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A B S T R A C T

Background: This narrative review provides an evidence-based overview of the comparison
between mini-dental implants (MDI) and conventional dental implants for definitive
prosthesis retention. In addition, recommendations are made on whether the use of re-
duced diameter dental implants is more appropriate.
Method: A literature review was conducted via electronic search addressing the following
topics: (1) osseointegration, (2) peri-implant soft tissue characteristics, (3) biomechanics,
(4) implant survival and (5) implant success.
Conclusion: The procedure for dental implant prosthetic rehabilitation should preferentially
include conventional dental implants (i.e. > 3mm fixture diameter). Small (3–3.25mm)
and narrow (3.3–3.5mm) dental implants should primarily be used in non-load-bearing
regions. MDI (< 3mm) should be considered to retain definitive prosthesis, only for rea-
sons of anatomy or patient-centred preferences and as a last resort. If MDI are to be used,
patients should be made aware of the lack of long-term, high-quality evidence as a part of
the informed consent process and that most of the prospective data available pertain to
MDI retaining complete dentures.

Introduction

The modern endosseous dental implant is a common
replacement option for missing teeth.1 Decades of clinical
research with long-term follow-ups have shown that even
after 10 years or more of functional loading, they continue
to exhibit a high survival rate.1–3 Dental implant treatment
is however not without risks nor complications.1,2 Dental
implant treatment is generally not only longer, more inva-
sive and more expensive but the incidence of both biological

and technical complications are also greater than tooth-
supported prosthesis.1,2 Increasing patient expectations
for cheaper, faster, more aesthetic and less invasive dental
implant treatment have also led to a shift of current re-
search interests to implant design features, surgical tech-
niques, biomaterials, and so on to better achieve these
demands. Smaller dental implant fixture diameters are one
such design feature that may help to simplify the treatment
process.
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Whilst there is no universal consensus, conventional
endosseous dental implants including those deemed “small”
and narrow” are generally regarded as those with a diam-
eter of 3mm or more.4,5 They generally come as a two-piece
design, consisting of a fixture with an internal connection
for a separate screw-retained abutment.4 They were ini-
tially placed with a flap procedure in mature alveolar bone
to treat edentulism.6 Human histological studies on titani-
um dental implants placed without augmentation have
shown that the transition from primary to secondary sta-
bility occurs within 4–8 weeks depending on factors such as
implant surface characteristics.7 A structural and functional
connection between ordered living bone and the surface of
a titanium dental implant deemed to be satisfactory to
bear load occurs between 8 and 12 weeks of healing.8 The
dental implant is then exposed, either provisionally or
permanently loaded.

Mini-dental implants (MDI) are generally regarded as
those with a diameter of less than 3mm.5 Typically, they
come as a solid one-piece screw design with a coronal
abutment attachment.4 The first cohort of literature on MDI
for prosthesis retention dates to the 1990s when they were
initially used as provisional implants to sustain immediately
loaded prosthesis during the osseointegration phase of
conventional dental implants.9 During this period, clinicians
commonly found that these MDI osseointegrated quite well
and were extremely difficult to remove.10,11 These early
clinical findings led to an ongoing interest in their appli-
cation for use in modern implant dentistry and as ortho-
dontic temporary anchorage devices.12,13 MDI have distinct
advantages over conventional dental implants in terms of
versatility. They are less invasive to place, require less
surgical time and are cheaper. They are also particularly
suitable for the narrow atrophic alveolar ridge to avoid
augmentation, where there is a lack of intra-occlusal spac-
ing or close root proximity. These advantages were recog-
nised by national bodies such as the United States Food
and Drugs Administration that has provided clearance to
various forms of titanium MDI for dental use.14

Despite such significant advantages over conventional
dental implants, to date, MDI by comparison remain less
frequently used in restorative dentistry.5 Until now, the last
narrative review on MDI for prosthesis retention was pub-
lished in 2011.15 This current review aims to summarise
and provide a balanced overview of the topic by critically
evaluating the latest evidence base.

Materials and Methods
Search strategy and data extraction

An electronic search was conducted for the addressed
topics. The PubMed database of the US National Library of
Medicine and the Excerpta Medica database (Embase)

maintained by Elsevier were searched for relevant articles
(i.e. experimental studies on animals and humans, obser-
vational studies, randomised/controlled trials, systematic
reviews/meta-analyses and consensus reports). Data from
identified and relevant publications were extracted and, if
indicated, presented as evidence tables. Overall findings
were summarised in a narrative manner.

Discussion
Osseointegration

Several studies with long-term follow-ups have demon-
strated that conventional titanium dental implants of
varying surface characteristics can be osseointegrated in
the human alveolus as demonstrated by histology and his-
tomorphometric analysis.16–19 The bone to implant contact
(BIC) range identified from this heterogeneous group of
studies varies substantially from <10% to 100% mainly
because of differences in methodology of histological pro-
cessing, implant characteristics, loading time and duration
of osseointegration.20 After 5 years of loading, the BIC of a
conventional titanium dental implant in the human alveolus
can be expected to be in the region of 75% or more.16

The existing literature base provides less information on
the osseointegration of MDI. Of the various studies avail-
able, most are short-term animal studies of MDI used for
orthodontic anchorage.21–23 A recent animal study that
compared titanium MDI with conventional titanium dental
implants found both to offer similar osseointegration po-
tential in the animal model.24 Currently, there is only one
human histological study with histomorphometry of MDI
placed in the posterior mandible for prosthesis retention,
which was immediately loaded. Histomorphometric analysis
at 12 weeks revealed a BIC range of 69.8%–86.3%.25

Peri-implant soft tissue barrier

Our current understanding of the peri-implant soft tis-
sue barrier is mainly based on animal experimenta-
tion.20,26,27 No studies specifically investigating the peri-
implant soft tissue barrier around MDI were identified. A
mature soft tissue attachment to an exposed transmucosal
dental implant is typically established 6–8 weeks following
surgery.26,27 This soft tissue attachment is comparable to
those around natural teeth and consists of an epithelial and
supracrestal connective tissue barrier with a mean biolog-
ical width in the region of 2.93–4mm.28,29 The nature of
this attachment however differs from that of the attachment
around natural teeth.20 The peri-implant mucosa, for ex-
ample, has higher collagen to fibroblast ratio and a greater
proportion of collagen fibres running parallel to the implant
surface.20 It may also vary depending on factors such as but
not limited to the implant angle, depth of placement, surface
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material and topography.29,30 It appears that the peri-im-
plant soft tissue barrier is not as resilient to periodontal
inflammation as those around natural teeth. Several ex-
perimental gingivitis models have shown even mild mar-
ginal inflammation around a dental implant to be associated
with deeper probe penetration in comparison to teeth.31,32

This susceptibility is also reflected in recent systematic
reviews of the frequency of peri-implant diseases at the
patient level which is estimated in the region of
43%–63.4% for peri-implant mucositis and 18.8%–22% for
peri-implantitis.33–35

Factors found to be associated with a greater risk of
developing peri-implant diseases include but are not limit-
ed to a history of periodontitis, smoking, an increased
number of implants placed, high plaque index, lack of sup-
portive therapy, retained cement, uncleansable supras-
tructures, absence of keratinised tissue, clinician experience
and the implant type or brand.36–40 It is important to note
that not all of these factors are equally well studied nor
have the same quality of evidence supporting them. A re-
cent review from the 2017 World Workshop found only
strong evidence for the increased risk of peri-implantitis in
patients who have a history of chronic periodontitis, poor
plaque control skills and lack of maintenance care.41 Irre-
spective of the choice of dental implant used, when these
potential risk factors/indicators are not accounted for in the
dental implant treatment planning process, catastrophic
failure may ensue (Fig. 1).

Biomechanics

Masticatory loading places strains not only on the dental
implant fixture itself but also on the implant fixture-alveo-
lus interface.42–44 There are fewer laboratory and clinical
studies that demonstrate the clinical efficacy of dental
implants of reduced diameters. Cyclic loading test data
mimicking long-term masticatory function remain largely
unpublished by manufacturers.44,45 The body of evidence
indicates a trend towards increasingly reduced dental im-
plant diameters to be associated with a higher risk of fatigue
failure, distortion and fracture, especially in areas of high
loading.42,44–46 Reduced diameter dental implants are also
associated with an increase in crestal alveolar bone strain
under load especially when also of reduced length and
greater taper.43,44 This may induce a levering effect on the
dental implant fixture and predispose to marginal bone
loss.43 For example, when lateral forces were applied to
MDI implants of 2.4mm� 13mm dimensions compared
with conventional 4mm� 13mm Branemark implants
(Nobel BiocareTM) embedded in a block mixture, greater
discrepancies in mobility were observed in the MDI implant
fixture/block matrix interface.47 The splinting of multiple
dental implants can reduce this effect but may hinder

cleansability.48,49 Reduced diameter dental implants there-
fore tend to be constructed from mechanically stronger
metal alloys such as titanium–zirconium or titanium–alu-
minium–vanadium and are recommended for placement in
denser bone, in non-load bearing areas with longer length
fixtures.43,44,50,51

Although the precise specifications are not available for
many MDI, most are made from various titanium alloys and
constructed as a solid one-piece screw with a coronal
abutment attachment.15 The absence of a hollow internal
connection to some extent makes up for their reduced
dimensions by strengthening load resistance. The advan-
tages of this design include fewer implant components,

Fig. 1. Maxillary arch MDI failure in a male patient approximately
5 years following placement. (a) Dental panoramic radiograph
showing generalised severe peri-implantitis and bone loss. (b)
Maxillary full arch dental clearance (note the excessive splinting
and use of fixtures). (c) Dental panoramic radiograph shows that
the Nobel BioCare All-on-4r implant system replaces the previous
10 maxillary arch MDI.
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cheaper costs and the absence of a fixture-abutment micro
gap. Moreover, MDI are less able to customise their emer-
gence profile and can usually only sustain cement-retained
restorations. Another drawback with this design is that MDI
are used to replace teeth of a much larger cervical diameter.
To attain the necessary support and retention of the over-
lying prosthesis and prevent mechanical failure, multiple
MDI are often used to replace a large premolar or molar
unit (Figs. 1 and 2). This aspect makes their overlying
suprastructures much harder to maintain for the patient
due to excessive undercuts and difficulty of cleaning be-
tween two or more MDI placed in near proximity.

Implant survival

Survival is a loose assessment criterion assessing only if
the dental implant is still present in the mouth without
consideration of its overall health. For example, a dental
implant with mobility, pus and peri-implant bone loss,
which require multiple interventional treatments, would
still be regarded as having “survived.” Most systematic
reviews that assess the survival rate of dental implants for
prosthesis retention do not differentiate between implant
diameter in their inclusion criteria.1–3,52,53 After assessing

included studies of at least controlled clinical trials or those
of higher quality, most dental implants employed were found
to be of the conventional two-piece type. These systematic
reviews of dental implants retaining various prosthesis types
have a high mean cumulative survival rate in the 95% region
after 5 years and 85%–95% region after 10 years or more of
functional loading.1–3,53 Of the few systematic reviews that
do differentiate between dental implant fixture diameters
for prosthesis retention, studies on MDI were only available
for single, short span non-load-bearing and edentulous
regions.4,5,54,55 Prospective studies with at least 1 year fol-
low-up reporting on the survival rate of MDI for definitive
prosthetic treatment were available only for complete den-
tures and are presented in Table 1. The overall quality of
evidence of these studieswas lowwith a high risk of bias, lack
of clear reporting, short follow-ups and small sample sizes.
Within limitations of the evidence available, it appears that
MDI retaining a range of prosthesis have a cumulative sur-
vival rate in the region of 80%–100% after a mean of around
3-years follow-up.4,5,54–62

Implant success

Success is a strict assessment based on one or more
specific criteria not only to determine whether the dental
implant is still present in the mouth but also to determine
its health. Success is deemed to be a much more important
indicator of the efficacy of dental implant treatment than
survival. Measuring dental implant success however is a
more tedious, resource consuming process and the current
body of evidence for dental implant success is less than
that of survival. Success rates can also vary greatly in
the literature due to the heterogeneity of case definitions
used.63–67 The most historically popular being the
Albrektsson criteria.63 The health of dental implants can be
broadly divided into technical complications (e.g. screw
loosening, fixture fracture, ceramic chipping, etc.) or bio-
logical complications (e.g. peri-implant disease, unaesthetic
soft tissue recession, neural sensory loss, etc.). Despite the
high long-term survival rates of conventional dental
implants in the oral cavity, it is estimated that only around
60% or more of dental implants are free from complications
within a 5-year period, when a strict success case definition
is applied.1 Currently, there are only a limited number of
studies that reported on the success rate of MDI. Prospec-
tive studies with at least 1-year follow-up that reported on
the success rate of MDI for definitive prosthetic treatment
are presented in Table 2 and were again available only
for complete dentures. These limited number of studies
indicate MDI retaining complete dentures to have a success
rate in the range of 78.2%–95.9% over 1–3 years of follow-
up.58,59,62,68

Fig. 2. Four MDI were used to replace 2 molars in the left
mandibular arch in 2016. The patient was referred in April 2018,
with the complaint of mobility, drifting of his upper teeth,
bleeding gums and difficulty in cleaning the LL6 and LL7 implants.
A diagnosis of localised severe periodontitis, pathological tooth
migration and moderate/severe peri-implantitis was made.
(a) Periapical radiograph showing bone loss to the mesial MDI of
the LL7. (b) Probing depth of 9mm with pus and bleeding. (c/d) A
small inter-dental brush of 0.4mm diameter was insertable but
only to certain niches and with an awkward angle of insertion. The
patient struggled with self-performed oral hygiene around the LL6
and LL7.
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Table 1
Survival rate of MDI.

Study name Type of study and follow-up Study sample
Type of implant/prosthesis/

loading/site Findings

Morneburg and
Pr€oschel56

Prospective
Follow-up of 3.3–8.3 years

(mean 6 years)

67 patients
134 MDI

2.5mm� 9–15mm Komet MDI
Complete denture on non-

splinted MDI abutments
Delayed loading
Anterior mandible

95.5% cumulative survival rate
6/134 MDI failed (4 MDI fail-

ures in the first year)

Jofre et al.49 Randomised clinical trial
Follow-up of 2 years for all

patients
Group 1 (n ¼ 23) MDI

insertion with surgical guide
Group 2 (n ¼ 22) MDI

insertion without
surgical guide

45 patients
90 MDI

1.8mm� 15mm
Sendax IMTECTM MDI
Complete denture on non-

splinted MDI abutments
Immediate loading
Anterior mandible

94.4% cumulative survival rate
5/90 MDI failed over 2 years

Elsyad et al.58 Prospective
Follow-up of 3 years for

26 patients
(2 drop-outs)

28 patients
112 MDI

1.8mm� 12–18mm Sendax
IMTECTM MDI

Complete denture on non-
splinted MDI abutments

Immediate loading
Anterior mandible

96.2% survival rate
4/104 MDI failed over 3 years

(n ¼ 26)

Preoteasa et al.59 Prospective
Follow-up of 3 years for all

patients

23 patients
110 MDI

1.8/2.1/2.4mm� 10–18mm
IMTEC/3M ESPETM MDI

Complete denture on non-
splinted MDI abutments

Immediate loading
Anterior mandible and maxilla

92.7% survival rate
8/110 MDI failed over 3 years

Maryod et al.60 Randomised clinical trial
Follow-up of 3 years for 30

patients (6 drop-outs)
Group 1 (n ¼ 18) Four MDI

supporting complete den-
ture with immediate loading

Group 2 (n ¼ 18)
Four MDI supporting complete

denture with early loading

36 patients
144 MDI

1.8mm� 15mm 3M ESPETM

MDI
Complete denture on non-

splinted MDI abutments
Immediate loading or early

loading
Anterior mandible

94.2% cumulative survival rate
7/120 MDI failed over 3 years

(n ¼ 30)

de Souza et al.61 Randomised clinical trial
Follow-up of 1 year for all

patients
Group 1 (n ¼ 38)
Four MDI supporting complete

denture
Group 2 (n ¼ 42)
Two MDI supporting complete

denture
Group 3 (n ¼ 40)
Two conventional implants

supporting complete
denture

120 patients
316 implants
(236 MDI)

2.0mm� 10mm, Mini-Drive-
LockTM MDI

4.0mm� 10mm, Morse-Lock
Straight, Intra-Lock Interna-

tional Inc.
Complete denture on non-

splinted abutments
Delayed loading
Anterior mandible

89.5% survival rate for four
MDI (group 1) over 1 year
(16/152 MDI failed)

82.1% survival rate for two
MDI (group 2) over 1 year
(15/84 MDI failed)
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Table 1 (Continued )

Study name Type of study and follow-up Study sample
Type of implant/prosthesis/

loading/site Findings

Zygogiannis et al.62 Randomised clinical trial
Follow-up of 1 year for 49

patients (1 drop-out)
Group 1 (n ¼ 25)
Four MDI retaining complete

denture
Group 2a (n ¼ 14)
Two conventional implants

retaining complete denture
with immediate loading

Group 2b (n ¼ 10)
Two conventional implants

retaining complete denture
with delayed loading

50 patients
150 implants
(100 MDI)

1.8–2.4mm� 10–18mm 3M
ESPETM MDI

3.3/4.1mm� 10/12mm
Straumann SLActiveTM or
Standard Plus implants
Complete denture on non-

splinted MDI abutments or
splinted conventional
implants

Immediate or delayed loading
Anterior mandible

98% survival rate for four MDI
(group 1) over 1 year
(2/100 MDI failed)

Table 2
Success rate of MDI.

Study name
Type of study/study sample/

follow-up
Type of implant/site/

prosthesis
Success case
definition Findings

Elsyad et al.58 Prospective
28 patients
112 MDI
Follow-up of 3 years for

26 patients
(2 drop-outs)

1.8mm� 12–18mm Sendax
IMTECTM MDI

Complete denture on non-
splinted MDI abutments

Immediate loading
Anterior mandible

Albrektsson
et al.63

92.3% success rate
8/104 MDI (n ¼ 26) were

unsuccessful over 3 years

Šćepanović et al.68 Prospective
30 patients
123 MDI
Follow-up of 1 year for all

patients

1.8mm� 13mm 3M ESPETM

MDI
Complete denture on non-

splinted MDI abutments
Immediate loading
Anterior mandible

Buser et al.65 95.9% success rate
5/123 MDI were unsuc-

cessful over 1 year

Preoteasa et al.59 Prospective
23 patients
110 MDI
Follow-up of 3 years for all

patients

1.8/2.1/2.4mm� 10–18mm
IMTEC/3M ESPETM MDI

Complete denture on non-
splinted MDI abutments

Immediate loading
Anterior mandible and maxilla

Misch et al.66 78.2% success rate
24/110 MDI were unsuc-

cessful over 3 years

Zygogiannis et al.62 Randomised clinical trial
50 patients
150 implants
(100 MDI)
Follow-up of 1 year for 49

patients (1 drop-out)
Group 1 (n ¼ 25)
Four MDI retaining complete

denture
Group 2a (n ¼ 14)

1.8–2.4mm� 10–18mm 3M
ESPETM MDI

3.3/4.1mm� 10/12mm
Straumann SLActiveTM or
Standard Plus implants
Complete denture on non-

splinted MDI abutments or
splinted conventional
implants

Immediate or delayed loading

Albrektsson
and Zarb67

91% success rate for four
MDI retaining complete

dentures (group 1)
(9/100 MDI were unsuc-

cessful over 1 year)
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Conclusion

The overall body of evidence for the efficacy of conven-
tional dental implants for prosthesis retention exceeds
more than that of MDI not only in terms of quantity and
quality, but also in terms of the diversity of research
question investigated. There is currently some evidence for
MDI used to retain overdentures and in single, short span
non-load-bearing areas; however, this evidence base is
generally of low quality and at high risk of bias. There is
little long-term data on the survival or success rate of MDI
for prosthesis retention. Prospective data identified in this
review were available only for MDI retaining complete
dentures.

On the basis of the findings from this narrative review,
the following recommendations are made:

. The procedure for dental implant prosthetic rehabilita-
tion should preferentially include conventional dental
implants (i.e. > 3mm fixture diameter).

. Small (3–3.25mm) and narrow (3.3–3.5mm) dental
implants should primarily be used in non-load-bearing
regions.

. Only for reasons of anatomy or patient-centred pre-
ferences and as a last resort should MDI (<3mm) be
considered to retain definitive prosthesis.

. If MDI are to be used, patients should be made aware of
the lack of long-term, high-quality evidence as a part of
the informed consent process and that most of the pro-
spective data available pertain to MDI retaining complete
dentures.
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A B S T R A C T

Nitrous oxide in oxygen (N2O/O2) inhalation sedation is used less commonly by Singapore
dentists than their counterparts in the United Kingdom and the United States. Using this
technique, trained dentists often perform the dual roles of a sedationist and an operating
dentist. This paper describes the mechanism of action of N2O and highlights the modern
gas delivery system commonly used in dentistry. The built-in safety features of this unique
system helps to ensure that patient-specific therapeutic dosages are effectively and safely
administered by dentists. Existing evidence for adverse events and the safety profile of the
N2O/O2 inhalation sedation is discussed. Finally, recommendations of equipment, training
and techniques for safe N2O/O2 inhalation sedation are provided.

Introduction

According to international guidelines, titrated nitrous

oxide in oxygen (N2O/O2Þ is considered a safe and effective

dental sedation technique, and recommended as a first-line

option especially for children.1–8 Unlike pre-mixed medical
gas mixtures of 50:50 N2O:O2, for example Entonoxr (widely
used in maternity wards), dentists commonly use modern
mixer machines to titrate and deliver a patient-specific ther-
apeutic mixture of N2O/O2, according to individual patient
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responses. These machines are designed with features to fa-
cilitate easy and safe use of N2O/O2 by dentists who serve as
both the sedationist and operator.9 With careful patient
selection, N2O/O2 sedation can be successful in at least 90%
of patients.15 Despite a long international history of safe use,
safety concerns still persist in countries where N2O/O2

sedation is less commonly practised. The present paper aims
to provide an overview of: (1) the pharmacological properties
of N2O and (2) the indications, technique, staffing and
equipment required for safe and effective N2O/O2 dental se-
dation. The pharmacological basis and scientific evidence for
safety concerns are also discussed in this review, with a focus
on outpatient dentistry.

Mechanism of action

N2O is a mildly sweet-smelling and colourless gas that
is non-irritant to tissues, with a minimal alveolar concen-
tration of 105. Emmanouil and Quock (2007) proposed
respective mechanisms of actions for its analgesic, anxio-
lytic and anaesthetic effects, but emphasised that these
mechanisms are yet to be fully understood. Its anxiolytic ef-
fect is believed to be from agonism at benzodiazepine binding
sites on the GABAA receptor and a potentiation of a signalling
pathway that involves nitric oxide synthase, soluble guanylyl
cyclase and cGMP-dependent protein kinase. Its analgesic
effect arises from the release of endogenous opioid peptides
in the central nervous system and subsequent inhibition of
pain pathways via opioid receptors.10 For its anaesthetic ef-
fect, N2O acts as an antagonist on the N-Methyl-D-aspartate
receptor, a glutamate binding, non-selective ion channel that
is involved in synaptic plasticity and memory formation.11

During administration, N2O is rapidly taken up from the
lung alveoli into the blood. As N2O has low blood solubility,
it quickly diffuses out of blood down the concentration
gradient into tissues including the central nervous system,
resulting in a rapid onset (a few minutes). The reverse
process also occurs rapidly, with N2O excreted from lungs
quickly at the cessation of its inhalation.

Effectiveness

N2O/O2 sedation is recommended for dental sedation
due to its wide safety margins and minimal effect on car-
diovascular and respiratory function.12,13 It is also particu-
larly helpful in preventing and managing dental anxiety in
children. Almost one-fifth of Singaporean children aged 10–
14 years have been found to have dental anxiety and fear;14

N2O/O2 sedation can therefore be a particularly useful
behavioural management tool for paediatric dentists. In a 1-
year prospective study, 93% of 312 paediatric patients (4.1–
16.0 years old) were successfully treated; almost three-
quarters had 30:70 N2O/O2 mixture for up to 40min. Most

were treated for dental extractions, with > 40% being per-
manent teeth extractions. However, failure of treatment
under sedation seems to be associated with lower operator
experience, highlighting the importance of staff training.15

General anaesthesia (GA) may sometimes be the only
viable option for managing anxious paediatric dental
patients. However, children undergoing GA may suffer from
induction distress and associated post-operative morbid-
ities, including feeling sick and poor sleep, with some
symptoms lasting for a week.16 In a matched pair study,
83.4% of 256 children aged 3–16 years originally referred
for dental extraction under GA were successfully treated
under inhalation sedation instead of GA. Furthermore, in-
halation sedation was found to be cheaper than GA and had
a higher parental satisfaction.17 Likewise, when compared
with buccal (transmucosal) midazolam (0.5mg/min to
maximum 5mg) or intravenous midazolam in 10–16-year
olds (0.2 mg/kg) for orthodontic extractions, 30:70 N2O/O2

sedation was found to be as effective as midazolam, but
required lesser time to reach the desired level of sedation
and to recover.18,19

Adult studies are rarer, but international guidelines have
also recommended N2O/O2 sedation to be the first-line basic
sedation technique for adults.4,6 In an equivalence study, N2O
(at concentrations below 40%) and sevoflurane (at con-
centrations below 0.3%) in anxious adults between 18 and
62 years old undergoing dental restorations, were found to
be similar in efficacy.20

N2O/O2 sedation can be a more pleasant and cost-
effective alternative to GA, and as effective as other forms of
sedation, when delivered by trained staff in the appropriate
patient and in the appropriate setting.

Indications and contraindications

Patient selection is crucial for the safe and effective use
of N2O/O2 sedation. Its indications and contraindications
are summarised in Table 1.

N2O/O2 sedation technique in dentistry

In outpatient dentistry, N2O is delivered with O2 via a
purpose-made mixer system that allows easy titration of gas
concentrations. The titrated gases may be inhaled through
the patient’s nose using a specialised nasal hood (Fig. 1),
allowing unobstructed oral access for dental treatment.
Nasal hoods are available in different sizes to fit patients of
different ages and sizes; some are pre-scented to help in-
crease acceptability in children.

The “Singapore Guidelines On Safe Sedation Practice for
Non-Anaesthesiologists in Medical Clinics”21 state that
“non-anaesthesiologists shall limit their sedation techniques
to achieve a level of minimal or moderate sedation” only.

12 Singapore Dental Journal 39 (2019) 11–19
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“Minimal to moderate sedation” is defined by the American
Society of Anaesthesiologists22 (Table 2) and is con-
sistent with providing anxiolysis and some analgesia, while

allowing the patient to remain responsive and maintain
airway reflexes.23

Patients are initially administered 100% O2 (0% N2O),
with N2O concentrations incrementally increased (with
simultaneous reduction in O2 concentrations) until a desired
level of sedation is achieved — often at 30–50% N2O, after
which the dental procedure is performed. At such N2O con-
centrations, the analgesic effect is minimal and local infiltra-
tion of local anaesthesia is still required for painful
procedures. At the end of procedure, 100%O2 is administered
for 3–5min to flush N2O out from the system and to prevent
diffusion hypoxia. Careful titration tailors N2O administration
to individual responses, and allows the regulation of the depth
of sedation, thereby reducing the risk of over-sedation.

N2O/O2 sedation is a complement to, but not a replace-
ment of, basic non-pharmacological behaviour manage-
ment techniques.24 These include tell-show-do, distraction,
semi-hypnotic suggestions, and relaxation techniques to
help anxious patients to relax, thereby keeping the required

Table 1
Indications and contra-indications of N2O/O2 inhalation sedation.2,3

Indications Contraindications

. American Society of Anaesthesiologists Physical
Grade (ASA) I and II

. Mature enough to cooperate and understand

. Mild-to-moderate dental anxiety

. Unpleasant procedures including dental extractions
and management of acute dental trauma

. Management of certain medically compromised
patients where dental stress could trigger exacerba-
tion, e.g. asthma, epilepsy, etc.

. Needle phobia

. Gag reflex

. Other sedation methods contraindicated

. Alternative to GA

. Children who are not able or too young to cooperate or under-
stand

. Inability to breathe nasally with mouth open due to acute/chronic
nasal obstruction, common cold or tonsillitis

. Chronic obstructive pulmonary diseases

. Nasal or facial deformity

. Nasal hood phobia

. First trimester of pregnancy

. Bleomycin (sulphate) chemotherapy

. Myasthenia gravis and multiple sclerosis

. Severe psychological disorders or drug-related dependencies

. Methylenetetrahydrofolate reductase deficiency

. Cobalamin deficiency

. Otitis media and pneumothorax

Fig. 1. Nasal hood permits oral access for dental procedures. The
use of a dental rubber dam (not shown in picture) is recom-
mended to reduce atmospheric pollution.

Table 2
Continuum of sedation and definition of GA and levels of sedation, adapted from the American Society of Anaesthesiologists.22

Minimal sedation
(Anxiolysis)

Moderate sedation/analgesia
(“Conscious sedation”) Deep sedation/analgesia GA

Responsiveness Normal response to
verbal stimulation

Purposeful response
to verbal or
tactile stimulation

Purposeful response
following repeated or
painful stimulation

Unarousable even with
painful stimulus

Airway Unaffected No intervention required Intervention may
be required

Intervention often required

Spontaneous Ventilation Unaffected Adequate May be inadequate Frequently inadequate
Cardiovascular Function Unaffected Usually maintained Usually maintained May be impaired

Nitrous oxide inhalation sedation in dentistry 13
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level of N2O to a minimum while increasing the likelihood of
treatment success. For instance, children may be asked to
imagine themselves at a beach while breathing in N2O with
long, deep and controlled breaths. They are more suscep-
tible to these semi-hypnotic suggestions under the effect of
N2O.

In-built safety features of dedicated dental mixer
machines

Dental N2O/O2 mixer machines can be mobile stand-
alone units with gas cylinders or wall-mounted with a
central gas supply (Figs. 2(a) and 2(b)). They can also have
analogue or digital interfaces (Figs. 2(c) and 2(d)). Modern

units are designed with the following safety features in-
corporated25,26 (Fig. 3):

. N2O and O2 cylinders/tanks are colour-coded (commonly
blue for N2O, black with a white collar for O2 in Singapore/
UK).

. Tubing is often colour-coded andmatches the colours used
on the cylinders (commonly blue for N2O and white/black
for O2, though this may not always be the case).

. Unique pin-index system for each tubing/fixture pair
ensures correct fitting of tubing to corresponding fixture.

. Mixer dial ensures that a minimum of 30% O2 is delivered
(and a maximum of 70% N2O), to prevent the delivery of
a hypoxic gas mixture.

. O2 flush button allows 100% O2 to be delivered quickly
and immediately during an emergency.

. Reservoir bag allows respiration rate monitoring.

. Oxygen fail-safe valve ensures that N2O supply is auto-
matically turned off when the O2 supply runs out, en-
suring that 100% N2O is never delivered.

Fig. 2. (a) Mobile dental inhalation sedation machine. (b) Wall-
mounted inhalation sedation machine. (c) Analogue mixer flow-
meter. (d) Digital mixer flowmeter.

(a)

(b)

Fig. 3. Safety features of the Matrx MDMr N2O/O2 Mixer ma-
chine for dental sedation. (a) Colour coding of tubings and (b)
oxygen flush button and reservoir bag.

14 Singapore Dental Journal 39 (2019) 11–19
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. Air intake valve allows in-flow of atmospheric gases,
should either N2O or O2 runs out.

. Many nasal hoods have a built-in scavenger system con-
nected to a dental suction/scavenger unit to actively re-
move excess gases. (It is usually recommended that the
windows are also kept open to allow some passive
scavenging.)

All equipment should be checked daily for defects prior
to use and maintained regularly according to manu-
facturers’ recommendations. Incorrect equipment usage
and defects can lead to adverse outcomes even with in-built
safety features.26

Other equipment

Clinics should make provision for access for emergency
service and patient transfer,4 and be equipped to manage
any adverse outcomes or emergencies, including oxygen
supply and self-inflating bag for artificial ventilation.27

Pre-sedation assessment, fasting, monitoring
and discharge

Pre-sedation assessment of patients’ medical history,
anxiety level, dental needs and indications is important. In-
ternational guidelines recommend that pre-sedation fasting is
not required for N2O/O2 inhalation sedation; only a light meal
two hours prior sedation is advised.2,4,6 The American
Academy of Paediatric Dentistry, Australian Dental Associa-
tion and the Intercollegiate Advisory Committee on Sedation
in Dentistry (UK) 2015 report all recommend that clinical
patient monitoring is required during N2O/O2 sedation. This
includes observing the patient’s level of consciousness, re-
sponsiveness to verbal commands and physical stimulation,
mucosa/skin colour and breathing rhythm/rate.2,4,6 Anec-
dotally, some clinicians prefer to have additional pulse ox-
imetry monitoring. It is important to refer to the local
hospital/practices policies regarding fasting and monitoring
requirements.

After administration of 100% O2 for a few minutes, the
patient should continue to be monitored, and discharge
should only be considered when pre-sedation level of con-
sciousness is regained with stable vital signs. A responsible
adult escort should be present for children.

Documentation

Contemporary documentation and records should be
kept at all stages. The European Academy of Paediatric
Dentistry’s (EAPD) “Guidelines on Sedation in Paediatric
Dentistry 2005” provide a recommended list of items to be
included in documentation.3 The present paper adapted
these guidelines into a sedation checklist for systematic

documentation, which could be easily adopted into routine
clinical practice as follows:

Pre-sedation assessment

. Medical history, medications and allergies;

. Dental needs and anxiety level;

. Previous dental history and treatment;

. Previous history of sedation and GA with any adverse
events;

. Indication for the use of N2O/O2 sedation and alter-
natives;

. Written information leaflet given to patient.

During and after sedation

. Dose (level and flow rate of N2O:O2Þ and if any other
sedative drugs given;

. Time of start and end of sedation, duration of 100%
administration at recovery and time of discharge;

. Sedation level;

. Patient’s acceptance of sedation and treatment, for
example Frankl Behaviour Scale;

. Any adverse events/complications and management, for
example nausea and vomiting;

. Dose and type of LA administered;

. Dental treatment performed;

. Post-sedation assessment and written post-operative
instructions given to patient.

Staff training and accreditation

The safety of any drug or equipment largely depends on
the person using it and how he/she uses it. The “Singapore
Guidelines on Safe Sedation Practice for Non-Anaesthesiol-
ogists in Medical Clinics” state that a sedationist must un-
dergo formal training as part of a relevant specialist or
postgraduate programme, to be equipped with both
knowledge and skills for delivering safe sedation and ability
to rescue patients from unplanned deep sedation. For
minimal sedation with less than 50% N2O in O2, all staff
involved in the procedure must also be at least competent
with basic resuscitation skills including Basic Cardiac Life
Support or its equivalent.21 This is consistent with the
guidelines of the American Academy of Paediatric Dentist-
ry.2 In addition, continuing professional education is also
strongly recommended.

However, it would be useful to have a sedation guideline
specific for dental nitrous sedation with dentists as seda-
tionists because the equipment and setup in a dental clinic
might be slightly different from that in medical clinics. For
instance, the EU directive by the Council of European
Dentists (CED) provides training standards for the use of

Nitrous oxide inhalation sedation in dentistry 15
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N2O inhalation sedation in dentistry. The CED recommends
that a training programme should include a two-day theo-
retical course covering didactic knowledge on “anxiety and
behaviour management strategies, technical aspects of dif-
ferent sedation units, chemical, physiological and biological
aspects of N2O, emergency management and basic life
support.” In addition, the CED also advised that practical
training should be conducted via “role-playing” and super-
vised cases. The trainee should be able to provide evidence
of “five assessments, five observations, and five treated
cases” before being accredited.28

A review of the safety profile of nitrous oxide

In this section, we address the safety profile of N2O
with evidence from the literature and discuss steps to
mitigate against potential concerns/adverse effects during
routine use.

Potential concerns/adverse effects in patients

. Nausea and Vomiting

The most common side effect is nausea and vomiting; this is
infrequent (0.5% of patients)29 and occurs mostly when
appropriate titration techniques are not practised.30

. Diffusion Hypoxia and Pressure Volume Effect

N2O is less soluble than O2 in blood; thus, when it washes out
of the patient, its rapid diffusion into alveoli reduces the al-
veolar oxygen concentration and may result in “diffusion
hypoxia.” This occurs when high N2O concentrations are used,
that are not commonly administered during dental sedation,
and is also rare due to the co-administration of oxygen. Fur-
thermore, it can be prevented by administering 100% O2 for
3–5min at recovery while N2O washes out of the circulation.9

N2O enters a gas-filled body space faster than nitrogen
can escape from the space, for example an inflamed tym-
panic cavity. This results in an increase of the gas volume/
pressure in the space. This in turn can lead to adverse
consequences, for example rupture of the tympanic mem-
brane. It is therefore contraindicated in patients with otitis
media and pneumothorax.31

. Hypoxia

Modern dental N2O/O2 delivery machines obligate a mini-
mum of 30% O2 to be delivered, a level that is higher than
atmospheric O2 levels. For another layer of precaution, they
incorporate the pin-index system to ensure fixing of tubing
to correct the N2O/O2 gas outlets (Fig. 2). However, mis-
connection of supposedly fail-safe machines can still occur.
For example, pins of pin-index system can dislodge and
result in hypoxia of patient, when N2O is wrongly delivered

to the O2 gas outlet instead of the N2O gas outlet.32

Therefore, frequent equipment checks are essential.

. Loss of Protective Reflexes

Roberts and Wignall (1982) placed radio-opaque dye on
the tongues of children undergoing dental restorations, with
and without inhalation sedation. Post-operative medical
radiographs revealed the absence of dye in the larynx and
chest in the patients that had received inhalation sedation.
This means that the dye was not aspirated during inhalation
sedation and allayed concerns of N2O-induced laryngeal
reflex depression.33 Laryngospasm, desaturation, apnoea
and seizures have been reported in isolated reports of the
use of high levels of N2O (in the range of 50%–70%) for
medical procedures mostly in children aged 3 years.34 Al-
though a causative relationship cannot be established be-
tween these serious adverse events and the use of N2O,
such high dosages in young children are not recommended
for use by dentists because patients can transit to deeper
planes of sedation with a potential loss of protective reflexes
and consciousness.

. Systemic Effects and Its Use in the Medically Compro-
mised Patients

Unlikemost drugs that are excreted by the liver/kidney, N2O is
eliminated by lungs withoutmetabolism. Hence, it can be used
safely in patients with chronic liver or kidney disease.9

Typical dental sedation units deliver < 0:5 MAC and
have minimal respiratory and cardiac effects.31 Roberts
et al. (1982) studied the effects of N2O (mean 47%) on
children undergoing dental treatment. All of the reported
changes in blood pressure, pulse rate and respiratory rate
were within physiologic ranges.35

N2O/O2 inhalation sedation has been suggested as an
alternative to GA to manage selected medically compro-
mised patients. The high oxygen tension, anxiolytic and mild
analgesic properties are invaluable in patients with cardiac
conditions, sickle cell disease and severe asthma. Notwith-
standing, it is advisable that only ASA I and II patients
should receive N2O/O2 sedation outside hospital settings.23

. Bone Marrow Suppression

N2O inactivates vitamin B12 by oxidation.36 It also reacts
with Cob[I]alamin to produce free radicals that chemically
change enzyme methionine synthase. Both pathways impair
the functioning of methionine synthase and affect purine
nucleotide formation, and consequently influence DNA
synthesis in the bone marrow. This forms a biochemical
basis for N2O-related complications, for example megalo-
blastic anaemia.37,38 Megaloblastic anaemia has been
reported in surgical patients who are exposed to 70% N2O
for 4–36 h,39 and 50% N2O for up to 24 h, respectively.40

However, prolonged use of higher concentrations of N2O is
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irrelevant to dental sedation where patients are exposed to
short-term N2O of low concentrations.

. Hallucination

Patients’ sexual hallucinations have been reported in pre-
vious case reports. Dentists risk sexual abuse allegations
and hence should be chaperoned by a dental assistant at all
times.41

Occupational safety

Chronic staff exposure to N2O has been associated with
various adverse effects, including the risk of spontaneous
abortion, bone marrow suppression, liver disease, kidney
disease and neurological disease. However, the evidence for
these effects is conflicting and weak, and mostly from ret-
rospective studies that are prone to bias, or studies with
small sample sizes.

Reproductive risk has been reported, but the evidence is
equivocal. A survey by Cohen et al. (1980) reported that
heavily exposed (> 8 hours/week) male dentists’ spouses
and female assistants were 1.5 and 2.3 times more likely to
have spontaneous abortion respectively, than non-exposed
controls.42 In another survey, Rowland et al. (1992) found
reduced fertility in female dental assistants with exposure
of � 5 hours/week.43 In contrast, spontaneous abortion and
congenital malformations were not observed in a survey of
nurses exposed to anaesthetic gases, including N2O and
halothane gases.44 Moreover, these aforementioned surveys
were retrospective and prone to recall/respondent bias.
Hence, the Health Services Advisory Committee of the
Health and Safety Commission concluded that insufficient
human evidence exists to prove reproductive risks.45 Nev-
ertheless, Paterson and Tahmassebi (2003) advised that
staff who are expecting or attempting to conceive to avoid
N2O exposure.23

Bone marrow suppression from chronic exposure has
also been reported. Sweeney et al. (1985) performed bone
marrow aspiration examinations and deoxyuridine sup-
pression tests (to measure Vitamin-B12-dependent DNA

synthesis) in a small sample of 21 dentists, and compared
these baseline results with the results after N2O exposure
sampled over a period of 3–11 weeks. Of 21 dentists in-
vestigated, only two reported bone marrow changes (meg-
aloblastic and white blood cells changes); the majority had
no abnormalities detected. Moreover, there were no definite
neurological problems in all subjects.

Cohen et al. (1980)42 also reported other health pro-
blems (Table 3). The limitations of the survey study have
been discussed earlier. A number of steps can be taken to
mitigate against the occupational risks of prolonged expo-
sure to N2O. The United Kingdom recommends occupational
exposure levels of <100 ppm over an 8-hour time-weighted
average reference period.45 Regular ambient N2O checks are
important to ensure that the scavenging system is effective
and well-maintained.38,46 With effective scavenging, it is
generally accepted that risks of occupational exposure are
rendered insignificant.31 In Singapore, the long-term Per-
missible Exposure Level (maximum time-weighted average
concentration of N2O to which an individual may be exposed
over an 8-hour working day and a 40-hour work week) is
50ppm.47

Environmental pollution

N2O is found in nature and altogether accounts for ap-
proximately 5% of greenhouse effect; but only 0.35%–2% of
this is estimated to be from medical/dental use.2

N2O abuse

A survey reported recreational use of N2O in approxi-
mately 20% of 524 dental/medical students. However,
dental students do not have a higher incidence of abuse
than medical students, despite their greater access to N2O.

48

In any case, systems should be in place to ensure monitored
and controlled access to N2O.

Conclusion

N2O/O2 sedation is an invaluable pharmacological
behavioural management technique safely administered for
many years internationally, providing significant clinical
benefits. Sound knowledge of its mechanism of action,
indications/contraindications, and techniques of delivery
promote its safety and effectiveness. The evidence for ad-
verse effects are largely limited to retrospective surveys or
studies with small samples, and such risks can often be
effectively mitigated through appropriate steps. With com-
petent training, dental teams can provide N2O/O2 inhalation
sedation safely and effectively.

Table 3
Other reported health problems with chronic occupational expo-
sure to N2O.

42

Health problems Increase in incidence

Male dentists Female dental assistants

Liver disease 1.7� 1.6�
Kidney disease 1.2� 1.7�
Neurological disease 1.9� 2.8�
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A B S T R A C T

Background and Objective: There is a pressing need for developing innovative strategies to
prevent allergic diseases among children. As house-dust mite (HDM) allergy is often seen in
children with gingivitis, strategies should be derived from a conceptual framework of
allergen elimination and pathogen eradication; one such strategy is dental scaling and root
planing (SRP) to remove dental plaque and periodontal pathogens. The study aimed to
evaluate the beneficial effects of comprehensive 6-months dental SRP to reduce the level of
immunoglobulin E (IgE) and immunoglobulin G4 (IgG4) in children with gingivitis and HDM
allergy. IgE and IgG4, whose production is controlled mainly by Th-2 cells and B cells, are
proven biomarkers for atopic inflammatory responses.
Methods: The present study conducted a non-blinded randomised controlled trial with
superiority design. A total of 10 subjects (age range 6–16 years) with gingivitis and positive
skin-prick test to HDM from Pediatric Allergy Outpatient Clinic, Dr. Soetomo General
Hospital were enrolled in the present study. Of the 10 subjects, only five received dental
SRP. We further evaluated total serum IgE and IgG4 level before and 6 months after
treatment.
Results and Discussion: Subjects in the standard treatment group showed a slight decrease
in the IgE level (p ¼ 0:019) but no change in the IgG4 level (p ¼ 0:839), while subjects in
the intervention group showed a significant decrease in IgE (p < 0:001) and IgG4 levels
(p ¼ 0:001).
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Conclusion: The study results suggest that 6-month comprehensive dental scaling combined
with root planing may help to reduce IgE and IgG4 levels in children with gingivitis and
HDM allergy. Furthermore, untreated or undertreated gingivitis is often associated with
worsening allergic manifestation and thus should be avoided.
Trial Registration: ISRCTN31416107, retrospectively registered on 17 April 2018.

Background

Indonesia has a major issue with house dust mites
(HDMs) compared to other countries, because HDMs gen-
erally thrive in warm-temperate and humid climate, par-
ticularly in some urban and rural areas of Indonesia.1 HDM
allergy is very common among children and adults living in
Indonesia.2 In the general population, 1 in 20 preschool
children and 1 in 5 school-going children show positive
results when tested for HDM allergy, though not all have
symptoms.3

HDM, remains the most common major perennial aller-
gen source.4 It is one of the most common allergens, of size
0.1–0.5mm, and lives in pillows, mattresses, blankets, car-
pets and other soft materials.4 They are actually harmless,
as they neither bite nor transmit disease. However, for
children with predisposition to allergies, HDM droppings
contain approximately 14 fully identified proteins such as
cysteine, protease and chymotrypsin, which have the po-
tential to induce atopic inflammatory responses.5 Sensiti-
sation to HDM is an important trigger of asthmatic
exacerbations and allergic diseases in children.6 According
to the World Health Organization, approximately 70% of
asthma and hay fever are caused by HDM worldwide.7 As
HDM is mostly found in homes in Indonesia, the exposure to
this allergen is inevitable.7

Despite the proven record of specific allergen immuno-
therapy (SIT) in managing HDM allergy in the developed
countries, it is still only a control measure that requires a
very strict and expensive medical procedure for longer
period of time to enhance desensitisation effect and sus-
tained clinical remission.8,9 The present study aimed to
develop an alternative strategy to induce faster desensiti-
sation effect and to improve biomolecular markers of atopy
in children with HDM allergy.

Atopic disorders in children share a common patho-
genesis, being mediated by immunoglobulin E (IgE).10

Atopic inflammatory responses are reflected by the pro-
duction of IgE and IgG4, which are controlled mainly by B
cells and Th-2 cells.11 Not only IgE but also IgG4 are man-
ifested as high-frequency type I hypersensitivity.12 Aller-
gens of different sources are characterised by their
tendency to induce IgE and IgG4 antibodies to induce host
inflammatory response.12 An IgE serological concentration
cutoff value of >900 ng/mL and plasma IgG4 titer

>135mg/dL or serological IgG4/IgG >8% >8% cutoff
value of IgG4 were used as standard for triggering
allergies.13,14

Some versions of the hygiene hypothesis proposed that
gut microbiota has been found to contribute to systemic
immune effects.15 These gut microbiotas influence immune
maturation during childhood and are involved in protecting
children from developing allergies early in life.16 Unlike gut
microbiota, periodontal bacteria have not been subjected to
allergy research. However, recent studies have revealed that
the periodontal pathogen Porphyromonas gingivalis (Pg)
adversely affects the host immune response and affects
even remote tissue sites.17 The colonisation of gingival
bacteria, either acute or chronic in nature, is nearly universal
among children and adults.18 Some components of Pg anti-
gens (e.g. lipopolysaccharide [LPS]) may enhance atopic in-
flammatory responses, whereas gut microbiota consistently
inhibits atopic inflammatory responses.19 Interactions be-
tween bacterial antigens and local B cells lead to the pro-
duction of antibodies within the periodontal tissues, which is
essential for bacterial phagocytosis, and the interactions of
bacterial antigens with peripheral dendritic cells lead to the
production of systemic antibodies, such as IgE and IgG4.

20

Proinflammatory cytokines are also released, thus leading to
an imbalance between Th-1 and Th-2 cytokines and resulting
in a chronic state of systemic inflammation.21 Therefore,
dysbiotic oral microbiota ecologies even in children may
create permissive conditions for Th-2 cell patterns involved in
IgE-mediated allergy.22–24

It was evidenced from an animal model that oral infec-
tion due to Pg in rats was a risk factor for the development
of allergies.25 While this was an interesting finding for fu-
ture research in the management of allergies, further clini-
cal studies are needed to verify this finding. According to
our knowledge, one of the most potent periodontal bacteria
affecting the oral cavity is Pg, which is a major cause of
gingivitis and gingival inflammation.26 The LPS of this
bacterium may disrupt inflammatory responses.27 As such,
targeting this periodontal pathogen and its LPS by dental
scaling and root planing (SRP) as a potential tool to control
allergies has recently garnered much attention and interest
from numerous research studies in our dental laboratory.
Moreover, a minimum 6-month comprehensive dental
SRP is needed to prevent recurrent infection with this
periodontal pathogen.28
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Aims and hypotheses

The main aim of this current study was to evaluate the
beneficial effects of a comprehensive 6-month dental SRP
and investigate whether dental plaque and calculus removal
can improve IgE and IgG4 biomarkers of atopy as mentioned
above in subjects with HDM allergy at Pediatric Allergy
Outpatient Clinic, Dr. Soetomo General Hospital, Surabaya.
The specific aim and hypotheses are as follows:

Specific aim 1: To evaluate the total change in the IgE level
following a comprehensive 6-month dental SRP.
Hypothesis 1: A comprehensive 6-month dental SRP redu-
ces the IgE level.
Specific aim 2: To evaluate the total change in the IgG4 level
following a comprehensive 6-month dental SRP.
Hypothesis 2: A comprehensive 6-month dental SRP redu-
ces the IgG4 level.

Ethics statement

The study was approved by the Institutional Review
Boards of Universitas Airlangga – Dr. Soetomo General
Hospital Ethics Committee for Health Research (20/Panke.
KKE/I). The study was performed according to the guide-
lines of Good Clinical Practice standards and the declaration
of Helsinki. The results of this study will be disseminated
through peer-reviewed publications within 1-year after
completion.

Methods
Study design

This pilot study is an investigator-initiated, randomised,
non-blinded, placebo-controlled clinical study conducted to
assess the beneficial effects of dental SRP in children with
gingivitis and HDM allergy. This clinical trial included two
groups of pre-test and post-test superiority-group designs,
consisting of a 6-month standard allergic treatment run-in
period and a comprehensive 6-month dental SRP. The ex-
perimental procedure included enrolling subjects for this
study, conducting pre-tests, doing randomisation and allo-
cation, engaging in a comprehensive 6-month dental SRP or
just standard allergic treatment, and conducting post-tests.
This trial was registered with the ISRCTN Clinical Trials
Registry (registration no. ISRCTN31416107, available at
http://www.isrctn.com/ISRCTN31416107).

Study setting

The trial was conducted at the Faculty of Dental Medi-
cine of Universitas Airlangga (UNAIR)’s Oral and Dental
Laboratory. The experimental study was performed from
January to December 2017 at Pediatric Allergy Outpatient

Clinic, Dr. Soetomo General Hospital, and data analysis was
performed at the Institute of Tropical Diseases of Uni-
versitas Airlangga.

Sample size estimation

The sample size is based on a substantially significant
change in IgE level observed in the group. Korn et al.29

stated that ELISA can be used to assay free IgE in a con-
centration range of 1–2,000 IU/mL from peripheral blood
samples with a substantially significant change in IgE level
due to immunomodulating therapy with 0.5 IU/mL, and the
expected standard deviation (SD) of IgE concentration is
assumed to be 0.01 IU/mL.29

For clinical superiority design with a dichotomous vari-
able, the formula for calculating the size (N) is30:

N ¼ 2x
z1�� þ z1��

d � �

� �2

xpxð1� pÞ

The parameters were assumed as follows: mean change of
IgE in intervention group ¼ 10 pg/mL; mean change of
IgE in control group = 0 pg/mL; � ¼ 0:05; � ¼ 0:20;
� ¼ 10 IU/mL; s ¼ 7; s2 ¼ 49. The value of N was calculated
to be 7.71. This estimate required eight patients, four in
each group, to obtain 80% statistical power with 5% sig-
nificance level for independent samples and paired t-tests.
Because this study was a pilot study, a minimum of 10
subjects were enrolled to compensate for an estimate of
20% dropouts.

Recruitment

Subjects were enrolled by direct invitation and pamphlets
from Pediatric Allergy Outpatient Clinic, Dr. Soetomo General
Hospital with minimum eligibility criteria, so that the in-
tervention can be tested in “real-world” clinical settings.

Participants

After sampling, 22 subjects were selected from this
hospital. They were pre-screened from January 31, 2017 to
February 28, 2017. Based on the inclusion and exclusion
criteria mentioned in Table 1, 12 subjects were eligible for
the study, of which, 10 parents agreed and 2 parents de-
clined to participate in the study. After consenting, enrolling
in the study, and completing baseline questionnaires, 10
selected subjects were randomised into two parallel groups,
intervention and control.

Randomisation and allocation

Subjects were randomised (1:1) into intervention and
control groups, using a computer-generated allocation
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sequence. The allocation sequence was generated by a
statistician who had no involvement in the recruitment and
intervention delivery. The study protocol has been
explained completely to the parents of the subjects, who
were instructed not to allow the subject to use neither an-
tibiotic nor other dental treatment within the study period.
Data collection was performed at baseline and follow-up for
both groups. As this study was a non-blinded study, sub-
jects’ parents, principal investigator and entire research
team were allowed to know about treatments being given to
each subject. Following randomisation, subjects were in-
formed by telephone in which group they are allocated to
(see flow chart in Fig. 1).

Materials

The following materials were used: skin-prick test kit
with 16 commercial test solutions and fresh material (inc.
HDM); dental mirror; dental instrument kit; periodontal
probe; dental ultrasonic scaler (vibrates in the ultrasonic
range of 20–30 kHz); syringe (3mL, Terumo) with needle;
BD Vacutainerr (EDTA tubes, 3mL); high-speed refriger-
ated micro centrifuge (MX-307, Tomy); microbiological
safety cabinet; deep freezer to maintain temperature at
�80�C (or �112�F); the monoclonal antibody against IgE
and IgG4 (R&D System Europe Ltd., Abingdon, UK) used
according to the manufacturer’s instructions; human IgE
and IgG ELISA kit (GWB-2E2ECD) containing chromogenic
substrate (12mL of 3,3 0,5,5 0-tetramethylbenzidine, TMB),
diluent buffers, and washing buffer.

Intervention

The intervention group received a three-component in-
tervention for 6 months: dental scaling, root planing, and
standard allergic treatments (glucocorticoid and/or 2nd
generation antihistamines). The control group received only
standard allergic treatments (glucocorticoid and/or 2nd

generation antihistamines). Dental scaling is a procedure
involving the removal of dental plaque and calculus from
the oral cavity. Root planing is a procedure involving the
removal of dental plaque and calculus on the root surface
inside the periodontal pocket. Dental SRP was performed
based on the procedure described by Tonetti and collea-
gues, using ultrasonic dental scaler following the adminis-
tration of local anaesthesia.31 The intervention was
performed by registered dental professionals over three
visits; baseline, 3 months and 6 months post-baseline. The
comprehensive dental SRP was successfully evaluated by
visual inspection using optimum illumination using a dental
mirror with air spray to keep the mirror clean. The surfaces
of teeth were examined using a periodontal probe, through
which the entire surface of both the supra-gingival and sub-
gingival teeth can be ensured to be smooth and clean.

Outcomes

The primary outcome was the total change in the level of
IgE, defined as the difference in the level of IgE changes
from baseline to the end of the intervention between the
intervention and control groups. Secondary outcomes in-
clude the total change in the level of IgG4, defined as the
difference in the level of IgG4 from baseline to termination
of the intervention, in children with gingivitis and allergies
to HDM.

Assessment and data collection

Subjects were followed up for 6 months after treatment.
During follow-up, all subjects were advised to visit the
outpatient clinic every month. Data were collected prior to
treatment and 6 months after treatment by collecting blood
sample for measuring total serum IgE and IgG4. The total
serum IgE and IgG4 were assessed by using direct-sandwich
ELISA (R&D System Europe Ltd., Abingdon, UK), following
the manufacturer’s instructions. Briefly, the total serum IgE

Table 1
Eligibility criteria for clinical study and participants.

Inclusion criteria Exclusion criteria

. Children aged 6–16 years of any gender and ethnic

. Have been diagnosed with HDM allergies by positive skin-prick test

. Have been diagnosed with gingivitis by �2 plaque index according
to Silness-L€oe criteria

. Have high baseline IgE titer (>90 pg/mL), suggesting a positive
childhood allergic potency

. Understand and able to cooperate with the study protocol

. Subjects’ parents can voluntarily, sign written consent in accor-
dance with our institutional policies

. Taking any antihistamines or steroid within 1 month, which
commonly interfere with results of skin-prick test

. received any immunotherapy before treatment

. received dental scaling and root planing within 6 months be-
fore treatment

. The presence of low-grade fever due to infections rather than
gingivitis

. Recent blood disorders or congenital abnormalities

. Any medical conditions that may be harmful to be involved in
this study

24 Singapore Dental Journal Vol. 39 (2019) 21–31
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was detected by phosphate-buffered saline (pH 7.4) in
1:200 dilutions, transferred to pre-coated plates and added
the supplied conjugate. However, total serum IgG4 were
detected using matched monoclonal antibody pairs against
IgG4, followed by additions of 0.1% bovine serum albumin
as blocking solution and incubation buffer, diluted plasma
sample (1:100,000) or standards, and conjugate, with
washing between the steps. Total serum IgE and IgG4 ELISA
solutions were prepared with the supplied TMB substrate
and stop solutions. The total serum IgE and IgG4 con-
centrations were determined using assay-specific 7-point
calibration curves generated following the manufacturer-
supplied standard. A value of 0.01 pg/mL was assigned for
concentrations below the limit of detection. All measure-
ments were performed in duplicates and values were
averaged for analysis.

Adverse event reporting

Data on adverse events were collected at treatment and
follow-up visits. Adverse events such as pain, low-grade

fever, and headache during SRP, or pain and hematoma
during venesection, were recorded by technicians. The
participants and their parents were also instructed to re-
port any adverse events. The trial was also compliant with a
UK regulation with a real-time serious adverse event
reporting process to identify serious adverse reaction and
suspected unexpected serious adverse reaction that could
suspend/stop the trial if warranted. However, no adverse
event was reported by 10 subjects during treatment and
follow-up periods.

End of the trial

The trial was ended when the last patient had their last
data collected.

Statistical analysis

The results of the study were reported in accordance
with CONSORT guidelines.32 Statistical analysis was per-
formed using SPSS software version 17.0 (IBM Corp.,

Fig. 1. Flow chart of participants in the study.
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Chicago, USA). The assumption of the normality for
the complete data was assessed by the one-sample
Kolmogorov–Smirnov test. Statistical analyses were also
performed by paired t-test and independent samples t-test.
The results are presented as mean � SD. Paired t-test was
used to compare the total change in IgE and IgG4 levels
in the intervention group before and after treatment.
Independent samples t-test was used to compare the dif-
ferences in IgE and IgG4 levels between the intervention
group and the control group. The significant differences
were based on two-tailed tests with a p-value of less
than 0.05.

Results
Baseline characteristics investigations

At baseline, parents reported their allergic histories,
parent and children’s racial and ethnic backgrounds, num-
ber of families/caregivers living in their home, their chil-
dren’s insurance status (private, public or none), and the
highest level of parental education. Children’s gender, body
weight, date of birth (to calculate age), date of allergy di-
agnosis (to calculate the duration of allergy) and date of
gingivitis diagnosis (to calculate the duration of gingivitis)
were extracted from their medical records (Table 2).

Table 2
Baseline characteristics of clinical trial participants.

Characteristic Intervention (n ¼ 5) Control (n ¼ 5) p Value

Age (year, mean) 10.2� 3.9 9.8� 2.4 0.270

Gender
Male 2 2
Female 3 3 0.738

Body weight (kg, mean) 27.8� 5.2 27.8� 4.5 0.761

Ethnic
Java 4 4 0.778
Madura 1 1
Others 0 0

People living in home (n, mean) 4.6� 1.5 5.4� 1.7 0.776

Parents education
Unschooled 1 2 0.717
Elementary school 2 1
High school 2 2
College/University 0 0

Insurance status
Public 5 5 N/A
Private 0 0
None 0 0

Self-reported allergic histories
Asthma 4 5 0.292
Eczema 1 0
Hay fever 0 0
Food allergies 0 0
Asymptomatic allergies 0 0

Duration of allergies (year, mean) 2.0� 1.4 2.1� 0.7 0.072

Gingival index according to Silness-L€oe plaque score
0–0.9 0 0 0.490
1.0–1.9 0 0
2.0–2.9 2 1
3.0–3.9 3 4

Duration of gingivitis (year, mean) 2.3� 1.0 2.4� 1.1 0.829
Baseline lipopolysaccharide of Porphyromonas gingivalis (�g) 8.03� 0.99 9.49� 1.12 0.061
Baseline IgE (pg/mL) 99.84� 2.16 139.42� 1.49 <0.001
Baseline IgG4 (ng/mL) 28.62� 3.88 38.66� 1.85 0.001
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Differences in the total serum of immunoglobulin
E (IgE) and immunoglobulin G (IgG4) at baseline and
6 months after treatment

Table 3 presents the mean changes in IgE and IgG4 levels
between baseline and 6 months after treatment. In the in-
tervention group (both SIT and scaling and polishing at
6 months), there was a significant decrease in both the
total serum of IgE (p < 0:001) and total serum of IgG4

(p ¼ 0:001) compared to baseline. On the other hand, the
control group (SIT only) also showed a significant decrease
in the total serum of IgE (p ¼ 0:019) but failed to achieve a
significant decrease in the total serum of IgG4 (p ¼ 0:839)
compared to baseline (Table 3).

Differences in the total change in immunoglobulin
E (IgE) level between two groups

After 6 months, the total serum of IgE in the intervention
group decreased by 19:81� 0:96 pg/mL, while it decreased
by 0:94� 0:56 pg/mL in the control group. An independent
t-test shows a significant difference in the total change in
IgE between the two groups (p < 0:001) (Fig. 2).

Differences in the total change in immunoglobulin G4

(IgG4) level between two groups

After 6 months, the total serum of IgG4 in the interven-
tion group decreased by 10:57� 3:00 ng/mL, while it in-
creased by 0:09� 1:01 ng/mL in the control group. All
subjects in the intervention group showed a decrease in the
total change in IgG4 levels. However, in the control group,
only two subjects showed a decrease in IgG4 level, whereas
the remaining three subjects showed an increase in the IgG4

level. An independent samples t-test shows a significant
difference in the total change in IgG4 level between the two
groups (p < 0:001) (Fig. 3).

Discussion

This study was conducted to evaluate the beneficial
effects of a comprehensive 6-month dental SRP to improve
biomolecular markers of atopy. The results showed that, in
the intervention group, a comprehensive 6-month dental
SRP along with SIT showed more marked improvement in
the biomolecular markers of atopy than the control group.
This finding supports compelling evidence that compre-
hensive 6-month dental SRP is inversely related to the level
of IgE and IgG4 in children with gingivitis and HDM
allergies.

As gingival inflammation may induce elevated atopic
inflammatory mediators and dental plaque appears to form
more rapidly in children aged 8–12 years, many studies
have begun to scrutinise the effect of periodontal pathogen

Table 3
Comparison of pre-test and post-test total serum IgE and IgG4 levels between two groups.

Pre-test (T1) Post-test (T2) Difference (T2–T1)

Variable groups Mean SD Mean SD Mean SD t-Test

Immunoglobulin E Effect size: 6.413
Intervention group 99.84 2.16 80.03 1.65 �19:81 0.96 46.087***
Control group 139.42 1.49 138.48 1.45 �0:94 0.56 7.858*
Immunoglobulin G4 Effect size: 4.898
Intervention group 28.62 3.88 18.05 2.38 �10:57 3.00 3.780**
Control group 38.66 1.85 38.75 1.87 0.09 1.01 �0:217

Notes: Two tailed test results: *p < 0:05; **p < 0:01; ***p < 0:001.

Fig. 2. Level of immunoglobulin E (IgE) between two groups
before and after treatment.
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infections and gingival inflammation on the appearance of
allergies in children aged 8–12 years.33–35 Children with
HDM allergies have more dental plaque and calculus and
tend to have more severe gingivitis.36 A previous study by
Cortelli et al. have shown that children with gingivitis have
significantly higher levels of systemic LPS levels than gin-
gival healthy individuals.37 The main purpose of dental SRP
is to restore healthy gingivae by completely removing
dental plaque, calculus and toxic substances such as LPS
that trigger gingival inflammation, from the tooth surface.38

This strategy may cause a drastic reduction in the number
of subgingival microorganisms as well as a change in the
composition of the plaque from one with more gram-neg-
ative anaerobic bacteria (Pg) to one with more gram-posi-
tive facultative bacteria (Streptococcus salivarius,
Streptococcus gordonii, Streptococcus mutans, Streptococcus
sanguinis and some Lactobacillus species). Therefore, this
leads to less exposure to LPS, which is mainly produced by
gram-negative bacteria.39

Kalash et al. observed a significant decrease in systemic
LPS among each subsequent time point following dental
SRP, where initially the serum LPS level appeared to slightly
decrease at 3 months and slightly rebound at 6 months, but
reached to a significant reduction at 12 months.40 To our
knowledge, for clinical purpose, the American Dental As-
sociation advises periodical visit for SRP every 6–12 months
due to the nature of periodontal pathogen formation and
rebound of systemic LPS at 6 months. On the other hand, for
research purpose, a comprehensive 6-month dental SRP is
enough to maintain the level of local or systemic LPS and to
prevent rebound.41

Interactions between allergens, periodontal bacteria and
pro-inflammatory cytokines have been previously repor-
ted.42 Lipopolysaccharide of Pg is a gram-negative endo-
toxin, which is ubiquitous in the environment and can
therefore exacerbate allergic responses.43 At very low
concentration, LPS may induce atopic inflammatory
responses by Th-1 shifting into Th-2, which is more potent
to stimulate antibodies production.44 Lipopolysaccharide
binds to toll-like receptor 4 (TLR4) and highly enhances the
response of TLR4-transfected cells. Thus, damage due to
LPS extends beyond the exhaustion of host innate immu-
nity.45 Previous studies demonstrated the pathogenic role of
Pg dental biofilm to stimulate LPS-driven inflammatory
responses,46 and therefore, lack of dental plaque and cal-
culus in supra-gingival surface, sub-gingival surface and
human epithelial cell rests of Malassez accounted for the
lack of response to LPS to induce sensitisation of atopic
inflammatory responses.47,48 Moreover, given the unique
LPS-induced atopic inflammatory responses, we can control
atopic inflammatory responses by removing dental biofilm.
This reduces the subject body’s load of LPS-triggered mast
cells derived from periodontal inflammation.49,50

Following dental SRP, there is also evidence of increas-
ing certain Lactobacilli populations, which are beneficial for
controlling atopic inflammatory pathway.51 It is widely ac-
cepted that Lactobacilli in the oral cavity may determine the
population of Lactobacilli in the gut.52 Therefore, an in-
crease in the amount of Lactobacilli species can result in the
induction of IgA antibodies and CD4þ T regulatory cells
(producing IL-10 and IFN-�).53 Due to its beneficial role in
inhibiting IL-4 and IL-5 secretion, Lactobacilli markedly
suppress total and antigen-specific IgE, and thus may con-
trol atopic inflammatory pathways.54

Considering the above findings, it is believed that the
combination of decreasing systemic LPS of Pg and increasing
of Lactobacilli species following dental SRP may regulate
atopic inflammatory responses system, particularly for
children with HDM allergies. Finally, controlling microbiota
in the gut and the oral cavity plays an important role in the
attenuation of IgE sensitisation induced by dust allergens.

Limitations

In this study, the sample size was small. A total of 10
children with gingivitis and HDM allergies participated,
with only five subjects per group. Baseline serum IgE and
IgG4 levels between intervention group and control group
were significantly different (p < 0:001 and p ¼ 0:001, re-
spectively), implying that difference in baseline IgE and IgG4

levels may influence the results of this trial as a con-
founding factor. The samples used in this study were limited
to the result acquired by using this study design and sam-
pling method. Therefore, the result could not be

Fig. 3. Level of immunoglobulin G4 (IgG4) between two groups
before and after treatment.
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extrapolated to the manifestation of allergic diseases and
children matching the criteria of exclusion. Based on the
principles of ethics, this study respects the parent’s free will
to choose the regular schedule for dental SRP within 6-
months duration of treatment. Thus, the intervention was
determined by the parents’ choices. Therefore, it is impos-
sible to exclude the effect of different schedules in the in-
tervention group to participate in the intervention plan on
the intervention results. Future recommendations include
the profile of cytokines and number of colony-forming units
of periodontal bacteria in the gum to correlate the stability
of the achieved results could be considered and larger
sample size with longer duration of treatment and strict
regular schedule could be considered for significant results.

Conclusion

Based on the study results and discussion, it can be in-
ferred that reduction in IgE and IgG4 levels in children with
gingivitis may be attributed to direct or indirect effects of
dental SRP. Within the limitations of this study, it can be
concluded that dental SRP can improve biomolecular mar-
kers of atopy in children with gingivitis and HDM allergies.
Furthermore promising results from this pilot study may
lead to the next phase of clinical trials to refine and further
evaluate the beneficial effects of dental SRP intervention in
children with gingivitis and HDM allergies. The data col-
lected in this pilot study comprise essential preliminary
data to seek funding for conducting a larger, fully powered
randomised controlled trial.
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A B S T R A C T

Background: Treatment of furcation involvement of molars with periodontal disease
remains challenging and unpredictable. Platelet-rich fibrin (PRF) has received the attention
of researchers due to its pleiotropic properties essential for periodontal wound healing.
The osteoinductive property of demineralized freeze-dried bone allograft (DFDBA) has
been successfully used in periodontal regeneration.
Aim: The present study aimed to explore the effectiveness of PRF alone andwithDFDBA in the
treatment of mandibular degree II furcation defects in subjects with chronic periodontitis.
Material and Methods: Patients treated were from the Department of Periodontology and
Implantology, Institute of Dental Sciences, Bareilly. A total of 60 mandibular molars were
treated with either open flap debridement (OFD) alone, PRFþ OFD combination or OFDþ
PRFþ DFDBA combination. The soft and hard tissue parameters such as vertical probing
depth (VPD), vertical clinical attachment level (VCAL), gingival marginal level (GML), hori-
zontal probing depth (HPD), vertical bone fill (VBF), horizontal bone fill (HBF) and furcation
width (FW) were determined at baseline and 9 months postoperatively. A paired t-test was
conducted to assess the statistical significance between time period within each group for
clinical and radiographic parameters. ANOVA and post-hoc Tukey’s testswere also conducted
for intergroup comparison of soft and hard tissue parameters. Statistical significance was set
at p < 0:05.
Results and Discussion: After 9 months, all treatment groups showed significant (p < 0:001)
improvement in soft and hard tissue parameters, except GML in all the three groups and HBF
and FW in the OFD group as compared to baseline. The mean VBF change was highest in the
OFDþ PRFþ DFDBA group (1:90þ 0:45) mm, followed by that in the PRFþ OFD and OFD
groups (1:60þ 0:88 and 0:45þ 0:51mm, respectively).
Conclusions: Itwas shown that both PRFþ OFDandPRFþ DFDBAþ OFDcombinationswere
significantly advantageous for the management of mandibular degree II furcation defects.
However, thePRFþ DFDBAþ OFDcombinationhas significantly greaterbenefits thanPRFþ
OFD combination in terms of VBF.

*Corresponding author: Ashish Agarwal, Department of Periodontology and Implantology, Institute of Dental Sciences, Bareilly, Uttar Pradesh, India,
Email: drashish.aag@gmail.com
This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the Creative Commons Attribution 4.0
(CC BY) License which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

Singapore Dental Journal, Vol. 39 (2019) 33–40
#.c The Author(s)
DOI: 10.1142/S2214607519500032

33

Si
ng

ap
or

e 
D

en
t J

 2
01

9.
39

:3
3-

40
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

28
.1

06
.1

34
.1

5 
on

 1
1/

16
/2

0.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.

http://dx.doi.org/10.1142/S2214607519500032


Introduction

Molar furcation involvement (FI) is one of the most
common dentoalveolar sequelae of periodontal disease.
Among periodontal defects, FI represents a challenging
scenario due to the difficulty of achieving a predictable
improvement regardless of the type of periodontal therapy.1

The poor response of this defect may be related to local
factors such as the complex anatomy and position of fur-
cation entrances that negatively interfere with daily hygiene
and professional debridement by clinicians.2 Various re-
generative modalities have been investigated for the man-
agement of intrabony periodontal defects, for example, bone
grafts (BGs) and substitutes, guided tissue regeneration
(GTR), growth factors (GFs), enamel matrix derivatives and
combined approaches.3,4

Polypeptide growth factors (PGFs) revealed a potential
application in wound healing by promoting periodontal
regeneration via cell proliferation, angiogenesis, chemotaxis
and differentiation.5 The use of autologous blood con-
centrates (ABCs) is a safe and convenient approach to de-
liver high concentrations of PGFs to periodontal surgical
wounds.6 Among ABCs, platelet-rich fibrin (PRF) belongs to
a group of second-generation blood autologous prepara-
tions that was originally described by Choukroun et al.6 The
PRF preparation process creates a gel-like matrix that
contains a high concentration of non-activated, functional,
intact platelets, embedded within a fibrin matrix, that re-
lease a relatively constant concentration of growth fac-
tors.7,8 Some recent studies have also demonstrated the
beneficial aspect of PRF in periodontal regeneration.9,10

Clinical research studies have reported the improve-
ments in clinical attachment and bone level by applying
demineralised freeze-dried bone allograft (DFDBA) in
human intraosseous lesions,11,12 while histological evidence
of new attachment formation achieved by the use of DFDBA
was also present.13

The aim of the present study was, therefore, to clinically
evaluate the outcome of the adjunctive use of DFDBA with
PRF as compared to the PRF alone in the treatment of
human mandibular degree II furcation defects.

Material and Methods

A total of sixty mandibular molars from 46 non-smoking
patients (26 females and 20 males, aged between 30 and 65
years, mean age was 48� 15 years) with moderate-to-
severe chronic periodontitis (According to AAP 1999 clas-
sification)14 with buccal degree II furcation defect15,16 were
enrolled for the study at the outpatient Department of
Periodontics, Institute of Dental Sciences, Bareilly, India.
The study was designed as a randomised, parallel, con-
trolled clinical trial for the comparison of periodontal

outcomes using open flap debridement (OFD) alone, PRF
with OFD and PRF with DFDBA and OFD in the treatment of
mandibular degree II FI defects.

The inclusion criterion for the study was the presence of
buccal degree II furcation defects (Hamp et al.)16 in end-
odontically vital, asymptomatic mandibular molars with
probing depth (PD) of � 5mm and horizontal PD of
� 3mm after phase I therapy (scaling and root planing).
The exclusion criteria for the study were the presence of
any systemic disease, hypersensitivity to any medication,
patients under any medication, pregnancy or lactation,
smokers, previously treated for periodontal issues, and
mobility of tooth � Grade II.15

The study protocol, risks, benefits and procedures were
explained, and written informed consent was obtained from
every patient. The study was approved by the ethical
committee of Institute of Dental Sciences, Bareilly, India,
and all the examinations, treatment and procedures of this
study followed the guidelines of Declaration of Helsinki of
1975, as revised in 2008.

Initial therapy

Initial therapy consisted of detailing instructions re-
garding proper oral hygiene measures followed by full
mouth scaling and root planing using hand and ultrasonic
instruments under local anaesthesia. Eight weeks following
phase I therapy, a periodontal re-evaluation was performed
to confirm the suitability of the sites for this periodontal
surgical study. The selected sites were equally divided
randomly (computer-generated tables) into the control
group sites and test group sites; control group sites treated
with OFD, whereas the test group sites were treated with
OFD with autologous PRF or PRF with DFDBA. One operator
(AA) performed all the surgeries, whereas another operator
(RGSM) performed all the clinical and radiographic mea-
surements without knowledge of the groups.

Presurgical clinical measurements

Clinical parameters related to the treated teeth included
Plaque index (PI),17 Gingival index (GI),18 vertical probing
depth (VPD), vertical clinical attachment level (VCAL), gin-
gival margin position (GMP) and horizontal probing depth
(HPD) into the furcation defect, which was measured as a
single reading at the mid-facial furcation entrance site. Soft
tissue measurements were performed using customised
acrylic stents with a single mid-facial groove to ensure a
reproducible placement of the University of North Carolina
no. 15 (UNC-15, Hu-Friedy, Chicago, IL, USA) periodontal
probe and Nabers probe for furcation to the nearest milli-
metre. These measurements were obtained just before the
surgery and after 9 months of the postoperative period by
re-entry procedure.
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Hard tissue (intra-surgical) parameters

Measurements of the vertical and horizontal component
of the furcation were performed after surgical flap access
and complete debridement using a UNC-15 periodontal
probe and a fissured acrylic template. The following mea-
surements were recorded (the details of measurement are
presented in Fig. 1). Fornix to base of the defect (FBD): the
distance from the furcation fornix to the base of the defect
at the mid-facial aspect of the teeth; vertical bone fill (VBF)
in the apico-coronal direction within the furcation was
calculated by subtracting the 9-month FBD from baseline
FBD. Horizontal furcation depth (HFD): the horizontal dis-
tance between the deepest probed region of defects and the
rubber stop contacting the root convexity, where the probe
is perpendicular to the long axis of tooth in the horizontal
direction. Horizontal bone fill (HBF) in the facio-lingual
direction was calculated by subtracting the 9-month HFD
from baseline HFD. Furcation width (FW): the mesio-distal
width of the furcation entrance measured with the probe
positioned at the level of alveolar crest (Fig. 1).

PRF preparation

The PRF was produced according to the protocol de-
veloped by Choukroun et al.6 On the day of surgery, 10mL
of blood was drawn from each patient by venipuncture of
the antecubital vein. Blood was collected in a sterile glass
test tube without any anti-coagulant. The test tube was
immediately centrifuged using a refrigerated centrifugal
machine at 400� g for 12min. Differential densities, sepa-
rate blood components to three basic fractions: a base of
red blood cells at the bottom, acellular plasma on the sur-
face and finally a PRF clot between the two. The middle
layer (PRF) was removed and placed in a sterile dappen
dish. This clot was either minced into small pieces and

mixed with graft material or pressed between two sterile
compresses to form a membrane.

Surgical procedure

Following the administration of local anaesthesia, buccal
and lingual sulcular incisions were made and the muco-
periosteal flaps were reflected. A thorough debridement of
the defect was performed with manual and power-driven
scalers. No osseous recontouring was carried out. The de-
fect was filled by PRF and also covered by PRF membrane.

For the PRFþ DFDBA group, both materials were mixed
in a proportion of 1:1 (v/v), filled into the furcation and
covered with a PRF membrane. An interrupted suturing
technique was used for repositioning the flaps with 3-0
non-absorbable black silk surgical suture (Figs. 2–4 show
test group images; Figs. 5 and 6 show control group ima-
ges). Periodontal dressing was used for covering the sur-
gical site. Amoxicillin (500mg) and ibuprofen (800mg)
were prescribed thrice daily for 7 days along with 0.2%
chlorhexidine digluconate mouth rinses twice daily for
2 weeks.19

Postoperative follow-up care

Periodontal dressing and sutures were removed 2 weeks
postoperatively. Surgical wounds were gently cleansed

Fig. 1. Measurement details of the study.
Fig. 2. (a) Pre-operative image with probing. (b) Image after flap
reflection and debridement.
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with 0.12% of chlorhexidine (chlorhexidine digluconate)
(PerioGardr), and patients were instructed for gentle
brushing with a soft toothbrush. Patients were instructed
for maintaining proper oral hygiene and follow-up visits

were scheduled weekly up to 1 month and then at 3 and
9 months of the postoperative period. After 9 months of
postoperative period, soft and hard tissue assessments
were performed with previously used acrylic stents.20

Fig. 3. (a) After PRF and DFDBA allograft placement. (b) After
suturing. (c) 9 months post-operative with probing.

Fig. 4. (a) Pre-operative IOPA and (b) 9 months post-operative
IOPA.

Fig. 5. (a) Pre-operative image and (b) after incision image of the
control group.

Fig. 6. (a) After reflection and debridement of the control group.
(b) After PRF placement. (c) After suturing the control group.
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Primary and secondary outcome measures

The primary outcome of the study was HBF and VBF. The
secondary outcomes included VPD, VCAL, HPD, GMP, PI and GI.

Statistical analysis

The data were analysed using statistical software (SPSS
version 10.5, SPSS, Chicago, IL, USA). Power calculations were
performed before the study was initiated. To achieve 85%
power and detect mean differences of the clinical parameters
between groups, 20 molars in each group that contributed
one facial site each were required. The results were averaged
(mean� SD) for each parameter at baseline and 9 months.
The difference between each pair of measurements was cal-
culated (at baseline and 9 months). A paired t-test was con-
ducted to assess the statistical significance between time
periods within each group for clinical and radiographic
parameters. ANOVA and post-hoc Tukey’s test were con-
ducted for intergroup comparison of soft and hard tissue
parameters. Statistical significance was set at p < 0:05.

Results

All patients completed the 9 months follow-up. During
the study period, the oral hygiene level, PI and GI remained
stable or improved with respect to the values detected
at baseline. There was a significant (p < 0:05) improvement
in PI and GI among the OFDþ PRFþ DFDBA and OFDþ
PRF groups, after 9 months. Between the groups, a non-
significant relationship was observed between PI and GI.

The outcomes of this clinical trial suggested that all
treatment groups showed significant (p < 0:001) improve-
ment in soft and hard tissue parameters between baseline
and 9 months of postoperative period, except for GMP, in all
the three groups, and HFD and FW in the OFD group. On
intergroup comparison, the OFDþ PRF and OFDþ PRFþ
DFDBA treatment groups showed significant (p < 0:001)
improvement in terms of VPD, VCAL, VBF, and HBF than the
OFD group. The OFDþ PRFþ DFDBA group showed more
significant improvement in terms of VPD than other the two
groups (Tables 1 and 2).

Table 1
Intragroup comparison of soft and hard tissue parameters (mean� SD).

OFD group PRF group PRFþ DFDBA group

Parameter Time period Mean� SD p-value Mean� SD p-value Mean� SD p-value

HPD (mm) Baseline 5:20� 0:62 <0:001** 5:30� 0:66 <0:001** 5:20� 0:77 <0:001**
9 months 3:85� 0:77 3:50� 0:69 3:40� 0:59

VPD (mm) Baseline 6:10� 0:85 <0:001** 6:35� 0:93 <0:001** 6:30� 0:73 <0:001**
9 months 4:60� 0:60 2:55� 0:51 2:30� 0:47

VCAL (mm) Baseline 6:90� 0:64 <0:001** 7:15� 0:67 <0:001** 7:15� 0:67 <0:001**
9 months 5:55� 0:51 3:60� 0:99 3:25� 0:44

GMP (mm) Baseline 0:85� 0:87 NS 0:75� 0:79 NS 0:85� 0:93 NS
9 months 0:95� 0:76 1:10� 0:91 0:95� 0:69

FBD (mm) Baseline 3:95� 0:76 0.001 3:85� 0:49 <0:001** 4:00� 0:92 <0:001**
9 months 3:50� 0:61 2:25� 0:55 2:10� 0:79

HFD (mm) Baseline 5:15� 0:81 NS 5:50� 0:69 <0:001** 5:25� 0:72 <0:001**
9 months 4:95� 0:76 4:10� 0:55 3:75� 0:55

FW (mm) Baseline 2:35� 0:49 NS 2:30� 0:47 <0:05* 2:20� 0:61 <0:05*
9 months 2:25� 0:44 2:05� 0:39 1:85� 0:74

PI Baseline 0:62� 0:22 NS 0:61� 0:24 NS 0:59� 0:17 <0:05*
9 months 0:60� 0:28 0:56� 0:27 0:53� 0:14

GI Baseline 0:99� 0:28 NS 0:97� 0:30 <0:05 0:95� 0:24 NS
9 months 0:96� 0:25 0:89� 0:31 0:92� 0:30

NS ¼ Non-significant.
*p < 0:05 (significant); **p < 0:001 (highly significant)
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Discussion

The present study was designed to evaluate PRF as an
adjunct to DFDBA for the management of FI in mandibular
molars. All baseline parameters were recorded with non-
significant differences among the groups. The uneventful
healing in all the sites was in agreement with previous
studies,9–11 thus supporting the excellent properties of in-
volved biomaterials for periodontal wound healing. The
control group sites were treated with OFD alone, whereas
test group sites were managed with OFD in combination
with PRF or in combination with PRF and DFDBA.

Our results revealed that all the three treatment mo-
dalities are significantly effective for the treatment of
mandibular degree II furcation defect after 9 months of
postoperative period. Among the three groups, the OFDþ
PRFþ DFDBA group showed significant improvement in

terms of VBF compared to the other groups. The mean
change in VPD, VCAL and HBF was comparable between the
test groups and was significantly higher for both test groups
in comparison to the control group.

The inferences of the present study are in accordance
with recent trials9,21 that showed significant improvement
by OFD alone and OFDþ PRF in soft and hard tissue
parameters for furcation defects after 9 months of postop-
erative period, while, on intergroup comparison, the PRF
group demonstrated significantly more improvement than
the OFD alone treatment group.

The purpose of using DFDBA and PRF combination
in this study was that the PRF appears to hold great
promise for improving wound healing and clinical out-
comes in periodontal therapy. In addition, PRF combined
with osteoinductive/osteoconductive bone substitutes
showed beneficial effect by providing a stable scaffold for

Table 2
Intergroup comparison of the changes in soft and hard tissue parameters (mean� SD) from baseline to 9 months
postoperatively.

Changes (mm) OFD PRF PRFþ DFDBA p-value

Mean HPD change (mm) 1:35� 0:67 1:80� 0:83 1:80� 0:41 OFD vs. PRF 0.089NS

OFD vs. PRFþ DFDBA 0.089NS

PRF vs. PRFþ DFDBA 1.000NS

Mean VPD change (mm) 1:50� 0:76 3:80� 0:77 4:00� 0:79 OFD vs. PRF <0:001**
OFD vs. PRFþ DFDBA <0:001**
PRF vs. PRFþ DFDBA 0.694NS

Mean VCAL change (mm) 1:35� 0:49 3:55� 1:05 3:90� 0:72 OFD vs. PRF <0:001**
OFD vs. PRFþ DFDBA <0:001**
PRF vs. PRFþ DFDBA 0.256NS

Mean GMP change (mm) �0:100� 0:97 �0:35� 1:13 �0:100� 1:11 OFD vs. PRF 0.745NS

OFD vs. PRFþ DFDBA 1.000NS

PRF vs. PRFþ DFDBA 0.745NS

Mean VBF change (mm) 0:45� 0:51 1:60� 0:88 1:90� 0:45 OFD vs. PRF <0:001**
OFD vs. PRFþ DFDBA <0:001**
PRF vs. PRFþ DFDBA <0:001**

Mean HBF change (mm) 0:20� 0:52 1:40� 0:50 1:50� 0:76 OFD vs. PRF <0:001**
OFD vs. PRFþ DFDBA <0:001**
PRF vs. PRFþ DFDBA 0.665NS

Mean FW change (mm) 0:10� 0:30 0:25� 0:44 0:35� 0:49 OFD vs. PRF 0.502NS

OFD vs. PRFþ DFDBA 0.154NS

PRF vs. PRFþ DFDBA 0.734NS

Mean PI 0:02� 0:13 0:05� 0:13 0:06� 0:10 OFD vs. PRF 0.638NS

OFD vs. PRFþ DFDBA 0.450NS

PRF vs. PRFþ DFDBA 0.949NS

Mean GI 0:03� 0:08 0:08� 0:14 0:03� 0:15 OFD vs. PRF 0.417NS

OFD vs. PRFþ DFDBA 0.986NS

PRF vs. PRFþ DFDBA 0.511NS

*p < 0:05 (significant); **p < 0:001 (highly significant).
NSNon-significant.
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various growth factor of PRF, prevention of soft tissue
collapse in bone defect, accelerating cellular ingrowth,
revascularisation of the wound site and contribution of
osteoinductive BMP.

The results of the present study are in accordance with
the results of Mehta et al.,22 where they compared PRF and
collagen membrane with DFDBA and obtained a significant
reduction in PD and improvement relative to VCAL and
defect fill.

A recent study conducted by Jain et al.23 showed
improvements in clinical parameters where they used FDBA
with and without collagen membrane, while Kanoriya
et al.24 used 1% alendronate, PRF and combination of both.
Whereas the present study used DFDBAþ PRF and PRF
alone in furcation defects and achieved statistically signifi-
cant improvement in clinical parameters.

Previous studies25,26 demonstrated significant changes
in clinical parameters with histological documentation of
complete periodontal regeneration (new attachment appa-
ratus, new bone, cementum and periodontal ligament) with
bone allograft mixed with recombinant human platelet-
derived growth factor. Nevins et al.25 showed more changes
in HPD (3.40mm), GMP (�0.80mm) but less in VCAL
(3.40mm) with growth factors þ DFDBA in comparison to
that observed in our study. Contradictory statement re-
garding the results of our study is also present that ob-
served no additional histologic and histometric beneficial
effects of autologous graft derived from extraction sockets
previously treated with growth factors for the repair of
mandibular class II furcation area.27

Lyons et al.28 observed less gain in HPD (1.22mm), VPD
(1.55mm), VCAL (0.22mm), bone fill (1.40mm) and FW
(0.11mm), and more furcation horizontal component
(2.33mm) for polylactic acid barrier membrane containing
4% doxycycline hyclate þ DFDBA for FI. Another recent
study has reported lesser improvement in VPD (0.81mm),
VCAL (0.85mm), HPD (1.50mm) for BGþ GTR in compar-
ison to the present study for the same treatment.4 The
results of a re-entry study determined less improvement in
VPD (2.50mm), VCAL (2.50mm) and VBF (1.58mm), and
greater change in HPD (2.83mm) and HFD (2.75mm) with
a porous Teflon membrane with DFDBA in furcation defects
after 9 months.29

A superior response of PRF-associated treatment over
OFD in this study was observed due to the presence of
platelets, leukocytes and cytokines, and circulating stem
cells incorporated in the polymerised tetramolecular
structure of PRF. PRF associated with slow release of
growth factors (e.g. transforming growth factor-1b, platelet-
derived growth factor-AB and vascular endothelial growth
factor), and glycoproteins (e.g. thrombospondin-1) during
�7 days.6–8 PRF, a biomaterial scaffold, augments the
healing of surrounding architecture due to the release of

cytokines, attraction and activation of fibroblasts, endothe-
lial cells and bone-forming cells.5,6,8 In addition to this, PRF
activates alkaline phosphates that represent osteoblastic
activity and active bone formation.30

DFDBA-related studies may show variable outcomes due
to the non-standardised osteoinductivity of BG. Hence, the
possible reasons for this could be insufficient amount of
BMPs or inactivity of BMPs. Evidence regarding different
preparation of allograft material, both from inter and intra-
distributors, may have different biological activities.31 As-
suming that the processing methods are standardised at
individual bone banks, the fact that there was considerable
variation in bone-induction ability among the samples
suggests that there is an underlying difference in the in-
herent capacity of the bone to promote osteogenesis, which
may be correlated to donor age, previous exposure of pa-
thology and/or drug therapy or genetic variation.32

Conclusion

The autologous PRF alone and with DFDBA significantly
improved the periodontal outcome in the treatment of
mandibular degree II furcation defects. PRF with DFDBA
was significantly more beneficial in terms of VBF than PRF
alone.
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were selected to answer the questionnaire. The perception of facial appearance (FAS), treat-
ment need score (TNS), and knowledge regarding dentofacial deformity were used for the
evaluation.
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Introduction

Facial attractiveness has long been a desirable physical
characteristic in all societies, where facially attractive peo-
ple are known to be treated better than less attractive
people. It was believed that the factors and components
that contribute to facial attractiveness were not arbitrary.1,2

They are mainly contributed by the skeletal features un-
derlying the soft tissues. The lower face is also largely
influenced by the occlusal relationship of the maxillary and
the mandibular dentition.3–5 A major consequence of den-
tofacial deformity is malocclusion, in addition to a lack of
facial attractiveness, which negatively affects the psycho-
social function. Multiple studies have reported that dento-
facial deformity can significantly affect patients’
psychosocial function and, hence, their quality of life.6–8

Most patients visiting orthodontic clinics seek treatment
to improve dental function and aesthetics.9,10 The objective
of orthodontic treatment is to improve facial aesthetics
while establishing the ideal occlusion. Unfortunately, for
non-growing patients with severe dentofacial deformity,
orthognathic surgery is the only solution. Many studies have
shown that the outcome of orthognathic surgery can posi-
tively benefit the patients’ psychological health.8,11,12

An assessment of the need for orthodontic treatment
should include the objective evaluation of dentofacial ap-
pearance. One of the standardized techniques that are most
commonly used for assessing malocclusion for orthodontic
treatment involves a rating system, which uses an index to
determine dental health and the aesthetic impairment
component.13–16 However, the assessment of dentofacial
attractiveness is difficult to quantify, as judgments for facial
attractiveness vary greatly between individuals and cul-
tures. While historians and artists believe that symmetry
and averageness contribute to the ideal of facial beauty, the
review of the literature suggests that a distinguishing facial
feature, which is contributed by the occlusion and gender-
specific characteristics, leads to an intuitive idea of attrac-
tive. There are numerous ways to assess dentofacial at-
tractiveness qualitatively and quantitatively.17 One of the
pioneer standardized rating scales for aesthetics consists of
10 standard reference photographs demonstrating different
levels of dental attractiveness.

In developed countries, the idea of undergoing orthog-
nathic surgery has been widely popular among the pub-
lic.18–22 The decision to opt for orthognathic surgery in
severe cases of malocclusion is highly dependent on the
influence made by the referring dentist. However, in
Malaysia, a limited number of cases of orthognathic surgery
have been reported in the past twenty years.23 The main
reason for the refusal to undergo surgery is believed to be
socio-cultural differences among Malaysians, be it lay-
persons or dental practitioners. The perception of defying

cosmetic surgery to improve facial appearance for aesthetic
purposes is believed to be strongly against moral and reli-
gious reasons. Yet, there is no report that lends credence to
this reasoning. In addition, public awareness about dento-
facial deformity and orthognathic surgery has never been
studied in Malaysia.

Therefore, the purpose of this study is to evaluate the
knowledge of dentofacial deformity and the perception of
dentofacial deformity affecting facial appearance and
treatment needs among Malaysians. This study also com-
pares the knowledge and perception of individuals with
dental and non-dental background about dentofacial
deformity.

Materials and Methods

An approval to conduct this questionnaire-based study
was obtained from the IIUM Research Ethics Committee
(IREC-760). This cross-sectional study consisted of 100
respondents attending a dental polyclinic in an institution
on the east coast of Malaysia. The sampling frame for the
respondents included individuals attending polyclinic for
dental treatments, family members accompanying the
individuals, and clinical staff members in the institution.
The sample size was determined using the Altman’s no-
mogram, based on the desired statistical power of 0.95. The
inclusion criteria for the respondents were 1) age of more
than 18 years; 2) no apparent facial deformities, craniofacial
abnormalities, or psychological problems; and 3) medically
and physically capable of participating in the questionnaire.
Patients undergoing orthodontic or orthognathic treatment
or review were excluded from this research. The respon-
dents were selected using convenience sampling and, then,
divided into two groups according to their dental education
background.

For the questionnaire design, 12 clinical cases present-
ing malocclusion and with or without accompanying den-
tofacial deformity were selected by an orthodontist, based
on several criteria. Lateral cephalograms were traced for
cephalometric analysis using Eastman Standard.24 The
analysis was done by two dentists and further verified by an
orthodontist. Measurements for cephalometric analysis in-
clude ANB value, incisal inclination indicative of dental
compensation, and the aesthetic E-line for soft tissue. These
cases were, then, divided into three groups, according to the
overall assessment and cephalometric values. ANB angle,
incisal inclination, and asymmetry were set as the primary
predictors, while soft tissue evaluation (E-line) was a sec-
ondary predictor. The division of the groups was summa-
rized in Table 1. Their facial photodocumentations were
presented to the respondents for reference (see Fig. 1).
Informed consent from these twelve cases was obtained
prior to the commencement of this study.
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The questionnaire was divided into three sections (refer
to Appendix) to assess the socio-demographic background,
knowledge regarding dentofacial deformity, and perception
of facial attractiveness and the need for surgical treatment.
Seven questionnaire items — regarding facial appearance,
malocclusion, speech, mastication, social health, orthodontic
treatment, and surgical treatment related to dentofacial
deformity — assess the knowledge on the dentofacial de-
formity. The perception of facial attractiveness and the need
for treatment were assessed based on visual analog scores
given to each of the 12 selected cases.

These questions were designed based on earlier studies
for assessing the knowledge and perception of dentofacial
deformity and orthognathic surgery.1,5,10,25 Content validity
was assessed, and the mean item-content validity index (I-
CVI) and the scale-content validity index (S-VCI) were found
to be relevant (CVI > 0:7). The pretesting of the question-
naire was done on 20 randomly selected patients attending
the polyclinic for dental treatment. The questionnaire was
finalized after modifying ambiguous questions based on the
validity assessment.

The collected data was entered and analyzed using the
Statistical Package for the Social Sciences (SPSS) Version 22.0.
The respondents’ knowledge of dentofacial deformity was
evaluated using a chi-square test, whereas mean FAS and
meanTNSwere analyzed using an independent t-test. Pearson
correlationwasused tomeasure the strength and thedirection
of the linear relationship between FAS and TNS.

Results

Twelve lateral cephalometric radiographs of healthy
males and females were examined, traced, and divided into
three groups according to the severity of their dentofacial
deformity based on the ANB angle, which indicates the
magnitude of a jaw discrepancy. A paired t-test was used to
test the inter-examiner calibration between two cephalo-
gram tracers. The results showed no significant difference
in the tracing reading of all the cephalometric variables
between the two examiners with p-value > 0:05.

In total, 100 respondents were selected for this study.
Table 2 shows the distribution of the respondents according

Fig. 1. Facial photographs of selected cases included in the questionnaire.

Table 1.
Summary of criteria used for division of groups based on severity of dentofacial deformity

Normal Borderline Severe

ANB angle 0� to 5� 5� to 7� for Class II > 7� for Class II
�1� to �3� for Class III < �4� for Class III

Incisal inclination Mandibular incisal 93� � 6� Maxillary incisal 101� to 102� for
Class II skeletal base

> 100� of maxillary incisal
inclination for Class II skeletal
base

Maxillary incisal 109� � 6� Mandibular incisal 85� to 86� for
Class III skeletal base

< 83� for mandibular incisal for
Class III skeletal base

Facial asymmetry No facial asymmetry Mild to moderate facial asymmetry Severe facial asymmetry
Aesthetic E-line

(Rickett’s)
Both lips should be behind this line, with the upper lip by around 4mm and the lower lip by around 2mm

Does facial appearance of dentofacial deformity influence the need for orthognathic surgery: The Malaysian perception 43
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to their gender, age, race, religion, education level, and
dental background. Fifty of the respondents had a dental
education background and the remaining respondents did
not have any dental background. There was no significant
difference in the respondents based on gender, race, and
religion (p > 0:05). The majority of the respondents were
from the same age group, with 68% of them being in the
age group 18-30 years (p < 0:05). There was a statistically
increased percentage of participants with degree and di-
ploma as their highest level of education.

In general, the responses to items regarding dentofacial
deformity affecting facial appearance, malocclusion, speech,
mastication, social health and its surgical treatment suggest
that more than 70% of the respondents had knowledge.
However, only 33% of the respondents indicated that severe
dentofacial deformity could not be corrected by orthodontic
treatment alone. The percentage of the respondents having
knowledge on dentofacial deformity based on dental back-
ground is presented in Table 3 and Fig. 2. It was found that
respondents with a dental background were more aware of

Table 2.
Demographic background of respondents

Dental (n ¼ 50) Non-dental (n ¼ 50) Total percentage (n ¼ 100) p-value

Gender 0.682
Male 18 21 39
Female 32 29 61

Age a0.001
18 – 30 years 43 25 68
31 – 45 years 6 13 19
> 45 years 1 12 13

Race 0.242
Malay 50 47 97
Chinese — 3 3

Religion 0.213
Islam 50 47 97
Buddhist — 2 2
Others — 1 1

Education level a0.002
Post-degree level 1 2 3
Degree level 37 17 54
Diploma 6 16 22
Pre-University 2 1 3
Secondary school 4 11 15
Others — 3 3

ap-value < 0:05; Independent t test.

Table 3.
Percentage of correct knowledge on dentofacial deformity based on dental background

Questionnaire Items Total (N ¼ 100) (%) Dental (N ¼ 50) Non-dental (N ¼ 50) p-value

Q1. Facial appearance 78 95% (48) 70% (35) a0.001
Q2. Malocclusion 80 95% (48) 64% (32) a0.000
Q3. Speech 71 88% (44) 54% (27) a0.001
Q4. Mastication 72 84% (42) 60% (30) b0.024
Q5. Social health 70 90% (45) 50% (25) a0.000
Q6. Orthodontic treatment 33 45% (23) 20% (10) a0.000
Q7. Surgical treatment 77 95% (48) 58% (29) a0.000

ap-value < 0:01; �2 test.
bp-value < 0:05; �2 test.
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the conditions presented by questions than those without a
dental background. A significant number of dental respon-
dents had knowledge of items regarding facial appearance,
malocclusion, speech, mastication, social health, and surgi-
cal treatment, with their correct responses ranging from
84% to 95%. On the contrary, only 50%–70% of non-dental
respondents could correctly mark the same questionnaire
items (p-value < 0:05). However, when asked about the
correction for severe dentofacial deformity, only 45% and
20% of the dental and non-dental respondents, respectively,
responded that severe dentofacial deformity cannot be
corrected by orthodontic treatment alone.

In general, the mean FAS and the mean TNS calculated
for each group of the dentofacial deformity for all respon-
dents were recorded in Table 4. The mean FAS for severe,
borderline, and normal cases was 4.0, 5.6, and 6.4, respec-
tively. There was no significant difference in FAS in the se-
vere, borderline, and normal groups with p-value > 0:05. In
the case of TNS, no significant difference was found be-
tween severe, borderline, and normal groups, given the
mean TNS for severe, borderline, and normal cases was
6.6, 4.4, and 3.4, respectively. Although statistically not

significant, the severe group revealed relatively lower mean
FAS and relatively higher TNS than the other groups.

In Table 5, the mean perceived FAS for dental and non-
dental respondents was compared. In severe cases, the
mean perceived FAS of the dental respondents was 3.7,
while non-dental respondents scored 4.3. The mean per-
ceived FAS of dental and non-dental respondents for the
normal group was 6.1 and 6.7, respectively. The p-values
showed no significant difference in the mean FAS of dental
and non-dental respondents in all cases (p > 0:05). The
results indicated that there was an agreement in the

Table 6.
Comparison of mean of perceived TNS of dental
and non-dental respondents using Independent
t test

Mean TNS
of dental

Mean TNS
of non-dental p-value

Severe 6.7 (2.1) 6.4 (2.2) a 0.579
Borderline 4.7 (1.8) 4.1 (1.8) a 0.152
Normal 3.5 (1.7) 3.3 (1.6) a 0.488

ap-value > 0:05; Independent t test.

Fig. 2. Number of correct responses between dental and non-
dental background.

Table 4.
Mean perceived Facial Appearance Score (FAS) and perceived
Treatment Need Score (TNS) in total respondents

Mean FAS
(SD) ap-value

bMean TNS
(SD) bp-value

Severe 4.0 (1.6) 6.6 (2.2)
Borderline 5.6 (1.4) 0.064 4.4 (1.8) 0.406
Normal 6.4 (1.5) 3.4 (1.6)

ap-value > 0:05 One-way ANOVA between three groups within
FAS.
bp-value > 0:05 One-way ANOVA between three groups within
TNS.

Table 5.
Comparison of mean of perceived FAS of dental and
non-dental respondents using independent t-test

Mean FAS
of dental

Mean FAS
of non-dental p-value

Severe 3.7 (1.4) 4.3 (1.9) a0.075
Borderline 5.4 (1.3) 5.9 (1.5) a0.065
Normal 6.1 (1.4) 6.7 (1.6) a0.051

ap-value > 0:05; Independent t test.

Table 7.
Correlation between perceived FAS and perceived TNS for differ-
ent dentofacial deformity and dental background

Mean
FAS

Mean
TNS

Pearson
correlation, r p-value

Severe Dental 3.7 6.7 �0:599 a0.000
Non-dental 4.3 6.4 �0:235 0.100

Borderline Dental 5.4 4.7 �0:531 a0.000
Non-dental 5.9 4.1 �0:463 b0.001

Normal Dental 6.1 3.5 �0:396 b0.004
Non-dental 6.7 3.3 �0:168 0.243

ap-value < 0:01, Pearson correlation.
bp-value < 0:05, Pearson correlation.
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Fig. 3. Correlation between perceived FAS and perceived TNS for different severity of dentofacial deformity and dental background.

46 Singapore Dental Journal Vol. 39, No. 1 (2019) 41–52

Si
ng

ap
or

e 
D

en
t J

 2
01

9.
39

:4
1-

52
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

28
.1

06
.1

34
.1

5 
on

 1
1/

16
/2

0.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



perceived FAS of the respondents with a dental background
and without a dental background.

The comparison of the mean TNS calculated for dental
and non-dental respondents is shown in Table 6. The
results indicate no significant difference in the perceived
TNS for dental and non-dental respondents with p-value
> 0:05. For normal cases, the TNS of dental and non-dental
respondents was relatively low (3.5 and 3.3, respectively),
while for the severe group, it was high; dental respondents
scored 6.7 and non-dental 6.4.

The correlation between the perceived FAS and the
perceived TNS for different dentofacial deformity and den-
tal background is presented in Table 7. All groups showed a
statistically significant correlation between FAS and TNS,
except for severe and normal cases by non-dental respon-
dents (p > 0:05). There were significant correlations be-
tween the perceived FAS and TNS among dental
respondents regardless of the severity of the cases, with a
strong negative correlation in severe and borderline cases
(r ¼ �0:599 and r ¼ �0:531, respectively). However, the
correlation for severe and normal cases in non-dental
respondents was weak, with the Pearson correlation coef-
ficient, r, of �0.235 and �0.168, respectively. Figure 3
shows the strength and the direction of the linear rela-
tionship between FAS and TNS of dental and non-dental
respondents for each severity group.

Discussion

The key findings of this study were (1) the majority of
respondents had sound general knowledge related to den-
tofacial deformity regardless of their dental background,
with 70% correct answers in all but one questionnaire item
regarding treatment with orthodontics; (2) respondents
with dental background had better knowledge on dentofa-
cial deformity; (3) the perception of facial attractiveness
and treatment needs were the same in different severity of
dentofacial deformity regardless of dental background; and
(4) there was a strong negative correlation between per-
ceived facial attractiveness and treatment needs in all
groups of severity for dental respondents and in severe and
borderline groups for non-dental respondents.

Understanding patients’ perception of facial attractive-
ness is the most crucial part of any orthodontist and max-
illofacial surgeon practice, as the perception of facial
attractiveness varies based on gender, age, social and edu-
cational background.1,2,26 Various studies regarding the
awareness and perception of dentofacial appearance in
different educational backgrounds reported that laypersons
without dental education background and non-regular
dental attenders scored least, whilst orthodontic patients
scored the highest in perceiving dentofacial appear-
ance.1,26,27 People with dental education were reported to

be more aware of aesthetics during their dental education.
Not only that, orthodontic patients showed more interest
and had high aesthetics expectations. In addition, a previous
study done by Tufekci et al. also reported that those who
had dental background were found to be more conscious of
their skeletal profile, and the perception of beauty and at-
tractiveness can be influenced by the level of specialty.27

This is in agreement with the current study whereby the
dental respondents reported significantly more knowledge
in dentofacial deformity when compared to the non-dental
respondents.

A previous study done by Ngeow et al. reported poor
acceptance of the public for surgery. The refusal to accept
cosmetic surgery is thought to be caused by the different
socio-economic and socio-cultural status among the
Malaysians.23,28 This is evident in the current study where
the majority of the respondents perceived that skeletal dis-
crepancies could be corrected by orthodontic treatment. This
indicated that the public had generally poor knowledge of
dentofacial deformity and its treatment options. This can also
explain how the public has low acceptance toward orthog-
nathic surgery as the treatment for dentofacial deformity.

In contrast, some people refrain from undergoing
orthognathic surgery because of the in-depth knowledge
they have about the risks of complications, burden of care,
and lack of internal motivation.29 A study done by Hagensli
et al. looked at why patients avoid orthognathic surgery.
They found that 52% of the unoperated patients opted out
of the elective surgery because their malocclusion and
skeletal deformity was not particularly severe compared to
the scope of surgical treatment.30 Moreover, the lack of
external motivation and support from family and friends
also led to the refusal of treatment. Financial problems can
also cause a deferment of interceptive treatment, possibly
leading to a severe skeletal discrepancy in adulthood.11

In an article written by Sousa, A. D., less attractive people
faced more judgment and reactions from other people due to
their facial deformity.31 Although the current study did not
show any significance of perceived facial attractiveness and
perceived treatment needs of different severity groups, there
was a significantly strong correlation between perceived fa-
cial attractiveness and perceived treatment needs in severe
and borderline cases. In this study, we found a negative
correlation between facial attractiveness and treatment
needs, whereby a lower perceived facial attractiveness score
in severe dentofacial deformity showed a higher perceived
treatment need. This indicated that when the perceived facial
attractiveness was low, there was a high perceived treatment
need. This is in agreement with the general indication of
orthognathic surgery to correct dentofacial deformity to
improve facial aesthetics.22

In conclusion, respondents with dental background
showed sound knowledge about dentofacial deformity.
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The perception of facial attractiveness and treatment needs
of patients with dentofacial deformity is not influenced by
dental background. In addition, a poorly attractive person
with dentofacial deformity was perceived to have a higher
need for orthognathic surgery. Despite these findings, the
conclusion made from the study needs to be carefully
interpreted as external validity lacks strength. The authors
recommend that this study should be expanded to other
parts of the country to gain a wider representation of facial
aesthetics among the Malaysian population.
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Questionnaire for the study “Perception on facial
appearance of dentofacial deformity”

Background of the Study

The dentofacial deformity is a condition that affects the
position, size, shape, or orientation of the facial skeleton.
This abnormal skeletal pattern is caused by an imbalance in

skeletal growth due to genetic problems, congenital pro-
blems, pathologic conditions, or trauma. Although uncom-
mon, this condition results in an imbalance of facial
harmony and malocclusion and causes improper chewing,
speech impediments, impaired breathing, as well as psy-
chosocial challenges. It can be treated with combined or-
thodontic treatment and orthognathic surgery, which can
improve the physiological function and have a positive
psychosocial benefit. In Malaysia, a limited number of cases
have been reported for dentofacial deformity treated by
surgery when compared to other developed countries. In
the past decade, the small number of surgery is thought to
be due to differences in socio-cultural and religious beliefs
among Malaysians. The other reason could be the lack of
awareness of this condition and the available treatment.
Nevertheless, there has been a slight increase in the prev-
alence of dentofacial deformity treated by orthognathic
surgery in this country. Therefore, it will be of added value
for both orthodontists and oral and maxillofacial surgeons
to understand the level of perception and the status of
knowledge about the disorder through this questionnaire
survey.

Aim of Study

The aim of this study is to conduct a questionnaire
survey to quantitatively evaluate the perception and
knowledge of dentofacial deformity and to differentiate
them between participants with a dental background and
without a dental background.

Research Intervention

This research involved the participation of selected
patients attending Orthodontic Specialist Clinic, Kulliyyah of
Dentistry, IIUM Kuantan Campus, with a clinical presenta-
tion of malocclusion and various forms and severities of
dentofacial deformity. Full face photographs of the selected
patients were used for the study and included in the
questionnaire. These photographs were seen by 100 parti-
cipants to answer the questions for the survey.

Information to Survey Participants

Facial appearance and attractiveness are sensitive issues.
Patients’ photographs constitute an important part of
medical records in orthodontic and oral surgery units. Such
photographs can aid in the diagnostic process and long-
term follow-up. They are also beneficial for the use of
teaching and research purposes. Patients involved in this
study have given their consent to display their photographs
to the respondents of this survey questionnaire. Photos in
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this booklet are entirely private and confidential, and they
should only be used by the researchers involved in this
study.

Confidentiality

Under Personal Data Protection Act 2010, patients may
possess the rights to protect the confidentiality of their
personal data, regarding collection, custody, retention,
management, control, use (including analysis or compari-
son), non-disclosure, erasure, and/or dealing with or dis-
posing of any personal data in or for this study.

(a)

(b)

(c)
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(d)

(e)

(f)

(g)
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(h)

(i)

(j)

(k)
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A B S T R A C T

Auricular reconstruction is a challenging issue. It can either be performed surgically or by
the use of prosthesis. Definitive auricular prosthesis can be retained by craniofacial
implants. Temporary (interim) prosthesis can be retained using adhesives, engaging ana-
tomical undercuts and using mechanical means of retention-like spectacles. This case re-
port proposes a new mechanical means of retention for a temporary auricular prosthesis,
which can be suitable for non-eyeglass wearing females or for female patients who refuse
to wear eyeglass for retaining their prosthesis.

Introduction

Ear anomalies are attributed to either congenital (either
syndromic or non-syndromic), acquired (injury, infarction,
exposure to certain chemicals, malnutrition, etc.) or even
unknown causes.1 The deformities may range from com-
plete absence (anotia) to a small, malformed lobule
(microtia). Reconstruction of ear deformities includes sur-
gical reconstruction or prosthetic restoration. Size, aetiol-
ogy of the defect, and patient’s concern are the major
factors that are considered for the management and
selection of prosthesis type.2 Auricular plastic surgical

reconstruction is a major challenge with the probability
of complications. In contrast, prosthetic rehabilitation has
excellent aesthetic outcomes and poses minimal risks
of morbidity, and it is the solution of choice but with
certain limitations.3 Means of retention of prosthesis in-
clude adhesives, osseointegrated implants and anatomically
retained and/or mechanical retained prostheses.4,5 The aim
of any prosthetic reconstruction, as was in this case, is to
construct a properly retained temporary prosthesis that is
aesthetically acceptable, as long as the patient can afford
the cost of implant-retained prosthesis or perform plastic
surgical reconstruction.
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Case Report

An eight-year-old female child without any hearing im-
pairment presented with an auricular defect (microtia),
which was the result of a burns injury. (Fig. 1). The case was
referred to a private prosthodontic clinic from the plastic
surgery department of the Faculty of Medicine, Sohag Uni-
versity, Egypt, in order to construct an interim auricular
prosthesis. After patient’s initial assessment, detailed

discussions were held with her parents about all possible
treatment strategies and taking the parents concern about
expenditure into consideration, the child’s psychological
status, and the parents’ refusal of the child wearing eye-
glass, which is a common method for retaining temporary
auricular prosthesis.

Method
Preparation for impression

Microtia, adjacent skin and hair near the defect area and
contralateral ear were protected by applying petrolatum gel
(Vaseline, Unilever, UK). A piece of gauze was placed at the
opening of the external auditory canal to prevent the entry
of the impression material. Three lines representing the
superior, middle and inferior border of the normal right ear
were marked and transferred from the right to the left side
of the face. These lines were transferred on to the working
model to act as a guide during sculpting of the wax pattern.

Impression procedures and wax model preparation

After the area of defect was boxed using modelling wax
(Anutex toughened pink dental modelling wax, ADP Ltd.,
England), a flowable mix of irreversible hydrocolloid (Cavex
Holland BV, Haarlem, the Netherlands) was used (Fig. 2),
and a dental stone was used as a supportive material for the

Fig. 1. (A) External view of the left microtia. (B) Right ear.

Fig. 2. (a) Markings for the extension of the ear. (b) Irreversible hydrocolloid impression of the defect. (c) Support of the impression with
stone. (d) Stone working model.
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preparation of impression. Then, the impression was re-
moved with care, boxed and poured with dental stone.

To obtain a wax model, wax sculpting of the left ear was
performed (Figs. 3(a) and 3(b)) using the image of the
normal right ear. Then, this wax prosthesis was placed on
the patient and checked for proper fit on the tissues and
proper alignment with the right (normal) ear.

Mould fabrication

The wax was invested in the denture flask using irre-
versible hydrocolloid. (Figs. 3(c) and 3(d)) After the mate-
rial was set, a wax pattern was retrieved. A mixture of clear
self-curing acrylic resin (Acrostone, WHW, England) with
cosmetic skin foundation pigments was used to make the
prosthesis. Multiple mixtures were made with known
amounts of pigment and assessed with the photograph of
each mix until a required skin shade was obtained. After the
required shade was obtained, an adequate amount of
polymer and monomer were mixed with pigments to fill the
mould. The mix was left to polymerize completely. Then, the
prosthesis was deflasked, trimmed and completed. Finally,
the prosthesis was checked on the patient’s ear.

Adhesion of the acrylic auricular prosthesis
to a hair hoop

The prosthesis was attached to a metallic hair hoop
using cyanoacrylate (CC-33 strain gauge cement, Kyowa
Electronic Instruments Co., Japan). The skin surrounding
the defect was well protected to avoid any tissue damage by
cyanoacrylate using a separating medium. Camouflaging of
the ear prosthesis was made by attachment of earrings to
the prosthesis and the normal ear (Fig. 4).

Discussion

Deformities such as acquired microtia result in un-
pleasant appearance with subsequent social problems
during childhood and increased risk of serious psychologi-
cal consequences during adulthood.6 Auricular prosthesis,
when properly constructed, can play a significant role in ear
reconstruction.7 Epithesis is an acceptable temporary
treatment measure that can be used in children till the
definitive treatment could be carried out.8

A wax pattern was obtained by making an impression
and cast of the defective side using the contralateral ear as a

Fig. 3. (a) Wax pattern of the ear prosthesis. (b) Try-in on the patient. (c&d) Investing the wax pattern.

Fig. 4. (a) prosthesis attached to a metallic hair hoop. (b) Frontal view of the prosthesis in position. (c) Lateral view of the prosthesis
in position.
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reference and sculpting the wax pattern by using a com-
monly known method.9 In the present case, sculpting in-situ
was performed because no donor technique using an ear of
similar side and size was possible due to the presence of
microtia. Acrylic resin is a traditional material of choice
for interim epitheses fabrication, as it is an economically
feasible option with better tear strength than silicon.
Elastic duplicating material (irreversible hydrocolloid) is
used for the investing of the wax prosthesis to allow for
easy removal of the sculpted ear without damage, which can
be used in final prosthesis construction or for reconstruc-
tion of interim prosthesis if any damage occurred in the
first one.

The use of self-curable acrylic resins allows for rapid
evaluation of multiple trials of staining until the required
shade was obtained. Taking into consideration the impact of
wearing an eyeglass on child’s self-perceptions10 coupled
with the parents feeling that their daughter would be
wearing spectacles, in the present case study, a novel means
of retention was selected that was more suitable for our
female patient and readily accepted by the parents and
community. In addition, cyanoacrylate was preferred as an
adhesive between the epitheses and the hair hoop, because
it is well known that adhesion between cyanoacrylic glue
and stain steel is good.11

The cumulative effects of skin foundation application
and use of earring as a camouflage/distraction provided an
aesthetically acceptable appearance, which was cost-effective.
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A B S T R A C T

The superficial temporal artery (STA) is a structure that is particularly vulnerable to injury,
given its prominent location in the head and neck region. Pseudoaneurysms of this artery
may be encountered during the management of maxillofacial trauma. This article presents
a review of the relevant literature on this topic. One of the common surgical interventions
includes ligation of the entire feeding artery, which compromises the corresponding blood
supply. Preservation of the main trunk of the STA can be achieved in certain cases; one such
case is detailed in this report.

Introduction

Although the earliest documented case of a superficial
temporal artery (STA) pseudoaneurysm was in the 17th
century by Bartholin,1 STA pseudoaneurysms remain a rare
occurrence. More than 95% of reported cases have been
attributed to blunt trauma, while spontaneous occurrences
accounted for the remaining 5%.2

The STA originates from the external carotid artery and
passes over the posterior part of the zygomatic arch before
bifurcating into the frontal and the parietal branches. It has
a relatively superficial course that predisposes it – partic-
ularly the frontal branch – to injury. Furthermore, its teth-
ering to a dense connective tissue layer and the absence of a
protective layer of overlying muscles restrict its mobility

and prevent shock absorption from blunt trauma.3 A
pseudoaneurysm occurs when there is a breach of the wall
of the main vessel. The pressure within the artery causes
extravasation of blood into the surrounding tissues, creating
a fibrous capsule continuous with the vessel wall (Fig. 9).

We present a case that demonstrates this phenomenon,
and elaborate on the diagnosis and subsequent manage-
ment of this relatively uncommon injury.

Case Report

A 18-year-old Chinese male was referred to our emer-
gency department for a hemispherical swelling over his
right temporal fossa, following a collision with a metal pole
5 days ago. On examination, he had no other injuries or

*Corresponding author: Wee Hsuan Ng, Department of Oral and Maxillofacial Surgery, Khoo Teck Puat Hospital, 90 Yishun Central, Singapore 768828, E-
mail: weehsuan90@gmail.com.
This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the Creative Commons Attribution 4.0
(CC-BY) License. Further distribution of this work is permitted, provided the original work is properly cited.
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neurological deficits and the 4 cm� 4 cm mass was found to
be pulsatile, turbid, and erythematous. A chairside aspira-
tion yielded 15mL of bright red arterial blood with imme-
diate refilling, while firm digital compression inferior to the
lesion resulted in the obliteration of pulsation within the
mass. Hinging on a differential diagnosis of a pseudoa-
neurysm of the STA, a deep 2/0 silk suture was passed
percutaneously at the inferior aspect of the lesion in an
attempt to compress the proximal end of the artery. Pul-
sation within the lesion ceased, and a second aspiration was
performed, leading to a significant reduction in its size and
no discernible immediate refilling. However, during the
following day’s review, there was a recurrence of the
swelling and the detection of a faint pulse.

Treatment options offered to the patient included a
conventional endovascular embolization by interventional
radiologists or a surgical exploration and resection of the
pseudoaneurysm under general anaesthesia. Due to time
constraints, both patient and his parents elected on the
latter, and surgery was scheduled on the next day. A semi-
circumscribed “question mark” incision posterior-superior
to the lesion was made and a full thickness skin and

subcutaneous flap was carefully raised in the posterior-
anterior direction, taking care to avoid the temporal branch
of the facial nerve crossing anteriorly. Dissection proceeded
just beneath the plane of the temporoparietal fascia toward
the pseudoaneurysm, and the proximal end of the STA
supplying it was identified and preserved (Fig. 2). Careful
dissection of the pseudoaneurysm and exposure of the STA
revealed a sub-centimetre point of origin along the artery
that was subsequently ligated. The entire pseudoaneurysm

Fig. 1. Initial Presentation of the Pulsatile Lesion over the Right
Temporal Region. Note the Deep 2/0 Black Silk Suture Placed
Proximal to the Lesion, Previously Placed in an Attempt to Com-
press the Feeding Artery.

Fig. 2. Exposing the Superficial Temporal Artery (STA) (Above
the Haemostat) and the Pseudoaneurysm through a Temporal
Incision and an Anteriorly Reflected Full-Thickness Skin Flap.

Fig. 3. Pseudoaneurysm Dissected Completely to Reveal the
Point of Its Connection with the STA (Above the Haemostat).
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was then carefully dissected off the superficial layer of
the temporalis fascia completely (Fig. 3). A double forceps
patency test of the artery was performed over the exact
site of the lesion to ascertain the patency of the STA. Valsava
manoeuvres were performed thereafter to verify complete
haemostasis before the incision site was closed in layers
without the need for drains. The operation took 110
minutes with a blood loss of <50mL. Following an un-
eventful overnight stay, the patient was discharged the
next day. His subsequent weekly and monthly reviews were

unremarkable with no facial palsy or evidence of recurrence,
with hypertrophic scar formation hidden within the hairline
(Fig. 5).

Histopathological examination confirmed a pseudoaneur-
ysm measuring 3 cm� 2 cm� 1:5 cm with a thrombosed
vascular wall and partial recanalization as well as promi-
nent inflammatory and fibrous changes within the wall
(Figs. 6–8).

Fig. 4. Preservation of the STA (Above a Piece of White
Background) Following the Ligation and Resection of the
Pseudoaneurysm.

Fig. 5. Healing of Skin Incision 6 Months after Surgery.

Fig. 7. Haematoxylin and Eosin (H&E) Staining of Resected
Pseudoaneurysm, under Medium Power Magnification, Showing
Normal Layers of the Artery Being Replaced by Granulation Tissue
Composed of Reactive Myofibroblasts, Inflammatory Cells, and
Capillaries Set in an Oedematous–Myxoid Background.

Fig. 6. Haematoxylin and Eosin (H&E) Staining of Resected
Pseudoaneurysm, under Low Power Magnification, Demonstrating
a Partly Recanalised Thrombosed Blood Vessel.
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Discussion

Clinical signs and symptoms of an STA pseudoaneurysm
are often fairly obvious, allowing for a largely straightfor-
ward diagnosis. They typically present with a well-defined

swelling over the temporal fossa that may be pulsatile, and
auscultation may reveal a thrill or bruit.4 Coupled with a
history of blunt force trauma to the region, these patho-
gnomonic findings are often sufficient for an accurate di-
agnosis.5 Angiography, duplex ultrasound, CT, and MRI
scans may be employed to confirm the diagnosis and de-
termine the treatment approach.4

Treatment modalities range from conservative monitor-
ing or compression, endovascular embolisation, thrombin
injection or stent graft insertion, as well as definitive sur-
gical resection. Conservative management invariably
requires close and frequent follow-up due to its unpre-
dictability and risk of propagation or rupture, while endo-
vascular approaches have a higher morbidity, risks, and
varying degrees of success.4,6,7 A transfemoral endovascular
approach to the STA usually involves passing a percutane-
ous needle, a guide wire, and then a catheter into the
femoral artery. The catheter is threaded through the arter-
ies, guided by contrast and X-rays, and navigated into the
lumen of the offending aneurysm. Embolization of the an-
eurysm can then be achieved with various materials such as
detachable coils, liquid agents, sclerosing agents, particulate
agents, microspheres, or foam.6,7 Varying complications
have been known to result from endovascular approaches,
including temporofacial pain, soft tissue necrosis, migration
of embolic material, stroke, blindness, air embolism,
thrombosis, infection, pseudoaneurysm of the femoral
artery access, recurrence of vascular malformation, and
perforation.4,6,7 Surgical treatment has been shown to have
a higher success rate with relatively fewer complications. It
usually involves ligation and resection of the artery, with or
without an arterial graft, at a point proximal to the pseu-
doaneurysm.4,5 This article documents the first reported
case where the STA was preserved without the need for
grafting or secondary repair following the isolation and
resection of an associated pseudoaneurysm, thereby pre-
serving the perfusion of surrounding tissues nourished by
the STA. Potential complications with such an approach
include a weakened or narrowed STA, which may result in a
recurrence of the pseudoaneurysm or formation of a
thrombus. Hence, careful surgical handling of the artery and
close post-operative observation are paramount. Resection
of the pseudoaneurysm alone may not be possible if careful
dissection at its point of origin reveals that it emanated
from a wide defect of the STA. In such instances, the total
ligation and excision of the STA or the insertion of a bypass
graft or endovascular stent may be required.

Conclusion

STA pseudoaneurysms can be easily and readily diag-
nosed without subjecting patients to unnecessary radiation
from conventional CT angiograms, thus making substantial

Fig. 9. Diagram Demonstrating the Formation of a Pseudoa-
neurysm and Subsequent Ligation of the Pseudoaneurysm Alone,
Maintaining the Patency of the Main Vessel.

Fig. 8. Verhoeff’s Elastin Stain of Resected Pseudoaneurysm,
under Low Power Magnification. At the Junction between the
Pseudoaneurysm and the Normal Artery, the Elastic Lamina
(Arrows) Was Identified.
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savings of costs and time. Ligation and resection of the
pseudoaneurysm to maintain the patency of the STA can be
a viable treatment modality given its superficial location
that permits a relatively simple surgical approach. Careful
case selection, tissue handling, and post-operative moni-
toring are crucial to avoid arterial wall ruptures or recur-
rences of the pseudoaneurysm.
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A B S T R A C T

Oncocytosis is a rare, benign, non-neoplastic lesion that can be further classified
into diffuse oncocytosis or multifocal adenomatous oncocytic hyperplasia. This
tumour has been estimated to account for 0.1% of all parotid gland tumours.1

Here, we report a rare case of a patient who presented to the Oral and Maxillo-
facial Surgery Department with a 3-cm swelling of his left parotid gland. Histo-
pathological results from a superficial parotidectomy revealed the lesion to be a
multifocal adenomatous oncocytic hyperplasia of the parotid gland. A description
of this rare disease and its management are included in this article.

Introduction

Oncocytes are epithelial cells with abundant, granular,
eosinophilic cytoplasm and a central pyknotic nucleus
packed with mitochondria. They were first described by
Shaffer in 18972 and further characterised by Hamperl in
1931.3 Oncocytes have been observed in the salivary glands,
thyroid, parathyroid, pituitary gland, nasal cavities, sinuses,
ocular caruncle, lacrimal glands, buccal mucosa, eustachian
tube, larynx, oesophagus, liver, pancreas, and kidneys,4 and
they range in presentation from hyperplasia to malignancy.

Here, we report a case of a patient with multifocal ade-
nomatous oncocytic hyperplasia of the parotid gland and
describe the characteristics and management of this rare
disease.

Case presentation

A 64-year-old Chinese male presented to a general
dentist in private practice with the chief complaint of a
painless left facial swelling at the parotid region, which had
manifested several weeks before. He was then referred to

*Corresponding author: Chee Seng lee’s, Registrar in Oral and Maxillofacial Surgery, Dental Surgery Department, Khoo Teck Puat Hospital, Singapore
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the Oral and Maxillofacial Surgery Department of Khoo Teck
Puat Hospital for management. He did not exhibit dyspha-
gia, paraesthesia, pain, pre-prandial enlargement, or cervi-
cal lymphadenopathy. He was a non-smoker with no history
of radiation exposure to the head and neck region. On ex-
amination, the swelling was firm, painless, and well-cir-
cumscribed, measuring approximately 3 cm. It was slightly
mobile on palpation within the tail of the left parotid gland
with normal overlying skin. His submandibular glands, na-
sopharynx, and oropharynx were normal and not injected.

A fine needle aspiration cytology (FNAC) of the left pa-
rotid gland was performed, but the cytological results were
inconclusive. A contrast-enhanced (Omnipaque 350) com-
puted tomography (CT) scan of his parotid gland and neck
was performed, and the scans revealed an elongated, en-
hancing nodule in the superficial lobe of the left parotid
gland, measuring 1.5 cm by 0.9 cm, along with a few other
small enhancing nodules. The right parotid gland also had
multiple oval-shaped enhancing nodules with a dominant
one in the deep lobe, measuring 1.3 cm by 0.9 cm. The
provisional diagnosis of the left nodule was Warthin’s tu-
mour (Figs. 1 and 2).

The treatment plan was for a left superficial par-
otidectomy for histopathological analysis before determin-
ing the course of action for the smaller lesion in the deep
lobe of the right parotid gland.

The superficial parotidectomy was performed under
general anaesthesia without administering any muscle
relaxants. A modified Blair approach was used, and a sub-
platysmal flap was raised in continuity with the superficial
muscular aponeurotic system to expose the parotid gland
capsule. The greater auricular nerve was found to be
coursing through the tumour and was sacrificed. Using the
tragal pointer, the posterior belly of the digastric muscle
and the mastoid aspect of the sternocleidomastoid muscle
as landmarks, the root of the facial nerve and the pes

anserinus were exposed for an anterograde facial nerve
dissection. The tumour-containing superficial parotid gland
was then carefully dissected from all 5 branches of the facial
nerve. A nerve integrity monitor was used to verify the
preservation of all 5 facial nerve branches throughout the
operation. A size #10 Redivac drain was inserted away from
the facial nerve, and the incision site was closed in layers
with 4/O Vicryl (Polyglactin 910, Ethicon Inc.) and 6/O
Prolene (Polypropylene, Ethicon Inc.) sutures. Tetracycline
ointment was applied over the incision site. The estimated
total blood loss was approximately 100mL. As the patient
was observed to be well with minimal overnight drainage,
the drain was removed and he was discharged the following
day (Figs. 3–5).

Histopathological sections of the resected specimen
revealed salivary tissue with a brown solitary nodule
measuring 2 cm by 1.6 cm by 0.9 cm. Adjacent to the main
nodule were multiple brown nodules ranging from 0.1 to
0.3 cm. Microscopically, the nodules consisted of benign
oncocytic cellular proliferation in keeping with oncocytosis,
without evidence of malignancy. The histopathological
findings were compatible with the diagnosis of multifocal
adenomatous oncocytic hyperplasia (Figs. 6–11).

At his 1-week review visit, the patient was able to close
his left eye with effort but had difficulty raising his left
eyebrow. There was also slight weakness of his left cheek on
smiling. He was diagnosed with a House–Brackmann grade
III facial nerve palsy with no significant facial asymmetry at
rest. Vitamin B12 supplements were prescribed, and the
patient was instructed to perform facial muscle exercises.
He reported full recovery and complete restitution of his
facial nerve function within 2 months, but complained of a
mild gustatory sweating which did not affect his daily life.
There was also minimal scarring and no obvious hollowing
at the operative site. He was reviewed again at 6 months
with no clinical evidence of recurrence or any other post-

Figs. 1 and 2. Computed tomography scans (axial and coronal slices, respectively) showing a homogenous enhancing mass within the
left parotid gland (indicated by a yellow arrow) with a few other tiny enhancing nodules. Multiple oval-shaped enhancing nodules were
seen in the right parotid gland, with a dominant one in the deep lobe (indicated by a red arrow).
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operative complications, and was advised to have yearly
radiological assessments of the nodule in the deep lobe of
his right parotid gland, with an option for an ultrasound or
CT-guided FNAC.

Discussion

The World Health Organization classifies parotid onco-
cytic neoplasms into 3 categories: oncocytosis, oncocytoma,
and oncocytic carcinoma.5

Oncocytosis is considered to be a non-neoplastic,
hyperplastic change that may present as a generalised en-
largement of the salivary gland. It has been estimated to

account for 0.1% of all parotid gland tumours.1 Oncocytosis
has been further categorised into multifocal adenomatous
oncocytic hyperplasia (MAOH) and diffuse hyperplastic
oncocytosis (DHO).6

MAOH in the salivary glands is a rare, benign condition
representing multifocal oncocytic proliferation of the duct
system, comprising only 0.1% of all parotid gland diseases.7

It is mainly diagnosed in women and in the sixth decade of
life. Macroscopically, MAOH can be described as multi-
nodular non-encapsulated oncocytic foci measuring
0.1–1.0 cm. These foci possess inclusions of salivary gland
remnants and ductal oncocytic metaplasia occasionally.
Histologically, the nodules consist of bland, polyhedral cells
with round, centrally located nuclei, eosinophilic granular
cytoplasm and conspicuous cell borders. Unlike oncocyto-
mas, the nodules of MAOH have incomplete capsules.
The multinodular growth may mimic malignancy, but the
presence of oncocytic proliferation in intercalated ducts and
ductules assists in the diagnosis of this benign condition.8

MAOH is best treated by complete resection as it is not
responsive to irradiation.9 Partial resection likely heightens
the probability for recurrences.

DHO represents a rare, non-tumorous condition in which
almost the entire salivary gland is engorged with oncocytes.
Most cases of DHO occur in the parotid gland, in adults who
are 60 years or older, with no evidence of gender predi-
lection.10 Macroscopically, the excised specimen is non-
encapsulated and appears tan-brown in colour, with a
gradual transition from a normal parotid parenchyma to an
oncocytic region. Microscopically, the glandular lobuli
shows complete oncocytic metaplasia of acinar cells and
ductal epithelia. Diffuse hyperplastic oncocytosis can only
be diagnosed following histopathological confirmation of an

Fig. 3. Preoperative view of incision design (Modified Blair
approach) and marking of the left parotid gland swelling.

Fig. 5. Excised specimen measuring 5 cm in the greatest
diameter.

Fig. 4. Intact branches of the facial nerve after superficial
parotidectomy.
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unencapsulated lesion with the entire gland that is replaced
by oncocytic cells. The recommended treatment for DHO is
surgical excision.11

Oncocytoma is the most common type of oncocytic
neoplasm and accounts for approximately 1% of parotid
gland tumours. They usually present as a well-circum-
scribed, encapsulated lesion, comprising an organoid pat-
tern with a thin capillary network, with features of adjacent
tissue compression. It has been described to be a potentially
recurrent benign epithelial tumour12 or the neoplastic
counterpart of DHO. Oncocytomas are commonly detected
between the sixth through eighth decades of life with no
gender predilection, and occur within the parotid gland in
80% of the cases. They commonly present as solitary, slow-
growing, painless masses that are firm, multilobulated and
mobile on palpation.13,14 Facial paralysis rarely occurs, and
oncocytic carcinoma should be suspected if facial palsy
is observed. While Warthin’s tumour has been shown to
have a strong association with cigarette smoking, oncocy-
tomas have been reported to be preceded by radiation
exposure.12,15

Oncocytomas of the parotid gland appear as a well-
defined homogenous parotid mass in CT scans. In magnetic
resonance imaging (MRI), these tumours appear hypodense
on T1 and T2 sequences due to their high cellularity and
low free water content.16,17 In contrast, the more common
Warthin’s tumour can be differentiated from oncocytomas
by the former’s decreased signal intensity on T1-weighted
images and increased signal intensity on T2-weighted
images.17

FNAC for oncocytomas demonstrates epithelial cells in
sheets and papillary clusters, with an attempt at acinus
formation with little or no lymphoid cells. Single cells have
also been observed to be present in greater abundance.

Figs. 6 and 7. Histopathological slides of oncocytosis of the left parotid gland (haematoxylin and eosin staining; 4� low power view)
showing benign oncocytic cellular proliferation without nuclear atypia.

Fig. 9. Immediate postoperative frontal view of the patient,
showing weakness over his left eyebrow and a slight weakness of
his left cheek.

Fig. 8. Histopathological slides of oncocytosis of the left parotid
gland (haematoxylin and eosin staining; 10� high power view)
showing benign oncocytic cellular proliferation without nuclear
atypia.
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Both Warthin’s tumour and oncocytomas also share similar
cystic changes and lymphocytic/oncocytic infiltrates FNAC
results from some Warthin’s tumours that have fewer
lymphocytes and more oncocytes may be cytologically

indistinguishable from oncocytoma or oncocytosis. The
sensitivity of FNAC for diagnosing oncocytomas was
reported to be a dismal 29% in a study by Capone et al.,14

and histopathological analysis remains as the gold standard
for an accurate diagnosis. Histologically, oncocytomas are
composed of monotonous sheets of oncocytes, frequently
with a central scar. Although rare, oncocytomas can undergo
malignant transformation to oncocytic carcinomas.18

Oncocytic carcinoma was first reported by Bauer and
Bauer in 1953 and is the rarest type of oncocytic neopla-
sia.19 It reportedly accounts for 11% of all oncocytic sali-
vary gland neoplasms, 0.5% of all epithelial salivary gland
malignancies, and 0.18% of all epithelial salivary gland
tumours.20 Oncocytic carcinoma can be recognised by its
morphologic features of cellular pleomorphism, necrosis,
frequent mitoses, and infiltrative growth and metastasis.

Oncocytic neoplasms can be difficult to differentiate from
other salivary gland tumours. Areas of oncocytic metaplasia
can be present within a variety of salivary gland tumours
such as basal cell adenoma, pleomorphic adenoma, myoe-
pithelioma, cystadenoma, canalicular adenoma, polymor-
phous low-grade adenocarcinoma, Warthin’s tumour, acinic
cell carcinoma, and mucoepidermoid carcinoma.21 A 16-
year retrospective review by Capone et al. of 561 par-
otidectomies reported a 3.7% incidence (21 cases) of
oncocytic neoplasms, of which 61.9% were oncocytomas
(13 out of 21), 28.6% were oncocytosis (6 out of 21), and
9.5% were oncocytic carcinomas (2 out of 21).14 Various
oncocytic subtypes have been reported to occur simulta-
neously, which blurs the definitive boundaries of specific
differential diagnosis for each subtype and raises the con-
cept of a progression model with a progressive transition
between these oncocytic lesions.14

In conclusion, MAOH is a rare, benign lesion that should
be treated by a complete resection. Recurrences may be
more prevalent for partially resected lesions, and continual
long-term surveillance is recommended in lieu of the small
risk of malignant transformation.
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