orthodontic treatment history in this study 
population was considerably low, which may have some ef-
fect on the individuals’ expectations for the occlusion and ac-
cordingly to OHRQoL.

The strength of this study was the nationally representa-
tive study population, all from the same region and of the 
same age. The sample size was considerably large and en-
abled taking confounding factors into account. This is the 
first population-based study using the PAR index to evaluate 
the severity of malocclusion in such a large number of par-
ticipants. In measuring the severity of malocclusion and 
OHRQoL, the most commonly used indices were used, and 
the digital 3D models enabled precise measurements (38). 
Both DHC and PAR have been found to be excellent indices 
in revealing orthodontic treatment need (2, 4, 5), and DHC 
has also been validated for use in epidemiological studies 
(3).

Although OHIP-14 is one of the most widely used 
OHRQoL measures, it is an instrument with functional bias, 
and it might be considered not a very sensitive instrument for 
measuring OHRQoL related to orthodontic problems (48). 
There are other measures available more specific for this pur-
pose, but the Finnish translations were not available at the 
time of the data collection (49).

The post hoc power analyses were performed, showing 
good power (>80%) in the comparisons between genders and 
in the association between malocclusion severity and satis-
faction with occlusal function. Anyhow, the power was weak 
(<10%) in the associations between OHIP and malocclusion 
severity. This confirms that even though the sample size was 
calculated to be sufficient, the differences in OHRQoL meas-
ured with OHIP-14 on population level are small to be de-
tected. In this study, the mean OHIP scores were relatively 
low, and the differences between groups were rather small. 
In population-based studies, the mean OHIP scores tend to 
be low in general (31), and therefore, even the small differ-
ences should be taken into consideration. Anyhow, it should 
be noted that the associations found in this study were statis-
tically significant albeit weak, and the clinical relevance of the 
differences is limited.

Thus, the associations between malocclusions measured 
with the indices and OHRQoL seems to be relatively weak 
and inconsistent. When the associations of clinically regis-
tered malocclusion traits (overjet, overbite, crossbite, scissor 
bite) have previously been investigated, more associations 
with OHRQoL and its dimensions were found (50). This con-
firms the significance of registering different malocclusion 
traits when evaluating the orthodontic treatment need and its 
impacts on patients’ perception. The definition of acceptable 
occlusion may also differ between countries, and the indices 
do not necessarily meet the local orthodontic treatment need 
criteria (51, 52).

There has been a lack of studies of malocclusions’ im-
pacts on OHRQoL in adults, but the present study showed 
that there is a weak association of severe malocclusions with 
OHRQoL in a middle-aged adult population. Subjects with 
malocclusion over a long period of time tend to have higher 
prevalence of OHRQoL impacts (12), but in the present study 
population, most of the subjects do not seem to have im-
pacts related to their occlusal deviations. Anyhow, this study 
corroborates the findings that the normative measures of 

Figure 2. Relative risk for having higher Oral Health Impact Profile 
severity score according to difference in Peer Assessment Rating 
total score, based on the final logistic regression model, adjusted for 
education, caries, and self-reported orthodontic treatment history.
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orthodontic treatment need may not alone capture the indi-
viduals’ perspective of the condition (8).

Conclusions
•	 The mean PAR total score in the study population was 

22.05 (SD 10.62), and the prevalence of severe malocclu-
sion was relatively high.

•	 The findings of this study suggest that there is a statis-
tically significant albeit weak association between mal-
occlusion severity and OHRQoL in adults on population 
level.

•	 Malocclusion severity and the associations with 
OHRQoL differ between genders, men having more se-
vere malocclusion, while women experience more harm 
related to malocclusions.
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