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1  |  INTRODUC TION

Mastication is one of the most important functions of the stomato-
gnathic system.1 It is a highly coordinated neuromuscular movement 
with continuous modulation and adaptation to bolus volume and 
consistency.2 Masticatory jaw movements are adjusted by the re-
ceptors of the stomatognathic system, especially mechanoreceptors 
and muscle spindles.2,3

The rhythmic chewing pattern in humans is not the simple out-
come of reflex, isolated mandibular movements, but rather the 

outcome of concomitant mandibular and head– neck movements4; 
jaw opening is paralleled by head– neck extension and jaw closing 
by head– neck flexion. Well- coordinated and task- specific neck 
movements seem to optimize the execution of jaw actions, which is 
further underlined by the finding that head extension can increase 
the stability of mandibular closing movements.5 The size and the 
texture of bolus can modulate not only the mandibular movement 
pattern, but also that of the head/neck complex.6 In fact, boluses of 
larger size and harder texture are associated with larger amplitudes 
of both mandibular and head/neck movement, with a proportional 
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Abstract
Objective: To evaluate mastication in a group of patients with adolescent idiopathic 
scoliosis (AIS) with a control group, by means of the prevalence of reverse chewing 
cycles (RCCs).
Material and Methods: This study included a group of patients (N = 32; F = 24; M = 8; 
mean age ± SD = 14 ± 3 years) with a confirmed diagnosis of AIS and a group of control 
subjects (N = 32; F = 24; M = 8; mean age ± SD = 13 ± 6 years) without spinal disor-
ders. Mastication was recorded with both a hard and a soft bolus, following a stand-
ardized protocol, and the prevalence of RCCs was compared between the groups.
Results: The prevalence of RCCs was significantly higher in the AIS group, with both a 
soft and a hard bolus, compared to the control group (P < .001).
Conclusion: The results of this study indicate that the presence of AIS influences mas-
tication, one of the main functions of the stomatognathic system. A multidisciplinary 
approach to these patients may be relevant in providing the best possible treatment 
outcomes.
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recruitment of neck muscles in response to increased chewing 
load.5

There is an increasing interest in the relationship between oc-
clusion and spine pathology, as a greater incidence of pain related to 
masticatory muscles, neck, trunk, upper and lower limbs, as well as 
the temporomandibular joints, has been described in adult patients 
with occlusal dysfunction.6,7 At present, malocclusion is largely ad-
dressed in the course of development and especially during adoles-
cence, when some pathologies of the spinal column manifest for the 
first time.8,9 Different conditions interfere with normal trunk align-
ment in the frontal plane, and it is of clinical interest to investigate 
their influence on dental occlusion.10,11 One such condition is idio-
pathic scoliosis, a deformity without a clear aetiology,12 classified in 
3 types according to the age at presentation: infantile (from birth to 
3 years), juvenile (from 3 to 10 years) and adolescent (from 10 years 
to skeletal maturity).13,14 The most common infantile curves present 
in the first 6 months of life are frequently left thoracic apex, with 
males more frequently affected, whereas the most common juve-
nile curves are right thoracic apex with females more frequently af-
fected, as it happens in the adolescent group. In the case of the most 
common form of scoliosis, that is adolescent idiopathic scoliosis 
(AIS), there is no clear causal agent and it is generally believed to be 
multifactorial. AIS represents 80% of all scoliosis patients and has a 
well- established prevalence of 1.5%.15 AIS is defined by the Scoliosis 
Research Society (SRS) as a spinal deformity of unknown aetiology 
with a coronal Cobb angle >10° occurring in a child over the age 
of 10 whose skeleton is still developing.16 AIS occurs frequently in 
teenage patients that are most often referred for consultation both 
because of incorrect body posture and malocclusions.

Some studies evaluating the relationship between malocclusion 
and scoliosis described an increased prevalence of unilateral Angle 
Class II malocclusion,17 an increased risk of crossbite15 and left– right 
occlusal asymmetries18; however, there was no agreement between 
the studies.19 A recent systematic review concluded that there was 
no clear evidence of a causal relationship between spinal defor-
mities and malocclusion and underlined the limited quality of the 
evidence available to support it.20 Nevertheless, even though the 
results are not directly translatable to humans, three animal stud-
ies21– 23 showed the role of induced malocclusion on the irreversible 
degeneration of the spine, manifesting as scoliotic curves. Moreover, 
the demonstration of possible associations of standard orthodon-
tic therapies, such as rapid palatal expansion, on the worsening of 
scoliotic curves casts a shadow of concern that requires objective 
scientific clarification.24 This disagreement might be due to the com-
plexity of the system and to the great capacity for compensation 
in the three planes of space, that result in a variety of different re-
sponses and occlusal assessment.

Interestingly, a previous study showed that spinal curvatures af-
fect the anatomical, biomechanical and kinesiological features of the 
masticatory system, and individuals with AIS may experience more 
chewing problems than asymptomatic individuals.25 Based on this 
result and on the synergistic coordination between the masticatory 
and neck muscles during chewing, this study aims at evaluating the 

potential influence of AIS on the masticatory function. The null hy-
pothesis (H0) is that there is no difference in mastication between 
subjects with AIS and control subjects.

2  |  MATERIAL S AND METHOD

Before entering the study, informed consent was obtained from all 
parents or legal guardians. This study was conducted in accord with 
the Declaration of Helsinki. The study was conducted with the ap-
proval of the Institutional Review Board of the University Hospital 
Company— Turin— Italy, n° 764/2014, 23rd July 2014. Subjects with 
AIS were selected among patients referred by two orthopaedic 
surgeons to the Division of Orthodontics, University of Turin, Italy, 
with the following inclusion criteria: (1) a confirmed diagnosis of AIS, 
(2) regular follow- up by an orthopaedic surgeon, (3) no history of 
previous orthodontic treatment and of temporomandibular disease 
(TMD), (4) absence of crossbite. The exclusion of patients with cross-
bite (which is the malocclusion correlated to a high percentage of 
reverse chewing cycles [RCCs]26) guaranteed the exclusion of the 
dental influence on the inversion of the masticatory pattern. All pa-
tients underwent occlusal diagnosis according to the Angle classifi-
cation, carried out clinically and on study casts by two experienced 
orthodontists. All patients underwent orthopaedic evaluation of the 
rachis with Adam forward bend test and Bunnell scoliometer as well 
as radiological evaluation of orthostatic posture in the coronal and 
sagittal projections. The diagnosis of AIS, as defined by the SRS,16 
was made by two experienced orthopaedic surgeons on the basis of 
clinical examination and radiographic data.

The control group was selected to be age-  and gender- matched 
with the AIS group. Control subjects were selected consecutively 
among those referred to the Division of Orthodontics, University 
of Turin, Italy, with the following inclusion criteria: (1) absence of 
genetic or congenital disease, (2) normal growth and development, 
(3) bilateral molar class I and minor or no crowding, (4) absence of 
crossbite, (5) no previous orthodontic treatment, (6) no diagnosis or 
family history of scoliosis.

2.1  |  Procedures

The recordings of the chewing cycles were carried out for all the 
patients with the same protocol, by the same skilled operator. The 
subject was comfortably seated on a chair and was asked to fix his/
her eyes on a target (the red beak of a Donald Duck drawing) on 
the wall, 90 cm directly in front of the seating position and to avoid 
movements of the head. The measurements were performed in a 
quiet and comfortable environment. Each recording began with the 
largest number of teeth in contact (maximum intercuspation) and 
the test bolus centred on the tongue. Each recording consisted of 
chewing for a period of 10 s and was repeated, for each recording 
session, three times for mastication on the right side, three times for 
mastication on the left side and three times for free mastication. This 
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sequence of nine recordings was repeated with a soft bolus (chewing 
gum) and subsequently a hard bolus (wine gum), for a total of eight-
een recordings per session. A skilled operator indicated the side of 
mastication and visually controlled the correct performance of the 
subject. Both hard and soft boluses were of the same size (20 mm in 

length, 1.2 mm in height and 0.5 mm in width) but of different weight 
(2 g for the soft bolus and 3 g for the hard bolus). The wine gum was 
chosen to provide a rubber- like resistance without sticking to the 
teeth and was changed for a new one at each recording in order to 
preserve its characteristics.

TA B L E  1  Characteristics of included subjects (N = 64)

Total (N) Age (mean ± SD)a Males (N) Females (N)

AIS group 32 14 ± 3 8 24

Control group 32 13 ± 6 8 24

Molar class I Molar class II Molar class III
Neutral 
molar class

AIS group N = 21 (65.6%) N = 5 (15.6%) N = 4 (12.5%) N = 2 (6.3%)

Control group N = 32 (100%) – – – 

aAge in years (rounded).
Abbreviation: AIS, adolescent idiopathic scoliosis.

F I G U R E  1  Different percentage of 
the dyskinetic reverse chewing cycles 
when chewing a soft bolus (A) and a hard 
bolus (B) in patients with AIS compared 
to control subjects (right: mastication on 
the right side; left: mastication on the left 
side).
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2.2  |  Kinematic analysis

Mandibular motion was tracked using a Kinesiograph (K7- I; 
Myotronics, Tukwila, WA, USA) that measures jaw movements with 
an accuracy of 0.1 mm. Multiple sensors (Hall effect) in a lightweight 
(113 g) array tracked the motion of a tiny magnet attached at the 
lower inter- incisor point.27 The Kinesiograph was interfaced with a 
computer for data storage and subsequent analysis.

2.3  |  Signal analysis

The kinematic signals were analysed using custom- made software 
(University of Turin, Italy) that allows for automatic data segmenta-
tion and analysis. This approach has been described elsewhere.28 
The first cycle, during which the bolus was transferred from the 
tongue to the dental arches, was excluded from the analysis. Jaw 
movements between two consecutive masticatory pauses were 
also excluded if they did not represent a chewing cycle based on 
the presence of at least one of the following characteristics: (1) 
minimum opening smaller than 4 mm; (2) duration shorter than 
300 ms; or (3) vertical opening smaller than 3 mm. From each cycle 
was extracted the variable ‘closure angle’ [°]. The values computed 
were averaged over all cycles recorded for the same side of masti-
cation and the same bolus. The chewing cycles were divided into 
non- reverse and reverse (RCCs), based on the vectorial direction 
of closure. The closure angle was measured between a straight 
line obtained by a robust regression procedure on the last part 
of the curve (from 2.0 to 0.1 mm from the closing point in vertical 
direction) and the horizontal line of the side of mastication. Next, 
cycles with a closure angle larger than 90° were grouped in the 
reverse set.

2.4  |  Statistical analysis

Before comparison, the variables were tested for normality using 
the Shapiro– Wilk test and the normal distribution of the data were 
confirmed. The prevalence of reverse chewing cycles (RCCs) in the 
two groups was analysed with Student's t- test. The significance level 
was set at P < .05. Statistical analysis was performed with the STATA 
software (StataCorp, 4905 Lakeway Drive, College Station, Texas, 
77845, USA).

3  |  RESULTS

This study included 64 subjects: 32 patients with AIS and 32 con-
trol subjects. The characteristics of the included subjects are listed 
in Table 1. Patients with AIS showed a significantly higher percent-
age of reverse cycles (RC) when chewing on both sides, both with 
soft and hard bolus when compared to the control group (Right side 
soft bolus: 17.96% for patients AIS and 3.97% for control patients, 

P < .001; right side hard bolus: 19.12% for patients with AIS and 
2.31% for control patients, P < .001; left side soft bolus: 20.9% for 
patients with AIS and 4% for control patients, P < .001; left side hard 
bolus: 14.87% for patients with AIS and 3.9% for control patients, 
P < .001) (Figure 1). According to these results, it was possible to re-
ject the null hypothesis (H0).

4  |  DISCUSSION

This study was aimed at evaluating the masticatory function of a 
group of patients with AIS when chewing different types of boluses 
by means of the prevalence of reverse- sequence chewing patterns. 
To the authors' knowledge, no previous research assessed this topic.

The results showed that patients with AIS had a significantly 
higher percentage of RCC compared to the control group, with both 
hard and soft boluses and on both sides of mastication (P < .001). It 
was, therefore, possible to reject the null hypothesis, confirming that 
there is a significant difference between the groups.

The imbalance of the vertebral column and the consequential 
tilt of the cervical spine affects the vertical alignment of the entire 
spine. Indeed, changing the functionality of the cervical muscles may 
convey its effects on the posture of the mandible that would in turn 
compensate the muscular and kinetic imbalance. The jaw opening/
closing dynamic is not simply executed by reflex isolated mandibu-
lar movements: it is rather the combined outcome of concomitant 
mandibular and head– neck movements, as described in the intro-
duction.4– 6 This reflects a well- coordinated activation of jaw and 
neck muscles, leading to simultaneous and adequate movements in 
the temporomandibular, atlas- occipital and cervical spine joints.11,15

The influence of malocclusions on chewing patterns is well 
known.28– 31 Unusual chewing patterns called RCCs (Figure 2) have 
been described in a number of publications, confirming highly signif-
icant results in different patient groups. RCCs have been shown to 
be dyskinetic patterns, present in low percentages in subjects with 
normal occlusion2,29 and in a higher percentage in patients with neu-
rological diseases or TMDs, as well as in a very high percentage in 
patients with crossbites, especially when chewing hard boluses.26,32 
RCC refers to the reverse direction of closure of the mandibular 
movement during the closing phase of the chewing stroke, com-
pared to the physiological chewing pattern. The reverse direction of 
closure is associated with serious alterations of the mandibular kine-
matic.25 In fact, RCCs are related to specific features of the chew-
ing pattern, that is narrow kinematic developing near the vertical 
axis in the frontal plane, with one or more cross over of the opening 
and closing traces and a severely limited lateral displacement of the 
mandible that moves mainly along the vertical axis, with a very lim-
ited freedom of movement (Figure 2). All the parameters of the RCC 
are indicative of a lower masticatory efficiency.28,33 Interestingly, 
as previously explained, when RCC are related to the dental maloc-
clusion, that is posterior crossbites, their prevalence is higher with 
a hard bolus and lower with a soft bolus.28,29 In patients with AIS, 
there was no difference in the prevalence of the RCCs between soft 
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and hard bolus. This confirms that the dyskinesia of the chewing pat-
tern is likely to originate from the body posture.

The central hypothesis of this research is the existence of a func-
tional relationship between the stomatognathic apparatus and the 
spinal column.34 The precision of the information conveyed by the 
periodontal mechanoreceptors35 plays an important role in the acti-
vation and coordination of the masticatory muscles during chewing, 
aimed at compensating the mandibular function. To this end, the 
RCCs have potential diagnostic and therapeutic relevance, allowing 
the clinician to monitor the progress and to functionally assess the 
outcome of orthopaedic and orthognathodontic treatment.

Considering the results of the present study, it is advisable to 
plan both orthodontic and orthopaedic treatment in a joined multi-
disciplinary environment. The evidence of a link between dyskinetic 
chewing patterns and asymmetrical posture of the spinal column 
suggests that orthopaedic and orthodontic treatment, especially in 
subjects with asymmetries of the spine, should be planned in con-
cert to maximize treatment outcome and reduce the risk of relapse 
and treatment failure.

The main limitation of this study is that the outcome of ortho-
paedic therapy was not evaluated, and it was, therefore, not possible 
to investigate its functional effects on the masticatory function. As 

a future direction, multidisciplinary prospective studies are advis-
able for a deeper understanding of this topic and to find possible 
correlations between the amount of spinal deviation or the features 
of spinal deviation and the reverse chewing patterns. Also of clinical 
interest would be the investigation of subclinical/non- symptomatic 
AIS patients, in order to highlight the potential presence of early 
signs in the chewing pattern analysis indicative of risk of developing 
scoliosis.

5  |  CONCLUSIONS

In conclusion, the results of this study indicate that the presence of 
AIS influences mastication, one of the main functions of the stoma-
tognathic system. A multidisciplinary approach to these patients 
may be relevant in providing the best possible treatment outcomes.
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