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Abstract

A number of researcstudieshave highlighted the fact that poor dental health
impactson quality of life as a whole du® a number of difrent elements. Dental
caries isusually associated with negative consequersmgsh as discomfort and pain,
which are known to affect growth and weight gdirough effects on functigimn
addition to wellbeing and quality of lifé&sgorgeet al, 1999 Wendy andsSharleen,
1999. It has been suggested that a significant number of children may not be able to
verbally complain of pain. This inability may be caused by their immaturity, level of
cognition and language development. Chitdusually show difficulty in eatingnd

loss of functionwhich should be considered an indicator of oral probl@nslerson

et al, 2004) Therefore functioal impairment is a negative sequel of caries in
children Thiscan be measured by different meand ane of those is the evaluation

of bite force which is known to be influential on mastication and chewing processes.

Bite force can be defined dithe cap@city of the mandibular elevatiamusclesto
perform a maximum force of lowegeeth against thapperteeth, under favourable
condition® (Calderonret al, 2006).The evaluations of bite force have been proven to
be constructive and thus widely utilised in dentidipc et al, 2010), with the
measurement of such conducted with the aim of determiningutansactivity and
jaw movements during the chewing proc@akke1992), with measuremengédso

valuable in terms of masticatory efficiency (Tatoal, 2006; Julieret al, 1996).

When reviewing the literature on bite foraedacorrelated factors, it bemes
apparenthat there is a lack in studies concerned with the effects of dental decay on

bite force in child populatiospecifically.



Additionally there were no studies determining the influence of comprehensive
dental treatment in childrenontheh i | d r e n Ob#te forcesx Thenefore, the
primeaim of the present study was analyse th@otentialeffects of full mouth
rehabilitation on maximum voluntary bite force of young children irpti@ary and
mixed dentitios. Secondlyfo critically assess different influencing factors on the
magni tude of childrends bite force in or
forces and theinterplay inchildren.

This is a clinical exploratory study that comprised 32 children (26 with completed
meaurements) with a mean age of 6.45 ye8s/5 %were boys an86.25 %were

girls.

The study sample was taken from children attending the Leeds Dental
Hospital/Paediatric Dentistry Department for treatment. The Maximum Voluntary
Comfortable bite force vgadetermined for each participant immediately before
treatment and-3 weeks followingcompletion of the required dentatatment. A

single tooth bite force device was used that has been previously verified for intra
oral use in childreiMountain, 2008)The difference in bite force magnitude before
and after dental treatment was analysed statistically. In addition, the correlations of
key variables including, age, height, weight, BMI, gender and caries severity or
dental status with maximum bite forceneestatistically analysed.

The mean maximum bite force for the total sample (n= 32) prior to treatment was
found to bel69.32N (SD=66.20. The mean bite force in the male subgrowgs

174.49 N (SD= 64.69) while for the females the mean bite force was equal to 165.29
N (SD= 68.93). Following comprehensive dental treatment the recorded mean
maximum bite force for the children (n= 26) who attended the post treatment review

appointment wa&80.60 N (SD= 65.85).



Paired sample t test revealed a statistically significant isersamean maximum
bite force (p< 0.01) following comprehensive dental treatment that included both
restoratims and extractions. Correlationefficients were determaa for a number

of key variables and maximum voluntary bite force in thetpratment stage.

Chil dés gender failed to show significant

c hi | dlody baldjexpressed by height and weight showed a signifpzzsitive
correlation with bite force (g 0.01). In addition, poor dental status prior to
treatment, expressed by the number of decayed, missing and filled teeth and
surfaces, exhibited a statistically significamigativecorrelation with the bite force
(p < 0.05). Presence of an abscess and dentalspawed similar negative impaumt
bite force.

The present studyds findings can be
addition to the previously proved positive effects of treating deatads in children,

this study adds that bite force and subsequently chewirggioncan be improved

mp o |

by comprehensive dental treatment of decayed teeth. Additionally, this study showed

that bite force in children is negatively impacted by a number of essential factors

including, severity of dental caries as well as presence of clinicgdteyns (i.e. pain
and dental abscess).

Therefore, the findings can serve asadditional supportivevidence of importance

of dental treatment for children as it helps improving the maximum bite force a child

can exert.
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Chapter One

Literature Review

1.0 Introduction to Literature R eview

The available relevant literature hagen reviewed utilising different available
search engines in order to reach reasonable knowledge about what is known and
what is still debatable about bite force and influential factors including dental caries

in children.

1.1 The Importance of Oral Heal th in Young Children

Establishing and maintaining a good level of oral health is essential whangsto
achieve good generhkalth (Abantcet al, 2011; Acharya and Tandon, 2011; Gaur
and Nayak, 2011Paulaet al, 2012). A number of researstudieshave highlighted
the fact that poor dental health impagtsquality of life as a whole du® a number

of different elements. Dental caries usually associated with sequlae, such as
discomfort and pain, which are known to affect growth and weight gaagdition

to wellbeing and quality of lifeGeorgeet al, 1999 Low et al, 1999. Children
suffering from dentatelated ailments may not voice their discomfort or oral pain,
but such impacts may be apparent when considering changes in sleepimg paiter

eating behaviourf_ow et al, 1999).

With the above taken into account, the UK Child Dental Health survey 2003
emphasised that, despite its preventability, caries prevalence, which had previously

illustrated a decline, libplateaued in the primary dentition. The subsequent section

wi | | descri be, in detail, how dent al car i



1.2 Caries and its Negative Impacts on Children

The term édent al car i e sd&breakdown dv éestrdation,c r i b e
essentially caused by acids, with suckhpbgducts of bacterial metabolism present in

dent al pl aque biofil ms. | mportantly, as
covered with enamel, which is most vulnerable to placgatdoia colonisation; thus,

when plaque covers dental tissue, there is a high risk of carious lesion development,

as highlighted by Robinson (2009).

Regrettably, dental decaytechnically referred to as caréess recognised as being

one of the most commatiseases impactingn young children, dgste the fact that

such a conditiortan be avoided and is preventable. Furthermore, despite the wide
availability of fluoridatel toothpastes and oral rinses, decayed/missing/filled teeth
(dmft) levels remain highnia number of regions across the UK (Olétyal, 2011).

It has been confirmed in information published by the British Association for
Community Dentistry that, between 1997/1998 and 2005/2006, the dmft index of
children aged five years was stable af71with 40% of such children recognised as
having at least one carious tooth (Pétsal, 2007 Tickle et al, 2007. In contrast,
however, the care index illustrates a decline from 15% to 11% during the same
period, as noted b{pittset al 1999 Pittset al2007). In the survey conducted by the
NHS in 2007/2008 and published 2009, it was reported that dmft ranges between
0.48 to 2.50 in 5 years old chitlr in England. The care index durittte same
period ranged between 4%33% with an average of 14% all areas of England

(NHS Dental Epidemiology Program for England, 2009).



For theprimary denition, dental caries isecognised as being a predominant public
health concern, with such an issue recognised as significant in the UK ¢Dléy
2011). Upon the electiof the ConservativePartyin May 2010, a health manifesto
was provided, detailing the aim tmplementimprovements across the aref NHS
dentistry with the objective to reduce remedial treatment costs. In this regard, an
initial propcsal aimed to provide preventative care encouragement, provide advice
for young children, and restablish access to NHS dentistry (Conservative Party,
2009; Olleyet al. 2011) . Nowadays, childrenods
by restricted acces® tcare, with the high costs of such treatment combined with
economic issues amongst the most higtwnsidered issues in the fietd public

health (Cunnioret al,, 2010).

In 2011, Olleyet al examined and assessed the services provided to aiskgh
group of children in the UK, with thauthorssubsequently establishing that oral
health support received by those considered at a high risk of dental caries was
inadequate, with the need for oral health programme improvements recognised as
fundamental. In tis same vein, Petersen (2008) recognises that dental caries is a
significant problem across the globe, with children from poor secomomic
backgrounds deprived of mucteeded service. Accordingly, it is recognised that

there is an apparent inequity aabhealth services provided to the public.

The risk and prevalee of caries amongst children drelieved to be linked with a
number of risk factors. For instance, it has bieemd that childhood caries lisked
with the group of cariogenimicroorganismsMutans StreptococciMoreover, the
oral levels of such bactefiawhich are usually acquired from the materpaten®

are known to be elevated the case of those children with tooth decay (Tinanoff,

1997).



It is understood that ECC (EariGhildhood Caries) is a particular category where the
caries level is severe and normally affecting young children (Cumiah 2010). It

is further noted that ECC may be recag as a type of caries affectipgmary
teeth, i.e. milk teeth, which catisturb either a single tooth or more, with lesidns
both noncavitated and cavitatédseen in children of 6 years old and under (Marrs

et al, 2011).

There is the belief that a number of different elements can cause one child to be more
vulnerable ¢ suffering from dental problentian others, with Pipeat al (2012, for
exampl e, taking into account young chil d
behaviours and social status. Notably, the authors concluded that there is a negative
link between caes index, i.e. dmft, and feeding behaviours. This particular research
has shown that the lortgrm utilisation of baby bottles at night is one of the most
important factors in regard to caries development in early childhood. le¢raly

(2011) considerethe potential risk factors of caries amongst a sample of preschool
children. The results provetiat those children found to have visible plaque during
preliminary screening were more likely to experience caries. Such a result
establishes that an additairfactor in the development of caries in children is visible

plague accumulation.

In another study carried out by Chankamekal. (2011), it was found that, amongst
other cariegisk factors, low socik®conomic status is linked with a greater risk of
caies in children. Correspondingly, Sui al (2011) notd a strong link between
lower socieeconomic levels and rural residence and the prevalence of caries.
Furthermore, Cunnioet al (2010) stresses that children from specific ethnic and
racial minoities and those from poor economic backgrounds aree rikely to

acquiredental diseases and their impacts.

4



Currently, the ability and accuracy to establish the prevalence of caries and the
incidence of suclarerecognised by Ticklet al. (2008) asheing well established,
although they highlight that dental disease has a number of significant, negative
impacts on not only young children but also their families and these are poorly
studied. Importantly, a number of impacts can be experienced if deariakd

which is recognised as an infectious dis@aaee left untreated (Cunnioet al,

2010), including dental abscess, facial cellulitis and sepsis, all of which are

recognised as seveaad seriouproblems that could resutom tooth decay.

In 2009, Casamassimo and colleagues detailed a report which considered the
mortality and morbidity linked with early childhood caries and which further
described the effects of such in the <con

pyrami d?o.

This framework igemarkablybroken down into four different categories: whilst the

base (first layer) considers the costs linked with childhood caries, such as pain
subsequently causing absence from school or work, as well as the morbidity of caries
treatment, including - or cheekchewing and localanaesthetic overdose, the
secondayer considers the morbidity in a family context, such as disturbance in the
childdés sl eeping patterns and academic p
associated with childcare and wed, and parental stress. The third level of the

pyramid considers financial costs, including emergency treatments, whilst the
model 6s apex details death as a direct c

infections.



During recent times, there hdmeen much debate surrounding the link between
chil drends welithbra/dentg staaus @hommas aAdrhadsch,2002
Clarkeet al, 2006). The impacts associated with oral infections have received wide
recognition and documentation in the ca$adults and periodontal infections, with
children receiving lesser attention in terms of odontogenic infections secondary to
early childhood caries (Beckt al, 2000;Lix et al, 2000; Garcieet al, 2001,

Mojon, 2002 Casamassimet al., 2009).

Unfortunately, however, there has not been a study carried out as meticulously in
regard to establishing the systemic hedkimtal caries relationship, with greater
attention previously afforded to the systemic hepkhiodontal disease association

(vanGemertSchrikset al, 2011).

With this in mind, it should be recognised that dental caries is a chronic; multi
factorial infectious disease, and so it is common sense that a link similar to that of
periodontal diseases is likely. Notably, a degree oésyism is recognised owing to

the fact that a number of systemiealth conditions are linked with oral symptoms
that subsequently cause an increased risk of dental disease.aSoelef has
motivated researchers and acadertocstate thboral conditiors are systemibealth

risk factors yan GemertSchrikset al, 2011).

Ngoenwiwatkul and LeetAdisorn (2009) carried out a cressctional study, taking

a sample of 21®rimary school children, andssessed and accordingly concluded
the link between nutibnal status and decay prevalen@hviously, a weight and
body mass indewasused as the measure to suggest overall child health, with each

child also interviewed.



Through the research, a mean dmfs of 12.4 was found, with 45.8% of the sample
found to bein the low percentile category. Furthermore, the investigators further

statel that multiple logistic regression emphasises that each additional decayed
surface dmfs) enhances the overall likelihood of being underweight by 3T8is

research clearly highi ght s the negative consequences

weight.

Moreover, a sample of 4 year old children in Brazil was taken by Fed#tosa
(2005), with the psychological effects of caries analysed through the study. The
researcherconducted a comparison between children with and without caries.
Accordingly, it was found that 72.7% of those children with caries had experienced
toothache, with almost half (49.4%) experiencing associated difficulties, i.e.
problems chewing food. Furtimore, a large portion (68.8%) of the sample was

recognised as beimgegativelyaffected in terms of their quality of life.

Similarly, Abanto et al(2012) reported a significant negative impact of dental caries

on parentsod qual i Vapia e &l (2011) fstadied tAedeffecttof o n a | |
early childhood caries in a group of children in the age range6fy@ars. The

authors compared the weights of caiadfected children with cariesee group and

found that the number of children in the carie®up with underweight was

significantly greater than those in the caffiese children.

They further explained that the underweight finding in those children could be
caused by chewing alteration as a result of dental pain or because of dental tissue
bre&kdown making chewing more difficult and subsequently avoidance of food by

the affected child.



Daily activities can be affected by the presence of dental caries in children as
reported by Mourd.eite et al (2011). The majority of 5 year old children in ithe
study suffered from toothache which led to difficulty in eating, sleeping disturbance
and affected their school performance and attend@nseilar finding was reported
by Gaur and Nayak (2011) who reported that 40% of children with tooth decay

complaned of pain. Food avoidance was also reported in this study.

Additionally, the negative effects of early childhood caries on the quality of life of

both children and their families were evaluated by Acharya and Tandon (2011).

The researchers stated thdantal health héha clear and definite effect on the quality
of life of children and their parents. The parameters that wereaffestedwerethe
nutrition or eating pattern as well as sleeping pattern. In 2010, Cumti@h
implemented the PQGLa reently devised selfeport measufe with the aim of
examining the impacts of dental treatment in rdda life quality. The investigators
found that the wellbeing of both the child and their famnalsre negatively affected
by poor dental health, with the jppsiteéd that comprehensive dental care impbae

number of aspects relating to life quaditylso found to be evident.

To summarise, it can be stated that there is general consensus concerning the notion
that caries and poor oral health negatively affaetdaily activities, psychological
wellbeing and overall quality of life of a child. Such a finding emphasises the need
for action to be taken in order to ensure such negative impacts are overcome, with

young children and their families experiencing a tgequality of life.



1.3 Positive Impacts of Dental Treatment in C hildren

Various researctstudies have beenconductedwith the aim of examining the
potential positive impacts associated with caries treatment in chadpeciallywith
the utilisation of general anaesthesia (Geanal, 1999;Low et al, 1999;Acs et

al., 2007 Filstrupet al, 2003; Verslooet al, 2006; Malderet al., 2008).

It has been reported by Gaur and Nayak (2011) that, six months after treatment,
numenpus statistically significant improvements were found in children affestth

early childhood caries (p 0.002). Moreover, such children were also found to have

a better quality of life, established in mind of certain parameters, including eating

habits and sleeping patterns.

In this same way, Gaynor & Thomson (2011) implemented atestéposttest

design wvith the aim of assessing the effects of dental treatment under general
anaesthesia on the oral healgated quality of life of children (OHRQoL). Thus,

the conclusion was drawn by the investigators that, under general anaesthesia, dental
treatment can pwvide significant enhancements in the context of OHRQoL, the most

notable of which can be seen in terms of emotional wellbeing and oral symptoms.

Moreover, in a prospective mukite study, Cunnioret al. (2010) related similar
positive impacts followinglental interventions in the case of children with caries.
The authors stated that the parent al rat

psychological and social wellbeing were positively impacted.

In addition, astudywas carried out with the aif analysing the impacts associated
with comprehensive dental treatment on the weight of young children suffering with

caries.



The findings showdthat children with caries weigl significantly less. It was also
found t lumgrowldc antacyh Ileeceddotlqwieg comprehensive dental

treatment, as recognised by Geoegjal (1999).

Low et al (1999) carried out a study concerning the negative impacts associated
with dental health, assessing the headlated quality of life of a samplof 77

yourng children. he c¢chi |l drends parents were quest
variables, namely eating preferences, pain, and the social behaviours of the child
both prior to and following oral intervention. When drawing their conclusions, the
researchers atad t h at chil drenoés wel |l being was
treatment, with notable improvements witnessed in regard to oral pain, quality of

nutrition, quantity of food consumed, and sleep patterns.

Flistrapet al (2003) investigated early childhood caries in relation to quality of life,
and subsequently reported that children suffering from caries will notice positive
impacts on their quality of life following dental treatment. In this same regarcetAcs

al. (2001) considered the results of dental treatment of young children under general
anaesthesia, and highligiatthat significant improvements in a number of different
aspects of quality of life were recognised by parents, such as less pain, better

sleeping pdern, and improved habits and eating behaviours.

Markedly, Klaassemand colleague&009) carried out a randomised controlled trial,
which examined the oral healtblated quality of life of children in regard to dental
disease treatment. The study prodda hypothesis, which stated thadental
rehabilitation under general anaesthesia would improve such quality @f Tife

results confirmed a psitive influence ad accepted theredictedhypothesis.
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Moreover, the positive impacts of dental treatmenteangeneral anaesthesia on
quality of life variables were assessed by Whate al. (2003), with parents
subsequently emphasising that there was marked improvement in a number of ways,

particularly in terms of pain relief as well as masticatory ability.

In addition, a systematic literature review was carried out by Jankauskiene and
Narbutaite (2010)analysingresearch concerned with changes in various aspects of
childrends OHRQoL after dent al treat ment
was drawnthat such treatment delivadt immediate positive impacts on the
emotional, physical, oral and social healthtleé child, although the researchers
further noted that, as a result of differences between OHRQoL evaluation measures,
accurate comparisons wemet feasible, and thus there is the need for the-teng

OHRQoL of children to be assessed in futsiadies
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1.4 Management Strategies of Caries in Children

Decisionmaking and treatmeslanning in thesituation of children with carious
teeth is a complicated, mulfimensional process requiringdepth examination and
consideration in various regards (McWhorter, 2010). The risk status of children in
terms of caries, the practical treatment options availableaandssible, and the
behaviour and attitude of the child in regard to dental treatment are all variables

known to affect thalltimate decision made in termstoéatment option.

In an attempt to evaluate the caries risk of a child, the evaluation ofetital d
condition, medical status and radiographic examination of the patient are needed,
with the behaviour and cooperation of the child recognised as important
considerations dictating the way in which treatment will be provided (McWhorter,

2010).

There & currently an ogoing debate in the paediatric dentistry field concerning
whether or not restorative/intervention dental treatment is necessary in the case of
primary dentition (Levinet al, 2002 Tickle et al, 2008;van GemertSchrikset al,
2008).For example, a retrospective study was designed by Letiak (2002) with

the aim of assessing the results of the-restoration of decayed primary molars

amongst children who receive regular prevention care through their dentist.

The likely outcome D those carious primary teeth diagnosed but left without
treatment was established, with the conclusion drawn that, amongst the sample
study, most unrestored carious deciduous teeth continue to be symptomless until
exfoliated, which provide some support dr the belief that the traditional
management of caries in children should not be considered the gold standard in

dentistry.
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In contrast, however, a longitudinal, randomised, controlled study was carried out by
van GemerSchriks et al (2008) with the an of establishing the impacts of
numerous dental treatment approaches on the oral health of 380 children with a mean
age of 6.1 years, with each child randomly assigned to four different groups:
comprehensive dental treatment, extraction only, fillingsy ofAtraumatic
Restorative Technique), and no treatment. Importantly, the presence of odontogenic
infections (abscess/fistula) between the baseline assessment and at the two years

recall was compared through statistical analysis.

Accordingly, it was foundhat the number of children with odontogenic infection
decreased in the comprehensive dental treatment and extractyogroups, whilst

the number irchildren without any treatment increased significantly.

With these findings taken into account, theesgsh indicates that comprehensive
dental treatment in regard to primary dentition is advisable whenever practical.
Notably, this particular conclusion is in stark contrast with that of Leeinal
(2002), and also illustrates clearer evidence in fasdwomprehensive treatment as

opposed to no treatment for asymptomatic primary teeth.

In the view of the British Society of Paediatric Dentistry, there are various caries
management approaches in regard to the primary dentition, although such strategies
depend on a number of different elements, such as the level of cooperation, the
medi cal condition, the childbés age, and
Some examples of treatment approaches include operative treatment, commonly
comprising therestoration of all carious restorable teeth, and the extraction ef non
restorable carious primary teetHowever, the dental extraction of nogstorable

teeth is occasionally unavoidable (Fagtaal., 2001).
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Preventive strategies are also vital when managing a child with caries. The European
Academy of Paediatric Dentistry published a policy document on the prevention of
early childhood caries (EAPD, 2008). The recommendation in this document relied
on evidene from the most recent systematic review on caries prevention in
childhood. The policy document recommended that to help prevent ECC, oral health
assessment as early as the first year of life is highly advisable. Brushing of primary
teeth must start as soas the first tooth erupts using a fluoride tooth paste. There is
goodevidence fom systematic reviesl Ammariet al, 2007 Twetman, 2008)

showing that fluoride toothpaste gives the highest preventive effect against early

childhood caries.

It has also ben documented that fluoride toothpaste is the mosetiestive home

care preventive measure (Marinéioal, 2003; Twetmaret al, 2003). In addition to

fluoride toothpaste, professional application of fluoride varnish at least twice yearly

and dependingn patientdés caries risk, iIs recom
that mainly discourages frequent intake of sweetened drinks as well as on demand

bottle feeding, is a vital element in caries prevention advice (EAPD, 2008).

Prevention is often atha a child needlif they are cariegree. However, in children

with active carious lesions preventive approaches are not sufficient.

Operative dentakreatment balancedith preventve prograns areoften required to
re-establish dentahealth and appropriate function (Fagleal, 2001).The

restoration of all decayed teeth, with the utilisation of conventional fillings, is also
one option when managing caries in children, although conventionadatesh is

widely debated, as highlighted earlier.
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In this way, there seems to be a unique inclination towards minimising the invasive
management approach and increasing the preventiveestorative management
techniques (Northwawt al, 1984; Curzon rad Pollard, 1997; Tickleet al, 1999a;

Fayleet al, 2001;Levineet al, 2002; Ericsoret al, 2003; Tickleet al, 2003).

One of the most important and valuable approaches in the management of dental
decay of norrestorable primary tooth is tooth extractiavhich generally causes a
number of undesirable effects, including the shifting of adjacent primary teeth or
space losgNorthwayet al, 1984; Fayleet al, 2001). As a result, insufficient space
within the dental arch for the erupting permanent teeth rie oceason for

malocclusion (Faylet al, 2001).

To recap, there is no professional consensus on the best management approach to
sufficiently treatthe carious primary dentition. A number of factors are usually

considered prior to treatment decissolm addition to clinical considerations, socio
economic status, parentods views and atti
must be considered (Tickéd al, 1999a; Tickleet al, 1999b; Tickleet al, 2003)

Moreover, treatment decisions are also guidedvailable funds, materials and

number of qualified personnel. These factors are especially important for countries

and communities with weak econma Unfortunately, despite the fact that oral

problems constitute a crucial public health issue in dis#tdgad countries, oral

health care is frequently underestimated within a total healt systemvan

Palensteiret al, 1999)

15



In summary it should be recognised that a number of aspects should be apparent in
the case of ideal dental health care, intlgdhe avoidance of pain and discomfort

for children, the prevention of new carious lesion development, and the reduction of
early loss of primary teeth wherever possible, and the treatment and arrestment of

present cavitiesvan GemertSchrikset al, 2011).
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1.5 Bite Force and its Clinical/Research Application

The evaluations of bite force have been proven to be constructive and thus widely
utilised in dentistryKoc et al, 2010), with the measurement of such conducted with
the aim ofdetermining muscular activity and jaw movements during the chewing
process (Bakke, 1992), wittneasurementalso valuable in terms of masticatory

efficiencyevaluation(Julienet al,, 1996 Toroet al, 2006).

Bite force is recognised as being one of tlsseatial elements involved in the
chewing function, and is regulated by tékental, muscular, nervous and skeletal
systems and exerted by the jaw elevator ma¢Cie et al, 1989). Notably, the jaw
muscle strength establishes the force available in icryisdr cutting food. In this
regard, Rentest al (2002) considered bite force measurement in the potential to

assess physiological parameters, namely occlusion and their influences.

Moreover, during prior studies, bite force has been utilised in order to assess
prosthetic devices amongst adults, and also to provide reference values for research
conducted in théield of prosthetic device biomechanics (Patterson, 1998;efat,

2010). In this same way, bite force has been examined as abtedb examine the
removabledentures amongst young children, and to thereby assess their overall

efficiency in acting as replacements for missing natural teeth (&eata2007).

In 2010, Koc and colleaguenducted an halepth literature review on bite force,
and subsequently noted that bite force measurement is recognised as being a
diagnostic tool in the cases of stomatognathic system disturbances, namely

tempoomandibular joint dsorders.

Previously, in 2001, Sonnesehal took note of maximum bite forces, utilising this

information to examine the link between craniofacial morphology,
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temporomandibular dysfunction and head position. Children who were due to

receive orthodontia¢atment made up the study sample.

In 2006 a researcktudywas carried out concerned with investigating adult cases of
bruxism, with bite force assessments used through the study approach (Catderon
al., 2009. An earlierstudywas carried out in 1978y Lindqvist and Ringvist, who

took bite force measurements so agwa@stigatebruxismrelated factors in the case

of children.

In regard to adult dentistry, implant success is assessed in consideration of various
factors, namely chewing ability, bitingbility, and functional recordings, which
provides one aspect of bite force determination clinical use (Rismanehiah

2009; Luraschet al, 2011 Muller et al., 2013.

In 2012 Carlssoranalysed the approaches implemented during the evaluation of
masticatory function in the case of dental implants patients. He considered the
doctord theses of six Swedish researchéhsee of whom wrote their papers during

the early era of ossantegrded implants, with the remaining three on the same
subject from recent years. Moreover, the available recent literature centred on

i mpl ant patientsao masticatory efficienc
approaches implemented for implant success atialis found to be mainly
guestionnaires focused on assessing the chewing efficiency of patients, both prior to

and following treatment.
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However, research carried out later on utilised other techniques, such as dietary
selection, occlusal perception,danumerous innovative approaches utilising custom
made equipment in order to monitor changes in jaw movement and bite force. The
researcher subsequently drew the conclusion that newer appreoesieegaluable

within the fieldof prosthodontics including ta& force evaluation.

Patientso s at i s fs@ppottead oavedentures hand imagtidatary t
efficiency were two areas investigated by Bak&eal (2002) with the use of bite
force asa variable withn the assessment. As a result, research statedhtpknt
supported ovedentures hathe capacity to improve maximum bite force and the
subsequent chewing ability. In this same vein, Rismanadtiah (2009) notd that

the utilisation of bite force evaluation adtas a guide for implant effects in tes of

enhancing chewing efficiency and thus patient satisfaction of the treatment outcome.

Furthermore, a crossectional multicentre research was carried out by Muller and
colleagues (2012) with the aim of assessing the differences between bite force and
chewing efficiency across a sample of edentulous patients with varying degrees of
implantsupported prostheses. One of the apphes used for the evaluation was the
recording of bilateral maximum bite force. There is a tendency, especially in dental

implantology, to utilise bite force evaluation to assess treatment success and failure.

To summarise, the above mentioned studiesige evidence that supports the value

of utilising bite force measurements in different fields of dentistry.
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1.6  The Contribution of Bite Force to Masticatory Efficiency
@Masticatory function can be described in terms of the objecamability of a
person to fragment solid food or as the subjective respons ohdividual to

questions regardinfpodchewing (van der Bilt, 2011).

With the above taken into account, it can be stated that there are numerous elements
known to impact masticatory perfoance, including age, bite foragender, the loss

and type of restoratioof postcanine teeth, matclusion, total area of teeth in
contact oral motor function, and salivary glands functigran der Bilt, 2011). Bite

force and the functional tooth usitwere clarified as being the main bases for

masticatoryfunction and itgerformance (Julieat al, 1996 Hatchet al, 200)).

Bite force is recognised as one of the
functional state resulting from jaw elevator muscle action, modified by eranio
mandibular biomechanics (Kat al, 2010).1t has been highlighted by Hateh al

(200)) that bite force has a strong link with masticatory performance, although the
effects of such are not recognised as being as strong as the number of functional
teeth. Furthermore, it has been established by Jetiah (1996) that, in addition to
functional ocdusal contact area and body byilcthaximum bite force explagu
approximately 72% of the variath in masticatory performance and efficiency

among adults and children.

Recently, Lepleyet al (2011) conducted a prospective cresstional study
subsequently highlighting that occlusion and maximum bite force respectively are
the most important factors impacting masticatory performance, as established

through their sample comprising 30 adults.
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Importantly, it was found that, in the premolaegion, better masticatory
performance was achieved as a result of a larger volumieedbbce (= -.0362, p=
0.027). Undoubtedly, whie examining the functional statud the masticatory
system, maximum voluntary bite force is acknowledged as fundamemid has
been used in such evaluation in relation to occlusal factors (EBdlkie 1990; Wang
et al, 2010), function of naturatlentition (Miyauraet al, 1999; Gibbst al, 2002),
dental prostheses (Helkinat al, 1976 Slagteret al, 1993, implantology(Carlsson
and Lindquist, 1994; FontijiTekampet al, 2000 van Kampenet al, 2003,
maxillofacial and orthognathisurgery (Throckmortort al, 2000; van demarber
et al, 2009, disorders of neuromascular nat¢@&rangeret al, 1999 Weijnenet al,
2000 and temporomandibular dysfunctiqBakke et al, 1989; Ahlberget al,

2003)

It has been acknowledged that bite force markedly impacts masticatory performance
in those patients with natural dentitions, full dentures and-deetures(Fontijin-
Tekampet al, 200Q Hatchet al, 200). In this regard, strong correlationup to

0.8 have been noteaetween bite force and mastication efficienthyerefore, bite

force can explain more than 60% of the variance in the contextasticatoy

function level(van der Bilt, 2011).

In terms of definition, O6chewingd has be
and matures with time through | earning
fundamental aspect of the overall food intake precesith bite force further
recognised as being @ominentdeterminant of chewing function and efficiency,
Oexerted by the jaw el evator muscles, sk:i
systemso6 status wil/l h a v ety, and subsgquentfyiorc a n t

chewing performance (Rentesal, 2002).
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It is recognised by various researches, including Leeh@d (2006), that bite force

and chewing performance both affect the development of masticatory function;
therefore, it isacceptd that establishing such variables during times of development
and growth, as well as their respective links with dental arch morphologic
characteristics, is fundamental, which can be achieved by gathering comparative data
to ascertain whether or not suehsystem is progressing as it should. The link
between chewing performance and maximum bite force in children was investigated
by Lemoset al (2006), who took account of the morphologic characteristics of

occlusion and body mass index.

In this study,36 children, aged an avera§e06 years, formed the sampleith bite

force subsequently established as having a negative relationship with the chewing
test material particle size. This suggests that a greater degree of bite force induces
enhancd chewing pdormance (¥0.410, 0.05). Moreover, it was established
through the regression analysis that the equations explain38%%oof the variation

in the particles as a result of the bite force variaBlpira et al. (20129 assessed
masticatory performance amdaximum bite force in a sample comprising young
Japanese chitdn aged 4 years. The investigatorexamined the overall
effectiveness associated with a foueek chewing exercise, and how such an
approach could enhance mastication performance througfolite Therewvere no
statistically significant differencdsetween the maximum bite force and masticatory
performance in both study and control grogbshase lineHowever, there was a
significant increase in bite force as well as mastication efficiemdye chewing
exercise group. In addition to this finding, Ohira and colleagues confirmed a close

association of the maximum bite force and mastication performance.
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When considering mastication, age is recognised as a directly linked factor.
Numerous crassectional researchktudieshave been carried out in an attempt to
evaluate the age factor in respect to masticatory ability, with the latter found to
improve with age Ghiere and Manly, 1952Agerberget al, 1981; Julienet al,

1996. More specifically, more remarkable improvements in masticatpr
performance aréound between individualaged 1215 years old, which may be
rationalised through considering the adolescent growth spurt, which is characterised
by aprominentincrease in ige of the body as well as an increase in tatakcle

mass (Tanner, 1962).

Thus far, research baot yet managed to draw a sound conclusion in terms of the
link between mastication performance and gendarreraet al, 2011).In this
regard, Torcet d. (2006) highlightd a negative finding, stating that thesere no
statistically significant differences amongst boys and girls agé® @ regard to
their capacity to masticate food; however, Jugéal (1996) emphasisihat young
males demonstrade greater efficiency when masticating artificial food when

compared tdemales (Juliert al, 1996).

To conclude, it is recognised that there is much support that bite force has a
remarkableimpact on masticatory efficiencyA higher bite force isbelieved to
induce greater chewing performance (Forligkampet al, 2000; Okiyamaet al.,

2003 Lemoset al, 2009. Moreover, a number of other variables in addition to
muscle efficiency and force generated during mastication are acknowledged as being
factors of chewing performance (Okiyamal.,, 2003), such as the number and area

of occlusal contacts, and the level and degoéelateral excursionthroughout

mastication \Vilding, 1993 Bourdiol and Mioche, 2000; Ownes$ al, 2003.
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It is widely suppoted that masticatory and chewing functions have the capacity to

impact dietary selection, which is notably linked with quality of life (Ikebel,

2005). The gradual dentition deterioration witnessed in adult patients is believed to

be linked to the ddining intake of caloriesrich foods carbohydrates, fibres,

numerous vitamins and minerals, and protein (Ketkl, 1998; Teolet al, 2005),

thus suggesting that a decreased intake of nutrients may result subsequent to lower
chewing performancéenglishet al, 2002).Such an issue might be more significant

amongst young and growing children than aging adults; accordingly, precautionary
and curative dent al measures could ensul
improved, as stated by Lucasal. (2002) through their view that ttetatusof the

mouth affects mastication and swallowing.

In summary, it can be postulated that bite force has a significant impact on
mastication function which similarly has a notable influence on the nutriticatalkst

on any individual.
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1.8 Previous Studies Reporting Bite Force Values in Children

In both adults and children, bite force has received much attention in studies across
the globe indqgvist and Ringqvist, 1973; Helkimet al, 1976; Kampeet al, 1987;
Tortopidis et al, 1998 Renteset al, 2002; Tsai and Sun, 200&Kamegaiet al,

2005; Sonnesen and Bakke, 2005ui et al, 2007;Casteloet al, 2010;Mountain

et al, 201). Each researclstudy had a specific objective and associated research
questions concerned with human bite force. However, there is a lack of research
centred on bite force in young children, with most studies focused on children with
bruxism habits (Lindgvist and Ringqvisi973, dental malocclusion (Sonneson and
Bakke, 2005) or temporomandibular disorders (Sonnesah, 2001). Importantly,

only one research, carried out in the UK, examined bite force in the case of children

with primary dentition (Mountaiet al, 2011).

In the subsequent section, bite force means and ranges, as detailed in studies with
children will be appraised, although the elements known to impact maximum bite

force will be considered in another section.

In 2011, the magnitude of maximum voluntary bfteces was determined by
Mountain et al, utilising a sample of 205 children agetlb3years at school in a
major UK city. The data recorded provitla comparatively wide intra and inter
individual disparity, with three bite force measurements ranging frb26 N to
353.64 N, and providing a mean of6l80 N. Furthermore, in 2004 sai assessed

the levels of bite force concerning dental status in children with deciduous dentition.
The sample comprised 676 Taiwanese children aggd/&ars. It was found th#te

maximum bite forces recorded ranged between 147 N and 176 N.
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In the USA in 1996, Brauat al carried out a research focused on recording bilateral
bite force in a sample of 457 individuals agé@® years. In terms of the maximum
bite forced foundthe mean was 78 N amongst those agifil years, and 178 N

amongst those agedil®) years.

Moreover, bite force was evaluated in a randomly selected group of Finnish children
aged 517 years, with all 98 individuals assigned to one of five different groups
according to age. Notably, the mean maximum bite force recorded in the case of
permanent or deciduous molars was 245.3 N in girls and 251.1 N in boys aged 5
years(Helle et al, 1983) Moreover, in the case of 7 year olds, bite forces measured
had a meanfa312.9 N in girls and 312.8 in boyl 2005, Kamegaand colleagues
assessed the bite force measurements of 2,549 northern Japanese childréeh7aged 3
years, with all sample subjects divided into groups according to age. Notably, the
mean force rangeddm 186.2 N in the case of B year olds, and up to 545.3 N

amongst 1617 year olds.

In 2007, Usuiet al conducted a study with the aim of ascertaining the link between
bite force and a number of different parameters, taking a sample of individuals aged
8i 25 years old, all of whom were patients attending an orthodontic degartvith
malocclusion. Tie means of the bite force values were found to be 20.9 Kgf (204.9
N) amongst those aged 8.6 years, but were as high as 40.7 Kgf (399.1 N) in
participants age@5.4 yearsBite force of 201 preschool children in the age range of
4-6 years was determined b8u and colleagues 2009. The average age of their
studied sample was 5.2 years. Mean maximum bite force has been reported to be

5.69 Kg and that is equal to 35.Newtons.
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In addition, a study by Rentes al (2002) determined bite force in children in the
deciduous dentition stage, although their sample was only small, comprising 30
children subdivided into three groups according to their primary occlusienadé

range of the subjects was335 years, all of whom were due to commence dental
treatment. In this research, the mean maximum bite force was expressed separately
in regard to occlusion category, with the normal occlusion group providing a mean

maximumbite force of 213.17 N.

Later, in 2010, Castelet al. assessed the bite force of a sample of 67 children aged
3.5 7 years, and examined the impacts of numerous variables on the magnitude of
bite force. The mean maximum bite force established throughotineal occlusion

and primary dentition group was 280.46 N. Moreover, the isometric bite force of the
first permanent molar in a sample of 12 year old children was recorded, with the
recorded mean of maximum bite force 43.4 Kg (425.6 N) in the righpfrshanent
molar area and 43.7 Kg (428.5 N) in the left permanent molar region amongst a
sample of79 individuals (Linderholnet al, 1971).Additionally, when taking a

sample of 36 children aged 9.06 years on average, the maximum bite force was
recorded with the values correlated alongside masticatory ability (Lehabs

2006). The researchestated that the mean maximum bite force across the subjects

was 410.07 N.

It may be acknowledged that the numerous researches examining maximum bite
force amongst children remains limited; thus, there is the need for additional studies
to be carried out in consideration of bite force amongst children, focuskerant

factors and the links of such, particularly in the UK context.

27



1.9 Bite Force and Influential Factors

The direct measurements of the bite force ab®iously influenced by various
factors; thus, a number of different investigators have estatdlisheerous bite
force values. Essentially, the significant variation in the value of bite force depends
on various factors linked with the physiological and anatomical characteristics of the

subjects (Koet al, 2010).

When analysing the evidenbased iterature, various attempts to establish a link
between independent vables and bite force can be seen, with such parameters
including age, body size and facial morphology, dental status expressed by caries
level, gender, malocclusion, muscles thicknasd strength, periodontal support of
teeth and temporomandibular disorders anddaome of which are dependent on

one other Thus researclstudiesconcerned with individual variablesere more

complex.

Furthermore, as well as physiological aspects, lidree measurements are
vulnerable to variations in terms of experimental approaches, such as in design and
the various recording devices (Ket al, 2010), as well as the degree to which
participants cooperale (Hagberg, 1987), the techniques implementad the
investigator during the recording of bite force (Mountainal, 2011), the head
posture during the process oféforce measurement (Hellsing addgberg, 1990),

the positioning of the recording device within the dental arch, and the degeee of
separation when accommodating the bite force device (Beitkkk, 199Q Braunet

al., 1999. The following section will provide separate summaries concerning the

reported impacts of each variable in relation to the measurement of bite force.
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1.9.1 Age Factor and Bite Force Measurements

In a recent review of the literature of the data available in regard to bite force and
influential factors on its magnitude, Kat al (2010) took into account age, with
Shinogayeet al. (2001) known to maintain thdlhe normal ageing process impacts

the jaw muscle force in terms of reduction. Nevertheless, there is consensus that bite
force commonly increases with age until the individual is approximately 20 years
old, at which point there will be stabilisation in éiforce (Usuiet al, 2007,
Sonnesen and Bakke, 2005). However, upon reaching 40 years, bite force begins to
decrease. Moreover, in 1990, Baldteal investigated bite force in a sample 68

year old mées and females, subsequently concludimgt biteforce increases with

age until females are 25 years old and males are 45 years old, at which point a

decline is experienced.

Sonnesen and Bakke (2005) state that the recognised increase in bite force, which
has come to be linked with growth following theonsideration of a sample aged 7

13 years, may bdueto dental development in regard to increased dental eruption;
thus, with an increased number of erupted teeth, it is expected that there will be a

greater bite force.

Furthermore, in 1996 Julien andcolleagues measured bite force, contrasting
masticatory efficiency in a sample of 47 children and adults. Notably, the numerous
variables in the group were discussed, with the explanation subsequently provided
that the contact areas in posterior teettodclusionwere strong determinants of
masticatory performance. Furthermore, it was found through regression analysis that
individuals with greater contact areas performed more efficiently than their

counterparts of the same gender and body build but exterfcontact areas.
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Julienet al. (1996) also emphasised that the total available surface area cannot be
considered a strong indicator of contact area, with this same notion supported earlier
by Yukastast al (1965).In specific regard to the effect afe on bite force in the
case of children populatisna number of researcétudieshave considered this

variable (Mountairet al,, 2011; Usuet al, 2007; Lemogt al, 2006).

Usui and colleagues reported a statistically significant difference in mean maximum
bite force between subgroups of their subjects according to age. This difference was
seen in both boys and girls, being largest between group one with mean age of 8.6
years andgroup two with mean age of 10.8 years. The difference was much less

when groupgwo was compared with group three who had a mean age of 13 years.

Furthermore, in 2009, Set al (2009) took a sample of 201 children in Taiwan, and
found an increase of meanaximum bite forces between those aged 6 years and
those aged 4 years. In addition, the bite force in primary dentition in the UK was
examined by Mountairet al (2011), who discussed the numerous influences,
subsequently highlighting no strong link beemeage and maximum bite force when
considering their samples of children agé® Jears. This conclusion suggests that
bite force can be enhanced by the effect of stage of eruption and bodydnotth

solely chronological age.
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1.9.2 Gender Influences on Bite Force Values

Many studies have established gender differences in maximum bite force, with males
being higher when compared with femalesmderholmet al, 1971; Rentest al,

2002; Tsai, 2004Ferrarioet al, 2004; Usuiet al, 2007; Mountairet al., 2011).
Nevertheless, this has not been found across all st@legusly, larger bite force

in males may beueto greater muscular potenti@gkkeet al, 1990 Shinogayaet

al., 2001; Kocet al, 2010). Moreover, anatomical variallesamely greater
masseter muscle fibre diameters (Pizoktal, 2007), have also been found, and
may be explained in regard to gender differences. Furthermore, it is also paramount
to acknowledge that gender diféerices are not clear amongst children, i.e. in pre
pubescent individuals. Accordingly, the link between gender and bite force may

become clear when considering samples aged 18 years and oldet @{p2010).

As well as body variable, it is acknowledgdbet another contributing factor may be
tooth size between genders, as highlighted by Shinogfagh (2001). In the case of

young children, bite force changes as a result of gender remain inconclusive.

In this regard, few researdudieshave highlighed important differences: terms

of gender, including Tsai an8un (2004), who examined the maximum bite force
amongst a sample of 463 Taiwanese children agel® 9ears, subsequently
recognising that the values were signifitgnhigher in males than females.
Moreover, when taking a sample of younger children agédy8ars, Mountaiet al

(2011) reported a mean maximum bite force of 203.90 N in males and 186.19 in
females, which supports the recognition that there is a diffeyaithough, at the
0.05 level, it was not considered to be significant. Accordingly, it was stated by the
authors that gender influen@a bite forceis not apparent clearly in the case of

young children.
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Additionally, it has been stated by 8tial. (2009) that gender differences in regard

to maximum bite force are not statistigadlignificant, with the investigatorstating

this following a sample of 201 children aget6dyears being studied, with bite
forces only marginally higher in boys. In this samwein, it has been reported by
Kamegaiet al (2005) that greater bite forcegere found amongst Japanese girls
aged 35 years old than theimale counterpartdut this was not significant
statistically However, no difference was found amongst genderRdmteset al,

who took a sample of 30 children in the primary dentition stage and therefore their

results were pooled.

In regard to gender differences, it can be stated that, although there are some
differences, they are not recognised as being signtfiamtil subjects have
progressed through puberty, when anatomical differences and body variables are
clear. Furthermore, although gendelated differences in regard to bite force
amongst adults have received much attention and documentationrethiid

differences are somewhat disputed.

1.9.3 The Effect of Height and Weight on Bite Force

Height and weight are known to be linked with maximum bite forcesiérholmet

al., 1971; Julieret al, 1996 Renteset al, 2002; Lemo=t al, 2006;Casteloet al,

2007; Mountain et al, 201). It has been acknowledged that there is a positive
association, with Julieat al (1996) noting that the majority of reseasthdieshave

not examined the effects of body variables, with the samples commonly comprisi
subjects of different ages and genders, therefore resulting in exaggerated variations

and limited results interpretation.

32



I n addition, a positive | ink bet wigen
years old) weight was established by Mountairal. (2011), which is believed to

contribute 6.9% of the recorded bite forces variation.

Furthermore, similar findings were acknowledged by Lesiad. (2006), with their
study explaining 17% of the recorded bite force variability in their sample of 9.06
mean age children. Moreover, although the same was found by Lindezhalm
(1971), the link was stated as weak. Reerted. (2002) reported similar positive
correlation of bite force and body build. This was proved by correlation coefficients
of (r = 0.24) for bite force and weight, and< 0.23) for bite force and height.
Similarly, Linderholmet al (1971), although reported a positive correlation of bite

force with body variables but described itzageak correlation.

On the other hand, Su andleagues (2009) used regression analysis to test for the
association of maximum bite force in 201 preschool children with a number of
variables including height and weight. No significant association was reported
between bite force and either height orgteiof the child. Toret al (2006)

reported a dramatic increase in bite force with increabedy size and was clearest
when comparing children at 10 years old with 11 yearswdtithis the stage of
fipubertal growth spuit It can be interpreted as éncrease in body variables
(Weight/Height) means greater muscle mass and therefore greater bite force

magnitudes.
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1.9.4 Bite Force Values and Occlusion Category

A number of researcktudiesin the literature took into account malocclusion as a
possible influential factor on bite force level in young children, adolescents and
adults Renteset al, 2002;Kamegaiet al, 2005; Sonnesen and Bakke, 200&mos

et al, 2006;Casteloet al, 2007; Gaviacet al, 2007 Suet al, 2009; Mountairet

al., 2011; Andersen and Sonnesen, 2012

There has been the postulation that malocclusion presence negatively impacts the
amount of occlusal contacts, subsequently causing lower bite force whieasted
alongside bite forces in cases of normal occlusi®unfieseret al, 2001 Gaviaoet

al., 2007;Casteloet al, 2007. Notably, there are not always statistical differences in
the bite force of children witmalocclusion and those with normal occlusion. Thus,

it should be noted that reseagsttonsidering occlusion in the case of children are
limited as the majority have examined the impacts of such in adults and older

children.

Importantly, it has been fodrby Mountainet al (2011) that thereverelower mean
bite forces in children with primary dentition malocclusion (194.2 N) when
compared with those of normal primary occlusion (197.10 N), although this

differencewas not statistically significant.

Maximum bite force and its link with facial morphology was examined by Castelo
al. (2010) by taking a sample of 67 young children aged73y®gars, all of whom

hadposterior crossbite.
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It was stated through the conduction of univariate analyses in the whexdition

stage that the subjects found to have lower bite forces were markedly more
vulnerable to exhibit posterior crossbite, although this could not be recognised as an
indicator for the presence of crossbite as multiple logistic levels did not aiestr
significant levels. It was further emphasised that bite forces in rugadtion
children with posterior crossbite were markedly lower when compared against those

with normal mixed dentition occlusion.

They further added that such a differema@sdue todifferences in masticatory cycle
duration, length of lateral excursions, combined with impaired muscles function. It is
recognised that all of these elements may result in neuromuscular adaptation so as to
avoid any tooth interferences. On the othamdy Rentest al (2002) established bite

force in 30 primary dentition children, with the sample split amongst three subgroups
according to occlusion (normal occlusion, crossbite and open bite), with the authors
subsequently hidlghting that there wer@o prominentinfluences of malocclusion

on bite force.

Similarly, Kiliaridis et al. (1993) carried out a crosgctional research with a sample

of 136 subjects divided into subgroups, with a total age range2dfykears.

Following conduction, the invegfatorsreported no marked impact of malocclusion

on bite force magnitude. In this way, Sonnesen and Bakke (2005) stated parallel
findings in a group of 7L 3 year old children, remar ki
classification does not impact the levels wélforce, although they do recognise that

the lower bie force values were fourmmongst individuals experiencing class I

malocclusion.
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This was supported by Lemast al (2006), who statkthat the occlusion variable in

their 36 subject sample was rfotind to impact bite force magnitude.

In contrast, bite force was examined across a large sample of Japanese subjects by
Kamegai et al. (2005), with occlusion examined, amongst other variables, and
participants classified in relation to the presenceasfmal occlusion, protrusion of

the maxilla, crowded arches, crossbite, or opies In both genders, bite foreeas

found to reduce with the presence of any category of malocclusion. Furthermore,
statistical significance as a result of the negative impact of malocclusion was found
in children over 9 years, with the researchers further stating that bite falcag ha

positive correlation with normal occlusion.

In regard to the impact of malocclusion on masticatory performance, efoab
(2006) took this into account in regard to the ability to break food. It was suggested
that malocclusiorwas known to reduce masticaly performance, although such an

effectwas recognised as being relatively minor.

With the aboe discussions taken into consideratidncan be seen that a negative

link between malocclusion and bite force is generally acknowledged, although some
degreeof discrepancy remains in regard to whether or not there is any significance.
Furthermore, there is a lack of understanding concerning whether such a link is

present in primary dentition or whether this arises during the nurattion phase.
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1.9.5 Influences of Facial Morphology and Maxillofacial Growth on Bite

Force

In a number of researches, crafagial morphology has been reported as a variable
directly impacting the maximum bite force exertderqffit and Fields, 1983

Kiliaridis et al, 1993;Smneseret al, 2001;Castelo, 2010 For example, Koet al

(2010) statedthat craniefacial morphology description includes the ratio between
anterior and posterior facial heights, inclination of the mandible, and gonial angle.
The researchers further dedl that maximum bite force suggests tima ndi bl e & s

|l ever syst@mds geometry

Moreover, Sonneseegt al (2001) examined bite force, TMD and facial morphology
across a sample of poethodontic children agedi I3 years. It was established
through their exploratory researctstudies that there was the presence of an
association between muscles tenderness, long face and lower maximum bite forces,

although such a linlwas recognised as being low to moderate.

Additional research shada link between fdal vertical morphology and bite force
low magnitude, in addition to weaker mandibular elevator muscles (Pebfét,
1983).Particularly, however, it should be recognised that the link was highlighted in

studies with adu$t

In contrast, the work of Castekt al. (2010) examined bite force, the presence of
posterior crossbhite and facial morphology in regard to a sample of 67 children aged
3.5 7years, with this examination establishing no valuable link between maximum

bite force and faal morphology.
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Onepossible justification for this may be seen when considering the research took a
sample of young children, which therefore means other studies cannot be directly
compared which looked at older age groups. Moreover, Kiliaetligl (1993)
studied the lik between bite force magnitude and facial morphology in the case of
136 individuals agedi24, withs u b j @acal madphology determined through
assessing different variables from standardised photographs. Markedly, only slight
positive links were estaiBhed between incisor maximum bite force and upper facial

height/lower facial height ratio.

Furthermore, no other link between the two variables was found, nor was any link
between molar bite force and facial morphology variables. However, the work of
Somesen and Bakke (2005) highlights the presence of a link between bite force and

craniofacial morphology, but only in the case of males aged87

As such, the most fundamental of considerations in regard to craniofacial
mor phol ogy i mpfarcetwasnhg vetiicaljasv delatimshipe Thus, it can
be stated that malegth a shorter, lower facial hgit demonstratea greater degree

of force in bite.

In this same regardUsui et al. (2007) established a strong link between the
mandibular plane angle and maximum bite force amongst certain subgroups within
their subject sample, namely those aged B)% years. In conclusion, it was stated
that a greater bite force was established through a more @eutdibular plane

angle, with be opposite similarly true.
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Overall, it may be stated that there is the presence of a negative link between long
face tendency and maximum bite force; in other words, those subjects found to have
shorter lower facial height demonstidtegreater degreaf bite force. Notably, such

a conclusion has been supported by numerous other studies targeting adult samples.

Furthemore, as well as the impacts @hnicfacial morphologyon bite force there
is also an effect demonstrated throughxillo-facial growh. In this regard, it is
believedthat variation in maximum bite force magnitude is witnessed following
changes in the anio-facial growth which complements normal growth process in
addition to the growth of masticatory musclBsaunet al, 1995a, 1995 Casteloet

al., 2007 Usuiet al, 2007;Barreraet al, 2011).

For example, the link between occlusal contacts, masticatory muscles thickness and
bite force values @reconsidered by Castekt al (2007) by taking a sample of 46

child subjects, eachf whom was assigned to a group in regard to the dentition stage
and their occlusion. The researchédrghlighted a strong positive link between
thickness of the masseter muscle and maximum bite force amongst children with

normal occlusion.

1.9.6 Ethnicity and Bite Force

The potential link between bite force and ethnicity hasoftdinedmuch attention

from scientific researchers. If we acknowledge a strong link between-socio
economic/ethnic background and oral health status, it should then be reddbatse
the presence of a bite force/ethnicity link is not unlikely. Nevertheless, such a

relationship has not been widely researched.
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However, one researciudyexamined ethnicity in regard to maximum bite force by
taking a sample of 46 participants andding them according to ethnicity (Danish
(Caucasians), Japanese (Asians)), with age and gender also taken into account. The
authors (Shinogayet al, 2001) subsequently found no significant link. It must be
mentioned that amongst their inclusion créexas the absence of dental fillings or
disease including malocclusion. Therefore, they were comparing two ethnic groups

with comparable dental status.

In regard to children and a link between bite force and ethnicity, there is no
published data in thisgard, although Mountain (2008), in a PhD thesis, did analyse
ethnicity effects, with a statistically native correlation (r = 0.17, p< 0.01) for
Asian origin and maximum bite force in young children. In contrast, there was a
positive statistically sigificant link between individuals of black origin @n

maximum bite force (r =.12,90.05).

1.9.7 Temporo -Mandibular Joint and Disorder Effects on Bite Force
Temporomandibular joint disorders may be described as the symptoms and signs
linked with pain and the functionatructural disturbances of the masticatory system,
with such symptoms including abnormal sounds, such as clicking or crepitation, pain
in the TMJ and/or muscles, and limitations in regard to the opening of the mouth

(Sonnesemt al, 2001 Kogawaet al, 2006).
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Notably, numerous researstudieshave sought to examine whether or not bite force
is impacted by the TMD disordek¢gawaet al, 2006; Pereiraet al, 2007). For
example, Pizolatet al (2007) state that there is a negative impact of TMJ diserde
and muscles pain drite force recorded values. Likewise, the same link was
acknowledged by Kogawa, although other reports illustrasggmficant impact as a
result of TMD on bite force (Pereist al, 2007). These differences in reported

results could be attributed to variation in recording techniques as well as variation in

severity of TMD cases studied in different studies.

1.9.8 Periodontal Tissues Health and Influence on Bite Force

The periodontal ligaments mechanoreceptors control the force load on the dentition
induced during the process of mastication. In instances where periodontal support is
found to be lower owing to diseasepacting the periodontium, it is recognised that
there will also be an effect on the mechanoreceptors fundtilhams et al, 1987;

Alkan et al, 2006; Takeuchi and Yamamoto, 2008). Alketnal (2006) dew a
comparison between participants with hiealperiodontal tissues with those with
chronic periodontitis, comdering bite force. The authorsderlingl a remarkable
relationship between bite force and periodontium health, with a significantly higher
bite force amongst healthy subjects than thogh weriodontitis. Williamset al

(1987) also provide similar findings, noting that those subjects with periodontal

disease showed a lower bite force magnitude as a result of lower sensory function.
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1.9.9 Dental Status and Caries Effects on Bite Force Level

There has been very little research carried out in regard to the effedental
caries/fillings on bitdorce, with other variables receiving greater attention, such as
body build, facial morphology and malocclusion, all believed to impact brtef
(Linderholmet al, 1971;Shinogayeet al, 2001; Rentest al, 2002 Kamegaiet al,
2005; Casteloet al,, 2007). However, a fewtudieshave taken into account dental
status assessments through calculating the number of decayed, raissitiged
teeth Helkimo et al, 1976 Kampeet al, 1987; Shiau anw/ang, 1993; Sonneset

al., 2001 Tsai, 2004 Suet al, 2009;Mountainet al, 201).

With this in mind, although the remarkalhegative effects associated with dental

caries and poor dental status have been publicised in regard to various aspects of a
chil ddés well being, i n regard to the dire
performance and chewing, findings remainamclusive and thus require deeper

examination.

Bite force magnitude and occlusal perception was examined by Keihghg1987)

with a sample of 29 young adults aged 1®, some with and some without dental
fillings. The sample was divided into intact déoh group and fillings group. It is
acknowledged that the fillings were mainly minor posterior teeth restorations.
Accordingly, the mean maximum bite force values for intact dentition group were
found to be 532 N, whilst the recorded mean for particgpamtthe dental fillings
group was 516 N. Notably, however, such differences were not considered to be
statistically significant, although it was recogmisas valuable that subjects with
intact dentition had a notably greater anterior bite force whemastat with mean

values in the fillings group.
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Moreover, the link between the state of dentition and bite force was assessed by
Helkimo et al. (1976), who took a sample of 125 individuals ageibh5years. For

the entire sample, the maximal bite forcesge was 1073 Kg, with theauthors
highlighting that the presence of a decline in bite force values was found to be in line
with increasing age, particularly in the case of females, with the further statement
that a variation in bite force valuewld be inked with dental condition differences
amongst participants. It was further concluded that bite force magnitude may be as
much as five times greater in younger people with natural dentition when contrasted

alongside older denture wearers.

With this in mind, one very important point needs to be raised, that the sample taken
comprised individuals aged 165; thus, owing to the presence of various
confounders, the results could have been affected, with gender and age potentially

impacting the bite force défences.

Shiau and Wang (1993) examined the impacts of dental status on bite force and hand
strength on primary, middle and high school students, with the investigators
subsequently establishing that those with extracted and carious teeth were more
likely to illustrate a lower bite force value, although bite force was notably

unaffected by hand force.

Thus, the conclusion was drawn that there does not seem to be a link between hand
strength and bite force; rather, bite force is linked with dental condi8brau &

Wang, 1993).

Furthermore, the maximum bite force exerted by primary dentition children can be
predicted by the number of decayed, missing and filled teeth surfaces, according to

Mountainet al (2011).

43



In this regard, itvas noted that a signdant negative relationship between dmfs and
maximum bite force (dmfs r .16, p<0.05; dmft r =0.15, p < 0.05) sugge=stthat
a child with deteriorated dentitiomas potentially more likely to demonstrate weaker

bite forces when contrasted with a chilgith a healthy, normal dentition.

Suet al (2009) focused on the oral condition and its influence on bite force
magnitude in preschool children. There results were intagestithat they could not
detectany obvious association between number of carious teeth, number of fillings,
occlusion and the bite force vallitowever, a positive significant relationship
between bite force and number of posterior teeth in contact was reported. They
further added thatgression analysis failed to demonstrate significant association of
bite force with any of the factors except age of the child, maximum mouth opening

and number of teeth in contact.

It is essential to note that in this study, investigators used thardiai (number of
decayed, missing, filled, teeth) and not dmfs (humber of decayed, missing, filled
surfacesyvhich could be the reason why its valtigat is normally smaller than

dmfs) showedno effect on the recorded bite force.

On the other hand, Sai al. (2009)reported that although the total dmft was not
correlated with the bite force, themas however a negative relationship between the
number of missing teeth and the recorded bite force. This finding was interpreted as
suggeste that teethwere crucial for proper mastication in this stage of dentition.

The authors suggestéthtas their results failed to demonstrate bite farages
association, then this correlatiaras possibly more important when we describe the

severity of tooth decay raghthan number of carious teeth.
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Using the dmfs index (decayed, missing, filled surfaces) greater accuracy in
describing the caries severity will be obtained. Subsequ8nthnd colleagues

suggestdthat dmfs should be considered in future resesiaties

In addition, an investigation was carried out by Tsai (2004), who took a sample of
676 Taiwanese children agetS3years with the objective to establish maximum bite
force. In this study, a custom bite force gauge was utilised in order to assess bite
force, which was recorded in kilograms. Markedly, the study established that
maximum bite force ranged between 15 and 18Kg, wiviahequivalent to between

147 and 176 NAs predicted, a clear link between the number of carious teeth and
plague index was tnmd. Furthermor@ and potentially more importantyTsai
(2004) found a negative link between the number of decayed teeth and maximum

bite force.

As well as the periodontal feedback reflex, central states, e.g., the fear of pain as a
result of dental decaynay also be an important factor in muscle force reduction
(Tsai, 2004), with the research ©fai providing support for the belief that the
presence of decayed teeth negatively impacts health and the overall efficiency of

mastication system.

One factorpotentially responsible for low bite force is pain owing to the fact that
carious teeth can cause high levels of pain, particularly when the disease is
advanced. This then weakens bite strength (Linderholm and Wennstrom, 1970). In
this regard, it is alsoated that a greater value of dmfs/dmft goes kiartand with

a lower level of bite force, which provides a statistically significant negative link.
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As Mountain et al (2011) emphasisethat bite force athe primary stageof
dentition development may utiatelydepend orcaries prevalence (Mountagt al,

2011).

In summary, it can be seen that reseamtudiescarried out previously have not
directed much attention to the level of caries and their severity when examining bite
force and its correspondirigctors. Moreover, very fewesearcherbave considered

the potentially negative link, with only onstudy utilising DMFS/dmfs when
explaining the caries level. Thus, additional studies are needed in order to draw a

sound conclusion.
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1.10 Technical Variables that could Influence Bite Force Measurement

The extent to which the mouth can open, as well as the head posture during
measurement, the positioning of the bite force device whilst recording bite force and
the number of recordings ard akpects needing consideration as they all notably

impact the measurements obtaifBdphangkorakit and Osborn., 1997)

It has been stated that an increase in the vertical dimension can result in variations in
the orofacial morphology. Subsequentiyastcatory system and bite force values

are also affected (Oltho#t al, 2007). Several studies reported that the degree of
jaw separation influencithe bite force and the mean jaw separation for popukation

at which bite forces are recorded rati@m 141 20 mm (Kocet al., 2010).

When consideringactors affectingite force it is recognised that the position at

which the recording device is placed within the oral cavity differs, as highlighted by
Tortopidiset al (1998). Commonly, stronger bite forca® normally recognised in

the dental archdéds posterior region, as
theories. First and foremost, the mechanical lever system of the jaw; and secondly,
posterior teeth (premolars and molars) are able to withstaadleg forces than

anteriors (Braumt al,, 1996;Tortopidiset al, 1998 Ferrarioet al, 2004).

In this way, during the process of bite force recording, head position impacts the end
result. Furthermore, it is noted that different approaches and mhieemwf

measurements impach the bite force values. Evidently, although one single
measurement is not as reliable as more than one et/ali(2007) highlighted that
repetitive recording can results in a reduced bite force as a direct consequence of

muscle fatigue.
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In bite force investigations, the number of recordings necessary should be
determined whilst considering the reliability factor and importantly avoiding fatigue

that will result in reducing bite force magnitude.
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1.11 Devices used Previously to Record Bite Force

Establishing bite force in the context of clinical practice is carried out in order to
assess dental prosthesis and to accordingly determine the overall success of
rehabilitation in the case of adults. Furtherejosuch calculations are also geared
towards obtaining bite force reference ranges in an attempt to guide prosthetic device

and implant design (Koet al., 2010).

In the literature, various bite force measurement devices have been highlighted (Koc
et al, 2010). One such example is that of the spring device, which utilises
compression forces in order to document bite force; there is also the more advanced
foil transducer, which relies on the pieelectric principle. Markedly, the majority

of modern designutilise electrical resistance strain gages (Fernagtdas 2003).

Overall, the majority of recording tools concerned with bite force have the potential
to record forces between 0 and 800 N at a rate of 80% precision and accuracy

amounting to 10 NRakke et al,, 1992 Fernandegt al,, 2003).

As early as 1681 Borelli was one of the first to consider instruments able to assess
intra-oral forces, with the subsequent design of the grantodynamometer, this was
concerned with measuring bite force in this wiayrthermore, in 1893, the redesign

and modification of the tool was carried out by Black (Ortug, 2002).

As a result of sut primary examinations, academics and investigatorginue to
improve upon and introduce new sensitive Higthnology instrumentable to
measure human bite force for a number of different reasons. As any tool, each bite
force described in the literature has certain advantages and positive features.

Additionally it also carries limitations when it comes to its applicability and desig
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One example of a bite force de®iis a pressurised rubber tube that must be
connected to a sensor element (Pressure sensor MPX 5700 Motorola) (Rexhies
2002; Lemoset al, 2006; Castelet al, 2010). There is the need to connect the
system to lte computer and software so as to enable pressure reading and thus
establishing the values in Psi. However, there is the disadvantage that the Psi must
then be converted to N, taking intorssideration the tube area digethe fact that

force equals pressel multiplied by area, which will markedly impattte easiness

such utilisation and thus make it less practical. In addition, there is also the need to

connect to a@mputer, and so it may be recognisealt the dede is not portable.

Another recording syt em wuti |l i sed in the context of
syst emb, whi c h -slwe shpped bkite fil naade Hront & pressure
sensitive film, and further includes a computerised scanning system, which is able to
analyse the applied forces. Upthe applicatiorof force to the occlusal surfaces

graded colour will result from a chemical reaction. Kb@al (2010)statedt hat o6t he
exposed presswugensitive foils are analysed in the occlusal scanner which reads the

area and colour intensityofh e red dots to assess occl us

with occlusal load automatically analysed (Kaal., 2010).

With this in mind, Shinogayat al (2000) assessed bite force with the use of dental
prescalesystem, stating that it has the benefitreeasuring bite forces atter-cuspal
position, and accordingly delivering prediction of bite forces under natural
conditions. Moreover, the force distribution can also besas$esimultaneously,
although thereis a technical limitation in terms of the computerised scanning

apparatus, as highlighted previously.
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In addition, this dental prescadgstem is also recognised as being tsnasuming,

as Shinogayat al (2000) acknowledge.

Another commercially avalb | e and hi ghly sophisticate
(http://www.tekscan.com/occlusahalysissystem#applications which has been

utilised in research centred on occlusal gsial studies, as occlusal indicators, in
implantology, aesthetic dentistry, as well as temporomandibular disoKlnstdin,

1999; Kerstein, 2001; Mahoney, 2004; Garg, 2007). However, the costs of utilising

the toolneed to be taken into account as theykaown to be very costly.

Throughout the course of this research, theagethiat will be implemented has been

proven reliable and accurate in the study of Mourgaial. (2011).

The instrument is recognised as a sifigleth bite force gauge, whicimcludes

various critical concept design factors in an attempt to confirm effectiveness and
accuracy, and the overall capability to
and unobtrusively. A single use parallel bite sensor prong is accommaiiategh

the Dbite force measur ement tool 6s main
required minimal jaw opening during the process of measurement (Mowtain
2011).The tool comprises a hinged stainless steel body, containing a model-13 sub
miniature precision load cell (1112 N). Markedly, the main body, with pivoting
arms, accommodates removable (siagde only) and parallel upper and lower HSS

tool steel bite prongs.
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The bite prongs were constructed from hard steel in order to ensurehamiliieg is

not experienced upon compression. Moreover, the main body had an overall length
of 112 mm, with the bite prongs meaisig 55 mm. Bite force data isecorded
through the use of d@handheld battery operated TR150 microprocessased
portable giain display load cell/force transducer sensor with an output sensitivity of

up to 5m v/ (Mountain, 2008Mountainet al,, 2011).
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Chapter Two

Research objectives, questions and hypothesis

2.0. Rational for Carrying out the Present S tudy

After conducting a critical review of the available relevant literature it became
apparent that there was an obvious lack of studies evaluating bite force in children. A
lack of research on all factors influencing bite force in children has also beén note
Caries and dental health have not had adequate attention from research\stugies.
few contemporary studies that evaluate bite force values in young children and
analyse possiblinfluencing variables exist. Out of the very restricted number of
studes available that evaluatdte bite force in children only one is Wased
(Mountainet al, 2011) Currently no previous studies have specifically evaluated
what the impact of full mouth rehabilitation (compldentaltreatment) can have
upon the bitdorce in young children. Therefore the purpose of this stuayto
evaluate the effect of full mouth dental rehabilitation by measuring and comparing

pre- and postreatment bite forces in thimary andmixed dentitionof children

2.1. Objective |

The first objective of the current study wasanalyse theotentialeffects of full
mouth rehabilitation on maximum voluntaapd comfortabléite force of young
children in theprimary andmixed dentitios stage. Although there are many
published reseah studies reporting the positive impacts of full dental treatment in
children on quality of lifeneasuress well as general healkatus no studies were
found to determine the possible influencenoprovingdental statuby

comprehensive dental tres¢nton chi | drends bite force.
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2.2.  Objective Il
To analyse andritically assess differennfluencing factors on the magnitude of
c hi | dr e n éisordertdadvarfceoknosviedge in relation to bite forces and

their interplay in young children.

2.3. Research @estion

This study has one defined question that should be answered on completion. The
question isii Wh effect does full mouth rehabilitation, including both restorative
treatment and/or extraction of carious teéidve on thenaximum voluntary bite

force in children who are in the primary

2.4. Research Hpothesis - Null hypothesis
Full mouth rehabilitation that involves restorative treatment as well as extraction of
carious teeth does not affecetmaximum voluntary bite forces in young children

with primary or mixed dentitios
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Chapter Three

Materials and Methods

3.0. Obtaining Ethical Approval

Carrying out a study that is considered ethically informed needs to be assigned
significant emphasis (Blaxter, 2001). Documentation and guidelines relating to the
elements, factors and requirements to be considered in regard to ethical studies are

available from multiple sources (Gogging, 2005).

In adherence to the values underpinning good practice and the standards of the
Department of Health (DH, 2005, copy ofthe study protocol was presented to the
local research ethics committee for independent review. Before the research was
initiated, ethical approval wagbtainedfrom the National Health Services (NHS)
through htegratedResearchApplication System (IRAS)(Appendix 3.}, and the
investigatod s H Etutian nttekdugh the Dental Research Ethics Committee
(DREC).In addition an approval from the Research and Development Forum)(R&D
was also obtained (Appendix 3.2 r i or to designing the
expertos met hodol ogi c alsupasvsorsn was nsimilarly o m
obtained.The supervisors of the research and the researcher first ensured that the
research fulfilled all governance and {peguisite regulatory requirements, as
highlighted by fundamental institutions, such as the World Médkssociation
Declaration of Helsinki (2000and 2003, and the good clinical practice
documentation provided by the MRC/ICH. As a key aspect of the study approval
process, there was the inclusion of an intrinsic agreement relating to the suitable

arrangemets for reporting and monitoring.
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3.1. Ethics and the Involvement of Children in ResearchProjects

Ethics in the context of a research study can be described as the moral principles
underpinning the activity, with such principles outlined and detareshdividual
countriesd codes of conduct. Wit hout qgu
define, although there has been growing recognition of the rights of children in
studies as informants to scientifstudy approachedvVipuntain et al, 2000/2001;

Knox andBurkhart, 2007).

Studies directly impacting children that are carried out in an ethical, reliable and
timely fashion are becoming more and more important in terms of maddgrn
studies. The inclusion of the views and insights of children istiaatrfactor to be
taken into account whedesigningor preparingany childrelated research, and is

advantageous when encompassed at all study phases.

Nevertheless, there are numerous reseatdldiesrelating to children that are
commonly guided by a pacular theme usually adukoriented that does not
necessarily reveal or take into account the perspectives ohilldgSargeant, 2010).

With this in mind, the value of trene c hi |
must be giverenhanced attention in the context of chiédhted professions, and

should further be acknowledged as being fdamental at a grass roots level.
However, the potential of children to handle and manage, and accordingly process
the data, associated with theveryday lives is less keenly recognised in a broader
societal context, as highlighted by Sargeant (2010). The comparatively new nature of
studies comprising chilgarticipantshas causethoth academics and researchiers

experiencenovel significant clallenges.
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As investigatorsjf we have the objective tgive power tochildren and accordingly
gaher accurate and usable chitl dataas well as ensuring the rights of children
remain integralit is then fundamentdhat ageappropriate chilecentredstrategies

are selectedMountainet al, 2000/2001). Studies must implement new approaches
that are probably imaginative order to ensure the recruitment and retention of
children are improved in the context of clinical studies (Kaoxl Bukhart, 2007).
Whilst patient or public information sheets are a key part of the ethical approval
process in this case it is imperative that we meticulously craft approaches that ensure

that the child is able to give informed consent and/or assent.

The convenbnal appoach of utilising research describispeets is consideratbt
suitable forthe language abilities and cognition levetsyoung children, such as the
sample applicable to this research. Importantly, it is recognised that very young
children are commonlynable to deal withtheoreticaldescriptions that are written

on papersthus necessitating that the investigatomake all efforts to enter world
familiar to the child (Brethertoand Ridgeway, 1999). Investigators agsearchers
need to have discussions with the children, ensuring the use of terms familiar to
them, and designing the research in an attempt to reflect the experienceshiidthe

and their own special worlullingford, 1997 Mountainet al, 2000/200}1
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3.2. Securing Parental Consent and Assent from the Child

When considering informed consent, the participants of a study or the representative
of such participants need fprovide authorisation for involvement following the
communication of what is involvad the research study, i.e. what is being proposed,
what approaches will be implemented, and why such choices have beead made
Informed consent, as a concept, requires that the target sample has the necessary
decisionmaking capacities, and is able to agthout pressure or control from
others, and are also legally and morally able to refuse involvefBeptartment of

Health, 2005)

Importantly, when establishing whether an individual has the ability to make
decisions, this can be considered in termsvioéther he/she is able to comprehend

the request, as well as the advantages and risks associated with such, and can also
communicate their decision. In the right situation, young children may be able to
partake in welreasoned, informed conversations agxpress views on issues.
Essentially, the main considerations to be taken into account are respect and esteem,
safety, rights, and webeingof all participants Suitable arrangements are necessary

for gathering consent, i.e. from the parent or guardiathe child, but the child must

also be asked for assentitdston, 2006).

The assent process should comprise assisting the child in developing awareness of
the research, in a developmentafijting mean examining the <chi
understanding of #hresearch and the individual elements impacting her/his response

to the regest to be involved, and at lagiquesting the willingness aienial of the

child to participate (Darbyshire, 2000; 2005
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In this research, as well as securing the conseneoftc hi | dds parent/ gu:
attempts were made to secure the assent of the child. This strategy was implemented

SO as to ensure thegrainedadultist orientation tguantitativepaediatric studyas
avoided, thus circumventing any nature o

6research with childrend (Darbyshire, 201

Notably, the assent of the child participants was achieved through the use of
developmentally suitable approaches, takingdine of a specially designed story
board, which takes the child through the study process, phase by phase, and
describesll that is involvedand this was approved by the local research ethics
committee The story board was adaptedr storytelling apprazhes that was
subsequently verified through a prior study, incidentally approved by Local Research

Ethics Committee (Mountain G, 2008, PhD thesis).

In order to ensure that both parental information sheet and story board are clear,
appropriate and acceptalio research participants, they were assessed by
approaching families (not involved in the research) and asking them to evaluate the
material and suggest if any further clarifications or amendnveartsrequired (see

Figure 3.1).
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Figure 3.1.  Story board

An A2 printed version of the story board was used. The child was shown the pictures
AAYLE S SELX Yyl GA2Y FABSY Ay WOKATR

A picture that was used to demonstrate to the child participant what we are going to

donext and shows dental clinic atmosphere.
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A picture shows a young child sitting in the dental chair and going to have a dental

examination by a dentist.
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Simple drawing shows how we are going to check the teeth. The use of this picture

helped inexplaining the process specifically for young children.
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Weight measurement explained in a drawing to simplify the procedure for young
children.
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A picture that explains how we are going to check the height
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A photo shows the measurementaferior lite force of a child. Picture waaken,

following permission, from Mountain (2008).
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3.3. Participant Recruitment

The invitation to participate in this study aral parental information sheet
(Appendices 3.3 and 3J.4vere sent to parents ohitdren deemedsuitable to
participate, according topre-specified inclusion criteria, together with their
appointment letters to attend the Leeds Dental Institute. The information sheet was
designed in such a way so as to outline the purpose and détaisresearch study,
using simple language, avoiding complex medical terms, and was approved by

research ethics committee (REC).

Patients scheduled to have appointmentshatChildren 6 s Depar t ment i
Dental hstitute were identified, and thos#o, from their records, were seen to meet
the inclusion criteria, were identified. The departraésecretary was given copies

of information sheets in order to attach them wlighp at i ent s6 appoi nt me

On the day when the patients attended diepartment, either to commence the
treatment or for consultation and preventive treatmdmty twere met by the
researcherat which time opportunities were provided to ascertain that they had
received, read and understood the information provided cangethe study.
Opportunity was also given for parents to seek any further clarification on any

matters relating to the study.
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c808p8 2AOAAOAE OAOOEAEDPAT 006 )1 Al OOCEIT I
Young children, aged-20 years currently in theprimary ormixed dentition stage

who had been referred to the Paediatric Department for dental treatment, were

recruited.

Participants or those deemed suitable for inclusion in the study met the following
criteria:
1 Children were medically fit or not affected by argompromising medical
condition at the time of treatment.
1 Had the presence of at least two opposing molars.
U Were scheduled to receive futlomprehensivedental treatment that

includes restorations and extractions.

This study had both primary and secondaricome measures. The primary outcome
measures were defined to be the maximum bite force both before and after
completing dental treatment as well as the changes in the values of bite force
following treatment. The secondary outcomes were the interplay ifferemt
variables on the maximum bite force including: age, gender, body variables, caries,

dental pain and/or abscess.

0808¢8 2A0AAOAE OAOOEAEDPAT O0O8 @Al OOCET 1
Participants who were not included in the stuaye those children who:
1 Had the absence of at least two opposing molars, thus preventing bite force
measurements to be taken in the molar region.
1 Exhibited uncooperative behaviours that could affect measurement

procedures and/or compromise their safety.
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1 Any other dental conditionsuch as severe swelling, that might prevent them

from participating in the bitborce measurement.

Informed consent fh been obtained from the parent or guardian for every
participant using standard consent forf@\ppendix 3.5. Immediately prior to data
collection, careful checks were carried out by the researcher in order to ascertain

whether the child assettor disserédto study participation.

The childds assent to participate was s
methods, which took the for of a specifically designed story board, as discussed

previously (Figure 3.1).

3.4. Anthropometric Measurements and Intra -oral Examination

For all of the participants involved in the study, height and weight anthropometric
measurements were recordeith the use of portable weight and height scales. The
measurements we taken in an attempttoassese e body build and b
influenceandt o be analysed alongside each par
standing height of the child was maeed to the nearest 1.08m with the use of a

portable Seca 217 Stadiometerhich did not necessitate recalibration upon
movement. Each child was asked to stand against the measuring rod, their back
straight and feet aligned with the foot positioner, &antd e i r head in the
p | a(friguée 3.2) With the use of Seca 8%alibrated electronic scafer mobile

use, each chils wei ght was igare 8.3 BodyeMass indeXBve)d ( F
was then calculated in consideration of theight and heightmheasurements by a

knownformulawhich is: (BMI= Weight/Height).
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Figure 32.  Height measurement using a portable Seca scale

Figure 33.  Weight measurement using portable Seca scale
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Baselinedata were gathered regardihghe chi | drendés gender
guestions regarding the presence of dental pain as well as abscesses or recent facial
swelling were queried, with the data subsequently recorded. The side of pain or
swelling, if present, was also recorded. Dental examination (standard dental
charting) was carried out using disposable dental examinat®(miaouth mirror and

probe) by the investigator, noting missing, present teeth, as well as any signs of

dental abscess.

Additionally, caries experience at both toathd surface levels were determiriad
accordance with the WHO critar(WHO, 1997).In order to quantify the level of
caries in each child, themft/dmfs for primary teeth and DMFT/DMFS for
permanent teeth inciks (decayed, missing and filled teettecayed, missing and
filled surfaces respectively) were calculatd@resent restorationsoverjet and
overbite were ats noted. The presence and categofyany malocclusion was

recorded.

At this stage, children werexcluded from the study if they were foutad have
missing teeth in areashere the bite force was to be recorded. All data collected

were recorded in a specifically designed daatidection proforma (Appendif.6).

Two series of bite force measuremewesretaken for all participants. The first one

was immediately prior to the start dentaltreatment, whether the treatment was
performed under local anaesthetic or under general anaesthesia. Each series of bite
force recording involved the measuremehthe maximum comfortable bite force at

three different positions along the dental arch, namely anterior and right and left

posterior (D/E/6).
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The same bite force measurements were repeated 4 weeks +7 ddysgiosnt, as
well as the dental chartinghd anthropometric measurements of height and weight
using the same form used for the -i@atment measurementadditionally, all
patients who attended for the pastatment measurements were given appropriate
prevention advice and treatment as necessaciuding topical fluoride application

where indicated.

3.5. Bite Force Measurement Protocol (in accordance with the

procedure adopted by Mountain , 2008)

Bite force magnitude was measured in Newt@swith the adoption of a formerly
tested and verified prototype bite force measurement instrument. Each of the
children was seated in a chair. Their body and head were kept in a natural, upright
position, ensuring the Frankfort plane was positioned llphrégo the floor.
Subsequently, each of the children was asked to carry out a maximum voluntary
comfortable bite force (MVCBF), lastingi 2 seconds, at three different locations
(anterior, right posterior and left posterior) within the dental arch, wabhe

recording accompanied by as&conds interval.

The bite prongsd nylon protective ends
occlusal/incisal centr al inci sorsod surf;
primary molar; if not present, on the othieand, the right second primary molar and

right first permanent molar, with the same applying to the left posterior side.

For each of the three positions, the peak bite force was measured and accordingly
recorded, wi t h each p laee ttakem iap #ha méaxsmumh i g h e

voluntary comfortable bite force.
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3.6. Apparatus/Instruments Used to Record Bite Force

Through the use of a bite force instrument created by Mountain (2008) as part of his
PhD. research, bite force was measured, ensuring euieerto best guiding
principles, as highlighted in Figure43.The instrument comprisediain body of

hinged stainless steel, housing a Model 13mirtiature precision load cell

The main bodydés | ower and upper aems we
singleused and easily removed, such as for sterilisation purposes. The main body of

the tool was 112mm in length, whilst the length of the bite prong was 51mm, as
depicted in Figure3.3 3.4 and 3.6 The bite prongsdéd ends
tough, lardwearing nylon, able to decrease the potential of tooth penetration as a
result of iits thickness, and also reduci
metal part, which may impact the accwyraxf the bite force measurement and can

cause unnecessadliscomfort.

For the aforementioned purpose, the bite force todlumaergone verification, with

the Medicines and Healthcare products Regulatory Agency (MHRA) consulted via
telephone concerning the utilisation of the bite force instrument. They stateithe
proposed research device does not fall within the essential requirements of the
Medical Devices Regulations 2002; thus, it became clear that there was no need for
an application to be made to the Wkmpetent AuthorityAn email from MHRA

senttot he studyds supervisor Waendiead} ai ned t

To record bite force values for participants an attacinechd held battery operated
TR 150 microprocessor based portable strain display load cell/force transducer

sensor with autput sensitivity of up to 5m vé(Figure 35) was used
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Figure 3.4.  Bite Force device before attaching bite prongs

Figure 3.5.  Portable strain display.
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Figure 3.6.  Bite Force device with bite prongs attached

Figure 3.7.  Sterilised and individually packaged bite prongs
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3.7. Calibration of the Bite Force Measurement Device

The bite force sensor underwentvitro calibration prior to the data being gathered.
This process was implemented at room temperature against a universal dynamic

mechanical tester (E 3000, INSTRON).

The load cell calibration was a maximum of 700 N, aniw ensure the device could

be calibréed precisely,it was clampedirmly in a horizontal planeg-ollowing this,

in order to approximatéhe bite prongso each other and to the testing machame
metalicgauge bl ock was wutilised. The wupper

ensuredefore the applicatioaf the high calibration stimulus.

The testing machine knife edges were then brought in to contact with the ends of the
bite prongs, at which point calibrab was initiated. There was application of
increasing compressive forgestarting at ON and proceeding up to 709. At 7

points, i.e. every 100 N, calibration recordings were taken.

Markedly, the greatest discrepancy (umamty factor) was 4 N (rangeas0.8-3 N),

at which point the maximum of 700load was recorded (Figes 3.83.10.
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Figure 3.8. E3000 INSTRON Mechanical tester machine
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Figure 3.9. Clamped Bite Force device with approximated edges of testing
machine

Figure 3.10. Closeup of the bite prongs during calibration
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3.8. Intra-Examiner Reproducibility

The examination procedure and bite force measurements were carried out by the
same investigator (L.A who was trained on how to use the bite force detace
measure the bite force by BBary Mountain. The results were subjected to tests for
intra-examiner reproducibility. A random -examination and reneasurement of

10% of the studied population were carried out for bite force, height and weight

measurerants using the Bland and Altman plots method.

3.9. Data Handling and Analysis

All collected data were immediately entered into passvwpootected documents i

the computer. SPS8Bersion 19(SPSS Inc. Chicago, ILprogramwas employed.

The data was statistically analysed in order to determine differencésegtment

and postreatment, and to accordingly test the research question and experimental

hypothesis generated.

3.10. Sample Size Calculation

As there were naimilar studies available in the literature, there were no estimates
that could be used for sample size determinafitverefore it was agreed following
consultation and opinion from a statistician that this study can be considered as
exploratory and candfp to determine suitable sample sizes for similar future
studiesIn addition, an alpha level of less than 0.05 was determined to be statistically
significant in the current study. Initially, it was planned to conduct a pilot study from
which power and saple size calculation can be estimated however; due to time

limitations this plan was not possible.

Notably, Cohen (1992) suggested simple guidelines to enable estimating the required

sample sizes in such cases. For instaificee require the power at 0.8, as normally
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recommended, and we consider an alpha lef/€.05 then to detect a small effect
(i.,e. r = 0.1) a sample size of 783 is required, while for a medium effect perception
(i.,e. r = 0.3) a sample size of 85 subjestieeded. In addition, to detect what is
considered a large effect size (i.e. r = 0.5) a sample consisting of 28 subjects is

considered sufficient (Cohen 1992; Field, 2009).

3.11. Statistical Tests Used in the Study to Analyse Data
Statistical advicavas obtainedvith regard to the statistical tools and tests required
to analyse data and answer the research question. The following is a sumthary of

statistical tests that were used, and will be further described in the next chapter:

1 Bite force measurements before and after dental treatment will be compared
with the use of pairedtess sincethedata is paired.

1 Quantitative variables will be summarised via means and standard deviations
if normally distributed, otherwisemedians ad interquartile range will be
used for skewed data.

1 Graphical summaries, such as box plots and tables, will be used to display
data.

1 Categorical variables will be summarised with the use of proportions.
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Chapter Four

Results

4.0. StatisticalT ests

All collected data were entered into SPSS (Statistical Package for Social Sciences,

Version 19) for Windows (SPSS Inc. Chicago, IL), software to analyse data.

The first step was to test data for missing values and checking for any errors prior to
stating data analysis. Data were tested for normality of distribution using
Kolmogorov+Smirnov (K-S) and ShapirdVilk (S-W) tests. Following this step, data
were analysed by descriptive, conventional statistical tests including, mean, standard
deviation (SD)as well as standard error of mean (SE). For all numeric variables,
minimum and maximum values were determined. In addition, correlation

coefficients between different variables and maximum voluntary bite force in the

pretreatment stage were calculated.

To assess repeatability of the methods

repeated measurements oetibrce in all three positions aheight, and weight.

Dahl bergés formula (1940) was al so wused

Plots.

Additionally, paired sampletests were used to determine the effect of dental
treatment on maximum bite force values. The following section will detail all the

statistical methods employed and the results obtained.
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4.1. Tests of normality of data dhtribution

Normality of distribution was checked utilising Kolmogof8mirnov (K-S) test as
well as ShapiréVilk (S-W) test. The results obtained from the test shows that values

from the present study sample were close to normal as illustrated in Thble 4

Tests of Normality

KolmogorowSmirnov ShapireWilk
Statistic Df Sig. Statistic Df Sig.

MBF 071 32 .200 .981 32 .818
DMFS/dmfs .198 32 .003 951 32 .156
DMFT/dmft 197 32 .003 .953 32 176
Weight .073 32 .200 .981 32 .820
Height .078 32 .200 .982 32 .845
BMI 113 32 .200 951 32 152
DS-Decayed

surfaces 207 32 .001 921 32 .023
ABF-Anterior

BE .140 32 113 921 32 .022
RBF-Right BF 142 32 .098 .943 32 .094
LBF-LBF 101 32 200 974 32 621
Age .146 32 .079 951 32 152

*, This is a lower bound of theue significance (this value must be above 0.05 for date
be normally distributed)

Table4.1. Results of K-S and SW for all variables studied.

Most vdues of kS and SW tests had palues> 0.05 for the studied variables. This
means that the data were almost normally distributed. However, as demonstrated in
Table 4.1, the KS and SW results of DMFS/dmfs, DMFT/dmft, and the numbér

decayed surfaces revealestglues smaller than 0.05 atiuis those variablesere
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non normally distributed. When testing for correlation, fgarametric tests (i.e.
Spearmands Rank c¢rearnrde/loart itogwildbecteldlofsdc i e nt

for those variables that were not normally distributed.

4.2. Descriptive Satistics

A total of 32 patients agreed to participate in the present study and were
subsequently recruited. A total of 26 children (81.25%) attended thérpatshent
appointment and had completed measurements, with six children therefore lost to
follow up. Girlsconstituted 56.25% of the total sample while boys constituted the
remaining 43.75%. The mean age of the boys subgroup was 6.59 years and the mean
age for the girls in the total pteeatment sample was 6.34 years. The following table

shows t he asdposptte@tnest digtribation according to gender.

Total number of participants recruited = 32

Boys Girls
Gender
n=14 n=18
Percentage 43.75 % 56.25 %
Mean age 6.59 6.34

Total number of participants returned following treatment = 26

Boys Girls
Gender
n=11 n=15
Percentage 42.31 % 57.69 %
Mean age 6.52 6.57

Table4.2. Sample distribution according to gender and sample number in

both pre and post treatment stage.
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4.2.1. Bite Force Masurements (Pre TreatmenPhase)

Thebite force valuesneasured at three different positidasall children recruited

prior to dental treatmenbite force in the anterior position, right posterior bite force,
and left posterior bite force are shown in Table 4.3. The mean miaxbite force
recorded in the anterior centric position was 31.23 N (SD= 18.97, SE= 3.35). In the
right posterior area a mean of 149.55 N was obtained (SD= 76.06, SE= 13.44). The
mean left bite force magnitude was 154.41 N (SD= 66.44, SE= 1In7ajdition,

Table 4.4 displays the maximum bite force obtained for all participants recruited
together with mean values of age, weight, height and BMI prior to dental treatment.
Importantly, the mean maximum bite force for this sample was 169.32 N before the

startof comprehensive dental treatment.

: . ... | Maximum | Minimum
Bite force according to positio (Newtons)| (Newtons) Mean SD SE

Anterior Bite Force 94.50 1.60 31.23 18.97 3.35

Right posterior Bite Force 310.00 36.50 149.55| 76.06 13.44

Left Posterior Bite Force 312.60 40.80 154.41 66.44 11.74

Table 43. Maximum, minimum, mean, standard deviation (SD), and
standard error of means for bite force measurements in all three different

positions recorded before treatment.
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Maximum bite force

0
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Maximum | 312.60 9.80 33.80 137.50 21.80
Minimum | 48.90 3.80 15.10 97.00 13.80
Mean 169.32 6.45 23.59 118.97 16.55
SD 66.20 1.66 4.86 10.22 1.77
SE 11.70 0.29 0.85 1.80 0.31
Table 44. Maximum, minimum mean, standard deviation (SD), standard

error (SE) of maximum bite force, age, weight, height, and BMbefore

treatment.

The following box plot shows the median maximum bite force in the total sample

(i.e. he 50" percentile) that is represented by the dark black line within the box. The

top and bottom borders of the box represent the upper and lower quartiles

respectively. The minimum and maximum values of bite force in the total sample are

demonstrated bthe upper and lower ends of the whiskers.
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Figure 4.1. Box plot demonstrating bite force distribution obtained from all

participants prior to treatment.

4.2.2. Maximum Bite Force in Boys Versus i@s

A total of 18 girls and 14 boys were recruited and had thérgagment set of
measurements completed. The mean age of participamigrising this sampleas

6.45 years (SD= 1.66). The mean maximum bite force values were determined for
both genders andmpared to each other. Mean maximum bite force prior to dental
treatment in boys was 174.49 N (SD=64.69), while the corresponding bite force
value for girls was 165.29 N (SD=68.93). Although the bite force level was higher in
boys this difference was ndasistically signifcant at the p < 0.05 level when

subjected tandependent samptetest (p>0.05).
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Gender N Mean SD SE
Maximum bite force Boys 14 174.49 64.69 17.29|
(pre- Treatment)
Girls 18 165.29 68.93 16.24

Table 45. The mean maximum bite force before treatment distributed

according to gender.

t-test for Equality of Means

t

df Sig. (2tailed)

Maximum bite force (pre Equal variances assume

Equal variances not
assumed

.384

.388

30 .703

28.877| .701

Table 46. Independent sample t test to show difference in maximum bite

force recorded in boys and girls.

86




300.004

200.009

MBF

100.009

T !
Girls Boys

gender

Figure 4.2. Box plots for bite force measurements before treatment in boys

and girls.
4.2.3. Caries indices

Both dmfs/DMFS and dmft/DMFT were calculated for each participant child and

recorded to enable analysis of any correlation with bite force magnitude measured.

In addition the number of decayed surfaces was calculated separately prior to
treatment (DS)n order todescribe the severity of caries in each child more
accurately than DMF&lone sincd®MFS alsoincludes the number of filled

surfaces. All participant&ere examined clinically and the caries prevalence in our
sample was 100% as those children were patients presenting to paediatric dentistry

department for dental caries treatment.

87



The number of decayed, missing and filled teeth (dmft/DMFT) for this sampl
before treatment ranged between 2 to 14 while the corresponding value for
dmfs/DMFS ranged between 2 to 31. The mean dmfs/DMFS score for the whole
sample was 15.09 (SD= 6.91, SE= 1.2B)le the median was 14or dmft/DMFT

themean value was 7.62 (SD=72, SE= 0.49)hile the median was @able 4.7.).

Because these variables proved to be not normally distributed (see Table 4.1.)

medians and integuartile ranges were also considered to describe central tendencies

and dispersion (Table 4.8.).

All participants DS (Decayed
DMFT/dmft DMFS/dmfs
(n=32) surfaces)
Minimum 2 2 2
Maximum 14 31 31
Mean 7.62 15.09 13.81
SD 2.79 6.91 6.34
SE 0.49 1.22 1.12
Table 47. Minimum, maximum, mean, standard deviation (SD) and

standard error (SE) for all caries indices and number of decayed surfaces (DS)

for all participants.
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Total sample DMFS/dmfs DMFT/dmft DS

(n=32)

Median 14.00 8.00 12.50

Percentiles 25 11.25 6.00 10.25
50 14.00 8.00 12.50
75 17.50 9.50 16.00
90 26.10 12.00 24.00
95 29.05 12.70 28.40

Table 48. Medians and percentile for DMFS/dmfs, DMFT/dmft, and DS
(number of decayedsurfaces) values for all participants before dental

treatment.

In addition to caries indices, the presence of malocclusion and its category ift prese
in both primary and mixedentitions was determined. 75% of participants had
normal occlusion while the remaining 25% had one category of malocclusion. Only
4 children (12.5%) were diagnosed with anterior crossbite, 3 children (9.4%) had

posterior crosshite and only 1 child (3.1P&)d an anterior open bite.

4.3. Differences in bite force before and after treatment

For participants that attended for a review appointment (n=26}{neasinent bite
force measurements were taken following the same techniques and proc&liures.
measurements were recorded, analysed and subsequently compared with

measurements taken immediately before treatment.
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: : ... | Maximum | Minimum
Bite force according to positio (Newtons)| (Newtons) Mean SD SE
Anterior Bite Force
96.50 9.30 41.14 21.40 4.67
(n=21)
Right posterior Bite Force
315.00 60.30 167.90 13.88
(n= 25) 69.44
Left Posterior Bite Force
323.30 57.37 168.15 12.70
(n= 25) 63.52
Maximum bite force
323.30 63.80 180.60 65.95 12091

(n=26)

Table 49.

Maximum, minimum, mean, standard deviation (SD), and

standard error of means (SE) for bite force measurements in all three different

positions recorded after treatment.

The maximum bite force pesteatment ranged between a minimum of 63.80 N to

323.30 N and thenean was 180.60 N (SD= 65.85, SE= 12.91). The mean maximum

bite force recorded following completion of dental treatment was higher than the

mean maximum bite force obtained from participants before treatment fretaa

treatment 169.32).
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4.3.1 The Paired Sample #est for Differences in Bite Force

The paired sample t test was employed to examine whether the difference detected in

maximum bite force magnitude was significant statistically or not.

Paired Samples Statistics

Mean N SD SE
MBF (Pre) 167.65 26 71.20 13.96
MBF (Post) 180.60 26 65.85 12.91

Table 410. Shows the mean, SD, SE for the sample before and after dental

treatment.

Paired Samples Test

Paired Differences

Std. Error
Mean | Std. Deviation Mean

Pair 1 Maximum bite force (pre| -12.95 17.74 3.48
- Maximum bite force

(post)

Table 4.11. Shows the mean, SD, and SE for the difference in bite force

before and after dental treatment.
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Paired Samples Test

PairedDifferences

95% Confidence Interval of tk

Difference
Lower Upper t
Pair 1 Maximum bite force (pre| -20.11 -5.78 -3.72
- Maximum bite force
(post)

Table 412. Shows the 95% Confidence Interval of the difference in bit®rce

before and after dental treatment.

Paired Samples Test

df Sig. (2tailed)

Pair1  Maximum bite force (pre) 25 .001
Maximum bite force (post)

Table 413,  Shows the p value of the difference in bite force before amadter

dental treatment.

The mean difference wasl2.950 (SD= 17.73, SE= 3.47). The increase in

maximum bite force post treatment provedbostatistically significant (g 0.001).
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4.3.2. Height and Weight [iiferences

The mean weight for aflarticipants prior to treatment was 23.59 Kg (SD= 4.86,

SE=0.85). Height in centimetres showed a mean of 118t 32 participants

recruited(SD= 10.22, SE= 1.80). following treatment and in tHe\8eeks post

treatment review, the recorded weight 26 children had a mean of 24.24 Kg (SD=

5.26, SE= 1.03) and height mefan those attended the post treatment rewvies

119.76 (SD=11.14, SE= 2.18). The increase in both height and weight

statistically significant (g 0.05).Height and weightgaiwi t h r ef er ence t o

normal growth will be addressed later in the discussion chapter.

Mean N SD SE
Height(Pre) 119.37 26 11.11 2.18
Height(Post)|  119.76 26 11.15 2.19
Weight (Pre) 23.86 26 5.25 1.03
Weight (Post) 24.24 26 5.27 1.03

Table 414. Shows the Paired Sample descriptive statistics for height and

weight.
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Paired Sample t test

Paired Differences t df Sig.
Mean | SD SE 95% Confidence (2-tailed)
Interval of the
Difference
Lower | Upper
HeightB
:—|eightA -.38462 .19533 .03831 -.46351] -.30572 -10.040 25 .000
WeightB
- -.38077| .90555 .17759 -.74653 -.01501| -2.144| 25 .042
WeightA

Table 415. Shows the Mean, SD, SE and p values of the difference in height

and weight before and after dental treatment.

4.4. Correlation Coefficients

To detect any potential relationship between maximum bite force before dental
treatment and differd predictor variables studied correlation coefficients were
analysed (Table 4.16). Correlation coefficient can be defined atistisal measure

of the direction as well as the power of a linear relationship between two different

defined variables.
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Maximum bite force before treatment
Correlation coefficients
Predictor P Val
variable Spearmanés rh clLE
correlation
Age .590 .000**
Gender -.075 .682
Weight 514 .003**
Height 535 .002**
BMI 147 422
DS -.560 .001**
( Kenda l41p p=.00a)u
DMFT/dmft | -.375 .035*
(Kendal.279 p=084¢u
DMFS/dmfs | -.437 .012*
(Kendal313 p=.018)u
Pain -.429 .014~
Abscess -570 .001**
Table 416. Correlation coefficients of maximum bite force before dental

treatment and predictor variables.

** Correlation is significant at the 0.01 level-{&iled)

* Correlation issignificant at the 0.05 level {iled)

In Italic text, Sper mands r ho and
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As shown in the above table, analysis of correlations revealed significant
associations amongatconsiderable number of the kegriablesand maximum
voluntary bite force in the studied group of children. The values analysed are those

from the pretreatment stage.

The strongest relationship found was that between maximum bite force and age of

the child with a Pemalnsosteqgdato @6 This eotredationon c
showed a statistical significance (r =.59, p <0.01). The correlation between bite force

and age was positive indicating that bite force magnitude increases in older children

in our sample.

Gender differences did hdemonstrate significant correlation with maximum bite
force, however the Peawslsthednseamiteof@def i ci ent
was higher in boythis proved to be nestatistically significan{r =-0.075, p

>0.05) Body build variables wersimilarly tested for possible correlation with

maximum bite force and this included weight, height and body mass index. Both

stature and weight showed a significant positive correlations with maximum bite

force as indicated bienténdeespecivapvalues(0x r el at |

0.514, p <0.01) for weight and (r=.535, p<0.01) for height.

On the other hand, the same was not applicable for BMI and bite force correlation,

as it proved to be statistically na@mgnificant (r=.147, p>0.055imilarly, all

recorded caries indices were analysechNoar amet ri ¢ tests (Spear
and Kendal | 6s )twareutlised asdatal obcariesondices was mos

normally distributed as discussed previously.
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Both DMFT/dmft and DFMS/dmfglustrated a significant (at the 0.05 level)
negative correlation with recorded maximum bite force before treatment (r
0.375, p < 0.05 for DMFT/dmft and* - 0.437, p < 0.05 for DMFS/dmfs). The
strongest negative correlation was found betweenuh®ar of decayed surfaces

and maximum bite forces(r -0.560, p< 0.01).

Additionally, data regarding presence of pain and/or dental abscess was analysed and
showed a significant negative correlation with maximum bite force exerted by
participants priord treatment (r =.429, p < 0.05 for pain and r--570, p < 0.0Xor

the presence of an abscess

Ideally, multiple regression analysis would be the best to reveal whible above
discussegbredictor variables would maximally correlate and influente foirce
however; in this situation, the conduction of multiple regression is recognised as
unfeasible due to the limited sample size. Statisticians suggest that a substantial
sample size (i.e. 3farticipants) is required for each variable to accuratety r

multiple regression analysis (Field, 2009).
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4. 5. epdambililyod 6 s R

Bland Altman plots, which are also named plots of differences, are statistical
methods used to analyse the agreement between two different measuréheents.
investigatoremployed Bland Altman plots to detect the degree of agreement of two
measurements taken by the same examiner of all quantitative variables (i.e. weight,
height, anterior bite force, posterior right side bite force, and posterior leftisadde

force) performed twice on the same day on 5 randomly chosen participants.

45.1. Bland and Altman Plot for Anterior Bite Force

To construct a Bland and Altman plot the average of the two repeated measurements
and the difference between measuretaevere calculated. The average of the
difference between the two repeated measurements was eqQuEs (8D = 4.64)
Therefore the bias was equal to the mean which-Wa86 with 95% limits of

agreement around bias equal-®96+/-(1.96 x 4.644) = (842,-10.062).

Figure 4.3 shows the Bland and Altman plot for repeated measurements of anterior
bite force which showed that there were no outliers and all measurements (points)

fell within the 95% limits of agreement.
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Figure 4.3. Bland and Altman plot for anterior bite force measurements.

4.5.2. Bland and Altman Plot for Right Posterior Bite lrce

The mean of the difference between the two measurements {RBF2) was found

to bei 3.63 with a standard deviation of difémces between the repeated
measurements to be SD=5.605. The 95% limits of agreement around bias equal to
3.63+£(1.96 x 5.605) = (6.18512.437). Bland and Altman plot confirmed that there

were no outliers and all points fell within the 95% limitsagfeement.
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Figure 4.4. Bland and Altman plot for right posterior bite force

measurements.

4.5.3. Bland and Altman Plot for Left Posterior Bite Brce

The mean of the difference betwdée two measurements (LBEBF2) was found

to bel 2.62while thestandard deviation of differences between #peated
measurements SD&327.The95% limits of agreement around bias equal to
2.62+/(1.96 x 4.37) = (5.862;11.101). Bland and Altman plot (Figure 4.5) showed

that all points are locateslithin the 95% limits of agreement.
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Figure 4.5. Bland and Altman plot for left posterior bite force measurements.

4.5.4. Bland and Altman Plot for Weight Measurements

The mean of the difference between the two repeated weights wa$ €qL@dwith

a standard deviation of differences between the repeated values to be 0.130.
Therefore the bias was equal to the mean Del80 with 95% limits of agreement
around bias equal t®.180+/(1.96 x 0.130) = (0.0750.436). Bland and Altman
plot (Figue 4.6) proved that there were no outliers and all points were within the

95% limits of agreement.
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Figure 4.6. Bland and Altman plot for weight measurements.

4.5.5. Bland and AltmanPlot for Height M easurements

The mean of the differendetween measurement 1 and measurement 2 was found
to bei 0.040 with a standard deviation of the differences between the repeated
heights to be 0.207. The 95% limits of agreement around bias eqQa840 +#

(1.96 x 0.207) = (0.3660.446).

Bland and Atman plot (Figure 4.7) showed that there were no outliers and all

measurements are within the 95% limits of agreement.
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Figure 4.7. Bland and Altman plot for height measurements.

46. Assesi ng Met hod Errorgsatiomi t h Dahl ber goés

Da h | b ermuadvas appbed to determine method error in bite force
measurements recorded for all three different positions. The error of measurements
for the anterior bite force, right posterior bite force, and left posterior bite force were

found to be 3.015 N, 87 N and 3.304 N respectively.
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Chapter Five

Discussion of findings

5.0. Study Aims

The overall purpose for carryingub this research was to explotke possible
impactsthat comprehensive dental treatment had on the maximum voluntary bite
force of children in the primary and mixed dentitioAglditionally, the resarch
further sought to analygbe link between maximum bite force amongst children and

a number of other factgrsxamely age, gender, body build, presence of dental
abscess and/or dental pain, @adies severityAlthough, one previous UK study had
explored the correlation between maximum bite force and key factors, that study
involved young children only in the iprary dentition and with generally healthy
teeth (Mountairet al, 2011) in contrast to the sample studied here who are children
in both primary and mixed dentition who are awaiting comprehensive dental

treatment and with diseased dentitions.

Following an indepth literature search and review, it was found that there have been
no other studies published with the same objective as that of the current study in
relation to childrends bite force. The
have examined bite force magnitude in regard to its link with other factors, including
masticatory efficiencyLemoset al, 2006 Toro et al, 2006). Furthermore, various

other researchers have investigated bite force and its relationship with theoktatus

occlusion, such as Sonnesaral (2001) and Rentest al (2002).
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Very few contemporary studies have focused on the impacts of the presence of caries
on bite force, with only a handful of studies doing $e4dj, 2004 Su et al, 2009;
Mountainet d., 2011). Notably, mly the study ofMountainet al is a UK-based
research; thuspot all studies may be viewed a®mparative Accordingly, when
considering that no studies have reported the impacts of dental treatment on the bite
force of children, itis recognised as important that the level of bite force amongst
those children with diseased dentitions be examined with the aim of establishing the
impacts of dental treatment on bite force. The results may provide value to this area
of dentistry throughdetailing bite force reference range values amongst children
with cariesaffected dentitions, and the expected outcome in terms of the bite force
once comprehensive dental treatment has been comgtetad.additionally support

the evidence that compretsve dental treatment in children has the capability to

improve the oral health related quality of life.

5.1. Study design

This study is a clinidaexploratory research, with a convenient sangaenprising
children who have attended the Leeds Dental Hospital in order to receive dental
treatment, either with the use of local or general anaesthesia. The methodology,
measurement protocol and instrument used were adopted from a previous study by
Mountain, 2008. The device proved to be reliable and acceptable for clinical use in
children. Section 5.6 will further discuss the reliability of the bite force device as

found in the current study.

105



5.2. Summary of the Main Findings

Fundamentally,Hisresearcts t ud y 6 s revaaledcaonomebsr of key findings,
such as that, following the provision of comprehensive dental treatment, children
showed a significant increase in maximum bite force. Unfortunately, however,
although such a finding is remarkaldndclinically valuable, as no prior study has
been conducted in this regard, no compariswits other previous studiesan be

drawn in terms of this specific aspect of the results.

Nevertheless, the results have shown valuable correlations of kiteviath those

variables studied that agree with other published studies.

For instance, age, height and weight all showed a strong, positive correlation with
the magnitude of bite force, as has been emphasised by other sBrd@set al.,

1996; Kamegai et al., 2005; Mountainet al, 2011; Owaiset al, 2012). One
fundamental correlation that was seen in this sample is a significant negative link
between the presence and severity of caries and bite force magnitude. Only three
research studies carried ount the pasi namelyTsai (2004, Su et al (2009)and
Mountainet al (2011), 0 havedocumented thénk betweencariesandbite force

with two of them {Tsai, 2004 Mountainet al, 2011)supporting the findings of this

study.

The section below provides a discussion
integrating evidencbkased literature, and further demonstrating as well as
identifying original novel data, viewpoints, and understanding achi@iesl chapter
concludes by recognising and detailing the research limitations, and further

considering any recommendations for subsequent studies.
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5.3. Mean Maximum Bite Force Differences Before and After

Dental Treatment

This studyds main ai m wargotentialampacts oretlset i g a't
magnitude of bite force following therovision of comprehensivereatment of

dental caries. The paired samplest(page. 92 suggests that there is a statistically
significant increase in the values of mean maximum bite force after the child

participant has receivedmprehensive dental treatment{j0.001).

Despite the fact that there are some easliedies that have exan@d the impet of
orthodontic problems andifferent types of malocclusion on the magnituotebite
force in children(Renteset al, 2002 Sonneserand Bakke, 2005 Lemoset al,
2006) no previous study has specifically analysed the impacts of improental

status through the restoration and/or extraction of symptomaticastorable teeth.

It has been reported thatasticatory abilityhas a direct link with and is influenced

by the level of bite forceampeet al, 1987 Braunet al, 1995 Julienet al., 1996;
Hatchet al, 2001, Koc et al, 2010;),with masticatory functiorsimilarly affecting

food intakein terms of bothquantityand quality, and thereby impactimgtritional
status.lt may be further suggested that there is an interactiomeleet a number of

key factors, i.e. bite force, dental status, and mastication, which will ultimately
impact the growth and nutritional status of the children. Other studies conducted
previously have emphasised that, should children lgna masticatory alfty,
ingested food will then be more easily digested, thus resulting in the proper

absorption of such fooddlienet al, 1996).
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|t has also been reported that nutrition
and development and that proper dtgeshas direct influence on nutritional status

(Suet al, 2009).

Furthermore, it has been noted $katensteir{1986 that 56% of people whare
unable to properlxhew subsequently develogigestive problemsthus tendingo
choose to consumsofter food, which eventuallyresults inmalnutritionas a direct
result of theinsufficient intake of fibres, minerals, and vitaminsSimilarly, it is
suggested by the studyf N 6 g @amd Woda (2002 that chewing proces®lated
impairmentscanresult in the occurrere of numerousliseases as @irect result of

malnutrition.

In this same regard¥amanakaet al (2009 have examinethe impacts on dietary
preference amongst Japanese children aggd years old as a result of the level of

bite force. The authors comcled that those children found to have a greater bite
force were more likely to opt for harder foods, whilst those with lower bite force had

a disinclination to choose such types of foods for consumption. This finding is
important as together with our ceant findings allow us to suggest that improvement

in bite force values as a result of dental treatment is expected to have positive effects

on childrends health through i mproved nutf

Many different previous studidssuch as those dyow et al (1999, Acset al
(2001, andVerslootet al (20060 have highlighted the positive and strong impacts
associated with the treatment of dental caries amongst children on a number of

different aspects oral health related quality of life.

Moreover, bite foce is one additional aspect that showed significant improvement

in the present sample following comprehensive dental treatment and can be added to
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the previously proven aspects that can ensure better quality of life a child can get
once dental treatmerg completedAs it has been shown in earlier studies how bite
force impacts the efficiency of chewing and mastication and because it is known that
masticatory process has a direct influence on dietary quality and nutritional status
(Shatenstein]1986 N 6 g andWodg 2002 Suet al, 2009;Yamanakeet al, 2009,

it can be said that improvements in bite force of children has a positive effects on

their oral health related quality of life.

5.4. The Mean Maximum Bite Force Prior to Dental Treatment as

Compared to previously Studied &mples

Maximum bite force may be describedittse ability of the randibular elevation
musclego exhibit maximum strain of lowéeeth against uppéeeth,under
favourable conditiorts(Calderoret al,, 2006).Wide variation of bite force has been

recorded and reported in previous studies.

The fact that different subjects have been studied and different instruments have

been employed could have contributed to this variation.

In addition, several physical chataristics have shown to impact bite force values
such as age, gender, and dental condition (Sasaki1989;Tortopidiset al, 1998;
Vargaet al, 2011). Linderholm and Wenstrom (1970) have acknowledged the

difficulty of comparing findings from differdrreports on bite force.

The reason behind this is the fact that various devices and measurement protocols

have been used and those have an influence on the bite force values obtained.
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Themean maximum bite forces recordadhe sample studied before dental
treatment was provided wa§9.32 N which is considered lower than those results
previously reported by other international studsesh aghat ofRenteset al.

(2002, whorecorded anaximum bite force value ramg 213 241 N in children

with primary dentition

Moreover, a range of 2034374.4N was found bitamegaiet al, who took a
sample of childrefrom preschool to primary schoage. Additionally, the study of
Mountainet al was concerned with examining bitdde amongst healthy children

aged 36 years; a mean of 196.60 N was subsequently reported.

A crucial factor that could have led to recording low bite force magnitudes here is
that i n this studyodos sample all particip:
comprehensive dental treatment either under local anaesthesia or general anaesthesia.
Of those children 69.7% were suffering from dental pain related to at least one
quadrant of the mouth in addition to 37.5 % who had had at least one dental abscess
relaied to a specific primary tooth. Thus, such children could not exhibit high bite

force without experiencing pain, and were therefore inclined to bite more gently.
However, a significantly lower bite forces than those recorded in the current study

were recoded in 6 8 year olds in the study of Braghal (1996), who found mean

bite force levels to be approximately 78 N. Tsai (2004) reported bite force values

lower than the values found in our study but were much more comparable to ours

than other studiesind found a range of 14776 N in children with primary

dentitions.
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To further highlight the suggested explanation of low bite forces recorded in the
present studyodés group of children, the pi
children who were mainlyahtal disease free or with minor and asymptomatic

disease in contrast to a group of children awaiting comprehensive dental treatment

and recruited from a dental hospital with approximately 70% suffering from dental

pain as in the studied group here. Idifficult to compare mean bite forces of

children in this sample with those from other studies, the reason is that the dental

status, level and severity of tooth decay were not analysed or documented in most

previous studies.

Very few contemporary studiégok caries experience of participants into

consideration. For instance, Mountainal (2011) reported a caries prevalence of

30.4% in a sample of 205 young children while Tsai (2004) reported a prevalence of
around 67%. The corresponding mean bitedsrin these two samples were 196.6

and a range of 14776 N respectively. However, in the present study all children

were suffering from dental caries with median DMFT/dmft and DMFS/dmfs of 8

and 14 respectively while the prevalence of tooth decay wa&s.10 not

surprising to see these high levels as the children were patients attending the
childrenbés department for treatment. Il n

in other studies (Tsai, 2004; Mountanal., 2011).

In future studies, ®kvould bea very good practic® report caries prevalence and
severity in studies documenting bite forcemldren in order to enabmparison

of findings with other studies.
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5.5. Improvements in Weight and Height following Dental

Treatment

I n the current study the participantos \
after treatment in an attempt to detect statistically the presence of any possible
correlation between the childds maxi mum
more finding was detected following conducting a paired sample t test and that was a
statistically significant increase in body build variables, defined by weight and
height, within 3 to 5 weeks following completion of comprehensive dental treatment.
Thisresulti s an agreement with several earl i e
oratrelated quality of life and positive impacts of comprehensive management of
childhood caries (Georget al, 1999; Jankauskiene andNarbutaite,2010. A

possible explanation wdii be that once dental treatment has been completed and
sources of pain and i nfection have bee

improvedand thus the child eats better.

A fact that mu st be mentioned about nort
and height gain is that an average child in the age between 5 to 10 years gain on
average 2.3 3.2 kg per year and add 5 to 7.5 cm to their hdigtl and Johnston,

2000)

Furthermorewe found that a normal child gain on average 0.2 kg per month and
0.52 cm is added to their heigmionthly (Hull and Johnston, 2000l the present
study the mean increase in height was 0.4 cm and also 0.4 kg in an average period of

four weeks.
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This simple analysis shows that the significant increase in height caly da
explained by normal growth process however; the increase in weight can be partly
(around 50%) contributed by other factamsluding dental interventioand thusit

can be suggested thatomprehensive dental treatment and bite force improvement

havehad a positive effect on childrends we

5.6. The Effects and Correlation of Different Studied Variables

with Bite Force

There are a number of inteelatedvariables believed to impact the bite force of not

only children but also adult®faunet al, 1996;Renteset al, 2002; Kamegaet al,
2005;Koc et al, 2010; Mountairet al, 2011).It is not always possible to compare

or generalise the influence of certain variables on bite force on all populations or age
groups as there are other confoumdfactors such as study design, measurement
techniques and characteristics of the sample studied as well as sample size that could

have effects on findings and prohibits generalisation on other populations.

In this specific study, a number of factors weoasidered for arigsis to detect any

significant correlation with théite force magnitude in children. These factors are

the childbs age, hei ght, wei ght , body me
described as DMFT/dmft, DMFS/dmfs indices, ahd humber of decayed surfaces.

With these in consideration, the following section vi@€us attention to analysing

each of these factors with interpretations compared to the results obtained from other

related prior studies.
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5.6.1. Bite Force in Boys aml Girls- the Influence of Gender

The mean of bite force in boy$714.49 N)was found to be greatémanthat ofgirls
(165.29 N) inthis study sampé, although the results were shown not to be
statistically significan{p > 0.05).Importantly, this finding supports the findings of
other studiesSerraet d., 2007 Suet al, 2009 Sonnesert al, 2001 Mountainet

al., 2011).The study of Mountairet al. reported a greater bite force amongst males
aged 36 years than females, hewer these differences weadso not considered

statistically significant, as in the current study.

Moreover, and in line with our findings, the work ®thyanaryanandPermkumar
(2012 emphasises a strong difference betwegemders in bite forgebut only
amongst adults; in the case of children, this difference was not statistically

significant

In contrast,Owaiset al (2012 emphasised a strong link between gender and bite

force amongst three stgroups of the sample, i.e. those subjectéate primary,

early mixed and late mixed dentition stages childrevith bite force found to be

higher in males. Owaist al (2012 took a sample of 1,011 children, with the sample

divided in regard to the developmental phase of dentition. Such factors (igesam

size and characteristics) could be reasons as to why gender impacted bite force in
their sampl e. The present studybés sampl e
10 years and no attempt was made to divide the sample according to age and/or

dentition stage.

Koc et al (2011)recently reported a gender significant influence on bite force value
in a sample of 120 year old. Again, it should be noted that thgender influence

might not be applicable children.
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It has been postulated that thender differences in bite forces are the result of

anatomical variation as well as higher muscular mass in males as compared to

females. These physiological variations are not normally apparent until puberty and

therefore in a sample of children18 year$ it is not unusual to detect no significant

differences in bite force between boys and giffsom previous studies and current

results, it can be said that boys have higher bite forces than girls but this does not

normally show statistical significange young children or in other words, in pre

pubertal stage individuals.

5.6.2. The Impact of Age on Bite Force \alue

The findings of this study reaffirnthat an increase in bite force is recognised
alongside an increase in adgee@rson correlation coefficient of r = 0.590s 0.01)
which also correlates tprogression from early primary dentition through early
mixed dentition to late mixed dentitioithis finding is in agreement with several
previously conducted studies thatvhashown a positive correlation of age with bite
force (Kiliardiset al, 1993; Brauret al, 1996; Kamegagt al, 2005; Usuiet al, 2007,

Owaiset al, 2012).

On the other hand, the work of Brawh al (1995), who examined bite force

amongst adults aged 241 years, noted a lack of significant link between bite force

and that of age. In this case, it is essential to acknowledge the fact that the sample

cannot be compared with the sample of this study due to the fact that the former

targets adults whilst thatter targets children.

115



An increase in bite force with age in children can be explained by two theories. First,
as children grow with increasing age they will have higher muscle masses and thus

will have stronger bite forces as muscles are one of the essential components of bite
force. Second, as Sonneson and colleagues (2001) suggested that bite force increases
in children when growing from 7 to 12 years due to dental eruption through the
different dentition stages which subsequently allows for greater number of occlusal

units am higher bite forces.

5.6.3. Body Build and its Impact on Bite Force Magnitude

With the aim of examining the possible link between bite forak @dy build, it
was necessary to analybedy mass index, height, and weight, with the statistical

analysis of correlation coefficients.

56.31.Chil dés Weight lomd |l uences on Bite F

It was found that there was a strong, positive link between weight and bite force
magnitude, asrevealdyP e ar sondés cor MreD38p=ADW03c oef fi ci
Such a finding is in agreement with this@ivaiset al (2012, who stated aositive

link betweerbite force andody weightamongst their sampld,011 subjects)

comprising botfkchildren and adolescentsterestingly, the correlation coefficients

were found to be at their highest levels in the cases of those at permanent and mixed
phases of dentitiostagegr =.0219 and r £).186 respectivelygimilarly, a weak,

positive corr&ation was found between weight and bite force (.24)through the

study ofRenteset al (2002.
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Moreover, the investigators further emphasisedleaghtis believed to have

contributed to 6% of bite force variation amongst their sample of youtdyehi

Similarly, Mountain (2008) in a PhD stud:?
be a predictor vartde that continued to show, followirigerarchical regression
modelling, significant effects on recorded bite force and further stated thatdarou

7% of bite force variation was contributedthy weight of the child.

Furthermore, the study of Linderhokhal (1971) confirmed a small but positive
impact of weight on bite force amongst their sample comprising 79 children. Braun
and colleagues @B5) agreed with the results of the present study and reported that
correlation coefficient of bite force and weight equals to 0.401 and it was the highest
among all other studied predictors. They further stated that 16% of variation in bite

force can be medicted by body weight.

On the other hand, Sat al (2009) suggested that body bdilds defined by height

and weighd showed no positive or significant impact on the bite force values
reported when considering their sample of children age@l years. Racal
differences, variation in bite force recoding systems and techniques as well as
sample characteristics coypartly be the rational of this discrepancy between their

findings and the present findings.

Overall, comparisons with results obtained througbrpresearch are mawithout
problems and/or debateSor instance, various studies take a sample of individuals

of different genders and age groups, which can subsequently increase variation and
ultimately inhibit the interpretatiorand generalisabilityof the results gathered.

Therefore, it is not surprising to consider that experimental results are somewhat
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inconsistent in terms of the impact of growth variables on maximum bite force,

especially amongst children.

56.3.2. Chi | d6s BandIlynpatieon Bite Force Magnitude

Bite force and height illustrated a strong positive correlatienq.535,p = 0.002),
which is a finding found to be in agreement with the studywéiset al (2012,

who notea significant positivdéink betweerbite force andheight(r =0.144 p=
0.021).In this same regarthe study oRenteset al (2002 provedthe presence of a
positive but weak correlatian terms of bite force anldeight with the suggestion
that there is &% variance contribution dfeight on bite force values in their sample

which comprised children ag&il5.5 years.

In the current research, the age range of those in the sampl®igears, which is a
factor that may potentially clarify the stronger correlation detected hens|llaass

the effect of the sample size. Moreover, the work of Mourghat (2011) has
highlighted a positive and significant link between bite force and height through the
conduct of a UKbased research with a sample of 205 children with primary

dentitions.

In contrast, however, the study of ABihaija et al. (2010 investigatedite force
amongstdults subsequently highlightedpesitive but not statistically significant
link between bite force antkight.In a sample of growing individuals yeas)
there is normally a direct relationship between age and height and therefore a

correlation between height and bite force is not unexpected as found here.
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5.6.3.3. Body Mass Index and Bite ferce

The body mass index has been investigated impfewious studies to detect
influence of body build on bite force and it can be calculated by weight/height

(Mountain 2008; Abu Alhaijeet al, 2010; and Koet d, 2011).

The correlation between body mass index and maximum bite force in the current
studywas found to be 0.147  but this was not statistically significant at the 0.05
level. This finding is in agreement with the findings of k@l (2011) who

reported that body mass index variable failed to show statistically significant
association wh the bite force in a sample of 34 adults. Similarly, Mountain (2008)
reported a similar correlation in a sample of children that proved to be non

significant.

In contrast, Abu Alhaija and colleagues (2010), stated that in their adult sample of 60
individuals, a significant increase in bite force values were associated with higher
body mass index values (r = 0.2¢55 0.032). Similarly, Lemost al (2009

reported a similar positive correlation between bite force and BMI.

5.6.4 Caries Level in the StudySample

One of the objectives of the study wasaszertairthe impact of different variables

on the maximum bite force of children; thus, decayed, filled or missing teeth and
surfaces were taken into account so as to allow for the analysis of the gotenti
impacts of the experience and severity of caries on the magnitude of biteBlottte.
DMFS/dmfs and DMFT/dmft were found to be at high le@$1FS/dmfs = 14,

DMFT/dmft = 8).
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Dueto the fact thathis sample comprised children who wereeceive dental caries
treatmentijt is then to be expected that high scores of caries indices would be found.
Therefore, this sampleds characteristics
those from child health national studies as those are loakirapdom samples of

children in contrast to a convenient sample of children previously diagnosed with

tooth decay as in this present study.

It should be acknowledged that there is a clear demand for increased awareness and
belief in prevention to redudbe occurrence as well as the severity of dental caries

in children. A large range of negative consequences of caries in children have been
reported as discussed in chapter dneddition, as found in the current study, dental
caries and more specificalthe number of decayed surfaces has a strong and

statistically significant negative correlation with bite force.

In other words, the larger the number of decayed surfaces the lower the bite force a

child can exhibitLower biting ability can also lead tower chewing efficiency as

bite force is one crucial component of the mastication process. Subsequently,
nutrition intake in such a critical stag:t
negatively affected (Juliegt al, 1996; Swet la, 2009; Yananakaet al, 2009). Efforts

should therefore be directed towards enhancing caries prevention as well as treating

carious teeth if present in children (EAPD, 2008).

A current di |l emma amongst paedi atric der
dental decayn the primary dentitio?0 (Levineet al, 2002; Tickleet al, 2008). A

number of researchers have questioned the significarmgeddtiveintervention and

treating dental caries in children and suggedtiieat most unrestored carious

deciduous teetlcontinue to be symptomless until exfoliateahd hat regular
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prevention is all what is needé&at those childrerfLevine et al, 2002; Tickleet al,
2008).0n the other hangdan GemertSchrikset al. (2008)assessed and compared
through a randomised coalled trial the impacts of different approaches in

managing dental caries in children.

Importantly, the presence of odontogenic infections (abscess/fistula) between the
baseline assessment and at the two years recall was compared through statistical
analsis. An essential finding was that the children who were assigned to the no
treatment group had significantly higher episodes of dental infection when compared
to children received either comprehensive dental treatment or extraction only. This
study cledly indicated the importance of eradicating dental disease in children with

primary dentition.

In additionthe findings of the present study addat comprehensive dental treatment

in children improves the bite force and subsequently function in this critical stage of

h uma n 6 s Og findimgtcdn be considered an additional supportive evidence of
the positive effects of dental treatment in bptimary and mixed dentitions as well

as an evidence of serious negative impacts of dental caries on function as expressed

by low bite forces strongnd significantorrelation with caries experience.

5.6.5. Dental Status and its Impact on Bite Brce

Various important correlations between mean maximum bite force and numerous
variables have been revealed through the statistical analysis. Poor dental status
measured by caries indices showed a significant negative impact on bite force in this

group of chidren. When considering children, this finding has only been stated in a
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few previous research studi€dhfau and Wangl993 Tsai, 2004 and Mountaiet

al., 2011).

As highlighted earlier, dental condition and caries experience are among the
fundamental factors of those influencing

attention despite its importance particularly in children.

5.6.5.1. DMFT/dmft, DMFS/dmf s, Decayed Surfaces, and Bitedfce

It was found that there was a moderately strong, negative and statistically significant
link betweenscores of DFMT/dmft, DMFS/dmfs, and the number of decayed
surfaceqrs = - 0.375,- 0.437,- 0.560,p < 0.05 respectively and that of bite force

Very limited studies have been found to have considered caries and their impacts on
bite force magnitude amongst childrérséi, 2004 Suet al, 2009; Mountairet al,

2011).

Research carried out l§ampeet al (1987, which took into account the impacts of

the presence of dental fillings on bite fortavels, targeted aample of botradults

and adolescentsThe results of the study fourthat the mean bite forcesmongst
thosesubjects with intact teeth weggeater when compared with thosgth dental
fillings; however, the disparitywas not considered statistically significant
Nevertheless, it should be recognised that only the impacts of dental restorations
were explored, which are minimal fillings and nonti caries. Markedly, in the
sample of the current research, all of the participants were children in the pre
treatment phase and were found to hiaigdh DMFT/dmft, DMFS/dmfs valugsvith

mainly high scores in the D/d component of the index decayedsurfaces and/or
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teeth.Thus, it can be stated that there was a negative effect experienced on bite force

as a direct result of decayed surfaces and/or teeth.

The published results of a study Bountainet al (2011) agrees with the results
obtained throul this study, reporting that the experience of candesf{and dmfs)
in a group of 86 year old childres howed significant negati\

maximum voluntary bite forcéfor dmfs s =- 0.16,for dmft rs= - 0.15,p < 0.05).

Additionally, Tsai (2004) who took into consideration the number of decayed teeth
as an indicator of caries level showed that the maximum bite force in children with
primary dentition was negatively correlated with the number of carious teeth.
contrast, Su and collgaes 2009 reported that bite force had no statistically
significant correlation with caries experience in a group of 201 preschool children. A
possible explanation of disagreement between our findings aatabdindings is

that Suet al relied ondmft only to describe caries experience whereas in the present
study DMFT/dmft, DMFS/dmfs and number of carious surfaces were used to
describe caries presence and severity. In addition, the study sample in Su and
colleagues study comprised 201 preschodtidn (i.e. primary dentition), and were
selected from kindergartens whereas this
children who attended for dental treatment with the majority diagnosed with

advaned caries.

Therefore, it can be postulatdtht the ngative effect of caries on bite force
becomes evident when the caries is in advanced stages and affecting a substantial

number of teeth.
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5.6.5.2. Dental Pain and/or Dental Abscess Effects on Bitedrce

Thus far, no other study has examined the impaictiental abscess presence and/or
dental pain on bite force. In the current investigation, almost 70% of the sample
suffered from dental paias they stated when were asked about their complain on the
day of treatmenassociated with at least ogaadrantwith 37.5%exhibiting at least

one dental abscess related to primary malarghe day of start of the planned dental
treatment. A significant negative correlation was found between both dental pain
and/or presence of an abscess and magnitude of maxoeifarce (r =- 0.429, r =

- 0.570, p< 0.05) respectively, thus those children with symptomatic dental disease

showed lower bite forces.

Miyaura and colleagues (1999) conducted a eam#rol study which sought to
investigate and contrast bite force amongst adults with mobile anthabite teeth.

The mean age of the participants was 42.6 years and all of the subjects with tooth
mobility were idetified as having specific periodontal conditions, subsequently
resulting in tooth mobility. The researchers drew the conclusion that bite force was

only marginally negatively impacted by tooth mobility.

Furthermore, it isvorth mentioninghatan abscesxl primary tooth illustrates some
degree of abnormal or pathological mobility, and so it may be suggested that mobile
primary teeth as a result of abscess or
bite force. In the current studgll abscessed syrtgmatic primary teeth were

extracted either undgeneral otocal anaesthesia

This treatment was found to illustradesignificant positive effect on maximum bite

force as has been established throughsthey findings
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This section can be concludég the suggestion that decayed primary teeth exert
lower bite force due to pain and abscess that can result in pathological mobility

making the child unable to bite stronger in order to avoid pain and discomfort.

5.7. Reliability of the Bite Force Instrument

In the present research, amra-oral bite forceinstrument has been utilised, which
was tested and validated for use in children by Mount@f08, with the tool
subsequently found capable of recordbite force withhigh degrees of precision
and accuracy in all position®f a dii | d 6 s Thie ditetfdrce instrument is
characterised by three main advantages in addition to its accuracy.ifitiadeits
ease of application and use intnally, small and portable, removable bite prongs
that ae easily autoclaved, and caxftectiveness. The device has shown good

acceptability by young children.

An essential characteristic of a bite force device is talide to produce valid and

reliable measurementsin order to check measurement error ahdet devi ce6s
reliability as applied in this stugybite force recordings in all three positions (i.e.

anterior, right and left posterior) were repeated in more than 10% of randomly
chosen subjects. The statistical analysis showed that method error wasnadiry
being3.015for the anterior position4.37for theright posterior, and 3.30fr the left

posterior. In addition, Mountains P h D(2068) repabryed a high precision level

of 99.5% of the device used in this study.
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5.8. Study Limitations and ChallengesEncountered

A clinical-based studis not without difficulties and challenge®articularly, studies
involving children require special care to continuously involve them and their
parents/guardians throughout the process of the research. difficsilty was
overcome by using an appropriate ckoldented approach and methods to obtain
child participant assent and subsequently cooperation during bite force measurement.
Another issue is that theurposivesample of this study consisted of childreith
childhood caries and most of themere affected wih high levels of tooth decagt

advanced stages of dental disease.

The parents were required to comply in terms of attending atneasment review
appointmentthe compliance of such a group of parents to attend atpssiment
review visit was not ideal despite the efforts made to ensure their attendance that

took the form of reminders and letters of appointment.

Furthermore, of those parents who were approaahddnvited to participate in the

study but who declined participation, their reasons for doing so was their
disinclination to attend a pestatment review appointment, although it was
explained to them that the appointment would include further preeeativice.
Accordingly, it may be stated that t he

limitations, which is an area to be improved upon in the future studies.
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5.9. Future Research

The current study is an exploratory and primary study that sidered an original

UK based study of its kindVhilst the current study provided significant findings,
further larger studies are still needed to confirmvidedity and reliability of the

results androaderthe available knowledge regarding bite forcehildren with

carious teethit has been found through this study that comprehensive dental
treatment and the elimination of carious lesions may improve the overall ability of a
child to exhibit stronger bite forces and thus a beijtelity of life andoverall

general health.

Howeer, it remains uncertain to what degree or extent the bite force and hence
masticatory efficiency deteriorates if carious teeth are left untreated. This question

can be answered in a study designed to record bite forcesmge of children

with carious teeth who are awaiting dental treatment on different intervals before the
commencement of dental management and then to compare bite forces in a period of
time. In addition, a study designed to correlate the maximum dite fin children

with the preferred type of food as well as the texture of food they can chew is one

area for future researchloreover, a clinical study designed to compare right and

|l eft sideds maxi mum bite force in relati

clarify the effects of dental caries on bite force in children.

Furthermore, there is also the need to esthblihether bite force is better improved
through the extractioapproachof carious teeth or the restoration of such téeth

studies comparing different interventions).

Such a query can be resolved through the conductiostoflg with arandomised,

controlleddesign I nf or mati on relating to chil drert
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this can help to guide and assist in treatment decisions made by paediatric dentists
who aim to improve chil dr en®slicydmnt al heal
decisbn makers as well as economists may also be able to use findings from such

studies and guide their decisions and policies.
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Chapter Six

Conclusion

6.0. Conclusions

Within the limitations of the current study, the following conclusions can be

drawn from the reported findings,

1. Comprehensive dental treatment, including the restoration and/or extraction
of teeth, can help to i mpriodvod3s hil dr
weeks posbperatively. Therefore the null hypothesis was rejected.

2. The maximum voluntary bite force in children prior to dental treatwest
influenced by a number of key factors including body variables. A positive
correlation existdbetwea both body height and weight and the bite force
exertedby the child.

3. Agewas an important determinant factor of maximum bite force in the
present sample of children.

4. This study confirmedhe presence of a significant negative impact of poor

dental sttus (i.e. caries experience) an ¢ hmakimuinbite force.

The most noteworthy arttie original finding in this studyvas thefact that there
wasagpositive influence of comprehensive
force. Thisfinding has never bedanvestigatear reportedn the past. It must be

highlighted that further resear@required in this field in ater to broaden

knowledge about hi | dr e n 6 s thévartoes diffecenntluenciagkey

factors as well as improving it.
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Appendix3.1

National Research Ethics Service
NRES Committee Yorkshire & The Humber - Leeds West

First Floor
Millside
Mill Pond Lane
Leeds
LS6 4RA
Telephone: 0113 3050122
Facsimile:
12 July 2011
Dr Latifa Alhowaish
Postgraduate student
University of Leeds
Leeds Dental Institute
Clarendon way
Leeds
LS2 9LU
Dear Dr Alhowaish
Study title: Bite force evaluation in young children following dental
treatment. A pilot study.
REC reference: 11/YH/0190

Protocol number: -

Thank you for your letter received 11 July 2011, responding to the Committee’s request for
further information on the above research.

The further information has been considered on behalf of the Commiitee by the Chair.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the
above research on the basis described in the application form, protocol and supporting
documentation as revised, subject to the conditions specified below.

Ethical review of research sites

NHS sites

The favourabie opinion applies to all NHS sites taking part in the study, subject to
management permission being obtained from the NHS/HSC R&D office prior to the start of
the study (see "Conditions of the favourable opinion" below).

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of
the study.

Management permission or approval must be obtained from each host organisation prior to
the start of the study at the site concerned.

Management permission ("R&D approval”) should be sought from all NHS organisations
involved in the study in accordance with NHS research governance arrangements.

This Research Ethics Committee is an advisary commiltee to the Yorkshire and The Humber Strategic Health Authority
The National Research Ethics Service (NRES) represents the NRES Directorate within
the National Patient Safety Agency and Research Ethics Committees in England
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Guidance on applying for NHS permission for research is available in the Integrated
Research Application System or at hitp://iwww.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites ("participant identification centre"), guidance should be sought
from the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host organisations

It is the responsibility of the sponsor to ensure that all the conditions are complied
with before the start of the study or its initiation at a particular site {as applicable).

Approved documents

Thefinallist of documents reviewed and approved by the Committee is as follows:

Evidence of insurance or indemnity ' ' 10 September 2010
Investigator CV ) 10 May 2011

Letter of invitation to participant 1.1 30 June 2011
Other: CV for Professor Toumba

Other: Storyboard 1 30 April 2011 |
Other: Email from MHRA 05 December 2003
Other: Emall regarding sample size 18 May 2011
Participant Consent Form 11 30 June 2011
Participant Information Sheet: Parental 11 30 June 2011
Protocol 1 30 April 2011

REC application 12 May 2011
Response to Request for Further Information

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees (July 2001) and complies fully with the Standard Operating
Procedures for Research Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “Affer ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study



Appendix 3.1 cont

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reperting requirements or procedures.

Feedback

You are invited to give your view of the service that you have received from the National
Research Ethics Service and the application procedure. If you wish to make your views
known please use the feedback form available on the website.

Further information is available at National Research Ethics Service website > After Review

[11/YH/0190 Please quote this number on all correspondence |

With the Committee’s best wishes for the success of this project

Yours sincerely

Eltrbt

Dr Rhona Bratt
Chair

Emait: Elaine.hazell@nhs.net
Enclosures: “After ethical review — guidance for researchers”
Copy fo: Mrs Rachel De Souza

Ms Anne Gowing, Leeds Teaching Hospitals NHS Trust
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The Leeds Teaching Hospitals NHS|

NHS Trust

Ret:Amanda foed Research & Development
04/10/2011 Leeds Teaching Hospitals NHS Trust
34 Hyde Terrace
- - Leeds
; 152 9LN

Latifa Alhowaish
Tel: 0113 392 2878
Department of Paediatric Dentistry Fax: 0113 392 6397
Leeds Dental Institute S imediiurimik

I eedsth.nnhs.u
Eg;rjg don ey www.leedsth.nhs.uk
i
LS2 9LU

Dear Latifa Alhowaish

Re: NHS Permission at LTHT for: Bite force Evaluation in Young Children
following Dental treatment
LTHT R&D Number: DT11/9926
REC: 11/YH/0190

| confirm that NHS Permission for research has been granted for this project at The
Leeds Teaching Hospitals NHS Trust (LTHT). NHS Permission is granted based on
the information provided in the documents listed below. All amendments (including
changes to the research team) must be submitted in accordance with guidance in
IRAS. Any change to the status of the project must be notified to the R&D
Department.

Permission is granted on the understanding that the study is conducted in
accordance with the Research Governance Framework for Health and Social Care,
ICH GCP (if applicable) and NHS Trust policies and procedures available at
http://www.leedsth.nhs.uk/sites/research_and_development/.

This permission is granted only on the understanding that you comply with the
requirements of the Framework as listed in the attached sheet “Conditions of
Approval”.

If you have any queries about this approval please do not hesitate to contact the
R&D Department on telephone 0113 392 2878.

Indemnity Arrangements

Chairman Mike Collier cae Chief Executive Maggie Boyle

The Leeds Teaching Hospitals incorporating: A e WumHe
Chapel Allerton Hospital Leeds Dental Institute ~ Seacroft Hospital Ol W .
St James’s University Hospital  The General Infirmary at Leeds Wharfedale Hospital viIRe0
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Conditions of NHS Permission for Research:
« Permission from your Directorate must be obtained before starting the study.

+ Favourable Opinion of the appropriate Research Ethics Committee, where
necessary, must be obtained before starting the study.

¢ Arrangements must be made to ensure that all members of the research team,
where applicable, have appropriate employment contracts or letter of agreement
to carry out their work in the Trust.

« Agreements must be in place with appropriate support departments regarding the
services required to undertake the project and arrangements must be in place to
recompense them for the costs of their services.

e Arrangements must be in place for the management of financial and other
resources provided for the study, including intellectual property arising from the
work.

e Priority should be given at all times to the dignity, rights, safety and well being of
participants in the study

s Healthcare staff should be suitably informed about the research their patients are
taking part in and information specifically relevant to their care arising from the
study should be communicated promptly.

¢ Each member of the research team must be qualified by education, training and
experience to discharge his/her role in the study. Students and new researchers
must have adequate supervision, support and training.

¢ The research must follow the protocol approved by the relevant research ethics
committee. Any proposed amendments to or deviations from the protocol must be
submitted for review by the Research Ethics Committee, the Research Sponsor,
regulatory authority and any other appropriate body. The R&D Department
should be informed where the amendment has resource implications within the
Directorate and the Directorate research lead/clinical director notified.

+ Adverse Events in clinical trials of investigational medicinal products must be
reported in accordance with the Medicines for Human Use (Clinical Trials)
Regulations 2004.

« Complete and return Study Status Reports, when requested, to the R&D
Department within 28 days of receipt as requested. (NB Failure to comply to such
request with the requirement will lead to suspension of NHS Permission.)

» Procedures should be in place to ensure collection of high quality, accurate data
and the integrity and confidentiality of data during processing and storage.
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* Arrangements must be made for the appropriate archiving of data when the
research has finished. Records must normally be kept for 15 years,

+ All data and documentation associated with the study must be available for audit
at the request of the appropriate auditing authority. Projects are randomly
selected for audit by the R&D Department. You will be informed by letter if your
study is selected.

¢ Findings from the study should be disseminated promptly and fed back as agreed
to research participants.

» Findings from the study should be exposed to critical review through accepted
scientific and professional channels.

* All members of the research team must ensure that the process of informed
consent adheres to the standards GCP outlined in the UK Clinical Trials
Regulations. Investigators are directed to the R&D website for further information
and training availability.

+ Where applicable, this NHS Permission includes aspects of the study previously
covered by the NRES Site Specific Assessment (SSA) process.

* Appropriate permissions must be in place for studies which are covered by the
Human Tissue Act.

* Patient Information Sheet and Consent form must be on The Leeds Teaching
Hospitals headed paper and include local contact details.

Commercially Sponsored Trials
If the study is commercially sponsored, NHS Permission is given subject to provision
of the following documents.

*» Clinical Trials Agreement - agreed and signed off by the R&D Department (on
behalf of the Leeds Teaching Hospitals NHS Trust) and the Sponsor.
Investigators do not have the authority to sign contract on behalf of the Trust.

¢ Indemnity agreement, if not included in the Clinical Trials Agreement- (standard
ABPI no fault arrangements apply) signed by the R&D Department and the
Sponsor

It is essential that all the responsibilities set out in the Research Governance
Framework, including those outlined above are fulfilled. The Trust reserves the right
to withdraw NHS Permission where the above criteria are not being met. The Trust
will not accept liability for any activity where NHS Permission has not been granted.

Vi
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The Leeds Teaching Hospitals NHS Trust participates in the NHS risk pooling
scheme administered by the NHS Litigation Authority 'Clinical Negligence Scheme
for NHS Trusts' for: (i) medical professional and/or medical malpractice liability; and
(i) general liability. NHS Indemnity for negligent harm is extended to researchers
with an employment contract (substantive or honorary) with the Trust. The Trust
only accepts liability for research activity that has been managerially approved by the
R&D Department.

The Trust therefore accepts liability for the above research project and extends
indemnity for negligent harm to cover you as investigator and the researchers listed
on the Site Specific Information form. Should there be any changes to the research
team please ensure that you inform the R&D Department and that s/he obtains an
appropriate contract, or letter of access, with the Trust if required.

Approved documents
The documents reviewed and approved are listed as follows

Dogument .o oo e | Version | Date of document:
NHS R&D Form B 3.0 12/07/2011
SSI Form 3.0 12/07/2011
Directorate Approval ) 26/09/2011
E Mail Sample Size 18/05/2011
Poster/Storyboard V1.0 30/04/2011
Protocol V1 30/04/2011
REC Letter confirming favourable opinion 12/07/2011
Insurance/ Indemnity 10/09/2011
Letter of invitiation V1.1 30/06/2011
Patient information sheet (REC Approved) V1.4 30/06/2011
Consent form (REC Approved) V1.1 30/06/2011

Vil
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Leeds Dental InstitL.lteA A Sormilon 4.8
Department of Paediatric Dentistry Mgl
A Centre for Children with Special Needs

Level 6, Worsley Building
Clarendon Way, Leeds LS2 9LU 5

T (Direct Line) +44 (0)113 343 6177
T (Enqucl)riels]);gj:a(%)lljg 3436138

4 1
E:n.s.c(iu)ggal@ieeds,ac.uk U N 'VE RSI l I OF LEEDS

Invitation to participate in a research study

Dear parents,

My name is Latifa and I am a dentist based in the Leeds Dental Institute. I am currently
involved in undertaking a research study, which is part of my Professional Doctorate degree,
looking into how comprehensive dental treatment would affect the strength of the bite in
young children. I would like to invite you/your child to take part in my research. Your
child’s participation in the research will include the usual dental check up along with bite
force measurements being taken when your child next attends the Leeds Dental Institute or
Leeds General Infirmary for her/his scheduled restorative dental treatment. After the dental
treatment your child will be reviewed in the clinic where another dental check up and bite
force measurements will be repeated again for comparison. Please find enclosed an
information sheet which provides you with full details about the research study. This also
contains details on how to contact me should you have any questions or queries regarding the
research project.

Thank you in advance for your cooperation

Monty S Duggal
BDS MDSc FDS (Paeds) RCS (Eng) PhD

Professor of Child Dental Health
Head of Department of Paediatric Dentistry M';ff.f,’f.ﬁfﬂfﬁt Institute

viii
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Leeds Dental Institqte» v Vitin 1.1
Department of Paediatric Dentistry 30-6-2011
A Centre for Children with Special Needs

Level 6, Worsley Building

Clarendon Way, Leeds LS2 9LU 3 =
T (Direct Line) +44 (0)113 343 6177
T (Enquiries) +44 (0)113 343 6138

E s ggaidioeds 2c.1k UNIVERSITY OF LEEDS

Parental Information Sheet

Title of the research project:
Bite force evaluation in young children following dental treatment.
Introduction:

Your child is invited to take part in the above research project. It is important for you to
understand why the research is being done and what it will involve. Please take time to read
the following information carefully, discuss it with your child, and please feel free to contact
me should you require any further clarification or have any questions with regards any
element of this research project. Your decision for your child to take part is voluntary and if
you wish for your child not to take part in the research, your decision will not affect your
child’s care or treatment in any way.

What is the purpose of the research?

I am a qualified dentist and the research project is part of my Professional Doctorate degree.
The aim of this research is to find out how comprehensive dental treatment will affect the bite
force in children.

What will happen to my child if he/she takes part in the research?

If you agree for your child to take part in the study, I will be attending your child’s
appointment in the Leeds Dental Institute or Leeds General Infirmary. I will examine your
child’s teeth and will use a small device to measure her/his bite force. I will also check your
child’s height and weight immediately before the dental treatment. Four to five weeks after
your child has completed her/his treatment s/he will be routinely reviewed at the Leeds
Dental Institute where another check up and bite force measurements will be undertaken to
allow us to make comparisons with the pre treatment measurements obtained.

What do I have to do?

You will need to sign a consent form, answer a few questions regarding your child’s general and
dental health, and allow me to carry out a dental check up and the bite force measurements with
your child. I understand that this may take some of your time but it will not interfere or
compromise the purpose of your visit to Leeds Dental Institute or LGI at your appointment.
Additionally this procedure will be quick and should not cause any pain or discomfort to your
child.

Monty S Duggal

BDS MDSc FDS (Paeds) RCS (Eng) PhD

Professor of Child Dental Health

Head of Department of Paediatric Dentistry NHS Efgjggmmfﬁfute
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What are the possible benefits of taking part?

There are no direct benefits to yourldhior participating in my researckiowever,
your childés participation wil/ hel p
treatment on the Btforce and on general well being.eWwhay be able to indicate

how dental treatment has improved your child bite force.

Will taking part in this research be kept confidential?

Yes, your child will not be identified by name in any reports or publicatiah
information collected about your child during the study will be kept strictly
confidential. Our procedures for using, storing and destroying your data comply with

the Data Protection Act 1998.

What will happen to the results of the research

The resits will be analysed, studied and maybe published. Any information that we
obtain from you and your child we use in the findings will be anonymised. We hope
that the result of our study will be well received by the dental community and will go
on to improwe the dental care for children. You will be given the opportunity to have

a simple summary of research results if you wish so.

Who has reviewed this research

Ethical approval has been soughtieobtained for this study from both the Dental

Research Ethics afidHS Research Ethics Committee
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Can | withdraw my child from the research?

Yes. Your childés participation is volun
from the research study at any time without giving reason. Withdrawal from the
research study wil!/ not i n oracarg Howewer, af f e c
any data that has been collected up to the point of withdrawal may still be used in the

data analyis stage of this research.

Who is organizing and funding the research?

The study is being organised by myself, Latifa Alhowaish (Specialising Dentist in
Paediatric Dentistry), under the supervision of Prof. Jacknba (Professor in
Paediatric [@ntistry) ad Dr. Gary Mourdin (Senior Child Health LecturerYhe study

is sponsored and funded by University of Leeds.

What if | am unhappy or if there is a problem?

If you are unhappy, or if there is a problem, please feel free to let us know by
contacting [Latifa Alhowaish] and we will try to help. If you remain unhappy or
have a complaint which you feel you cannot come to us with then you should contact
the ResearchGovernance Officer by telephoning 01133434897 or vimaé:
governaceesthics@leeds.ac.uk. When contacting the Research Governance Officer,
please provide details of the name or description of the study (so that it can be
identified), the researchers irlved, and the details of the complaint you wish to

make.

Xi
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You may also visit INVOLVE website to provide you with independent advice on

taking part in researchitp://www.invo.org.uk/About_Us.asp

If you have any questions or concerns, | am happy to answer them prior to or on the
day of your appointment or by contacting:
Latifa Alhowaish

E-mail: dnlaa@leeds.ac.uk

Thank you for the time you spemeéading these information

Xii
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Leeds Dental Institute _ s
Department of Paediatric Dentistry 30-6-2011
A Centre for Children with Special Needs d

Level 6, Worsley Building
Clarendon Way, Leeds LS2 9LU 2

T (Direct Line) +44 (0)113 343 6177
T (Enquiries) +44 (0)113 343 6138

etk e UNIVERSITY OF LEEDS

Parental Consent Form
Bite force evaluation in young children following dental treatment

Please initial the box if you agree with the statement to the left

I confirm that | have read and understand the information sheet [date of DREC and REC approval and
information sheet version number inserted] for the above study

I have had the opportunity to consider the information, ask questions and have had these answered
satisfactorily.

I understand that my child’s participation in this research study is voluntary and that | am free to
withdraw my child at any time, without giving any reason, without my child’s dental care being

affected.

I understand that any information | provide, including personal details, will be confidential, stored
securely and only accessed by those carrying out the study.

I understand that relevant sections of any of my child’s dental records and data collected during the

Study, may be looked at by responsible individuals from study supervisors, from regular authorities, or
from the NHS Trust where it is relevant to my child’s participation in the study. | give permission to
these individuals to have access to my child’s records.

I understand that the results of this study may be included in published documents but there will be
no reference to me or my child in person made in such documents.

Monty S Duggal .

BDS MDSc FDS (Paeds) RCS (Eng) PhD

Professor of Child Dental Health

Head of Department of Paediatric Dentistry 2L Leeds Dental Institute

he Censre for Ocat

Xiii
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| hereby freely give my fully informed consent to my child; NAME IN BLOCK
CAPITALS:

Taking part in this research study

Name of childdébs Parent/ Guardi an

Signature

Date

Name of Researcher (Investigator)

Signature

Date

Xiv
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Appendix 3.6

s data col |

Bite force evaluation in children following dental treatment

Date

Sex |:| M=0 F=1

Dental pain or Complaint/side if present:

Abscess/side if present:

6 5 4 32 1 1 2 3 4 5 6

B B
M M
O O
D D
L L

6 5 4 3 2 1 1 2 4 5
B B
M M
O O
D D
L L

XV

Height cm
Weight Kg
BMI

Bite force(N)

Ant. Bite force

Right Post

Left Post

0 Sound

1 Arrested Caries

2 Decayed

3 Decayed(extract/Pulp Tx)

4 Filled with recurrent caries

5 Filled

6 Missing

7 Ext Ortho

8 Un-erupted

9 Excluded

T Trauma

S Sealant

C Stainless steel crown

ect i
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Appendix 3.6
Occlusion:
Left dmft
Overjet
Overbite
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Appendix 3.7

Gary Mountain

From: Susanne.Ludgate@mbhra.gsi.gov.uk

Subject: Proposed research investigation into bite forces in young children
To: g.mountain@leeds.ac.uk

Date sent: Fri, 5 Dec 2003 14:20:49 +0000

Dear Dr Mountain
Thank you for your letter concerning the above.

Based on the information provided, it appears to the UK Competent Authority
that the product is purely for research purposes with no aim for
commercialisation.

Under these circumstances we are of the opinion that this does not fall
within the scope of the Medical Devices Regulations and as such no
application therefore needs to be made to the UK Competent Authority for
authorisation of this study. £ .

| hope that this clarifies the situation.
With kind regards

Yours sincerely

Dr Susanne M Ludgate

Medical Director

Medicines and Healthcare products Regulatory Agency
Hannibal House

Elephant & Castle

London SE1 6TQ

Tel: 02079728123

Fax: 0207972 8111

- - Disclaimer - -

This e-mail and any files transmitted with it are confidential. If you are
not the intended recipient, any reading, printing, storage, disclosure,
copying or any other action taken in respect of this e-mail is prohibited
and may be unlawful. If you are not the intended recipient, please notify
the sender immediately by using the reply function and then permanently
delete what you have received.

Incoming and outgoing e-mail messages are routinely monitored for
compliance with the Department of Health's policy on the use of electronic
communications. For more information on the Department of Health's e-mail
policy click here hitp://www.doh.gov.uk/emaildisclaimer.htm
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