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Correlation between body mass index and orthodontic treatment outcome

J. von Bremena; J. Wagnerb; S. Rufc

ABSTRACT
Objective: To determine whether there is a correlation between body mass index (BMI), patient
cooperation, and treatment success during multibracket (MB) appliance therapy.
Materials and Methods: All adolescent MB patients started and finished between 2007 and 2010
were analyzed. The pretreatment BMI was calculated and negative file entries such as bad oral
hygiene, missed appointments, and appliance breakage were recorded. According to the number
of negative entries, cooperation was classified as good, bad, or poor. Additionally, the treatment
duration and the number of appointments were recorded. For the evaluation of treatment success,
the pretreatment and posttreatment PAR (peer assessment rating) scores were measured.
Results: Of the 77 subjects, 61 had a normal BMI (79.2%) and 16 were considered overweight
(20.8%). Whereas 51.7% of the normal-weight children had a good cooperation, only 25% of the
overweight patients cooperated sufficiently. Consequently, the number of patients exhibiting bad or
poor cooperation was higher in the overweight group (37.5% bad, 37.5% poor) than in the normal-
weight group (30.6% bad, 17.7% poor). Patients with an increased BMI had a slightly longer
treatment duration (21.4 months) and needed more appointments (19.9) than their normal-weight
peers (18.9 months, 18.1 appointments). The PAR (peer assessment rating) score reduction,
however, was comparable (normal BMI: 17.8 points, 64.0%; increased BMI: 15.2 points, 65.3%).
Conclusion: In the present study, children with increased BMI did not cooperate as well during MB
therapy as their normal-weight peers, but the treatment outcome was comparable in the two
groups. (Angle Orthod. 2013;83:371–375.)
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INTRODUCTION

As observed in the daily press, overweight and
obesity is increasingly becoming a problem in the
economically developed world. This problem does
not only affect adults, but to a dramatic extent, also
children and adolescents. Today, it is assumed that
287 million school-age children worldwide are severe-
ly overweight,1 with a globally increasing tendency.
The International Obesity Task Force describes that in
2004 about 14 million school children in the European

Union were overweight, 3 million of these obese,
and an additional 1% of the European children are
becoming overweight each year.2 Data for the UK
suggest that in 2002 22% of the boys and 28% of the
girls aged 2–15 years were overweight or obese,3 also
with an increasing tendency. The same becomes
evident, when looking at the US data collected in the
National Health and Nutrition Examination Survey.
While only 4.6% of the American adolescents were
overweight in 1963–1965, this number increased to
15.5% in 2000,4 and continued increasing to 17.1% in
2004 and 18.1% in 2008.5 The World Health Organi-
zation (WHO) regards childhood overweight as ‘‘one
of the most serious public health challenges of the
21st century,’’6 especially because the affected
children are likely to stay overweight into adulthood.

A number of secondary problems, such as metabolic
syndrome, hypertension, liver/gastrointestinal disease,
type 2 diabetes, sleep apnea, hyperinsulinemia, hyperan-
drogenism/polycystic ovarian syndrome, social exclusion,
or depression have been described for the overweight
child.2,7–12 Additionally, orthopedic problems arise13 due to
a greater strain on the joints as well as changes of bone
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metabolism and bone mineral density resulting from the
increased body mass index.13–21

In general medicine, child obesity is a big issue and
these children receive special medical attention. From
the orthodontic perspective, however, overweight chil-
dren have not been regarded. Whether or not the obese
child needs special orthodontic care, due to perhaps a
modified skeletal metabolism or because of increasingly
observed psychosocial problems, is unclear.

Therefore, it was the aim of this pilot study to compare
normal and overweight orthodontic patients treated with
multibracket appliances to assess for differences
concerning:

N cooperation during treatment,

N treatment duration,

N number of appointments/missed appointments, and

N treatment success (PAR (peer assessment rating)
score reduction).

MATERIALS AND METHODS

Before starting, the study protocol was approved by
the ethics committee of the University of Giessen (82/
11). Beginning in August 2007 the weight and height of
all patients were documented when the pretreatment
records were taken. All children and adolescents, whose
multibracket treatment was started and completed at the
Orthodontic Department of the University of Giessen,
Germany between 2007 and 2010 and of whom
complete records were available, were analyzed. A total
of 77 patients fulfilled these requirements. Their body
mass index (BMI) was calculated according to the
pretreatment data, and the patients were classified as
normal weight (normal BMI) or overweight (higher BMI .

85th percentile) on the basis of the age-dependent
scales of Coners et al.22

The cooperation during treatment was assessed
using the patient records. According to the number of
negative file entries (poor oral hygiene, insufficient
wearing of elastics or headgear, appliance loosening,
appliance breakages, loss of alastics, power chains or
uprighting springs), cooperation was defined as ‘‘good’’
(0–1 negative entries), ‘‘bad’’ (2–4 negative entries), or
‘‘poor’’ (.5 negative entries). Additionally, the active
treatment duration was calculated and the number of
regular appointments, missed appointments, or addi-
tionally needed appointments was recorded. Treatment
success was evaluated by assessment of the pretreat-
ment and posttreatment PAR scores as measured on
the dental models. The PAR score assessment was
carried out twice by a calibrated (certified) observer, and
the mean value was used for final analysis. Both the
evaluation of the models and the examination of the
patients’ files were carried out in a blinded manner.

RESULTS

Of the 77 patients who fulfilled the requirements, 61
(79.2%) had a normal BMI, whereas 16 (20.8%) were
overweight. In both groups, the number of boys was
higher than the number of girls (normal BMI: 60%
male, 40% female; increased BMI: 69% male, 31%
female).

Whereas 51.7% of the normal-weight patients coop-
erated sufficiently, only 25.0% of the overweight patients
exhibited an acceptable cooperation. Consequently, the
number of patients with bad or poor cooperation was
significantly higher in the overweight group than in the
normal-weight group (Figure 1).

On average, the treatment of the overweight patients
took slightly longer (21.4 months) and required more
appointments (19.9) than that of the patients with a normal
BMI (18.9 months, 18.1 appointments) (Figure 2). When
looking at extraordinary appointments, it becomes evi-
dent, that overweight patients missed their appointment
almost three times as often (1.1 appointments) as their
normal-weight peers (0.4 appointments). Also, the num-
ber of extraordinary appointments due to appliance
breakage was higher in the overweight group (1.9
appointments) than in the normal-weight group (1.2
appointments) (Figure 3).

Concerning the PAR score reduction, it can be seen
that equally good results could be reached for both
groups (Figure 4). Whereas the normal-weight pa-
tients reached a mean PAR score reduction of 64.0%
(17.8 points reduction; pretreatment 25.9, posttreat-
ment 8.1), the patients with an increased BMI achieved
a PAR score reduction of 65.3% (15.2 points reduc-
tion; pretreatment 22.7, posttreatment 7.5), with no
relevant differences between the two groups.

DISCUSSION

Within the limits of this study, there were no differences
in treatment outcome between the two groups. However,
it appears as if it takes more effort, time, and cost to reach
equally good treatment results in the group with an
increased BMI because the cooperation during treatment
was not as good, and treatment took longer and required
more appointments than in the normal-weight group. The
reason for this longer treatment may be that these patients
are more likely to have a restricted oropharyngeal and
tend to exhibit tongue thrust or interference of a thick
buccal mucosa, which makes treatment more difficult.
Furthermore, in cases of extreme overweight, it is
impossible for the orthodontist to work in a proper
ergonomic chair position, once more resulting in a more
difficult, time-consuming treatment. Additionally, the poor
cooperation in the overweight group might explain the
longer treatment time; on the other hand, however, it is
also possible that changes in the bone metabolism due to
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the increased amount of adipose tissue influenced the
orthodontic tooth movement.

Contradictory information concerning the effect of
childhood overweight or obesity on bone mineral
density is found in the literature. Some authors describe
a positive influence of increased body mass resulting in
increased bone mass or bone mineral density,23,24 which
is explained by the fact that the bone simply adapts to
the increased load it carries. If this were also true for the
maxilla and mandible, it would imply that tooth
movement might be slower in obese patients due to a
stronger bone. Other authors, however, report the
opposite.21,25,26 They found a loss of bone quality in
overweight patients due to a change of hormone status,
which could imply easier tooth movement. Also in growing
rats, it could be verified that a high-fat diet had deleterious
effects on bone parameters (decrease of bone mineral
density, bone mineral content, and total skeleton area)
compared to rats given a standard diet.27

To examine the influence of fat on bone more closely,
the adipocyte hormones have to be considered. Among
others, leptin and adiponectin are two protein hormones
that are directly associated with the amount of adipose
tissue. In obese patients, the blood levels of leptin are
generally higher, and those of adiponectin generally
lower compared to normal-weight patients.28 Leptin both
directly and indirectly influences bone metabolism,
causing a slower bone turnover. It has been shown to
inhibit both bone formation29 and resorption through a
reduced expression of RANK and RANK-ligand and an
increased expression of osteoprotegerin.30,31 Addition-
ally, the amount of leptin has been shown to be directly
positively correlated to bone mineral density in prepu-
bertal girls, where higher leptin levels were associated
with a higher bone mineral density.25 Therefore, it
seems obvious that overweight, which leads to an
increase of the leptin level, might possibly imply slower

Figure 2. Distribution of treatment duration and number of

appointments in relation to body mass index (normal weight/

overweight).

Figure 3. Distribution of missed and additional appointments (eg,

due to appliance breakage) in relation to body mass index

(normal weight/overweight).

Figure 4. Distribution of pretreatment and posttreatment PAR scores

in relation to body mass index (normal weight/overweight).

Figure 1. Distribution of patient compliance in relation to body mass

index (normal weight/overweight).
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tooth movement due to both the slower bone turnover
rate and the higher bone mineral density.

Furthermore, it is known that overweight leads to
lower adiponectin levels. Williams et al.32 analyzed the
bone mass in adiponectin knockout mice and concluded
that adiponectin stimulates osteoblast growth and
inhibits osteoclastogenesis. Luo et al.33 also found
adiponectin to modulate the osteoblast production of
both RANKL and osteoprotegerin, which again would
decrease osteoclastogenesis. Similar findings were
reported by Oshima et al.34 Once more, for the
orthodontist this might result in slower tooth movement.

Other factors that are being discussed are if a
hyperinsulinemia, which is often associated with adi-
posity, causes decreased bone turnover rates, or if
vitamin D might have an influence on bone regeneration
due to its regulation of the calcium metabolism. Since
obese children often exhibit a vitamin D deficiency,35 it is
absolutely possible that this might be another cofactor
for slower orthodontic tooth movement compared to
normal-weight adolescents.

Maybe, however, things are a lot simpler, and it
is not a matter of skeletal metabolism but merely a
question of compliance why the treatment of obese
children took longer. It has been shown that in
Germany a strong correlation exists between socio-
economic status and overweight, suggesting the per-
centage of overweight children to be significantly
higher among socially lower status families when com-
pared to those with a higher status.36–38 The insufficient
support from home could be the cause for the lack of
compliance during orthodontic treatment. Also in other
areas of medicine, the poorer compliance of patients
with a lower social status has been described in
relation to medication nonadherence.39–41

One aspect, which was not addressed in this study,
is the general dental condition of the patients after
treatment. Orthodontically, satisfactory results have
been reached for both normal and overweight children.
However, one aspect of patient cooperation were
repeated file entries criticizing the oral hygiene, and it
could well be that patients with an increased BMI had
more gingival inflammation or more white spot lesions
following fixed appliance therapy than their normal-
weight peers. This aspect is currently being analyzed.

Another aspect that must be considered is that
patients who fell into the group with an increased BMI
were not necessarily as obese as to influence bone
metabolism to an orthodontically relevant extent. The
present study is limited, however, by a relatively small
obesity sample size, in which only three individuals had
extreme overweight, which, of course, is not enough for
any statistical evaluation. These three, however, had a
surprisingly long treatment duration with an extraordi-
nary number of additional appointments. For future

studies, it would be desirable to compare normal-weight
adolescents to those with obesity.

CONCLUSION

N Although there were no differences in PAR score
reduction between normal-weight and overweight
multibracket patients, patients with an increased BMI
did not cooperate as well during treatment and had
slightly longer treatment durations with more ap-
pointments than adolescents with a normal BMI.
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mineral density in childhood obesity. J Pediatr Endocrinol
Metab. 2000;13:307–311.

21. Janicka A, Wren TA, Sanchez MM, Dorey F, Kim PS,
Mittelman SD, Gilsanz V. Fat mass is not beneficial to bone
in adolescents and young adults. J Clin Endocrinol Metab.
2007;92:143–147.

22. Coners H, Himmelmann GW, Hebebrand J, Hesker H,
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