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Introduction

Mobilization of the incisor-canine segment corrects anterior 
malocclusion, gummy smile, and facial profile, while the inclination 
of the incisors influences the beauty of the face. Changes in the 
orientation of the incisor axis along with mobilization distances 
are useful for studying stability and relapses after orthognathic 
surgeries. It is standard surgical care to obtain postoperative 
radiography to exclude artifacts like missed screws, hooks, and 
orthodontic brackets. Unfortunately, postoperative radiographs 
are occasionally missed for a variety of reasons. This study  

 
aimed to propose the employment of the segmental mobilization 
distances and preoperative incisor inclination for predicting the 
postoperative incisor axial orientation.

Materials and Methods

Out of 33 patients who underwent anterior dentoalveolar 
setback, twelve patients declined to undergo a cephalometric study 
after the operation, and one of the 12 had a 17-year postoperative 
cephalography. The sample included eleven female patients, and 
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Background: Predicting results is crucial when it comes to planning. Some patients after anterior maxilla-mandible osteotomy may choose not 
to have postoperative radiographs, however mobilized distances and directions of incisor-canine segment are regularly recorded in operative 
reports.

Purpose: This retrospective study aimed to predict modifications in incisor orientation induced by the mobilization.

Material and Methods: Out of 33 patients who underwent surgical anterior dentoalveolar setback, eleven did not have a cephalometric study 
after the operation and one had it 17 years later. Mobilizations of the central incisor tip were marked on the preoperative cephalometric tracings 
to draw an anticipated postoperative orientation. The predictors included the preoperative incisor inclination, the setback distance and upward 
mobilized distance of the segment. The main outcome involved geometrically calculated postoperative upper incisor-Frankfurt plane and lower 
incisor-mandibular plane angles. Paired and one sample t-tests were used to analyse the variables. Multiple regression models were used to 
create probable ideal equations predicting postoperative incisor inclinations.

Results: Surgical results aesthetically and functionally satisfied patients. There was a highly significant reduction in inclination angles between 
the preoperative and the drawn postoperative inclination angles (P < 0.01) and the late cephalography of one patient supported the upper 
incisor aroused formula. The regression model equations were based on the predicted postoperative inclinations which were not significantly 
different from the normal standards (P > 0.05). 

Conclusion: Despite the occasional lack of postoperative cephalometric radiographs, it is still possible to preoperatively anticipate and 
postoperatively evaluate changes in the incisor inclination. 
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one male patient, with ages ranging from 18 to 47 years old. The 
segmental setback procedures, statistically considered as study 
covariates, were maxillary in ten cases (Figure 1) and mandibular 

in seven (Figure 2); five patients underwent a bimaxillary 
procedure (Figures 3). This cohort retrospective study was in 
accordance with a local Institutional Review Board guidance.

Figure 1: A patient underwent maxillary incisor-canine surgical mobilization, 5 mm back on the left side and 3 mm upward correcting the 
anterior deep-bite, gummy smile and deviation to the right; (a): Preoperative cephalometric traces displaying 121o incisor inclination (in 
red colour); (b): 17-year postoperative (in blue) cephalography displaying 112o inclination; (c & e): Preoperative profile images; (d & f): 
2-year after the dentoalveolar osteotomy and 17-month after a rhinoplasty and fat grafting to the lower face.

Figure 2: A patient complaining from skeletal anterior open bite underwent mandibular anterior segmental 6 mm setback and 3 mm 
upward mobilization. (a): Cephalometric traces. (b): Pre-op radiograph. (c): Pre-op profile photograph. (d): 2-week postop photograph. 
(e): Pre-op panoramic orthopantomography. (f): Pre-op anterior occlusion. (g): Postop anterior occlusion. The lower incisor inclination 
decreased from 102o to 95o.
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Figure 3: A patient with adequately integrated molar occlusion complaining from bimaxillary frontal teeth protrusion with open bite and 
gummy smile underwent bimaxillary anterior dentoalveolar segmental setback. Maxillary segmental mobilization of 5 mm back & 5 mm 
up reduced the upper incisor inclination angle from 120o to 112o and mandibular segmental reposition of 4 mm back & 3 mm up reduced 
the lower incisor inclination from 110o to 105o. The inter-incisor angle increased from 105o to 118o. (a): Cephalometric traces. (b): Pre-op 
radiograph. (c): Casts and wafers (d): Pre-op anterior occlusion. (e): 2-week postop anterior occlusion.

Surgical procedure

	 Surgery was performed to correct over-projection of the 
incisor-canine segment and anterior malocclusion. Patients had 
acceptable functional posterior occlusion; therefore, a Le Fort 
I osteotomy was not considered the preferred treatment. The 
mobilization distances were planned in accordance with patient’s 
cosmetic demands, clinical assessment, amount of deviation from 
normal Sella-nasion point A and point B angles and mock surgical 
trials on casts. In maxillary cases, the distance of alveolar setback 
was largely influenced by the severity of the gummy smile and 
limited by the lower incisors position to avoid crossbite.

	 Teeth extraction typically involves the first premolars on 
both sides to mobilize backward the segment. Two patients with 
anterior maxillary deviation had only one premolar extracted 
on the opposite side to simultaneously correct symmetry. In two 
others with already missing mandibular first premolars, bilateral 
second premolar extraction was chosen to afford the required 
space. 

	 In addition to preserving the adherence of the maxillary 
segment to an intact palatine muco-periosteum, a valuable 
vascular pedicle was maintained by keeping the attachment of 
the segment anterior muco-periosteum to the upper lip mucosa. 
This was achieved by substituting the surgically popular long 
transverse vestibular approach with three vertical incisions: one 
above the extracted premolar socket on each side and a smaller 
one in the midline, enough to perform shortening of the caudal 
border of the nasal septum giving room for upward mobilization 
of the segment. The width of the excised bone vertical strip in-

line with the extracted teeth sockets did not exceed the planed 
posterior repositioning distance. Horizontal ostectomies were 
maid 4 mm away from the teeth apices to prevent dental vascular 
and neural injuries. Muscular attachments to the posterior 
surface of the mandibular segment were carefully preserved to 
maximally conserve its blood supply. Segments were repositioned 
after being completely freed. Inter-dental wiring temporarily 
stabilized the segment for adjusting the occlusion, and the final 
inter-osseous fixation was secured with miniplates and screws. 
Excised bony pieces were incarcerated as grafts in the residual 
skeletal gaps to promote rapid consolidation. Absorbable suture 
ensured watertight mucosal closure. Mouth washing, and hygiene 
started early after the operation. Inter-maxillary fixation provided 
comfort during the early postoperative days in bimaxillary cases.

	 For aesthetic reasons, the segmental osteotomy was 
combined with osseous genioplasty in five cases, facial fat grafting 
in two cases, and rhinoplasty in one case. The average duration of 
the operation was four hours. Orthodontics was regularly advised 
for all patients.

Postoperative complications included

	 A premolar crown with caries was constricted by 
excessive tightening of circum-dental wire. It was promptly 
cemented, and few weeks later endodontically treated to alleviate 
persisting sensitivity to cold fluids.

	 A tracheostomy was indicated after anaesthetist’s 
recommendation in a patient with severe mandibular retrusion 
undergoing a combined mandibular anterior segmental setback, 
BSSO and chin advancements [1].
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	 Undiagnosed choanal atresia in another case prevented 
trans-nasal tracheal intubation and per-operative occlusion 
adjustments, forcing a revision surgery started by tracheostomy 
within 48 hours. 

	 A protruding bony spike in one case was noticed ten 
days after surgery and promptly removed under local anaesthesia 
in the clinic. 

Sample, Predictors, geometrical tracing, and statistics

	 The study included patients who underwent front 
dentoalveolar surgical mobilizations and refused the postoperative 
radiography. The predictors included the preoperative central 
incisors inclination angles (upper incisor-Frankfurt plane angle 
and lower incisor-mandibular plane angle), and the setback, 
and upwards mobilization distances of the incisor-canine 
segments. The independent variables were the age and sex of the 
patients. Segment mobilizations were traced on the preoperative 
cephalography, and the predicted inclination of the incisor was 
measured. 

	 Statistical analysis: The SPSS program (Statistical Package 
for the Social Sciences, Chicago, IL, USA) was utilized to calculate 
descriptive data including mean, minimum, and maximum. A 
paired t-test was employed to compare the preoperative and the 
geometrically drawn postoperative upper incisors’ inclination, as 
well as the pre and postoperative lower incisors’ inclination. Also, 
a one sample t-test was performed to compare the results against 
the normal standards, with an upper incisor-Frankfurt horizontal 
plane angle of 109 degrees and a lower incisor-mandibular plane 
angle of 93 degrees considered ideal. Multiple regression models 
were preformed to introduce the ideal equation model assessing 
the postoperative incisor inclinations. A good fit R-squared ranges 
between 0.50 and 0.99 and an adjusted R-square value from 0.5 to 
0.7 were considered acceptable, especially when relations were 
significant. P- value of less than 0.05 was deemed statistically 

significant for all tests.

Results

	 Follow up ranged from a few weeks to 6 years with a 
mean of 18 months when the patient with 17 years follow-up was 
excluded. Patients were satisfied with the improved facial profile, 
improved nice smile, and corrected anterior bite. By marking the 
backward and upward mobilization distances of the tip point 
of the central incisor on the preoperative lateral cephalometric 
tracings, the predicted change in the incisor’s axial orientation 
was drawn and measured. 

	 On average, a maxillary segment setback of 6 mm and an 
upward movement of 3 mm improved the axial angle of the upper 
incisors by approximately 7 degrees. A mandibular segment 
setback of 5 mm and an upward movement of 2 mm changed the 
inclination of the lower incisors by 6 degrees (Table 1).

	 The main outcome variable was the geometrically 
calculated postoperative central incisor inclination angles. In 
both maxillary and mandibular anterior segmental osteotomy 
cases, there was a highly significant reduction in inclination 
angles between the preoperative and the drawn postoperative 
measurements (P<0.01). The postoperative inclinations were 
insignificantly different from the normal standard (P>0.05) that 
may support the accuracy of the methodology used. (Table 2).

	 Mobilization distances and incisor inclination changes 
were further used to perform multiple regression models for 
finding out postoperative inclination ideal equations (Table 3):

•	 Postop upper incisor angle = (0.395 X pre-op inclination 
angle) + (1.370 X upward mobilized distance) - (0.443 X setback 
mobilized distance) + 61.521

•	 Postop lower incisor angle = (1.296 X pre-op inclination 
angle) + (0.409 X setback mobilized distance) - (2.820 X upward 
mobilized distance) - 28.984

Table 1: Descriptive data

N Minimum Maximum Mean ± SD

10

Incisor inclination angles
Pre-op 108 121 115.2 ± 3.79

Maxilla Postop 103 112 108.6 ± 3.02

Segment mobilization distances
Setback 3 10 6.15 ± 1.91

Set up 1 4 3.10 ± 0.99

7

Incisor inclination angles
Pre-op 65 106 88.8 ± 13.48

Mandible Postop 57 108 82.4 ± 16.44

Segment mobilization distances
Setback 4 10 5.57 ± 2.14

Set up 0 3 2.14 ± 1.21

N = Number of Cases; SD = standard deviation; Angles’ measures in degrees; Distances’ measures in mm.
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Table 2: Comparison between the preoperative and postoperative inclination angles of the upper and lower incisors and versus the popular 
prevailing standards:

    95% Confidence inter-
val of the differences     95% Confidence interval 

of the differences  

Inclination angles 
(degrees) Mean ± SD Lower Upper P-value Test value 

(degrees) Lower Upper P-value

Maxilla
Pre-op 115.2 ± 3.79    

< 0.001** 109
3.49 8.91 0.001**

Postop 108.6 ± 3.02 4.778 8.422 -2.56- 1.76 0.686

Mandible
Pre-op 88.8 ± 13.48    

0.007** 93
-16.61- 8.33 0.447

Postop 82.4 ± 16.44 2.547 10.311 -25.78- 4.63 0.14

Paired t- test & one sample t-test, SD = standard deviation.
**highly significant P- value was set at <0.01

Table 3: Multiple regression of the postoperative inclination angles of the upper central incisor in relation to other variables

  Estimated partial regression coefficient (b1)

  Upper incisor coefficients* Lower incisor coefficients**

Prognostic variables (b1) SE (b1) t P- value (b1) SE (b1) t P- value

Pre-op inclination angles (degrees) 0.395 0.193 2.047 0.087 1.296 0.063 20.671 < 0.001**

Setback mobilized distances (mm) -0.443 0.342 -1.296ss 0.243 0.409 0.376 1.087 0.357

Upward mobilized distances (mm) 1.37 0.738 1.857 0.113 -2.82 0.726 -3.887 0.030*

Constant 61.521 21.779 2.825 0.030* -28.984 5.674 -5.108 0.015*

SE = standard error. t value = the test statistic. 
*Significant P- value was set at <0.05; **highly significant P- value was set at <0.01 
Coefficients in linear regression are the values that multiply the predictor values. 
(b1) = Regression Coefficient that ss measures a unit change in the dependent variable. 
Predictors were the preoperative inclination angle, setback mobilization distance, and upwards mobilization distance.
* & ** The Dependent Variable: The upper incisor postop inclination angles R2: 0.738, adjusted R2: 0.607 and the lower incisor postop inclination 
angles R2: 0.993, adjusted R2: 0.987. 
R-squared between 0.50 and 0.99 and adjusted R-square between 0.5 to 0.7 are acceptable.

The equation of the predicted upper incisor inclination was 
checked and mathematically validated after one of the 12 studied 
patients thankfully accepted to undergoing cephalography 17 
years after surgery (Figure 1). Larger sample size studies with 
available pre and postoperative cephalometric analyses may 
further support the proposed formulas. 

Discussion

	 Forecasting postoperative axial incisor orientation 
may preoperatively provide an approximate anticipation of the 
planned anterior dentoalveolar mobilization results. The main 
contribution of the study was the assessment of changes in the 
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orientation of anterior teeth when postoperative radiographs 
were not available. Calculations of the new incisor orientation 
were based on the distances of segmental mobilization reported 
during the operation and the preoperative cephalometric angular 
degrees of incisor inclination. While there may have been a small 
margin of human error in the drawings and angle readings, the 
statistical results aligned with common surgical expectations. 
The very late cephalography in one patient confirmed precision 
of the upper incisor developed equation. The small sample size 
of the study may be explained by the infrequency of patients’ 
refusal to undergo postoperative radiography and by the fact that 
it was a single-surgeon series. Surgical incisor-canine setback in 
low socio-economic income communities and private practice is 
not infrequently performed without an available preoperative 
cephalography. The described methodology may assist 
maxillofacial surgeons, orthodontists, and program designers. 

	 In the vast landscape of maxillofacial osteotomies, 
the challenging maxillary anterior segmental osteotomy was 
pioneered in the 1920s by G. Cohen-Stock and M. Wassmund, while 
the mandibular anterior segment osteotomy was reported three 
decades later by H Kole [2]. Reestablishing balanced symmetric 
positional and volumetric distribution among the three stages of 
the face is a common request in plastic and orthognathic surgery 
centres [3]. The axial position of the maxillary incisors, whether 
under- or over-jetting, has a significant impact on the smile and 
facial aesthetics [4]. According to Arnett et al. (1999), the centre of 
the maxillary first incisor should be vertically aligned with the wet-
dry line of the upper lip, approximately in the same vertical plane 
as the forehead [5]. Recent advancements in three-dimensional 
cone-beam computed tomography have provided more precise 
orthognathic planning compared to traditional cephalometric 
assessments [6]. A multi-disciplinary team consisting of an 
orthodontist, restorative and operative dentists, along with a 
maxillofacial surgeon is essential for creating an appropriate 
plan, performing precise operations, and achieving optimal 
outcomes in orthognathic treatments [7]. Procedures such as 
anterior segmental osteotomy, genioplasty, and rhinoplasty play a 
significant role in harmonizing the facial profile [8]. By addressing 
cosmetic defects and malocclusion simultaneously, edging the 
central mandibular segment below the mental foramen along with 
other orthognathic procedures, can lead to a more aesthetically 
pleasant result [9,10]. [Image 1]
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