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Abstract

Background Intraoral vertical ramus osteotomy (IVRO)

and sagittal split ramus osteotomy (SSRO) have been

advocated as two major procedures for the correction of

mandibular prognathism. However, only a few reports with

at least a 2-year follow-up period describe the long-term

stability especially of the IVRO method. This study aimed

to identify factors contributing to skeletal relapse after a

2-year postoperative follow-up period.

Methods A set of three standardized lateral cephalograms

were obtained from each subject, taken preoperatively

(T1), immediately postoperatively (T2), and 2 years post-

operatively (T3). Relapse was defined as forward move-

ment of the menton (Me) after a 2-year follow-up period.

Two angular measurements (SNB and SN-occlusal plane

angle) and five linear measurements (horizontal Me, ver-

tical Me, overbite, anterior facial height, and mandibular

length) were compared immediately after the operation and

at the 2-year follow-up visit.

Results The mean setback of the menton was 12.8 mm,

and the mean relapse was 1.3 mm (10.2% = 1.3/12.8). The

magnitude of the setback was not significantly accounted

for in the relapse. There were weak correlations between

the relapse and the concerned factors, namely, overbite,

anterior facial height, mandibular length SNB, and SN-

occlusal plane angle).

Conclusion The current study confirmed the stability of

IVRO in the treatment of mandibular prognathism.
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Prognathism is used to describe relationship between the

maxillary and mandibular arches. Mandibular prognathism

is a potentially disfiguring profile in which the mandible

outgrows the maxilla, resulting in a protrusive chin. Man-

dibular prognathism presents the Angle class III maloc-

clusion with a reverse overjet.

Emrich et al. [1] proceeded with an epidemiologic study

on the prevalence of malocclusions. They found a 1%

prevalence of class III malocclusions for both 6- to 8-year-

olds and 12- to 14-year-olds in the 7,654 children they

examined.

A relatively high prevalence of class III malocclusion

has been detected in the Asian population. Lew et al. [2]

reported that the prevalence of class III malocclusion is

approximately 12% in the Chinese population.

Mandibular prognathism not only is considered a profile

disorder. It also affects the masticatory function. Mastica-

tion is an important function of the digestive system.

Therefore, masticatory impairment has an impact on the

maintenance of good health. These two disorders are the

two primary reasons for the treatment of mandibular

prognathism.
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The most common treatment for mandibular progna-

thism is a combination of orthodontics and orthognathic

surgery. Two main surgical techniques are used to treat

mandibular prognathism, namely, sagittal split ramus

osteotomy (SSRO) and intraoral vertical ramus osteotomy

(IVRO). The most important advantage of IVRO over

SSRO is the lower incidence of injury to the inferior

alveolar nerve [3, 4]. Therefore, we prefer using IVRO in

the treatment of mandibular prognathism. This study aimed

to investigate the stability of IVRO and also to explore the

factors contributing to relapse.

Materials and Methods

From 1991 to 1998, 25 patients with mandibular progna-

thism were treated with IVRO at the Oral and Maxillofacial

Department of the Kaohsiung Medical University Hospital.

All the patients were in the age range of 17 to 29 years

(mean, 20.4 years). The IVRO procedure was performed

by modified vertical ramus osteotomy [5].

The inclusion criteria specified patients who had man-

dibular prognathism with natural dentition, no craniofacial

anomalies or mandibular asymmetry, no history of trauma

or recognized syndromes, no facial growth at the time of

operation as verified by serial cephalometric records and

measurement, a history of pre- and postoperative ortho-

dontic treatments, operations performed by a single sur-

geon as a one-jaw procedure, and no fixation between the

proximal and distal segments.

Postoperatively, an interocclusal resin splint and inter-

maxillary fixation were maintained for a minimum of

6 weeks. The orthodontist took about 12 months to com-

plete the postoperative orthodontic treatment. The mean

follow-up period was 33.9 months (range, 24–82 months).

Cephalometric radiographs were obtained preopera-

tively (T1), immediately after surgery (T2), and at least

2 years postoperatively (T3). The following points were

identified: sella (S), nasion (N), menton (Me), supramen-

tale (B), pogonion (Pog), articular (Ar), incisor superior

(Is), and incisor inferior (Ii). For analysis, x and y coor-

dinate axes were constructed. This coordinate system had

its origin at point N and its x-axis formed at an angle of 7�
upward, with the reference line (NS) as the horizontal axis

[6] (Fig. 1). The vertical line was perpendicular to it

through the sella as the vertical axis (y-axis).

The parameters related to the angular and linear ceph-

alometric measurements were identified to evaluate the

mandibular position as follows:

1. SNB angle: angle between the SN line and the NB line

2. SN-occlusal plane angle: angle between the SN line

and the occlusal plane

3. Overbite: vertical distance between Is and Ii

4. Anterior facial height (AFH): distance between N and

Me

5. Mandibular length (Md-Lth): distance between Ar and

Pog

6. Me length: perpendicular distance from Me to the

y-axis

7. Me height: perpendicular distance from Me to the

x-axis.

Intrarater error was tested in locating cephalometric

landmarks on tracing paper. These serial cephalograms

had been recognized twice, and if the difference between

the two values of any point or angle exceeded 0.5 or 1 mm,

respectively, the point or angle was registered a third time.

The third registration was in contrast with the others. The

mean value was taken from the two closest values and the

outlier was discarded.

The drawing of postoperative prediction is shown in

Fig. 2. The pre- and postoperative cephalograms are shown

in the Figs. 3 and 4. The reference points and lines were

identified on the cephalograms. Positional changes in the

landmarks were noted relative to this coordinate system.

Relapse was defined as forward displacement of the

Fig. 1 Cephalometric linear and angular measurements. Reference

lines (x-axis) are constructed by drawing a line through the nasion 7�
up from the S-N line. The y-axis is constructed by drawing a line

through the sella (S) perpendicular to the x axis. The two angular

measurements are (1) the SNB angle and (2) the SN-occlusal plane

angle. The five linear measurements are (1) the overbite, (2) the

anterior facial height (N-Me), (3) the mandibular length (Ar-Pog), (4)

the Me length: perpendicular distance from Me to the y-axis, and (5)

the Me height: perpendicular distance from Me to the x-axis
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menton. The variables (overbite-T31, AFH-T31, Md-Lth-

T31, SNB-T31, SN-Occl-T31), surgical changes (T21), and

2 years of stability (T32) were calculated and analyzed by

the paired t test. Pearson’s correlation coefficient was used

to detect the correlations between the cephalometric

parameters. A p value of 0.05 or less was considered

significant.

Results

The immediate surgical changes in Me were 12.8 mm in

the horizontal direction and 0.9 mm downward in the

vertical direction (Table 1). For the 2-year postsurgical

changes (T31), Me was 11.5 mm in the horizontal direction

and 0.2 mm in the vertical direction. Significant differ-

ences between the measurements of time intervals (T1, T2,

T3) are shown in Table 2. Significant relapse (T32) was

noted, with a 1.3-mm forward movement in the horizontal

direction. The overbite values were highly significant in the

surgical changes of T21, T32, and T31. The anterior facial

height (AFH) and mandibular length (Md-Lth) were stable

at the 2-year postsurgical follow-up evaluation (T32).

Investigation of the SNB and SN-Occl angles showed that

they also were not significant at the 2-year postsurgical

follow-up evaluation (T32).

Table 2 shows the Pearson correlation coefficients and

their significance values calculated between Me (T32) and

the changes in all the variables. Weak correlations were

established between the Me (T32) and the change in

overbite (T31), the change in AFH (T31), the change in

mandibular length (T31), the change in SNB (T31), and the

change in the SN-Occl angle (T31). A relationship between

the amount of setback (Me-T21) and forward relapse

Fig. 2 In the case of setback, the inferior portion of the proximal

segment (shaded area) was excised and trimmed

Fig. 3 The preoperative cephalogram

Fig. 4 The postoperative cephalogram
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(Me-T32) would be expected, but none was found. Even

Me (T32) showed a significant change in the vertical

direction, but its value (0.6 mm, upward) was too small to

have meaning in the clinical analysis.

Discussion

Cephalometric analysis plays a key role in research on the

stability of orthognathic surgery. Identifying cephalometric

landmarks precisely and consistently is important in eval-

uation of the outcomes for orthognathic treatment. Dental

relapse has been evaluated in molar occlusion and anterior

overjet [7]. However, dental relapse can be altered by

orthodontic treatment after surgery. It can misinterpret the

real relapse of the mandible. Therefore, dental relapse

cannot represent the postoperative stability of the man-

dibular corpus. Reproducible landmarks must be consid-

ered as positional changes that can be altered during

surgery or bone remodeling over time. Points Pog, B, Gn,

and Me are more reproducible and preferred as landmarks

in research on the outcomes of orthognathic surgery.

Reviewing the studies of SSRO [8–13], the mean set-

back ranged from 4.8 to 8.4 mm. These studies showed a

tendency for relapse, with the mean amount ranging from

0.6 to 2.87 mm. The relapse was 7.1 to 51.4 percentage of

surgical setback. Comparing the amount of setback, the one

in our report (12.8 mm) is shown to be greater than in the

previous studies. Even in the other studies [8, 13, 14] of

IVRO, the mean setback ranged only from 6.3 to 7.5 mm.

From the studies of SSRO, we found that a majority of

the maxillofacial changes occurred within 1 year postop-

eratively. Therefore, a 1-year postoperative follow-up

period was sufficient to ensure the stability of SSRO with

rigid fixation by mini-screws. Due to the different bone-

healing processes, a 2-year postoperative follow-up period

was necessary to evaluate the stability of IVRO without

rigid fixation. From our study, the potency of relapse

compared with the amount of setback was 10.2% (1.3/

12.8 mm). However, there was no other IVRO study for

comparison of the stability during the 2-year postoperative

follow-up period.

The postoperative relapse of our patients was about 10%.

The orthodontists could manage these relapses to prevent

malocclusion, and the facial profiles were accepted by the

patients. Therefore, no patients needed a reoperation.

Table 1 Values for the various cephalometric parameters of the

surgical changes (T21) and stability 2 years postoperatively (T32)

Variable Mean SD p Value

Horizontal (mm)

Me-T21 -12.8 3.3 \0.001a

Me-T32 1.3 2.4 \0.05b

Me-T31 (mm) -11.5 3.6 \0.001a

Vertical (mm)

Me-T21 0.9 1.8 \0.05b

Me-T32 -0.6 1.7 NS

Me-T31 0.2 1.5 NS

Overbite (mm)

T21 1.5 1.8 \0.001a

T32 1.0 1.7 \0.001a

T31 2.5 1.6 \0.001a

AFH (mm)

T21 1.0 1.9 \0.05b

T32 -1.8 5.0 NS

T31 -0.7 4.7 NS

Md-Lth (mm)

T21 -8.9 2.8 NS

T32 0.0 2.3 NS

T31 -8.9 2.2 \0.001a

SNB (degree)

T21 -6.4 1.9 NS

T32 0.4 1.3 NS

T31 -6.0 1.7 \0.001a

SN-Occl (degree)

T21 1.3 4.5 NS

T32 0.8 3.5 NS

T31 2.0 4.3 \0.05b

SD standard deviation, Me menton, T21 immediate surgical changes,

T32 2 years of stability, T31 2 years of surgical changes, AFH ante-

rior facial height, Md-Lth mandibular length, SNB plane angle,

SN-Occl plane angle, NS not significant (p [ 0.05)
a Highly significant
b Significant

Table 2 Relationship between relapse (horizontal Me-T32) and

various cephalometric parameters of skeletal changes

Variable Horizontal Me-T32 p Value

Horizontal

Me-T21 (mm) -0.2561

Me-T32 (mm) –

Vertical

Me-T21 (mm) 0.1604

Me-T32 (mm) -0.4010 \0.05a

Overbite-T31 (mm) -0.0649

AFH-T31 (mm) -0.2731

Md-Lth-T31 (mm) 0.1690

SNB-T31 (degree) 0.2758

SN-Occl-T31 (degree) -0.0440

Me menton, T21 immediate surgical changes, T32 2 years of stability,

T31 2 years of surgical changes, AFH anterior facial height, Md-Lth
mandibular length, SNB plane angle, SN-Occl plane angle
a Significant, Pearson correlation coefficient
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Despite this, the two-jaw surgery is increasingly performed

for mandibular prognathism. However, the Asian face is

more flat than the Caucasian face, and our surgical relapse is

smaller. Therefore, the isolated mandibular setback proce-

dure continues to be the primary choice for our patients.

The 2-year surgical changes (T31) show significant

differences in horizontal Me-T31, overbite (T31), Md-Lth

(T31), SNB (T31), and Occl-SN (T31) but not in vertical

Me-T31 or AFH (T31). This means that the vertical change

in Me is smaller and stable.

The relationship between the amount of setback and

relapse still is controversial. Kobayashi et al. [9] investi-

gated 44 patients with mandibular prognathism and

reported that the magnitude of relapse was proportional to

that of the correction in the horizontal direction. Franco

et al. [11] explored the factors contributing to the relapse in

rigidly fixed mandibular setbacks and concluded that the

magnitude of the setback was the single variable that

accounted for relapse with single-jaw surgery. However, de

Villa et al. [15] identified 20 patients after surgical cor-

rection of mandibular prognathism using bilateral sagittal

split osteotomy (BSSO) and found no correlation between

the magnitude of setback and the amount of relapse at point

B and the pogonion during their the long-term follow-up

evaluation. Mobarak et al. [16] followed 80 SSRO patients

with mandibular prognathism and found the magnitude of

mandibular setback to be weakly associated with the

amount of horizontal relapse.

In our study, correlation analyses were performed to

evaluate the relationship between the magnitude of setback

and relapse at point Me. Pearson’s correlation coefficient

showed no significant relationship between the amount of

setback (T21) and relapse (T32). Even the vertical relapse

of Me (T32) was significantly correlated with the hori-

zontal relapse of Me (T32). However, the changes in ver-

tical Me (T32) were too small and easily misinterpreted by

the clinical relapse. Therefore, most researchers disregard

the vertical relapse as a factor contributing to the stability

of orthognathic surgery in mandibular prognathism.

Franco et al. [11] determined the factors involved with

relapse in rigidly fixed mandibular setbacks and their

incidence. They found that postoperative change in the

anterior facial height and mandibular length did not sig-

nificantly influence Pog in the one-jaw group. Neal et al.

[17] assessed the stability of the lower labial segment after

surgical correction of class 3 skeletal discrepancy. The

overbite and SNB tended not to be significantly related to

the relapse during the follow-up period.

Our patients showed the same results as those in the

previous reports. Although the SN-occlusal plane angle

decreased, the mandible showed forward and upward

movement. In our finding, the SN-occlusal plane

angle (T31) showed a significant change after the 2-year

follow-up period. However, there was weak correlation

between the SN-occlusal plane angle (T31) and relapse.

Ueki et al. [18] assessed the relationship between the

recovery of maximum mandibular opening and the maxil-

lomandibular fixation period after orthognathic surgery.

They evaluated 68 patients who had diagnosed mandibular

prognathism with or without asymmetry and were divided

into four groups (SSRO, IVRO, SSRO with Le Fort I

osteotomy, and IVRO with Le Fort I osteotomy). These

authors concluded that no significant differences existed

between single- and double-jaw surgery in terms of post-

operative time-dependent changes in the recovery of

MMO. Because there was no fixation between the proximal

and distal segments of IVRO, bilateral temporal mandib-

ular joints tended to return gradually to the near original

position after 6 weeks of intermaxillary fixation. In our

observation, the remodeling of the temporal mandibular

joint was a physiologic adaptation to the new position, and

no complications were reported by our patients.

The IVRO was our principal treatment for patients with

mandibular prognathism because of the reduced risk for

damage to the inferior alveolar nerve. The postoperative

stability of SSRO and IVRO has been studied by many

researchers. Factors contributing to relapse still are con-

troversial. The degree of skeletal changes can differ from

case to case, and the reasons still are unclear. Although we

investigated postoperative skeletal stability, we cannot

ignore the effect of orthodontic treatment. To produce

surgically compatible arch forms, presurgical orthodontics

is very important for alignment of the teeth of each arch

over their own jaw, which leads to immediate postoperative

stability. Thus, integrating orthodontic and surgical treat-

ment can improve the quality of the surgical outcome.

Postoperative orthodontic treatment still plays a significant

role in maintaining satisfactory stability.
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