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Abstract. Torticollis is defined as an imbalance of the sternocleidomastoid muscle (SCM), with
less extension of the neck, resulting in a preference to turn the head more from one side to the
other. The characteristics frequently found are: ear contralateral to the torticollis displaced
forward, facial asymmetry, and contralateral occipital flattening, as well as a smaller ipsilateral
eye, causing misalignment of the eyes. This condition can also cause mandibular inclination (MI),
in the frontal plane, with a difference in opening between the maxilla and mandible from one side
or the other. The diagnosis and treatment of torticollis are routinely carried out by the
physiotherapist and the diagnosis of this mandibular inclination is traditionally through visual
examination. This assessment of mandibular inclination, carried out by the dentist, in an objective
manner, can contribute to the diagnosis and also to the monitoring of proposed treatments that
should reduce mandibular asymmetries. The objective of this study was to create a protocol for
objective measurement of the distance between the maxilla and mandible, on the right and left
sides, using photogrammetry, to detect whether mandibular inclination can be observed by the
shorter inter-arch distance on the side corresponding to the torticollis. Case reports of two babies
(1 baby aged 9 months and another aged 1 year and 1 month), diagnosed with congenital torticollis.
Photogrammetry was carried out: the babies were positioned on a dental stretcher and
photographed in maximum opening, intermediate, and closing positions. Using the photos and the
IMAGE J program, measurements between the maxilla and mandible were taken (see
photogrammetry description). Results: The measurement protocol used in both babies confirmed
the greater mandibular inclination by approaching the hemi-arch corresponding to the side of the
torticollis, compared to the opposite side. Objective measurement of mandibular inclination can
be part of the timely diagnosis for congenital torticollis. Studies with an adequate sample size and
methodology are necessary to confirm this diagnostic tool.

Keywords: congenital  torticollis,  abnormalities  jaw, newborn, photogrammetry,
maxillomandibular measurements..

1. Introduction

Congenital torticollis is defined as a postural imbalance arising from unilateral shortening of
the sternocleidomastoid muscle (SCM), evident at birth or after birth. It is characterized by having
less extension on this side of the neck, due to cervical flexion, tilting the ear towards the shoulder,
and also due to contralateral cervical rotation, turning the face towards the opposite shoulder [1-5].

Limitation of neck movement can be caused by being a firstborn baby (more contracted uterus
and vaginal structures), twin pregnancy, intrauterine position (restricted in the last weeks of
pregnancy due to fetal length or poor positioning), high birth weight, prolonged labor, breech
position, abnormal intrauterine fetal positioning (descending of the fetal head during the third
trimester), and uterine anomalies [6-8].

The literature states that there are 3 types of torticollis: postural, congenital muscular, and
sternomastoid tumor [1], [9], that is, the baby's position can alter the movement of the muscle and
this subsequently maintained alteration can be replaced by dense fibrous tissue [8].
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One study found a prevalence rate of torticollis ranging from 0.3 % to 3.92 % in babies with
more severe neck involvement [10]. However, another study reported a prevalence of 16 % [11],
with a higher predominance on the left side [12]. Some authors report a higher prevalence of
torticollis in males due to a larger head circumference and faster head growth, together with less
flexibility in male fetuses [13, 14].

The limitation of cervical movement, caused by shortening of the SCM, favors contralateral
cervical rotation and may lead to the development of occipital flattening. This occipital flattening,
maintained by the torticollis on the opposite side, can intensify and evolve into positional
plagiocephaly. Clinically, due to the decrease in muscle movement on the side of the torticollis, a
tilt of the mandible may be observed, that is, greater approximation of the maxillary jaw and also
of the gum line region, resulting, over time, in shortening of the mandibular branch. On the other
hand, on the side opposite the torticollis there will be a change in the position of the mandibular
fossa due to occipital flattening, with a consequent change in the position of the condyle and
greater flexibility of muscular movement. If this pattern of movement restriction persists, the
mandible becomes asymmetrical in shape and may manifest, as the baby develops, in facial
asymmetries [8, 12, 15, 16].

Torticollis can also impact body development in an adaptive way. Many babies are identified
with cervical imbalance after 3 months of age, from the moment they leave a horizontal position,
due to head tilt. During verticalization of the body when the baby is able to sit, the head will need
to be kept as centralized as possible so that there is no choking when swallowing and chewing
food. The body in turn will need to adapt to this new condition; when walking, new adaptations
will probably become necessary so that the baby does not lose balance [15, 17, 18].

An accurate diagnosis tool to measure facial asymmetry, focusing on the mandible,
incorporating the use of ramus height proportions, could be 3D tomography, as described by some
authors, demonstrating the linear measurement of the height of the ramus of the condyle to the
angle of the body of the mandible [19, 20]. Histological and MRI exams can detect this tension
pattern since CT scans, due to the risk of radiation to the child’s developing brain, cannot be
performed for the sole purpose of evaluating mandibular asymmetry [15].

There is still no standardized tool to measure mandibular inclination [12]. Clinical
examinations through visual and physical examination of the mandible and maxilla, using manual
approximation between the arches were recommended and described as “the early closure of the
mandible on the side affected by the torticollis while open on the contralateral side”,
demonstrating that the mandible is closer to the maxila on the torticollis side [6], [12] but without
objective linear measurements (Fig. 1).

Fig. 1. Observational analysis of the distance between the hemi arches, (FENTON, 2018)

In addition to the existing elements, the objective measurement of mandibular inclination , that
is, this greater approximation between the dental arches, can be a tool used by dental surgeons to
contribute to the diagnosis, detection and timely referral of congenital torticollis.

The current work aims to develop a measurement protocol for babies with missing teeth and
another protocol for babies with incisors already present, using photogrammetry. For this protocol,
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two clinical cases were described.
2. Photogrammetry
2.1. Positioning on a Macri

The babies were positioned on a Macri, - (macromodelos@macromodelos.com.br), a stretcher
developed for the care of babies and children. This stretcher is composed of a metal structure with
an anatomical shape in the head region to allow the dentist to get closer, and a unique base that
facilitates the fitting of the professional’s feet under the stretcher. The main part for attaching the
child is made of rubberized fabric with a containment shirt and stabilization pillow for the head,
and features metallic paint. The Macri presents some advantages: 1. Provides better comfort for
the baby, making the dental procedure easier and safer for the child. 2. Easy asepsis and
disinfection as it is waterproof. 3. Additional Information: Dimensions: Height 60 cm x Width
55 em x Length 83 cm, Fabric: Courvin Odontolégico and Metal, Fabric Color: Light Blue, Head
support material: White Courvin, Patient age range: 0 to 4 years - (for better craniosacral stability),
with Velcro for immobilization (Fig. 2).

The babies were positioned on the Macri with an inclination of 220 in relation to the ground,
and a distance of 0.45 cm between the cell phone holder and the baby’s head.

v/

0,45cm

0
Fig. 2. Macri. Baby positioned at a tilt of 220 and wrapped with a Velcro band at a distance of 45 cm.
Full-size photo with direct measurement from the diagonal between
the baby’s lips to the center point of the cell phone holder

2.1.1. Photographic sequence

One professional positioned themself behind the baby’s head and another in front of the baby.
The professional behind the baby’s head moved the lips apart with the index and ring fingers to
gain access to the oral cavity. The second professional, in front of the baby, took photos, taken
automatically, to record all movements: maximum mouth opening, intermediate opening
(difference between maximum opening and final position) and final position (touching at least one
side of the dental arches) (Fig. 3).

2.1.2. Removing the baby from the Macri and sending the photos to the computer
The baby was then removed from the Macri and placed on the mother’s lap. The photos were

sent, via Airdrop, to the computer, duly cropped, using the IMAGE J program, in order to frame
and center the mouth, so that photogrammetry could be carried out.
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Flg 3.a) Maximum mouth opening when crying, b) intermediate mouth closure, c) final mouth closure
2.1.3. Photogrammetry

Sequential photos were taken from the beginning of the opening until the touch between the
maxilla and mandible. By viewing the photos, 3 were selected: 3.A. Photo at maximum aperture,
3.B. Photo where there was touch between jaws and 3.C. In these photos, the reference points
(baby with missing teeth and baby with front teeth) were marked in PowerPoint to draw two
vertical lines, one on the maxilla and the other on the mandible. Objective measurements were
obtained through the specific photogrammetry program using linear lines established by
IMAGEIJ® software (National Institutes of Health, USA). The cutoff point was considered by the
researcher to represent a clinical difference in mandibular inclination between the two sides.

3. Description of cases
3.1. Baby with missing teeth
3.1.1. Reference points

The reference points were based on the location of the lateral grooves of the gingival margins
and were named as reference points for anatomical assessment in the maxilla because they are
consistently present in the gingival margin and are well defined, as they run anteriorly from the
lingual to the labial surface and are present on the anterior margins of the first deciduous molar
segments. However, in the mandible this groove can only be seen on the lingual surface [21],
which is why this point on the lower gingival margin was not used in this work, but rather the
projection of the upper straight line of the gingival margin (Fig. 4).

INciS AL Papicia

_ros‘regoukreul_
 Surcus

LaTERAL SuLcus

Fig. 4. Location of the lateral groove (right/left side)
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3.1.2. Measurement protocol for baby with missing teeth

Points were marked in the lateral grooves of the maxilla and an upper straight line was drawn.
The points marked on the mandible are vertical projections of the points marked on the maxilla
and a lower straight line was drawn (Fig. 5).

..
Fig. 5. Reference points: lateral grooves of the upper gingival margin and the projection
of the upper straight line of the upper edge onto the lower edge

3.1.3. Clinical case 1

A 10-month-old male baby was referred to the dental office by the physiotherapist with a report
of congenital torticollis on the right side and mild plagiocephaly on the left side. The baby was
born vaginally at 36 weeks, having remained engaged in the pelvis from 33 weeks of intrauterine
life. He breastfed exclusively for up to 6 months, without preference for one breast, although the
mother reported that the left breast always remained fuller after milking. From the sixth month
onwards, the baby began to feed from a bottle.

PHOTOGRAMMETRY

18

Fig. 6. Distance between the arches (right and left side) at maximum opening, intermediate, and closed
positions (A, B, C,). In A, a distance of 20 pixels on the right side and 27 pixels on the left side is observed.
In B, 10 pixels on the right side and 19 pixels on the left side. In C, 2 pixels on the right side and 5 pixels
on the left side. There is a greater approximation of the hemimaxilla with the right hemimandible, that is,
with greater inclination on the right side, the side of the torticollis

He always slept in the same position until 4 months, when the mother was advised by the
physiotherapist not to support the side of the occipital bone which was slightly flattened. The baby
has a history of respiratory difficulties and a nasal lavage is frequently needed to clear his nose.
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The parents are also accompanied by a respiratory physiotherapist.

With the aid of PowerPoint, the points in the region of the lateral grooves of the maxilla (right
and left side) were marked in black. Then a straight line was drawn between these two points. To
find the two points on the lower gingival margin, the two upper points were projected vertically
towards the lower margins. From these two points a straight line was drawn. Using
photogrammetry, the distance between the ends of the two hemiarches was measured in pixels

(Fig. 6).
3.2. Baby with front teeth present (central and/or lateral incisors)
3.2.1. Reference points

The points used were between tooth/edge, with a more posterior (distal) location of the anterior
region on each side (Fig. 7).

Fig. 7. Baby with front teeth present. The reference used was the point determined at the distal end of the
last erupting and/or erupted tooth, projected against the antagonist margin, on each side

e —
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Fig. 8. Distance between the arches (right and left side) at maximum opening, intermediate, and closed
positions (A, B, C,). In A, a distance of 110,510 pixels on the right side and 70,502 pixels on the left side is
observed. In B, 63 pixels on the right side and 25,542 pixels on the left side. In C, 30 pixels on the right
side and 10 pixels on the left side. There is a greater approximation of the hemimaxilla with the left
hemimandible, that is, with greater inclination on the left side, the side of the torticollis

3.2.2. Clinical case 2

A male baby, 1 year and 1 month old, was referred to the dental office by the physiotherapist,
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with a report of congenital torticollis on the left side. The baby was born by cesarean section, at
41 weeks of intrauterine life. He breastfed exclusively and the mother reported that air escapes
when expressing and the baby does not show a preference for one of the breasts. The baby has
difficulty drinking water from a glass, and chokes easily. At six months the mother started
introducing food.

To measure the distance between the arches, using photogrammetry, Image J was used. The
vertical line started from the most anterior and distal point found, to the corresponding gingival
margin on each side. The linear measurement was calculated in pixels (Fig. 8).

4. Results

It was possible to observe, through the protocol established in the present study, that there was
a greater approximation between the hemi- dental arches, in the positions of maximum,
intermediate and final opening, both in case 1 and case 2, on the side corresponding to the side of
the torticollis. Therefore, mandibular tilt occurred on the torticollis side in both cases.

5. Discussion

The current study aimed to create a measurement protocol, through photogrammetry, between
the maxilla and mandible to be used by dentists, in babies, without teeth yet erupted or with
incisors already present. Two clinical cases were presented. In these two cases, the result showed
greater approximation between the maxilla and mandible on the same side as the torticollis.

One of the hypotheses is that the flattening of the occipital bone on the opposite side may
accentuate the approximation between the arches on the side of the torticollis. If the flattening of
the occipital bone is maintained, it may cause positional plagiocephaly, altering the position of the
mandibular fossa with a consequent change in the position of the condyle and facial asymmetry
[81, [12], [15], [16].

This is still a proposal for a measurement protocol, using photogrammetry, as the sample
includes only two cases. Studies with adequate sample sizes and comparison groups are needed to
corroborate this protocol, as another diagnostic element that can be used by Pediatric Dentists or
Functional Jaw Orthopedists, contributing to timely diagnosis and appropriate referral to
specialized professionals.

6. Conclusions

Based on the findings of this investigation, it is suggested that objective measurement of
mandibular inclination can be part of the timely diagnosis for congenital torticollis. Studies with
a larger sample size should be performed to define how much of a difference in pixels means a
difference between one side and the other. Appropriate methodology is necessary to confirm this
diagnostic tool.
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