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Abstract
Severe dentofacial deformities require both orthodontics and surgical management to repair. Modern
mandibular orthognathic surgery commonly uses sagittal split ramus osteotomy (SSRO) and intraoral
vertical ramus osteotomy (IVRO) methods to treat patients. However, complications like neurosensory
disturbances and temporomandibular joint disorders are common following both procedures. In 1992,
Choung introduced the intraoral vertico-sagittal ramus osteotomy (IVSRO) which led to a decrease in
postoperative complications. The 'straight' IVSRO or Choung’s type II osteotomy has a 'condylotomy' effect
that reduces iatrogenic temporomandibular joint symptoms and treats preoperative temporomandibular
joint symptoms. This osteotomy type is especially applicable for prognathism with excessive flaring of the
ramus and with temporomandibular joint dysfunction. The 'L-shaped' IVSRO or Choung’s type I osteotomy
is indicated for patients with condylar hyperplasia and high condylar process fractures.
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Introduction And Background
The first surgical correction of oral malocclusion was performed by Hullihen in 1849, paving the way for
increased interest in orthognathic surgery. In the early 1900s, Blair led St. Louis to become the fertile ground
for the development of this field. He coined the five classes of jaw deformities: mandibular prognathism,
mandibular retrognathism, alveolar mandibular protrusion, maxillary protrusion, and open bite. His surgical
technique is now known as the Blair-Kostecka osteotomy (1907). This procedure is used to correct
prognathism by performing a horizontal osteotomy of the ramus above the lingula with a Gigli saw through a
stab incision. Despite being a short procedure, complications range from partial or total relapse, open bite,
and dislocations, to pseudarthrosis and irreversible nerve injuries. These problems mainly arise due to small
contacting bony surfaces aggravated by the pull of the temporalis muscle [1]. Thereafter, new surgical
techniques were pioneered to overcome the drawbacks in the Blair-Kostecka surgery. A notable example is
Schossmann-Kazanjian’s oblique osteotomy, an extraoral approach that increases the contact area of the
two bony segments [1].

Modern orthognathic surgery was pioneered in central Europe by Heinz Kole and Hugo Obwegeser [1].
Obwegeser developed the sagittal split ramus osteotomy (SSRO) in 1957, with the goal of avoiding skin
incision and producing broad contacting bone surfaces [1]. Following that in 1968, Winstanley performed
the first intraoral vertical ramus osteotomy (IVRO) to manage horizontal mandibular excess, distal segment
advancement of less than 2 mm, and rotation [2].

Today, severe dentofacial deformities require both orthodontics and surgical management to fix. The most
commonly used orthognathic surgery of the mandible includes SSRO and IVRO [3]. If setback or
advancement requires screws or metal plates, SSRO is preferred. This method showed stable results with
rigid fixation (RF) [4]. Neurosensory disturbances (NSD) of the inferior alveolar nerve (IAN) are common
following SSRO, especially when the posterior margin of the ramus curves inwards and the ramus is thin [5].
Comparatively, IVRO is primarily used for mandibular set back and not for advancement [7-8]. IVRO is
preferred for rotational mandibular asymmetry because it causes less rotational displacement than SSRO.
Rotational displacement could cause condylar displacement and temporomandibular disorder (TMD) [6].
Similar to SSRO, NSD is common following IVRO. Both SSRO and IVRO have the potential for postoperative
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condylar displacement [9].

In 1992, Choung introduced the intraoral vertico-sagittal ramus osteotomy (IVSRO), combining the
advantages of both SSRO and IVRO [3]. In his paper, Choung developed two different techniques; the ‘L-
shaped’ IVSRO (Choung’s I osteotomy) and ‘straight’ IVSRO (Choung’s II osteotomy) (Figure 1). This review
aims to discuss the conception and methods employed for this technique.

FIGURE 1: Lateral view of the osteotomy line
A: ‘L-shaped’ intraoral vertico-sagittal ramus osteotomy. B: ‘Straight’ intraoral vertico-sagittal ramus
osteotomy.

Review
IVSRO techniques
Surgical Anatomy

IVSRO was developed to avoid displacement of the condyle by making an osteotomy plane that is parallel to
the original sagittal plane (Figures 2-3). In order to make a parallel plane, the osteotomy plane is made in the
posterior part of the ramus, from just anterior to the 'antilingular' prominence to the medial posterior border
of the ramus. During this procedure, the mandibular canal is protected by a thicker trabecular bone
compared to that of the anterior margin area of the ramus made in the SSRO technique. Therefore, IVSRO is
less likely to cause IAN damage compared to SSRO [9].
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FIGURE 2: Original sagittal plane and vertico-sagittal ramus osteotomy
plane
A: Superior view. B: Anterior view.

FIGURE 3: Example of the ‘L-shaped’ intraoral vertico-sagittal ramus
osteotomy on a dry mandible
A: Lateral view. B: Superior view.

Having the ability to locate the IAN accurately intraoperatively is of utmost importance. The 'antilingular'
prominence is thought to be a bony elevation on the lateral surface of the mandible marking the entry of the
IAN on the medial side (Figure 4) [10]. Since Caldwell and Letterman first proposed this relationship in 1954,
surgeons have been using this prominence to guide mandibular ramus osteotomies [11]. By placing
osteotomies posterior or superior to this landmark, IAN injuries are presumably avoided. However, despite
the prevalent use of this landmark as a proxy for IAN entry on the medial side, it is not without flaws. Three
separate investigations revealed that the 'antilingular' prominence is only definitely present in 44% of the
dried mandibles studied [12]. More importantly, only 18% of the prominences were within 3 mm of the
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mandibular foramen on the medial side [12]. Finally, it was shown that this lateral bony mandibular
protuberance serves as an insertion point for muscles and tendons in the mandible [10]. Difficulties in
identification as well as variable distances make it an unreliable landmark to safely guide surgeries.

FIGURE 4: Antilingular prominence (arrowhead)

Surgical Technique

With the 'straight' IVSRO, the osteotomy plane, which theoretically lies parallel to the original sagittal
plane, is created in the lateral aspect of the ramus. The proximal segment can be split straight without a
horizontal osteotomy from the midsigmoid notch to the antegonial notch. The sagittally split proximal
segment should contain the bony surface attached to the medial pterygoid muscle and the surrounding
periosteum. The inner aspect of the lateral cortex of the proximal segment is overlapped on the decorticated
distal segment. In cases where splitting of the lateral cortex cannot be performed easily, horizontal cutting
of the medial cortex, as in the SSRO, can facilitate the splitting. Moreover, if the coronoid process is too
divergent laterally to allow an approach to the sigmoid notch, the coronoid process may be sectioned
(Figure 5). Once the coronoid process is sectioned, sagittal osteotomy can start from the sigmoid notch area,
reflecting the coronoid process and the soft tissues [9].
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FIGURE 5: Laterally divergent coronoid process (arrowhead)
Note the sigmoid notch; it cannot be seen in the view from the sagittal plane.

In the 'L-Shaped' IVSRO, Bauer retractors are used to expose the lateral surface of the mandible from the
sigmoid notch to the antegonial notch. A flat fissure bur is used to decorticate from the mid-sigmoid notch
area inferiorly to the 'antilingular' prominence, then to the antegonial notch. An L-shaped osteotomy with
partial thickness cutting is achieved by making a vertical osteotomy cut from sigmoid notch to the level of
the mandibular angle, then a horizontal osteotomy cut in the posterior border of the ramus parallel to the
occlusal plane is performed [9]. Iwanaga, et al. developed the modified ‘L-shaped’ osteotomy to reduce the
chances of postoperative intraoperative hemorrhage and nerve dysfunction [13].

Stabilization Techniques
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In the original description of IVSRO, the mandible was positioned with an interocclusal splint followed by
intermaxillary fixation for six weeks. The 'straight' IVSRO does not require fixation because the proximal
segment can be stabilized by the pedicle of the medial pterygoid muscle and the periosteum. Fixation
methods vary for cases with TMD and those without for the 'L-shaped' IVSRO. For patients with TMD, the
proximal segment was not fixed thus allowing passive movements. In patients without TMD, wires, screws or
resorbable sutures were used to fix the proximal segments [9].

IVSRO indications
Choung reported that the IVSRO technique should be used for the treatment of condylar hyperplasia to
reduce high condylar fractures and in patients with excessively flaring mandibles and temporomandibular
joint (TMJ) symptoms [9, 14]. Other indications and applications are listed in Table 1.

Application Sagittal split ramus
osteotomy Intraoral vertical ramus osteotomy Intraoral vertico-sagittal ramus

osteotomy

Suitable for mandibular
advancement YES NO (difficult to achieve adequate

bone contact) YES

Temporal mandibular joint
disorder NO YES (condylotomy effect) YES (condylotomy effect)

Internal RF necessary YES UNABLE NO

Large contact area
necessary YES NO YES

Condylar hyperplasia NO NO YES

TABLE 1: Comparison of different applicability of sagittal split ramus osteotomy, intraoral vertical
ramus osteotomy, and intraoral vertico-sagittal ramus osteotomy
RF: Rigid fixation

Condylar Hyperplasia

Facial asymmetry and malocclusion are often undesired presentations of condylar hyperplasia [15]. Condylar
hyperplasia is a condition with unknown etiology that is most commonly present in adolescents, and is
characterized by the excessive growth of one mandibular condyle [15]. Consequent facial asymmetry can be
vertical, horizontal, or a combination of both [16]. Surgical treatment is opted for in cases where the chin
deviates 10 mm or more from the midline, or in cases where condylar growth is active [17]. The treatment
includes high condylectomy with or without orthognatic surgery [15]. However, often times, orthognatic
surgery is unable to correct the vertical gap between the condyle and glenoid fossa which results from the
condylectomy, and thus recontouring and repositioning are required. Having multiple surgeries puts the
patients at higher risks of further complications. Thus, Choung in 1998 proposed the use of IVSRO to treat
cases with condylar hyperplasia allowing all procedures to be performed in one surgery. An 'L-shaped'
IVSRO is performed to extract the affected ramus segment including the hyperplastic condyle and allows for
the extra-corporal recontouring of the condyle with drills. At the same time, correction of malocclusion and
asymmetries with additional osteotomies can be performed. Repositioning the condyle superiorly may be
required to compensate for the gap. The recontoured condyle is stabilized into the articular fossa with
osteosynthesis plates [14-15]. A five-year follow-up with this method showed no resorption or necrosis and
also treated preoperative TMD, the presenting facial asymmetry, and masticatory difficulties [14].

Reduce High Condylar Fractures

In high condylar fractures, an 'L-shaped' osteotomy is performed to remove the fractured fragment. This
segment can be externally reduced, fixed with wires or screws, and if necessary recontoured in the case of
deformity and resorption. This allows for better vision and control, after which the condyle is reinstalled in a
similar method to condylar hyperplasia treatment [14].

Using IVSRO to treat condylar hyperplasia and high condylar fractures allows for an intraoral approach.
This minimizes IAN damage and allows for precise reduction and recontouring of the condyles
extracorporeally. Although a similar replantation approach can be performed after SSRO and IVRO, the
former produces a condyle segment that is overly large, while the latter has a contact surface that is too
small [14]. 
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IVSRO, SSRO and IVRO advantages and complications
Advantages

IVSRO was developed to have an osteotomy plane parallel to the original sagittal plane to prevent condylar
displacement, a complication in SSRO and IVRO [9]. Furthermore, the osteotomy aims to prevent exposure
of the IAN and medial ramus to limit IAN injury. Additionally, this technique would prove to be superior to
IVRO and SSRO with its condylotomy effect, effectively reducing TMJ symptoms as presented in Table 2
[9,18].

Complications Sagittal split ramus
osteotomy

Intraoral vertical ramus
osteotomy

Intraoral vertical-sagittal ramus
osteotomy

Neurosensitivity
disturbances HIGHEST MEDIUM LOWEST

Unfavorable splitting LOWER NO DATA HIGHER

Horizontal relapse VARIABLE NO DATA HIGH for > 5mm

Condylar displacement MOST MEDIUM LEAST

TABLE 2: Comparison between the three different mandibular orthognathic surgeries

NSD

NSDs are the most common complication following orthognathic surgery [19]. At least one year is typically
required to have complete resolution of an NSD. It is particularly important for patients with prognathism.
Fujimura, et al. observed differences with a p-value < 0.1 between dry mandible controls without
prognathism and patients with prognathism. In the latter group, the mandibular foramen was located more
posteriorly to the center of the width of the ramus and the tip of the lingula was more superior. Notably,
there was also variable thickness of the ramus at the lateral margin of the mandibular foramen ranging from
0.5-7 mm (averaging 3.1 mm) in dry mandibles and 2-7 mm (averaging 4.4 mm) in patients with
prognathism. There was also a difference between the ramus angles of the dry mandibles (11-22 degrees,
average 16.8 degrees) and patients with prognathism (10-28 degrees, average 19.9 degrees). Because of the
variation between individuals and in patients with prognathism, Fujimura, et al. recommends preoperative
axial computed tomography (CT) or 3D-CT to accurately determine the distance between the mandibular
foramen to the lateral cortical plate and the ramus angle especially for SSRO and IVSRO [20].

A comparative analysis between different orthognathic surgeries (Le Fort I and II, IVSRO, and SSRO),
showed that the type of surgery was the most significant factor in nerve recovery variation [19]. Compared
with the maxillary counterparts, mandibular surgeries cause longer recovery time and more severe
neurosensory alterations. Furthermore, larger diameter nerve fibers are more prone to NSD and often have
slower recovery patterns. In mandibular surgeries, trauma to the nerve often occurs during incisions and the
subperiosteal retraction of soft tissues [19,21]. The retraction on the medial side of the mandibular ramus
during SSRO results in demyelinating lesion secondary to compression [22]. The percentage of NSD after
SSRO ranges from 20%-85% with complete resection in 2%-3.5% of the cases [23-28]. Comparatively, IVRO
is less likely to cause nerve postsurgical neurosensitivity with a reported incidence range of 8%-36% [29-32].

Compared with SSRO and IVRO, IVSRO has a lower incidence of IAN damage, most likely because it avoids
the mandibular canal. The split is made parallel to the original sagittal plane between the lateral cortical
bone anterior to the 'antilingular' prominence and the mandibular canal [5]. This osteotomy is performed
without exposing the IAN and can be done without exposing the medial side of the ramus. Moreover,
because the coronoid process is divided, the osteotomy is easier to perform [9].

One case report from 1995 and 2005 showed that out of 237 patients who underwent IVSRO for mandibular
setback, 7.2% had unilateral nerve exposure while 3.8% reported unilateral NSD of the IAN. Three out of
nine of the patients who reported unilateral NSD also had nerve exposure and four out of nine patients
reported intraoperative bleeding [33]. In another case series, 40 patients underwent bilateral IVSROs and
reported no nerve injury [34]. The incidences of long-term NSD of the lower lip and chin after IVSRO was
reported to be 0%-6% [5].

Furthermore, IVSRO is preferred for patients that require rigid fixation, as is the case when the posterior
margin of the ramus curves inward or the ramus is thin. Although IVSRO does not require rigid fixation, in
these cases rigid fixation can further reduce NSD. Damage to the IAN is limited because the osteotomy is in
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front of the foramen between the mandibular canal and immediately medial to the lateral cortical bone [5,
9]. NSD is also observed with IVRO [28, 32]. However, rigid fixation involves more technical difficulty and
rotation of the condyle to the lateral side [9, 32]. IVSRO on the other hand has flatter, larger contact areas
with more optimal medulla-to-cortex healing than the cortex-to-cortex healing in IVRO [5,9]. In SSRO, the
excess overlap of the anterior edge of the proximal segment must be removed to fix the two segments
together and to prevent distal rotation of the proximal segment [5]. In IVSRO, there is no excess overlap of
the proximal segment.

One major critique in the measuring of postoperative NSD is the subjective nature of the tests. To improve
upon previous tests, Park, et al. measured the current perception threshold of 186 patients to compare
different orthognathic surgeries (Le Fort I, Le Fort II, SSRO, and IVSRO). This method uses a neurometer to
objectively quantify the depolarization times of peripheral nerve fibers upon electrical stimulation [19]. The
result showed that SSRO caused more NSD immediately after surgery, and at each follow-up test (three
months, six months, and 12 months). After 12 months, IVSRO postsurgical values returned to presurgical
ones, however SSRO did not. Moreover, Aβ fibers showed the largest current perception threshold value for
all mandibular ramus osteotomy types. Interestingly, the combined genioplasty-SSRO procedure had
significantly increased current perception threshold values for all nerve fibers (Aβ, Aδ and C fibers) while
the combined genioplasty-IVSRO procedure only affected Aβ. However, the effect was not statistically as
great as the effect of the main osteotomy type, thus the surgeon should still use combined methods when it
yields better results [19].

Condylar Displacement

Orthognathic surgery often results in condylar displacement. The position of the condyle within the glenoid
fossa is affected after mandibular setback surgery [35-36]. Notably, there is increased condylar displacement
with the application of rigid internal fixation than when compared to wire fixation [37-38].

Postoperative condylar displacement has the disadvantage of both SSRO and IVRO. If there is excessive flare
of the ramus, the osteotomy plane diverges more from the original sagittal plane in SSRO, which results in a
medial displacement of the condyle. In IVRO, the result is a lateral displacement [9]. The prevalence of this
complication ranges from 13% to 72% and leads to iatrogenic TMD [39-40]. In IVSRO, there is minimal
condylar displacement. IVSRO minimizes condylar displacement because the osteotomy plane is parallel to
the original sagittal plane. Although the condyle still experiences displacement in IVSRO because of
difficulty in controlling the proximal segment, compared to SSRO and IVRO, there is no mediolateral
displacement. Mediolateral displacement has a more severe consequence as compared to rotational changes
in the condyle [9].

In a case series of 60 patients who underwent bilateral IVSRO with wire fixation, the average setback was
5.89 mm (range 3-8 mm) [41]. The osteotomy showed an increase in intergonial width (2.25 mm) and inter-
ramus width (4.45 mm) as well as an increase in outward angulation of the condylar fragment (right ramus
angles increased by 1.70 degrees and the left by 1.43). All these values positively correlated to the amount of
mandibular setback. Bayat, et al. noted that to minimize outward angulation of the ramus, the medial
pterygoid muscle should be preserved on the proximal segment and stripping of the masseteric tuberosity
should be minimized [41].

Postoperative Iatrogenic and Preoperative TMD

Studies show that 14% to 97% of patients have concurrent TMD along with their orthognathic surgical needs
[42-45]. One of the benefits of IVRO and IVSRO is the ‘condylotomy effect’ for treating TMJ symptoms that
occur in conjunction with mandibular prognathism [9]. This effect defines the change in relationship of the
condyle and articular disc that occurs postsurgically, improving TMD [34].

IVRO also has been used to treat patients with TMD symptoms [7-8]. However, because of the small contact
area between the proximal and distal surface, IVRO is difficult to implement in patients that have a setback
of more than 10 mm, or who require advancement, horizontal and/or vertical rotation of distal segment
[3,18]. Instead of resorting to SSRO, which does not treat TMJ symptoms and causes iatrogenic TMD, IVSRO
has been shown to reduce preoperative TMD and to reduce incidences of iatrogenic TMD [9]. IVSRO has a
condylotomy effect. Specifically, there is anterior-inferior repositioning of the condyle, increasing the
articular space and thus alleviating the burden on the glenoid fossa as well as bettering the articular disc-
condyle relationship [18].

In a study by Fujimura, et al. on 34 sides with TMD symptoms, an IVSRO one-year follow up showed 94.1%
of patients had improvement of TMJ sounds, mouth opening decreased from 49.7 mm to 44.6 mm and seven
out of nine sides with preoperative joint or masticatory muscle pain had improvements. The study concluded
that IVSRO is indicated for patients who had a brief period of abnormality of disc position and the procedure
can treat TMJ sounds and pain in advanced and long-term TMD [18]. In another case series, 100% (14/14) of
TMJ symptoms were improved with no iatrogenic TMJ pain [9].
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Movements and Relapse

Sagittal and vertical repositioning of the condyle in the glenoid fossa after different orthognathic surgery
varies. Relapse is associated with condylar distraction, position of the proximal segment, and the use of
skeletal fixation [46-47]. Furthermore, there is a positive correlation with the amount of mandibular setback
and the postoperative displacement of the condyle [33, 41]. Horizontal relapse at the supramentale point on
cephalometric analysis in bilateral SSRO with RF varies from 0.51 mm to 2.85 mm [48-50].

In the case study of 237 patients who underwent IVSRO, the mean horizontal setback was 7.99 mm (range
2.5-13.2 mm) at the supramentale point at the time of release of mandibulomaxillary fixation. At one year
follow-up, the horizontal relapse was 2.16 mm with a minimum of 0.8 mm and maximum of 4.5 mm.
Hashemi, et al. concluded that patient age and sex had no correlation with the amount of relapse, whereas
the amount of surgical setback had a positive correlation [33]. Another study of 22 patients who underwent
IVSRO had a mean distal segment 8 mm setback, 4 mm in advance and 5 mm counterclockwise. Because of
the correlation of the amount of setback to the amount of relapse, IVSRO is unsuitable for an operation that
requires more than 5mm of mandibular advancement [3].

Bleeding

The incidence of bleeding was 9.3% in the study by Hashemi, et al. with 237 patients who underwent IVSRO
[33]. According to Fujimura, et al. (2006), the lateral view of the maxillary artery was observed in cadaveric
mandibles. The maxillary artery traverses superiorly and across the surface of the lower head of the lateral
pterygoid muscle, nearing the ramus. Interestingly, there is variability in the course of the maxillary artery
between different ethnicities. In 90% of Japanese patients, the maxillary artery traverses laterally and
superficially to the lateral pterygoid muscle [20]. These values were stated to be 9%-55% in whites and 69%
in blacks [20]. The distance of the maxillary artery from the midsigmoid notch was 3 mm in cadaveric
mandibles. However, a branch of the maxillary artery, the masseteric artery, courses directly above the
sigmoid notch entering the masseter muscle. Surgeons, therefore, must be careful when exposing the medial
aspect of the sigmoid notch with the use of a retractor to prevent damage to the maxillary artery [20].

Procedural Time and Mandibulomaxillary Fixation Period

A bilateral IVSRO operation can be finished in 45 minutes [33]. The broad contact surface between the distal
and proximal segments of the IVSRO compared to IVRO allows the mandibulomaxillary fixation period to be
shorter. The mandibulomaxillary fixation period for an IVSRO procedure was 16 days according to Fujimura,
et al. as compared to 21 days for an IVRO procedure in the same institution. In the least severe of patient
cases, mandibulomaxillary fixation can be minimized to seven days [18, 34].

Unfavorable Split

Unfavorable splitting is when there is a separation of only one part of the lateral cortex. There was a higher
incidence of an unfavorable split in IVSRO compared to SSRO. The SSRO incidence of unfavorable split
ranged from 1.9% to 2.2%. However, in 237 patients study who underwent IVSRO, the incidence was 11%
[33].

Conclusions
SSRO and IVRO are commonly used to correct mandibular prognathism. Both procedures could result in
condylar displacement. SSRO has a large contact area; however, this procedure has high incidences of NSD
and does not relieve TMJ symptoms. Comparably, IVRO relieves TMJ symptoms and has a lower rate of NSD,
but also has a small contact area resulting in longer treatment times and less stability. Choung’s Type I
osteotomy is indicated for patients with condylar hyperplasia and high condylar process fractions. Choung’s
Type II osteotomy has the advantages of both SSRO and IVRO; it decreases the incidence of NSD, has a large
contact area, and relieves TMJ symptoms. It also offers the advantage of minimizing condylar displacements.
These advantages are achieved because: 1) the osteotomy plane is parallel to the original sagittal plane,
minimizing condylar displacement, 2) the osteotomy does not expose the IAN or the medial side of the
ramus, and 3) the condylotomy effect reduces iatrogenic TMJ symptoms and treats preoperative TMJ
symptoms. Choung’s Type II is thus highly suggested when treating dentofacial deformities associated with
TMD.

Future studies should focus on some of the observed complications of IVSRO such as bleeding, ramus
flaring, and transverse displacement of the proximal segments. As IVSRO has been proven to be effective in
cases where IVRO cannot be used, and because SSRO should be avoided due to TMJ and risk of an IAN injury,
IVSRO should become the standard for this subset of patients to achieve satisfying esthetics and functional
results.

Additional Information

2017 He et al. Cureus 9(12): e1924. DOI 10.7759/cureus.1924 9 of 11



Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
The authors acknowledge the help of Zhen Shen PhD, and Adetaye Adeseye BS, DMD candidate in
conducting the study.

References
1. Obwegeser HL: Orthognathic surgery and a tale of how three procedures came to be: a letter to the next

generations of surgeons. Clin Plast Surg. 2007, 34:331–55. 10.1016/j.cps.2007.05.014
2. Hall HD, Chase DC, Payor LG: Evaluation and refinement of the intraoral vertical subcondylar osteotomy . J

Oral Surg. 1965, 33:333–41.
3. Kuroda S, Murakami K, Morishige Y, et al.: Class II malocclusion with facial asymmetry treated with

intraoral vertico-sagittal ramus osteotomy and LeFort I osteotomy. Am J Orthod Dentofac Orthop. 2009,
135:809–19. 10.1016/j.ajodo.2006.11.026

4. Proffit WR, Phillips C, Douvartzidis N: A comparison of outcomes of orthodontic and surgical-orthodontic
treatment of Class II malocclusion in adults. Am J Orthod Dentofac Orthop. 1992, 101:556–65.
10.1016/0889-5406(92)70131-S

5. Fujimura K, Bessho K: Rigid fixation of intraoral vertico-sagittal ramus osteotomy for mandibular
prognathism. J Oral Maxillofac Surg. 2012, 70:1170–3. 10.1016/j.joms.2011.03.010

6. Lee JH, Park TJ, Jeon JH: Unilateral intraoral vertical ramus osteotomy and sagittal split ramus osteotomy for
the treatment of asymmetric mandibles. J Korean Assoc Oral Maxillofac Surg. 2015, 41:102–8.
10.5125/jkaoms.2015.41.2.102

7. Kuroda S, Sugawara Y, Yamashita K, Mano T, et al.: Skeletal Class III oligodontia patient treated with
titanium screw anchorage and orthognathic surgery. Am J Orthod Dentofac Orthop. 2005, 127:730–8.
10.1016/j.ajodo.2004.05.020

8. Bell WH: Correction of mandibular prognathism by mandibular setback and advancement genioplasty . Int J
Oral Surg. 1981, 10:221–9.

9. Choung PH: A new osteotomy for the correction of mandibular prognathism: techniques and rationale of
the intraoral vertico-sagittal ramus osteotomy. J Craniomaxillofac Surg. 1992, 20:153–62.

10. Hogan G, Ellis III E: The “Antilingula”—Fact or Fiction? . J Oral Maxillofac Surg. 2006, 20:1248–54.
10.1016/j.joms.2006.04.021

11. Caldwell JB, Letterman GS: Vertical osteotomy in the mandibular raml for correction of prognathism . J Oral
Surg. 1954, 12:185–202.

12. Tamás F: The groove of the mandibular neck as a risk factor in vertical osteotomy of the ramus of the
mandible. Int J Oral Surg. 1979, 1–7.

13. Iwanaga J, Kikuta S, Nakamura M, et al.: Intraoral vertico-sagittal ramus osteotomy: modification of the L-
shaped osteotomy. Int J Oral Maxillofac Surg. 2017, 46:1552-1556. 10.1016/j.ijom.2017.06.003

14. Choung PH, Nam IW: An intraoral approach to treatment of condylar hyperplasia or high condylar process
fractures using the intraoral vertico-sagittal ramus osteotomy. J Oral Maxillofac Surg. 1998, 56:563–570.

15. Olate S, Netto HD, Rodriguez-Chessa J, et al.: Mandible condylar hyperplasia: a review of diagnosis and
treatment protocol. Int J Clin Exp Med. 2013, 6:727–37.

16. Obwegeser HL, Makek MS: Hemimandibular hyperplasia--hemimandibular elongation. J Maxillofac Surg.
1986, 14:183–208.

17. Naini FB, Donaldson ANA, McDonald F, Cobourne MT: Assessing the influence of asymmeftry affecting the
mandible and chin point on perceived attractiveness in the orthognathic patient, clinician, and layperson. J
Oral Maxillofac Surg. 2012, 70:192–206. 10.1016/j.joms.2010.12.055

18. Fujimura K, Segami N, Sato J, et al.: Advantages of intraoral verticosagittal ramus osteotomy in skeletofacial
deformity patients with temporomandibular joint disorders. J Oral Maxillofac Surg. 2004, 62:1246–52.

19. Park JW, Choung P-H, Kho HS, et al.: A comparison of neurosensory alteration and recovery pattern among
different types of orthognathic surgeries using the current perception threshold. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2011, 111:24–33. 10.1016/j.tripleo.2010.03.045

20. Fujimura K, Segami N, Kobayashi S: Anatomical study of the complications of intraoral vertico-sagittal
ramus osteotomy. J Oral Maxillofac Surg. 2006, 64:384–9. 10.1016/j.joms.2005.11.009

21. Michelotti A: Bell’s orofacial pains: the clinical management of orofacial pain . Eur J Orthod. 2005, 27:532–
532. 10.1093/ejo/cji087

22. Teerijoki-Oksa T, Jääskeläinen SK, Forssell K, et al.: Risk factors of nerve injury during mandibular sagittal
split osteotomy. Int J Oral Maxillofac Surg. 2002, 31:33–9. 10.1054/ijom.2001.0157

23. Lindorf HH: Sagittal ramus osteotomy with tandem screw fixation. Technique and results . J Maxillofac Surg.
1986, 14:311–6.

24. MacIntosh RB: Experience with the sagittal osteotomy of the mandibular ramus: a 13-year review . J
Maxillofac Surg. 1981, 9:151–65.

25. Nishioka GJ, Zysset MK, Van Sickels JE: Neurosensory disturbance with rigid fixation of the bilateral sagittal
split osteotomy. J Oral Maxillofac Surg. 1987, 20–6.

26. Walter JM, Gregg JM: Analysis of postsurgical neurologic alteration in the trigeminal nerve . J Oral Surg.
1979, 37:410–4.

2017 He et al. Cureus 9(12): e1924. DOI 10.7759/cureus.1924 10 of 11

https://dx.doi.org/10.1016/j.cps.2007.05.014
https://dx.doi.org/10.1016/j.cps.2007.05.014
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+and+refinement+of+the+intraoral+vertical+subcondylar+osteotomy
https://dx.doi.org/10.1016/j.ajodo.2006.11.026
https://dx.doi.org/10.1016/j.ajodo.2006.11.026
https://dx.doi.org/10.1016/0889-5406(92)70131-S
https://dx.doi.org/10.1016/0889-5406(92)70131-S
https://dx.doi.org/10.1016/j.joms.2011.03.010
https://dx.doi.org/10.1016/j.joms.2011.03.010
https://dx.doi.org/10.5125/jkaoms.2015.41.2.102
https://dx.doi.org/10.5125/jkaoms.2015.41.2.102
https://dx.doi.org/10.1016/j.ajodo.2004.05.020
https://dx.doi.org/10.1016/j.ajodo.2004.05.020
https://www.ncbi.nlm.nih.gov/pubmed/6809650
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+new+osteotomy+for+the+correction+of+mandibular+prognathism%3A+techniques+and+rationale+of+the+intraoral+vertico-sagittal+ramus+osteotomy
https://dx.doi.org/10.1016/j.joms.2006.04.021
https://dx.doi.org/10.1016/j.joms.2006.04.021
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/?term=Vertical+osteotomy+in+the+mandibular+raml+for+correction+of+prognathism
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/?term=The+groove+of+the+mandibular+neck+as+a+risk+factor+in+vertical+osteotomy+of+the+ramus+of+the+mandible
https://dx.doi.org/10.1016/j.ijom.2017.06.003
https://dx.doi.org/10.1016/j.ijom.2017.06.003
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/9590338
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/24179565
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/3461097
https://dx.doi.org/10.1016/j.joms.2010.12.055
https://dx.doi.org/10.1016/j.joms.2010.12.055
http://www.sciencedirect.com.ezp-prod1.hul.harvard.edu/science/article/pii/S027823910400864X?via%3Dihub
https://dx.doi.org/10.1016/j.tripleo.2010.03.045
https://dx.doi.org/10.1016/j.tripleo.2010.03.045
https://dx.doi.org/10.1016/j.joms.2005.11.009
https://dx.doi.org/10.1016/j.joms.2005.11.009
https://dx.doi.org/10.1093/ejo/cji087
https://dx.doi.org/10.1093/ejo/cji087
https://dx.doi.org/10.1054/ijom.2001.0157
https://dx.doi.org/10.1054/ijom.2001.0157
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/?term=Sagittal+ramus+osteotomy+with+tandem+screw+fixation.+Technique+and+results
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/?term=Experience+with+the+sagittal+osteotomy+of+the+mandibular+ramus%3A+a+13-year+review
https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/?term=Neurosensory+disturbance+with+rigid+fixation+of+the+bilateral+sagittal+split+osteotomy+Nishioka+GJ
https://www.ncbi.nlm.nih.gov/pubmed/220400


27. Turvey TA: Intraoperative complications of sagittal osteotomy of the mandibular ramus: incidence and
management. J Oral Maxillofac Surg. 1985, 43:504–9.

28. van Merkesteyn JP, Groot RH, van Leeuwaarden R, et al.: Intra-operative complications in sagittal and
vertical ramus osteotomies. Int J Oral Maxillofac Surg. 1987, 16:665–70.

29. Ueki K, Marukawa K, Nakagawa K, et al.: Condylar and temporomandibular joint disc positions after
mandibular osteotomy for prognathism. J Oral Maxillofac Surg. 2002, 60:1424–1432.
10.1053/joms.2002.36098

30. Al-Bishri A, Barghash Z, Rosenquist J, et al.: Neurosensory disturbance after sagittal split and intraoral
vertical ramus osteotomy: as reported in questionnaires and patients’ records. Int J Oral Maxillofac Surg.
2005, 34:247–51. 10.1016/j.ijom.2004.06.009

31. Westermark A, Bystedt H, von Konow L: Inferior alveolar nerve function after sagittal split osteotomy of the
mandible: correlation with degree of intraoperative nerve encounter and other variables in 496 operations.
Br J Oral Maxillofac Surg. 1998, 36:429–33.

32. Hall HD, McKenna SJ: Further refinement and evaluation of intraoral vertical ramus osteotomy . J Oral
Maxillofac Surg. 1987, 45:684–8.

33. Hashemi HM: Evaluation of intraoral verticosagittal ramus osteotomy for correction of mandibular
prognathism: a 10-year study. J Oral Maxillofac Surg. 2008, 66:509–12. 10.1016/j.joms.2007.03.033

34. Lima Júnior SM, Granato R, Marin C, et al.: Analysis of 40 cases of intraoral verticosagittal ramus
osteotomies to treat dentofacial deformities. J Oral Maxillofac Surg. 2009, 67:1840–3.
10.1016/j.joms.2009.04.028

35. Athanasiou AE, Mavreas D: Tomographic assessment of alterations of the temporomandibular joint after
surgical correction of mandibular prognathism. Int J Adult Orthodon Orthognath Surg. 1991, 6:105–12.

36. Rosenquist B, Rune B, Petersson A, Selvik G: Condylar displacement after oblique sliding osteotomy of the
mandibular rami. A stereometric and plain radiographic study. J Craniomaxillofac Surg. 1988, 16:301–7.

37. Hackney FL, Van Sickels JE, Nummikoski PV: Condylar displacement and temporomandibular joint
dysfunction following bilateral sagittal split osteotomy and rigid fixation. J Oral Maxillofac Surg. 1989,
47:223–7.

38. Kundert M, Hadjianghelou O: Condylar displacement after sagittal splitting of the mandibular rami. A short-
term radiographic study. J Maxillofac Surg. 1980, 8:278–87.

39. Freihofer HP, Petreśević D: Late results after advancing the mandible by sagittal splitting of the rami . J
Maxillofac Surg. 1975, 3:250–7.

40. Hollender L, Ridell A: Radiography of the temporomandibular joint after oblique sliding osteotomy of the
mandibular rami. Scand J Dent Res. 1974, 82:466–9.

41. Bayat M, Badri A, Momen-Heravi F, et al.: Transverse displacement and angulation of the proximal segment
after mandibular setback by means of bilateral intraoral vertico-sagittal ramus osteotomy. J Oral Maxillofac
Surg. 2011, 69:906–10. 10.1016/j.joms.2010.06.213

42. Laskin DM, Ryan WA, Greene CS: Incidence of temporomandibular symptoms in patients with major
skeletal malocclusions: a survey of oral and maxillofacial surgery training programs. Oral Surg Oral Med
Oral Pathol. 1986, 61:537–41.

43. White CS, Dolwick MF: Prevalence and variance of temporomandibular dysfunction in orthognathic surgery
patients. Int J Adult Orthodon Orthognath Surg. 1992, 7:7–14.

44. Karabouta I, Martis C: The TMJ dysfunction syndrome before and after sagittal split osteotomy of the rami . J
Maxillofac Surg. 1985, 13:185–8.

45. Link JJ, Nickerson JW: Temporomandibular joint internal derangements in an orthognathic surgery
population. Int J Adult Orthodon Orthognath Surg. 1992, 7:161–9.

46. Gassmann CJ, Van Sickels JE, Thrash WJ: Causes location, and timing of relapse following rigid fixation after
mandibular advancement. J Oral Maxillofac Surg. 1990, 48:450–4.

47. Schendel SA, Epker BN: Results after mandibular advancement surgery: an analysis of 87 cases . J Oral Surg.
1980, 38:265–82.

48. Sorokolit CA, Nanda RS: Assessment of the stability of mandibular setback procedures with rigid fixation . J
Oral Maxillofac Surg. 1990, 48:817–22.

49. Schatz JP, Tsimas P: Cephalometric evaluation of surgical-orthodontic treatment of skeletal Class III
malocclusion. Int J Adult Orthodon Orthognath Surg. 1995, 10:173–80.

50. Mobarak KA, Krogstad O, Espeland L, et al.: Long-term stability of mandibular setback surgery: a follow-up
of 80 bilateral sagittal split osteotomy patients. Int J Adult Orthodon Orthognath Surg. 2000, 15:83–95.

2017 He et al. Cureus 9(12): e1924. DOI 10.7759/cureus.1924 11 of 11

https://www.ncbi.nlm.nih.gov/pubmed/3859593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Intra-operative+complications+in+sagittal+and+vertical+ramus+osteotomies
https://dx.doi.org/10.1053/joms.2002.36098
https://dx.doi.org/10.1053/joms.2002.36098
https://dx.doi.org/10.1016/j.ijom.2004.06.009
https://dx.doi.org/10.1016/j.ijom.2004.06.009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inferior+alveolar+nerve+function+after+sagittal+split+osteotomy+of+the+mandible%3A+correlation+with+degree+of+intraoperative+nerve+encounter+and+other+variables+in+496+operations
https://www.ncbi.nlm.nih.gov/pubmed/?term=Further+refinement+and+evaluation+of+intraoral+vertical+ramus+osteotomy
https://dx.doi.org/10.1016/j.joms.2007.03.033
https://dx.doi.org/10.1016/j.joms.2007.03.033
https://dx.doi.org/10.1016/j.joms.2009.04.028
https://dx.doi.org/10.1016/j.joms.2009.04.028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomographic+assessment+of+alterations+of+the+temporomandibular+joint+after+surgical+correction+of+mandibular+prognathism
https://www.ncbi.nlm.nih.gov/pubmed/?term=Condylar+displacement+after+oblique+sliding+osteotomy+of+the+mandibular+rami.+A+stereometric+and+plain+radiographic+study
https://www.ncbi.nlm.nih.gov/pubmed/2921656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Condylar+displacement+after+sagittal+splitting+of+the+mandibular+rami.+A+short-term+radiographic+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Late+results+after+advancing+the+mandible+by+sagittal+splitting+of+the+rami
https://www.ncbi.nlm.nih.gov/pubmed/4529372
https://dx.doi.org/10.1016/j.joms.2010.06.213
https://dx.doi.org/10.1016/j.joms.2010.06.213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Incidence+of+temporomandibular+symptoms+in+patients+with+major+skeletal+malocclusions%3A+a+survey+of+oral+and+maxillofacial+surgery+training+programs
https://www.ncbi.nlm.nih.gov/pubmed/1453040
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+TMJ+dysfunction+syndrome+before+and+after+sagittal+split+osteotomy+of+the+rami
https://www.ncbi.nlm.nih.gov/pubmed/?term=Temporomandibular+joint+internal+derangements+in+an+orthognathic+surgery+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Causes+location%2C+and+timing+of+relapse+following+rigid+fixation+after+mandibular+advancement
https://www.ncbi.nlm.nih.gov/pubmed/?term=Results+after+mandibular+advancement+surgery%3A+an+analysis+of+87+cases
https://www.ncbi.nlm.nih.gov/pubmed/2374057
https://www.ncbi.nlm.nih.gov/pubmed/9082005
https://www.ncbi.nlm.nih.gov/pubmed/11307427

	A Comparative Review of Mandibular Orthognathic Surgeries with a Focus on Intraoral Vertico-sagittal Ramus Osteotomy
	Abstract
	Introduction And Background
	FIGURE 1: Lateral view of the osteotomy line

	Review
	IVSRO techniques
	FIGURE 2: Original sagittal plane and vertico-sagittal ramus osteotomy plane
	FIGURE 3: Example of the ‘L-shaped’ intraoral vertico-sagittal ramus osteotomy on a dry mandible
	FIGURE 4: Antilingular prominence (arrowhead)
	FIGURE 5: Laterally divergent coronoid process (arrowhead)

	IVSRO indications
	TABLE 1: Comparison of different applicability of sagittal split ramus osteotomy, intraoral vertical ramus osteotomy, and intraoral vertico-sagittal ramus osteotomy

	IVSRO, SSRO and IVRO advantages and complications
	TABLE 2: Comparison between the three different mandibular orthognathic surgeries


	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


