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ABSTRACT

The bilateral sagittal split osteotomy (BSSO) has evolved into an effective and preferred surgical procedure for mandibular
setbacks. As with all surgical procedures designed to setback the mandible, relapse occasionally occurs after BSSO
procedures. Several factors have been suggested to play a contributory role in this relapse. The present study was performed
to determine the stability of the mandibular position over the course of long-term observation. Different facial patterns that
could potentially be used as predictors of relapse were examined. The study included cases of skeletal mandibular
prognathism, with the patient in each case having undergone surgical correction involving a BSSO at least 5 years prior to
the study. Lateral cephalograms were analyzed in order to classify facial patterns. Angular and linear cephalometric
measurements, consisting of SN-Pogonion angle, SN-occlusal plane angle, and Pogonion depth and height, were compared
at 1 year postoperatively and at the long-term follow-up. A significant correlation between facial type and relapse pattern was
confirmed at the long-term assessment of prognosis.
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Intraoral sagittal splitting osteotomy of the mandibular ramus was first introduced by Trauner and Obwegesert in 1957 and the technique
is now widely used to correct mandibular prognathism. Modifications for controlling the segments and the methods of fixation are well

documented.2=% However, variations in skeletal stability following mandibular setback procedures remains to be clarified.2

The etiology of relapse following mandibular bilateral sagittal split osteotomy (BSSO) is influenced by multiple factors. These factors
include the action of paramandibular connective tissue such as muscles in the periosteum, the magnitude of setback at surgery and the

method of bone fixation. In addition, Kobayashi et al® pointed out the importance of proper intermaxillary fixation (IMF) in order to obtain

stable occlusion after surgery. Martis” reported a 1 mm or less relapse in many of his patients which he attributed to conservative
reflection of soft tissues and reduced disturbance of the pterygomandibular sling.



Moreover, altered activity and the resulting failure of masticatory muscles to adapt to the repositioned segments has also been thought
to contribute to relapse. Continued condylar growth&, rotation or distraction of the proximal segment during fixation causing an alteration in
the position of the condyle,2:29 and positional changes of the tongue due to reduced space after surgery have also been cited.:L

In the present study, mandibular relapse was examined in relation to different facial patterns. Rickett's facial patterns were used as the
reference for classifying facial types into 3 fundamental patterns: dolicofacial, mesiofacial and brachiofacial or a subtype (Figures 1 and 2
Q=) 12-13

Based on the results of these analyses, we attempted to determine typical patterns during long-term follow-up and whether a
relationship exists between facial patterns and mandibular relapse.
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Fifteen patients were enrolled in the study, including 2 males and 13 females in whom skeletal Class Ill malocclusion was corrected in
combination with orthognathic surgery. All patients were available for long-term follow up at the First Department of Oral & Maxillofacial
Surgery, School of Dentistry, Aichi-Gakuin University. Open bites and asymmetrical cases were excluded from the study. Mean age at the
time of surgery was 22 years and 1 month for males and 20 years and 9 months for females. All patients ranged in age from 17 to 29
years.

The same orthodontist performed pre- and postoperative orthodontic treatment for all cases. Two experienced surgeons performed a
conventional BSSO mandibular setback following the same surgical technique with patients under general anesthesia. Intraosseous wire
fixation was used to secure the proximal and distal segments of the mandible. An IMF with steel wires and acrylic occlusal splints was
kept in place for 7 weeks in all cases.

The patients were given a chin cap to wear at night for 6 months to pull the mandible upward and backward with a force of 300 to 400 gr.
The acrylic occlusal splints were removed at the time of the IMF removal. Postoperative orthodontic treatment was complete within 1 year
and a few months in all cases.

A few experienced radiotechnicians, trained in standardized techniques, exposed cephalograms from a lateral view using the same
equipment. For this procedure, the patient's teeth were in occlusion, the lips in a relaxed position, and the midsagital plane was parallel to
the film. The focal distance was 170 cm and the distance between the film and the midsagital plane was 15 cm.

Cephalometric data were obtained preoperatively, immediately after surgery, 1 year postoperatively, and during the 5- to 12-year follow-
up period. The average follow-up period was 10.3 years.

Classification of the fifteen cases into different facial patterns

Based on analysis of preoperative lateral cephalograms, each case was classified according to Ricketts' method of facial types into 3
fundamental patterns: dolicofacial, mesiofacial, and brachiofacial or a subtype (Figures 1 and 2 @=).22=13 A|| of the patients were Japanese
so the standard Japanese data for Ricketts' method, reported by Nezu et al,*2 were used for the classification of facial types.

Examination of mandibular relapse in relation to different facial patterns

In this study, additional parameters related to angular and linear cephalometric measurements were identified on lateral radiographs to
evaluate the mandibular position: (1) SN-Pogonion angle—the angle between the sella-nasion line and the nasion-Pogonion line, (2) SN-
occlusal plane angle—the angle between the sella-nasion line and the occlusal plane, (3) Pogonion height—the perpendicular distance of
Pogonion to the sella-nasion line, and (4) Pogonion depth—the perpendicular distance from Pogonion to a perpendicular to the nasion-sela
line at sella (Figure 3 ©=).

All cephalometric tracings and measurements were performed by a single examiner who traced each radiograph on an acetate sheet
(Orthotrace, Rocky Mountain/ Morita, Osaka Japan). The tracings were placed on a Summagraphic digitizing tablet, with a resolution of 0.1
mm, and digitized. All measurements were made using the Cephalo Analyser™ Software System (Yasunaga Laboratoly Computer
System/Orthodontic Processing, Fukui, Japan).

Measurements were taken at each time period to study the change in mandibular position. The degree of change in SN-Pogonion angle,
Pogonion depth, Pogonion height and SN-occlusal plane angle at 1 year postoperatively and at the long-term follow-up were compared
among different facial type groups using the Student's t-test.
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Eight cases were classified as either mesiofacial or one of its subtypes (mesiodolico or mesiobrachio), while 7 were classified as
brachiofacial. No dolico facial patterns were seen among the 15 cases in which long-term follow-up was available (Table 1 ‘©O=).

Cases classified preoperatively as mesio, mesiodolico or mesiobrachio had a greater tendency during long-term observation to show a
decrease in SN-Pogonion angle (mean —0.75° + 0.54°) and Pogonion depth (mean —1.06° + 0.78 mm) (Tables 2 and 3 ©&=), an increase in
Pogonion height (mean 0.56 mm + 0.62 mm) and SN-occlusal plane angle (mean 0.50° + 0.60°) (Tables 4 and 5 ©=). This trend negative
change in the SN-Pogonion angle and Pogonion depth indicated a posterior clockwise movement of the mandible. An increase in facial
height also was evident with a concomitant increase in Pogonion height.

In the brachiofacial pattern, the SN-Pogonion angle (mean 0.93° + 0.79°) and Pogonion depth (mean 1.86 + 1.68 mm) increased (Tables
2 and 3 '@=), while Pogonion height (mean —1.14 mm * 0.95 mm) and SN-occlusal plane angle (mean -1.14° + 0.85°) decreased (Tables 4
and 5 @=). The position of the mandible changed in an upward anterior manner indicating a tendency towards regression.

The significance of these findings between mesio-, mesiodolico-, and mesiobrachiofacial patterns and brachiofacial patterns was
confirmed by a Student's t-test (Figure 6 ©=), indicating a distinct pattern of mandibular position for each facial type (SN-Pogonion angle P
=.0003, Pogonion depth P = .0007, Pogonion height P = .0011, and SN-occlusal plane angle P = .0008). Therefore, facial pattern types
may serve as a basis for predicting the pattern of relapse following BSSO during the period of long-term follow-up.
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Postoperative dental and skeletal stability in patients for whom mandibular prognathism was corrected in combination with surgery
remains controversial. The nature of relapse is multifactorial and thus certain considerations need to accompany interpretation of the
present data. To establish reliable investigative procedures for this type of study, measurement error should be taken in account. In the
present study, every effort was taken in to have all clinical procedures and cephalometric measurements performed by the same operator
or one of a few experienced operators. These standardized methods and analyses were done to minimize measurement error.

The cephalometric analysis in the present study consisted of 2 major methods. The first was Ricketts' method of classifying different
facial patterns. The second was an assessment of 3 parameters to determine mandibular position, namely SN-Pogonion angle, Pogonion
depth and Pogonion height. Thus, the present study attempted to study typical facial patterns and treatment relapses during long-term
follow-up and to determine whether a relationship exists between facial pattern and mandibular relapse. The results indicated that SN-
Pogonion angle, and linear measurements of Pogonion height and Pogonion depth were parameters of mandibular position.

While every effort was made to avoid sampling bias, the small number of subjects in the present study (n = 15) does not allow us to
consider it a true random sample in a statistical sense. Therefore, a larger sample group is needed to discuss predictable patterns in
relation to mandibular movement among facial types and relapse. However, during long-term follow-up, it is often difficult to maintain a large
sample group, because patients often relocate and drop out of the study.

If a sample population includes cases undergoing combined surgical procedures in the study protocol, this may be camouflaging any
actual change in soft and hard tissues in relation to mandibular setback. The present sample group of patients all underwent mandibular
setback surgery alone, not in combination with maxillary jaw or genioplasty. This enables a clear estimation of the correlation between
surgical modality and changes in cephalometric measurements.

The present results demonstrated that changes in mandibular position occur even after postoperative orthodontic treatment following
mandibular setback surgery. Many factors may affect the results of surgical correction.£2=18 First, surgical intervention should be delayed
until mandibular growth has ceased. Several studies have reported being able to assess the growth peak of the facial skeleton with
mandibular prognathism. The results suggest an effective means of determining the appropriate timing for initiating treatment and
application of orthognathic surgery. The mean age of the present study population at the time of surgery was 22 years and 1 month for
males and 20 years and 9 months for females. At this point, growth and development of facial structures should have ceased. Furthermore,
explaining relapse in terms of age as the sole causal factor is problematic.

On the other hand, Morrill et al*L reported that there may be subtypes of Class Ill malocclusion which have specific and different
responses to surgical treatment. Our results confirmed that a significant correlation existed between facial type and relapse pattern.

The brachiofacial pattern has the greatest horizontal component in which the setback is performed. The aim is to decrease this
horizontal component with the use of the BSSO to obtain an acceptable profile. When mandibular setback is applied to patients with a
brachiofacial pattern, movement of the distal segment is in a backward and clockwise direction. This movement causes a shortening of
posterior facial height. In such cases, a pattern of anterior relapse was noted postoperatively (Table 6 ©=, Figure 4 A-B ©=). Case 9
showed typical changes in brachiofacial pattern. This case demonstrated the characteristic features of mandibular movement for the
brachiofacial pattern type. Because of a decrease in SN-occlusal plane angle, while all other parameters showed an anterior and upward
change of the mandible, forward relapse occurred with a closing of the bite.




On the other hand, the osteotomy is performed to decrease facial height for mesiofacial or dolicofacial tendency patterns. This produces
a counterclockwise rotation of the distal segment and necessitates elongation of the posterior facial height with rotation around a fulcrum
at the molars. Consequently, a clockwise pattern of relapse occurred (Table 7 ©=, Figure 5 A-B @=). Case 1 presented the typical
changes in facial type. This case demonstrated characteristic features of mandibular movement for the dolicofacial and mesiofacial pattern
types. Because of an increase in the SN-occlusal plane angle, while all other parameters showed a posterior and downward change in the
mandible, backward relapse occurred with a change in opening the bite. Thus, when the mandible was adjusted in a posterior direction, an
anterior pattern of relapse was observed and when facial height was adjusted, a vertical pattern of relapse occurred. These results indicate
that a relationship exists between the direction of mandibular adjustment and the direction of relapse.

Each facial type responds differently to the BSSO surgical procedure. This response pattern should be taken into account when setting
treatment objectives. According to Rickett's Bioprogressive Therapy,12 the dolico type has a high angle and a larger vertical component
around the mandible, particularly at the chin. The face appears long and in many cases the mouth protrudes forward. Downward posterior
regression of the chin may occur after BSSO due to weaker natural anchorage of the muscles. In contrast, the brachio type has a deep
bite and a larger horizontal component in the chin, so the facial shape appears short with a protruding chin. Natural anchorage of the
muscles is fairly strong and thus it can be difficult to raise the bite.

The results suggest that treatment outcomes can be predicted based on the characteristics of each facial type (ie, anchorage type,
direction of growth, and horizontal and vertical measurements). In the present study, the greatest change in measurements was seen in
brachiofacial cases. These indicate a deeper bite and stronger musculature, which provides a strong natural anchorage. This causes
greater resistance to mandibular rotation during treatment. In contrast, the dolico facial type tends to open during treatment. Therefore, it is
of paramount importance to assess each facial type and determine its likely reaction to the surgical procedure. In addition, to prevent such
changes and maintain good stability of the mandibular position and occlusion, care should be taken in the planning of surgical procedures
and orthodontic treatment for each facial type. For brachiofacial cases, such planning should attempt to obtain a sufficient amount of
mandibular setback and centric stop for occlusion, and furthermore eliminate dental decompensation sufficiently by preoperative
orthodontic treatment. For mesio and dolico tendency facial cases, planning should attempt to establish sufficient occlusal bite by
preoperative orthodontic treatment.

Cranial base measurements of the mandibular plane or facial axis of the chin provide only general clues for classifying these facial
types. It is necessary to develop more meaningful definitions based on function or muscular support so critical for anchorage and treatment

planning from measurements that directly involves the internal mandibular form and lower vertical facial height.12

Good prognosis cannot be guaranteed simply by achieving a union of the mandibular fragments as per the preoperative plan. As
indicated in the present study, any definition of success must also take into account the formation of an acceptable profile as well as
stable adaptation of tissues to the newly established position.

The desire for an acceptable facial profile was the strongest reason for our patients to seek corrective surgery. Furthermore, a stable
mandible, which is necessary for effective mastication, was almost as important to them as a good profile. Careful postoperative
management is required in order to ensure suitable postoperative results. Treatment decisions leading to successful outcome should be
guided, in part, by appropriate preoperative classification of the patient's facial type. However, careful long-term follow-up is needed even
after cessation of the postoperative orthodontic treatment. Further research on the biological potential of relapse for each facial type is
needed.
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TABLE 1. Changes in SN-Pogonion Angle, Pogonion Depth, Pogonion Height and SN-Occlusal Plane Angle in 15 Cases 1 year
Postoperatively and at Long-Term Follow-up

]

TABLE 2. Changes in SN-Pogonion angle: A Significant Difference was Observed in the Change in the Movement Between the
Mesiofacial Group and Brachyofacial Group?

]

TABLE 3. Changes in Pogonion Depth. A Significant Difference was Observed in the Change in the Movement Between the Mesiofacial
Group and Brachiofacial Group?
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TABLE 4. Changes in Pogonion Height: A Significant Difference was Observed in the Change in the Movement Between the Mesiofacial
Group and Brachiofacial Group?

]

TABLE 5. Changes in SN-Occlusal Plane Angle: A Significant Difference was Observed in the Change in the Movement Between the
Mesiofacial Group and Brachiofacial Group
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TABLE 6. Cephalometric Measurements of a Typical Brachiofacial Patient as Demonstrated by Case No. 9
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TABLE 7. Cephalometric Measurements of a Typical Mesiofacial or Dolicofacial Patient as Demonstrated by Case No. 1

]
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FIGURE 1. Facial pattern classification of 15 cases
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FIGURE 2. Measurements of hard and soft tissue in lateral cephalograms.2213 Each parameter is measured as the size of the angle
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FIGURE 3. Angular and linear measurement points to evaluate changes in the mandibular position: SN-Pogonion angle, Pogonion depth,
Pogonion height, and SN-occlusal plane angle
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FIGURE 4. (A) Changes on profilogram of a patient with brachyofacial type. Position of chin shifted anteriorly during long-term follow-up.
(B) Clinically acceptable occlusion during long-term follow-up
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FIGURE 5. (A) Changes on profilogram of a patient with mesiofacial type. Measurements of cephalometric analysis showed relapse in a
clockwise manner; however, the profile was still acceptable after long-term follow-up. (B) Clinically acceptable occlusion during long-term
follow-up
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FIGURE 6. Distribution of 15 cases according to the degree of change in each parameter
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