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Introduction

Obesity is increasingly common, with a global 
epidemic in both developed and developing 
countries now being reported.1 Recent studies 
have reported that 1.9 billion adults are 
overweight and 650 million are obese, with 
approximately 2.8 million deaths reported 
annually as a result of being overweight or 
obese.2 Moreover, by 2030,  it was estimated 
that 57.8% of the adult population could 
be either overweight or obese.3 Obesity is 
defined as having an excessively high amount 
of body fat (adipose tissue) in relation to lean 

body mass and is associated with several 
health risks including diabetes, hypertension, 
cardiovascular disease, respiratory dysfunction, 
gallstone disease, arthritis, reduced mobility 
and certain forms of cancer.4,5 In addition, 
psychological symptoms may be present 
including embarrassment, depression and loss 
of self-esteem, and obese people may suffer 
eating disorders, together with stigmatisation 
and discrimination.6

At present, the world is reeling from 
the health and social impact of the global 
pandemic of COVID-19,  and people with 
obesity are at increased risk of severe 
complications if infected with COVID-19 and 
requiring subsequent hospital admission and 
invasive ventilation.7,8 Weight reduction may 
improve life expectancy and also reverse many 
of the medical conditions that are associated 
with obesity.9,10 Alterations in diet and physical 
activity are the mainstays of initial treatment. 
Calorie restriction and increased energy 
expenditure should be successful, although in 

many people the effects are either negligible 
or only successful in the short term because 
of poor motivation and brief adherence to 
lifestyle changes.10,11 A variety of drugs have 
been tried as adjuncts to diet therapy.12 Earlier 
drugs were related to the amphetamine group 
and had serious side effects, some addictive 
properties and are not generally used today. 
More recent derivatives of those drugs have 
been withdrawn from the market because of 
potential serious side effects.13 Drug therapy 
has only been proven to be helpful in the short 
or medium term, rather than in the long term, 
and continued drug therapy may not only have 
side effects but is also expensive. However, 
once morbid obesity is present, eating habits 
are firmly established and difficult to change 
in an environment of plentiful food, exercise 
is limited by body bulk, and drugs and diet will 
have little effect. As a result, bariatric surgery 
has become an increasingly popular treatment 
choice for patients who have not succeeded 
with lifestyle changes or medical management. 

Obesity rates have increased at an alarming rate 
and nearly a third of the world’s population is 
now classified as overweight or obese.

This study investigated the acceptability and 
tolerability of a novel intra-oral device to facilitate 
weight loss in obese patients.

Tolerance of the device was good, promoting 
weight loss during a two-week trial period.

Key points
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Although bariatric surgery results in superior 
outcomes in terms of weight loss, it is invasive, 
irreversible, costly and may not suit every 
patient, particularly those who are frail or who 
decline surgery due to potential risks.14,15,16 In 
the 1980s, jaw wiring (maxillomandibular 
fixation) was tried as an aid to weight reduction, 
mainly by dentists and physicians.17,18 After jaw 
wiring, only fluids could be taken and weight 
losses of 20–30 kilograms (kg) in six months 
were common.18,19 However, many jaw-wired 
patients felt anxious and some developed acute 
psychiatric conditions.18 In addition, after 
9–12 months, patients developed periodontal 
disease. After wire removal, a transient, and 
in some cases persistent, limitation of jaw 
movement was also observed.18,20

Although metabolic/bariatric surgery 
plays a major role in the management of the 
morbidly obese today, it cannot be relied 
upon to manage the global obesity epidemic. 
Alternative strategies are required which 
may obviate surgery, or which reduce weight 
before surgery and so make it easier and safer. 
A device which contains magnets provides 
a novel approach to the treatment of obesity 
and can be used in the short, medium or long 
term, either continuously or intermittently. 
The main barrier to successful weight loss with 
dietary advice and restriction is poor patient 
adherence. The device aids adherence for the 
majority of those whose dietary adherence is 
very short-term and needs physical adjunctive 
treatment. Furthermore, magnetic devices 
offer a realistic, attractive and economic 
alternative to surgical procedures. With this 
in mind, the aim of this study is to investigate 
the practicality, comfort, tolerability and safety 
of an intraoral device and also to determine the 
magnitude of weight loss achieved during the 
two-week study period.

Materials and method

Ethical approval was obtained from the Health 
and Disability Ethics Committees (HDEC) 
(approval number 16/NTB/89), and the study 
was conducted in full accordance with the World 
Medical Declaration of Helsinki and conformed 
to the STROBE statement for observational 
studies. The clinical trial was registered in the 
Australia New Zealand Clinical Trials Registry 
(https://www.anzctr.org.au) and received the 
registration ID ACTRN12616001198415. This 
study recruited 28 obese volunteer participants 
with a Body Mass Index (BMI) >35 from the 
wider community in Dunedin, New Zealand. 

The inclusion and exclusion criteria for the 
participants are summarised in Table 1. Seven 
of the volunteer participants met the inclusion 
criteria. 

After obtaining written, informed consent, 
the participants provided demographic 
information to include their name, contact 
information, date of birth, sex and self-reported 
ethnicity. A dental inspection was conducted 
by the primary investigator to confirm each 
individual’s suitability for the study. Baseline 
screening tests were performed including full 
dental charting, Community Periodontal Index 
of Treatment Needs (CPITN), medical history, 
dietary assessment, and measurement of height 
and weight.

Seven participants of those screened met the 
inclusion criteria. Elastic separators (AlastiK, 
3M, New Zealand) which are commonly used 
in orthodontics were placed on the first molars 
to allow tooth separation. When adequate 
separation of the teeth was achieved, a dental 
impression (Polyether, Impregum, 3M, New 
Zealand) was taken to produce a working 
model on which the dental device would be 
manufactured. The dental device, used in this 
study, consisted of stainless steel orthodontic-
type metal bands (NC Plain Molar Bands, 3M, 
USA) fixed to the upper and lower posterior 
teeth by a combination of a glass-ionomer-
based orthodontic cement (Transbond XT 
adhesive, 3M, New Zealand) and unique, 
custom-manufactured locking bolts (Fig. 1).

Closed-field magnets which had an internal 

O-ring element (MBI-Technovent Limited, 
UK) together with keepers provided the 
mechanical resistance which restricted mouth 
opening. The resistance was modified using 
a silicone O-ring (MBI-Technovent Limited, 
UK). However, the design, which consisted of 
magnetic and mechanical attachments, allowed 
some movement of the temporomandibular 
joint so that discomfort and stiffness were 
avoided.21 The device also consisted of silicone-
based cheek protectors (Techsil-20 HCR MBI-
Technovent Limited, UK), which prevented 
any friction against the cheeks.

A safety feature was incorporated into the 
device which allowed for the disengagement 
of the device in the case of an emergency, 
such as a panic attack or where a possibility of 
choking arises. This device was demonstrated 
to the subject and another individual of their 
choosing and they were asked to keep the 
emergency release device with them at all 
times. The device was designed such that the 
configuration maintained the airway, allowed 
speech and allowed feeding using a liquid diet.

With the device in place, the participants 
were given careful instruction with respect to 
maintaining oral hygiene, and a mouthwash was 
dispensed (Colgate Savacol, Colgate-Palmolive, 
Auckland, New Zealand) and a commercially 
available liquid diet, Fortisip Drinks (Nutricia, 
New Zealand), for two weeks. The diet supplied 
300 kcal of energy in a 200 ml bottle. The 
participants were prescribed 800 ml (1,200 kcal) 
per day in the form of four drinks, plus one 

Number Inclusion criteria Exclusion criteria

1 BMI >35 Participants using continuous positive airway 
pressure devices to manage sleep apnoea

2 No major co-occurring health conditions (eg 
asthma, heart problems)

Diabetic patients on insulin and oral 
hypoglycaemic therapy

3
A healthy mouth, free of periodontal disease 
and dental caries, with a sound posterior 
dentition with no missing teeth

Participants who were on oral medication that 
cannot be given in liquid form

Table 1  Inclusion and exclusion criteria for participant selection

Fig. 1  Intraoral device consisting of closed-field magnets and orthodontic bands
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protein shake (25 g of protein; Horleys, New 
Zealand) and unrestricted low-calorie liquids 
such as tea and coffee. During the two-week 
study period, the participants received dental, 
dietetic and medical supervision. The comfort 
and tolerability of the device were measured using 
a self-administered questionnaire using a Likert 
scale (1 = never; 2 = hardly ever; 3 = occasionally; 
4 = fairly often; 5 = very often). The quality of 
life (QoL) was measured using an impact of 
weight and QoL during review appointments at 
baseline, 1, 7 and 14 days, and 14 days post-device 
removal.22,23 The participants ranked their QoL 
using a Likert scale questionnaire (5 = never true; 
4 = rarely true; 3 = sometimes true; 2 = usually 
true; 1 = always true).

After 14 days, the device was removed and 
the occlusion was checked to confirm there 
had been no changes, and this was done based 
on patient feedback. Periodontal health was 
confirmed by confirming an absence or not of 
bleeding on probing. Patients were advised to 
contact the research team if they had any cause 
for concern.

Results

Six participants completed the study and 
one patient left the study after eight days for 
reasons unrelated to the study. One patient 
who completed the study was unable to 
attend the review appointment 14 days after 
device removal after being diagnosed with 
acute rheumatoid arthritis requiring hospital 
admission. No changes to the subject’s 
occlusion were noted when the device was 
removed. In addition, no deterioration in 
periodontal health was noted apart from some 
bleeding on probing on the lingual and palatal 
aspects of the teeth used to retain the device, 
which resolved once traditional plaque control 
measures were reintroduced. At no point did 
any of the subjects feel the need to use the 
emergency release device.

Demographics
Of the seven participants, all were women 
and were of European ethnicity. The mean age 
of the participants was 36.71 years, and the 
mean height and weight of the participants 
was 162.5 cm (± 5.59) and 107.98 kg (± 23.22), 
respectively. The mean BMI of the participants 
at baseline was 40.84 (± 8.27). Of the seven 
participants who took part in the study, all 
lost weight, with a mean weight loss of 6.36 
kg (SD = 3.79) of their body weight. However, 
two weeks following device removal, all the 

participants gained some weight, with an 
average weight gain of approximately 0.73 kg 
(Fig. 2).

Device tolerability
Table 2 shows the device tolerability of 
the intraoral device. The tolerability was 
assessed using a modified device tolerability 
questionnaire. The participants were asked 
to fill out the questionnaire during baseline 

(before placing the device) and at all their 
review appointments.

As shown in Table 2, there was a minor 
negative change between baseline and 
follow-up appointments for most of the items 
evaluated. However, speech, feeling tense and 
unsatisfactory oral hygiene steeply increased 
between baseline and 14-day follow-up.

The qualitative data suggested that most of 
the negative feedback was due to the device 
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Fig. 2  Mean weight loss of the study participants versus the time points investigated. Error 
bars represent ± SD

Device tolerability
Baseline 24 hours 7 days 14 days

2 weeks 
after 
removal

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Trouble pronouncing 
any words 1.29 (0.488) 2.86 (1.68) 3.00 (1.633) 3.00 (1.633) 1.00 (0)

Taste changes 1.57 (0.98) 1.43 (0.79) 1.86 (0.69) 1.86 (1.22) 1.00 (0)

Pain 1.71 (0.95) 3.43 (1.51) 2.57 (1.51) 3.14 (1.22) 1.50 (.55)

Uncomfortable to 
drink 1.43 (0.79) 2.43 (1.51) 1.71 (1.11) 2.14 (1.46) 1.00 (0)

Self-conscious 
because of device 1.71 (0.95) 3.86 (1.22) 3.29 (1.70) 3.29 (1.70) 1.00 (0)

Felt tense 1.86 (1.07) 3.14 (1.47) 2.86 (1.77) 3.43 (1.99) 1.00 (0)

Oral hygiene is 
unsatisfactory 1.57 (0.79) 2.57 (1.40) 3.14 (1.07) 3.43 (0.98) 1.83 (.99)

Speech problem 1.29 (0.488) 3.43 (1.62) 3.14 (1.78) 3.14 (1.78) 1.00 (0)

Difficult to relax 1.43 (0.787) 3.57 (1.62) 2.71 (1.60) 3.14 (1.57) 1.00 (0)

Embarrassed 1.86 (1.21) 3.43 (1.6) 2.71 (1.89 2.86 (1.77) 1.00 (0)

Been irritable 1.71 (1.11) 2.89 (1.57) 2.14 (1.21) 2.57 (1.51) 1.00 (0)

Difficulty doing your 
job 1.43 (1.13) 2.71 (1.60) 2.43 (1.81) 2.57 (1.51) 1.00 (0)

Life in general less 
satisfying 1.86 (1.21) 3.00 (1.73) 3.00 (1.92) 3.00 (1.73) 1.00 (0)

Totally unable to 
function 1.29 (.76) 1.57 (1.13) 1.57 (.976) 1.57 (.787) 1.00 (0)

Table 2  Descriptive analysis of the device tolerability
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being perceived to be too ‘big’. The size of 
the device was mentioned in 13 different 
comments overall. The participants linked 
the size of the device to poor aesthetics rather 
than discomfort, except one participant who 
indicated that the device caused friction to 
her cheek. Two participants indicated that 
wearing the device affected their work and 
social life as the device was visible. The most 
common feedback comments were to ‘make 
it less visible and match it with the colour of 
teeth’.

Another theme which emerged from the 
qualitative data was ‘happy with outcome’. The 
participants stated the device was tolerable and 
they would participate in a future study.

Example comments included:
• ‘The device was very tolerable’
• ‘Device was tolerable and would take part 

in a future study’
• ‘Device was tolerable; however, the design 

needs to be improved’.

Table 3 illustrates the participants’ QoL scores 
related to physical function, self-esteem, sexual 
life and public distress. As shown in Table 3, 
there was a mean increase in QoL related to 
physical function, self-esteem and sexual life. 
However, there was no improvement for all 
the items related to public distress between 
baseline and 14-day follow-up.

The other themes from the qualitative data 
were ‘motivated to lose weight’ and ‘give me 
some savoury food’.

Example comments included:
• ‘Became careful of what to eat after losing 

weight. Avoided sugary foods and foods 
with carbohydrates’

• ‘Started a healthy diet and started working 
out’

• ‘Motivated to continue to lose weight’
• ‘Needed something savoury’
• ‘Wanted to have a savoury diet like soup 

during winter’
• ‘Would prefer having a mixture of sweet 

and savoury liquids’.

Discussion

Obesity is a global pandemic and childhood 
obesity is widely perceived as one of the most 
important public health challenges of the 
twenty-first century. The intraoral device tested 
is a non-invasive, reversible, attractive and 
economical alternative to surgical procedures 
such as bariatric surgery, having little or no 
morbidity. The device could be helpful for 
short-term weight loss with a specific goal, 
such as in obese patients who require knee or 
hip replacement surgery or in preparation for 
bariatric surgery, but who will only get their 
procedure if they lose weight.

Furthermore, it is suggested that the device 
could break addictive eating habits and show 
the benefit of reduced weight to avoid future 
health problems, which may well be serious. 
The cost of the device and the clinical time 
to fit and remove the device, which is circa 

20 minutes, would be much lower and safer 
than the main alternative of bariatric surgery. 
Therefore, it is suggested that many obese 
people may find this an attractive alternative 
treatment to achieve successful weight loss.

The intraoral device resulted in a mean weight 
loss of 6.36 (SD = 3.79) kg over a two-week 
period. All the participants tolerated the device 
without reporting any serious complications. 
Jaw wiring has been used previously as a 
temporary method in the treatment of morbid 
obesity. Several studies showed that weight 
losses of 20–30 kg in six months were common 
with jaw wiring, with a rate of weight loss of 
around 4.2 kg/month.18,19,24,25 As soon as the 
wires were removed, weight gain recurred and 
the majority of the patients rapidly returned 
to their pre-treatment weight.17,25,26 A similar 
weight lost rate was observed in this study after 
two weeks, with the participants only having 
regained around 0.73 kg at the final review.

During the review appointment on day 
seven, the magnets were disengaged, allowing 
the participants to clean their teeth. No 
participants reported bad breath or gingival 
soreness. In contrast, several previous studies 
have shown that jaw wiring resulted in 
patients having bad breath and developing 
periodontal diseases.17,24 Surprisingly, few 
participants stated that they ‘occasionally’ felt 
that their oral hygiene was unsatisfactory or 
complained about unsatisfactory oral hygiene 
post-device removal in this study. This was 
unexpected as the patients were unable to 

Physical function
Baseline 24 hours 7 days 14 days 2 weeks after 

removal

Mean SD Mean SD Mean SD Mean SD Mean SD

Because of my weight, I have trouble picking up objects 4 1.2 4.00 1.000 4.00 1.155 4.00 1.000 4.50 1.225

Because of my weight, I have trouble tying my shoes 3.86 1.2 4.00 1.155 4.29 1.113 4.29 1.113 4.67 0.816

Because of my weight, I have difficulty getting up from 
chairs 3.86 1.5 4.14 1.069 4.29 1.113 4.43 1.134 4.50 1.225

Because of my weight, I have trouble using stairs 3.57 1.3 3.86 1.345 4.00 1.414 4.14 1.464 4.17 1.602

Because of my weight, I have difficulty putting on or taking 
off my clothing 4.14 0.69 4.43 0.535 4.57 0.535 4.71 0.488 4.83 0.408

Because of my weight, I have trouble with mobility 4.14 1.1 4.14 1.464 4.43 1.134 4.29 1.113 4.33 1.211

Because of my weight, I have trouble crossing my legs 3.39 1.5 3.43 1.618 3.57 1.618 3.71 1.380 3.67 1.633

I feel short of breath with only mild exertion 3.57 1.3 3.29 0.951 3.43 1.134 3.57 1.134 3.17 1.329

I am troubled by painful or stiff joints 3.57 1.4 3.86 1.215 3.71 0.951 4.14 0.690 3.67 1.211

My ankles and lower legs are swollen at the end of the day 2.43 1.1 4.71 0.488 4.43 0.787 4.57 0.787 4.33 1.033

I am worried about my health 2.43 1.1 2.57 0.976 3.00 1.414 2.71 0.951 2.00 1.095

Table 3  Quality of life of the participants
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open their mouth, which restricted them 
from brushing their tongue and the lingual 
and palatal aspects of their teeth regularly. 
Besides, the chlorohexidine-based mouthwash 
also caused some discolouration to the tongue. 
Device tolerability dropped at seven days and 
improved again at 14 days, which is interesting 
and could possibly be explained by an extended 
period of adaptation coupled with increasing 
cumulative weight loss being noted towards 
the end of the study.

Jaw wiring possesses a high risk of choking 
if the patients try to eat solid food or if they 
vomit.17,25,26 In this study, patients were instructed 
to open their mouth using a unique tool during 
an emergency (should one eventuate) which was 
not possible with jaw wiring, which required 
cutting of the wires in an emergency situation. 
It is reassuring that during this study, no subject 
felt the need to release the device using the 
emergency tool provided.

Most patients experienced occasional 
discomfort due to the device and it was quite 
severe after 24 hours, with the friction of the 
device against the cheeks being the main 
reason. It is reported that pain and discomfort 
are common complications during active 
orthodontic treatment, with pain starting 
within four hours and increasing over the 
24 hours.27,28 There is also evidence that about 
25–45% of patients still experience pain after 
seven days of appliances.29,30 Both Stewart et al. 
and Sergl et al. reported that fixed appliances 
produced a higher intensity of discomfort 
than removable appliances.31,32 In this study, 
a similar pattern was observed where the pain 
increased after 24 hours and decreased after 
one week, which is interesting as no tooth 
movement was involved.

Another possible explanation is that some 
participants decided to remove the cheek 
protectors during the treatment period, causing 
friction to the cheeks. No participant received 
any analgesics for pain management during the 
treatment period, which is commonly seen in 
orthodontic treatment.33

A striking observation is that patients’ 
speech did not improve during the treatment 
period. The device consists of closed-
field magnets (Fig. 1) which lock the jaw, 
resulting in limited mouth opening whereby 
a reasonable degree of normal speech with 
clarity is possible.21 A possible explanation 
could be that the participants found it difficult 
to talk for as prolonged a period as they are 
used to and found that their normal speech 
was limited. However, following device 

removal, the participants did not experience 
any ongoing discomfort, tension or speech 
problems. Several studies reported that after 
jaw wiring, patients experienced persistent 
and limited jaw movement, which was not 
observed in this study.18,34

After 24 hours, the participants indicated 
that they occasionally felt embarrassed, self-
conscious and that life, in general, was less 
satisfying. Nevertheless, all the participants got 
accustomed to the device during the treatment 
period and were able to work effectively 
in their usual employment. Although all 
participants found the liquid diet monotonous, 
participants did not complain of hunger, 
fatigue, light-headedness or palpitations, which 
are commonly associated with low-calorie 
regimens. However, the participants indicated 
that the food was too sugary and suggested that 
adding savoury foods to the diet regimen, such 
as savoury drinks or soups, would be helpful. 
One patient admitted to ‘cheating’, consuming 
melted chocolate and fizzy drinks. This was not 
surprising as studies have shown that obese 
patients usually have an addictive personality 
and an impulsivity for sugary food, and suffer 
from binge-eating disorders.35,36,37

Before placing the device, the majority 
of the participants indicated that being 
overweight was the main factor that limited 
their physical functions, such as using stairs, 
and caused them to have painful or stiff joints. 
The participants also felt that weight was the 
main reason for experiencing public distress, 
such as being discriminated by others and 
worrying about fitting through aisles and 
turnstiles. Furthermore, participants also felt 
that their self-esteem was low and this was 
due to being overweight. Several studies have 
found that obesity has a negative effect on the 
physical aspects of health-related QoL and 
mental health.38,39,40 None of the participants 
felt their sexual life was impeded due to 
their weight before and after the trial. After 
the trial, the participants’ QoL improved, 
although the items related to public distress 
remained unchanged. A possible explanation 
is that the participants did not lose a greater 
amount of weight over the two-week period, 
although the amount of weight loss was as 
expected for this degree of dietary restriction. 
However, after the two weeks of the trial, the 
participants indicated that losing weight 
helped them to carry out regular physical 
functions and motivated them to embark on 
a weight loss journey and to drop their BMI 
to a healthy range.

The limitations of this study were its small 
size of only seven cases and the short timescale 
of two weeks. In addition, another limitation 
is the fact that all the subjects were women. 
Therefore, future studies should involve a larger 
number of participants and should be balanced 
for gender in a parallel-controlled trial. The 
study was conducted for only two weeks and it is 
suggested that the participants would have lost 
more weight as seen in jaw wiring or bariatric 
surgery if the trial was for a longer period.41 
When questioned, participants mentioned 
that the device was too bulky and visible, and 
they could not enjoy social events such as 
family dinners. Therefore, the inventors have 
miniaturised the current device into a slimline 
device which has a polished appearance with 
better aesthetics. Future studies can examine the 
acceptability of this smaller slimline device over 
extended wear periods.

Unlike bariatric surgery or jaw wiring, this 
device can be re-applied multiple times in the 
individual patient. The effect of episodic wear 
on the periodontal support for the anchor 
teeth needs to be investigated. However, 
regular hygiene appointments with device 
release on a regular basis should prevent 
any adverse consequences. Thus, weight loss 
can be obtained progressively with episodic 
applications interspersed with ‘rest periods’. 
Additionally, if the patient regains weight, they 
can have the device refitted. Furthermore, the 
device can be applied by a dentist in about 20 
minutes after basic training and it is easy to fit 
and remove.

Conclusion

Within the limitations of this study, it can be 
concluded that all the participants tolerated the 
device for two weeks and showed satisfactory 
weight loss. QoL was improved, which 
motivated the subjects to continue on their 
weight loss journey.
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