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In today’s society, people are  increasingly 
concerned about their appearance. This 
search for a better self-image is part of a 
need to be attractive that drives people and 
more specifically adults which encourages 
them to consult the dentofacial orthopedics 
service.

Therefore, the orthodontist must be able 
to meet these requirements while under-
standing the imperatives and peculiarities 
related to this treatment4,9,17,18.

Admittedly, orthodontic treatments sig-
nificantly contribute to esthetic and func-
tional improvements, but in some cases, 
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ABSTRACT

Introduction: In daily practice, the orthodontist may have some difficulties with their therapeutic de-
cision to choose a treatment with or without orthognathic surgery, especially for borderline cases. The 
objective of this study is to determine the outcome of orthosurgical treatment.

Patients and Methods: We undertook a retrospective analytical study of 175 randomly selected cas-
es. The data for this study were obtained from lateral cephalograms radiographs, panoramic radiographs, 
both intraoral and extraoral photographs, and case sheet, and clinical examination.

Results: According to the multivariate data analysis and the results of studied factors in determining 
the need for orthosurgical treatment were: the chin position, the FMA angle and the ratio of the lips 
based on this formula: 1.167 + 0.288 × the position of chin – 0254 × FMA angle −0.16 × the ratio of the 
lips. The critical score is equal to −5.92 in which case surgery is indicated.

Conclusion: This study focused on a clinical and cephalometric approach in the decision related to 
orthosurgical treatment, so as to choose better treatment options and limit the damaged caused by a 
more complex and costly options.
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it can be limited with regard to major 
skeletal shifts7,15. Proper orthosurgical 
management with good multidiscipli-
nary coordination will improve function 
with better stability of results. The con-
sideration of the functional parameters 
involved in the treatment should be 
systematic10.

From a medical and legal point of 
view, the orthodontist must respect the 
patient’s wishes after having informed 
them of the possible consequences of 
their choices3.

Several questions should be asked 
regarding the treatment decision: Can 
camouflage be a satisfactory solution? 
Will the result after surgery be more 
stable in the long term?

The purpose of this article is to inves-
tigate the parameters that determine 
our decision to establish orthosurgical 
treatment.

This is a real dilemma in our daily 
practice, the extent of which is often 
unknown, despite technological inno-
vations in the field of therapeutic simu-
lation using a range of new software1,14.

In this field and from the increase 
in the surgical demand to improve 
esthetics, we conducted a retrospec-
tive analytical study evaluating ortho-
surgical treatment needs in a sample 
of 175   patients who had consulted 
the  orthopedics department of the 
 Monastir Dental Clinic (Tunisia) over 
a 4-year period. These patients were 
 randomly selected.

The objective of this study was to 
assess the need for orthosurgical 
treatment in patients seeking ortho-
dontic treatment and to try to identify 
the main parameters involved in the 
decisions surrounding orthosurgical  
treatment.

This is a retrospective analytical study 
involving 175 healthy adult patients 
treated in the dentofacial orthopedics 
department at the Monastir Dental 
Clinic (Tunisia); these patients were 
randomly selected over a 4-year period.

With regard to surgical cases, sur-
gery was performed at the maxillofacial 
surgery department of Sahloul Hospital 
(Sousse, Tunisia).

The material used for this study was 
based on the following: clinical and 
cephalometric parameters using the 
analysis of profile teleradiographies 
performed in occlusion with a 1:1 

scale; panoramic radiographs, extraoral 
and intraoral photographs; and infor-
mation and clinical examination sheet 
developed for this study, which was 
previously tested and filled in using the 
clinical records of the study population 
(Figs. 1 and 2).

The sample included patients who 
were selected from a simple random 
draw according to the consultation reg-
istration list.

Several parameters were studied. 
In the information sheet, we analyzed 
all the elements related to the gen-
eral condition, the clinical history, the 
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a b c
Figure 1

Extraoral photographs of a patient in the study. (a) Frontal view. (b) Photograph of the smile.  
(c) Profile view.

a b c
Figure 2

Intraoral photographs. (a) Right-side view. (b) The anterior occlusion. (c) Left-side view.

reason for consultation, the functional 
analysis, and the extraoral and intraoral 
examinations.

The types of sagittal, skeletal, dental 
and cutaneous dysmorphoses were 
determined by Tweed and Steiner’s 
cephalometric analyses using the 1:1 
scale profile teleradiographic images 
(Fig. 3). The type of profile is deter-
mined according to the guidelines set 

out by Simon and Dreyfus. In an ideal 
profile, the subnasal point is located on 
the vertical passing through the sep-
tum and the cutaneous pogonion is in 
the middle of the profile field.

Therefore, if the pogonion is in front 
of this median point, we classify our 
patient is classified as having progna-
thism; in the opposite case, retrogna-
thism. 
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Regarding the therapeutic decision, 
we divided our sample into two sub-
groups; the first group, which required 
only orthodontic treatment, and the 
second group benefiting from orthosur-
gical treatment with or without profile-
plasty (genioplasty).

The data was collected by a single in-
vestigator to minimize the risk of meas-
urement error.

Data analysis was performed using 
SPSS for Windows version 18.0 soft-
ware.

For the analysis of qualitative varia-
bles, we used the chi-square statistical 
with a p value of <0.05 considered sig-
nificant.

The study of the distribution of our 
population by gender (sex) showed that 
69.1% (121) of women consulted the 
dentofacial orthopedics service of Mo-
nastir against 30.9% (54) of men; the 
female:male ratio was a 2:1, with an 
average age of 19 years and 4 months.

The reason for consultation for the 
majority of cases was esthetic, esti-
mated at 89.1% (156 cases) against 
8.6% (15 cases) in which the motive 
was functional; for 2.3% (4 cases), 
the reason was both esthetic and 
 functional.

The study showed that 44% (77 cas-
es) of patients had dysfunctions versus 
56% (98 cases) who did not have func-
tional disorders.

Our sample was divided into three 
classes according to the Angle maloc-
clusion classification, 55.4% (97 cases) 
who had class-II malocclusion versus 
42.3% (74 cases) who had a class-I 
malocclusion; four cases had class-III 
malocclusion.

Several parameters were analyzed 
and divided into two distinct compo-
nents, i.e., clinical parameters and 
cephalometric parameters measured 
using profile teleradiography. The cal-
culation of the significance value was 
quantified using p values. A p value of 
>0.05 was considered not significant 
because it is a parameter that does not 
have a very high correlation of indica-
tion from the outset in orthognathic 
surgery.

RESULTS

Figure 3
Cephalometric plot (same patient as in 

Figure 1).
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Study of clinical parameters

The study of the relationship between 
orthosurgical treatment and the cuta-
neous profile showed that there was 
no significant correlation (p > 0.05).

In fact, 18 patients, 13% of whose 
profile was convex, were prepared for 
orthognathic surgery; the rest of the 
patients were prepared for purely or-
thodontic treatment (Table 1).

Sex had no influence on surgical choice; 
54.5% of orthosurgical cases were wom-
en and 45.5% were men were; this is 
because esthetics is no longer an issue 
only in women, and men are also con-
cerned with their appearance.

The indication of bimaxillary sur-
gery for 50.5% of orthosurgical cases 
(31.8% bimaxillary associated with gen-
ioplasty and 18.7% bimaxillary without 
genioplasty).

Orthosurgical
treatment N (%)

Purely orthodontic
treatment N (%)

Total
N (100%) p value

Cutaneous profile

Convex profile 18 (13%) 120 (87%) 138

N.S.
(not significant)

Concave profile 2 (40%) 3 (60%) 5

Right profile 2 (6.5%) 30 (93.5%) 32

Total 22 (12.6%) 153 (87.4%) 175

Nasolabial angle

Open 9 (18%) 41 (82%) 50

N.S.
Closed 6 (7.2%) 77 (92.8%) 83

Normal 7 (16.7%) 35 (83.3%) 42

Total 22 (12.6%) 153 (87.4%) 175

Cervical chin
distance
(measured by
patient's fingers)

≤2.5 (≤ 5 cm) 2 (16.7%) 5 (83.3%) 7

N.S.

3 (~6 cm) 11 (13.8%) 69 (86.3%) 80

3.5 (~7 cm) 3 (11.1%) 24 (88.9%) 27

4 (~8 cm) 6 (9.8%) 55 (90.2%) 61

Total 22 (12.6%) 153 (87.4%) 175

Lip ratio Occlusion 7 (6.3%) 105 (93.8%) 112

p = 0.002  Malocclusion 15 (23.8%) 48 (76.2%) 63

Total 22 (12.6%) 153 (87.4%) 175

gonial angle

Open 16 (18.6%) 70 (81.4%) 86

p = 0.04
Closed 4 (10%) 36 (90%) 40

Normal 2 (4.1%) 47 (95.9%) 49

Total 22 (12.6%) 153 (87.4%) 175

Position of the
chin (measured
in relation to
Simon's plan)

Prognathism 5 (26.3%) 14 (73.7) 19

p = 0.001
Retrognathism 8 (29.6%) 19 (70.4%) 27

Normal 9 (7%) 120 (93%) 129

Total 22 (12.6%) 153 (87.4%) 175

Table 1: Clinical parameters influencing the therapeutic choice.

Degree of significance: p < 0.05; NS: not significant.
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Study of the cephalometric 
 parameters

The results of this study showed that 
there is a significant correlation be-
tween orthosurgical treatment and the 
A point–nasion–B point angle (ANB) an-
gle (p < 0.05).

In fact, four out of 14 cases (28.6%) 
with an ANB angle of <0° were candi-
dates for orthognathic surgery.

Seventeen cases in class II, or 23.6%, 
with an angle of >4°, have benefited 
from orthosurgical treatment com-
pared to 18.2% with a skeletal class III 
with a negative ANB angle (Table 2).

As shown in Table 2, there is a strong 
correlation between orthosurgical treat-
ment and the FMA angle (P value <0.05).

In fact, two out of 30 clinical cases, 
or 6.7%, with an Frankfort mandibular 
plane angle (FMA) angle of <20° (called 
hypodivergent cases), have been pro-
posed as candidates for orthosurgical 
treatment against 12 cases with facial 
hyperdivergence.

Multivariate analysis of the factors 
influencing the surgical indication

This analysis consists of linking the 
main positive correlations between 
orthosurgical treatment and the rest 

of the variables in the study, based 
on their clinical, cephalometric, and 
statistical significance, which aims at 
eliminating any confusing variables and 
to keep only the variables that can be 
compared to the variables related to or-
thosurgical treatments.

Moreover, this analysis makes it pos-
sible to evaluate the contribution of 
each of the explanatory variables.

In this multivariate analysis, five vari-
ables presented highly significant cor-
relations with orthosurgical treatment; 
three quantitative and two qualitative 
ones, which are as follows:

– ANB angle;
– SNB angle;
– FMA angle;
– lip ratio;
– chin position.

As shown in Table 3: three variables 
explain the need for orthosurgical treat-
ment, namely, chin position, FMA an-
gle, and the lip ratio. This means that 
the Sella-Nasion to B Point Angle (SNB) 
angle and especially the ANB angle are 
confounding variables.

From these correlations, we were 
able to determine the following formula 
according to which orthosurgical treat-
ment can be proposed to patients:

Orthosurgical 
 treatment N (%)

Purely orthodontic 
treatment N (%)

Total N (100%) P-value

ANB angle

<0° 4 (28.6%) 10 (71.4%) 14 (100%)

P = 0.0001
[0°, 4°] 1 (1.1%) 88 (98.9%) 89 (100%)

>4° 17 (23.6%) 55 (76.4%) 72 (100%)

Total 22 (12.6%) 153 (87.4%) 175 (100%)

FMA angle

<20° 2 (6.7%) 28 (93.3%) 30 (100%)

P = 0.002[20°, 30°] 8 (7.1%) 105 (92.9%) 113 (100%)

>30° 12 (37.5%) 20 (62.5%) 32 (100%)

Table 2: Correlation between orthosurgical treatment and cephalometric parameters.
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y = 1.167 + 0.288 × chin position − 
0.254 × FMA angle − 0.16 × the lip ratio.

The critical score is −5.92 from which 
surgery is indicated with 84%  statistically 

calculated sensitivity and 69% specificity 
(Figure 4).

Any patient with a score above the 
threshold score can be successfully 
treated orthodontically.

Wald test OR IC 95% Beta P

ANB angle −1.162 – 0.010 [– 0.027, 0.007] – 0.085 0.24 (NS)

SNB angle 1.758 0.011 [– 0.001, 0.024] 0.133 0.08 (NS)

FMA angle −3.425 – 0.014 [−0.021, −0.006] −0.254 0.001 (S)

Lip ratio −2.295 −0.105 [−0.195, −0.015] -0.16 0.023 (S)

Chin position 4.342 0.142 [0.078, 0.207] -0.288 <0.001 (S)

Constant 1.167

NS = not significant, S = significant, OR: odds ratio, CI: confidence interval.

Table 3: Multivariate analysis of the parameters influencing the surgical indication.

ROC Curve

Diagonal segments are generated by links between the two axes
1 − Specificity
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Figure 2
Intraoral photographs. (a) Right-side view. (b) The anterior occlusion. (c) Left-side view.
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The results of the study of our sample 
showed that 153 cases (87.4%) were 
judged correctable by orthodontic treat-
ment against 22 cases that were judged 
treatable by orthognathic surgery.

We found that 90.9% of orthosurgical 
cases had an esthetic motive behind it, 
which confirms that the main objective 
of orthodontics is the resolution of an 
essentially esthetic problem.

For our present study, it should also 
be noted that orthosurgical treatment 
was significantly correlated with some 
variables in the study, with approxi-
mately 1:3 variables, including chin 
position, lip ratio, gonial angle, angle 
class, skeletal class, SNB value, FMA 
angle value, and ANB angle, showing 
correlations.

As part of the comparison of the 
multivariate analysis results, a german 
multicenter study of orthodontics from 
the university of Frankfurt, Heidelberg 
and Würzburg, which was conducted 
in 2002 by Angelika Stellzig-Eisenhauer, 
Christopher J. Lux, and gabrielle Schus-
ter21. It involved 175 cases with skeletal 
class III, and the goal was to establish 
an equation separating orthosurgical 
cases from pure orthodontic cases.

In this context, they cephalometri-
cally analyzed these patients by taking 
as study variables 20 linear and angu-
lar measurements. The results of the 
study showed that 87 cases, or 50% of 
the skeletal class-III cases were ortho-
surgical, versus 28.6% of the skeletal 
class-II cases requiring surgery. In this 
study, multivariate analysis showed 
that Wits appraisal, the length of the 
anterior cranial base SN (sella-nasion), 
maxillary/mandibular ratio, and gonial 
angle explained the orthosurgical treat-

ment in skeletal class III, described 
 using the following equation:

individual score = –1.805 + 0.209 × 
Wits + 0.044 × SN + 5.689 × M / M 
−0.056 × gonial angle.

Of all the variables, Wits appraisal 
was the most decisive variable in the 
choice of surgery for class III in most 
cases.

However, the absence of facial es-
thetic parameters analyzed in this study 
partially affects the validity of this dis-
criminant analysis. Although our study 
was conducted on a population en-
compassing different types of skeletal 
reports (class I, class II, and class III), 
our multivariate analysis showed that 
the chin position, FMA value, and SNB 
angle are highly correlated and explain 
the choice of orthognathic surgery for a 
given clinical case; among these, chin 
position was the most decisive variable 
in orthosurgical treatment.

The equation was as follows:

y = 1.167 + 0.288 × chin position – 
0.254 × FMA angle – 0.16 × lip ratio. 
The threshold score is equal to –5.92.

These explanatory variables of the 
orthosurgical treatment were differ-
ent from the german study, and this 
can be explained, on the one hand, by 
the fact that our study was interested 
in all types of malocclusions, whereas 
most of the studies were concentrat-
ed only on Class III. Secondly, because 
of the difference between the ethnic 
characteristics of the two samples  
(North Africa and Western Europe) 
with variations between cephalometric 

DISCUSSION AND RECOMMENDATIONS
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standards11,20 and the esthetic  criteria 
of the two countries (Tunisia and 
 germany)21.

It should also be noted that we did 
not include some variables such as: 
Wits appraisal, the length of the base 
of the skull, and maxilla/mandible ratio 
in our study.

Another Moroccan study was  conducted 
by Benyahia H2, which concerned class III 
treatment choices between orthognathic 
surgery and orthodontic camouflage. In 
fact, profile teleradiographies of 47 adult 
patients presented with skeletal class-III 
malocclusions.

This study has shown that a single 
variable makes it possible to distin-
guish between surgical and orthodon-
tic cases.

This is Holdaway’s H angle12,14 which 
has an individual score of –1.498 + 
(0.216 × Holdaway’s H angle). The 
threshold score is equal to 0.0575, cor-
responding to a limit of the H angle, 
which is 7.2°.

Rabie19 have also expressed interest 
in this angle for the indication of or-
thognathic surgery of class-III cases if 
its value is <12°.

The limitation of these studies is that 
they focused only on patients with 
class III so other malocclusions were 

not considered. Moreover, it is difficult 
to judge the indications of orthognath-
ic surgery from a single  angle5.

Other more recent studies have 
shown an improvement in the quality of 
life after sagittal and vertical correction 
surgery, especially with the evolution 
of three-dimensional simulations which 
can be used to plan surgeries6,16,22 but 
some surgeries affecting the trans-
versal dimension can have a negative 
 impact8,13.

It would therefore be interesting to 
study this subject, which is multicen-
tric and of potential interest for people 
in Mediterranean countries seeking 
orthodontic surgery, so as to create a 
more general formula whose sensitiv-
ity and specificity can be tested with 
the main objective: the separation of 
orthosurgical cases and purely ortho-
dontic cases for all skeletal classes.

In addition, our study assessed the 
need for orthognathic surgery as a gen-
eral objective, without monitoring long-
term orthosurgical cases to ensure the 
stability of the results obtained, which 
may be the subject of further follow-up 
studies to find certain criteria such as 
the quality of the finished treatment and 
other factors that can favor or harm a 
sometimes quite expensive  treatment.

The choice of appropriate therapy for 
each clinical situation, especially for 
borderline cases, is a challenge for the 
orthodontist.

Indeed, several parameters affect our 
decision such as patient motivation, 
their esthetic patterns, and occlusal 
and functional balance.

Our study has focused on a fair-
ly important clinical approach to the 
decision of orthosurgical treatment; 
hence, we can expand the spectrum 
of this sample to include the entire 
population. This will make it possible 
to better visualize the treatment ob-
jectives, and more specifically to be 

CONCLUSION
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able to generalize a clinical formula 
including a combination of  certain 
parameters, which would confirm 
in an absolute way the choice of 

 orthognathic surgery for a given clin-
ical case.
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