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Correction of mandibular deficiency by inverted-L
osteotomy of ramus and iliac crest bone grafting

Song-Song Zhu1,2, Ge Feng1,2, Ji-Hua Li1,2, En Luo1,2 and Jing Hu2

This studywas to describe the use of inverted-L osteotomy of ramus and iliac bone graft for themanagement ofmandibular deficiency in

adult patients. From 2008 to 2010, 11 patients (aged 19 to 29 years) with mandibular deficiency underwent intraoral or extraoral

inverted-L osteotomy of ramus and iliac crest bone grafting. Data were collected from the patients’ records, photographs and

radiographs. The height and width of the ramus were successfully expanded by inverted-L osteotomy and iliac crest bone grafting with

minimal complications in all patients, resulting in significant improvement in occlusion and facial appearance. Our early results

showed that the inverted-L osteotomy of ramus and iliac crest bone grafting is safe and effective, and should be considered as a good

alternative for the patients with mandibular deficiency.
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INTRODUCTION

Mandibular deficiency is a common encountered problem in cranio-

facial surgery. Different methods have been used to correct mandi-

bular deficiency; however, there is some debate regarding the ideal

treatment of mandibular deficiency. The bilateral sagittal split ramus

osteotomy is the most common surgical procedure for mandibular

deficiency because of its versatility and its amenability to rigid fixa-

tion.1–3 However, there is a variable but considerable risk of inferior

alveolar nerve injury when performing this procedure.4–6 In addition,

a greater risk of relapse is present when this procedure is used to

advance the mandible or correct skeletal open-bite deformities.7–8

Intraoral inverted-L osteotomy (ILO) is a surgical procedure used to

correct mandibular prognathism.9–11 In 1985, Dattilo et al.12 reported

to correct skeletal class II (retrognathic) open-bite deformities using

the extraoral ILO technique. In 1999, McMillan et al.13 used this

technique to advance the mandible in patients with mandibular defi-

ciency by an intraoral approach. These studies suggested that the ILO

should be considered as a surgical option for mandibular deficiency.

Unfortunately, we still lack knowledge concerning the clinical effects

of this approach because the relevant reports are limited. In this study,

we present our data on a clinical and radiographic follow-up on 11

patients with mandibular deficiency and try to evaluate the clinical

effects with ILO for mandibular reconstruction.

PATIENTS AND METHODS

Between January 2008 and December 2010, 11 patients with mandib-

ular deficiency underwent intra- or extraoral ILO and iliac crest bone

grafting at the Department of Oral and Maxillofacial Surgery in West

China Hospital of Stomatology, Sichuan University. There were seven

female and fourmale with amean age of 24.3 years (range, 19–29 years).

In these 11 patients, causes included hemifacial microsomia, posttrau-

matic hypoplasia, temporomandibular joint ankylosis with hypoplasia,

and the first and second branch arch syndrome. All patients enrolled in

this study underwent intra- or extraoral ILO because of the high relapse

or difficulty of saggital split of ramus osteotomy (SSRO). Among these

patients, six patients underwent extraoral ILO as they have skin scars at

the submandibular area caused by the former surgery. For the rest of the

patients, intraoral ILO was performed. The relevant details about these

patients were summarized in Table 1. Each subject in this study signed a

detailed informed consent form.

INTRAORAL OR EXTRAORAL ILO AND ILIAC CREST BONE

GRAFTING

For the patients via an intraoral approach, Lidocaine 2% with

1 : 100 000 epinephrine was infiltrated in the ramus area of the mand-

ible. An intraoral subgingival incision was made, extending from the

second premolar to the anterior border of the ramus. A mucoperios-

teal flap was elevated inferiorly and posteriorly to expose the lateral

aspect of themandibular body, angle and ramus. The inferior insertion

of the temporal muscle on the anterior ramus and coronoid process

was stripped using a periosteal elevator. AKocher clampwas placed on

the tip of the coronoid process to aid in retraction and the medial

dissection was done as for a sagittal ramus osteotomy, extending just

distal to the lingula. The horizontal cut was then made above and

behind the lingula with the inferior alveolar nerve using a recipro-

cating saw. Then an oscillating saw was used to complete the vertical

cut from the inferior border of the mandible to the previously made

horizontal osteotomy of the ramus (Figure 1a). A thin chisel was

1The State Key Laboratory of Oral Diseases, Sichuan University, Chengdu, China and 2Department of Oral and Maxillofacial Surgery, West China School of Stomatology, Sichuan
University, Chengdu, China

Received 28 April 2012; accepted 19 November 2012

Correspondence: Dr J Hu, Department of Oral and Maxillofacial Surgery, West China School of Stomatology, Sichuan University, Chengdu 610041, China
E-mail: drhu@vip.sohu.com

International Journal of Oral Science (2012) 4, 214–217
� 2012 WCSS. All rights reserved 1674-2818/12

www.nature.com/ijos

www.nature.com/ijos


carefully inserted to separate the proximal and distal segments. After

the completion of surgery on the opposite side, the mandible was

advanced and moved to the new position. The desired occlusion was

achieved with the final wafer and intermaxillary fixation. The condylar

segment is seated centrally in the fossa using gentle upward pressure

from the area of the horizontal cut. An iliac crest bone graft was

trimmed and placed at the interface of the proximal and distal seg-

ments (Figure 1b). Two four-hole ‘L’ miniplates were placed by the

transbuccal approach, one at the anterior border and the other at the

angle (Figure 1c). Similar surgical procedures were used for the

patients underwent extraoral ILO (Figure 2).

The wound was then irrigated with antibiotic solution and closed

over a suction drain which was removed 48 h later. A compression

dressing was also applied for 5 days. All patients had presurgical ortho-

dontic treatment to level and align the dental arches. Postoperative

maxillomandibular fixation commenced on the second day after sur-

gery, and continued for a period of 2–4 weeks.

OTHER PROCEDURES

Various concomitant procedures were also performed including Le

Fort I osteotomy in nine patients, sagittal split ramus osteotomy on the

opposite side in nine and advancement sliding genioplasty in 11

(Table 1).

OUTCOME ASSESSMENT

The clinical criteria used for evaluation of the patients included

frontal, lateral and panoramic radiography and medical photography.

The lines and points used to collect data were shown in Figure 3. A line

‘W’ representing the ramus width was drawn at the level of the second

lower molar. A vertical line ‘H’ representing the ramus height was

drawn perpendicular to the previous line from midpoint of the sig-

moid notch to inferior margin of the ramus. By comparing the values

of H andW obtained from the preoperative and postoperative cepha-

lometric phtotographs, the amount of horizontal and vertical move-

ment created by surgery could be measured.

RESULTS

All patients tolerated the surgical procedures well without severe com-

plications. Rami treated by ILO were expanded in both width and

height. Horizontal and vertical changes of early results were shown in

Table 1. Horizontal movement ranged from 5.4 to 12.5 mm (ave-

rage58.003 5 mm), and vertical movement ranged from 8.6 to 15.5 mm

(average511.6 mm) immediately after surgery. The follow-up time was

from 7 to 14 months (average59.7 months). The measurement at the

different follow-up further demonstrated the stability of ramus width

(average58.4 mm) and height (average511.5 mm). Only one of the

patients reported mild levels of hypoesthesia after operation, which was

disappeared at 1 month postoperatively. Two cases via an extraoral

approach showed temporary facial nerve paresis but recovered after 1 to

3 months postoperatively. There was no permanent facial nerve damage.

Table 1 Patient details

Cases Age/sex Surgical procedures

Post-operation Follow-up

DH/mm DW/mm DH/mm DW/mm Time

1 21/F ILO1 1SSRO1Lef 1G 9.6 7.3 9.5 7.1 1 year

2 29/M ILO2 1SSRO1Lef 1G 14.2 8.2 14.0 8.2 9 months

3 23/M ILO1 1SSRO1Lef 1G 11.3 8.5 11.3 8.5 7 months

4 25/F ILO2 1SSRO1Lef 1G 12.7 5.4 12.5 5.4 8 months

5 24/F ILO1 1SSRO1Lef 1G 15.5 7.6 15.3 7.6 1 year

6 28/M ILO2 1SSRO1Lef 1G 14.3 5.8 14.3 5.8 13 months

7 24/F ILO2 1G 8.7 12.3 8.6 12.3 7 months

8 19/F ILO1 1SSRO1Lef 1G 9.3 7.5 9.3 7.4 8 months

9 23/M ILO2 1SSRO1Lef 1G 12.7 7.6 12.5 7.6 14 months

10 18/F ILO1 1SSRO1Lef 1G 8.6 10.5 8.5 10.3 8 months

11 29/F ILO2 1G 10.4 12.5 10.2 12.4 9 months

Average 11.6 8.5 11.5 8.4 9.7 months

Abbreviations: FSBAS, first and second branch arch syndrome; ILO1, intraoral inverted ‘L’ osteotomy; ILO2, extraoral inverted ‘L’ osteotomy; SSRO, saggital split of ramus

osteotomy; Lef, Lefort I osteotomy; G, genioplasty; DH, the difference of ramus height between pre-operation and immediately post-operation or pre-operation and after the

follow-up; DW, the difference of ramus width between pre-operation and immediately post-operation or pre-operation and after the follow-up.

Figure 1 Osteotomy and rigid fixation of bony segments by an intraoral

approach. (a) Inverted-L osteotomy of ramus; (b) insert of iliac bone graft;

(c) rigid fixation by the transbuccal approach.

Figure 2 Inverted-L osteotomy of ramus and rigid fixation of bony segments by

an extraoral approach.
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All of the patients involved had significant improvements in occlusion and

aesthetic appearances postoperatively.

REPRESENTATIVE CASE

A 23-year-old male patient presented with temporomandibular joint

(TMJ) ankylosis in the right side and severe facial asymmetry. He

underwent right extraoral ILO and iliac bone graft tomove the affected

mandible anteriorly and inferiorly, and other surgeries including

Lefort I osteotomy to bring the shortened hemimaxilla down and level

the occlusal canting, SSRO on the left side to set back the mandible,

genioplasty to advance and bring the chin to the midline. Significant

improvements in facial symmetry were achieved as shown in Figure 4.

Considerable increase in height and width of her affected mandible

was shown in the panoramic radiography (Figure 5).

DISCUSSION

Although several articles have been written on the use of ILO for

correcting mandibular prognathism, we still lack relevant data on

the use of this procedure for mandibular deficiency. In this study,

the mandibular deficiency was corrected by ILO and iliac bone graft

and satisfactory outcomes were achieved in all patients. These results

suggest that ILO and iliac bone graft should be considered as a good

alternative for the treatment of mandibular deficiency.

ILO can be performed via an extraoral or intraoral approach.12–13

Although it is easier to perform extraorally, it needs skin incision and

thus reduces the appeal of the procedure on aesthetic grounds. In this

study, six patients underwent extraoral ILO as they have skin scars at

the submandibular area caused by the former surgery. The difficulty

for intraoral ILO lies in the positioning of the condylar segment and

intraoperative rigid fixation.13–15 The surgeon performing this opera-

tion should be familiar with intraoral ramus osteotomies and trans-

buccal fixation. Although the osteotomy and rigid fixation usually

takes twice as long as a bilateral sagittal split osteotomy, this avoids

the external scar that may be of great concern to the patients and

significantly shortens the time of maxillomandibular fixation post-

operatively. Van Sickels et al.15 described the use of positioning plates

to stabilize the condylar segment in patients with mandibular pro-

gnathism. However, we feel that this was not necessary for the patients

with mandibular deficiency, because the inserted bone graft made

bony segment control and placement of rigid fixation easier.

Controversy continues regarding the best way to correct the man-

dibuar deficiency. The SSRO is the most common surgical procedure

for mandibular deficiency because of its versatility and its amenability

to rigid fixation. Compared with SSRO, the advantages of ILO are

apparent. First of all, ILO can move the mandible inferiorly and

anteriorly and thus increase the height and width of the ramus

H

W

L

Figure 3 Drawing showing the lines used for ramus analysis. A line ‘W’ representing the ramus width was drawn at the occlusive level. A vertical line ‘H ’ representing

the ramus height was drawn perpendicular to the previous line from mid-point of the sigmoid notch to inferior margin of the ramus.

Figure 4 Photographs of a 23-year-old man with right-sided TMJ ankylosis

treated with left extraoral ILO and iliac bone graft to move the ramus anteriorly

and inferiorly, right SSRO, genioplasty and Lefort I osteotomy. (a) The frontal view

pre-operatively; (b) the frontal view 7 months postoperatively. ILO, inverted-L osteo-

tomy; SSRO, saggital split of ramus osteotomy. TMJ, temporomandibular joint.

Figure 5 Panoramic radiography obtained before (a) and immediately after (b)

operation.
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simultaneously. Second, previous studies revealed that the patients

who undergo ILO had a lesser incidence of neurosensory disturbance

than the BSSO because the osteotomy is performed without exposing

the inferior alveolar nerve, by making horizontal and vertical osteo-

tomies just superior and posterior to the mandibular foramen.16–17

Therefore, ILO is more appealing for patients who are concerned

about neurosensory injuries. Third, some patients with mandibular

deficiency usually have a deformed ramus. On this condition there is a

clear preference towards the use of ILO rather than SSRO, because it is

hard or impossible to split such a ramus. Finally, previous results

indicated that ILO may have more stability in both the horizontal

and vertical dimensions than other ramus procedures in the patients

with skeletal open-bite deformities.12–15 The use of interpositional

bone grafts and rigid fixation may play a role in the relatively low

percentage of relapse.

Distraction osteogenesis is another relatively simple technique that

allows for correction of the mandibular deficiency with minimal mor-

bidity.18–19 However, it can also lead to a wide variety of complica-

tions, particularly the long treatment period and possible fibrous

union or nonunion impeding its further clinical application.20–21 In

addition, simultaneously vertical and horizontal elongation of the

ramus is needed in the patients presented in this study, but it is hard

to use the technique of distraction osteogenesis to move the mandible

accurately at these two dimensions.

In conclusion, the results in the present study showed that ILO and

iliac crest bone grafting is safe and effective, and should be considered

as a good alternative for the patients with mandibular deficiency.
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