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GLOBAL ABSTRACT

Background: Premature Extraction of Primary Teeth (PEPT) is a common finding in
any paediatric population. However, there are no systematic reviews or studies to date

providing a reliable evidence base regarding PEPT and orthodontic need.

Aims: To conduct a systematic review to systematically evaluate the effect of PEPT on
malocclusion and to conduct a study in Bradford and Airedale district to explore this

association.

Materials and Methods: A thorough search strategy was developed and used to locate
studies assessing the effect of PEPT on malocclusion and space loss. A methodological

assessment was also carried out for included studies to assess risk of bias.

A regional oral epidemiological survey of 12-year-old children in Bradford and
Airedale was carried out in 2008/2009. As part of this oral health needs assessment,
information on orthodontic need was also collected. A study group was formed of the
children who had their orthodontic need assessed in the oral epidemiological survey and
had their dental records available through the Salaried Dental Service (SDS). A
multilevel logistic regression model was developed to explore the factors associated

with orthodontic need.

Results: Twenty-five studies were appraised for the systematic review. There was only
one study assessing malocclusion following PEPT that fulfilled the predefined inclusion

criteria which concluded that PEPT led to an increased incidence of malocclusion.

Out of 366 children who were surveyed in the oral epidemiological survey from
Bradford and Airedale, 116 had accessed SDS. Out of those, 107 children met the
inclusion criteria. An increased total number of PEPT was positively associated with

orthodontic need (odds ratio: 1.18, CI —1.01 to 1.37).

Conclusions: There was some evidence to suggest that malocclusion and thus
orthodontic need was increased by the previous history of PEPT. The only predictor

exhibiting significance was the total number of primary teeth lost.



ABSTRACT 1 (FOR CHAPTER 1)

Background: There are no systematic reviews to date investigating the effect of PEPT
on malocclusion in the permanent dentition. A systematic review to establish the
relationship between PEPT and malocclusion would help in treatment planning

paediatric dental patients.

Aims: The primary aim of this systematic review was to consider evidence regarding
malocclusion and orthodontic need associated with PEPT. The secondary aim was to

examine the effect of PEPT and loss of space in primary and mixed dentitions.

Materials and Methods: Electronic database and reference list searching were
conducted according to the predefined protocol. The studies reporting PEPT with a
comparison group who did not suffer PEPT were included in the systematic review.
Split-mouth design was also included where PEPT quadrant was compared to the
quadrant without PEPT providing an intra-arch comparison. A methodological

assessment was carried out for each of the included studies.

Results: There were 491 studies identified from electronic databases and 23 from
reference list screening following search strategy. Following filtering process, 25
studies were appraised for the systematic review. Out of these, 17 studies were included
in the systematic review, one study (published in two parts) reported on malocclusion

and 15 studies reported on space dimensions. PEPT led to malocclusion and space loss.

Conclusions: None of the studies that fulfilled the inclusion criteria of the systematic
review reported on orthodontic need associated with PEPT. One study included in the
review reported that malocclusion was associated with PEPT. Most of the studies
reporting space dimensions used a split-mouth design and with an inadequate follow-up

period to assess the subsequent impact on malocclusion.

Vi



ABSTRACT 2 (FOR CHAPTER 2)

Background: PEPT is common in paediatric population. Clinical guidelines urge
dentists to restore primary teeth. There are no robust studies to date assessing PEPT and

orthodontic need in the United Kingdom.

Aims: The primary aim of this study was to determine whether there was a difference in
orthodontic need based on previous history of PEPT. The secondary aims were to
establish whether ethnicity and gender had any effect on orthodontic need. Also, if
orthodontic need was influenced by the timing of extraction of primary teeth, type of

primary tooth, position of these teeth in dental arches or total number of teeth lost.

Materials and Methods: As part of the national oral epidemiological survey of 12-year
old-children, a representative sample was selected randomly from Bradford and
Airedale. Information collected from the survey included individual demographics,
dental health status and orthodontic need. Following ethical consideration, this
information was linked with data held by the local SDS. SDS has been the only provider
of dental extractions under general anaesthesia in the district. Retrospective dental
information was collected about PEPT for children who were treated in the SDS. A
multilevel logistic regression model was developed to explore the factors associated

with orthodontic need.

Results: Three hundred and sixty-six children were surveyed in Bradford and Airedale
of which 116 had accessed SDS historically. These children who were seen in SDS
formed the study group. In comparison, children seen in SDS were significantly
different to children who had not accessed the service. These children were from ethnic
minorities, were more deprived and had high caries rate (p<0.001). For the 107 children
who met the inclusion criteria and seen by the SDS, an increased total number of PEPT

was positively associated with orthodontic need (odds ratio: 1.18, CI —1.01 to 1.37).
Conclusions: There was a significant difference in ethnicity, deprivation and dental

caries status of children who accessed SDS as compared to children who did not. The

total number of PEPT showed a positive association with increased orthodontic need.
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CHAPTER 1

1.1 INTRODUCTION

The long-term impact of Premature Extraction of Primary Teeth (PEPT) has received
limited attention in published literature. Clinical guidelines urge clinicians to restore
primary teeth where possible and advise that this will maintain the space required for
the permanent dentition to erupt into thereby reducing a potential cause of crowding and
malocclusion in the permanent dentition. Prospective and retrospective cohort and cross
sectional studies have reported that space loss occurs following extraction of the
primary molars. There are a few studies that report the effect of this space loss on the
development of subsequent malocclusion and need for orthodontic treatment. There is
no published research in the United Kingdom looking at PEPT and its effect in

orthodontic need in the permanent dentition.

While reviewing the literature on the subject it became obvious that there was a number
of studies reporting outcomes in this field. However there was a lack of exhaustive
literature review or a systematic review which attempted to summerise the outcomes. It
was decided therefore to carry out an initial general review of the literature followed by
a systematic review. The literature review and systematic review of the literature are

presented in this chapter.

1.2 REVIEW OF THE LITERATURE

1.2.1 Introduction

There is an apparent paucity of well-designed studies providing clear evidence linking
PEPT in primary dentition and its orthodontic consequences in the permanent dentition.
PEPT is the most common biological cause for space loss and malocclusion in
permanent dentition. This is because dental caries involving the primary dentition is
common in deprived and disadvantaged populations. Worldwide, 60-90% of school age

children have dental caries (World Health Organization, April 2012).



1.2.2 Causes of PEPT

Dental caries affecting primary teeth is the most significant factor leading to PEPT.
Other factors that may lead to premature loss of primary teeth include congenital or
developmental disorders, premature exfoliation of primary teeth particularly of primary
canines as a result of eruption of permanent canines, ectopic eruption of permanent teeth
especially of first permanent molars, dental trauma and orthodontic extractions either as
interceptive treatment to alleviate or prevent malocclusion (Willet, 1933, Durward,
2000, Rock, 2002). In addition to these, periapical pathology of primary teeth and

pathology such as tumours may cause disorders of eruption (Ngan et al., 1999).

In epidemiological surveys, PEPT is reported by the ‘m’ (missing) component of dsmft.
The most recent national survey of 5-year-old children reported a mean of missing teeth
as 0.12 for England while mean dsmft was 1.11. There was variability according to
region, for example for the district of Bradford and Airedale, mean of missing teeth was
0.40 where mean d;mft was 2.42 (NHS Dental Epidemiology Programme for England,
Oct 2009).

1.2.2.1 Dental caries in primary dentition

National epidemiological surveys of children’s dental health have been undertaken since
1985 and these were coordinated by UK Department of Health and British Association
for the Study of Community Dentistry (BASCD). Over the recent years, NHS Dental
Epidemiology Programme (NHS-DEP) for England have produced protocols with
timetables for oral epidemiological surveys at regional and national level since its
establishment in 2007 and BASCD has an important advisory role (The Dental
Observatory, June 2010). Organisations involved in NHS-DEP are BASCD, The Dental
Observatory (TDO) and the North West Public Health Observatory (NWPHO).
Regional and national dental health data is important to target preventive programmes
and plan dental services to meet national and regional needs (The Dental Observatory,

June 2010).

The most recent oral epidemiological survey (2007/2008) reported on the dental health

of five year old children across England. The index used in the survey was dymft



(obviously decayed into dentine, missing due to decay and filled primary teeth per
child). In England, the average dsmft per child was 1.11. It must be noted that d;mft
takes into account obvious dental decay into dentine, which is identifiable on visual
examination and is used in oral epidemiological surveys. There were more children who
were free from obvious dentinal decay (69.1%) as compared to those with dentinal
decay (30.9%). However, the average dsmft of children who had obvious dentinal caries
was 3.45 presenting a skewed distribution of caries (NHS Dental Epidemiology
Programme for England, Oct 2009). These results suggested that there has been an
improvement in dental health of this age group of children as compared to previous
published survey of 2005/2006 where 39.4% of the children examined had obvious
dentinal caries (Pitts et al., 2007, NHS Dental Epidemiology Programme for England,
Oct 2009). However, this comparison has to be interpreted with caution as the consent

processes were different in these two surveys (White et al., 2007, Dyer et al., 2008).

1.2.2.2 Consequences of dental caries

Dental caries is associated with a number of complications, with pain being the most
frequently reported consequence in a questionnaire based study (Nuttall et al., 2006).
There are significant morbidities which may be related to caries including the risk of
acute dental care and hospitalisation (Majewski et al., 1988). Dental infection may lead
to systemic complications and the risk is increased especially in medically compromised

children (Fayle et al., 2001, Kandiah et al., 2010).

Other detrimental effects of dental caries are difficulties with oral function, pain,
infection, sleep disturbance, behavioural disturbance, poor self-confidence, poor
aesthetics and disruption of school attendance (Fayle et al., 2001, Nuttall et al., 2006,
Kandiah et al., 2010). Dental caries has also been linked to inadequate growth and
poorer quality of life. This compared with the effect of treating caries which
demonstrated a remarkable improvement to the quality of life of pre-school children
(Sheiham, 2006). When caries remains untreated in young children, it carries a high rate
of morbidity and also children with severe caries weighing significantly less than age-

matched controls (Acs et al., 1999).



A policy document on management of caries in the primary dentition by the British
Society of Paediatric Dentistry (BSPD) state that a combination management strategy
including prevention and conservation is required for managing dental caries in the
primary dentition (Fayle et al., 2001, Kandiah et al., 2010). This policy document states
that extraction is the most basic way of managing dental caries for unrestorable teeth. A
recently published guideline on prevention and management of dental caries in children
described various management strategies. These included complete caries removal,
partial caries removal, no caries removal and extraction or review with view to
extraction if pain or sepsis develops (Scottish Dental Clinical Effectiveness Programme,
April 2010). This guideline makes it very clear that sepsis should not be left untreated
and active caries in primary teeth should not be left unmanaged. Scottish Health
Board’s Dental Epidemiological Programme observed that dental sepsis was closely
associated with socio-economic deprivation and the level of oral sepsis was higher in

cases of untreated dental caries (Pine et al., 2006).

The British Society of Paediatric Dentistry (BSPD) suggests that if there is active oral
disease, then adequate treatment is necessary to avoid any of the detrimental
consequences of dental disease (Fayle et al., 2001, Kandiah et al., 2010). The American
Academy of Pediatric Dentistry (AAPD) states clearly in their guideline that objectives
of intervention in developing dentition of a child is to improve occlusion and hold
leeway space in early mixed dentition stage (American Academy on Pediatric Dentistry

Clinical Affairs Committee-Developing Dentition Subcommittee, 2008-2009).

1.2.2.3 Management options

Dental conservation and extraction can be carried out under Local Anaesthesia (LA),
Conscious Sedation (CS) or General Anaesthesia (GA). Behaviour management with
LA is the main method of delivering pain-free dental treatment to children (Hosey,
2002), although may not be appropriate for all children. Many children who are unable
to cope for dental treatment under LA should be considered for treatment under CS or
GA (National Institute for Health and Clinical Excellence, 2010). When a tooth is
diagnosed with sepsis or infection, then the only definitive treatment option is extraction

of the offending tooth.



Service provision for CS is limited with these techniques practised in hospital or
primary care setting such as Salaried Dental Services (SDS) where this care is
frequently led by community based specialists or consultants. Many anxious children
who are unable to cope for dental treatment or pre-cooperative children who lack coping
skills or understanding to be able to cope for dental treatment (Chadwick, 2002) have
dental treatment carried out under GA. Apart from behavioural factors, there are clinical
indications for provision of GA which are outlined and discussed in recent national
guidelines (Davies et al., 2008, Association of Paediatric Anaesthetists of Great Britain

and Ireland, 2011).

Between 1997-2006, over half of hospital admissions in England for dental conditions
were due to dental caries and the peak age for dental extractions of carious teeth was in
5-year-old children (Moles and Ashley, 2009). A recent review of paediatric dental GA
services in Yorkshire and the Humber region concluded that there was a wide variation
on provision of dental GA and differing availability of restorative dental care under GA
(Ni Chaollai et al., 2010). Less than half of the GA lists provided restorative care and
frequently restorative care was only available for children with special needs or
significant medical conditions. This resulted in extractions under GA as the option
available to most children (Ni Chaollai et al., 2010). Therefore dental extractions under
GA even where teeth are restorable is the predominant treatment option for children

unable to tolerate dental treatment under LA.

1.2.3 Prevalence of PEPT

Prevalence of PEPT varies in a paediatric population depending upon a number of
factors like the presence of fluoridated water, socio-economic status of the population,
level of caries and also treatment philosophy of the treating clinician. PEPT due to
dental caries is a common finding in paediatric populations and has been reported in the
range of 20-65% in published literature (Hoffding and Kisling, 1978a, Pedersen et al.,
1978, Northway and Wainright, 1980, Melsen and Terp, 1982). Schachter (1943)
reported that the incidence of PEPT increased with age, from 16% in 5 year olds as
compared to 62% on 8 year old children (Schachter, 1943). A more recent study
reported that extractions due to caries peaked in 5 year old children while non-caries

related extraction was most common in 13 year old children (Moles and Ashley, 2009).
5



1.2.4 Definition of PEPT

There are many different definitions for Premature Extraction/ loss of Primary Teeth
(PEPT) according to published literature. These include missing primary tooth on
examination when the permanent successor could not be palpated (Bjork, 1964,
Ronnerman, 1977, Pedersen et al., 1978), loss of primary canines and first primary
molars earlier or while the children were in first grade; and the loss of primary second
molars earlier or while the child was in the second grade (Hoffding and Kisling, 1978a)
missing primary tooth for at least 6 months prior to contralateral tooth in the same arch
(Kronfeld, 1953) or a missing primary tooth on two successive examinations

approximately a year apart (Northway et al., 1984).

A definition of PEPT is difficult as eruption patterns of permanent teeth can deviate for
either genetic or environmental reasons. An appropriate definition should take dental
age of the child into account. This is because chronological age may not necessarily
predict child’s various stages of dental development. However, for the purpose of the
review and systematic review, PEPT was defined as any primary tooth that was
extracted prior to the natural exfoliation of the tooth. This definition was chosen as

extraction of primary teeth was the main cause of premature loss of primary teeth.

1.2.5 Effect of PEPT on space loss and subsequent development of malocclusion

PEPT may lead to space loss in the developing dentition and this resultant space
discrepancy may lead to malocclusion in the permanent dentition. The aetiology of
malocclusion is complex with involvement of both inherited genetic and environmental
factors. Malocclusion arises from a complex interplay of both of these factors (Mitchell,
2007). PEPT is an environmental factor that has potential to cause or exacerbate

malocclusion and this may lead to increase in orthodontic need.

A complex interplay of these factors associated with PEPT and malocclusion is
illustrated in Figure 1.1. A twin study of 202 subjects concluded that PEPT did not

always lead to malocclusion and environmental factors were not significant in all cases
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(Lundstrum, 1955). According to Lundstrum (1955) crowding or spacing within a
dental arch was subject to genetic and environmental variation with profound influence
of the former (Lundstrum, 1955). According to Brandhorst (1932) premature loss of
teeth is a controllable aetiological factor leading to malocclusion. It has been reported

that 20% cases of malocclusion were contributed by PEPT (Brandhorst, 1932).

Figure 1.1 Flowchart illustrating the effect of premature extraction of primary
tooth (PEPT) leading to malocclusion.
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1.2.5.1 Assessment of space loss

Space loss in a dental arch could be assessed by the use of arch dimensions like arch
perimeter, arch width, arch length, space occupied by first and second primary molars
(D and E space), extraction space and crowding or spacing in the arch. These are

described in the following section.



Arch perimeter

Arch perimeter is determined by measuring from the mesial midpoint of the permanent
first molar (or the distal midpoint of the primary second molar if the permanent molar
was missing) through the cusp tip of the canine and the incisal edges of the incisors to
the opposite mesial midpoint of the permanent first molar (or the distal midpoint of the
primary second molar if the permanent molar was missing). This definition was used by
Lin et al (2011) in a recent publication (see Figure 1.2). Measurement can be
undertaken by taking individual measurements of two incisor segments (right incisor
segment and left incisor segment) and two buccal segments (right buccal segment and
left buccal segment) (Magnusson, 1979) or it can be measured by the aid of a brass wire

(Nance, 1947, Lin and Chang, 1998, Lin et al., 2011).

Segments of arch perimeter (incisor and posterior segments) were reported in some
studies (Clinch and Healy, 1959, Ronnerman and Thilander, 1977). One of the studies
used six segments rather than four segments (Linder-Aronson, 1960, Leighton, 1981).
Measurement of arch perimeter ignores malpositioned or missing teeth and spacing so
that the measurement represents an ideal arch form. Arch perimeter is also known are
arch circumference. ‘Arch length’ is also used as a synonym for arch perimeter. Hemi-
perimeter of the dental arch was also used for assessment of space by split-mouth study
design (de Boer, 1982, Macena et al., 2011). Both of these studies reporting on arch
hemi-perimeter used relevant segments of the arch (incisor segment and buccal

segment).

Arch perimeter or hemi-perimeter would reduce as a result of space loss. But
assessment of arch perimeter and hemi-perimeter should consider development of the

dental arch as part of normal growth and development.



Figure 1.2 Arch perimeter.
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Source: Lin ef al (2011).

ICL- Intercanine length; ICW- Intercanine width, D and E space- space occupied by

first and second primary molars.

Arch width

Arch width is the distance between the central fossae on the occlusal surfaces of the two
contralateral primary second molars (Lin et al., 2011). Figure 1.3 demonstrates arch
length as ‘ArW’. One of the studies also reported various intermolar widths in the same
arch; between first primary molars, first permanent molars and second permanent

molars and also inter-alveolar width (Sayin and Turkkahraman, 2006).

Arch width may allow assessment of drifting pattern of teeth eg. when first permanent

molars drift mesially, then arch width would reduce.

Arch length

Arch length is the perpendicular distance from the contact point of the central incisors
to the arch width (Lin et al., 2011). Arch length is frequently referred to as arch depth.
Figure 1.3 demonstrates arch length as ‘ArL’. Various arch length measurements were
used in one study where arch length measurements were taken at canine region, primary
first molar region, primary second molar region and permanent first molar regions to

quantify drifting patterns of teeth (Rao and Sarkar, 1999).



Figure 1.3 Arch width (ArW) and arch length (ArL).
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Source: Lin ef a/ (2011).

D and E space

D and E space is the distance between the mesial midpoint of the permanent first molar
(or the distal midpoint of the primary second molar if the permanent molar was missing)
and the distal midpoint of the primary canine (Northway and Wainright, 1980). D and E
space is demonstrated in Figure 1.2. Since the definition of D and E space by Northway
and Wainright (1980), further split-mouth studies reported on this measurement (Lin
and Chang, 1998, Park et al., 2009, Lin et al., 2011).

Other arch measurements

Other arch measurements like intercanine width and intercanine length were also
reported in some papers. Figure 1.2 also demonstrates intercanine width ‘ICW’ and
intercanine length at ‘ICL’ described by Lin ef a/ (2011). Other studies reported on
space deficiencies or crowding for space assessments (Ronnerman, 1965, Ronnerman,
1977, Kau et al., 2004, Sayin and Turkkahraman, 2006). Some studies reported on the

extraction space (Padma Kumari and Retnakumari, 2006, Macena et al., 2011).

Stability of incisive papilla is utilised greatly in prosthodontics when replacement of
teeth are planned. A study showed that the average distance from posterior end of the
incisive papilla to the labial surfaces of central incisors was 12-13 mm (Ehrlich and

Gazit, 1975). Thus incisive papilla can be considered as a landmark within a dental arch
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as a neurovascular bundle is closely related to it and is independent on the alveolar
bone. Alveolar bone could be either lost or remodelled following dental extractions.
Likewise, palatal rugae have been shown to be a stable landmark to assess dental casts
in a study of 94 adult patients over a period of 15 months (Almeida et al., 1995). Soft
tissue landmarks such as incisive papilla and palatal rugae are of particular importance
when studying occlusal effects in developing dentitions when hard tissues are changing
due to growth and development. Use of these landmarks were utilised by some studies
(Linder-Aronson, 1960, Northway et al., 1984, Park et al., 2009). In these studies,
median raphe was used for orientation frame (Linder-Aronson, 1960), various points in
the palatal rugae to study directional changes (Northway et al., 1984) and
superimposition of palatal rugae matching various registration points to quantify
angulation and inclination changes (Park et al., 2009). Unfortunately, lower dental arch
does not have such stable landmarks although by occlusion of a lower arch with an

upper arch it could be indirectly related to palatal rugae (Northway et al., 1984).

1.2.5.2 Effect of PEPT on space loss

There are a number of publications looking at the effect of space loss following PEPT.
A cross-sectional survey of 100 children with a previous history of premature loss of
first or second primary molars has been reported (Breakspear 1951) while most of the
other studies were longitudinal cohorts with the number of children included in the
study ranging from 19 to 107 (Seipel, 1949, Clinch and Healy, 1959, Linder-Aronson,
1960, Seward, 1965, Kisling and Hoffding, 1979, Northway et al., 1984).

Space loss following PEPT has been studied either by clinical measurement or by the
use of dental casts. A biometric study on dental casts was performed on 41 children who
were 14 or 15 years old (Linder-Aronson, 1960). The resulting space loss was
quantified where unilateral extraction had taken place. PEPT history was gathered
retrospectively and found that there was arch perimeter loss of 0.74 +/- 0.3 mm on the
extraction side as opposed to the control side. This measurement was statistically
significant with p value of < 0.01 (Linder-Aronson, 1960). However, clinical
significance of such small measurement and small sample size were limitations of this
study that were recognised by the author. A recent study looking at space loss after loss

of first primary molar have used computerised software to scan dental casts to study
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spatial changes with increased precision (Park et al., 2009) and conclusion was in

agreement with Linder-Aronson (1960).

A comprehensive longitudinal study of 107 children from a growth sample from the age
of six years were observed for the effects of premature loss of primary molars
(Northway et al., 1984). These children were followed up for an average of
approximately six years. Premature loss of primary molars occurred in 66% of the cases
and these children were assessed yearly for dimension of space loss, direction of space
loss, influence of age on the rate of space loss, regaining of the lost space with
emergence of secondary teeth and finally the effect on molar relationship. The effect on
arch length in maxilla and mandible was significant when first as well as second
primary molars were lost. The space lost was mainly due to the forward movement of
permanent molars while canine migration was only significant at particular age of 9
years in mandible and 8 to 11 years in maxilla. Relatively more space was lost in the
first year following extraction with the rate of space loss age related in maxilla but not
in mandible (Northway et al., 1984). None of the groups in this study showed consistent
shift for space regaining and it was shown that the loss of second primary molars had
the most detrimental effect on molar relationship. This was in agreement with other

studies (Breakspear, 1961, Ronnerman, 1977).

It is generally agreed that space loss related to premature loss of second primary molars
is more significant in a developing dentition as compared to first primary molars thus
the second primary molar is regarded as the ‘key’ tooth in the primary dentition (Brauer,
1941, Breakspear, 1951, Clinch and Healy, 1959, Breakspear, 1961, Ronnerman, 1977,
Kisling and Hoffding, 1979, Rock, 2002). Space loss associated with loss of primary
first molars is controversial. Seipel (1949) and Ronnerman and Thailander (1977)
believed that premature loss of first primary molars led to clinically insignificant loss of
space and this space was regained as the dentition developed to mixed and eventually to

full permanent dentition.

Northway (2000) carried out a longitudinal study and performed spatial analysis of
study casts to evaluate space loss of primary first molars. Although the sample size was
very small in this longitudinal study with only 13 cases, it concluded that space was

regained in the late mixed dentition but directional changes in dental arches after loss of
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primary first molars led to mesial displacement of permanent canines and positioned it
labially in the arch (Northway, 2000). Northway described this phenomenon as ‘blocked
out’ position. This was in agreement with another study (Kronfeld, 1953). Out of 13
cases only two cases failed to develop a ‘blocked out’ canine. The title of the paper ‘The
not-so-harmless maxillary first molar extraction’ sums up the author’s conclusions

(Northway, 2000).

In a recent systematic review on the effect of extraction of first primary molars
(Tunison et al., 2008), 79 studies were analysed out of which only three studies fulfilled
their inclusion criteria. The authors concluded that premature loss of primary first
molars led to space loss of a magnitude that was clinically insignificant. Space loss of
1.5 mm per side in the mandible and Imm in the maxilla in most cases was thought to
be clinically insignificant although these measurements were statistically significant
(Tunison et al., 2008). As this measurement was clinically insignificant, the authors
questioned routine use of space maintainers to maintain space of the first primary
molars. Out of the three studies included in this review, two studies investigated space
loss after premature loss of primary mandibular first molars (Lin and Chang, 1998,
Padma Kumari and Retnakumari, 2006) and the third study reported space loss after
premature loss of a primary maxillary first molar (Lin et al., 2007). Since the third study
reporting space dimensions at 6 months, participants from the same study were followed
up for 12 months (Lin et al., 2011). This study reported that space loss was significant
on the extraction side compared to the control side but there was no significant change
in arch length. This led to a conclusion that space loss following extraction of upper

primary molars was due to distal migration of primary canines (Lin et al., 2011).

Age at the time of PEPT has been shown to be an important factor with more space loss
associated with younger children (Northway and Wainright, 1980). Thus premature loss
of primary molars prior to the eruption of the first permanent molars has been reported
with more space loss as compared to following eruption of first permanent molars
(Clinch and Healy, 1959, Richardson, 1965). There is varying opinion with regard to
space loss following extractions of two adjacent primary molars (first and second
primary molars) in comparison to second primary molars only. Some authors reported
that the combined space loss in the same quadrant was less than space loss following

extraction of second primary molars (Breakspear, 1951, Clinch and Healy, 1959) while
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one study reported no difference (Seward 1965). However, Northway and colleague
(Northway et al., 1984) reported that the combined space loss following extraction of
adjacent primary molars differed in the maxilla and mandible. Combined space loss was
more in the maxillary arch but not in the mandibular arch. More space loss occurred
following loss of primary molars in the maxillary arch as compared to the mandibular
arch (Seward, 1965). Reporting on a longitudinal sample of 12 extraction sites
following PEPT on 25 children, Seward (1965) found that extraction space was closed
in all cases apart from one in maxillary arch. Crowded dental arches showed more space
loss following PEPT as compared to spaced arches (Lundstrum, 1955, Richardson,

1965).

The effect of space regaining while eruption of permanent successors (to compensate
for initial loss following PEPT) in the permanent dentition was demonstrated in a
longitudinal study where a sample of 46 children was followed up 4-5 years later
(Magnusson, 1979). There was space loss of at least 2.5 mm on the side of PEPT in the
younger age group with full primary dentitions and part of the space lost was regained
during dental development when the child reached the late mixed dentition (Magnusson,
1979). Seipel (1949) reported on 50 unilateral PEPT cases examined for 10 years and
found that space loss at the side of PEPT was 1.9 + 0.3 mm thus questioning the need to
provide space maintainers in all cases of PEPT (Seipel, 1949). However, both of these

studies had small sample sizes to draw any meaningful conclusions.

A review paper discussing incidence and nature of space closure following PEPT
described differing opinions of researchers by saying ‘there are almost as many
contrasting opinions and conclusions as there are papers’ (Owen, 1971). The Faculty of
Dental Surgery, Royal College of Surgeons (RCS) published a guidance which stated
that important factors when considering space loss which were the degree of crowding,
type of tooth lost and age of the child (Rock, 2002). Early loss of a primary incisor has
been said to have little effect while early loss of primary canines or molars is more
detrimental leading to space loss in developing dentitions. This RCS guidance pointed
out that there was a lack of well-designed prospective studies and the recommendations

were based on best available evidence (Rock, 2002).
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The studies that investigated space dimensions within a dental arch following PEPT
have demonstrated that PEPT led to space loss in the affected arch. The split-mouth

studies also demonstrated that space loss occurred in the affected quadrant.

1.2.5.3 Assessment of malocclusion

An index for orthodontic treatment need identifies and prioritises patients who are in
need of orthodontic treatment. Any index should be valid and have high reliability.
There are a number of indices available to assess orthodontic treatment need namely
Index of Orthodontic Treatment Need (IOTN) (Brook and Shaw, 1989), Dental
Aesthetic Index (DAI) (Cons et al., 1989) and Index of Complexity, Outcome and Need
(ICON) (Daniels and Richmond, 2000). IOTN is used to assess and prioritise the need
for orthodontic treatment of children in the UK. This provides an objective, repeatable
and reliable method to assess malocclusion to find out who can benefit the most from
treatment of malocclusion (British Orthodontic Society). Specialist orthodontic
practices and orthodontic departments in hospital settings use this standardised tool to
identify individuals who are most likely to benefit from orthodontic treatment. It has
been used increasingly in the United Kingdom and it helps to prioritise orthodontic
treatment to individuals with greatest treatment need where resources are limited (Brook

and Shaw, 1989).

1.2.5.3.1 Index of Orthodontic Treatment Need (IOTN)

IOTN was developed to incorporate two components, the Dental Health Component
(DHC) and the Aesthetic Component (AC). The DHC assesses orthodontic treatment
priority from functional and dental health points of view and hence measures features of
malocclusion. The AC assesses levels of dental attractiveness which relates to
orthodontic treatment justification on socio-psychological basis. The DHC of IOTN
consists of 5 grades that record occlusal traits with grade 1 representing almost
perfection to grade 5 representing severe dental health problems indicating ‘great need’
for orthodontic problem. The AC rates dental attractiveness on a scale of 1 to 10
showing different levels of dental attractiveness based on colour photographs (Brook

and Shaw, 1989). The DHC alone is widely used in clinical settings (Mitchell, 2007).
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NHS authorities use both components of IOTN to define treatment need and to
commission orthodontic services for children under 18 years of age. It is widely
accepted that the DHC of 4 and 5 without considering the AC indicates ‘great need’ for
orthodontic treatment. Some individuals with the DHC of 3 associated with a high AC
of 6 (sometimes referred to as IOTN 3.6) or above may also benefit from orthodontic
treatment (British Orthodontic Society, 2009). Thus, children with a DHC of 4 and
above or with IOTN 3.6 (DHC of 3 and AC 6 or greater) are eligible for provision of
orthodontic treatment under the National Health Service (NHS). The DHC of IOTN
recorded for children at the age of 11 years has been shown to be reliable until the age
of 19 years (Cooper et al., 2000). IOTN has also shown to be reliable with high Kappa
scores of over 0.8 (Beglin et al., 2001).

IOTN defines orthodontic treatment need in an objective method from a dentist’s view.
There is less emphasis on the perception of the child and their parents or the impact of
malocclusion. Thus, a discrepancy was reported between a clinician’s objective
treatment need and the perceived need (O'Brien et al., 2006, Hamdan, 2004). This
variability between clinical objective need and perceived need by patients or parents led
some authors to suggest combining IOTN with subjective measures like Quality of Life
or Child Perception Questionnaire to identify orthodontic need (Tsakos, 2008, de
Oilveira et al., 2008).

1.2.5.3.2 Index of Orthodontic Treatment Need (IOTN) in epidemiological surveys

IOTN has another use in oral health surveys to record the prevalence of orthodontic
treatment need in a population. This is because the IOTN can be measured in a
structured way. Modification of the IOTN known as the modified IOTN has been
suggested for use in epidemiological surveys (Burden et al., 2001). The modified [OTN
assessments are carried out by trained oral survey examiners. The DHC of the modified
IOTN were reduced to a two grade scale by simplification of the original DHC; grades
1, 2 and 3 was classed as no definite need for orthodontic treatment (DHC of the
modified IOTN=0) and grades 4 and 5 as great need for orthodontic treatment (DHC of
the modified IOTN=1). In order to record the worst malocclusion trait, a hierarchical

method was used which is referred by an acronym ‘MOCDO’.
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* Missing teeth (includes hypodontia and ectopic teeth)

* Overjet (includes increased overjet and reverse overjets)
* Crossbite

* Displacement of contact points (crowding)

* Overbite (includes increased overbite and open bite)

The AC of the modified IOTN was also reduced to a two grade scale; with grouping of
the original AC grades of 1 to 7 grouped as no definite need for orthodontic treatment
(AC of the modified IOTN=0) and AC grades of 8 and above as definite need for
orthodontic treatment (AC of the modified [IOTN=1). The modified IOTN was shown to
have good or excellent intra-examiner agreement (mean Kappa=0.74). Simplification of
the original IOTN to the modified IOTN has been described to overcome training and

increase reliability of BASCD examiners who are non-specialists (Burden et al., 2001).

1.2.5.4 Effect of PEPT on malocclusion

It has been reported that PEPT can increase orthodontic need by 20 - 28% (Brandhorst,
1932, Willet, 1933) but this figure could be as high as 65% (Lyons, 1924). Children
who had suffered PEPT exhibited increased orthodontic need by 3.6 times compared to
the group of children without PEPT (Miyamoto et al., 1976). Premature loss of primary
canine also resulted in increased incidence of anterior crowding (Miyamoto et al.,
1976). A randomised controlled trial (RCT) concluded that lower incisor crowding was
reduced following extraction lower primary canines, however the arch perimeter
decreased leading to less space available for lower permanent canines to erupt in correct

occlusal alignment (Kau et al., 2004).

Malocclusion following PEPT was studied in a cross-sectional study of 723 Danish
children out of which 45% had experienced PEPT (Pedersen et al., 1978). Various
features of malocclusion were compared to the group of children with a history of PEPT
to the group without history of PEPT. It was concluded that PEPT resulted in increased
features of malocclusion in sagittal, vertical and transverse planes. These features were

more marked if PEPT occurred in the maxilla when compared to the mandible. Bilateral
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or unilateral distal occlusion (Angle’s molar relationship Class II), overbite, midline
discrepancy and crossbite were the features of malocclusion which were associated with
PEPT. Orthodontic need of these patients were assessed by the authors clinically and
concluded that PEPT led to an increase in orthodontic need and thus stressed the
importance of maintaining all primary teeth up to their natural exfoliation time
(Pedersen et al., 1978). The authors mentioned that intra-examiner and inter-examiner
reliability were checked in the first 30 cases and they were consistent but failed to
quantify the agreement. Other common malocclusion traits following PEPT were labial
placement of upper canines, impaction of second premolars and mesial migration of
permanent molars which were consistent with other published studies (Kisling and

Hoffding, 1979, Northway et al., 1984, Northway, 2000).

Another cross-sectional study of 915 Italian children reported on malocclusion
following premature loss of permanent and primary teeth (Melsen and Terp, 1982).
PEPT occurred in 204 out of 915 children. Malocclusion was significantly lower in the
non-extraction group as compared to the extraction groups. Thus, it was concluded that
premature extraction of either permanent or primary teeth led to an increase in
orthodontic need (Melsen and Terp, 1982). This study did not report on intra-examiner

or inter-examiner reliability for malocclusion traits reported in the study.

The RCS guidance previously described stated that ‘tooth is the ideal space maintainer
and every effort should be made to retain primary molars until the proper time for their
natural loss’ (Rock, 2002). Thus, the most efficient method of preventing space loss or
eventual malocclusion and thus orthodontic need is to maintain all primary teeth

throughout the transition from primary to full permanent dentition.

The studies that investigated malocclusion following PEPT have demonstrated that
PEPT led to increase in features of malocclusion. However none of the studies that

reported malocclusion used orthodontic indices such as IOTN, DAI or ICON.

1.2.6 Space Maintainers

Broadly, space maintenance is a means of preventing space loss and thereby

malocclusion of the permanent teeth following PEPT or following loss of permanent
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teeth due to trauma. There are fixed and removable types of space maintainers.
Removable ones are easier to fabricate but compliance could be poor. Fixed ones
overcome compliance issue but constant reviews are necessary. A number of studies
reported on survival of space maintainers and high failure rates in the range of 24 - 63%
were reported (Qudeimat and Fayle, 1998, Tulunoglu et al., 2005, Moore and Kennedy,
2006, Fathian et al., 2007, Sasa et al., 2009). A six year follow-up study reported a low
failure rate of 12.7% (Tulunoglu et al., 2005). However, the same study experienced the
highest loss of follow up of 52% in comparison to other studies. The most common
reason for failure in all these studies was cement failure and solder breakage. The
methodologies were inconsistent in these studies to make them comparable. Studies
were either based at dental hospitals (Qudeimat and Fayle, 1998, Tulunoglu et al., 2005,
Sasa et al., 2009) or at private practice (Moore and Kennedy, 2006, Fathian et al., 2007).

Space maintainers are recommended following thorough risk assessment of expected
occlusal disturbance against plaque accumulation and increased risk of developing
caries. Although popular and frequently used in America and some European countries,
space maintainers are not used routinely in the United Kingdom. The main reason for
this is because children who require space maintainers are at high risk of developing
caries and their caries risk would be increased further following use of oral appliances
like space maintainers. Another reason is high failure rates of space maintainers as

discussed previously.

1.2.7 Orthodontic need of 12-year-old children

The most recent oral epidemiological survey (2008/2009) of 12 year old children
reported on the oral health of this cohort. It was reported that 31.6% of 89,442 children
examined in England had great need for orthodontic treatment according to the modified
IOTN (either DHC 4, 5 or AC 8, 9, 10) (NHS Dental Epidemiology Programme for
England, 2011). The worst malocclusion trait based on a hierarchical method was used
referred by an acronym ‘MOCDO’ described in section 1.2.5.3.2 previously. Thus

information on all categories of malocclusion were not available.
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Perceived need for orthodontic treatment was reported on 35.4% of the examined
children and 19.3% were identified as having both orthodontic need and demand (NHS

Dental Epidemiology Programme for England, 2011).

1.2.8 Conclusions of the literature review

There was a clinical consensus among clinicians that PEPT may lead to an increase in
features of malocclusion and consequently orthodontic need in the permanent dentition.
However, the evidence to support this assumption was less apparent in published
literature (Pedersen et al., 1978, Melsen and Terp, 1982). Clinical guidelines provided
by professional bodies like the British Society of Paediatric Dentistry and the American
Academy on Pediatric Dentistry urge clinicians to restore primary teeth where possible
(Fayle et al., 2001, American Academy on Pediatric Dentistry Clinical Affairs
Committee-Developing Dentition Subcommittee, 2008-2009). There is a large volume
of literature and guidelines looking at space maintenance in primary and mixed

dentition (Dugoni et al., 1992, Brothwell, 1997, Ngan et al., 1999).

From this literature review the following conclusions were drawn:

* There was a lack of standardised, valid and reproducible methods to quantify
and report space loss.

* There was a lack of reporting of standardised measures of malocclusion such as
IOTN.

* There was a general suggestion that PEPT led to space loss which in turn led to
malocclusion and thus orthodontic need. But, these results were from a
multitude of study designs with poor reporting of results and outcome.

* An apparent paucity of well designed studies providing clear evidence linking
PEPT in the primary dentition and its orthodontic consequences in the
permanent dentition warrant a systematic review on the topic to assess the
quality of evidence available and ensure all literature is identified and assessed.
Results from this systematic review would help to inform treatment planning
intervention for dental caries and inform resources needed to treat dental caries

in the paediatric population.
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1.3 AIMS OF THE SYSTEMATIC REVIEW

1.3.1 Primary aim of the systematic review

e To establish if orthodontic need is associated with PEPT.

1.3.2 Objectives of the Systematic Review

* To examine the effect of PEPT and loss of space in the primary and mixed
dentition.
* To explore the effect of space loss in the primary or mixed dentition, subsequent

malocclusion and orthodontic need in the permanent dentition.

1.3.2 Null hypotheses

* There is no difference in malocclusion and orthodontic need among children
who suffer PEPT compared to children who do not suffer PEPT.

* There is no difference in space dimensions in dental arches following PEPT
when compared to dental arches where PEPT has not taken place. There is no
difference in space dimensions in the quadrant where PEPT has taken place
compared to the quadrant where PEPT has not taken place (intra-arch

comparison).
1.4 MATERIALS AND METHODS
1.4.1 Criteria for considering studies
A protocol for this systematic review was registered with the Centre for Reviews and
Dissemination, which is part of the National Institute for Health Research and is a
department of the University of York. This protocol is available online (see Appendix I,

Nabina Bhujel, Monty Duggal, Peter Day. Premature extraction of primary teeth and

subsequent malocclusion and orthodontic need: a systematic review. PROSPERO
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2013:CRD42013004200 Available from
http://www.crd.york.ac.uk/PROSPERO/display record.asp?ID=CRD42013004200).

The inclusion and exclusion criteria used for this review were as follows:

1.4.1.1 Types of studies

Study design algorithm available from SIGN (Scottish Intercollegiate Guidelines

Network) available from http://www.sign.ac.uk was used to assess the type of study (see

Appendix II).

* Controlled trials, cohort studies and case control studies that assessed the effects
of premature extraction/loss of primary teeth were included in the review

* All studies that had a comparison group to the PEPT group were considered

* Split-mouth study design comparing unilateral loss of primary teeth compared to
the intact quadrant as a control was also included in the review and analysed

separately.

1.4.1.2 Types of participants

Studies with participants who suffered PEPT in the primary or mixed dentition were
included in the systematic review. All participants with age groups in primary and
mixed dentitions were considered. Participants reported in terms of dental age rather

than chronological age would be desirable.

For assessment of malocclusion, the age group of the children would have to be in the
full permanent dentition. Thus, ideally the study would have children followed from the
time of PEPT until the eruption of their full permanent dentitions at approximately 12

years.

For the assessment of space, any age group of participants in the primary or mixed

dentition were included.
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1.4.1.3 Intervention

Intervention group was PEPT group where premature extraction or loss of a primary

tooth or teeth occurred prior to natural exfoliation. The comparison group was children

who did not suffer PEPT. Such a control group would allow reasonable comparison to

be made and conclusions drawn upon as malocclusion is a complex interplay of intra-

arch and inter-arch irregularities. For split-mouth study design with intra-arch

comparison, PEPT in a quadrant was compared to the contra-lateral control quadrant

without PEPT.

1.4.1.4 Types of outcome measures

1.4.1.4.1 Orthodontic outcomes

Orthodontic consequences can be measured using various outcomes.

Malocclusion based on Angle’s Class I, Class II and Class III malocclusion with
additional features like overbite and overjet (Hoffding and Kisling, 1978a,
Hoffding and Kisling, 1978b, Pedersen et al., 1978).

Orthodontic need (Pedersen et al., 1978, Melsen and Terp, 1982).

Complexity of orthodontic treatment in the future (duration of orthodontic
treatment or need for further extractions as part of orthodontic treatment
(Pedersen et al., 1978, Melsen and Terp, 1982).

Crowding, mal-alignment, rotation of teeth, ectopic eruption and jaw
displacements.

Clinically the most relevant way of assessing orthodontic need would be the use
of a designated index like the IOTN (Brook and Shaw, 1989). IOTN was
developed in the 1980s and is currently widely used in the NHS to prioritise and
target orthodontic care optimally to children who would benefit the most by

having orthodontic treatment (British Orthodontic Society, 2009).
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1.4.1.4.2 Space outcomes

Various outcomes were used to investigate space loss. These included arch perimeter,
hemi-perimeter, arch length, arch width, incisor inclination and incisor position.
Another frequently reported outcome was the D and E space defined by Northway
(1984) as the distance between the mesial midpoint of the first permanent molar (or
distal midpoint of the second primary molar) and the distal midpoint of the primary
canine. Northway (1984) reported that D and E space was a segment of the arch that
was easily defined and monitored limiting the number of factors that could influence
space dimension. Soft tissue features such as the incisive papilla and palatal rugae were
also frequently used as they provide stable landmarks for measurements (Linder-

Aronson, 1960, Northway et al., 1984, Park et al., 2009).

1.4.2 Exclusion criteria

* Cross-sectional surveys were excluded as it was difficult to ascertain the
influence of PEPT. This was because temporal relationship between PEPT and
development of space loss and malocclusion was important and this relationship
would be missed when assessing the effects of PEPT at the same time.

¢ Studies including premature extraction of permanent tooth/ teeth.

* Studies where orthodontic outcome in the permanent dentition or space
dimension in the primary and mixed dentition were not recorded.

¢ Studies lacking a control group of children or control quadrant without PEPT.

1.4.3 Search strategy for identification of studies

A comprehensive search strategy was constructed taking into account population,
interventions, comparators, outcome and study design frequently referred in research
literature as PICOS (Population, Interventions, Comparators, Outcome and Study
design). This was suggested by Centre for Reviews and Dissemination (Centre for
Reviews and Dissemination, Jan 2009). To capture as many potential studies as possible
a structured electronic search, reference list screening and search for unpublished
studies was carried out.
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1.4.3.1 Electronic search strategy

A search was carried out for relevant studies with OVID bibliographical databases using
a structured search. Search strategy used included subject headings and keyword search
to capture the concept of malocclusion and orthodontics related to PEPT. Electronic
databases searched were MEDLINE (from 1* Jan 1946 to week 3 of March 2013),
EMBASE (EMBASE classic and EMBASE from 1% Jan 1947 to 3™ April 2013),
PubMed (1* Jan 1996 to week 3 of April 2013) and Cochrane Central Register of
Controlled Trials (CENTRAL). Detailed search strategy used for MEDLINE and
EMBASE are listed as Appendices (Appendix III and Appendix IV) respectively.

Search terms using keywords in title and abstract:

1) Child; young person; adolescent

i1) Tooth loss; tooth extraction; teeth extraction; premature extraction; premature loss;

exodontia

iv) Deciduous tooth; deciduous teeth; deciduous dentition; primary tooth; primary teeth;

primary dentition; baby tooth; baby teeth; mixed dentition

v) Malocclusion; Index of Orthodontic Treatment Need, orthodontic outcome;
orthodontic need; orthodontic consequences; orthodontic adj permanent; orthodontic adj
secondary; space loss; dental crowding; dental occlusion; diastema; malocclusion Angle

class I; malocclusion Angle class II; malocclusion Angle class I1I; open bite.

vi) Secondary dentition; secondary teeth; permanent dentition; permanent teeth; adult

teeth
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Medical subject headings (MesH) for MEDLINE and Pubmed (from 1* Jan 1946
for MEDLINE, from 1* Jan 1996 for Pubmed)

1) Adolescent; child; child, preschool
i1) Tooth loss; tooth extraction
ii1) Dentition mixed; dentition, primary; tooth deciduous

iv) Malocclusion (exploded which included following sub-headings: dental occlusion;
diastema; malocclusion Angle class I; malocclusion Angle class II; malocclusion Angle

class III, open bite); dentition permanent, Index of Orthodontic Treatment Need

Elsevier Life Thesaurus (Emtree) for EMBASE (from 1* Jan 1947)
1) Adolescent; child; preschool, child

i1) Tooth extraction

ii1) Deciduous tooth

iv) Malocclusion; secondary dentition

1.4.3.2 Other searches

Screening of reference lists of potential studies were also carried out to yield potentially
relevant studies. Unpublished literature was searched electronically on

ClinicalTrials.gov (www.clinicaltrials.gov) and the National Research Register

(www.controlled-trials.com). Language of publications was restricted to English. Hand

search strategy was not carried out for this systematic review.

1.4.4 Study selection process

All studies identified by the search strategy described above that appeared to fulfil the
inclusion criteria were scanned based on their title and abstracts. This allowed exclusion
of studies that were not relevant to the review question. The entire article was obtained

and assessed for inclusion when studies did not have an abstract but title suggested it
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could be of relevance and also when an abstract provided insufficient information to

make a decision about inclusion.

1.5 Assessment of methodological quality of selected studies

Data extraction form (Appendix V) was designed based on the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement endorsed by
the World Health Organization (von Elm et al., 2007). STROBE was the most suitable
guideline as most of the studies were observational rather than controlled trials. For

each of the studies included in the review the following data were recorded:

* The year of article publication.

* Type of the study.

* Sample size and demographics of the participants.

* Detailed description of intervention, control group and outcomes used.

* Duration of the study.

The data extraction form was tested for consistency and all above information was

collected for each study.

1.5.1 Strategy for data synthesis

A narrative synthesis was provided from included studies structured around assessment
and quantification of orthodontic need and space loss. Included studies were assessed
for study quality, study setting and outcomes of the PEPT, and subsequently compared
to those in the control group. Subgroup analyses were carried out where relevant and
valid data were available for comparison of PEPT and the control group. It was
suspected that meta-analysis was unlikely due to heterogeneity of the studies in design

and outcome measures reported.
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1.5.2 Risk of bias assessment

Studies included in the review were assessed for risk of bias based on the following
specific six criteria. These criteria were drawn from recommendations by the STROBE
and the Cochrane Collaboration (von Elm et al., 2007, Higgins and Green, 2011) and

modified according to the topic of the systematic review.
¢ Definition of inclusion/ exclusion criteria
Unmet: not defined.

Met: well defined.

¢ Definition of outcome
Unmet: not defined.

Met: well defined.

* Intervention and control group comparability
Unmet: large potential for confounding or not discussed.

Met: good comparability of groups or confounding adjusted for.

* Follow-up of participants

Inadequate: when less than 80% of patients who entered the trial were included in

the final analysis.

Adequate: when at least 80% of patients who entered the trial were included in the

final analysis.

* Examiner reliability
Inadequate: Inter and intra-examiner reliability not reported.

Adequate: Inter and intra-examiner reliability reported and with acceptable

agreement.
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* Blinding on assessment of outcome
Unmet: not reported.

Met: well defined.

A study was judged to have a low risk of bias when at least five of the above criteria
were met; moderate risk of bias if three or four of the criteria were met and high risk of
bias if none or up to two of the criteria were met. These criteria were included in the
data extraction form described previously with an overall validity score given to each of

the studies as high, moderate or low risk of bias.
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1.6 SEARCH RESULTS

Searches from all sources identified 490 studies. After removing duplicates, there were
293 studies to be assessed. A primary filtering process rejected 231 studies on screening
of titles and abstracts. A further 33 studies were rejected following screening of full
articles where abstracts were not available or when the abstracts did not provide
sufficient information to include or exclude the study. Reference list screening of the
remaining 29 studies revealed 23 potentially relevant studies (Appendix VI). At this
stage of the study selection process, no attempts were made to identify studies lacking a
control group or the type of study. Then, a secondary filtering process was carried out
and 27 further studies were excluded with 25 remaining to be assessed. Out of 27
excluded studies there were 11 studies which were not related to the topic of PEPT, four
were review articles, two were duplicated studies with more than one publication related
to the same sample, one study looked at premature extraction of permanent teeth and

nine studies lacked a comparison group (see Figure 1.2).

There were two studies identified as unpublished studies on the subject. Both were
Master’s degree thesis, one awarded by University of Montreal (1977) and one by
University of Toronto (1949). The former one was also published as a research article
(Northway et al., 1984), thus treated as a duplicate publication with more information
added from the thesis. The latter one was requested via interlibrary loan from the British
Library. It has been confirmed that the British Library does not hold a copy and a copy

directly from University of Toronto, Canada is still to arrive.
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Figure 1.4 Flowchart of the study selection process.
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1.7 DESCRIPTION OF SELECTED STUDIES

Full text reports of all selected studies (n=25) were examined (see Figure 1.3). Data
were extracted from the remaining 25 studies using the standardised data extraction
form. There were five studies reporting on malocclusion following PEPT out of which
three were cross-sectional studies and thus were excluded from the review according to
the exclusion criteria stated in the protocol (Miyamoto et al., 1976, Pedersen et al.,
1978, Melsen and Terp, 1982). Data extraction sheet used for these studies are included
in Appendix VII. The remaining two studies were the same study reported in two parts
and was a case control study (Hoffding and Kisling, 1978a, Hoffding and Kisling,
1978b). This was the only study included in the review to assess malocclusion
following PEPT where comparison was carried out with children who did not have

PEPT.

Eight studies assessed space loss following PEPT. Data extraction sheet used for these
studies are included in Appendix VIII. Two of the studies were cross-sectional (Rao and
Sarkar, 1999, Ronnerman and Thilander, 1978) and were excluded from the review,
thus six remaining studies were included out of which two were controlled trials (Sayin
and Turkkahraman, 2006, Kau et al., 2004) and four were of cohort design (Clinch and
Healy, 1959, Ronnerman, 1965, Ronnerman, 1977, Leighton, 1981). Two studies
(Ronnerman, 1965, Ronnerman, 1977) were based on the same sample, thus reported as

one study in this systematic review.

The remaining 12 studies were of split-mouth design assessing PEPT in a quadrant and
comparison was made to the quadrant where there were no premature extractions. This
allowed intra-arch comparison. Two of these studies were cross-sectional (Rosenzwig
and Klein, 1960, Magnusson, 1979) and were excluded from the review. Data extraction

sheet used for these studies are included in Appendix VIII.
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Figure 1.5 Flowchart of the studies appraised in the systematic review.
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1.7.1 Studies reporting on malocclusion

The only study reporting on malocclusion that fulfilled the inclusion criteria for the
review was a study by Hoffding and Kisling (1978), which was a case control study of
550 children, presented in two parts. This study was based at two Danish municipalities
of Denmark, Jutland and Zealand. The aim of this study was to evaluate the effects of

PEPT on occlusion and space conditions in the permanent dentition.

Study participants

There were 550 children out of whom there were 327 children with history of PEPT and
223 without history of PEPT. Children with a history of premature extractions of
permanent teeth and or orthodontic extractions were excluded from the study, thus the
PEPT group had a final number of 231. Although it was reported that age at the time of
survey was 13 to 14 years, mean age of the participants was not reported. Ethnicity of

the participants was also not stated but can be assumed to be mostly Caucasians.

Intervention

Children with previous history of PEPT formed the intervention group. Out of 231
children in PEPT group, maxillary arch was involved in 32 children, mandibular arch in
97 children and both arches in 102 children. The outcome was compared to children

with no history of PEPT.

Outcomes reported

Any feature of malocclusion was reported as the primary outcome. This information
was collected from epidemiological surveys and features of malocclusion used in this
study were maxillary overjet, sagittal molar relationship and space conditions in incisor
and posterior segments. Maxillary overjet was defined as the distance from the most
prominent point on the incisal edges of the maxillary central incisors to the most
prominent point on the labial surfaces of the lower incisors. Molar occlusion was
registered on both sides judged by the relationship of the mesial contact points of the

maxillary and mandibular first permanent molars. Half or more than half of the cusp
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width was recorded as deviation from normal. While assessing space conditions,
crowding was registered if there was a space deficiency of 2 mm or more within an

arch.

When any sign of malocclusion described above was considered, frequency of
malocclusion in cases of PEPT was 90% compared to 80% where there was no history
of PEPT. This difference was statistically significant. When features of malocclusion
were assessed individually, PEPT was not significantly associated to maxillary overjet
and distal molar occlusion (Angle’s molar classification Class II). However PEPT was
significantly associated with mesial molar occlusion (Angle’s molar classification Class
IIT). Frequency of crowding was also statistically higher in PEPT group with 49% in

comparison to 29% in the control arch.

Methodological assessment

The overall risk of bias was moderate in this study. Four out of six of our predefined

risk assessment criteria were met.

e Definition of inclusion/ exclusion criteria: Inclusion and exclusion criteria were

well defined in the study.
* Definition of outcome: Outcome reported in the study was well defined.

* Intervention and control group comparability: There was good comparability

between PEPT group and control group apart from premature extractions.

* Follow-up of participants: As it was a case control study and the dental records
of PEPT were taken retrospectively. All children fulfilling inclusion criteria
were included in the study and retrospective information was collected for

approximately seven years.

* Examiner reliability: Examiner reliability for features of malocclusion was not

reported in the study.

* Blinding on assessment of outcome: Blinding was not reported in this study.
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1.7.2 Studies reporting on space with a comparator group

There were six studies fulfilling inclusion criteria for this group of studies. However
two published studies reported on the same data (Ronnerman, 1965, Ronnerman, 1977),
thus reported as one study in this systematic review. There was one RCT (Kau et al.,
2004) and one controlled trial (Sayin and Turkkahraman, 2006) and both of these
studies were investigating the effects of premature extraction of both lower primary
canines. Remaining two studies used a cohort design (Clinch and Healy, 1959,

Leighton, 1981).
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Study participants

Study ID

Characteristics of studies participants

(Clinch and
Healy, 1959)

59 children were followed up from the age of 3-4 years to 13-14
years. Male to female ratio and ethnicity of the study participants

were not reported.

(Kau et al., 97 children between the ages of 8-9 years were recruited and

2004) followed up for a minimum of one year. Male to female ratio was not
reported. Ethnicity of these children was Caucasian.

(Leighton, 36 children were included. Various measurements were collected at

1981) ages 3-4 years, 8-9 years, 14-15 years and 17-25 years. Further
details about age of the children were not reported. Male to female
ratio was 18:18. Ethnicity was not reported.

(Ronnerman, 187 children with mean age of 12.9 years were studied. Male to

1965, female ratio was 108:79 (Ronnerman, 1965) and 105: 81

Ronnerman, (Ronnerman, 1977). It was not clear why this ratio was different

1977) although there was an acknowledgement that the same data was used
for both studies. Ethnicity was not reported.

(Sayin and 32 children with mean age of 8.91 years were recruited and followed-

Turkkahraman, | up for a minimum of one year. Male to female ratio was 16:16.

2006) Ethnicity was not reported.
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Intervention

Study ID

Intervention

(Clinch and
Healy, 1959)

29 out of 59 children had a history of PEPT (primary first and/or
primary second molar). This group was compared to remaining

children (n=30) who did not suffer PEPT.

(Kau et al, A RCT of 97 children out of which 55 children had premature

2004) extraction of both lower primary canines following randomisation.
This group was compared to remaining children (n=42) who did not
have premature extraction of lower primary canines.

(Leighton, 18 out of 36 children had history of PEPT (lower primary molars).

1981) This group was compared to remaining children (n=18) who did not
suffer premature extractions.

(Ronnerman, 161 children out of 187 had history of PEPT (primary molars). This

1965 and group was compared to remaining children (n=26) who did not suffer

Ronnerman, premature extractions.

1977)

(Sayin and A clinical trial of 32 children out of which 16 had premature

Turkkahraman, | extraction of both lower primary canines. This group was compared

2006) to remaining children (n=16) who did not have premature extraction

of lower primary canines.

38




Outcomes reported

Study ID

Outcomes reported

(Clinch and
Healy, 1959)

Arch dimensions like arch perimeter and arch length were not

reported.

Space loss in the maxillary and mandibular arches was reported. Early
extraction cases when PEPT was at the age of 3-4 years in upper
premolar-molar segment lost an average of 6.18 mm when compared
to late loss (after the age of 3-4 years) of 3.52 mm. The control group
lost 2.72 mm space. Corresponding results for mandibular arch were
3.93 mm, 3.99 mm and 3.1 mm respectively. Space was measured

from dental casts.

(Kau et al,

2004)

Arch perimeter reduced more in the extraction group, 2.95 mm
compared to the control 1.51 mm. Inter-molar distance showed

insignificant change in both groups.

Crowding index was reduced in both intervention and control group.
There was significant reduction of crowding of lower incisors in
intervention group with premature extractions of lower primary

canines (6.03 mm) compared to the control group (1.27 mm).

(Leighton,

1981)

Arch perimeter had significant changes in the intervention group, -5.07

mm compared to the control -3.26 mm.

The intervention group showed reduction in space, -3.13 mm
compared to the control -0.34 mm. Space was measured from dental

casts.
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Outcomes reported (continued)

(Ronnerman, Arch dimensions like arch perimeter and arch length were not

1965 and reported.

| EMIGTIETT, Loss of one primary molar in a quadrant when tooth lost before 7.5

1977) years resulted in significantly less relative space (more space loss)
when compared no control group (percentage not known, only p value
given for various age groups). Relative spacing was insignificant when
tooth was lost after 7.5 years.
The incidence of crowding was more in the intervention group in
maxillary arch, 24% compared to the control group 13%.
Corresponding results for mandibular quadrants were 27% and 8%
respectively. Second primary molar loss led to more crowding than
first primary molar loss.

(Sayin and There was no difference in arch length, intermolar width, interalveolar

Turkkahraman, | width and molar position.

20006)

Lower incisors were significantly more retruded in the intervention

group with premature extraction of lower primary canines.
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Methodological assessment

Table 1.1 Summary of the risk of bias assessment of five space studies included in

the review.

Quality Clinch & Kau et al, Leighton, Ronnerman, Sayin &
assessment Healy, 1959 2004 1891 1965 and Turkkahraman,
Ronnerman, 2006
1977
Definition of Met: well Met: well Met: well Unmet: not Met: well
inclusion/ defined defined defined defined well defined
exclusion
criteria
Definition of Unmet: not Met: well Unmet: not Met: well Unmet: not
outcome defined defined defined defined defined
Intervention Met: good Met: good Met: good Met: good Met: good
and control comparability comparability comparability comparability comparability
group
comparability
Follow-up of Adequate: Inadequate: per | Adequate: Adequate: Adequate: 100%
participants cohort study protocol cohort study cohort study participants
followed for 11 | analysis followed for 13 | followed for 4 | retained
years years years
Examiner Inadequate: not | Adequate: Inadequate: Inadequate: Adequate: single
reliability reported single measured two examiners | examiner,
examiner, pilot | twice but measured but reliability co-
with 30 study agreement agreement efficient 0.964
casts score not score not
reported reported
Blinding on Unmet: not Met: examiner | Unmet: not Unmet: not Unmet: not
assessment of | reported blinded reported reported reported
outcome
Global Moderate risk | Low risk of Moderate risk | Moderate risk | Low risk of bias
validity of bias bias of bias of bias

Low risk of bias- at least five of the criteria met; Moderate risk of bias- three or four

of the criteria met; High risk of bias- none to two of the criteria met.
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1.7.3 Split-mouth studies

There were 12 split-mouth studies reporting on space considerations following PEPT.

Out of these two were cross-sectional studies (Rosenzwig and Klein, 1960, Magnusson,

1979) and thus excluded as per review protocol. Therefore, 10 studies reported below

were included in the systematic review.

Study participants

Study ID

Characteristics of study participants

(de Boer, 1982)

446 five-year-old children were followed till 9-10 years. Male to

female ratio and ethnicity of the study participants were not reported.

(Lin and Chang,
1998)

21 children with mean age of 6 years 11 months (range 5.1 years-7.2
years) were recruited for the study. Follow-up time was 8§ months.
Male to female ratio was 12:9. Ethnicity of the participants was not
reported.

(Lin et al., 2011)

13 children with mean age of 6 years (+ 0.74) were recruited for the
study. Follow-up time was 12 months. Male to female ratio was 5:8.

Ethnicity of the participants was not reported.

(Linder-
Aronson, 1960)

41 children with age of 14-15 years were selected and retrospective
PEPT data was presented. Male to female ratio was 22:19. Ethnicity

of the participants was not reported.

(Macena et al.,

2011)

55 children of ages 8 years or 9 years were recruited. Follow up time
was 10 months. Male to female ratio was 17:16. Ethnicity of the

participants was not reported.

(Northway et
al., 1984)

107 children were followed for approximately 6 years. This sample
was taken from a growth sample of 260 males and 295 females, male
to female ratio of 107 children was not reported. All children were of

French-Canadian origin.
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Study participants (continued)

(Padma Kumari

30 were included in this study, age of the children was reported as 6

and years to 9 years. Follow-up time was 8 months. Male to female ratio

Retnakumari, and ethnicity were not reported.

20006)

(s giel 13 children with the mean age at initial exam of 7 years 11 months

2009) were included in the study. Follow-up time was between 8 months to
23 months (mean 12 months). Male to female ratio was 8:5. Ethnicity
of the participants was not reported.

(Ronnerman 65 children were included in the study who had serial dental casts at

and Thilander, | ages 9 years, 11 years and 13 years. Male to female ratio and

1977) ethnicity were not reported.

(Venkaiahictal; 30 children with the mean age of 8 years to 11 years were included in

1974)

the study. Follow-up time was 5 months. Male to female ratio and

ethnicity were not reported.
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Intervention

Study ID Intervention
(de Boer M, Part I of the study assessed 21 maxillary and 27 mandibular arches
1982) with unilateral molar loss (first or second primary molar).
Part IT of the study assessed 156 maxillary quadrants and 68
mandibular quadrants. Control group was the sound quadrant.
im el (