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The Effect of Malocclusion on Oral Health-Related Quality of Life of Adolescents in the Rural Areas of Hamirpur Block, Himachal Pradesh, India


Abstract:
[bookmark: _Hlk197512234][bookmark: _Hlk197508951][bookmark: _Hlk197509952]Aim: This study aimed to examine the effect of malocclusion on oral health-related quality of life (OHRQoL) using the Index of Orthodontic Treatment Need (IOTN) and the Oral Health Impact Profile-14 (OHIP-14) questionnaire for OHRQoL among school-going children in the Hamirpur Block of Himachal Pradesh, India.
Methods: This cross-sectional study was conducted in government senior secondary schools of Hamirpur Block, Himachal Pradesh. A total of 294 students aged 12–18 participated in this study. The assessment tools used to determine the need for orthodontic treatment included the OHIP-14 questionnaire for OHRQoL and the dental health component (DHC) of the IOTN.
Results: Of the 294 samples, the highest proportion (approximately 29%) exhibited borderline treatment needs, whereas the lowest proportion (approximately 6%) had high treatment needs. Overall, treatment needs were identified in approximately 165 individuals, which accounted for approximately 56% of the total samples. Self-consciousness was the most prevalent factor, observed in 81% of the participants. The mean overall score (± SD) was 4.29 ± 5.25. Physical disability exerted the least impact (0.19 ± 0.42), whereas psychological discomfort had the most significant effect (1.51 ± 1.67). A high need for orthodontic treatment significantly impacted the participants’ overall OHRQoL score across all domains of OHIP-14. Both bivariate and multivariate analyses of OHIP-14 regarding IOTN–DHC, sex and age group revealed a significant association between normative orthodontic treatment needs and overall OHIP-14 scores.
In either analysis, boys had a statistically nonsignificant lower impact score than girls. With increasing age, the impact score for quality of life declined significantly for the 15–16 age group in multivariate analysis.
Conclusion: Malocclusion negatively affects OHRQoL and its various domains. Individuals with Grade 5 malocclusion (indicating a high treatment need) experience a considerable negative impact on their overall OHRQoL score across all domains of OHIP-14.
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INTRODUCTION
“The concept of oral health-related quality of life (OHRQoL) employs multi-dimensional frameworks to evaluate the presence or absence of negative impacts of oral health conditions and diseases on an individual’s daily life.”1,2 “OHRQoL emerged from a paradigm shift that moved away from assessing oral health purely based on the clinical presence or absence of diseases.”3 “Rather than focusing solely on the clinical perspective—determining signs and symptoms as the primary concern—OHRQoL emphasises the subjective experiences and perspectives of the individual whose oral health is being examined.”4 “OHRQoL refers to the influence of oral health or disease on a person’s overall quality of life.”5 “Factors affecting oral health impact physical and economic well-being and quality of life by influencing functionality, appearance, relationships, social interactions, self-esteem and psychological health.”6 “Studies investigating the physical, social and psychological effects of malocclusion on OHRQoL have revealed its substantial influence on the lives of individuals. Such research provides an in-depth understanding of the need for orthodontic treatment beyond clinical parameters. As social and psychological concerns are primary motivations for seeking orthodontic care, OHRQoL is an effective tool for evaluating orthodontic treatment needs and outcomes. The findings are valuable resources for researchers, health planners and oral health professionals.”7 
“Unlike other medical and dental conditions, malocclusion is a ‘set of dental deviations’ rather than a disease. Orthodontic treatments address these deviations from a normative standard rather than curing a pathological condition.”8 “This difference raises questions about the threshold at which malocclusion necessitates orthodontic intervention.”9 “Several oral health indices used in dentistry are not tailored for patients with orthodontic issues, as malocclusion is often asymptomatic and predominantly poses aesthetic rather than functional challenges.”10
[bookmark: _Hlk197512247]“Moreover, different individuals can assess the severity of malocclusion differently owing to limitations in their awareness regarding their malocclusion. Therefore, it is critical to consider the domains likely to be affected and their association with the degree of malocclusion while assessing its effects. Even very severe malocclusion is not a huge concern for some, whereas others tend to be highly concerned about minor irregularities.”6 “Orthodontic treatment needs are commonly assessed using indices such as the Index of Orthodontic Treatment Need (IOTN).”6,11 “However, studies have reported that several adolescents identified with normative treatment needs using the IOTN do not exhibit a significant impact on their OHRQoL.”12,13 “Consequently, relying solely on IOTN to determine the treatment need can be misleading as it may categorise patients without psychosocial needs as requiring treatment.”14,15 “In this context, integrating OHRQoL measures with professional indices offers a comprehensive approach” 10,16, “the Oral Health Impact Profile-14 (OHIP-14) questionnaire serves as a reliable proxy for subjective clinical opinions when determining adolescent treatment needs.”17
“The relationship between malocclusion and OHRQoL and the impact of orthodontic treatment has produced mixed results. Certain studies have reported strong associations between orthodontic treatment needs and OHRQoL, whereas others have not observed any significant correlation.”18-20
[bookmark: _GoBack]“The application of the OHRQoL index holds immense importance in rural areas of developing countries with limited resources. This index provides insights into individuals’ perceptions of oral health conditions and their impact on daily life.”21 “OHRQoL is a fundamental component of overall health and well-being and is acknowledged by the World Health Organization as a critical part of the Global Oral Health Program (2003). Studies have indicated that while many individuals with normal or mild orthodontic treatment needs, as assessed by IOTN, experience no effects on their OHRQoL, others with minor irregularities report considerable negative impacts on their quality of life.”12 Consequently, relying solely on IOTN to determine orthodontic treatment needs may be problematic. To date, no research has been conducted in Himachal Pradesh to examine the effect of malocclusion on OHRQoL. Hence, the work aimed to assess the impact of malocclusion on OHRQoL using both IOTN and OHIP-14 questionnaires among schoolchildren in the Hamirpur Block.
Materials and Methods
This cross-sectional study was conducted among government senior secondary schools in the Hamirpur Block of Himachal Pradesh. 
This study was approved by the Institutional Ethical Committee of Dr. Radhakrishnan Government Medical College, Hamirpur (study number: 4/19). The research adhered to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for observational studies.22 Written informed consent was obtained from the parents of children who participated in the study.
To ensure a representative sample, students were selected proportionally based on the distribution of schools across various clusters within the Hamirpur Block. A two-stage sampling method was used for this purpose. In the first stage, government schools in the Hamirpur Block were randomly selected. In the second stage, classes were randomly chosen from the selected schools.
The principals of the chosen schools and the class teachers of the selected classrooms were initially approached. The purpose of the study was explained to them, and permission was obtained. After obtaining written permission from the school authorities, all 12–18-year-old children from the selected classrooms were informed about the nature of the study. Only those children whose parents or guardians agreed to participate by signing a statement of informed consent were selected. Illness and negative parental consent led to exclusion from the study. Children with a history of prior orthodontic treatment, neurological problems such as epilepsy, systemic diseases such as type I diabetes, or any chronic illness were also excluded. 
[bookmark: _Hlk197515105]The OHIP-14 questionnaire by Slade et al 23 was used to assess OHRQoL. This questionnaire includes 14 questions, two in each of the seven domains. All participants were asked to rate the frequency of specific problems captured by the individual items. Functional limitation, physical pain, psychological discomfort, physical disability, psychological disability, social disability and handicap were the domains covered. The responses were rated on a five-point Likert scale, where 0 = never, 1 = hardly ever, 2 = occasionally, 3 = fairly often, 4 = very often and 5 = every day. The total OHIP-14 scores ranged from 0 to 56, whereas the domain scores ranged from 0 to 8. A higher OHIP-14 score reflected poorer OHRQoL.
Each participant’s need for orthodontic treatment was evaluated using the dental health component (DHC) of the IOTN. Oral examinations were conducted during school hours by trained field assistants. The DHC is a five-grade index categorising the treatment need as little or no treatment need (DHC score = 1 or 2), borderline need (DHC score = 3) and treatment required (DHC score = 4 or 5). The DHC employs a simple ruler and the acronym MOCDO (missing teeth, overjet, crossbite, displacements of contact points at overbite) to determine each patient’s most severe occlusal trait. The final overall score was assigned based on the most severe trait noted.

Statistical Analysis
Data were analysed using the SPSS (Statistical Package for the Social Sciences)  version 23, with statistical significance defined at P < 0.05. Correlation was analysed using one-way analysis of variance (ANOVA). Tukey’s post-hoc test was performed to compare the three IOTN groups (no treatment need, mild treatment need and severe treatment need). The association among IOTN–DHC, sex, age and OHRQoL was evaluated using bivariate and multivariate analyses

In the linear regression analysis, OHIP-14 scores were treated as a continuous outcome variable, whereas IOTN–DHC was recorded as a categorical explanatory variable. Age was categorised into three groups, and dummy variables were created for regression analysis. Separate models were constructed for each explanatory variable, and individual bivariate linear regressions were conducted. Model 1 included IOTN–DHC (no treatment required = 0, little treatment required = 1, borderline treatment required = 2 and high treatment required = 3); Model 2 included sex (male = 0 and female = 1); and Model 3 included age groups (12–14 years = 0, 15–16 years = 1 and 17–18 years = 2). Finally, a multivariate linear regression model was developed by combining all explanatory variables.

RESULTS

A total of 294 students participated in the study, with girls constituting 53.7% (n = 158) and boys 46.2% (n = 136). The mean age of the participants was 15 years. Regarding the age of the participants, 39.8% (n = 117) were aged 12–14 years, 29.2% (n = 86) were aged 15–16 years and 31% (n = 91) were in the 17–18 age group.

Table 1 (a, b) presents the distribution of all samples according to their age criteria. Table 2 shows the sex distribution of age groups in the total sample. Table 3 lists the age distribution of the 136 boys in the total sample (n = 294), and Table 4 shows the age distribution of the 158 girls in the total sample. Table 5 provides information on the distribution of DHC of the IOTN index in the total sample. In our study, borderline treatment need was the highest (approximately 29%) and high treatment need was the lowest (approximately 6%). Overall treatment need was found in 165 (approximately 56%) participants. Table 6 presents the distribution of OHIP-14 scores among the 294 samples. Self-consciousness was the most common factor in the study groups, and it was observed in 240 participants (81%). A total inability to function was noted in the fewest samples, with only one participant responding in this manner. Table 7 lists the mean (± SD), median and range of the total OHIP-14 scores across all domains for the study participants. The overall mean score (± SD) was 4.29 ± 5.25. Of the various domains, physical disability had the least impact (0.19 ± 0.42), whereas psychological discomfort exhibited the highest impact (1.51 ± 1.67).
[bookmark: _Hlk197510101]Table 8 furnishes the results of the one-way ANOVA and the Tukey’s post-hoc test comparing groups based on IOTN–DHC. Participants in Grade 5 (indicating high treatment need) exhibited a significant negative impact on their overall OHRQoL scores across all OHIP-14 domains. The most significant impact was observed in the psychological discomfort, psychological disability and handicap domains, with substantial differences noted across all treatment categories.
Table 9 depicts the results of bivariate and multivariate analyses, demonstrating a significant association between normative orthodontic treatment needs and overall OHIP-14 scores.
Girls had a statistically non-significant lower impact score than boys in either analysis. With increasing age, the impact score for quality of life declined significantly for the age group 15–16 in multivariate analysis. The final multivariate model explained 60% of the variation in the total score (R2 = 0.606).

DISCUSSION
This study evaluated the effect of malocclusion on OHRQoL among school-going children in Hamirpur Block, Himachal Pradesh. Some studies have reported that girls are considerably more affected by malocclusion in terms of quality of life than boys as the latter are generally less self-conscious about their appearance.[5,24] Similarly, in our study, girls had a statistically non-significant lower impact than boys. A study by Yaghma Masood5 observed that adolescent girls have higher dental impacts than adolescent boys. Similar findings have been documented in studies by Oliveira and Sheiham [25] as well as those by Birkeland et al. and Bernabé et al. [11,26]
Bivariate and multivariate regression analyses revealed a significant correlation between the normative need for orthodontic treatment and the overall OHIP-14 score, supporting the integration of subjective and clinical assessments to better address patients’ needs.
Comparing the OHIP-14 scores of participants with little, borderline, and high orthodontic treatment needs with those in the ‘no treatment need’ category demonstrated that the former had scores that were 4, 8, and 15 points better. 
Similar results have been obtained by Yaghma Masood et al, Heravi et.al, Bernabé et. al and Foster-Page et. al. [5,11,17,24] but not by Tonelli R et al. or Oliveria et al. [22,27]. These disparities could be attributed to several factors. The first is the differences in the measures used to assess the quality of life. Second, given that study results differed significantly among the age groups examined, different age groups may have differing perspectives on aesthetics and quality of life. In addition, how aesthetics are viewed in various societies may vary depending on the cultural norms, traditions and customs of the countries. Lastly, a malocclusion may be viewed as normal by a particular race or ethnic group if it occurs frequently or severely in that group, and vice versa. [24]
This study identified that as age increased, the impact score for quality of life declined significantly for the age group of 15–16 years. A similar finding was observed by Yaghma Masood et al[5]. The researchers reported a negative association between age and impact on overall quality of life because of malocclusions, with the effect decreasing as age increases. This observation could be the outcome of a ‘response shift’ that occurs with age; the longer someone lives with a malocclusion, the more likely they are to become adjusted to its restrictions, alleviating its influence. To better understand this concept, future studies should investigate how treatment needs change with age.
After examining each OHIP-14 domain, our study found that the effects on the psychological discomfort and disability domains of OHRQoL were most strongly linked to the IOTN scores. Similar outcomes have been reported in children aged 11–14 years, [7,17] young adults [6,25] and adults aged 15–25 years by Yaghma Masood et al. 5 
A recent study by Baskaradoss et al. [28] demonstrated that the presence of handicapping malocclusion significantly impacts the social well-being domain of OHRQoL among children aged 11–14 years. This effect is evident, considering that the most common reasons people seek orthodontic treatment are to enhance their self-esteem and restore dental aesthetics. [6] 
Therefore, orthodontists should be aware that young patients often seek orthodontic treatment primarily to improve their aesthetics, self-esteem and social life. When these expectations are not fulfilled, it can result in dissatisfaction with the treatment outcomes.[29] Incorporating an OHRQoL measure as part of the diagnostic process can help identify treatment priorities, ensuring enhanced patient satisfaction. [6,18,30]
The findings from this study also demonstrated a significant effect on the handicap domain. Some authors have proposed that malocclusion becomes a handicap not because of the functional disability itself, but rather because of its negative impact on social interactions and self-perceptions. [30]
This study used two valid and reliable instruments, OHIP-14 and IOTN–DHC, both of which have certain limitations.6 When measuring small occlusal characteristics and irregularities that primarily affect appearance and other features the patient is concerned about, IOTN may be a somewhat insensitive tool.[11,13] The OHIP-14, initially developed for adults, has been effectively utilised for adolescents by several researchers [6,25]. Adolescents aged ≥12 years are capable of abstract thinking, drawing connections between past events and positive or negative experiences and reasoning about the timing of those events.[6] The drawback of OHIP-14 is that it does not identify the specific cause(s) of the results noted, which could be associated with a range of oral health issues, rather than merely the patient’s malocclusion. However, the fact that the study participants were selected based on their lack of untreated dental caries, periodontal disease, or any other oral health issue implies that the observations of OHIP-14 were not linked to any other oral health condition. 
It is generally accepted that individuals who receive orthodontic treatment benefit mentally from their improved facial and dental appearance as well as the resulting boost in confidence. Treatment for severe malocclusion that augments aesthetic satisfaction improves OHRQoL, especially by alleviating psychological discomfort and disability.[31]
According to our study, patients reported increased levels of satisfaction following treatment, and they also had more positive perceptions of their OHRQoL.
In a cross-sectional study of Brazilian children aged 15–16, De Oliveira et al.[25] noted that children who had completed orthodontic treatment had better OHRQoL than those who were still undergoing treatment or had never received it.
Moderate-quality evidence suggests that malocclusions in adolescents negatively affect OHRQoL, despite accounting for relevant confounding factors. [32] Malocclusion considerably affects OHRQoL, with the most substantial effects perceived in the domains of psychological discomfort and disability. Orthodontic treatment for malocclusion improves the OHRQoL of patients. [33,34]
Future research should aim to utilise standardised tools for evaluating malocclusion and OHRQoL. 

CONCLUSION
Malocclusion negatively affects OHRQoL and its various domains. Individuals with Grade 5 malocclusion (indicating a high treatment need) experience a significant adverse impact on their overall OHRQoL scores across all domains of OHIP-14. The most pronounced effects are observed in the areas of psychological discomfort, psychological disability and handicap, with prominent variations across all treatment categories. In addition, as age increases, the impact on quality of life decreases considerably. Further research is needed to comprehend how the need for orthodontic treatment changes as individuals age. 
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Table 1(a) Distribution of all samples according to their age criteria (n=294)
	Age (years)
	N

	12
	49

	13
	52

	14
	57

	15
	45

	16
	42

	17
	26

	18
	23


  Table 1 (b) Distribution of all samples according to their age group criteria (n=294)

	Age group
	N(%)

	12-14
	117 (39.8%)

	15-16
	86 (29.2%)

	17-18
	91 (31%)



Table 2: Sex distribution of the age groups
	Age category
	Female (158)
	Male (136)

	12-14
	61 (52.1%)
	56 (47.9%)

	15-16
	47 (54.7%)
	39 (45.3%)

	17-18
	50 (54.9%)
	41 (45.1%)




Table 3: Age distribution in boys (n=136) 
	Age (years)
	N

	12
	21

	13
	19

	14
	16

	15
	22

	16
	17

	17
	18

	18
	23




Table 4: Age distribution in girls (n=158)
	Age (years)
	n

	12
	25

	13
	18

	14
	18

	15
	23

	16
	24

	17
	22

	18
	28





Table 5 DHC of the IOTN index distribution in the total sample (n=294)
	Grade 
	N

	Grade 1 (None)
	74 (25%)

	Grade 2 (Slight)
	55(18%)

	Grade 3 moderate (Borderline need)
	87(29%)

	Grade 4 (Need treatment)
	60(20%)

	Grade 5 (High treatment need)
	18(6%)



Table 6: OHIP 14 score in the participants (n=294)
	Factors 
	No 
	Yes 

	1.FUNCTIONAL LIMITATIONS

	a. Trouble pronouncing words
	223
	71

	b. Worsens sense of taste
	261
	33

	2.PHYSICAL PAIN

	c. Painful aching 
	260
	34

	d. Uncomfortable eating 
	273
	21

	3.PSYCHOLOGICAL DISCOMFORT

	e. Self-consciousness
	54
	240

	f. Felt nervous 

	205
	89

	4.PHYSICAL DISABILITY

	g. Diet unsatisfactory
	258
	36

	h. Interrupted meals 
	273
	21

	5.PSYCHOLOGICAL DISABILITY

	i. Difficulty to relax
	231
	63

	j. Embarrassment
	152
	142

	6.SOCIAL DISABILITY

	k. Irritable with other people
	239
	55

	l. Difficulty doing schoolwork
	267
	27

	7.HANDICAP

	m. Life not satisfying 
	173
	121

	n. Totally unable to function
	293
	1



Table 7: Mean, standard deviation (SD), median and range observed in Oral Health Impact Profile-14 (OHIP-14) among the study participants (n=294)
	OHIP-14 domains 
	Mean  SD
	Median 
	Range 

	FunctionalLimitations

	0.260.64
	0
	0-3

	Physical Pain
	0.210.50
	0
	0-3

	Psychological Discomfort
	1.511.67
	1
	0-8

	Physical Disability
	0.190.42
	0
	0-2

	Psychological Disability
	1.15 1.42
	1
	0-5

	Social Disability
	0.22 0.46
	0
	0-2

	Handicap
	0.76  1.04
	0
	0-4

	Total
	4.29 5.25
	3
	0-23




[bookmark: _Hlk197507950]Table 8: Mean scores in overall and each of the seven domains of Oral Health Impact Profile-14 (OHIP-14) among the various Index of Orthodontic Treatment Need–Dental Health Component (IOTN–DHC) groups
	Treatment
	N (%)
	Functional 

Limitations
	Physical Pain
	Psycho-
logical 

Discom-
fort
	Physical 

Disability
	Psycho-
logical 

Disabil-
ity
	Social 

Disabi-
lity
	Handi-
cap
	Total 

	Grade 1 (None) Reference group
	74
	0
	0
	0.07 (0.25)
	0.00
	0.01 (0.11)
	0.00
	0.03 
(0.16)
	0.11 (0.39)

	Grade 2 (Slight)
	55
	0.02 (0.13)
	0.04 (0.18)
	0.76 (0.47)**
	0.11 (0.31)
	0.53 (0.66)*
	0.02 (0.13)
	0.38 (0.65)*
	1.85 (1.19)*

	Grade 3 moderate (Borderline need)
	87
	0.11 (0.38)
	0.17 (0.40)*
	1.66 (1.02)***
	0.15 (0.35)*
	1.25 (0.97)***
	0.17 (0.38)*
	0.70 (0.80)***
	4.22 (2.72)***

	Grade 4 (Need treatment)
	60
	0.62 (0.84)***
	0.42 (0.67)***
	2.75 (1.78)***
	0.37 (0.58)***
	2.25 (1.53)***
	0.52 (0.62)***
	1.50 (1.08)***
	8.42 (5.77)***

	Grade 5 (Need treatment)
	18
	1.50 (1.04)***
	1.06 (0.80)***
	4.89 (1.64)***
	0.89 (0.47)***
	3.50 (1.82)***
	1.06 (0.41)***
	2.67 (1.08)***
	15.56 (5.31)***



* P < 0.05, ** P < 0.01 and ***P < 0.001.
1 Group comparisons were performed using one-way analysis of variance (ANOVA) and Tukey’s post-hoc test.


Table 9: Bivariate and multivariate linear regression models showing the association of Oral Health Impact Profile-14 (OHIP-14) with the Index of Orthodontic Treatment Need– Dental Health Component (IOTN–DHC) and other covariates
	
	Bivariate analysis
	
	Multivariate analysis

	
	Estimates 
	SE
	R2
	Estimates 
	SE

	IOTN-DHC
	
	
	
	
	

	Intercept
	0.10
	0.38
	0.61
	
	

	Grade 1 (None) Reference group
	Reference group 

	Grade 2 (Slight)
	1.74
	0.59***
	
	1.70
	0.58***

	Grade 3 moderate (Borderline need)
	4.11
	0.52***
	
	4.19
	0.52***

	Grade 4 (Need treatment)
	8.31
	0.57***
	
	8.37
	0.57***

	Grade 5 (High treatment need)
	15.44
	0.87***
	
	15.51
	0.87***

	SEX
	
	
	
	
	

	Intercept 
	3.97
	0.45
	0.003
	
	

	Male 
	Reference group

	Female 
	0.59
	0.61
	
	0.11
	0.38

	AGE
	
	
	
	
	

	Intercept 
	4.16
	0.48
	0.001
	
	

	12-14
	Reference group

	15-16
	0.36
	0.74
	
	1.04
	0.47*

	17-18
	0.07
	0.73
	
	0.12
	0.46



* P < 0.05 and ***P < 0.001






