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Introduction: Amelogenesis Imperfecta (AI) is a hereditary developmental disorder of tooth enamel with few known variants with differing characteristics, depending on where in the amelogenesis process an error has occurred. Polynesian AI (or Poly AI) is prevalent among people of Polynesian descent including New Zealand Māori. While the impact of AI on the quality of life has been reported in some studies, the role of Poly AI on oral health-related quality of life (OHRQoL) is not known. This study explores OHRQoL among New Zealand Māori with and without AI.



Methods: A cross-sectional study was undertaken, with ethical approval obtained from the New Zealand Health and Disability Ethics Committee. 30 Māori children and adolescents with Poly AI, and 60 age and sex matched Māori children and adolescents with no Poly AI (as the comparison group) were randomly selected and recruited to participate in the study. OHRQoL was measured using the 19-item COHIP-SF.



Results: Statistically significant differences were observed in the OHRQoL between those with Poly AI and the comparison group. Linear regression analyses controlling for age and deprivation showed significantly poorer OHRQoL among those with Poly AI than in those with no Poly AI.



Discussion: The study findings highlight poorer OHRQoL among Māori children with Poly AI, emphasizing the need for early detection and management of the condition and the importance of providing appropriate training in diagnosing Poly AI and managing hypersensitivity. Further research among Polynesian populations is needed to understand the impact of Poly AI on OHRQoL.
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Introduction

Amelogenesis imperfecta (AI) is a hereditary developmental disorder of tooth enamel which has a number of known variants with differing characteristics, depending on where in the amelogenesis process an error has occurred (1–5). The clinical appearance of AI can differ remarkably among types (6). For example, hypoplastic AI is characterised by a quantitative defect of the enamel, whereby it may be thinner, pitted or grooved but is adequately mineralised. Hypo-mature AI is defined by poorly mineralised brittle enamel due to incomplete removal of protein from the enamel matrix. Hypocalcified AI enamel is inadequately mineralised due to insufficient transport of calcium ions into the developing enamel.

A cluster of Māori children in Northland (New Zealand) are known to have a moderate-to-severe hypo-maturation form of AI known as “Polynesian Amelogenesis Imperfecta” (or Poly AI) which is found in people of Polynesian ancestry, including New Zealand Māori (6–9). Poly AI is characterised by a bilaterally symmetrical hypo-mineralised dentition, mottled or uniformly yellow to brown in colour, with an anterior to posterior gradient in severity. Figures 1, 2 show typical Poly AI cases. Its prevalence in the wider New Zealand Māori population and other Polynesian populations is unknown. Its occurrence in the primary dentition is also poorly understood, possibly due to limited phenotypic expression in that dentition. The chalky nature of the teeth predisposes to post-eruptive breakdown and hypersensitivity with a high associated treatment burden and poorer oral health. While some of the anterior dentition may be only mildly affected, this is not always the case, and the canines and premolars (which are within the smile line) can have poor aesthetics.


[image: Figure 1]
FIGURE 1
A typical Poly AI patient with maxillary hypomineralised dentition exhibiting mottled yellow and brown discolouration.



[image: Figure 2]
FIGURE 2
Poly AI case showing bilaterally symmetrical hypo-mineralised dentition, with mottled uniformly yellow to brown discoloration and an anterior to posterior gradient in severity.


There has been limited research to date on the impact of AI, but that which has been reported has shown impacts on quality of life in people with AI in a number of domains, with pain, impaired ability to maintain oral hygiene, and effects on social interactions, confidence, self-esteem, and anxiety (2, 10–15). Sufferers experience a larger treatment burden and there are implications for the wider family (16–23).

Oral health has been defined by Locker as “a standard of the oral tissues which contributes to overall physical, psychological and social well-being by enabling individuals to eat, communicate and socialise without discomfort, embarrassment or distress and which enables them to fully participate in their chosen social roles” (24). Oral health-related quality of life (OHRQoL) measures have been designed with a biopsychosocial health approach to capture information on people's symptoms, physical functioning, and emotional and social well-being. AI in particular has been shown to affect OHRQoL. Children and adolescents with AI have concerns about aesthetics and function, as well as a high level of concern about comments by other people (13, 15). Adult patients with AI have substantially poorer OHRQoL than people without the condition (11); a recent systematic review described sufferers' concerns about aesthetics, hypersensitivity, function, and adverse effects on well-being and social interaction (17). Following treatment of AI-affected teeth using crowns in 69 Swedish children and adolescents, a considerable improvement in OHRQoL was observed, with the mean OHIP-14 score falling from 8.8 (sd, 5.9)–2.0 (sd, 2.5), giving a large effect size of 1.2 (14).

Poly AI has received little attention within New Zealand or internationally. This is perhaps due to its rarity, the poor understanding of the needs of the children and adults who have it, and the overall lack of knowledge of this form of AI. Moreover, its impact on OHRQoL has not been examined. Accordingly, the aim of this study was to investigate OHRQoL in New Zealand Māori children with Poly AI and to compare it with that of their peers.



Materials and methods

This was a cross-sectional study. Māori Health professionals and the area Māori Health Directorate were engaged in study co-design to ensure its credibility and acceptability to Māori. Ethical approval was granted by the New Zealand Health and Disability Ethics Committee (Ref: 18/CEN/143).

Children (tamariki) and adolescents (rangatahi) were screened by Northland Community Oral Health Service Dentists and Oral Health Therapists between April 2019 and November 2020, in order to identify cases of Poly AI. All dentists and oral health therapists were trained in how to identify cases but no formal calibration or intra-examiner measurements were recorded. Inclusion was based on the clinical features of the dentition defined as characteristic of Poly AI by the lead investigator. The criteria for identifying Poly AI participants included patients with bilaterally symmetrical hypomineralised dentition, exhibiting mottled or uniformly yellow to brown discoloration, with a severity gradient increasing from anterior to posterior teeth. Some 45 Māori tamariki and rangatahi were identified as having Poly AI. All of the identified individuals with Poly AI under 18 years of age were invited to participate. This was followed by a mail-out of study participant information and consent forms. Of the 45 with Poly AI, five were uncontactable and ten did not attend the clinical appointment for the study, leaving 30 cases (66.7%). All of the AI participants had received minimal dental treatment by the time of the survey.

Comparison children (matched by date of birth and sex) were selected from Northland Community Oral Health Service appointment books throughout the region. For each child with Poly AI seen at a specific dental clinic, a list of children with the same or closest date of birth and sex was generated from the appointment books. At the time of their dental visit, the child and parent/caregiver (if present) were approached by the study leads in waiting rooms, and discussion took place about the study face to face. Most of the children and parents/caregivers approached this way agreed to take part in the study. Written consent and child assent was obtained for all participants. Each participant was given a unique identification number used instead of his/her name to maintain confidentiality.

Sociodemographic information on the participants (age and sex) was collected. Neighbourhood deprivation was determined using an area-based deprivation measure (25) which allocated each participant to a deprivation decile score, based on the child's residential address. Areas with scores 1–3 were classified as “low deprivation”; those with scores 7–10 were classified as “high deprivation”.

OHRQoL was measured using the 19-item COHIP-SF, completed by all participants with assistance from trained research assistants if needed. The COHIP-SF comprises the three domains of oral health, functional well-being and socio-emotional well-being (26). For each of the 19 items, participants were asked how frequently they had experienced it relating to their teeth, mouth or face. Response options and scores were: “Never” (scoring 0); “Almost never” (1); “Sometimes” (2); “Fairly often” (3), and “Almost all of the time” (4). The COHIP-SF contains items to assess both positive and negative aspects of OHRQoL. At the analysis stage in this study, the negative items were reversed so that a higher score reflected greater OHRQoL. Two global oral health questions were used, in order to allow checking of the COHIP-SF's concurrent validity. First, children were asked to rate the health of their teeth, lips, jaws and mouth (response options: “Very good”, “Good”, “OK” or “Poor”). Second, they were asked how much their teeth, lips, jaw or mouth affect their life overall (response options: “Not at all”, “A little bit”, “Some” or “A lot”).


Statistical analyses

Analyses were conducted using SPSS (version 28.0.1.0 for Windows). Following the computation of descriptive statistics for all variables, the internal consistency reliability of the COHIP-19 scale and its subscales was assessed using Cronbach's alpha, after which the COHIP-SF scale and subscale scores were computed. Bivariable comparisons for demographic characteristics used cross-tabulations and Chi-square tests in Table 1 to investigate (and demonstrate to the readers) whether there were systematic differences between the AI group and the Normal enamel group in those three important sociodemographic characteristics. The concurrent validity of the COHIP-SF scale and subscales was examined against responses to the two global oral health items, with the mean scale scores examined across the five ordinal response categories of each of the global items. Following confirmation of validity, the mean scale scores were examined by demographic characteristics and AI status. Finally, linear regression was used to model the (normally distributed) COHIP-SF scale and subscale scores, to determine the extent of the difference in scores between those with AI and those without, controlling for age and deprivation.



TABLE 1 Sociodemographic characteristics by dental enamel status (brackets contain column percentages unless otherwise indicated).



	
	Dental enamel status
	Both combined



	Amelogenesis Imperfecta
	Normal





	Sex



	Male
	12 (40.0)
	24 (40.0)
	36 (40.0)



	Female
	18 (60.0)
	36 (60.0)
	54 (60.0)



	Age group



	7–10
	2 (6.7)
	10 (16.7)
	12 (13.3)



	11–13
	9 (30.0)
	28 (46.7)
	37 (41.1)



	14–19
	19 (63.3)
	22 (36.7)
	41 (45.6)



	NZDep category



	Highly deprived
	27 (90.0)
	40 (66.7)a
	67 (25.6)



	Other
	3 (10.0)
	20 (33.3)
	23 (74.4)



	All combinedb
	30 (33.3)
	60 (66.7)
	90 (100.0)




	aP < 0.05.


	bRow% in brackets.










Results

One-third of the sample comprised members with Poly AI, while the remainder were in the comparison group (Table 1). Females outnumbered males, and almost two-thirds of the AI group were aged 14–19 years, whereas just over one-third of the comparison group were. While two-thirds of the comparison group resided in highly deprived areas, almost all of the AI group did.

Mean COHIP-19 scores showed ascending gradients across the ordinal response categories of the two global items (Table 2), indicating the scale's acceptable concurrent validity in this sample. The pattern with the mean COHIP-19 subscale scores was largely similar, although it was less consistent for the Functional Well-being subscale scores by the impact of oral health on quality of life.



TABLE 2 Concurrent validity: mean COHIP-19 scores by self-reported oral health and impact on quality of life (brackets contain standard deviations).



	
	Mean COHIP-19
	Mean well-being subscale scores



	Oral health
	Functional
	Socio-emotional





	Self-reported oral health



	Excellent
	59.8 (13.1)a
	16.2 (3.1)a
	13.5 (2.7)a
	30.1 (10.6)a



	Very good
	59.8 (8.0)
	13.9 (2.8)
	12.8 (2.4)
	33.1 (4.2)



	Good
	50.7 (12.0)
	11.7 (4.0)
	11.6 (2.9)
	27.5 (7.5)



	Fair
	43.4 (11.8)
	10.0 (4.1)
	11.6 (1.8)
	22.2 (8.1)



	Poor
	31.5 (22.0)
	8.5 (3.1)
	7.0 (3.9)
	16.0 (15.5)



	Impact of oral health on quality of life



	Not at all
	59.0 (11.4)a
	13.6 (3.8)
	12.6 (2.8)a
	32.8 (5.9)a



	Very little
	55.0 (7.5)
	12.6 (3.3)
	11.8 (2.2)
	30.7 (5.0)



	Some
	50.5 (12.5)
	12.3 (4.5)
	12.0 (2.8)
	26.2 (6.6)



	A lot
	49.6 (15.4)
	11.5 (4.2)
	12.4 (3.6)
	25.7 (10.3)



	Very much
	36.1 (18.3)
	9.6 (4.5)
	9.0 (3.0)
	17.5 (13.3)



	All combined
	52.1 (13.5)
	12.3 (4.0)
	11.9 (2.9)
	28.0 (8.6)




	aP < 0.05; Kruskal-Wallis H test.







Mean COHIP-19 scores showed consistent gradients by age group, whereby they were highest among the youngest and lowest among the oldest (Table 3); again, the gradient was less consistent with the Functional Well-being subscale scores. There were no differences by sex or deprivation category. There were marked, consistent differences in scale and subscale scores between the AI group and those with normal enamel, whereby the mean COHIP-19 scores were considerably lower among the former.



TABLE 3 Mean COHIP-19 scores by AI status and sociodemographic characteristics (brackets contain standard deviations).



	
	Mean COHIP-19
	Mean well-being subscale scores



	Oral health
	Functional
	Socio-emotional





	Sex



	Male
	53.4 (12.9)
	12.8 (4.3)
	12.2 (2.6)
	28.4 (7.4)



	Female
	51.3 (13.9)
	11.9 (3.9)
	11.6 (3.1)
	27.7 (9.4)



	Age group



	7–10
	56.3 (9.4)a
	14.1 (4.1)a
	12.0 (2.4)
	30.2 (5.6)



	11–13
	55.2 (12.6)
	13.2 (4.0)
	12.3 (2.4)
	29.8 (7.7)



	14–19
	48.1 (14.4)
	10.9 (3.7)
	11.5 (3.4)
	25.8 (9.6)



	NZDep category



	Highly deprived
	52.9 (13.1)
	12.1 (3.7)
	11.7 (3.4)
	29.0 (7.3)



	Other
	51.9 (13.6)
	12.3 (4.2)
	11.9 (2.7)
	27.6 (9.0)



	Enamel status



	AI
	42.2 (13.8)a
	9.6 (4.2)a
	10.5 (3.6)a
	22.1 (8.9)a



	Normal
	57.1 (10.2)
	13.6 (3.3)
	12.6 (2.3)
	30.9 (6.8)




	aP < 0.05; Mann-Whitney U test where there are 2 categories; Kruskal-Wallis H test where there are 3 categories.







The linear regression analyses (Table 4) showed that, after controlling for age and deprivation, the COHIP-19 score was considerably lower among those with AI. Similar patterns were observed for the subscale scores.



TABLE 4 Summary of linear regression models for the COHIP-19 overall and subscale scores.



	
	B (95% CI)
	P value





	COHIP-19 overall score



	AI case
	−14.34 (−19.69, −8.98)
	<0.001



	Age
	−0.88 (−1.76, −0.002)
	0.05



	Highly deprived
	2.65 (−3,00, 8.31)
	0.35



	Constant
	66.72 (53.97, 79.46)
	<0.001



	Adjusted R2 = 0.292



	COHIP-19 Oral health well-being score



	AI case
	−3.75 (−5.39, −2.12)
	<0.001



	Age
	−0.37 (−0.63, −0.10)
	0.008



	Highly deprived
	1.14 (−0.59, 2.86)
	0.35



	Constant
	17.56 (13.66, 21.45)
	<0.001



	Adjusted R2 = 0.271



	COHIP-19 Functional well-being score



	AI case
	−2.18 (−3.48, −0.87)
	0.001



	Age
	−0.05 (−0.26, −0.17)
	0.65



	Highly deprived
	0.81 (−0.58, 2.19)
	0.25



	Constant
	12.65 (9.54, 15.76)
	<0.001



	Adjusted R2 = 0.098



	COHIP-19 Socio-emotional well-being score



	AI case
	−8.41 (−11.96, −4.86)
	<0.001



	Age
	−0.47 (−1.05, 0.12)
	0.12



	Highly deprived
	0.71 (−3.05, 0.12)
	0.71



	Constant
	36.51 (28.05, 44.97)
	<0.001



	Adjusted R2 = 0.236









Discussion

We compared OHRQoL in a group of New Zealand Māori children with and without Poly AI, finding that those with the condition had substantially poorer OHRQoL than their unaffected peers. The difference was particularly marked in the Oral health and Socio-emotional domains of the COHIP-19, and older children were more severely affected whereas no gender differences were observed, consistent with the findings in other studies (10, 11).

One of the strengths of the study is its focus on a relatively rare and unknown condition, Poly AI among New Zealand Māori children and providing valuable insights into the poorer OHRQoL of those with Poly AI than that of their peers without AI. Furthermore, the use of the COHIP-19 subscales enabled detailed assessment across the three domains of oral health wellbeing, functional wellbeing and socio-emotional wellbeing.

However, the study has several limitations. First, the participant numbers were limited by the condition's relative rarity in the population, but our sample size was similar to those of other studies which have assessed AI's quality of life impacts in children and adults (10, 11, 13, 14). Despite the relatively small sample size, there were statistically significant differences, suggesting that the investigation was indeed adequately powered; a post hoc power analysis based on comparing means with the observed effect size of 1.1 (the difference in mean COHIP score, 14.9, divided by the overall standard deviation, 13.5) gives a required N of 19 in each group for 95% power to detect a difference. Second, while the comparison group children were of a slightly younger age range by date of birth, they were of similar age at the time of data collection, given that the data collection for the comparison group had been delayed by the Covid pandemic. Lastly, that many of the participants lived in highly deprived areas might have influenced the findings, given the poorer OHRQoL which is usually observed in such neighbourhoods. This highlights the need for further research with people with AI from a broader range of deprivation levels.

In the oral health domain, when asked specifically about pain, two-thirds of children (tamariki) and adolescents (rangatahi) with AI reported often experiencing pain, while just over one-third of their unaffected peers did so. Given the high levels of dental disease among the unaffected peers, the AI group's chronic pain levels are a concern. Proper management of hypersensitivity before and during treatment is crucial to prevent exacerbating anxiety and the avoidance of dental care which includes the risk of pulpal trauma from chronic inflammation.

That the socio-emotional domain showed greatest impact was similar to the findings by Hashem et al. (11). Many patients reported experiences such as teasing, bullying and a lack of empathy from others. These issues are particularly concerning for children entering their teenage years, a developmental epoch when social pressures are heightened. Treatment intervention at an early age may reduce the negative impacts on their wellbeing, as demonstrated by Pousette Lundgren et al. (14, 16) and Chen et al. (22).

Impacts via functional impairment were less marked than the other two domains, possibly because the comparison group also had high dental caries experience and chronic dental pain.

The academic literature in New Zealand highlights oral health disparities between Māori and non-Māori children (27–29), with Māori experiencing poorer oral health. Māori children without AI have twice the number of decayed, missing, and filled teeth of non-Māori children, placing those with AI at even greater risk of poorer oral health. Additionally, 90% of the AI children in our study came from the most deprived households, suggesting considerable challenges to obtaining care to improve their OHRQoL. Individuals with Poly AI present with severe enamel defects, increased dental decay, functional impairments, and aesthetic concerns requiring comprehensive dental treatment often difficult to access.

Parekh et al. and Pousette Lundgren et al. found improved OHRQoL after treatment in children with AI, using both quantitative and qualitative research methods (13, 14). Their studies demonstrated that early and appropriate treatment interventions can significantly improve the quality of life for children with AI. This should include improved visibility of Poly AI within the education of oral and healthcare professionals to provide early screening, treatment and referral options for patients who present with Poly AI. In particular, these findings support the need for policies focused on the oral health of indigenous populations who present with Poly AI and policies to support training of culturally appropriate care for patients with Poly AI to mitigate the impacts on their overall quality of life.

The New Zealand Māori view of health recognises its holistic nature via four important and interconnected aspects: taha tinana (physical wellbeing), taha hinengaro (mental and emotional wellbeing), taha wairua (spiritual wellbeing), and taka whanau (social and family wellbeing) (27). Quality of life impacts for children and adolescents with AI will likely extend beyond their physical needs, impacting all aspects of their wellbeing. New Zealand Māori are a subset of a broader group of people of Polynesian descent with different cultural identities and life experience. Further research is needed to determine whether other groups with Polynesian ancestry who have this genetic condition (such as Tahitians, Samoans, Tongans, Cook Island Māori) have similar impacts on their quality of life and to determine the extent of improvement in OHRQoL following masking of the AI enamel with veneers or crowns. Qualitative research could also deepen understanding of how living with Poly AI affects these children and improve knowledge of how best we might help them.



Conclusion

Our findings highlight the considerable impact of Poly AI on the OHRQoL of New Zealand Māori children, and they further stress the need for starting treatment interventions at an early age, raising awareness of the diagnosis and management of the condition among dental professionals, and managing hypersensitivity before and after treatment procedures. Greater public and professional awareness of the condition and its impact is needed, along with adequate and appropriate funding for preventive and aesthetic dental care for this group, in order to reduce the condition's impact.
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