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Abstract 

Introduction: Orthognathic surgery is a standardized 

procedure used to improve the patient's facial 

appearance and to correct maxillary and mandibular 

deformities resulting from malocclusion, disease, or 

trauma. Non-ossification between the maxillary bones 

after osteotomies is an important complication that may 

occur after performing this surgical procedure. 

Objective: It was to evaluate and quantify the three-

dimensional space between the mandibular bone 

segments after advances in bilateral sagittal 

osteotomies of the mandible, involving the middle third 

of the face, with a consequent indication of bone 

grafting to achieve better surgical results, in terms of 

bone healing, stability, complications and prevention of 

aesthetic defects. Methods: The systematic review 

rules of the PRISMA Platform were followed. The search 

was carried out from February to April 2023 in the 

Scopus, PubMed, Science Direct, Scielo, and Google 

Scholar databases. The quality of the studies was based 

on the GRADE instrument and the risk of bias was 

analyzed accordingly, according to the Cochrane 

instrument. Results and Conclusion: A total of 104 

articles were found, 28 articles were evaluated and 22 

were included and developed in this systematic review 

study. Considering the Cochrane tool for risk of bias, 

the overall assessment resulted in 46 studies with a 

high risk of bias and 20 studies that did not meet 

GRADE. Bilateral sagittal osteotomy involving the 

middle third of the face is the most used technique in 

mandibular orthognathic surgery, allowing mandibular 

movements in the sagittal, vertical, and transverse 

directions, with good results and few complications. 

Also, in orthognathic surgeries, bone grafting can 

accelerate bone formation.  

  

Keywords: Bucco-maxillo surgery. Orthognathic 

surgery. Sagittal osteotomy. The middle third of the 

face. Bone formation.  

  

Introduction 

Orthognathic surgery is a standardized procedure 

used to improve the patient's facial appearance and to 

correct maxillary and mandibular deformities resulting 

from malocclusions, disease, or trauma [1-3]. A 

satisfactory result in orthognathic surgery depends on 

the surgical technique and the accuracy of the 

orthodontic-surgical treatment plan [4]. Bilateral 

sagittal osteotomy of the mandibular ramus is a 

technique widely used in orthognathic surgery for the 

correction of mandibular deformities [2].  

Mandibular advancement is a procedure with a 

high risk of skeletal recurrence, due to the difference 

between the proximal and distal bone segments [5]. 

Non-ossification between the maxillary bones after 

osteotomies is an important complication that may 

occur after performing this surgical procedure [6].  

Several studies report that areas of little or no bone 

contact in both the maxilla and the mandible have a 

greater chance of instability. Furthermore, bone 

recovery would be inadequate if there is a defect greater 

than 3 mm between segments along the line of 
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osteosynthesis [7]. However, studies that correlate the 

use of biomaterials in osteotomy areas in orthognathic 

surgery to contribute to bone union and stability of 

osteotomies are scarce [8].   

Lee et al. (2014) [9] used a bone substitute 

between bone gaps and observed faster bone 

formation. They then suggested that in patients who 

need broader movements with discontinuity between 

the stumps, it is important to use bone grafts to increase 

stability and reduce postoperative complications, but 

warn that more studies are needed with tomographic 

evaluation and in longer periods. than 6 months for 

more solid conclusions.  

Also, Trevisiol et al. (2012) [10] using xenogeneic 

bone graft in mandibular advancements greater than 

8mm performed clinical, radiographic, and histological 

evaluations, and concluded that the material is an 

effective tool in bone stability and mandibular aesthetics 

and that it does not cause an increase in post-operative 

complications. operative. Using the same material, now 

in the maxilla in advances of up to 5mm, they also 

observed promising results in a bone union in Le Fort I 

osteotomies, with the authors stressing the need for 

studies with greater advancements in the maxilla and 

other areas, such as the chin in genioplasty [11].  

Therefore, the present study aimed to evaluate and 

quantify the three-dimensional space between the 

mandibular bone segments after advances in bilateral 

sagittal osteotomies of the mandible, involving the 

middle third of the face, with a consequent indication of 

bone grafting to achieve better surgical results, in terms 

of bone healing, stability, complications and prevention 

of aesthetic defects.  

 

Methods 

Study Design and Data Sources  

This was followed by a systematic literature review 

model, according to the PRISMA rules. The literary 

search process was carried out from February to April 

2023 and was developed based on Scopus, PubMed, 

Science Direct, Scielo, and Google Scholar, using the 

descriptors (MeSH Terms): Bucco-maxillo surgery. 

Orthognathic surgery. Sagittal osteotomy. The middle 

third of the face. Bone formation, and using the 

Booleans "and" between the descriptors (MeSH Terms) 

and "or" between the historical findings.  

 

Study Quality and Risk of Bias  

 The quality of the studies was based on the 

GRADE instrument, with randomized controlled clinical 

studies, prospective controlled clinical studies, and 

studies of systematic review and meta-analysis listed as 

the studies with the greatest scientific evidence. The 

risk of bias was analyzed according to the Cochrane 

instrument.  

   

Results and Development 

Summary   

A total of 104 articles were found. Initially, 

duplication of articles was excluded. After this process, 

the abstracts were evaluated and a new exclusion was 

performed, removing the articles that did not include 

the theme of this article, resulting in 74 articles. A total 

of 28 articles were evaluated and 22 were included and 

developed in this systematic review study (Figure 1). 

Considering the Cochrane tool for risk of bias, the 

overall assessment resulted in 46 studies with a high 

risk of bias and 20 studies that did not meet GRADE.  

  

Figure 1. Selection of studies.  
 

 
Source: Own authorship.  

  

Major Clinical Findings  

It is known that the bilateral sagittal osteotomy 

(BSO) is the most used technique in mandibular 

orthognathic surgery, allowing mandibular movements 

in the sagittal, vertical, and transverse directions. 

Several studies show good results with few 

complications [12-15].  

In this procedure, the mandibular body is 

separated from the proximal fragment and moved to 

the planned position, creating a space between the 

segments. The size of this space is proportional to the 

mandibular advancement and/or rotation movements 

required by the patient's maxillomandibular 

discrepancy. This usually occurs without complications, 

but in some cases, there is a persistent defect at the 

osteotomy site at the lower border [16].  

Although not widely described, this complication 

can be a visible and/or palpable defect along the lower 

border of the mandible, commonly leading to patient 

complaints [1]. Therefore, the prevention of mandibular 

inferior border defects is an important issue in the 

planning of an BSO [2].  
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One study compared different BSO techniques to 

prevent the incidence of lower mandibular border 

defects. The authors performed a retrospective 

multicenter cohort study comparing 3 BSO techniques 

for advancements greater than 5 mm: traditional 

ungrafted BSO (group A), traditional grafted BSO 

(group B), and modified BSO (group C). The space 

created by mandibular advancement was measured. 

The presence or absence of a defect was determined 1 

year after surgery by clinical and radiographic 

evaluation. Bone defect outcome was associated with 

potential risk predictors (age, gender, BSO side, and 

magnitude of mandibular advancement) A total of 1002 

operative sites in 501 patients were included in the 

study. The mean age of 26.8 ± 11 years, gender (310 

women, 191 men), and right mandibular advancement 

of 9.3 mm and left 10 mm were similar between groups 

(p>0.05). The proportions of postsurgical inferior 

border defects were 54.5% in Group A, 1.3% in Group 

B, and 10.6% in Group C. Traditional grafting 

techniques and modified BSO were significantly more 

effective in preventing the incidence of lower 

mandibular border defects compared to the traditional 

ungrafted BSO technique (p<0.05). Therefore, this 

study showed that the traditional ungrafted BSO 

technique produces a large proportion of lower 

mandibular border defects [17].  

Furthermore, Agbaje et al. [18] studied 400 

postoperative sites in 200 patients and reported 

postoperative defects in more than one-third of sites 

with traditional BSO. The reported risk factors were 

total inclusion of the inferior border in one or another 

BSO fragment, the mandibular advancement scale, and 

the patient's age. The results of this study showed that 

in cases where the advancement is greater than 10 mm 

and/or the patient is older than 30 years, the risk of 

mandibular defect increases significantly. Thus, the 

results of the present study are in agreement with these 

findings, given that the mandibular advancements were 

above 10 mm and the mean age was 38.13±10.64 

years, strongly pointing to the placement of a bone graft 

to avoid defects and complications.  

In this sense, a study with a total of 48 patients 

examined the effects of demineralized bone matrix 

(DBM) grafts on bone remodeling during sagittal ramus 

osteotomy by measuring three-dimensional (3D) 

reconstructed images. In the control group, no graft 

was performed. In the DBM group, the grafts were 

placed between the proximal and distal segments. Both 

groups showed a significant increase in volume. 

However, over the same period, the volume increase 

rates of the 2 groups showed significant differences. In 

the control group, a significant increase in volume was 

seen up to T2, after which an insignificant increase was 

seen. In the DBM group, a significant increase in volume 

continued until T3. Therefore, in orthognathic surgeries, 

grafting with DBM accelerates bone formation [19].  

In addition, a retrospective cohort study with 84 

patients (168 osteotomies) and a mean age of 27.4 

years determined whether bone grafting into the bone 

defect in BSO surgery would reduce the defect at 1 year 

postoperatively compared to none. bone graft, 

considering 10 mm or more of advancement. Of the 84 

patients, 40 underwent bilateral bone grafting. The 

monocortical block of the iliac crest bone was used as a 

bone homograft. The final residual defect was 

measured at 1 year postoperatively on CBCT scans. The 

BSO and the group without BSO had a mean final defect 

of 0.7 mm (range 0 to 4.5 mm) and 3.0 mm (range 0 

to 5.5 mm), respectively. Complete absence of the 

defect was achieved in 72% of BSO osteotomies and 

9% of osteotomies without BSO [20].  

Still, another retrospective study with forty 

patients investigated the graft in the osteotomy gap 

during BSO, using a xenograft and fibrin glue. Hard 

tissue defects at the lower border of the mandible were 

evaluated by cone beam computed tomography 

performed 1 week and 1 year after surgery. The study 

group of 20 patients underwent bone grafting during 

BSO (mean age 26.1 years; mean horizontal 

displacement 8.5 mm) and the control group of 20 

patients did not (mean age 30.2 years; mean horizontal 

displacement of 7.6 mm). The graft had a negligible 

effect on large displacements (9.015.0 mm), which may 

have been due to inadequate graft quantity and/or 

positioning, or poor dimensional stability [21].  

Finally, one study determined how the condylar 

position is affected by bone grafting in the 

intersegmental space created by the sagittal ramus 

osteotomy. The position of the condyle after osteotomy 

of the sagittal ramus was compared, without the bone 

graft (control group, n=30) and with the bone graft 

(n=30) using computed tomography with a thickness of 

2 mm. Condylar displacement to the amount of 

mandibular setback was significant, especially when it 

was greater than 10 mm of setback. Therefore, using a 

bone graft in the intersegmental gap of a sagittal ramus 

osteotomy is considered an effective clinical method to 

ensure the desirable intersegmental position as it helps 

to maintain the space easily [22].   

  

Conclusion 

Bilateral sagittal osteotomy involving the middle 

third of the face is the most used technique in 

mandibular orthognathic surgery, allowing mandibular 

movements in the sagittal, vertical, and transverse 

directions, with good results and few complications. 
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Also, in orthognathic surgeries, bone grafting can 

accelerate bone formation.  

 

Acknowledgement 
Not applicable. 

 

Funding 
Not applicable. 

 

Ethical Approval  
Not applicable. 

 

Informed consent 
Not applicable. 

 

Data sharing statement 
No additional data are available. 

 

Conflict of interest 
The authors declare no conflict of interest. 

 

Similarity check  
It was applied by Ithenticate@. 

 

About the License 

© The authors (s) 2023. The text of this article is open 

access and licensed under a Creative Commons 

Attribution 4.0 International License. 

 

References 

1. Cunha G, Oliveira MR, Salmen FS, Gabrielli MFR, 

Gabrielli MAC. How does bone thickness affect 

the split pattern of sagittal ramus osteotomy? Int 

J Oral Maxillofac Surg. 2020 Feb;49(2):218-223. 

doi: 10.1016/j.ijom.2019.05.011.   

2. Steenen SA, Becking AG. Bad splits in bilateral 

sagittal split osteotomy: systematic review of 

fracture patterns. Int J Oral Maxillofac Surg. 2016 

Jul;45(7):887-97. doi: 

10.1016/j.ijom.2016.02.001.   

3. Lin HH, Lonic D, Lo LJ. 3D printing in 

orthognathic surgery − A literature review. 

Journal of the Formosan Medical Association, 

2018, v. 117, n. 7, p. 547– 558.  

4. Di Blasio C, Anghinoni ML, Di Blasio A. Virtual 

planning of a complex threepart bimaxillary 

osteotomy. Case Reports in Dentistry, v. 2017, n. 

4.   

5. Hernández-Alfaro F. et al. Three-Dimensional 

Analysis of Long-Term Stability After Bilateral 

Sagittal Split Ramus Osteotomy Fixed With a 

Single Miniplate With 4 Monocortical Screws and 

1 Bicortical Screw: A Retrospective 2-Center 

Study. Journal of Oral and Maxillofacial Surgery, 

2017, v. 75, n. 5, p. 1036–1045.   

6. Friscia M. et al. Complications after orthognathic 

surgery: our experience on 423 cases. Oral and 

Maxillofacial Surgery, 2017, v. 21, n. 2, p. 171–

177.  

7. Kuvat SV. et al. Improving bony stability in 

maxillofacial surgery: use of osteogenetic 

materials in patients with profound (≥5 mm) 

maxillary advancement, a clinical study. Journal 

of Plastic, Reconstructive and Aesthetic Surgery, 

2009, v. 62, n. 5, p. 639–645.   

8. Ueki K. et al. Effect of self-setting α-tricalcium 

phosphate between segments for bone healing 

and hypoaesthesia in lower lip after sagittal split 

ramus osteotomy. Journal of Cranio-Maxillofacial 

Surgery, 2012, v. 40, n. 4, p. e119–e124   

9. Lee BS, Ohe JY, Kim BK. Differences in bone 

remodeling using demineralized bone matrix in 

bilateral sagittal split ramus osteotomy: A study 

on volumetric analysis using three-dimensional 

cone-beam computed tomography. Journal of 

Oral and Maxillofacial Surgery, 2014, v. 72, n. 6, 

p. 1151–1157.   

10. Trevisiol L. et al. Grafting of large mandibular 

advancement with a collagencoated bovine bone 

(bio-oss collagen) in orthognathic surgery. 

Journal of Craniofacial Surgery, 2012, v. 23, n. 5, 

p. 1343–1348.  

11. Rohner D, Hailemariam S, Hammer B. Le fort i 

osteotomies using Bio-Oss® Collagen to promote 

bony union: A prospective clinical split-mouth 

study. International Journal of Oral and 

Maxillofacial Surgery, 2013, v. 42, n. 5, p. 585– 

591.   

12. Epker BN. Modifications in the sagittal osteotomy 

of the mandible. Journal of Oral Surgery, 1977, 

v.35, p.157–9.  

13. Dimitroulis G. A simple classification of 

orthognathic surgery complications. Int J Adult 

Orthodon Orthognath Surg. 1998;13(1):79-87.  

14. Steel BJ, Cope MR. Unusual and rare 

complications of orthognathic surgery: a 

literature review. J Oral Maxillofac Surg. 

2012;70(7):1678-91.  

15. Kim SG, Park SS. Incidence of complications and 

problems related to orthognathic surgery. J Oral 

Maxillofac Surg. 2007;65(12):2438-44.  

16. Agbaje JO, Sun Y, Vrielinck L, Schepers S, 

Lambrichts I, Politis C. Risk factors for the 

development of lower border defects after 

bilateral sagittal split osteotomy. J Oral Maxillofac 

Surg. 2013;71(3):588-96.   



Vol 4 Suppl 2 Year 2023 

 

MedNEXT Journal of Medical and Health 
Sciences 

MedNEXT J Med Health Sci (2023) Page 5 of 5 

 

 

17. Cifuentes J, Yanine N, Jerez D, Barrera A, Agbaje 

JO, Politis C. Use of Bone Grafts or Modified 

Bilateral Sagittal Split Osteotomy Technique in 

Large Mandibular Advancements Reduces the 

Risk of Persisting Mandibular Inferior Border 

Defects. J Oral Maxillofac Surg. 2018 

Jan;76(1):189.e1-189.e6. doi: 

10.1016/j.joms.2017.09.002.   

18. Agbaje JO, Gemels B, Salem AS, Anumendem D, 

Vrielinck L, Politis C. Modified Mandibular Inferior 

Border Sagittal Split Osteotomy Reduces 

Postoperative Risk for Developing Inferior Border 

Defects. J Oral Maxillofac Surg. 

2016;74(5):1062.e1-9.  

19. Lee BS, Ohe JY, Kim BK. Differences in bone 

remodeling using demineralized bone matrix in 

bilateral sagittal split ramus osteotomy: a study 

on volumetric analysis using three-dimensional 

cone-beam computed tomography. J Oral 

Maxillofac Surg. 2014 Jun;72(6):1151-7.doi: 

10.1016/j.joms.2013.11.011.   

20. Raffaini M, Magri AS, Giuntini V, Nieri M, Pantani 

C, Conti M. How to Prevent Mandibular Lower 

Border Notching After Bilateral Sagittal Split 

Osteotomies for Major Advancements: Analysis 

of 168 Osteotomies. J Oral Maxillofac Surg. 2020 

Sep;78(9):1620-1626. doi: 

10.1016/j.joms.2020.04.036.   

21. Van der Helm HC, Kraeima J, Xi T, Jansma J, 

Schepers RH. The use of xenografts to prevent 

inferior border defects following bilateral sagittal 

split osteotomies: three-dimensional skeletal 

analysis using cone beam computed 

tomography. Int J Oral Maxillofac Surg.  2020 

Aug;49(8):1029-1035. doi: 

10.1016/j.ijom.2020.01.006.   

22. Kang, Myoung & Yun, Kyoung & Kim, Chang 

Hyun & Park, Je Uk.  Postoperative Condylar 

Position by Sagittal Split Ramus Osteotomy With 

and Without Bone Graft. Journal of oral and 

maxillofacial surgery: official journal of the 

American Association of Oral and Maxillofacial 

Surgeons. 2010, 68. 205864. 

10.1016/j.joms.2009.12.015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

https://faceres.com.br/ 

 

https://zotarellifilhoscientificworks.com/ 

https://faceres.com.br/
https://zotarellifilhoscientificworks.com/

