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Objectives. To investigate the correlation between frontal gaps and skeletal stability after intraoral vertical ramus osteotomy
(IVRO) for correction of mandibular prognathism. Materials and Methods. Thirty-three patients with frontal gaps after IVRO-
based mandibular prognathism correction were included. Three lateral and frontal cephalometric radiographs were obtained:
preoperatively (T1), immediately postoperatively (T2), and 2 years postoperatively (T3). Two linear measurements (menton [Me]
and frontal gap) were compared from T1 to T3 (T21: immediate surgical changes; T32: postoperative stability; T31: 2-year surgical
change). Data were analyzed using Pearson’s correlation coefficient and multiple linear regression. Results. The T21 mean surgical
horizontal change in the Me position was 12.4 ± 4.23mm. Vertically, the mean downward Me movement was 0.6 ± 1.73mm. The
mean frontal gaps were 4.7±2.68mm and 4±2.48mm in the right and left gonial regions, respectively. Postoperative stability (T32)
significantly correlated with the amount of setback. Frontal gaps did not have a significant effect on postoperative stability. However,
multiple regression model (𝑅2 = 0.341, 𝑃 = 0.017) showed value predictability, especially in the amount of setback. Conclusion.
Frontal gaps occur after IVRO but have no significant effect on long-term postoperative skeletal stability. The primary risk factor
for postoperative relapse remains the amount of mandibular setback.

1. Introduction

Skeletal discrepancy in the maxilla or mandible can be due
to morphological malformation or asymmetry and tends to
induce significant malocclusion and dentofacial deformity
[1]. Mandibular prognathism refers to the prominent protru-
sion of the lower third portion of the facial skeleton. This
facial pattern is commonly seen among siblings and parents
because of its strong heritability [2].

Combined orthodontic treatment and orthognathic
surgery has been advocated as the major approach for
correction of mandibular prognathism. Intraoral vertical
ramus osteotomy (IVRO) and sagittal split ramus osteotomy
(SSRO) are the two main surgical approaches for treating
prognathic deformity of the mandible. The main advantage

of IVRO is that it has a markedly lower incidence of nerve
damage than SSRO [3, 4].Themajor disadvantage of IVRO is
that the patient must be subjected to intermaxillary fixation
(IMF) to immobilize both segments and thus must remain
on a liquid diet until removal of the IMF device. Even Nihara
et al. [5] reported only 1-week IMF by 4 monocortical screws
for IVRO. However, we still performed 6-week IMF to
avoid the movement of both segments during bone healing.
Nevertheless, to avoid postoperative lip numbness, we
advocate the use of IVRO rather than SSRO for the treatment
of mandibular prognathism.

A frontal gap is a transverse horizontal space that occurs
between the lateral proximal segment (condyle-bearing) and
the medial distal segment (tooth-bearing) as they overlap. As
with SSRO, osteosynthesis fixation can eliminate frontal gaps.
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The surgical site of IVRO, which involves the gonial region,
is different from that targeted in SSRO. After mandibular
setback, it is easy to determine whether frontal gaps have
developed in IVRO patients due to the lack of fixation
between the proximal and distal segments. Therefore, a
frontal gap only occurs in IVRO, but not in SSRO. A frontal
gap can influence bone healing and remodeling, and differ-
ences in the gap may correlate with postoperative stability.
Nevertheless, the influence of frontal gaps on postoperative
relapse has not been thoroughly evaluated. Therefore, the
present study assessed how long-term stability is affected
by frontal gaps and the amount of mandibular setback in
patients withmandibular prognathismwhowere treatedwith
IVRO.

2. Materials and Methods

2.1. Patients and Measurements. Thirty-three patients who
had only undergone IVRO for correction of mandibular
prognathism at the Department of Oral and Maxillofacial
Surgery of the Kaohsiung Medical University Hospital were
enrolled. All the patients were operated on using a modified
IVRO technique [4]. Patients were excluded if they had facial
asymmetry, a history of facial bone trauma, or congenital
craniofacial anomalies. Postoperatively, IMF was maintained
for 6 weeks. No fixation between the proximal and distal
segments was performed.

Patients were investigated by serial lateral cephalograms
(preoperatively [T1], 48 h after surgery [T2], and 2 years after
surgery [T3]). The T2 posteroanterior (PA) cephalogram was
used to measure frontal gaps. The landmarks chosen in the
lateral cephalogram included the sella (S), nasion (N), and
menton (Me). In addition, the gonion (Go) and lateroorbitale
(Lo) were selected as landmarks on the PA cephalogram.
The horizontal and vertical reference lines (𝑋 line and 𝑌
line) were constructed for analysis. In lateral cephalograms,
the 𝑋 line was set up at 7 degrees superior to the sella-
nasion line, passing through point N [6]. The 𝑌 line was
constructed perpendicularly to the𝑋 line through landmark
S (Figure 1). In PA cephalograms, a horizontal reference line
was established as the line running through the bilateral Lo
landmarks, and a vertical reference line was defined as the 𝑍
line, which was at a right angle to the𝐻 line in themidsagittal
plane (Figure 2).

The linear measurements for this study included the
distance from theMe to the reference lines and the frontal gap
(distance between the horizontal plane and Go, intersecting
the lateral border of the ramus). Two linear measurements
(menton [Me] and frontal gap) were compared from T1
to T3 (T21: immediate surgical changes; T32: postoperative
stability; T31: 2-year surgical change). The frontal gap was
clarified on the T2 images. This study was approved by the
ethics committee of Kaohsiung Medical University Hospital.

2.2. Statistical Analysis. Paired 𝑡-tests were used to compare
the differences between the T1 and T3 periods. Pearson’s
correlation coefficient was calculated between Me T32 (the
2-year postoperative change in the horizontal direction) and
related variables. Multiple regression analysis was performed
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Figure 1: 𝑋-axis: constructed by drawing a line through nasion 7∘
up from SN line. 𝑌-axis: constructed by drawing a line through sella
(S) perpendicular to the 𝑋-axis. Me: the most inferior point on the
mandibular symphysis.
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Figure 2:𝐻 line: horizontal reference line;𝑍 line: midsagittal plane.
Landmarks: gonion (Go) and lateroorbitale (Lo). Narrow red arrow:
right side frontal gap; wide red arrow: left side frontal gap.

to clarify the factors contributing to postoperative relapse.
Data were analyzed with SPSS 20 and the significance level
was set as 𝑃 < 0.05.

Fifteen X-rays were randomly measured twice by Chun-
Ming Chen after a 10-day interval. Systematic errors were
evaluated using a paired 𝑡-test for frontal gap, and no
significant difference (𝑃 = 0.488) was observed. Accidental
errors were calculated using the Dahlberg formula, which is
expressed as follows:

accidental errors = √∑𝑑
2

2𝑛
, (1)

where 𝑑 represents the difference between the 2 sets of data
and 𝑛 represents the number of measurements. Accidental
errors (0.123mm on average) were shorter than 0.5mm, thus
indicating the sufficient accuracy of the measurements.
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Table 1: Summary of menton (Me) and frontal gap in T21, T32, and
T31.

Variable Mean SD 𝑃 value
Me (horizontal, mm)

T21 −12.4 4.23 <0.001∗

T32 1.0 3.00 0.068
T31 −11.4 3.78 <0.001∗

Me (vertical, mm)
T21 0.6 1.73 0.048∗

T32 −0.5 1.96 0.153
T31 0.1 1.59 0.664

Frontal gap T2 (mm)
Right gap 4.7 2.68 0.079
Left gap 4.0 2.48

T21: immediate surgical changes; T32: postoperative stability; T31: 2-year
surgical change.
Significant ∗𝑃 < 0.05.

3. Results

There were 20 female and 13 male patients, with a mean age
of 20.4 years (range: 17–34 years).The average surgical change
(T21) at the Me was 12.4 ± 4.23mm (𝑃 < 0.0001) backward;
this difference was statistically significant (Table 1). In the
vertical direction, the Me moved significantly downward, by
0.6 ± 1.73mm (𝑃 = 0.048). The frontal gaps were 4.7 ±
2.68mm (range: 0.5–11) and 4 ± 2.48mm (range: 0.5–10) in
the right and left gonial regions; these differences were not
statistically significant (𝑃 = 0.079). The paired 𝑡-test revealed
no significant relapse of the Me (T32) in the horizontal and
vertical directions: only 1 ± 3mm (𝑃 = 0.068) forward
movement and 0.5±1.96mm(𝑃 = 0.153) upwardmovement.

Horizontal relapse (T32) was significantly (𝑃 = 0.003)
correlated with the amount of mandibular setback (T21)
and vertical movement (T32 and T31). Vertical relapse (T32)
was significantly correlated with horizontal changes (T21
and T32) and vertical changes (T21 and T31). The degree of
upward relapse of theMe showed a trend toward significance,
but it was too small to have a clinical effect (Table 2).

In Table 3, there was no statistically significant correlation
between postoperative stability and the extent of the frontal
gap. However, multiple regression analysis showed that the
frontal gap was useful for prediction of horizontal relapse
(T32) (𝑅2 = 0.341, 𝐹 = 3.616, 𝑃 = 0.017), using the following
equation: horizontal relapse (Me T32) = −1.833 − 0.283 ×
horizontal (Me T21) − 0.259 × vertical (Me T21) + 0.157 ×
right frontal gap − 0.401 × left frontal gap. The amount of
setback (Me T21) was significantly (𝑃 = 0.022) correlated
with horizontal relapse (Me T32).

4. Discussion

Orthognathic surgery aims to achieve facial esthetics and to
improve masticatory function. These goals can be achieved
by eliminating facial disharmony and reconstructing the
facial skeleton to achieve balanced proportions. Long-term
postoperative stability in correctingmandibular prognathism

Table 2: Postoperative stability (T32) by Pearson’s correlation test.

Variable Me horizontal T32 Me vertical T32
Coefficient 𝑃 value Coefficient 𝑃 value

Me (horizontal, mm)
T21 −0.494 0.003∗ 0.394 0.023∗

T32 1 −0.650 <0.001∗

T31 0.240 0.178 −0.075 0.679
Me (vertical, mm)
T21 0.303 0.087 −0.637 <0.001∗

T32 −0.650 <0.001∗ 1
T31 −0.473 0.005∗ 0.540 0.001∗

Frontal gap T2 (mm)
Right gap −0.001 0.998 −0.031 0.863
Left gap −0.296 0.094 0.249 0.162

T21: immediate surgical changes; T32: postoperative stability; T31: 2-year
surgical change.
Significant ∗𝑃 < 0.05.

Table 3: Prediction of postoperative stability (horizontal T32) by the
multiple regression analysis.

Unstandardized
coefficients

Standardized
coefficients

B SE 𝛽 𝑡 𝑃

Constant −1.833 1.703 1.076 0.291
Me horizontal T21 −0.283 0.117 −0.399 −2.426 0.022∗

Me vertical T21 0.259 0.280 0.150 0.924 0.363
Right gap 0.157 0.222 0.140 0.707 0.485
Left gap −0.401 0.239 −0.331 −1.673 0.105
B: regression coefficient; SE: standard error; 𝛽: standardised regression
coefficient; 𝑡: obtained 𝑡-test value; 𝑃: obtained significance value.
T21: immediate surgical changes; T32: postoperative stability.
Significant ∗𝑃 < 0.05.

plays an important role in maintaining treatment outcome.
Previous studies [7–9] have revealed that postoperative sta-
bility is influenced by several factors. First, the postsurgical
stability of the jawbones is closely related to ongoing growth
in patients. Although most orthognathic surgeries are per-
formed in postpubertal patients, this does not guarantee that
no further growth and development are taking place in an
individual patient. It is highly likely that ongoing growth
can induce recurrence of skeletal disharmony, resulting in an
open bite.

Surgical modalities used to correct mandibular prog-
nathism can also influence postsurgical stability. Several
studies [8–12] have investigated the correlation between con-
tributing factors and postsurgical stability, among which the
amount of setback had the strongest effect on postoperative
stability.The above investigations all indicated that, regardless
of which parameter (such as B point, Pog, Me, Ii, or overjet)
was used to define the amount that the mandible was set
back by horizontally after surgery, the extent of mandibular
movement always fell within 10mm. Compared to the results
of previous studies that used IVRO without IMF [9–13],
the immediate postsurgical changes in the mandible in the
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present study revealed an average setback of 12.4mm for
the Me. Thus, the average amount of mandibular movement
noted in our study far exceeded that in previous reports.
Even in the absence of postoperative obstructive sleep apnea,
the preoperative and postoperative dimensions of the pha-
ryngeal airway space should be considered and evaluated.
Moreover, the correlation between the frontal gap and tem-
poromandibular joint disorder should be investigated in the
future.

Abeltins et al. [13] performed IVRO in 30 patients with
a mean 4.4mm setback at the B point. At the 1-year post-
operative follow-up, the amount of relapse was significant
(1.2mm). Ohba et al. [14] assessed the 1-year skeletal stability
in 16 patients treated for mandibular prognathism by IVRO.
The Me setback was 6.4mm; at 1-year postoperatively, the
setback was still 4.18mm backward, and the difference was
not statistically significant. The findings of our previous
report [1]were similar to those ofOhba et al. [14]. At the 1-year
follow-up, our patients exhibited a 0.1mm relapse, which was
not statistically significant. According to a previous report,
the mandible could have moved forward or backward by the
1-year follow-up.Therefore, we recommend that investigation
of the postoperative stability of IVRO requires a follow-up of
at least 2 years. Moreover, to evaluate postoperative stability,
computed tomography may be better than cephalography for
assessing the progress of bone healing.

In the present study, the Me (T32) showed a 1mm (8.1%)
horizontal relapse over the follow-up period, which was not
statistically significant. This small postoperative relapse can
be attributed to (1) complete stripping off of the medial
pterygoid and masseter muscles and (2) excision of the
inferior proximal segment. This approach allows a greater
degree of mandibular setback and reduces the amount of
stretching of the pterygomandibular sling. In our multiple
regression model (𝑅2 = 0.341, 𝑃 = 0.017), the amount of
setback (Me T21) allowed prediction of postoperative relapse
(Me T32); thus, the amount of setback had a significant effect
(𝑃 = 0.022) on postoperative stability. Even though there
was no correlation between the frontal gap and postoperative
stability, some other factors, such as condylar drift and mas-
ticatory force, should be considered as possible contributors
to postoperative relapse.

To evaluate the factors contributing to the stability after
SSRO, Guglielmi et al. [15] stressed the importance of
assessing changes in the gonial angle. In particular, IVRO
involves cutting through the gonial region and overlapping
these divided segments, and this change was more than
that achieved with SSRO. Due to differences in the surgical
technique, the dimensions of the frontal gap between the
proximal anddistal segments of themandible are significantly
different between SSRO and IVRO [16]. In our previous study
[17], the intergonial distance was significantly increased with
the IVRO technique. Despite the fact that the frontal gaps
induced by IVROweremarked (4.7mm on the right side and
4mm on the left side), our study did not show any significant
correlation between the extent of the frontal gap and the long-
term postoperative relapse.

The bone healing and remodeling processes after IVRO
differ from those after SSRO. In the IVRO technique, a

frontal gap of more than 1mm can easily occur between
the proximal and distal segments. In particular, when the
distal segment is set back further, it could push the proximal
segment more laterally. Therefore, a larger than expected
frontal gap can occur.This is easily detected by postoperative
PA radiography. Without intersegment fixation, condylar sag
and drooping would be greater in IVRO than in SSRO.
In other words, some mobility between the proximal and
distal segments remains after removal of the IMF, because
the calluses at this stage are still soft and the strength of
the link between the proximal and distal segments is not
sufficient to resist the biting force. Once masticatory activity
gradually increases, any improper orthodontic traction, such
as use of interarch elastics,may potentially produce undesired
movement and consequently induce mandibular relapse.

In conclusion, frontal gaps between the proximal and dis-
tal segments, induced by IVRO surgery, did not demonstrate
any marked influence on long-term postoperative stability.
However, there was a greater chance of postoperative relapse
with an increase in mandibular setback.

Competing Interests

The authors declare that they have no competing interests.

Authors’ Contributions

Chun-Ming Chen and Ju-Hui Wu contributed equally to this
study.

References

[1] S. S.-T. Lai, Y.-C. Tseng, I.-Y. Huang, Y.-H. Yang, Y.-S. Shen, and
C.-M. Chen, “Skeletal changes after modified intraoral vertical
ramus osteotomy for correction of mandibular prognathism,”
Journal of Plastic, Reconstructive&Aesthetic Surgery, vol. 60, no.
2, pp. 139–145, 2007.

[2] C.-M. Chen, H.-E. Lee, C.-F. Yang et al., “Intraoral vertical
ramus osteotomy for correction of mandibular prognathism:
long-term stability,” Annals of Plastic Surgery, vol. 61, no. 1, pp.
52–55, 2008.

[3] C.-M. Chen, S. Lai, K.-K. Chen, and H.-E. Lee, “Intraoperative
hemorrhage and postoperative sequelae after intraoral vertical
ramus osteotomy to treat mandibular prognathism,” BioMed
Research International, vol. 2015, Article ID 318270, 6 pages,
2015.

[4] Y. Hashiba, K. Ueki, K. Marukawa et al., “A comparison of
lower lip hypoesthesia measured by trigeminal somatosensory-
evoked potential between different types of mandibular
osteotomies and fixation,” Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology and Endodontology, vol. 104, no. 2,
pp. 177–185, 2007.

[5] J. Nihara, M. Takeyama, Y. Takayama, Y. Mutoh, and I. Saito,
“Postoperative changes in mandibular prognathism surgically
treated by intraoral vertical ramus osteotomy,” International
Journal of Oral & Maxillofacial Surgery, vol. 42, no. 1, pp. 62–
70, 2013.

[6] C. J. Burstone, R. B. James, H. Legan, G. A. Murphy, and L. A.
Norton, “Cephalometrics for orthognathic surgery,” Journal of
Oral Surgery, vol. 36, pp. 269–277, 1978.



BioMed Research International 5

[7] K.-T. Lee, S. S.-T. Lai, J.-H. Wu, H.-E. Lee, and C.-M. Chen,
“Correlation between the change of gonial region and skeletal
relapse after intraoral vertical ramus osteotomy for correction of
mandibular prognathism,” Journal of Craniofacial Surgery, vol.
22, no. 3, pp. 818–821, 2011.

[8] J. E. Franco, J. E. Van Sickels, and W. J. Thrash, “Factors
contributing to relapse in rigidly fixed mandibular setbacks,”
Journal of Oral and Maxillofacial Surgery, vol. 47, no. 5, pp. 451–
456, 1989.

[9] T. Kobayashi, I. Watanabe, K. Ueda, and T. Nakajima, “Stability
of the mandible after sagittal ramus osteotomy for correction of
prognathism,” Journal of Oral andMaxillofacial Surgery, vol. 44,
no. 9, pp. 693–697, 1986.

[10] R. B. Greebe and D. B. Tuinzing, “Overcorrection and relapse
after the intraoral vertical ramus osteotomy: a one-year post-
operative review of thirty-five patients,” Oral Surgery, Oral
Medicine, Oral Pathology, vol. 54, no. 4, pp. 382–384, 1982.

[11] W. R. Proffit, C. Phillips, C. Dann IV, and T. A. Turvey,
“Stability after surgical-orthodontic correction of skeletal Class
III malocclusion: I. Mandibular setback,” The International
Journal of Adult Orthodontics & Orthognathic Surgery, vol. 6,
no. 1, pp. 7–18, 1991.

[12] C. Phillips, H. S. Zaytoun Jr., P. M. Thomas, and B. C. Terry,
“Skeletal alterations following TOVRO or BSSO procedures,”
The International Journal of Adult Orthodontics & Orthognathic
Surgery, vol. 3, pp. 203–213, 1986.

[13] A. Abeltins, G. Jakobsone, I. Urtane, and A. Bigestans, “The
stability of bilateral sagittal ramus osteotomy and vertical ramus
osteotomy after bimaxillary correction of class III malocclu-
sion,” Journal of Cranio-Maxillofacial Surgery, vol. 39, no. 8, pp.
583–587, 2011.

[14] S. Ohba, H. Tasaki, T. Tobita et al., “Assessment of skeletal
stability of intraoral vertical ramus osteotomy with one-day
maxillary-mandibular fixation followed by early jaw exercise,”
Journal of Cranio-Maxillofacial Surgery, vol. 41, no. 7, pp. 586–
592, 2013.

[15] M. Guglielmi, K. M. Schneider, G. Iannetti, C. Feng, and A.
Y. Martinez, “Orthognathic surgery for correction of patients
with mandibular excess: don’t forget to assess the gonial angle,”
Journal of Oral andMaxillofacial Surgery, vol. 71, no. 6, pp. 1063–
1072, 2013.

[16] A. D. Angle, J. Rebellato, and R. D. Sheats, “Transverse dis-
placement of the proximal segment after bilateral sagittal split
osteotomy advancement and its effect on relapse,” Journal of
Oral and Maxillofacial Surgery, vol. 65, no. 1, pp. 50–59, 2007.

[17] K.-T. Lee, S. S.-T. Lai, S.-S. Lin, J.-H. Wu, H.-E. Lee, and C.-M.
Chen, “Changes in the transverse dimensions by vertical ramus
osteotomy aftermandibular prognathism correction,” Journal of
Craniofacial Surgery, vol. 22, no. 5, pp. 1602–1605, 2011.


