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ABSTRACT

BACKGROUND

This study aimed to investigate the positional changes of the hyoid bone following
orthognathic surgery in skeletal class III patients.

METHODS

This double-blinded quasi-experimental study was carried out in Mashhad University
of Medical Sciences, Iran, from Apr 2019 to Jun 2020. All skeletal Class III patients
who were candidates for orthogenetic surgery were included. They underwent man-
dibular setback surgery using bilateral sagittal split osteotomy. Cephalometric assess-
ments in relation to hyoid bone position and posterior airway space (PAS) were con-
ducted one day preoperatively (T0), as well as one week (T'1), six months (T2) and one
year (T3) postoperatively, determining the parameters like the Long axis of the hyoid
bone (LAH), Retrognation (RGn), Hyoidale (H), Palatal plane (PP), Mandibular plane
(MP) and C3 Vertebrae (C3). All cephalograms were examined using AudaxCeph,
Planmeca software. The data analysis was performed via SPSS-19 (P<0.05)
RESULTS

25 class 11T patients, including 18 females (72%) and 7 males (28%) with a mean age
of 24.32+5.87, were studied. The cephalometric analysis demonstrated significant de-
creases in variable angles during the follow-up periods, except for LAH-MP angle
(P<0.001). The hyoid bone moved downward and backward relative to its original
position following the mandibular setback surgery. However, the bone gradually re-
turned to the preoperative location between 6 to 12 months postoperatively.
CONCLUSION

The findings revealed the downward and backward movement of the hyoid bone fol-
lowing the mandibular setback surgery, returned near to its preoperative position after
1 year, postoperatively.
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INTRODUCTION

Orthognathic surgery for skeletal malformation is the distinguished
care and practice for enhancing facial esthetics, dental occlusion, and
maxillomandibular relations!3. However, the review of the literature sug-
gested a possible association between the orthognathic surgeries and
changes in posterior airway space (PAS)*+7. The soft palate, tongue, and
hyoid bone are attached directly or indirectly to the maxilla and mandible.
Therefore, the above-mentioned structures are directly affected by the
jaw movement, causing alterations in the pharyngeal area® ¢-11,
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Mandibular setback surgery with or without maxil-
lary advancement is a common treatment plan in pa-
tients with skeletal class 111 malocclusion!> 3 12,13,

Mandibular displacement during orthognathic sur-
gery may affect the positioning of the hyoid bone and
tongue and therefore contribute to narrowing of the
airway and development of obstructive sleep apnea® 1>
18

The hyoid bone is an important part of the cranio-
maxillofacial complex* 611, The position of the hyoid
bone is affected by the supra- and infrahyoid muscles,
and by the elastic membranes of the larynx and the tra-
chea®13.19.20, The alterations in mandibular position are
related to the hyoid bone changes*11.13.15. 1821, Moreo-
ver, the hyoid bone position adapts to anteroposterior
changes in head postureS 13. 1% 20, Thus, evaluation of
the hyoid bone positional changes after mandibular
setback surgery in patients with Class III deformity is
mandatory.

Lateral cephalometric radiography remains an im-
portant imaging tool in orthognathic surgical planning®:
9,10, 14,2224 Tt allows the maxillofacial surgeon to plan
the surgery and jaw movements, as well as collect rele-
vant information about the hard and soft tissue struc-
tures and airway space 7. Even though this radio-
graphic imaging provides only two-dimensional images
for the evaluation of the pharyngeal airway and hyoid
bone, it is still used to evaluate sleep disorders and skel-
ctal deformities® % 10, 14, 22-24,

To the best of our knowledge, few studies investi-
gated the long-term changes in hyoid bone position
following orthognathic surgery®? 1% 21, However, the
long-term effect of mandibular setback surgery on the
hyoid bone movement is still a controversial topic? -
11,19, 21" Hence, regarding the influence of the hyoid
bone position on the posterior airway space (PAS), the
aim of this study was to investigate the positional
changes of hyoid bone following orthognathic surgery
in skeletal class III patients for a 12-month follow-up
period in the Iranian population, using lateral cephalo-
metric analysis.

MATERIALS AND METHODS

Study design and patient selection

This before-after double-blinded quasi-expeti-
mental study was performed in Ghaem Hospital, and
the Oral and Maxillofacial Surgery Department of
Mashhad Dental School, Mashhad University of Med-
ical Sciences, Mashhad, Iran, from Apr 2019 to Jun
2020.
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The inclusion criteria were all the healthy patients
who were candidates to treat class III malocclusion.
Participants were both male and female, aged from 18
to 40 yr old who were ASA I, II regarding systematic
conditions. Patients suffering from respiratory and air-
way problems were excluded as well as those who were
not willing to continue participation or follow-ups.

This experiment consisted of two groups. Setback
surgery of mandible (BSSO-Bilateral Sagittal Split Os-
teotomy technique) was performed in one group
(Monomax surgery) and in another group, bimaxillary
orthognathic operations (Bimax) including maxillary
advancement (LeFort I) plus mandibular setback
(BSSO) were done.

The need for mandibular setback plus maxillary ad-
vancement was established by clinical and cephalo-
metric examinations in our cases.

All orthognathic surgeries were conducted by the
same surgeon and the same surgical team and hospital.
For general hypotensive anesthesia, all patients were
given the same standard intravenous drug regimens.

Patients underwent mandibular setback surgery
(BSSO) with or without maxillary advancement
(LeFort I). The rigid fixation of the maxillomandibular
segments was performed.

Variables and Data collection

Age, gender, date, and type of surgery as well as the
amount of maxillomandibular displacement were rec-
orded. The change in the position of the hyoid bone
was the primary outcome variable in the present study.

All the patients with Cl III malocclusion who were
eligible to enter the study were asked to complete a de-
mographic questionnaire and take a lateral cephalo-
gram one day before the surgery (T0) at Ghaem Hos-
pital. Then positional evaluations of hyoid bone were
performed based on the radiographs.

The dependent variables were as follows the Long
axis of the hyoid bone (LAH), Retrognation (RGn),
Hyoidale (H), Palatal plane (PP), Mandibular plane
(MP), and C3 Vertebrae (C3). Postoperative radio-
graphic analyses were done 1 week (T1), six months
(T2), and one year (T3) later to reevaluate the position
of hyoid bone. All cephalograms were analyzed using
AudaxCeph, Planmeca software (Planmeca, Helsinki,
Finland).

The best approach for this investigation was to use
anatomical landmarks adopted from Mortazavi et al.6
survey. The use of these landmarks enabled us to eval-
uate the position of hyoid bone in two dimensions and
the sagittal plane comprehensively (Figure 1).
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Fig. 1: Lateral cephalometric analysis of patient with traced hyoid landmarks: (A) before the surgery (T0) and (B) after

1 year of follow up (T3).

Several parameters were measured in all patients,
including the distance between H and MP, H and PP,
H and C3, H and RGn as well as angulation between
LAH and MP and also between LAH and PP. Other
variables are the type of deformity, age, gender, move-
ment of the jaw due to surgery, and the number of jaws
involved.

Both the statistical and cephalometric analyst were
unaware of the surgical procedure as well as the amount
of maxillomandibular displacement (in millimeters).
However, the surgeon and the student who had com-
pleted the checklist were aware of the surgery.

Statistical analyses

Collected data analysis was carried out via repeated
measures ANOVA test and SPSS version 19 (SPSS
Inc., Chicago, IL). Qualitative variables were expressed
as a percentage, while quantitative variables were stated
as mean * SD (standard deviation). P-value less than
0.05% was considered significant.

Ethical Approval

All procedures performed in this study involving
the human participant were in accordance with the eth-
ical standards of our institutional Research Committee
and with the 1964 Helsinki declaration. The patient's
ethical consent form was signed and approved by the
patient. All procedures used in this research were ap-
proved by the Ethical Committee of Mashhad Univer-
sity of Medical Sciences IR.MUMS.DENTIS-
TRY.REC.1398.104).

RESULTS

There were 25 participants, including 18 females
(72%) and seven males (28%) aged from 18 to 37 and
with a mean age of 24.32%5.87. One group (0n=7) un-
derwent Monomax, and the other group (n=18) treated
by the Bimax technique.

Amounts of jaw displacement during the orthognathic
surgeries were calculated. The mean amount of the man-
dibular setback in patients was 5.24 + 1.48 mm.

The mean of mandibular setback displacement for
the group in which the monomax (isolated mandibular
setback) surgery was performed, was considerably
more than the bimaxillary operated samples (P<0.001)
(Table 1). Table 2 indicated no significant association
between the hyoid parameter alterations and age, man-
dibular seatback or maxillary advancement.

With respect to comparison between monomaxil-
lary and bimaxillary surgeries, the mean changes re-
garding angulation of LAH_PP, LAH_MP and mean
changes of H_PP distance as well as H_RGn distance
in bimaxillary surgeries were less than monomax, with
no significant differences (P=0.495, P=0.547, P=0.790
and P=0.498, respectively). In fact, the average of
changes in H_MP and H_C3 distance were more in the
bimaxaillary surgeries compared to isolated mandibular
setback operations (Table 3).

Moreover, the average of changes regarding H_ PP,
H_MP, H_RGn and LAH_PP in the males was less
than the females, with no significant difference (Table
4).

Table 1: Mandibular displacement amounts in Monomaxillary and Bimaxillary surgery
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Orthognathic surge

Surgery Number (IN) Meant SD Median Independent ¢ test
Monomaxillary 7 7.14£0.900 7.00 7=3.79
Bimaxillary 18 4.50+0.857 4.50 P<0.001

Table 2: The correlation between hyoid vatiables and age, mandibular setback and maxillary advancement amount

Variables (parameter. Age ~ Amount of Mandib- ﬁmo;c;:a(r)lfcl:[rszﬂt
ariables (parameters) (N=25) ular setback (N=25) 7 2V
(N=18)
i Speatman's correlation coefficient 0.046 0.219 0.158
H_PP Distance
P-value 0.828 0.293 0.531
H MP Di Pearson's correlation coefficient 0.111 -0.137 -0.099
— Dstance P-value 0.597 0.515 0.695
. Pearson's correlation coefficient -0.051 -0.088 -0.228
H_C3 Distance
P-value 0.809 0.676 0.364
) Pearson's correlation coefficient 0.162 0.109 0.245
H_RGn Distance
P-value 0.439 0.604 0.327
Speatman's correlation coefficient 0.205 -0.192 -0.107
LAH_PP Angle
P-value 0.325 0.357 0.672
Spearman's correlation coefficient -0.173 0.160 0.146
LAH_MP Angle
P-value 0.407 0.445 0.563

Table 3: Comparison of hyoid parameters between the Monomaxillary and Bimaxillary surgery

Variables Number .
(Parameters) Surgery ™) Meant SD Median P-value
Monomaxillary 7 0.33%5.85 -.85 =
H_PP Distance Y Z_ 0.27
Bimaxillary 18 -0.49+3.94 -1.22 P=0.790
Monomaxillary 7 21.484+20.99 21.88 =
H_MP Distance : T=0.28
Bimaxillary 18 23.32+12.16 22.69 P=0.785
Monomaxillary 7 1.1743.21 2.38 =
H_C3 Distance Y T=0.04
Bimaxillary 18 1.23+4.14 1.18 P=0.971
Monomaxillary 7 12.9742.75 13.10 =
H_RGn Distance Y T_ 0.69
Bimaxillary 18 11.38+5.80 10.78 P=0.498
Monomaxillary 7 -3.224+16.45 -10.71 -
LAH_PP Angle ] ) y Z_ 0.70
Bimaxillary 18 -3.92+14.68 -3.00 P=0.495
Monomaxillary 7 -22.77+£102.36 -10.00 7=0.58
LAH_MP Angle = | _
Bimaxillary 18 -48.42499.69 -14.14 P=0.574

Z: Mann Whitney Test

T: T-test
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Nevertheless, the average of LAH_MP angulation
changes in the males was significantly more than fe-
males (P=0.027) (Table 4).

Comparison of the hyoid variables during the time
intervals of follow-ups demonstrated the significant
changes in parameters after the orthognathic surgery
except for LAH_MP (P<0.001) (Table 5).

The mean distance of H_PP at T1 was significantly
higher than at other time intervals (P<0.001) and at T2
was significantly higher than TO0, as well (P<0.001). The

Hasanzadeh Moghaddam et al. s

mean H-MP, H-C3, and the mean distance of H_RGn
were significantly decreased at all-time intervals com-
pared to TO (P<0.001). Moreover, these parameters
were significantly reduced at T3 compared to T1
(P<0.001).The mean angle of LAH_PP at T'1 was sig-
nificantly lower than TO. In addition, the mean angle of
LAH_PP at T3 was significantly less than T and T2
(P<0.001). There was no significant difference be-
tween other two-pair comparisons for any of the vari-

ables (Table 5).

Table 4: Comparison of hyoid parameters between the males and females

Variables (Parameters) Gender Number (N) Mean x SD Ind;p;::scient
Female 18 0.46%5.00 =
H_PP Distance T_ 1.33
Male 7 2124150  P=0.061
Female 18 23.74+11.76 =
H_MP Distance T_ 050
Male 7 204242148  P=0.622
Female 18 0.38%3.51 =
H_C3 Distance T_ 1.82
Male 7 3.35+4.07 P=0.082
Female 18 12.38+4.71 =
H_RGn Distance T_ 087
Male 7 10.3946.24  P=0.395
Female 18 -0.92+11.39 =
LAH_PP Angle T_ 1-56
Male 7 10.93+20.74  P=0.133
Female 18 -60.32+£109.77 T=1.59
LAH_MP Angle _ *
Male 7 7.82+33.84  P=0.027

*: Significant difference.

DISCUSSION

Our study findings revealed the downward and
backward movement of the hyoid bone following the
mandibular setback surgery, returned near to its pre-
operative position after one year, postoperatively.

Few researchers have studied the alterations in the
position of hyoid bone due to orthognathic surgeries
and there are still some controversies within the litera-
ture concerning this issue? ¢9% 11. 19 21 Regarding the
published articles, after mandibular setback surgery the
hyoid bone may move inferiotly, both inferiotly and
posteriorly, and both inferiorly and forward”? 11,15 17-
21,2425 The hyoid bone returns to its original position,
maintaining the airway resistance* ¢ 7. 1219, 26 These
changes can occur because of the physiologic reflex

mechanism for maintaining the posterior airway space*
6,7,12

In orthognathic surgeries, the hyoid bone acts as a
reference for measuring and evaluating the position of
the mandible and maxilla% 3 1% 20, The hyoid bone is
considered as the base of the tongue due to the
close relationship between these structures® 13 19, 20,
Therefore, the position of the hyoid bone plays a cru-
cial role in obtaining the posterior airway space. The
mandibular setback surgery (BSSO) involves the
changes regarding the hyoid position and as a result,
affects the posterior airway space*!1 13,15, 1821, Mandib-
ular displacement during orthognathic surgery may af-
fect the positioning of the hyoid bone and tongue and
therefore contribute to narrowing of the airway and de-
velopment of obstructive sleep apnea® 13.19.20,

Cephalometric assessments are valuable for deter-
mination of the hyoid bone position and postetior air-
way space (PAS) due to recent studies? ¢ 11.19. 21,
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Table 5: The changes of hyoid parameters following the orthognathic surgery in different time intervals

Variables Interval Number MEAN *+ Repeated
(Parameters) crvals (N) Measures ANOVA Test
TO 25 56.702+6.65
i T1 25 61.56>16.40
H_PP Distance P<0.001*
T2 25 57.68<+£6.87
T3 25 56.86%<t7.31
TO 25 12.26215.40
' T1 25 10.52+5.38
H_MP Distance P<0.001*
T2 25 10.42b1+5.53
T3 25 9.50¢+4.65
TO 25 38.16215.71
i T1 25 34.46+5.69
H_C3 Distance P<0.001*
T2 25 37.24<£5.49
T3 25 37.702+5.75
TO 25 38.60:+6.05
) T1 25 35.16+06.24
H_RGn Distance P<0.001*
T2 25 34.60b+6.72
T3 25 34.08%6.06
TO 25 24.902£7.69
T1 25 22.64v+9.21
LAH_PP Angle P<0.001*
T2 25 24.242>18.89
T3 25 25.88<£8.58
TO 25 4.64+5.59
T1 25 5.66£5.33
LAH_MP Angle P=0.228
T2 25 5.46%5.46
T3 25 5.68%4.65

TO: one day before the surgery.

T1: 1 week, T2: six months, and T3: one year postoperatively.

*: Significant difference.

The superscript letters had significant relations.

The hyoid bone moves downward and backward
relative to the previous position following the mandib-
ular setback surgery. Similarly, back and downward re-
position were reported!>?!, whereas no significant
change in the location of the hyoid bone was observed
in other studies!®-2.

In contrast to our findings, Tselnik et al reported
forward and downward movement of hyoid bone im-
mediately after the setback surgery?”, which may be due
to different criteria of measurement and the effect of
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maxillary impaction on the occlusal plane and hyoid
plane alteration, consequently?. ¢,

Accordingly, an upward movement of hyoid bone
was reported following the bimaxillary surgery?. Mov-
ing toward upper position is a physiological adaptation
to sustain the airway opening. The controversies re-
garding the results of previous studies may be due to
the difference in sample sizes, cephalometric analysis
parameters, and simultaneous maxillary vertical plane
movements in these studies’-* 617,
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Furthermore, in our study, the hyoid bone gradually
returned to the preoperative position in 6 to 12 months
follow-up intervals, observed in both Monomax and
Bimax surgeries. This finding was consistent with the
prior study results® 68 91921 As proposed, a study of
46 Cl 111 samples was performed, of which 25 partici-
pants underwent the bilateral sagittal split osteotomy
(BSSO), and 21 subjects received bilateral intraoral ver-
tical ramus osteotomy (IVRO)!. The hyoid bone
showed a tendency to return to its original place, how-
ever, the posterior airway space remains narrow during
the follow-up period!®.

The sample size of the present study was similar to
Efendiyeva et al.20, and Kim et al.?8 study (25 partici-
pants), whereas this study included more subjects than
Liukkonen et al.26 and Foltan et al.!5, which were 22
and 21 patients, respectively.

The findings of the present study demonstrated no
difference related to gender in positional changes of
hyoid bone which implied the similar adaptation pro-
cess of hyoid in male and female patients after the jaw
movements in orthognathic surgery. Our result was in
line with most of the studies 3 ¢ 8.9 1921, Nonetheless,
the hyoid repositioning happened only in females and
reported no significant movement in males!”.

Despite the movement of the hyoid bone toward
the previous position between 6 to 12 months after the
operation, it probably might never reach to its former
exact location® 7% 11,26 which may result in the poste-
rior airway space reduction and post-operative obstruc-
tive sleep apnea'-> 6. 7.9 11,26 the bimaxillary surgery was
preferred rather than the isolated mandibular setback
in the case of skeletal cl I1I deformity to prevent prob-
able PAS reduction'.

A remarkable feature of this study was its one-year
follow-up period which is the same as other studies®?
1921 Long-term follow-up allowed us to assure the pa-
tients of the impermanency of probable postoperative
mentioned complications. Nonetheless, the follow up
durations of various studies by!> 1828 were shorter than
the current study.

CONCLUSION

This study findings revealed the downward and
backward movement of the hyoid bone following the
mandibular setback surgery, returned near to its normal
position after one year, postoperatively. Since fewer
changes were observed in the patients underwent Bi-
max, the bimaxillary surgeries might be advantageous
to maintain PAS in cases who required large amounts
of mandibular setback reposition.

Hasanzadeh Moghaddam et al. YA

LIMITATIONS

With respect to the sample size of similar research
and the pilot status of this study, one limitation of our
implementation is the small sample size. Due to the
COVID-19 pandemic in the world and Iran and quar-
antine protocols, it was not possible to follow up more
patients. However, the present study statistical results
were satisfactory. Future surveys involving a larger
sample size are suggested.
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