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Abstract

Background Several reports in the literature have suggested a causative association between oral occlusion and spinal deform-
ity such as scoliosis and Scheuermann’s disease or kyphosis. Based on these findings, a growing number of adolescents with
spinal deformity receive orthodontic treatment, supposing a beneficial effect on the spine.

Objective The aim of this study was to verify the association between spinal deformity and malocclusion in the orthopedic
population and potential effect of orthodontic treatment on the spinal deformity.

Method The databases: MEDLINE, CINAHL, EMBASE, Cochrane Register, OTseeker and ScienceDirect were searched up
to August 2017 for studies reporting on associations between spinal and occlusal conditions. Case series, cohort, case—control
studies and randomized clinical trials were considered for analysis. Two reviewers independently selected studies, conducted
quality assessment and extracted results. Methodological quality was assessed using MINORS score.

Results Nine publications reporting on 1424 patients were included. Studies were two case series, five case—control studies,
one cohort study and one randomized clinical trial. The methodological quality was poor in 8/9 studies.

Conclusion Evidence from three low-quality studies suggests an increased prevalence of occlusal dysfunction in patients
with known spinal deformity, but the conclusions have a high risk of bias. No evidence of beneficial effects of orthodontic
treatment on spinal deformity was found.
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Key Table

Key points Take Home Messages

1. Spine deformity

. No evidence on causal relationship between malocclusion and spine
deformitics.

2. Dental occlusion

©

3. Temporo-mandibular joint No evidence supporting a therapeutic effect of the correction of malocclusion
on spinal deformity was found.

4. Scoliosis
The treatment of occlusal disease does not have harmful effects on spinal

posture or shape.

®

5. Systematic review

6. Mandibular malocclusion
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Introduction

Spine deformity is a common condition in adolescents
with two main clinical presentations: scoliosis and Scheu-
ermann’s disease. These two spinal deformities have been
proposed to be the most influencing facial asymmetry [1, 2].
Abnormal body posture has long been hypothesized to be
responsible for various craniofacial orthopedic and ortho-
dontic conditions, but the scientific literature is not able yet
to support these assumptions [3]. Pathological curvatures of
the spine induce in some cases the development of compen-
satory curvatures elsewhere along the spine and may result
also in compensatory head posture [4]. Therefore, the spine
disorders could contribute to the development of different
dentofacial anomalies and later to their persistence due to
their chronic influence on the head posture. The frequency of
different degrees of malocclusion in the orthopedic patients
group ranged from 83 to 87% [5]. The two clinical con-
ditions are frequently presented together. Previous studies
reported that spine and facial sagittal configurations are
related: Subjects with a long face tended to have longer and
straighter cervical vertebrae, whereas those with a short face
have shorter and more curved cervical vertebra [6].

Correlation between bone deformities of the head and
trunk has been advocated by some for years; for example, the
position of spine can influence the craniomandibular system
and vice versa [6, 7], but never proven [8]. Some studies have
been performed with different methods, but usually on small
samples due to the invasive methodologies required [9]. Nev-
ertheless, a bone deformity causes external signs that can be
checked through tools that were developed for screening pur-
poses [10] and that could be applied in large populations [11].

Though to date the relationship between occlusal dys-
function and spinal deformity has not been widely accepted,
increasing pressure is put on adolescents with spinal deform-
ities and their families to seek orthodontic treatment and
vice versa for the young with occlusal problems, causing
increase in perceived abnormality and potentially unneces-
sary diagnostic and therapeutic procedures.

The aim of this study is to systematically review the med-
ical literature for associations between spine deformity and
occlusal dysfunction in both directions and for effectiveness
of the treatment of occlusal dysfunction on the associated
spine deformity.

Method
Study design

This is a systematic literature review of studies investigat-
ing or reporting an association between malocclusion and

spinal deformity in the literature. PRISMA [4] guidelines
were followed during the design, search and reporting
stages of this systematic review.

Literature search

Our literature search aimed to identify all available stud-
ies that evaluated the association between dental maloc-
clusion and spinal deformity. We searched in MEDLINE,
CINAHL, EMBASE, Cochrane Register, OTseeker and
ScienceDirect database in every language between 1970
and August 2017. The search string was: (((((((((scolio-
sis) OR kyphosis) OR spine deformity) OR spine posture)
OR spinal alignment) OR spinal imbalance) OR defect
of posture) OR hyperkyphosis)) AND ((((((malocclusion)
OR mandibular joint) OR crossbite) OR temporoman-
dibular joint) OR occlusal dysfunction) OR dental occlu-
sion). Similar search strategies were used in MEDLINE,
CINAHL, EMBASE, Cochrane Register, OTseeker and
ScienceDirect database.

Two authors (G.R. and F.F.) performed the search and
evaluated the abstracts independently for potential eligibil-
ity and subsequently full-text publications for eligibility.
The search strategies are shown as PRISMA Flow-Chart in
Fig. 1. A third author (F.L.) resolved discrepancies. Each
researcher reviewed the title and abstract of all the articles
and selected the relevant ones according to inclusion and
exclusion criteria. The list of references of each article was
screened in order to find any additional original articles. In
addition to the computer search, an independent hand search
including scanning of reference lists from other systematic
reviews was performed.

Study selection
Eligibility criteria

Types of studies included observational studies (cohort
studies, case—control studies and case series), randomized
or quasi-randomized clinical with human subjects and
without restrictions regarding date of publication.

We excluded from analysis all repeated articles, case
reports, editorials, technical notes and review articles.
Also, articles not written in English and in vitro, preclini-
cal and animal studies were excluded.

Study assessment

Reviewers used the methodological index for non-
randomized studies (MINOR) scores to assess the
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,E Records identified through database searching:
5 MEDLINE, CINAHL, EMBASE, Cochrane Register,
e OTseeker, ScienceDirect database in every language
= between 1970 and August 2017 (n= 305)
5
Duplicates
B » | removed
o (n=10)
v
&
= Records screened
g (n=117)
A
Records
== » | excluded
— (n=84)
v
E Full-text articles
o assessed for
= eligibility (n=33)
Full-text excluded with
reason (n=24)
- (N=9) Syndromic disease;
_ - (N=2) Painful condition;
" - (N=1) latrogenic disorders;
B - (N=8) Technical notes;
- (N=2) Expert opinion;
v = (N=2) Systematic review.
: Studies included in
= the systematic
=) review.
= (n=9)

Fig. 1 Flow diagram of studies through the different phases of the systematic review

methodological quality of each clinical article. The MINOR We extracted a number of variables on study design and
score is a simple and effective tool to rank the strength of =~ methodological characteristics, patient and intervention
results measured in research studies [5]. characteristics and outcomes from all eligible studies.
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The quality of studies conducted by the MINOR score
ranged between 6 out of 24 [6] and 23 out of 24 [7] with an
average score of 14.55 +5.25 and median score of 17. Study
design included randomized clinical trial (1), case—control
studies (5), cohort study (1) and case series (2).

Data synthesis and analysis

Data were analyzed using SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA). The level of evidence (LoE) of a given
study was assigned based on the 2000 scoring system
adopted by the North American Spine Society. The catego-
rization of the studies according to LoE was based on the
combined evaluation of two reviewers (F.F. and G.R.) with
disagreements resolved by a third author (F.L.).

Results
Study selection

We identified 305 studies through database search. After
removing duplicates and screening titles and abstracts of
all remaining unique articles, 33 full-text articles needed
to be assessed to verify their eligibility for the inclusion in
the present study. Ultimately, 24 of these manuscripts were
excluded for various reasons (N=9 syndromic disease; N=2
painful condition; N=1 iatrogenic disorders; N=_8 technical
notes; N =2 expert opinion; N =2 systematic review). Thus,
nine studies were finally selected for this review as shown
in Fig. 1.

Types of study

The type of studies included two case series [9, 12], five
case—control studies [13—17], one cohort study [18] and one
randomized clinical trial [19], as given in Table 1.

Levels of evidence

The systematic research of the literature provides one high
LoE work: a clinical randomized control trial. In most
cases, articles reached LoE III as the best result. The review
included 55.55% (5/9) LoE III and 33.33% (3/9) LoE IV
studies. LoE V papers were excluded from the research as
for exclusion criteria. A summary of articles’ major findings
and LoE can be found in Table 2.

Data from studies
Association between spine deformity and malocclusion

Spine deformity prevalence in population with and without
malocclusion:

Korbmacher et al. [14] investigated the prevalence of
orthopedic coronal asymmetries in patients with or with-
out unilateral crossbite. Fifty-five children with unilateral
crossbites and 55 gender and age-matched children with-
out crossbite, as the control group, were evaluated. Body
asymmetry was assessed by examination of the differences
in shoulder elevation (threshold for asymmetry set at 5 mm
of height difference) and by the Adam’s forward bending test
(positive when the hump at one side was 8 mm higher than
the other or more). Intra-rater agreement was good for both
clinical tests. Children with a unilateral crossbite showed
more frequently an elevated shoulder (24 vs 10%; p =0.004)
and scoliosis (8 vs 2%, p=0.04). The MINORS quality score
of the study was 17/24.

Malocclusion prevalence in patients with or without spine
deformity

Segatto et al. [15] studied 33 children with Scheuermann’s
disease, 28 with scoliosis and a control group of 68 orthope-
dically healthy ones to map the facial anomalies that might
be correlated with the two most frequent spinal deformity
entities. The authors compared the sagittal occlusal anoma-
lies (normal, distal molar occlusion, mesial molar occlusion,
all of which could be unilateral or bilateral) and found that
subjects with normal spinal alignment had more frequently
bilateral normal occlusion (64.68%) than those with scoliosis
(57.12%) and those with Scheuermann’s disease (47.74%),
but they did not provide statistic tests for the significance of
differences, nor the data were available for analysis. They
found statistically significant differences for the mean overjet
distance (measured in mm) between patients with Scheuer-
mann’s disease (with or without brace treatment) and the
control group, for the mean overbite distance between the
subgroup of patients with Scheuermann’s disease who were
treated with brace and the control group, and for the midline
deviation mean only between the scoliosis group in brace
treatment and the control group. It has to be said that the
authors found statistically significant associations in four
comparisons out of a total of 12 comparisons made, and
that the a priori definition of what was the main outcome
parameter was missing. Authors did not report the type of
brace that the patients were wearing for treatment of the
spinal deformity (i.e., Milwaukee brace). The quality score
of the study was 17/24.
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Vegh et al. [16] studied the prevalence of occlusal altera-
tions in 23 children with Scheuermann’s disease and 28 with
scoliosis, all of them referred by the orthopedic department
after diagnosis. They found in the Scheuermann’s group that
a greater prevalence than in the scoliosis group for the fol-
lowing abnormal occlusal patterns: abnormal overjet (21.7
vs 3.6%) upper midline deviation from the facial midline
(60.9 vs 42.8%) and lower midline deviation from the facial
midline (60.9 vs 32.1%). The study did not have a control
group of patients with no spinal deformity. Authors did not
report how many of the patients were under treatment for
scoliosis with brace or the type of brace (i.e., Milwaukee
brace). The quality score of the study was 15/24.

Ben-Bassat et al. [13] evaluated the prevalence of occlusal
alterations in 96 children with idiopathic scoliosis and com-
pared it with a control group of 706 children without spinal
deformity from a previously published study. The examiners
were aware of the spinal deformity status of the children.
The differences in prevalence of asymmetrical molar rela-
tionship between scoliotic and non-scoliotic children (26.6
vs 28.9%) were not statistically significant. The prevalences
of asymmetrical canine relationship (31.5 vs 22.1%), upper
midline deviation (21.1 vs 9.5%), lower midline deviation
(53.7 vs 32.9%), anterior crossbite (16.6 vs 9.3% and poste-
rior crossbite (8.1 vs 18.2%) were significantly higher in the
scoliosis group. The authors did not compute the number
of patients under treatment with brace or their types, but
provide as an example one figure showing a participant in
the study who is wearing the Milwaukee brace. The quality
score of the study was 17/24.

Relationship between a specific spinal deformity
and malocclusion

Zepa et al. [17] evaluated 79 adults who had trunk asym-
metry on clinical evaluation from a cohort of 430 young
Finnish adults. Though they did not specifically evaluate
occlusal alterations in these subjects, their cranial radio-
graphical study showed no differences in the sidedness of
craniofacial asymmetries depending on the sidedness of the
trunk asymmetry. A similar study by Kim et al. [9] evalu-
ated 129 young females referred for treatment of idiopathic
scoliosis classifying the severity of the spinal deformity by
the magnitude of the Cobb angle and the type of deformity
by the main categories of the classification by Lenke. The
craniofacial morphology was evaluated by front and lateral
radiographs (cephalograms). The authors could not dem-
onstrate any association between severity or type of scolio-
sis and craniofacial dysmorphism. The quality score of the
study was 17/24.

Lippold et al. [12] evaluated 53 healthy adults with class
IT and class III malocclusion using cephalometric radio-
graphical analysis and rasterstereography (a photometric 3D

@ Springer

reconstruction of the shape of the trunk). The authors could
not demonstrate associations between facial radiographi-
cal patterns and lateral trunk deviation from the midline or
coronal inclination of the pelvis. The quality score of the
study was 6/16.

Effect of the treatment of malocclusion on spinal alignment

A randomized clinical trial by Lippold et al. [19] provided
data on the effect of orthodontic treatment for crossbite on
postural orthopedic parameters. Sixty-six children with lat-
eral crossbite and no spinal deformity were randomized to
receive or not orthognathic treatment of the occlusal con-
dition. At the beginning of treatment and after on average
1 year, spinal surface was scanned by rasterstereography.
No differences of spinal postural and shape parameters (lat-
eral deviation, kyphotic angle, coronal tilt of the pelvis and
trunk torsion) were found between groups at the beginning
and at the end of treatment. The authors concluded that no
harmful effect on spinal alignment could be demonstrated
as a result of orthognathic treatment. The quality score of
the study was 23/24.

Effect of the modality of occlusion on postural parameters
of the spine

Mirz et al. [18] evaluated 44 young adults with rasterstere-
ography of the trunk surface and repeated for each subject in
seven different mandible positions. Statistical analysis was
performed for 72 combinations of parameters. Significant
(p <0.05) variations were found for six combinations of den-
tal mandibular position and trunk position parameters. The
authors considered the results inconclusive assuming that
the posture changes detected could also have arisen from
individual neuromuscular compensation. No subject in the
study had spinal deformity. The quality score of the study
was 9/16.

Discussion

The purpose of this systematic review was to evaluate the
evidence on relationship between occlusal alterations and
spinal deformity and its quality. The vast majority of the
published studies refer to patients with idiopathic spinal dis-
orders and are constructed on clinical case reports and expert
opinions that we excluded from the review due to their low
level of evidence.

Regarding the first research question, i.e., whether a
higher prevalence of spinal deformity could be found in
subjects with malocclusion, one low-quality study sug-
gests a higher prevalence of shoulder asymmetry and sco-
liosis in the crossbite group [14]. The assessment of spinal
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deformity was based only on clinical evaluation without
radiographical confirmation. The radiographical examina-
tion is the standard examination for confirming diagnosis
of spine deformities, and therefore, what was found was a
higher prevalence of postural alterations and not diagnosed
spinal deformities. This may lead to misinterpretation of
the results and incorrect generalization to the population
of adolescents affected by spine deformities.

The quality score of the study is not high. Thus, low-
quality evidence from only one study suggests an increased
incidence of spinal deformity in subjects with occlusal
alterations, but this conclusion is exposed to substantial
risk of bias.

Our second research question was whether in patients with
spinal deformity a different prevalence of occlusal alterations
can be found. One low-quality study [15] reported a higher
prevalence of sagittal occlusal alterations in patients with
known Scheuermann’s disease, especially in the subgroup on
brace treatment and a higher prevalence of occlusal asym-
metry in patients with brace treatment for scoliosis compared
to controls. The numbers in this study were modest.

A second low-quality study [16] compared only Scheu-
ermann’s disease (SD) patients with scoliosis patients and
found that SD patients had greater incidence of both sag-
ittal and frontal plane occlusal alterations than scoliotic
patients. The study did not have a control group. No infor-
mation was provided on the type and prevalence of brace
treatment in these patients.

A third low-quality study with a greater number of sub-
jects in the control group [13] found a greater prevalence
of occlusal alterations in patients with scoliosis compared
to controls.

In all of these articles, the potential bias induced by a
direct effect of brace treatment on altered occlusion was
not discussed or analyzed. In fact, one of the possible
side effects of some scoliosis and kyphosis braces (i.e.,
the Milwaukee brace or its derivations) is alteration of
the jaw function and morphology, due to direct contact to
the anatomical area. The Milwaukee brace and its deriva-
tions have been for years the brace of choice for kyphotic
deformities (Scheuermann’s disease or scoliosis combined
with kyphosis) and for major curves with apex at T7-T8 or
above [20, 21]. Thus, moderate evidence from low-quality
studies supports an increased incidence of occlusal altera-
tions in patients with spinal deformity, but the risk of con-
founding and bias of these studies is substantial.

A different low-quality study [18] investigated in sub-
jects without spinal deformity and the effects of different
mandibular positions on the trunk alignment, with incon-
clusive results.

Some hypotheses have been made to explain the relation
between dental occlusion and spine deformity. This rela-
tionship was already suggested by some authors through

observational studies [22], and it is based on the anatomical
and functional link between the stomatognathic apparatus
and the spinal column. There is an anatomical connection
between the jaw and the cervical spine since the cranium and
the mandible have muscular and ligament attachments to the
cervical area; moreover, cervical spine, head and jaw take
part together in a complex functional system [22]. In spite of
the degree of elaboration of these hypotheses, there is little
experimental support to provide confirmatory evidence on
the mechanism that correlates malocclusion and deformity
of the trunk.

Festa and D’Attilio [22, 23] found in Caucasian adult
females a relationship between jaw length and cervical
lordosis angle on lateral X-ray, with a decrease in cervical
lordosis along with the increase in jaw body length. Using
this association as a demonstration of how variations of the
cervical spine may correlate with variations on the mandibu-
lar shape or function, they hypothesized that dental maloc-
clusions could be responsible for functional asymmetry of
trunk muscles. Saccucci et al. [24] hypothesized a crucial
role for the atlas, which is linked to occipital condyles and
thus would affect the rest of the spine alignment. According
to the author, any problem in masticatory function might
lead to activation of compensatory mechanisms in the spine
which might give raise to spinal pathology. Despite some
authors reported an association between TMD and the
imbalance of the whole body [25-28] probably inducing
flexion of the first cervical vertebra and an hyperlordosis
of the cervical spine [25] and a positive impact of treat-
ment with occlusal splint application on spine mobility and
symptoms [28], Rocha et al. [29] concluded that the evi-
dence between TMD and spinal morbidity was still not clear.
Those studies did not establish the causal factor between
TMD function and spinal shape but just hypothesized their
association and the potential benefits that would follow the
treatment with splint by means of a supposed the reduc-
tion of cervical antalgic contractures, but the conclusions
of those reports were speculative.

The only RCT included in our review stated that in a
juvenile population with unilateral posterior crossbite, early
orthodontic treatment protocol does not affect negatively
postural parameters [19]. By design, it was just a pilot study,
and to date we were not able to identify a definitive report
of the final study. While some studies supported his conclu-
sions and reported an association [13, 14], other reviews did
not find any association [9, 17] or at least any strong associa-
tion [18]. In particular, Zepa et al. [17], comparing the incli-
nation of the cervical spine and cranial morphology, found
that all facial morphologic variables were almost similar in
the left-sided and right-sided scoliotic patients. According
to the author, thoracic humps or lumbar prominence do not
affect the facial symmetry. Mirz et al. [18] performed an
optical body scans of 44 subjects, asking them to maintain
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seven different mandible positions. Though they found vari-
ations of the trunk posture induced by different occlusion
modalities applied to patients by splints, no substantial con-
clusions were drawn.

However, a small group of authors reported a higher inci-
dence of facial and bite anomalies in patients affected by
scoliosis [13, 15, 16]. These results seem even more evident
in patients with Scheuermann’s disease [16] (Scheuermann’s
disease vs idiopathic scoliosis; 78.3 vs 57.1%, p=0.00068),
but symptoms related to TMD were more frequently associ-
ated with scoliosis. In particular, Scheuermann’s disease cre-
ates a pathological kyphotic curvature, which is responsible
for the forward-tilted head posture and a hunchback appear-
ance, primarily pronounced and stabilized in the dorsal spi-
nal region [30]. The role of head posture tilted forward and
backward that evolved as a consequence of the pathological
curves of the sagittal plane has been mainly examined in the
development of the sagittal and vertical jaw anomalies [31].

Two interesting animal studies recently reported in the
literature tested the role of an induced malocclusion in rats.
After some weeks, the spine of rats demonstrated some sco-
liotic degeneration, which remained stable overtime after
reversal of the induced dental malocclusion. However, no
relationship between the side of malocclusion and the side
of curvature was found [32, 33]. Though the findings are
appealing, generalizability of the conclusions of this study
in an animal model so different to humans is not granted.

This systematic review has limitations. The majority
of the studies included in the study did not report cohorts
including consecutive patients and a priori sample size cal-
culation. Classification bias might be present as the criteria
for the diagnosis of scoliosis, kyphosis and Scheuermann’s
disease were not described in the studies, and the spinal
deformity was frequently diagnosed by clinical examination
or surface analysis with optical devices. The gold standard of
the assessment of malocclusion and spine deformity, that is
full-spine standing radiographs in long cassette and cepha-
logram, was performed in only two studies. The remaining
ones performed mainly clinical examination or instrument of
indirect detection of spine deformity such as rasterstereog-
raphy, which is not reliable for diagnosis of spinal deform-
ity and its severity. Most of the included studies have low
quality. The only study included with a high-quality score
was a pilot study for a randomized controlled trial, but the
goal of the study was to investigate whether the treatment of
malocclusion might cause spinal deformity. All these biases,
along with the retrospective nature of studies, may influence
the evaluation of results.

@ Springer

Conclusion

There is low-quality evidence suggesting higher preva-
lence of occlusal alterations among patients with spinal
deformity than in controls. The studies providing this
information have substantial risk of bias. No evidence on
causal relationship between the two entities (in both direc-
tions) was found. No evidence supporting a therapeutic
effect of the correction of malocclusion on spinal deform-
ity was found. Evidence from one good-quality study sug-
gests that the treatment of occlusal disease does not have
harmful effects on spinal posture or shape.
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