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Abstract

Purpose: To measure the change in the proximal segment of the mandible after BSSO

for mandibular advancement. A second purpose is to determine if the amount of

movement of the proximal segment can be correlated to the relapse potential in patients.

Methods: A Retrospective study of 35 patients (i2 males, 23 females) who under went

bilateral sagittal split ramus osteotomy (BSSRO) advancement with rigid internal fixation

(RIF) Lateral cephaiograms obtained preoperatively (T1), early postoperatively (T2),

and after orthodontic treatment (T3) were used to assess. 7 angular (Næ,\ SNA SNB,

IMPA, facial angle, gonial angle, and articular angle) and 2 linear measurements (change

in the proximal segment at mid-ramus point and amount of advancement at pogonion). A

repeated measures ANOVA was used and then a least squared means comparison was

used to determine the significant differences in parameters between the three different

time periods and subgroups. Correlations between variables were obtained using the

Spearman correlation procedure.

Results: A difference was found for MPd SNB, facial angle, gonial angle, mid-ramus

point and advancement between the time periods. The mean change in mid-ramus point

was 3 .1 t L.5 mm (Tl-T2) and -1.5 + 0.9 mm (T2-T3). The mean change in

advancement was 6.0 + 2.1 mm (T1-T2) and -2.1 + 1.1 mm (T2-T3). The correlation of

the mid-ramus point and amount of advancementwas =0.42 (Ti-T2) and r:0.57 (T2-

13)

Conclusions: Statistically significant changes occurred in the sagittal position of the

proximal segment at mid-ramus point as the mandible was advanced (T1-T2) and

relapsed (T2-T3). There was also a statistically significant correlation in the movement of

the proximal segment as the mandible was advanced and relapsed. Thus, movement of

the proximal segment does occur when the mandible is advanced and there is a positive

correlation of this movement with the amount of advancement and relapse.
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Chapter 1 Introduction

Orthognathic surgery is an important treatment method for patients with

significant skeletai dysplasias. Surgical procedures to correct mandibular skeletal

deformities have only been performed routinely since the 1950's {Emshoff, R. 2003;

Ueki, K. 2005j. For patients who choose orthognathic surgery to correct their skeletal

problems involving the mandible, the most common approach to treatment today is the

bilateral sagittal split ramus osteotomy (BSSRO) and rigid internal frxation (RIF)

{Reyneke,J .P. 2002; Emshoff,R. 2003; Ueki,K. 2005} BSSRO was originally described

by Trauner and Obwegeser in 1955 {Rebellato, J. 1999}. In the past, the majority of

orthognathic surgical procedures used wire fixation to stabilize segments at the time of

surgery {Emshoffl R. 2003 }. This was followed with approximately six weeks of

intermaxillary fixation while the bony segments healed {Emshoffl R. 2003 }. Although

this produced satisfactory results, the flexibility between segments with wire fixation

allowed for some movement of the segments that contributed to increased relapse. Post-

surgical stability has been enhanced with the introduction of RIF however, surgical

relapse may still be present {Thomas,P.M. 1986;Will,L.A. 1989, EmshoffR. 2003,

Putnam,G.D . 1993; Reyneke,J.P . 2002; Ueki,K. 2005).

Many BSSRO studies have examined relapse and have described a number of

variables that seemingly cause relapse {Reyneke, I.P. 2002}. These studies have

generaliy isolated proximal fragment positional change as the major source of early

relapse {Rebellato, J. 1999, Reyneke, J.P. 2002}. The methods of most relapse studies

on mandibular advancement with RIF have been based primarily on measuring changes

of the distal mandibular landmarks in the post surgical time period, with very little



reported on post surgical condylar and ramus position {Reitzik,M. 1981; Reyneke,J.P.

2002) This may be due to the fact that the distal landmark such as the mandibular

symphysis is a clearly imaged midsagittal structure, whereas the condyles are poorly

imaged on cephalometric radiographs {Thomas, P.M. 1986; Reyneke, J.P. 2002}. A

study by Ueki et al. used thå condylar long axis as a stable proximal segment

measurement {Ueki, K. 2005}. Furthermore, the posterior border of the ramus and more

specifically the mid ramus can be visualized and can be used as a stable measurement on

lateral cephalometric radiographs.

Additionally, the change in position of the posterior border of the ramus post-surgically

may lead to unstable skeletal relationships which may contribute to post-surgical relapse

{Will, L.A. i989, Reyneke, 1.P.2002; Eggensperger, N. 2004} Thus it is importanrto

quantify the movement of the proúmal segment and see if these measurements can be

used to predict post-surgical stability.

The principle purpose of this study is to measure the change in the proximal segment of

the mandible after BSSRO for mandibular advancement.

Furthermore, to determine if the amount of movement of the proximal segment is

correlated to the advancement and relapse in the patients studied.



Chapter 2 Review of Literature

The review of literature is comprised of the following sections.

2.1 Mandibular Deficiency Syndrome

2.2 Bilateral sagittal Split Ramus Osteotomy

" 2.3 Rigid Internal Fixation

2.4 Complications Involved with Orthognathic Surgery

2.5 Relapse

2.5.1 Osteotomy Slippage

2.5.2 Condylar Sag

2.5.3 Condylar Compression, Torque and Morphologic Change

2.6 Relapse and the Proximal Segment

2.7 Relapse and Cephalometrics

2.8 Null Hypotheses

2.1 MandibularDeficiencySyndrome

Al idiopathically def,rcient mandible has been referred to as mandibular retrognathism,

mandibular micrognathia, mandibular retrusion, skeletal class II or simply class II

malocclusion {Schendel, S.A. 1978}. People with idiopathic mandibular deficiency have

a combination of abnormal esthetic, skeletal, neuromuscular, occlusal, and growth

characteristics {Schendel, S.A. 1978}. Schendel et al. in 1978 named this Mandibular

Deficiency Syndrome. Mandibular deficiency syndrome does not include.deficient

mandibles from other syndromes / sequences such as hemifacial microsomia, Pierre

Robin, Treacher-Collins, etc {Schendel, S.A. 1978}. Mandibular deficiency syndrome is



the most prevalent of all the problems that fall into the dentofacial deformity category

{Proffrt, W.R. 2002}. Excessive over jet reflected by a skeletal discrepancy effects l0%

of the Caucasian population in the United States and slightly less of the African-

Ame¡ican and Mexican-American populations {Proffit,W R. 2002}. Excessive vertical

development contributes to a very small proportion of manåibulu. deficiency patients. If

we exclude the long face group, 40o/o of the dentofacial deformity patients have a true

mandibular deficiency with either a short or normal anterior face height {Proffit, W.R.

2002ìt . The following are common features of mandibular deficiency syndrome:

- Chin and lower lip deficiency relative to the rest of the face {Schendel,S.A.

I 978;Proffrt,W.R. 2002j

- A curled and everled lower lip, with an accentuated mentolabial fold{Epker,B.N.

197 7 ; P r oîfrt,W.R. 2002j

- Increased over jet{Epker,B.N. 1977; Schendel,s .A. 1978; proffit,w.R. zo0z}

- Class II molar and canine relationships {Proffit,W.R. 2002}

- Anterior deep bite {Schendel,S.A. 1978; proffir,W.R. Z0OZ}

- Excessive Curve of Spee in the mandibular arch and a negative curve in the

maxillary arch {Epker,B.N. 1977, Schendel,s.A. 1978, proffit,w.R. 20oz}

- More severe maxillary than mandibular incisor crowding {Proffit,W.R ZO0Z}

Mandibular deficiency syndrome can be sub-categorized into tkee types (I, II, and ltr)

{Schendel, S.A. 1978}. Mandibular defrciency type I includes all patienrs that have a

small mandibular plane angle or low angle patients {Schendel, S.A. l97g}. Facial

characteristics include a round or square face with the upper and middle thirds of the face



at normal size, but the lower third is shorter. The nose is usually a normal size, the

labiomental folds are pronounced and the mandibular angles are broad. The nasolabial

angle is acute and the soft tissue chin may have a stronger projection than the lower lip

{Schendel, S.A. 1978}. Cephalometrically, the patients have a low mandibular plane

angle measured from Frankfort horizäntal. Occlusally, there arches are both "L-f' shaped,

there is an increased curve ofspee and a deep bite is present.

Mandibular deficiency type II includes all patients with a median mandibular plane angle

or median angle patients {Schendel, S.A. 1978}. These patients typically have a good

facial balance from the frontal view. On profile view, the facial proportions are

acceptable except an obviously retrusive chin and a pronounced labiomental fold. There

is a good balance between the lower lip and chin which are both retruded {Schendel, S.A.

1978j. Cephalometrically, the patients have an average mandibular plane angle.

occlusally, the maxillary arch is "V" shaped, the mandibular is more "lJ" shaped, and

there is a moderate overbite present. There is also an increased tendency towards cross

bite than type I patients.

Mandibular deficiency type III includes all patients with an increased mandibular plane

angle or high angle patients {Schendel, S.A. 1978}. These patients have long and

tapering faces with the upper and middle thirds of their faces in good balance, but an

increased length in the lower face. The angles of the mandible are narrow, the nose is

narrow, an excessive amount o.f upper incisor is exposed at rest and there is lip

incompetence at rest. The nose is more prominent, nasolabial angle is obtuse, the

labiomental fold is less pronounced than the other two types and the soft tissue chin is

retrusive relative to the lower lip. There are distinct differences from the other two types



in cephalometric features. The middle face height is slightly increased and the lower face

height is significantly increased in comparison to the other types. Occlusally, the maxilla

is constricted while the lower arch maintains a "I-l' shape. There is an increased tendency

to cross bite and the overbite is shallow and in some cases displays an open bite

{Schendel, S.A. 1978}.

Minimal mandibular deficiencies are best treated with orthodontics alone and the more

severe deformities are best treated with a combined surgical-orthodontic approach, when

growth modification is not on option. The th¡ee facial types of mandibular dehciency

exhibit different esthetic, skeletal, neuromuscular and occlusal characteristics. Different

surgical approaches must be considered for each type to achieve optimal results and

predictable stability.

In type I deficiency a mandibular advancement surgery is indicated to correct the skeletal

and occlusal deformity {Epker, B.N. 1977}. Mandibular advancement with type I

deficiency has a very high predictability and stability because as the mandible is

advanced it rotates in a clockwise direction to decrease the overbite, minimizes the soft

tissue tension and muscle pull {Epker, B.N. 1978}. In type II deficiency a mandibular

advancement surgery is also indicated and the results are usually acceptable to achieve a

good facial balance. In some cases an advancement genioplasty is also indicated to

achieve optimal facial esthetics {Epker, B.N. 1978}. In type III deficiency a mandibular

advancement is less stable than type I and II. There is a tendency toward open bite and

when the mandible is advanced there may be a counter clockwise rotation of the distal

segment of the mandible. This counter clockwise rotation leads to soft tissue tension and

increased muscle pull on the distal segment which increases the relapse potential {Epker,



B.N. 1978) Usually high angle cases have an increased lower face height which is

related to vertical maxiliary excess. The surgery of choice in these cases is superior

positioning of the maxilla which will allow the mandible to auto-rotate superiorly and

anteriorly. This rotation is usually adequate to decrease the lower face height and the

retrognathia. However, if it is not adequate then a mandibular advancLment and/or a

genioplasty may be indicated to achieve an optimal facial balance {Epker, B.N. 1978}. If

the maxilla is constricted then transverse expansion can occur either before surgery by

rapid maxillary expansion or during surgery by surgical expansion.

A more recent study by Mobarak et al. in 2001 suggested that there are differing patterns

of relapse when comparing the type I and III mandibular deficiency syndrome patients

{Mobarak,K A 2001}. This issue will be further discussed in the relapse section of this

literature review.

2.2 Bilateral Sagittal Split Ramus Osteotomy (BSSRO)

Hullihen in 1849 was the first surgeon to describe a mandibular osteotomy and surgical

procedures to correct mandibula¡ skeletal deformities {Mobarak, K A 2001}

Historically these procedures had been performed extra orally, until the intraoral

approach was populartzedby Trauner and Obwegeser in 1955. The bilateral sagittal split

ramus osteotomy (BSSRO) was introduced to American surgeons in 1965 by Obwegeser

. as he toured the United States {Proffit, IV.R. 2002}. This procedure has evolved in terms

of treatment planning, instrumentation, reduction, stabilization and fixation over the'

recent years which has allowed for surgical corrections in all th¡ee planes of space. The

major modification in osteotomy design was first made by DalPont, a vertical cut through



the lateral cortex and a medial horizontal cut that extended to above the lingula and not to

the posterior border {Miloro, M. 2004}. This technique shortens the cuts posteriorly and

decreases trauma to the overlying tissue. Wilde in 1969 compiled a list of advantages of

BSSRO versus other mandibular procedures. His advantages included: 1) it can be

applied to all types of mandibular deformities, 2) It causes little disturbance to the

muscles of the condyle, 3) It creates little change in the condyle to fossa relationship, 4)

There arelarge areas of bone deposition between the segments, 5) It reduces the damage

to the inferior alveolar nerve, 6) The dental arch is preserved , andT) It can be used by

many surgeons {Wilde,N.J. 1969, Will,L.A. 1989}. The procedure can now be

performed in less than2 hours and with the advent of rigid fixation, the patient no longer

has to undergo maxillomandibular fixation for 6 weeks. Three basic surgical concepts

and advantages have remained the same over the years. The first is the great flexibility in

the repositioning of the distal (tooth-bearing) segment. The second is the broad bony

overlap of the segments after repositioning of the jaws. Finally, the third is minimal

alteration in the position of the muscles of mastication and the temporomandibular joint

{Proff,rt, V/.R. 2002}.

The current surgical technique is demonstrated in Figure 2.1. Incisions are made to

expose the midramus and the external oblique ridges bilaterally. The dissection is

performed down to the bone and the tissues are carefully reflected to expose the ramus

and body of the mandible. The basic osteotomy pattern includes cuts through the cortical

bone to split the ramus and body of the mandible into distal (tooth-bearing) and proximal

(condyle and ramus) segments. Once these segments are freed, the distal portion of the

mandible is anteriorly positioned as required. The mandibular and maxillary dentition are



then temporarily fixated. The two bony segments are then aligned and rigidly fixated

using screws and plates. After the segments are stabilized and fixed the

maxillomandibular fixation is released and the condyles are seated in the glenoid fossa to

determine if the mandible can rotate into the proper occlusion. The wounds are then

irrigated and closed {Proffit, W.R. 2002}.

Figure 2.1 Bilateral Sagittal Split Ramus Osteotomy Procedure

Adapted from Bloomquist DS. Principles of mandibular ofhognathic surgery. ln: Peterson LJ, Ind¡esano
AT, Marciani RD, Roser SM. Principles of oral and maxülofacial surgery. Vol 3. Philadelplúa @A): J.B.

Lippincott Compary; 1992. p. 1436-:7.

2.3 Rigid Internal Fixation

Once the split of the mandible is performed, segments must be placed in the desired

position, stabilized and the fixed in that position {Proffrt, W.R. 2002}.

Care must be taken to keep the proximal portion (the condyle and ramus) in a stable

position and only move the distal (tooth bearing) portion. Historically, there are four



methods of intraosseous fixation; Upper border wiring, lower border wiring,

circumramus-body wiring and Rigid internal fixation with lag screws, position screws, or

small bone plates {Proffrt,W.R. 2002}. The last technique is the option most effective

today and is the one used in this study.

An "upper border wire can be placed by drilling a hole in the proximal segment and distal

segment cortices. The hole in the distal segment is more superior to the proximal hole so

when they are tightened, it will tend to seat the proximal segment more superiorly into

the glenoid fossa. This type of wiring only fixes the bone at the superior border and

allows flaring at the inferior border, which may be undesirable. (See Figure2.2)

If there is sufficient bone at the lower border of the mandible after the split, a lower

border wire may be placed. The proximal and distal segments are held in their desired

positions and a hole is drilled through both cortices, a wire is placed and tightened

{Proffit, W.R. 2002}. The lower border wire is diff,rcult to place and only allows stability

in the immediate area of f,txation {Proffrt, W.R. 2002}. (See Figure 2.2)

Figure 2.2 Superior and Inferior Border 'Wires

Figure 2.2. Arrillustration of the upper ald lolver border wires to fr*ut" tfr" proximal and distal seginents.
Adapted from Proffrt W.R. 2002.

A circum¡amus-body wire conforms io the principles of stabilizatton and fixation because

both segments are held together with tension over a broad area (Figure 2.3). The wire is

l0



placed before MNIF and then the wires are tightened. L24 -gauge wire is th¡eaded from

beneath the periosteum on the medial aspect of the mandible to the inferior border and

pulled around the lateral surface of the proximal segment. Both right and left sides are

performed in the same manner and MMF is established. The wires are then tightened

once the proximal segment is seated and firmly held against the distal segment {Proffit,

W.R. 2002). The use of circummandibular and inferior border wires have been

suggested as better ways to control the proximal segment, but no evidence exists to show

that these wiring techniques have an advantage of minimizing complications {Van

Sickels,J.E. 1986; A¡nett,G.W. 1993; Blomqvist,I.E. 1994; Scheerlinck,J.P. 1994;

Nemeth,D. Z. 2000; Miloro, M. 2004j.

Figure 2.3 Circum-mandibular Wire

Figure 2.3'. þ'rr example of a circummandibula¡ wire to fixate the proximal and distal segments of the

mandible. Adapted from Proff,rt W.R. 2002.

Screw fixation can be performed as position screws (Figure 2.4) or lag screws (Figure

2.5). The difference between position and lag screws is that the threads of a position

screw engage both the proximal and distal bony segments. Whereas, the threads of the lag

screw only engage the bone of the distal segment. When there is good bony contact

between segments, the lag screws are ideal to provide compression and fixation of the

11



segments {Proffit, W.R. 2002}. Some concern has been expressed in the literature about

compression of the segments and damage to the neurovascular bundle. This has not been

shown in the literature however; the bony surfaces along the neurovascular bundle must

be carefully inspected for sharp spicules that may project into the neurovascular bundle

{Proffrt, W.R. 2002}.

Ftgure 2.4 Position Screws

Figure 2.4: A cross sectional illustration of two position screws used to rigidly fixate rhe proximal ald
distal segments of the nundible. Adapted from Proffit W.R. 2002.

Figure 2.5 Lag Screws

Figure 2.5: A cross sectional illustration of tr,vo lag screws used to rigtdly fixate the proximal and distal

segments of the rnandible. .firlrpted from Proff,rt W.R. 2002.

12



Position screws can also provide adequate fixation. The proximal and distal portions must

be held in place when the pilot drill passes through both cortices. If the bony segments

slip, it is difficult to engage the underlying distal segment and some distraction of the

segments may occur. it is also difficult for the surgeon to know if the second and third

position screws have engaged both cortices. The surgeons must check if there is any

movement between the segments before MMF is released. If there is movement, the

process must be repeated. Sometimes, both positional and lag screws can be used at the

same osteotomy sites. Usually th¡ee screws (Figure 2.6) are used at an osteotomy site to

achieve adequate stabilization and fixation. The surgeon must carefully assess the

stability at the osteotomy site before wound closure. Combinations of wires and screws

can be used to stabilize and fixate the segments.

Frgure 2.6 Th¡ee Position Screws

Figure 2.6: An illustration of tlree screlvs used to rigidly fixate the proximal and distal segments of the
mandible. Adapted from Proff,rt W.R. 2002.

Small bone plates (Figure 2.7) forfixation are the treatment of choice for most surgeons

today. For optimal stability, the plate is placed bridging the osteotomy site with two

screws on either side of the osteotomy to secure it. The screws are placed through the
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lateral cortical plate only (unicortical) {Proffit, W.R. 2002}. The plates are adapted

exactly on the bony contours of the segments to prevent displacement of the segments

when the screws are tightened. Usually, one plate is adequate to fixate the segments but

occasionally, two plates must be used {Proffit, W.R. 2002}. The plates aretyptcally 2

nrm in thickness and made from type 3 or 4 titanium alloy {Miloro,"M. 2004}. Once the

segments are stabilized and fixed, the wounds are irrigated and closed. If bleeding

persists, electrocautery can be used to stop bleeding and a drain can be placed for 24

hours until no longer productive.

Frgure 2.7 Small Bone Plate

Figure 2.7 : An illustration of a small bone plate with two unicortical screws on either side of the osteotomy
used to ngrdly fixate the proxinal and distal segments of the mandible. Adâpted from Proffit W.R. 2002.

When rigid fixation is used the MMF must be released before wound closure to

determine if the mandible can rotate into the desired position with the condyles in place.

A wafer splint may be used to stabilize the occlusion and the mandible must be rotated

into the splint without distraction of the condyle out of the fossa. Occasionally, MMF is

maintained for a short period of time. More often guiding elastics are used to direct the

mandible in the desired location. Patients that unde¡ goes mandibular advancement
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surgery, usually function in a more protrusive position. This is not completely understood

and may be due to edema in the TM joint, alterations in the muscle positions from

repositioning the mandible, or due to a habit of posturing the mandible forward

{Proffit,W.R. 2002Ìr. Guiding elastics are used a long as necessary until the patient

functions in the new poiition {Proff,rt, W.R. 2002}.

Rigid fixation was introduced in the orthognathic literature in the mid I970's. The use of

rigid fixation was met with both excitement and concern. The early excitement among

surgeons was that rigid fixation was going to eliminate relapse. While it did not

completely eliminate relapse, several studies have shown a signifìcant decrease in post-

surgical relapse. In a relatively short period of time, rigid fixation of the bony segments

in orthognathic surgery became the standard of care {Tucker, M R 1995}. There are

several advantages to using rigid fixation versus maxillomandibular fixation. The patients

had shorter hospital stays and there was minimal or no immobilization of the jaws so they

could function at a much earlier time after surgery. This would allow them return to their

daily activities and to work at a much earlier time. MMF caused an average of 30Yo

decrease in ventilatory volume which was all but eliminated with RIF {Nemeth,D.Z.

2000) MMF was also related to other negative postoperative sequelae such as, weight

loss, decrease in dental hygiene, and a decrease in interincisal opening for a longer period

of time {Nemeth,D .2. 2000}. Rigid fixation has also allowed surgeons to perform

surgeries that would have been difficult with wire osteosynthesis with much better ease

{Van Sickels, J.E. 1996}. This has also increased the ability to treat other dentofacial

deformities, craniofacial deformities, and complex f¡actures {Van Sickels, J.E. 1996}.

Other advantages include decreased relapse and increased healing by primary intension
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{Nemeth, D.2.2000}. Even with the many advantages, the question that had remained in

many practitioners' minds is, "does rigid fixation increase the stability of common

orthognathic pro cedures?"

Some disadvantages to RIF that have been reported are: an increase in postoperative

inïections, increased TMJ symptoms, and increased trauma to the inferior alvëolar nerve

{Nemeth, D.2.2000\. While some of these disadvantages have been refuted, some still

remain debatable today.

When comparilg wire osteosynthesis and rigid fixation, it is very difficult to compare the

two categories due to: variability of surgical technique, in method of fixation, and in

materials used to fixate {Van Sickels, J.E. i996} A comparative study by Fujioka et al.

in 2000 investigated mandibular stability after BSSRO comparing bicortical screws

versus monocortical screws and miniplates. The resulti showed that the rigidity of

fixation in the bicortical screw group was greater than that of the monocortical and

miniplate group when observing shear stress. They did not have any conclusions as to

whether this would lead to increased stability in the short or long-term {Fujioka, M.

2000)

Two studies by Borstlap et al. (2004) of 222 orthognathic patients investigated the

stability and reliability of RIF with miniplates. Their conclusions were that the miniplates

were a safe and reliable procedure. There \ /as some occlusal relapse in the sample

however, patient satisfaction, TMJ symptoms, nerve function, and overall relapse were at

a clinically acceptable level as compared to other similar studies using other fixation

methods {Borstlap,W.^.2004 a; Borstlap,W.A 2004 b}. The topics of stability and

relapse will be addressed later in the thesis.
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2.4 Complications involved with Orthognathic Surgery

As with any surgical procedure, there are risks and complications that are involved.

These complications are typically minimized with careful pre-surgical planning and

diagnosis of the orthognathic patient. These complicatiôns can be subdivided into

Intraoperative and Postoperative {Proffit, W.R. 2002}.

Intraoperative complications include, but are not limited to, fractures, unfavorable splits,

unanticip ated hemorrh age, and nerve trans ection.

F¡actures and unfavorable splits can be avoided by careful treatment planning, treatment

simulation and model surgery. However, variability in bone a¡chitecture and density can

result in unfavorable fractures {Proffrt, IV.R. 2002}. This is most common in the

mandibular ramus with the BSSRO. Early reports of the incidents of unfavorable

fractures were as high as 22o/obut, with surgical modifications and increased experience,

the rate has now lowered below 5%o {Proffi1 W.R. Z00Z}.

Hemorrhage is usually not a concern with orthognathic patients and is more common

with two jaw procedures than one jaw. Attention to patient positioning, use of

vasoconstrictors, controlled hypotensive anesthesia, and careful surgical technique has

almost eliminated the need for blood transfusion {Proffit, W.R. 2002} If the vital signs

are stable, a patient may lose up to one third of the bodies' blood volume before requiring

transfusion {Proffit, W.R. 2002}. Hemonhage can be controlled by application of direct

pressure, vascular clips, electrocautery, and in extreme cases, arteriography with selective

embolization may be necessary {Proffit, W R. 2002}.
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The lingual and inferior alveolar nerves are in close proximity to the osteotomy cuts

during BSSRO. With proper retraction damage to the lingual nerve is rare but the

inferior alveolar nerve lies close to the path of instrumentation. More severe sensory

impairment increases with the patients' age and this must be addressed during the pre-

surgical consultation. The type ofinstrumentation used has been shown to increase with

rotary instruments versus reciprocation saws {Proffit, W.R. 2002}. Anatomic variation

can also effect transection if the neurovascular bundle is contained within to buccal

cortex of the mandible. The inferior alveolar nerve is at a two times increased risk for

transection due to the tedious bone dissection required to free it {Proffit, W.R. 2002}. If

inadvertent transection occurs, the best course of treatment is immediate reapproximation

and suturing of the epineurium {Proffit, W R 2002}.

Postoperative complications can be subdivided into routine and rare complications.

Routine complications include postoperative pain, edema, bruising, limitation of

mandibular movement, transient neurosensory alteration, nausea and vomiting, infection,

minor deviations in occlusion, removal of rigid fixation, devitalization of teeth, and

periodontal sequelae. Rare complications include permanent neurologic loss or

dysesthesia, development or worsening of TM disorder, and malocclusion requiring a

second surgery. Both routine and rare complications should be addressed before surgery

for the purpose of informed consent and more importantly, so the patient is prepared for

the post-surgical phase of treatment {Proffit, W.R. 2002}.

Most orthognathic patients have a very short duration of postoperative pain that can be

controlled by routine analgesics. Overmedication with opiates can have detrimental

consequences and should be avoided {Proffrt, W.R. 2002}.
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The type of treatment and the duration of surgery can result in moderate edema due to the

bodies' natural inflammatory response. The type of swelling can be related to the

patients' skin type. Control of edema can be assisted by head elevation, early

ambulation, and pharmacologic agents such as steroid or non-steroidal anti-inflammatory

agents {Pro"ffit, W.R. 2002}.

Bruising almost always occurs due to the metabolic breakdown of blood trapped in facial

spaces {Profflrt, W.R. 2002}. Supportive wraps and dressings can be used to apply

counter pressure and the bruising usually subsides in 2 weeks following surgery {Proffit,

W.R. 2002). Due to the increased capillary fragility of older patients, bruising may be

more severe in these patient populations {Proff,rt, W.R. 2002}.

Temporary limitation of movement can be expected with orthognathic surgery and an

average decrease of 29o/o can be seen in patients undergoing BSSRO {Boyd, S.B. 1991}.

Early mobilization may not help according to Boyd et al. {Boyd, S.B. 1991}. A transient

period of neurosensory alteration is common with all orthognathic patients and most

sensation returns, with a small population of patients having a permanent deficit {Proffit,

W.R. 2002). The loss of sensation includes numbness to the lips, cheeks, gingival

tissues, teeth and very rarely does it include the tongue {Proffit, W.R. 2002}. The degree

of operative trauma, postoperative edema, and the capacity of regeneration are all

variables in the extent and duration of the deficit {Proffit, \M.R. 2002}.

Nausea and vomiting following surgery is typically due to medications or swallowing

blood. Tucker {Tucker, M.R. 1995} found a 40 % incidence of nausea in his population

of 1000 consecutive orthognathic cases.
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An infection following orthognatic cases is relatively uncommon and antibiotic coverage

intraoperatively and post-surgically is currently a standard of care. The most common

antibiotic used is some form of penicillin or second and third generation cephalosporins

for penicillin allergic patients {Tucker, M.R. 1995; Proffit, W.R. 2002}. Buckley et al.

suggested that the duration of surgery and the amount of surgical"hardware have an

influence on infection rate {Proffìt, w.R. 2002}. Tucker et al (1995) found a2.4Yo

infection rate in his population of 1000 cases.

The most common occlusal variations include dental midline discrepancy, posterior open

bite, and edge to edge incisors {Proffrt, W.R. 2002}. These can be managed by

postoperative orthodontic finishing and if severe the fixation screws can be removed

within 2-3 weeks after surgery to mold the segments into place with elastic traction

{Proffit, W.R. 2002}. There is usually no need for routine removal of rigid fixation

hardware. The alloys used today contain titanium, which is relatively inert to the body's

tissues. Occasionally, there is soft tissue iritation or formation of a granulomatous lesion

which warrants the removal of the plates and or screws unde¡ local anesthesia {Proffit,

w.R 2002)

Devitalization of teeth is a possible occurrence and is most common with teeth that are

compromised by having large restorations. The vascular supply to the teeth is often

maintained even though they do not respond to electronic pulp testing {Proffit, W.R.

2002\

Periodontal tissues are very resilient to orthognathic surgery and pre-existing periodontal

health, surgical technique, and environmental factors are most imporlant in maintaining a

healthy periodontium. The most important environmental factor is smoking before and
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after orthognathic surgery. Segmental techniques are at increased risk for post-surgical

sequelae when the patient is a ch¡onic smoker {Tucker, M.R. 1995}.

Permanent loss of sensation is extremely rare in orthognathic procedures and usually

occurs from either a crushing injury to the neurovascular bundle or nerve transection

without reanastomosis {Proffit, W.R. 2002\. Raveh et al. have cited a 3% incidence of

post-surgical anesthesia without permanent resolution (Raveh, J 1988). The timing of

microsurgery to repair the damage is critical and must be attempted as soon as permanent

damage is diagnosed (typically intra-operatively).

The literature suggests that there is a higher incidence of TMJ disorders in the

orfhognathic surgery population but, this is controversial. Upton et al. suggested that 5 To

of their patient population reported an increase in symptoms and 8.5% of asymptomatic

patients reported new symptoms {Upton, L.G. 1987}. Multiple factors can lead to an

increase or new symptoms of TMD in this population. Rigid fixation could increase the

functional load on the joint leading to increased symptoms {Proffit, W R 2002}. Muscle

alterations due to new functional positions and the stress involved with surgery may lead

to increased parafunctional activity and hence TMD {Proffit, W.R 2002} The incidence

of permanent TMD is very small in this patient population and the masticatory apparatus

adapts with time. Patients that have prolonged symptoms are initially treated non-

invasively with nonsteriodal anti-inflammatory medications, moist heat, soft diet, and

physical therapy. A¡lhrocentesis may be used in more severe cases and open joint

surgery is typically the last resort for these patients {Proffit, W.R. 2002}. There has been

considerable debate in the literature of whether rigid or wire fixation leads to an increase

in TM disorders post-BSSRO. A study by Nemeth et al. (2000) have evaluated the
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symptoms of 127 patients up to 2 years post surgically and have shown no significant

correlations in pain or dysfunction in relation to type of fixation {Nemeth,D.Z.2000}.

The causes of TMJ symptoms will be further discussed in the section on relapse.

Malocclusion leading to need for a second surgery is very rare and will be discussed in

more detail in the seition on relapse.

2.5 Relapse

Relapse is the movement of either the dental or skeletal complex in the post-surgical time

period that leads to a reversal of the intended surgical movement. Orthodontists and Oral

maxillofacial Surgeons have tried to maintain their post-treatment results by various

methods. These methods include the ongoing study of relapse, searching for reasons why

relapse occurs and most importantly, how to avoid relapse. Stability of BSSRO can be

divided into short term and long term relapse {Schendel, S.A. 1980; Van Sickels, J.E.

1996j. Relapse that occurs in the first 6 to I weeks after surgery is known as early

relapse and is usually due to movement at the osteotomy site. Early relapse has been

shown to occur with wire osteosynthesis soon after maxillomandibular fixation and rigid

fixation {Schendel, S.A. 1980; Van Sickels, J.E. 1986} Late relapse is relapse that

occurs later than 3 to 6 months after surgery and beyond This section will discuss the

past and current literature on relapse but, the study ofrelapse is an ongoing endeavor

which cannot be completely answered in the scope of this thesis which will focus on

skeletal relapse, or relapse at B point, rather than dental relapse. Several studies have

examined relapse after BSSRO depending on the type of fixation that was used; wire or

rigid fixation.
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Wire osteosynthesis studies have attributed relapse to several factors including the

change in the position of the proximal segment, also known as condylar sag. Condylar

sag is the source for the majority of relapse when wire osteosynthesis is discussed

{Arnett, G.W. 1993 }. Studies that have investigated relapse with wire osteosynthesis

have quoted figures of 30o/o or more short and long-term post-surgical relapse {Ive,J.

1977; Schendel,S.A. 1980; Reitzik,M. 1981; Proffrt,W.R. 1990; Van Sickels,J.E. 1991;

Blomqvist, J.E. 1997 ; Miloro, M. 2004j.

Screw osteosynthesis studies have also examined several causes of relapse and the

magnitude of advancement has the greatest correlation with relapse {Van Sickels, J.E.

1986). Gassmann et al. have shown that advancements of 7 mm and more are prone to

more relapse than advancements of less than 6 mm {Gassmann, C.J. 1990}. Table 2.1

summarizes a literature review of relapse in mandibular advancement by BSSRO with

RIF. The source of screw fixation relapse is assumed to be osteotomy slippage {Arnett,

G.W. 1993 ). Several comparison studies between wire and screv/ f,rxation have shown

decreased relapse with screw fixation {Watzke, I.M. 1990; Arnett, G.W. 1993}. Other

factors cited in the literature are. large advancements, counter-clockwise advancements,

high mandibular plane, the surgeons skill level, age of the patient, sex of the patient,

skeletal suspension, and preexisting TMJ pathologic conditions {Arnett,G.W. 1993\.

Relapse can occur at only two anatomical locations: the osteotomy site and the

temporomandibular joint (TMJ) {Arnett, G.W. 
.1993 } To further this point, relapse can

occur in 3 major methods at: the osteotomy site through slippage, the TMJ through

condylar sag and the TMJ through morphological change. It is important to note that
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these three methods of relapse do not occur in a mutually exclusive method, rather there

are some interactions.

Table 2.1 A summary of studies of relapse in mandibular advancement by BSSRO
with RIF

*Table was aclapted from Moba¡ak et al., 2001

2.5.1 OsteotomySlippage

Osteotomy slippage is the decrease in mandibular length from the condylion to B point

that occurs at the surgical site {Arnett, G.W. 1993}. Figure 2.8 illustrates post-surgical

osteotomy slippage. When discussing osteotomy slippage the assumption made is that

the condyle is fully seated in the glenoid fossa. A study by Wall and Rosenquist in 2001

showed that fixation with bicortical screws or miniplates and monocortical screws does

not prevent mobility atthe osteotomy site post-surgically. AIso, mobility of the segments

may remain as long as I year after surgery {Wall, G. 2001}. Osteotomy slippage occurs

before osteotomy union in response to paramandibular connective tiszue (PMCT) stretch

{Arnett, G.W. 1993}. PMCT stretch has been described by several investigators

{Komori, E 1991; A¡nett, G.w. 1993; Ellis, E. 1994) and is described as a force that

pulls the distal segment posteriorly after advancement. The PMCT consists of skin,

Authors Conunents # of Patie¡rts Follorv up, A¡rt of
Adva¡rcenre¡tt

ArnL ofRelapse

Thomas et al., 1986 T4 6 week 5.3 mm at B 0.5 mm
VanSickels el al- I 988 5t 6 months to 3 vears 4.6 mm at Pe 0.45 m
Gassmann et al., 1990 Relapse ancl

Stable øouns
25 ) 6 monihs 7.9 mm group I

5.2 mm goup 2
>25 o/o in group I
2o/o in øouo 2

Walzke et al., l99l Position vs- Lag
scf ews

P: 30
L:26

) I year P: 5.4 mm at B
L: 5.3 mm at B

P: llVo
L:6%o

VanSickels et al., 1991 RIF alone; RIF +
skel. wi¡e (SW)

RIF: I I
RIF+SW: l5

> 6 monlhs RIF: 10.9 mm
RIF+SW:12.2mm

RIF:34%
RIF+SW:4%

Scheerlinck et al., 1994 Plates + JMF (l-3
clavs)

103 ) 2 years 5.9 mm at Pg 8-9o/o

Blomqvist ancl Isaksson,
r994

Screws (S)
Plates (P)

S: 16

P:22
6 months S:8mmatPg

P: 7.8 mm at Pe
S: 15%
P: 21.8o/o

Blomqvist et aI-. 1997 Screws (S)

Plates (P)
S: 30
P: 30

6 months 4.9 to 6.1 mm at Pg t0. l-I8.4%

Mobarak et a1.,2001 High Angle
Med Angle
Low Angle

High:20
Med: 2l
Low: 20

3 years High:7.6 mm at Pg
Med: 5.9 mm at Pg
Low: 4.4 mm at Ps

High:36%
Med:.33o/o
Low'. 27.60/o
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subcutaneous tissue, muscle, and periosteum which are under tension and produce a

vector of force that pulls the distal segment toward the presurgical position {Komori,E.

i991; Arnett,G.W. 1993; Ellis,E.,3rd 1994\. Several previous investigators have studied

various methods includìng suprahyoid myotomies and stripping of muscle attachments to

decrease the amount of PMCT'stretch {Will,L A 1984; Will,L A. 1989; Gassmann,C.J.

1990, Ellis,E. 1994; Miloro, M. 2004). These methods have not been shown to be

effective in the literature {wi11, L.A. 1984; will, L.A. 1989; Gassmann, C.J. 1990; Ellis,

E. 1994; Miloro, M.2004\. There are several methods to counteract the PMCT posterior

vector including: osteosynthesis hardware (wires, screws and plates), skeletal suspension

wires, and fully seating the condyle in the glenoid fossa {Arnett, G.w. r9g3}.Ifthe

hardware is ineffective then B point will relapse posteriorly and inferiorly. Severe

relapse occurs with hardware that is grossly inadequate to hold the osteotomy position

against the PMCT forces. Bicortical screws have been shown by some authors {Van

sickels, J.E. 1985, van Sickels, J.E. 1986;watzke, I.M. 1990; Van sickels, J.E 1996) to

have less osteotomy slippage than many other methods of fixation, as shown by early B

point stability. However, bicortical screws have other disadvantages that will be

discussed in the condylar torque section.

Figure 2.8 Osteotomy Slippage

Figure 2.8: An illustration of post-surgical osteotorny slippage. Ailapted fiom A¡nett, G. W. 1993 .

25



2.5.2 Condylar Sag

The term condylar sag infers that the condyle is inferior or anterior-inferior to the glenoid

fossa seated position and does not have an ability to support B point in the advanced

position {Epker,B.N. 1977;rve,J. 7977; schendel,s.A. 1980; Lake,S.L. 1981;Epker,b.N.

1982, Arnett,G.W. 1993Ìr There are two subcategories of condylar sag, non-contact

condylar sag (NCCS) and contact condylar sag (CCS) {Arnetr, G.w. 1993}. NCCS is

inferior or anterior-inferior in the glenoid fossa and the post-operative B point position is

not supported by this condylar position. CCS is inferio¡ in the glenoid fossa but, there is

contact of the fossa in the medial, lateral or posterior dimension and thus supports B point

in the advanced position.

NCCS does not physically engage the glenoid fossa and during the first 8 weeks after

surgery tends to retu¡n to the preoperative position {Arnett, G.W. 1993}. Figure 2.9

illustrates NCCS. The magnitude of relapse with NCCS depends on the fixation holding

the distal segment in the advanced position while the condyle reseats {Arnett, G.W.

1993j. This can be seen with the use of skeletal suspension wires and IMF. Early

relapse is mainly found with wire osteosynthesis and is cor¡elated with NCCS {Ive, J.

1977; Schendel, S.A. 1980; Lake, S.L. 1981). There has been less NCCS associated with

RIF which has been shown by a greater stability in B point early {Van Sickels, J E 19g6;

Watzke, I.M. 1990), The proof of limited NCCS with RIF is that when fixation is

released and the bite is tested intraoperatively, the condyles are seated in CR. If there

was NCCS at this stage there would be a class II anterior open bite when the occlusion

was tested {Arnett, G.W. 1993}. Condyle reseating occurs while the teeth are held with
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eiastics (RIF) or IMF in the correct over bite and over jet relationship. Dental

compensations occur while skeletal relapse occurs, masking the skeletal relapse if it is not

alarge amount {Arnett, G.W. 1993}

Figure 2.9 Non-contact Condylar Sag

hltn*-:lå,LlT,üç,t fl urn,rä}.1 1 * r ü ;ig

Figure 2.9: An illusl¡ation of non-contact condylar sag. Adapted from Amett, G.W. 1993

2.5.3 Condylar Compression, Torque and Morphologic Change

Condylar compression was described by Watzke et al. (1990). Compression can occur as

posterior condylar compression (PCC) or medial-lateral condylar compression (MLCC)

{Watzke, I.M. 1990; Arnett, G.w. 1993}. PCC and MLCC are examples of CCS. Figure

2.10 illustrates post-surgical CCS. When PCC occurs, the condyles and retrodiscal fibers

are compressed against the posterior fossa wall and in response to the compression,

remodeling ofjoint structures may begin from 9 to 18 months post-surgically {Arnett,

G.W. 1993). As remodeling occurs the condyles seat more.posteriorly and superiorly

resulting in B point relapse. MLCC can also cause condylar remodeling and produce late

B point relapse. MLCC is usually a result of condylar torque. Condylar torque occurs

when an osteotomy gap is closed by clamping and/or screws. As the gap is closed,
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rotation occurs at the first contact point and the condyle torques either medially or

laterally causing compression {Arnett, G.W. 1993 }. Figure 2. 1 I illustrates post-surgical

condylar torque. Condylar compression produces good early stability but can cause late

relapse as condylar remodeling occurs {Arnett, G.w. 1993}. Condylar torque is

frequently associated with bicortical screws in the literature {Kundert,M. 1980;

Spitzer,w. 1984;will,L A. 1984; Timmis,D.P. 1986;Lund,E. t9B9; van Sickels,J.E.

1997 j and by avoiding osteotomy gap closure, potential condylar torquing can be

minimized.

A study by Arnett and Tamborello in 1993 quantified the amount of relapse based on

patients in th¡ee groups: NCCS, condylar torque O4LCC) and PCC. They found that the

NCCS group had23Yo relapse (14Yo early andgo/o late), the MLCC group hadzT%o

relapse (10Yo early and lTYo late) and the PCC group had32o/o relapse (7o/o early and,25%o

late) {Arnett,G.W. 1993}. There was a statistically significant difference in relapse

between the PCC group and the two other groups but, there was not a significant

difference between the NCCS and MLCC groups. This was further supported in a study

by Rosenquist in 1990 that showed when medial displacement of the condyle occurs,

there was not a short-term change in stability versus the patients without medial

displacement {Rosenquist, B. 1990}.

Figure 2.10 Contact Condylar Sag (CCS)
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Figure 2.10 illustrates contact condylar sag. Adapted from ArnettG.W. 1993.

Figure 2.11 Condylar Torque
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Figure 2.1 1 i-llust¡ates condylartorque due to osteotomy gap compression- Adapted from A¡nett,G.W. I993.

Several p¡evious studies have noted that joint function can be adversely affected by

condylar malposition {Will,L.A. 1984; Nitzan,D.W. 1989; Boyd,S.B. i991, Van

Sickels,J.E. 1997j. Parafunctionai condylar compression has been reported before the

osteotomy union {Arnett,G.\V. 1993}. Anteriorly displaced disks have been found in

higher incidence in the orthognathic surgery population and resulting condylar

morphologic changes have been shown to cause B point relapse {Dahlberg,G. 1995}.

Avascular necrosis (AVN) due to impinging of the blood flow to the condyle has been

postulated as a theory {Piper, M. A. 1989, Schellhas,K.P. 1993}. If AV}l due to anterior

disk displacement is diagnosed as the cause, surgical treatment to solve this consists of:

posterior disk positioning to reestablish the blood supply or condylar corticotomy to

establish a new blood supply {Piper, M. A. 1989; Schellhas,K.P. 1993}. In opposition to

the AVN theory, Boyer in 1964 showed that the blood supply to the joint is fed by a very

rich plexus of blood vessels and it is not possible to occlude the blood supply by

compression in one area {Boyer,C.C. 1964}. At this point, disk derangement and AVN

as the major cause fo¡ relapse is a theoretical concept that has not been verified.

Female idiopathic condylar resorption has been shown to cause late B point relapse

{Arnett,G.w . 1996 a; Arnett,G w. 1996 b}. Some females have a risk for condylar

resorption even though all other factors are ruled out. The causes of female idiopathic

condylar resorption are multifactorial but anterioriy displaced disks, estrogen levels and

receptor abnormalities have been implicated as reasons {Dahlberg,G. 1995; Arnett,G.'W.

1996 a; A¡nett,G.W. 1996 b). Systemic arlhritis has also been shown in the literature to
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cause condylar resorption and posterior movement of B point with or without

orthognathic surgery {Arnett,G.W. 1993 }.

Currently, to avoid early and late relapse the consensus in the literature suggests that

intraoperative condylar seating should prevent NCCS and CCS with compression. The

hardware used should hold the condyle in a neutraf position within the glenoid fossa and

not deflect the condyle in any plane of space that may lead to compression and long term

condylar changes {Arnett,G.W. 1993 }.

2.6 Relapse and the Proximal Segment

A study by Schendel and Epker in 1980 showed that the most important factor in

prevention of relapse was control of the proximal segment {Schendel,S.A 1980} This

claim has been supported by several investigators {Lake,S.L. 1981; Van Sickels,J.E.

1986; Will,L.A. 1989; Van Sickels,J.E. 1996).

There have been several attempts by surgeons to accurately place the proximal segment

intraoperatively. A study by Landes et al. (2003) determined the presurgical location of

an optimal condylar position by magnetic resonance imaging (l\ßJ) and sonograms.

They then fabricated a splint to position the proximal segment intraoperatively to the

optimal presurgically determined position This study showed a decrease from 22o/o to

\Yo in skeletal relapse by use of the splint versus a traditional approach to proximal

segment positioning {Landes,C. A. 2003}. The same investigators in 2004 showed that

intraoperative sonography was just as accurate in positioning the proximal segrnent as the

splint technique and they concluded that the intraoperative method was safer, easier and

faster than the conventional methods {Landes,C. A. 2003; Landes,C.A.2004}.
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There are two types of movements that can occur at the proximal segment that can lead to

relapse; 1) Positional change of the proximal segment out of the fossa (condylar sag) and

2) Rotational movement of the proximal segment while properly seated within the

glenoid fossa {Van Sickels,J.E . 1996}.

The f,rrst movement, condylai sag, was discussed in a previous section and has been

demonstrated by several authors to contribute to early and late relapse after BSSRO.

When discussing rotational movement of the proximal segment, it must be divided into

transverse and sagittal rotation. Transverse rotation of the proximal segment is medio-

lateral rotation that can cause a change in the intergonial width of the mandible. A study

by Angle et al. in 2007 investigated the change in the transverse displacement of the

proximal segment after BSSRO {Angle,A.D. 2007\. They found that statistically

significant changes had occurred in the transverse width and proximal segment

angulation but no significant changes in the horizontal relapse of the BSSRO occurred

{Arrgle,A.D 2001}

Sagittal rotation of the proximal segment is antero-posterior rotation of the proximal

segment when the mandible is either advanced or set back. There has not been a lot of

investigation of sagittal rotation of the proximal segment and the relationship to post-

surgical relapse after BSSRO to advance the mandible despite which no definitive

conclusions are apparent and the purpose of this study is to further investigate this type of

surgical relapse in our sample.
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2.7 Relapse and Cephalometrics

Investigators have used submentoverlex radiography, computed tomography, magnetic

resonance imaging, sonography and several other methods to evaluate the positional

change in the proxirnal segment {Choi,H.S. 2006}. Some of these radiographic images

are not routinely obtained or unavailable for patients undergoing BSSRO. They alsb

expose the patients to additional ionizing radiation and constitute an additional expense

{Choi,H.S. 2006}. Rebellato et al. in 1999 showed that sagittal positional changes in the

proximal segment can be accurately determined by lateral cephalometric radiographs for

patients undergoing BSSRO and RIF for mandibular advancement {Rebellato,J. 1999}.

The use of lateral cephalometric radiographs is accurate, more cost effective and exposes

patients to less ionizing radiation.

In early cephalometric studies, relapse was measured by the percentage change antero-

posteriorly in B-point {Schendel,S.A. 1980}. Currently, several cephalometric

landmarks and measurements can be used to quantify the amount of relapse. The next

section lists the common landmarks and the linear and angular measurements used in this

study.

2.8 Null Hypotheses

The first null hypothesis of the study states thatthere is not a statistically significant

difference in the cephaiometric measurements between the th¡ee time periods measured.

The second null hypothesis of the study states that there is not a statistically signif,rcant

difference in the cephalometric measurements between the th¡ee time periods when type

of mandibular deficiency is included as a variable.
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The third null hypothesis of the study states that there is not a statistically significant

difference in the cephalometric measurements between the th¡ee time periods when

amount of advancement of the mandible is included as a variable.

The forth null hypothesis of the study states thatthere is not a statistically significant

correlation in the sagittal positional change of the proximal segment of the mandible and

the total amount of advancement of the mandible.

The fifth null hypothesis of the study states that there is not a statistically significant

correlation in the sagittal positional change of the proximal segment of the mandible and

the total amount of advancement of the mandible when type of mandibular deficiency is

added as a variable.

The sixth null hypothesis of the study states that there is not a statistically significant

cor¡elation in the sagittal positional change of the proximal segment of the mandible and

the total amount of advancement of the mandible when ¡elative amount of advancement

is added as a variable.

34



Chapter 3 Materials and Methods

The following materials and method section is comprised of the following sub-sections:

3.1 Sample Selection

3.2 Ethics Approval

3.3 Cephalometric Analysis

3.4 Definitions

3.4.L Cephalometric Landmarks

3.4.2 Cephalometric Linear Measurements

3.4.3 Cephalometric Angular Measurements

3.5 Study Design

3.6 Investigator Error

3.7 Measurement Error

3.8 Reliability

3.9 Statistical Analysis

3.1 Sample Selection

The subjects used in this study were selected at random from a selection of combined

orthodontic and orthognathic surgery patients from the University of Manitoba, Division

of orthodontics, winnipeg, Manitoba, canada, where archives uniquely contain

treatment records, lateral cephalograms from before orthodontic treatment (T0), before

orlhognathic surgery (T1), after orthognathic surgery (T2), and atthe conclusion of active
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orthodontic treatment (T3). The subjects in the archives were all treated by graduate

ofthodontic residents of the graduate orthodontic program and the surgical component by

one oral surgeon and the oral and maxillofacial residents.

The subjects were selected using the following inclusion and exclusion criteria:

Inclusion Criteria

1) Diagnosis of type I, II, or Itr mandibular deficiency with a normal sagittal

position of the maxilla, as described by Wolford et al. (1978).

2) Patients treated with orthognathic surgery of bilateral sagittal split ramus

osteotomy (BSSRO) for mandibular advancement by one surgeon. The surgical

technique used, was as described by Miloro et al. (2004).

3) Patients treated with rigid internal fixation (RIF) using 2 mm thick type 3

malleable titanium 4 hole straight plates with two 4 mm self drilling and self

tapping screws from the Stryker/Liebinger King ComborM kit (Kalamazoo,

Michigan, USA).

4) Subjects may or may not have had extractions to relieve their dental crowding

5) Pre-surgical, post-surgical, and post-orthodontic debanding lateral cephalograms

of good quality and with distinguishable landmarks had to be available.

Exclusion Criteria

l) Patients treated with two jaw surgery

2) Patients treated with mandibular setback

3) Patients treated with intermaxillary fixation

4) Presence of developmental syndromes
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5) Presence of true skeletal asymmetry

6) Presence of arthritis

From the archives of approximately 350 records, 35 subjects conforming to all the

criteria, were selected. The sample was comprised of i 2 males and 23 females. The

" subjects' ages ranged from 14.3 to 41.8 years with a mean age and standard deviation of

20 .2 + 8.5 years at the time of the pre-surgical cephalometric radiograph.

The subjects were divided into groups according to the type of mandibular deficiency

{Wolford,L.M. 1978} and the amount of mandibular advancement.

Type of mandibular deficiency

1) Type I (l\æA <28") - n: 11

2) Type II (VPA 28-36") - n: 17

3) Type III (MPA > 36") - n:7

Amount of mandibular advancement

l) ( 4 mm advancement (n: 8)

2) 4-7 mm advancement (n: 17)

3) ) 7 mm advancement (n: 10)

3.2 Ethics Approval

Ethics approval for this study was obtained from the University of Manitoba, Bannatyne

campus Research Ethics Board. To obtain ethics approval a detailed research protocol,

patients consent for treatment and release ofrecords for research purposes and a form

describing the security precautions used to store records \ /as provided to the board.

Research approval was obtained on November 4ú,2005, before the collection of data.
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The date of expiry is October 24n, 2006 and the protocol reference number isH2005.212.

A copy of the approval form is in appendix 8.2.

3.3 Cephalometric Analysis

All of the lateral cephalograms were evaluated at three stages. pre-surgically (T1), post-

surgically (T2) (4.3 + 2.1 weeks after surgery), and post-treatment (T3) (9.8 + 3.2 months

after surgery). The lateral cephalograms were taken using a Gendex@ (GX900) installed

in 1990. Settings. g0KvP, l5 mA, l5 millisecond exposure, 15 cmfilmto object

distance, and 150 cm source to object distance. The cephalograms were traced by hand

by one investigator on acetate paper using colored ultra fine point Sharpie@ markers;

black for pre-surgical (T1), red for post-surgical (T2), and blue for post-treatment (T3).

The following landmarks were identified on each cephalogram, from which various linear

and angular measurements were derived: Sella turcica (S), Nasion (N), Orbitale (Or),

Porion @o), A-Point (A), B-Point (B), Pogonion (Pg), Menton (Me), Gonion (G), Mid-

ramus point (MR), Articulare (Ar), Lower incisor incisal edge (LI), and Lower incisor

root apex (LR) (Figure 3.1).

From these landmarks, the following linear and anguiar measurements were derived:

mandibular plane angle (NæA), SNAs SNB, lower incisor to mandibular plane (IMPA),

facial angle, gonial angle, articular angle, change in mid-ramus point, and amount of

advancement. For the last two measurements the TllT2 and T2lT3 radiographs were

superimposed on the best fit of the anterior cranial base as described by the American

Board of Orthodontics standards {Bishara, S.E. 1995}. Linear measurements were
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performed with the same clear plastic ruler and Angular measurements were performed

with the same clear plastic protractor (3M Unitek dental productg Momovi4 CA).

The selection ofthese measurements was based on the fact that they are widely used by

orthodontists to evaluate dental and skeletal relations. Definitions ofthe landrnarþ linear

and angular measurement"s witl be discussed in the next section.

3.4 Definitions

3.4.1 Cephalometric Landmarl¡s

Figure 3.1 CephalometricLandmarks

B

39



Sella turcica lS) - the geometric center of the pituitary fossa (sella turcica), determined

by inspection - a constructed point in the midsagittal plane {Downs,W.B. 1952}.

Nasion (N) - craniometric point where the midsagittal plane intersects the most anterior

point of naso-frontal suture {Downs,W.B. 1952}.

Menton Me) - mäst inferior point on the symphysis of the mandible in the median

plane. Seen in the lateral radiograph as the most inferior point on the symphyseal outline

wlren the head is oriented in the Frankfort Relation {Downs,W.8. 1952}.

Gonion(Go) - the constructed point at the intersection of the ramus plane and the

mandibular plane (Ricketts, I 98 1).

Pogonion ( Pg) - the most anterior point of the symphysis of the mandible in the median

plane when the head is viewed in Frankfort relations {Downs,W.B. 1952}.

Porion (Po) - the most superior point of the outline of the external auditory meatus

(Daskalogiannakis, 2000).

Orbitøle (Or) - the lowest point on the inferior orbital margin (Daskalogiannakis, 2000).

Mid-Ramus (MR) - a point half way between gonion and articulare on the posterior

border of the ramus of the mandible (also called R2) (Ricketts, 1981).

A point (A) - the most posterior point of the concavity between the anterior nasal spine

and the most inferior point on the alveolar bone labial to the maxillary incisors

(Daskalogiannakis, 2000).

B point (B) - the most posterior point of the concavity between the most superior point

on the alveolar bone labial to the mandibular incisors and pogonion (Daskalogiannakis,

2000).
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Incisal Edge of Lower Incisor (LÐ -the incisal tip of the most labially placed

mandibular incisor (Daskalogiannakis, 2000)

Root of Lower Incisor (LR) - the root tip of mandibular incisor. When the root is not yet

completed, the midpoint of the growing root tip is marked (Daskalogiannakis, 2000).

Articulare (Aù - intersection of the lateral radiographic image of the pésterior border of

the ramus with the base of the occipital bone {Downs,W.B. 1952}
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3.4.2 Cephalometric Linear Measurements

Advancement - the change in the position of pogonion (Pg) between Tl-T2 andT}-T3.

This measurement is reported in millimeters. Figure 3.2 indicates the measurement with

an ¿uTow_

Figure 3.2 The amount of advancement

I
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Mid-Ramus - the change in the position of mid-ramus point (I\,ß') between T1-T2 and

T}-T3.This measurement is reported in millimeters. Figure 3.3 indicates the

measurement with an arrow-

Figune 3.3 The change in rnid-ramus point
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3.4.3 Cephalometric AnguhrMeasurements

SNA -the angle formed by the intersection of the sella-nasion plane and a line drawn

from nasion to A-point. Normal value is 82" + 2 {Steiner, C-C- 1953}- Figure 3'4

Figure 3.4 SNA
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SNB -the angle formed by the intersection ofthe ssll¿-nasion plane and a line drawn

from nasion to B-point. Normal value is 80o + 2 {Steiner, C.C. 1953}. Figure 3'5

Figure 3.5 SNB
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Mandibular PløneAngle (MPAì -the anterior angie formed by the intersection ofthe

sella-nasion plane and a tangent to the lower border ofthe mandible and symphysis.

Normal value is 32" (SD:3.2") {Steiner, C-C- 1953}. Fþre 3'6

Figure 3.6 MPA
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Lower Incisor Froclinatíon {IMPA) - angle created by lower incisor line (from LI to

LR) and MPA. Normal value is 95" (sD:7") {Downs, W.B. i952}. Figure 3.7

Figure 3.7 IMPA
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Gonial Angle (AR-GO-MÐ - the angle formed by thebodv of the mandible and ihe

ascending ramus meeting the extended gonion. Normal value is 130"+7 {Baltzer-F.

1969Ì- Fignrre 3.8

Figure 3.8 Gonial Angle
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Føciøl Angle (FH/N-Pgtr - the inferior posterior angle formed bv the intersection of the

Frankfort horizontal and the facial olane fN-Pg) Normal value is 87.8" (SD:3.6")

{Downs- W.B. 1952}. Ricketts (1981) considers 85" to be the normal for age 9 vears. 86"

for age 12 vears, and 89" for 20 vears of age (SD:3") {Ricketts-R.M. 1981}. Figure 3.9

Fisure 3.9 Facial Anele
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Afücular Ansle (SAr-Go) -the anele formed bv sella-articular-sonion. Normal value is

737'L2.5 {Baltzer.F. 1969}. Fisure 3,10

Fieure 3.10 Articular Angls
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3.5 Study Design

This study was designed to measure the four following aspects.

1) The change in the measurements (7 angular and 2linear) over the th¡ee measured time

periods (T1, T2, T3).

Z) The change in the measurements (7 angular and Zlinear) over the three measured time

periods (T1, T2, T3). The subjects were divided into the following sub-groups according

to type of mandibular deficiency (type I - MPA <28o, type II - MPA 28-36", or type III -

MPA >36") or amount of advancement (<4 mm,4-7 mm, and >7 mm).

3) The correlation between the change in the two linear measurements (mid-ramus and

advancement) over the th¡ee time periods (T1-T2, T2-T3 and T1 to T3).

4) The correlation between the change in the two linear measurements (mid-ramus and

advancement) over the three time periods (T1-T2, T2-T3, and T1-T3) and divided into

the sub-groups of type of mandibular deficiency (type I - MPA (28", type II - MPA 28-

36", or type III - MPA >36') or amount of advancement (<4 mm,4-7 mm, and >7 mm).

3.6 Investigator Error

10 % of the lateral cephalometric radiographs were randomly selected for testing and

were re-evaluated by the principle examiner for intra-examiner correlation. A correlation

workshop was held on i0 cephalometric radiographs to ensure correlation and agreement.

The intra-examiner correlation was tested and set at 95o/o agreement.
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3.7 Measurement Error

Landmark identification errors are considered the major source of cephalometric error.

The main contributing factors are: 1) the quality of the image; 2) precision of the

landmark; 3) reproducibility of landmark location; 4) the bperator and registration

procedure {Baumrind, S. 1971 }. The most important aspect of minimizing landmark

identification eror is by having a thorough knowledge of the gross anatomy of the skull

and how it relates to the radiographic appearance. Baumrind and Frantz (1971) have

shown that landmarks placed on anatomically formed edges are easy to identify G.fa/M.)

and landmarks placed on a curve show proportionally greater errors in measurement (Pg).

Bjork (1962) has shown that landmarks that have been statistically shown to be easier to

identify have linear errors in measurement of between 0.3-1.4 mm and angular errors

between 0.3 -1.6 degrees. Some landmarks have been shown to have less error on either

the x or y - axis. The most reproducible on either axis are machine porion, sella, incisal

edge of upper or lower incisor {Baumrind, S. 1971}. On the Y-axis the most reproducible

are menton, PNS, ANS, articulare {Baumrind, S. 1971}. On the X-axis the most

reproducible are machine porion, B point {Baumrind, S. 1971}. The least reproducible

on either axis are incisor apex, Bolton point, basion, gonion, orbitale {Baumrind, S.

1971\. Themostvariable onthey-axis arenasion, Apoint, B point {Baumrind, S. 1971}.

Baumrind and Frantz (1971) suggested that the impact that errors have on the accuracy of

angular and linear measurements is a function of th¡ee variables: 1) The absolute

magnitude of the eror in landmark location, 2) The relative magnitude between the

landmarks considered for that angular or linear measurement; 3) The direction from
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which the line connecting the landmarks intercepts the envelope of error {Baumrind, S.

I971\. Baum¡ind suggested that operator alertness, training, working conditions and

experience affect the amount of cephalometric error {Baumrind, S. i971}. In

cephalometric studies, a specifrc error level must be calculated to each operator if any

conclusions can be drawn from data. There is inter and intra-observer variabüity and a

good way to reduce these errors is to use calibration tests to establish the specific

confidence intervals for an observer. Randomization and use of double blind techniques

are important in studies to reduce operator bias and when analyzing serial records they

should be traced in one seating {Baumrind, S. 1971}.

3.8 Reliability

The landmarks on each of 105 cephalographs in the present study were hand traced by

one operator. In cases of double imaging, the midline between both structures was

chosen. AII the cephalograms belonging to an individual subject were traced at the same

sitting. Ten (10%) cephalograms were re-traced two weeks after the first set was traced.

The systematic error was assessed by a paired /-test on the means of individual variables

obtained from the measurements on the two separate occasions.

3.9 Statistical Analysis

Cephalometric measurements were entered into a Microsoft Excel spreadsheet (N4icrosoft

Corp., Redmond WA). Descriptive statistics obtained included the mean, standard

deviation, and minimum and maximum values for each parameter measured.
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A repeated measures ANOVA was used and then a least squared means companson was

used to determine the signif,rcant differences in parameters between the three different

time periods. To measure the strength of relationship between the change in midramus

point and the advancement of the mandible that showed to be statistically different

between the siudied groups, the correlation coefficient (r) was calculated. Correlations

were obtained using the Spearman Correlation procedure.

The software used for statistical analysis was SAS version 9.I (Cary, NC, USA).

The level of significance was predetermined at the 0.05 level of confidence.
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Chapter 4 Results

The results section is comprised of the following sub-sections:

4.1 Calibration

'4.2 Groups

4.3 Cephalometric change over time

4.4 Cephalometric change according to sub-groups

4.4.1 Type of Mandibular Deficiency

4.4.2 Amount of Advancement

4.5 Correlation of Mid-ramus and Advancement

4.6 Cor¡elation of Mid-ramus and Advancement based on sub-groups

4.6.1 Type of Mandibular Deficiency

4.6.2 Amount of Advancement

4."i, Calibration

The reproducibility of measurements was assessed by randomly selecting 10 % of the

lateral cephalometric radiographs for re-evaluation by the principle investigator. A

workshop was held on 10 cephalometric radiographs to ensure agreement. Intra-examiner

calibration was verified by Intra-class Correlation coefficients (ICC) and set at295Yo

agreement. ICC values for cephalometric measurements by the principle investigator (K.

Shah) are listed in Table 4.1. All measurements demonst¡ated>97o/o reliability and

reproducibility.
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Table4.l Intra-ClassCorrelationCoefficients

Measurements ICC 957o confidence limits

MPA 0.980 0.9s9-0.990
SNA 0.978 0.995-0.990
SNB 0.995 0.990-0.998

IMPA 0.990 0.912-0.994
Facial Arrsle u.vð) u.v / u-u.yy3
Gonial Ansie 0Ð92 0.983-0.996

A¡licular Ansle 0.981 0.961-0.991
Mid-ramus 0.990 0.972-0.994

Advancement 0.992 0.983-0.996

4.2 Groups

Laterai cephalograms were evaluated from 35 subjects taken pre-surgically (T1), post-

surgically (T2), and post-treatment (T3). Cephalometric measurements (7 angular and2

linear) were taken and the patients were sub-divided according to 1) Type of Mandibular

def,rciency and2) Amount of advancement. The distribution of these patients is listed in

Table 4.2.

Table 4.2 Distribution of Groups

4.3 Cephalometric change over time

A repeated measures ANOVA was first completed and then a least square means

procedure was completed to determine if there were any significant changes in the 9

cephalometric measurements from T1 to T3. All measurements are mean values, angular

measurements are in degrees and linear measurements are in millimeters.

Nlandibular Deficiencv # of patients (o/o) Amt of Advancement # of patients lolo)
Tvoe I tt (31%\ <4 mm 8 Q3%\
Tvne II 17 (49%;,\ 4-'7 mm t] (49%)
Tvpe Iftr 7 Q0%\ >7 rnrn t0 (2e%)
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MPA

The analysis revealed that there was a change in MPA over time. MPA increased from

30.51" (SD 5.36) at T1, to 32.97" (SD 5.38) atT2,to 33.26" (SD 5.42) at T3, for an

average increase of 2.i5" from tt to T3. There was a significant change between Tl to

T2 and Tl to T3 (p<.0001) but not from T2 to T3 þ>.05). See Table 4.3 and Graph 4.1.

Table 4.3 MPA over time

Graph 4.1

Time Mean l') Std dev ISD)í")
T1 30.51 5.36
T2 32.97 s.3 8

T3 33.26 5.42

Ghange in MPA over time
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SNA

The analysis showed that there was not a significant change (p>.05) in SNA over time.

See Table 4.4 and Graph 4.2.

Table 4.4 SNA over time

Graph 4.2

Change in SNAover time
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SNB

The analysis showed that there was a significant change in SNB over time. SNB

increased from75.29'(SD 3.34) at T1, to 78.00" (SD 3.92) atT2 arñ decreased to77.34"

(SD 3.75) at T3. There was a significant change from Ti to T2 and Tl to T3 ft)<.0001)

but not fromTZ to T3 þ>.05). See Table 4.5 andGraph4.3.

Table 4.5 SNB over time

Time Mean (o) Std dev (SDXI
T1 81.29 3.50
T2 81.20 3.76
T3 8t.23 3.96
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Time Mean fo) Std dev (SD)(')
T1 75.29 3.34
T2 78.00 3.92
T3 77.34 3.]s

Ghange in SNB over time
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Graph 4.3

IMPA

The analysis showed that there was not a significant change (p>.05) in IMPA over time.

See Table 4.6 and Graph 4.4.

Table 4.6 IMPA over time

Time Mean (") Std dev ISD)í')
T1 98.97 6.41

T2 97.66 5.8s
T3 98.40 5.79
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Graph 4.4

Change in IMPA over time

110

105

100

95

90

85

Facial Angle i

The analysis showed that there was a significant change in facial angle over time. Facial

angle increased from71.20" (SD 3.61) at T1, to 79.40" (SD 4.12) atT2 and decreased to

78.14" (SD 3.99) atT3. There was a significant change from T1 to T2 and T1 to T3

(p<.0001) but not from T2 to T3 (p>.05). See Table 4.7 and Graph 4.5.

Table 4.7 Facial Angle over time

Time Mean lo) Std dev ISD)í")
T1 77.20 3.61

T2 79.40 4.12
T3 78.74 3.99
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Graph 4.5

Change in Facal Angle over time
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Gonial Angle

The analysis showed that there v/as a significant change in gonial angle over time. Gonial

angle increased from 179.29" (SD 5.62) at T1, to 125.66" (SD 5.90) atTZ and decreased

to 125.11' (SD 6.12) at T3. There was a signihcant change from T1 to T2 and T1 to T3

(p<.0001) but not from T2 to T3 þ>.05). See Table 4.8 and Graph 4.6.

Table 4.8 Gonial Angle over time

Time Mean (o) Std dev ISD)í')
TI ttg.29 5.62
T2 125.66 5.90
T3 t25.tt 6.12
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Ghange in Gonial Angle over time
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Graph 4.6

Articular Angle

The analysis showed that there was not a significant change (p>.05) in articular angle

over time. See Table 4.9 and Graph 4.7.

Table 4.9 Articular Angle over time

Time Mean lo) Std dev ISD)í")
T1 147.86 5.10
T2 147.11 s.67
T3 147.14 6.05
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Graph 4.7

Change in Articular Angle over time
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Mid-ramus Point

The analysis showed that there was a significant change in mid-ramus point over time.

Mid-ramus point increased from 0 mm at T1, to 3.73 mm (SD 1.48) at T2 arñ decreased

To 2.21mm (SD I.29) at T3. There was a signìficant change from T1 to T2, T2 to T3 and

Ti ro T3 (p<.0001). See Table 4.10 and Graph 4.8.

Table 4.10 Mid-ramus Point over time

Time Mean fmm) Std dev (SD)lmm)
T1 0.00 0

T2 3.73 1.48

T3 2.21 7.29
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Graph 4.8

Advancement

The analysis showed that there was a significant change in advancement over time. The

advancement increased from 0 mm at T1, to 6.01 mm (SD 2.06) at T2 and decreased to

3.95 mm (SD 2.05) atT3. There was a relapse or 2.06 mm Qa%) between T2 and 13.

There was a significant change from Tl toT2,T2 foT3 and T1 to T3 þ<.0001). See

Table 4.11 and Graph 4.9.

Table 4.11 Advancement over time

Time Mean (mm) Std dev ISD)lmml
T1 0.00 0
T2 6.01 2.06
T3 3.9s 2.05

Change in Mid-Ramus over time
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Graph 4.9

Ghange in Advancement over time
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4.4 Cephalometric change according to sub-groups

A repeated measures ANOVA was first completed and then a least square means

procedure was completed to determine if there u/ere any significant changes in the 9

cephalometric measurements from T1 to T3 based on type of mandibular deficiency and

amount of advancement.

4.4.1 Type of Mandibular Deficiency

MP,d

The analyses revealed that there was not a change in MPA over time when tlpe of

mandibular deficiency is added as a variable (p=0.3). The analyses further revealed that

there was a significant difference in MPA based on mandibular deficiency þ<0.0001).

See Table 4.72 and Graph 4.10.
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Table 4.I2 MPA over time and type of mandibular deficiency

Graph 4.10

SNA

The analyses showed that there was not a significant change in SNA over time when type

of mandibular deficiency is added as a variable (p:0.08). Furthermore, there was no

significant difference between SNA angle and type of mandibular deficiency þ:0.07).

See Table 4.13 and Graph 4.11.

Type of Mandibula¡
Deficiencv

Time Mean (") Std dev (SD)
lo)

I T1 25.2 1.5

I T2 28.4 3.0
T3 28.1 2.1

il T1 30.4 2.1

n T2 32.8 25
T T3 33.6 2.6

m T1 39.1 2.8
III T2 40.1 4.8
IIi T3 40.6 5.0

MPA over Time and Mandibular Type
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Table 4.13 SNA over time and type of mandibular deficiency

Graph 4.11

SNB

The analyses showed that there was not a significant change in SNB over time when type

of mandibular deficiency was also a variable (p:0.59). Furthermore, there was a

significant relationship between SNB angle and the type of mandibular deficiency

þ<0.0002). See Table 4.14 and Graph 4.12.

Type of Mandibular
Deficiencv

Time Mean (") Std dev (SD)
lo)

I T1 83.1 3.2
I T2 82.1 J.O
I T3 83.9 4.1
II T1 80.6 3.6
II T2 80.8 J-¿\

II T3 80.4 3.6
m T1 80.0 2.5
IIi T2 19.9 3.6
m T3 19.1 2.5

SNA over Tme and Mandibular Type
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Table 4.14 SNB over time and type of mandibular deficiency

Graph 4.72

IMPA

The analyses showed that there was not a significant change in IMPA over time when

type of mandibuiar deficiency was also a variable (p:0.59). Furthermore, there was not a

significant reiationship between IMPA angle and the type of mandibular deficiency

þ:0.46). See Table 4.15 and Graph4.I3.

Type of Mandibular
Deficiencv

Tíme Mean (") Std dev (SD)
(')

I T1 17.6 2.1
I T2 80.s 3.5
I T3 80.s 3.4
il T1 7 5.1 22
T T2 77.8 3.6
il T3 16.9 2.8
n T] 72.0 2.8
m T2 74.6 2.8
m T3 13.6 2.1

SNB over Time and Mandibular Deficiency
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Table 4.15 IMPA over time and type of mandibular def,rciency

Graph 4.13

IMPA over Time and Mandibular Deficiency
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Facial Angle

The analyses sho\Med that there was not a significant change in Facial Angle over time

when type of mandibular deficiency was also a variable G):0.42).Furthermore, there was

a significant relationship between Facial Angle and the type of mandibular deficiency

ûr<0.0001). See Table 4.16 andGraph 4.14.

Type of Mandibular
Deficiencv

Time Mean (") Std dev (SD)
lo)

I T1 I 00.1 1.6
I T2 I 00.1 6.1
I T3 100.0 6.6
il T1 98.8 6.6
T T2 98.8 6.1
il T3 97.4 6.0
ilI TI 91.7 4.0
III T2 96.0 4.1
ui T3 98.4 3.4
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Table 4.16 Facial Angle over time and type of mandibular deficiency

Type of Mandibular
Deficiencv

Time Mean (') Std dev (SD)
(')

I T1 79.5 2.9
I T2 82.0 J.O
I T3 82.0 2'7
il T1 11.4 2.8
il 't2 19.5 3.5
II T3 18.6 3.3
m T1 13.1 2.9
I]I T2 15.0 2.1
m T3 14.0 2.7

Graph 4.14

Facial angle over Time and Mandibular Deficiency
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Goniatr Angle

The analyses showed that there was not a significant change in Gonial Angte over time

when type of mandibular deficiency was also a variable (p:0.32). Furthermore, there was

a significant relationship between Gonial Angle and the type of mandibular deficiency

(p:0.003). See Table 4.17 andGraph4.75.
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Table 4.I7 Gonial Angle over time and type of mandibular deficiency

Type of Mandibular
Deficiencv

Time Mean (") Std dev (SD)
l')

I Ti 15.1 3.6
i T2 22.1 5.4
I T3 21.6 3.8
il TI 19.5 4.6
II T2 25.9 5.0
il T3 26.0 6,s
m T1 25.3 6.1

m T2 30.6 5.6
m T3 28.4 5.1

Graph 4.15

C'onial angle over Time and Mandibular Deficiency
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Articular Angle

The analyses showed that there was not a significant change in Articular Angle over time

when type of mandibular deficiency was also a variable þ:0.43). Furthermore, there was

not a significant relationship between Articular Angle and the type of mandibular

deficiency (p:0.07). See Table 4.18 and Graph 4.16.
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Table 4.18 Articular Angle over time and type of mandibular deficiency

Type of Mandibular
Deficiencv

Time Mean (') Std dev (SD)
lo)

I T1 41.3 6.2
I T2 46.5 1.2
I T3 46.2 6.2

II T] 41.4 5.1

II T2 46.0 4.4
il T3 45.6 5.6
m TI s0.9 4.8
m T2 52.4 4.3
ilI T3 s0.0 2.8

Graph 4.16

Articular Angle ove Time and Mandibular Deficiency
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Mid-ramus Point

The analyses shol¡/ed that there was not a significant change in Mid-ramus point over

time when type of mandibular deficiency was also a variable (p:0.98). Furthermore,

there was not a significant relationship between Mid-ramus point and the type of

mandibular deficiency (p:0.89). See Table 4.I9 and Graph 4.17 .
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Table 4.19 Mid-ramus Point over time and type of mandibular deficiency

Graph 4.17

.A.dvancement

The analyses showed that there was not a significant change in Advancement over time

when type of mandibular deficiency v/as also a variable þ=0.87). Furthermore, there was

not a significant relationship between advancement and the type of mandibular deficiency

(p:0.71). See Table 4.20 and Graph 4.18.

Type of Mandibular
Deficiencv

Time Mean (mm) Std dev (SD)
(mm)

i TI 0.0 0.0

i T2 3.6 1.5

I T3 2.1 l.i
I] T1 0.0 0.0
I] T2 J.ò t.5
il T3 2.4' 1.4

m T1 0.0 0.0
ru '12 3.6 1.1

m T3 2.1 1.4

Mid-Ramus Point over Time and Mandibular Deficíency ')
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Table 4.20 Advancement over time and type of mandibular deficiency

Type of Mandibular
Deficiencv

Time Mean (mm) Std dev (SD)
(mm)

I T1 0.0 0.0

I T2 6.5 1.8

I T3 4.3 1.6

II T1 0.0 0.0
il T2 5.9 2.2
II T3 3.9 2.3

il T1 0.0 0.0
ru ^r2 5.6 2.2
m T3 3.6 2.2

Graph 4.18

Advancement. over Time and Mandibular Deficiency
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4.4.2 Amount of Advancement

MPA

The analyses showed that there was not a signifrcant change in MPA over time when

amount of advancement \Mas also a variable (p:0.42). Furthermore, there was not a
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significant relationship between MPA angle and the amount of advancement þ:0.29).

See Table 4.21 and Graph 4.19.

Table 4.2I MPA over time and amount of advancement

Amount of Advancement
(mm)

Tìme Mean (') Std dev (SD)
lo)

l-4 T1 31.9 5.6

t-4 T2 35.6 6.4

t-4 TJ 35.3 6.3

5-1 TI 30.6 5.6

5-1 T2 32.8 4.8

5-7 T3 33.3 5.5
>-7 T1 29.1 4.8
>7 T2 31.0 4.8
>7 T3 3l .3 4.1

Graph 4.19
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SNA

The analyses showed that there was not a significant change in SNA over time when

amount of advancement was also a variable (p:0.43). Furthermore, there was a
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significant relationship between SNA angle and the amount of advancement þ:[.92¡.

See Table 4.22 and Graph 4.20.

Table 4.22 SNA over time and amount of advancement

Amount of Advancement
lmm)

Time Mean (") Std dev (SD)
lo)

l-4 Ti 80.7 " 3.9

1-4 T2 80.8 3.9
t -¿+ 1J 80.8 3.1

5-7 T1 80.2 3.4
<a T2 79.1 3.4
5-7 T3 79.6 3.6
\? T1 83.6 2.3
>7 T2 84.0 2.6
>'l T3 84.3 3.0

Graph 4.20

SNA over Time and Amount of Advancement
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SNB

The analyses showed that there rvas a significant change in SNB over time when amount

of advancement was also a variable ftr:0.03). ln the i-4 mm advancement group there
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was a significant difference belween T1 and T2 (p:0.01). In the 5-7 mm advancement

$oup there was a significant difference between T1 and T2 þ<0.0001); T1 and T3

(p:0.0003) but not T2 and 13 1p:9.10). h the >7 mm advancement group there was a

significant difference between T1 and T2 (p<0.0001); T1 and T3 (p<0.0001) but not T2

and T3 ftr:O.13). See Table 4.23 antGraph 4.21.

Table 4.23 SNB over time and amount of advancement

Amount of Advancement
(mm)

Time Mean (o) Std dev (SD)
(')

l-4 T1 75.2 2.5
t-4 T2 16.8 -')- 1

1-4 T3 76.4 3.1
5-1 T1 74.3 3.5
5-1 T2 76.8 3.7
5-7 T3 76.0 3.6
>7 T1 16.9 2.5
>7 '[2 81.1 J.J
\1 T3 80.2 3.2

Graph 4.21

SNB over Time and Amount of Advancement
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IMPA

The analyses showed that there was not a significant change in IMPA over time when

amount of advancement was also a variable (p:0.78). Furthermore, there was not a

significant relationship befween IMPA angle and the amount of advancement þ:Q.59¡.

See Table 4.24 ând Graph +.22.

Table 4.24 IMPA over time and amount of advancement

Amount of Advancement
(mm)

Time Mean (") Std dev (SD)
lo)

t-4 TI 98.9 1.8
l-4 T2 98.6 6.9
l-4 T3 98.6 6.9
5-1 TI 99.6 6.7
5-7 T2 98.7 6.1
5-7 T3 99.4 6.2

T1 98.0 4i9
>7 T2 95.2 3.9
>'l T3 96.1 3.8

Graph4.22
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Facial Angle

The analyses showed that there was a significant change in Facial Angle over time when

amount of advancement was also a variable (p:0.04). In the i-4 mm advancement group

there was not a significant difference between Tl and T2;T1and T3; T2 and T3

þ>0.05). ln the 5-7 mm advancement grbup there was a significant differencé between

Tl and T2 (p<0.0001); T1 and T3 (p:0.0006) but not T2 andT3 çp:9.29). in the >7 mm

advancement group there was a signif,rcant difference between T1 and T2 Cl<0.0001); T1
--...- .,:.i.1

and T3 þ:0.001); T2 and T3 1p:9.9t3). See Table 4.25 andGraph 4.23:. ':::'¡

Table 4.25 Facial Angle over time and amount of advancement

Amount of Advancement
(mm)

Time Mean (") Std dev (SD)
(')

1-4 T1 76.9 3.8
1-4 T2 77.7
14 T3 17.1 3.8
5-7 T1 76.1 3.7
5-1 ^î2 78.3 3.7
5-7 T3 77.8 3.8
>7 T1 79.3 2.9
>7 T2 82.8 3.4

T3 81.3 3.5

Graph 4.23

Facial angle over Time and Amount ofAdvancement
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Gonial Angle

The analyses showed that there was not a significant change in Gonial Angle over time

when amount of advancement was also a variable (p:0.87). Furthermore, there was not a

significant relationship between gonial angle and the amount of advancement (p:0.45).

See Table 4.26 and Graph 4.24.

Table 4.26 Gonial Angle over time and amount of advancement

Amount of Advancement
(mm)

Time Mean (') Std dev (SD)
(")

t-4 TI 21.1 6.9
t-4 T2 21.6 6.3
1-4 T3 26.1 8.1
5-1 TI 18.2 5.5
5-7 T2 24.3 6.1
5-1 T3 23.9 5.5
>'/ T1 19.4 4.7
>7 T2 26.2 5.1
>7 T3 26.1 5.3

Graph 4.24

Gonial Angle over Time and Amount of Advancement
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Articular Angle

The analyses showed that there was not a significant change in Articular Angle over time

when amount of advancement was also a variable (p:0.50). Furthermore, there was not a

significant relationship between articular angle and the amount of advancement (p:Q.32;.

' See Table 4.27 anð, Graph 4.25.

Table 4.27 Articular Angle over time and amount of advancement

Amount of Advancement
(mm)

Time Mean (") Std dev (SD)
lo)

t-4 TI 47.8 3.1
l-4 'î2 46.1 5.9
1-4 T3 41.4 5.3
5-7 T1 47.1 5.4
5-7 T2 46.6 6:.3 !'., '1,,.+i::

5-1 T3 47.3 6.2 :\' T1 49.1 6.2
>'7 T2 48.8 4.4
>,] T3 46.7 7.0

Graph 4.25
. . .' ...,1
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Mid-ramus Point

The analyses showed that there was a significant change in Mid-ramus point over time

when amount of advancement was also a variable þ:0.05). In the 1-4 mm advancement

group there was a signif,rcant difference between T1 and T2 (p<0.0001); T1 and T3

þ:0.0002);"T2 and T3 (p:0.0005). In the 5-i mm"advancement group there was a

significant difference between T1 and T2;Tl and T3: T2 and, T3 þ<0.0001). In the>7

mm advancement group there was a significant difference between T1 and T2 (p<0.001)'

T1 and 13 (p<0.001);T2 and 13 (p:0.0002). see Table 4.28 and Graph 4.26.

Table 4.28 Mid-ramus Point over time and amount of advancement

Amount of Advancemenf
(mm)

Time Mean (mm) Std dev (SD)
(mm)

T4 TI 0.0 0.0
1-4 T2 3.0 1.3
l-4 T3 1.6 L.3
5-1 T1 0.0 0.0
5-1 T2 3-t 1.1
5-7 T3 2.1 1.0
>'7 T1 0.0 0.0.
>'7 T2 4.5 1.8
>7 T3 3.0 r.4

Graph 4.26

Mid-Ramus over Time and Amount of Advancement
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Advancement

The analyses showed that there \Mas a significant change in Advancement over time (T1-

T2, T1-T3, T2-T3) when amount of advancement was also a variable þ:0.0001). See

Tabie 4.29 and Graph 4.27 .

Table 4.29 Advancemenf over time and the amount of advancement

Amount of Advancement
lmm)

Time Mean (mm) Std dev (SD)
(mm)

l-4 TI 0.0 0.0'
1-4 T2 3.6 0.5
t-4 T3 1.6 1.0
J-t TI 0.0 0.0
5-1 T2 5.7 0.7
5-1 T3 3.8 1.0
>7 TI 0.0 0.0
>7 'r2 8.7 0.8
>'7 T3 6.3 t.2

Graph 4.27
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4.5 Correlation of Mid-rarnus and Advancernent

Spearman correlation coefficients (r) were calculated for the correlation of the amount of

advancement and the amount of midramus change. These correlations were performed for

the three time periods and the differences between them. The first correlation was for the

correla'tion between advancement and midrámus change for time periods T1 to T2. There

was a positive correlation of r:0.42 with a significance value of p:g.g1r. The second was

for time periods T1 to T3 and found a positive correlation of r:0.38 with a significance

value of p:0.025. The third was for time periods T2 to T3 and found a positive

correlation of r:0.57 with a significance value of p:0.0004. See Table 4.30 for the means

and standard deviations of the differences between the time periods. See Graph 4.28 for a

plot of the correlations over time.

Table 4.30 Mid-ramus and Advancement between time periods

Measurernent Tl to T2 T1 to T3 T2 to T3
Midramus point 3.7+1.5 mm 2.2+1.3 mm 1.5+0.9 mm

Amount of Advancement 6.0*2.1ml]l 4.ùÌ2.0 mm -2.1*1.1 mm

Graph 4.28

CORRELATON OF MID-RAMUS AND ADV,ANCEMENT
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4.6 Correlation of Mid-rarnus and Advancement based on sub-groups

Spearman correlation coefficients (r) were calculated for the corelation of the amount of

advancement and the amount of midramus change. These changes were based on time

and the two sub-groups of type of mandibular deficiency and amount of advancement.

4.6.7 Type of Mandibular Deficiency

The patient values were subdivided into type of mandibular deficiency. The type I

mandibular deficiency group showed that there was not a significant correlation between

mid ramus and advancement from T1 to T2 (r:0.28;p:0.a0); T1 to T3 (r:0.06; p=0.87);

T2loT3 (r:0.46;p:0.16). The type flmandibulardeficiency gïoup showed that there

was not a significant correiation between mid ramus and advancement from T1 to T2

(=0.32;p:0.2r); T1 to T3 (r:0.37; p:0.14). There was a significant correlation from T2

to T3 (r:0.6; p:0.01). The type III mandibular deficiency group showed thalrthere was a

significant correlation between mid ramus and advancement from T1 to T2 (r:0.82;

p:0.025); T1 to T3 (r:0.79; p:0.036) and a non significant correlation between T2 to T3

(r:0.63; p:0.13). See Table 4.31. See Graph 4.29 for a plot of the corelations over time

and type of mandibular deficiency.

Table 4.31

Change in Mid Ramus and Advancement over time and type of mandibular deficiency

Type of Mandibular
Deficiencv

Measurement
lmm)

Tl to T2 Tl to T3 T2 toT3

Twe I MidRamus 3.6+1.5 2.1+1.1 1.5+0.9
Tvoe I Advancement 6.511.8 4.3+1.6 -2.2!1.5
Tvpe II Mid Ramus 3.8*1.5 2.4+1.4 l-5*0.8
Tvoe II Advancement 5.9+2.2 39L23 -2.0t0.9
Tvpe III Mid Ramus 3.6+L1 2.7+1.4 1.6+1.0
Twe IIi Advancement 5.612.2 3.6+2.2 -2.0L1.1
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CORRELATION OF MID-RAMUS AND ADVANCEMENT BASED ON TYPE
OF MANDIBU LAR DEFIG¡ENGY
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4.6.2 Amount of Advancement

The patient values were subdivided into amount of advancement. The small advancement

group (1-amm) showed that there was a significant correlation between mid ramus and

advancement from Tl to T2 (10.72; p:0.03) and no significance from Ti to T3 (r:0.34;

p:0.37) andT2 to T3 (r:0.59; p:0.09). The medium advancement group (5-7 mm)

showed that there was not a significant relationship between mid ramus and advancement

form T1 to T2 (=0.25; p=0.36); T1 to T3 (r:0.20; p:0.45) and significant relationship

from T2 to T3 (i:0.54;p:0.03). The large advancement group (>7mm) showed that

there was not a significant relationship from T1 to T2 (r:0.06; p:0.87); T1 to T3 (r: 0.3;

p:0.4) and a significant relationship fromTZ to T3 (r:0.74;p:9.915). See Table 4.32.

See Graph 4.30 for a piot of the correlations over time and amount of advancement.
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Table 4.32

Change in Mid Ramus and Advancement over time and amount of advancement

Amount of
Advancement

Measurement
lmm)

T1 to T2 Tl to T3 T2 to T3

1-4 mm Mid Ramus 3.0È 1.3 1.6+1.3 1.4*0.1
1-4 mm Advancement 3.6*0.5 1.6+1.0 -2.0+1.0
5-7 mm Mid Ramus 3.7+1.1 2.1* 1.0 1.6*1.0
5-7 mm Advancement 5.1+0.1 3.8+1.0 1.9*1.0
>7 mm MidRamus 4.5+ 1.8 3.0t1.4 1.5r0 8
>7 mm Advancement 8.7+0.8 6.3!.1.2 -2.4*t.3

Graph 4.30

GORRELATION OF MID.RAMUS AND ADVANCEMENT BASED ON
AMOUNT OF ADVANCEMENT
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Chapter 5 Discussion

This discussion section is comprised of the following sub-sections:

5.1 Cephalometricchanges

5.2 Correlation of midramus and advancement

5.3 Null hypothesis revisited

5.1 Cephalometric changes

Changes in cephalometric measurements (7 angular and 2 linear) were analyzed f¡om T1

toT2 and T3. The patients were then subdivided according to two variables: type of

mandibular deficiency and magnitude of advancement. The distribution of patients for the

type of mandibular deficiency was: Type I - 1 1 patients or 37o/o of the sample; Type II -

17 patients or 49o/o;and Type III-7 patients or 20Yo. This distribution is consistent with

a previous study of types of mandibular deficiency, which were 30o/o, 550/o, and l5Yo for

Type I, II, and III respectively (Wolford, L.M. 1978j The distribution of patients for the

magnitude of advancement groups was: Small (<4mm) - 8 patients or 23Yo; Medium (5-7

mm) - 17 patients or 49o/o; and Large (>7 mm) - l0 patients or 29Yo. This distribution is

also consistent with a previous study comparing different advancement groups which

were approximately l5o/o,50o/o and35o/o for small, medium and large advancements

respectively {Mobarak, K.A. 200 1 }.

The first cephalometric landmark to be analyzed was mandibular plane angle

(l\æA) There was a significant change in MPA from T1 to T2 and T1 to T3 but not

from T2 to T3. The mean increase in MPA from T1 to T3 was 2.15". This is consistent
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with a study that reported a mean shorl-term increase of 3 '4 + 0' 6o in MPA when the

mandible is advanced {Lake, S.L. 1981}. A study by Wolford et al' (1979) showed a

short-term increase of 4" in MPA when the mandible was advanced- when the patients

were sub-divided into the type of mandibular deficiency group the results showed no

significant change in MPA in relation to type of mandibular deficiency over time'

However, there was a significant difference in MPA between the deficiency groups' This

difference was desired because the deficiency groups were sub-divided according to

MPA. This result verified the fact that thìs study compared different mandibular

deficiency groups. The advancement groups also showed no significant differences in

change of MpA. This is not consistent with a study that has shown a decrease in MPA in

Type III deficiency patients when compared to an increase in Types I and II {Wolford

L.M. lg'/g\. Wolford et al. (1979) showed that there was an avelage increase of 3.9o and

4.4o tnMpA for Type I and Type II deficiencies respectively. The authors showed an

average decrease of 0.5' in MPA for Type III deficiencies. This is also not consistent

with findings that have shown a greater increase in MPA as the mandible is advanced a

greater amount due to an increase in the lower face height {Proffrt, W R' 2002}' The

reason for these inconsistencies may be due to the small sample size in the present study

and hence low power because of the strict inclusion criteria used in this project-

SNA showed no significant change over time, which is consistent with a sample

of non-growing patients only undergoing mandibular advancement surgery {Wolford

L.M. 1979]. Wolford et al. (1979) showed less than a 1" change in SNA between the pre

and post-surgical periods. There v/as no significant change in SNA over time when sub-

divided into the mandibular deficiency and advancement groups. The only significant
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relationship found was a greater SNA angle in patients with large advancements than

with medium or small advancements. This is logical since a greater SNA angle is

consistent with a greater sagittal discrepancy and a greater amount of mandibular

advancement would be necessary to solve this {Proffit, w. R 2002\.

There was a signif,rcant change in SNB from T1 to T2 and T1 to T3, but not T2 to

T3. The average change was2.Jo (T1-T2), 2.0" (T1-T3), and -0.7" (T2-T3)' one would

expect an increase in SNB as the mandible was advanced and a small decrease due to

relapse post-surgically as shown in this sample and these results were consistent with that

expectation. There was not a statistically significant difference between T2 to T3, which

was not expected since there was a significant relapse of the advancement (see the

advancement section). When type of deficiency was analyzed, there was not a signif,rcant

difference in SNB according to time and mandibular deficiency. There \ilas a significant

difference in mean SNB angles between the three types of mandibular deficiency; Type I

had the highest mean SNB value, Type II had a smaller SNB, and Type IIi had the least

sNB, which is consistent with a study by wolford et al. (1978). Wolford et al. showed

thatthe mean SNB values were76+O.Jo,74 r0.5" and72* 0.5o for Type I, II, and III

respectively. When magnitude of advancement was a variable, there were significant

differences in the small advancement group between Tl to T2 (increase of 1'6o), medium

and large advancement groups between Tl to T2 (increase of 2.5" and 4.2" respectively),

T1 to T3 (increase of 1.7" and 3.3o respectively), butnot T2to T3 (decreaseof 0'8o and

0.9o respectively). This is in harmony with the overall f,rndings in respect to the changes

in SNB and there was a greater increase in SNB as the advancement amount increased.

The differences in SNB in the small, medium and large advancement groups were l'6o,
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2.50 and 4.20 respectively. This is a logical outcome since the amount of advancement

influences the change in SNB. There was not a significant difference in short-term

relapse of sNB (T2 to T3) in any of the advancement groups- Thus amount of

advancement did not influence the amount of short-term relapse in SNB statistically'

This is ilconsistent with the data that shows that there was a linear relapse in the

advancement of the mandible during theT2 to T3 time periods.

ê,nalysis of IMPA showed that there was not a significant change according to

time, type of mandibular deficiency, or amount of advancement' Lake et a|' (1981)

showed that there was an average decrease in IMPA of 1.5t 0-6o in the immediate post

surgical period. Lake et al. (1981) also showed that there is a relative increase of IMPA

between the post-surgical period and the end of treatment. The authors suggested that the

reason for the itcrease in IMPA during this period occurs because as the mandible

relapses posteriorly, the lower incisors procline to occlusally compensate for this relapse'

The present study showed that IMPA was a relatively stable angle over time and sub-

groups in this sample. This is contradictory to Lake et al. and is not logical since there

must be an increase in IMPA if the mandible relapses if the occlusion is to be

satisfactory. In this study, there was a numerical trend for an increase in IMPA between

TZ andT3 however it was not statistically significant. If the sample size was larger there

may have been an increase in IMPA as Lake et al. (1981) have shown.

There was a signif,rcant change in facial angle between T1-T2, T1-T3, but not T2-

T3. ThefacialangleincreasedfromTl to T|by2.2o,decreasedfrom T2toT3byO't',

for an overall increase from T1 to T3 of i.5'. Since Facial Angle is influenced by the

sagittal position of pogonion point it is logical that it did increase as the mandible was
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advanced. However, it did not statistically decrease between T2to T3 as expected due to

short-term relapse of the mandible posteriorly. Further analysis showed that there was not

a significant difference in facial angle when time and type of deficiency was analyzed'

However, there was a significant relationship between facial angle and type of deficiency

when time was not a variable. The mean Facial Angles were largest for Type I (79 5"),

smaller for Type I1 (7',7 .4"), and smallest for Type III (73.1"). This has been shown to be

true in other studies of differences in type of mandibular deficiency {Wolford, L'M 1978;

Wolford, L.M 1979;Van Sickels, J.E. 1986). 'When magnitude of advancement was a

variable, there were not significant differences of facial angle in the small advancement

group between any of the time periods. However, there ipere significant differences in the

medium group between T1 to T2 (increase of 2'2"), T1 to T3 (increase of 1'7o), but not

T2 to T3 (decrease of 0.5"), and the large group between T 1 to T2 (increase of 3 ' 5 "), T 1

to T3 (increase of 2.0") andT}to T3 (decrease of i.5"). This showed that for small

advancements there was not a statistically signiflrcant change in facial angle. For medium

advancements there was a tendency for change but there was not a statistically significant

short-term relapse in facial angle. For large advancements there was a tendency for

change and short-term relapse in facial angle. This is consistent with the expectation that

greater magnitudes of advancement have a greater amount of relapse and this holds true

with the sample in this study. It may seem contradictory that there was not a significant

difference in the change in facial angle from TZ to T3, but there was a significant

difference in relapse from T2 to T3 (see advancement section of results). This can be

explained by the fact that there was a decrease in facial angle in the over all data from T2

to T3, but it was not statistically signifrcant. Since the statistical significance depends on
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the sample size or pov/er of the sample, it may have continued the numerical trend to

show statistical significance with a larger sample. Ideally, the sample size could be

increased to achieve a significant result, but was not possible with the available sample

material and the strict inclusion criteriar¡sed in the present study'

Gonial Angle showed a signif,rcant increase of 6.4",5'7" from T1-TZ and T1-T3

respectively and a decrease of 0.7o from T2-T3. There were significant differences from

Ti-T2, T1-T3, but not T2-T3. Lake et al. (1981) showed thatthere was a clockwise

rotation of the distal segment and a superior movement of the proximal segment during

rigid fixation, which led to an average increase of 10.7 + 0-7" in gonial angle immediately

after fixation. This is consistent with the results of this study. However, the study by

Lake et al. (1981) did not mention any relapse of gonial angle post surgically and the

present study did not find a statistically significant relapse in gonial angle betweenT2

and T3 either. When time and mandibular deficiency were factors, there was not a

difference in gonial angle. However, there was a relationship of gonial angle and type of

mandibular deficiency. The mean gonial angle increased from 1 15 ' i 
o, 

1 19.5o, and I25 '3'

when 1ooking at Type I, II, and III mandibular deficiencies respectively. This is logical

since MpA and gonial angle are related angles anatomically and both of them increase

and decrease under similar conditions {Will, L.A 1984}. 
'When the magnitude of

advancement was analyzed,there was not a significant change in gonial angle over time.

Analysis of the articular angle showed that there was not a significant change

based on time, type of mandibular deficiency, or amount of advancement' This shows

that the Arricular Angle is a relatively stable angle over time and within the sub-groups in
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our sample. This is consistent with the findings of van sickels et al. (1986), who showed

rhat rhe articular angle had a change of -2.3 +.3.4" after BSSRO with RIF'

Mid-Ramus point showed a mean increase from 0 mm to 3-73 mm between T1

andTl and a decrease of 1.5 mm from T2 to T3 for an overall increase of 2.2 mm. The

differences from T1-T2, Tl-T3 and T2-T3 were all significant and this showed that the

proximal segment did move forward after BSSRO and experienced a short-term relapse

after surgery. When this change was examined with the types of mandibular deficiency,

the results showed that there was not a significant difference in mid-ramus point with

respect to mandibular deficiency over time. Also, there was not a significant difference in

mid-ramus point between mandibular deficiency groups. Thus from our data we can

conclude that the type of mandibular deficiency did not influence the change in mid-

ramus point over time. When amount of advancement was added as a variable, the

results showed significant changes in mid-ramus point based on the advancement over

time. There was a trend in the change observed of mid-ramus between the small,

medium and large advancement groups. The mean change in mid-ramus was 3.0 mm, 3.7

mm and 4.5 mm for the small, medium and large groups respectively. The short term

relapse in mid-ramus was 1.4 mm (47%), 1.6 mm (43%), and 1.5 mm (33%) for the

small, medium and large groups respectively. The absolute amounts of relapse were

similar but the percentage of relapse decreased as the amount of advancement increased.

. Thus, the greater advancements experienced a greater change in the mid-ramus point and

there was a significant decrease in the relative amount of shorl-term relapse as the

mandible was advanced further. This result is counter intuitive because several studies

have shown that the greater advancement leads to greater relapse {Gassmann, C'J 1990;
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vanSickels l99l;watzke, I.M. 1991, Scheerlinck, I.P.1994, Blomqvist, I'E' 1997;

Mobarak 2001 ).

when advancement was measured over time there was a mean advancement of 6'01 mm

between Tl-T2 and a mean short-term relapse of 2.06 mm Qa%) between T2-T3, for an

over all mean advancement of 3.95 mm between T1-T3. Relapse rt rdå, of BSSRO with

RIF have shown variable amounts of relapse in advancement. Two studies had similar

parameters to this study and showed similar amounts of relapse to the present study

{vanSickels J.E. 1991; Mobarak K.A. 2001}. VanSickels et al. (1991) showed an

average relapse of 34o/o and Mobarak et al. (2001) showed an average relapse of 27-360/o

depending on the type of mandibular deficiency. Other studies have shown as low as 2-

20o/o relapse, but these studies had different research parameters and methodology

{Gassmann, C.J i990; Watzke, I.M. 1991; Scheerlinck, J-P. 1994; Blomqvist, J 'E' 1997} '

W.hen type of mandibular deficiency was added as a variable, there was not a significant

difference in amount of advancement over time. This showed that regardless of

mandibular deficiency the amount of mandibular advancement in our sample was not

statistically different. This is contradictory to the differences in advancement shown by

Mobarak et al. (2001). They showed that high angle patients had a tendency for a greater

mandibular advancement than medium and low angle patients (High: 7.6 mm, Med: 5'9

mm, and Low. 4.4 mm). The mean change in advancement in the present study was 3.6

mm, 5.7 mm and 8.7 mm for the small, medium and large groups respectively. The shorl-

term relapse in advancement was 2.0 mm(56%:o),1.9 mm (33Yo), and2-4 mm(26%) fot

the small, medium and large groups respectively. Just like the relapse in mid-ramus, the

absolute amounts of relapse were similar but the percentage of relapse decreased as the
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amount of advancement increased. Thus, the greater advancements experienced a

significant decrease in the relative amount of short-term relapse as the mandible was

advanced furrher. This result is counter intuitive because several studies have shown that

the greater advancement leads to greater relapse {Gassmann, C'J 1990; VanSickels 1991;

warzke, LM. 1991; Scheerlinck, J.P. 1994;Blomqvist, J.E. 1997, Mobarak 2001). In the

next section, the correlation of mid-ramus and advancement will be analyzed-

Furthermore, the differences in relapse in mid-ramus point and advancement in the short-

term can be explained by both osteotomy slippage and condylaf sag due to

paramandibular connective tissue stretch (PMCT) {Arnett, G.W 1993}

In this study, the investigator has been comparing the differences in linear and

angular measurements. The differences in linear measurements when compared to

difference in angular measurements are much more sensitive to changes. Baumrind et al-

(1971) explained this as a geometrical phenomenon. Angular measurements gauge the

magnitude of two points at a distance compared to linear measurements, which determine

the magnitude between adjacent points. Due to this geometrical difference, a linear

measurement can show a greater magnitude of difference in two points compared to an

angular measurement of the same two points. In the present study there were significant

differences in linear measurements in advancement and relapse of the proximal and distal

segments of the mandible. However, when similar angular measurements were compared,

such as SNB and facial angle, there was not a statistical difference when one was

expected. There are several explanations for tfris including the small sample size of the

study group. Another explanation is the use of angular measurements showed a very
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small change in magnitude, which when statistically analyzed did not yield a significant

result.

5.2 Correlation of midramus and advancement

The first correlations to be.measured were between the change in mid-ramus and

advancement over the th¡ee time periods. The results showed that there was a positive

correlation over all three time periods (T1-T2, T1-T3, and T2-T3) and all of these

correlations were statistically signifrcant at p<0.05. The highest correlation was between

T2-T3 (r:0.57; p:0.0004) and this means as midramus relapsed back so did the amount

of advancement. AIso, the fact that the changes in these two points were correlated

throughout all th¡ee times periods suggests that they are associated.

When the patients were subdivided into type of mandibular deficiency, the Type I

deficiency group did not have a significant correlation throughout all of the time periods.

The Type II deficiency group did have a significant correlation from T2 to T3 (r:0.6;

p:0.01). In the Type III deficiency group there was a significant correlation from T1 to

TZ (rO.gZ; p:0.025), T1 to T3 (r-0.79, p:0.036), and no significant correlation from T2

to T3. This means that only in the Type II or average mandibular deficiency group there

was a relationship of relapse in the mid-ramus point and amount of advancement relapse

post surgically. Also, only in the Type III or high angle mandibular deficiency group

there was a relationship between the change in midramus and amount of advancement

from Tl toTZ and T1 to T3. There was not a relationship in the amount of relapse in this

group. So the only changes that occurred in this group were betu'een the presurgical and

post surgical times and the presurgical and final time points. Since, these changes are

only in a positive anterior-posterior direction, the results indicate that in this group there
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was a stable anterior movement of mid-ramus point with the advancement that occur¡ed.

From this data it can be deduced that only the Type II group had a correlation in relapse

or posterior movement of mid-ramus and advancement.

" When the patients were subdivided into amount of advancement, the small

advancement (1-4 mm) group showed a significant correlation from Tl to T2 (r:0.72;

p:0.03) only. The medium advancement (5-7 mm) group showed a signif,rcant correlation

from T2 to T3 (r:0.54, p:0 03) only. Finally, the large advancement (>7 mm) group

showed a significant correlation from T2 to T3 (=0.74, p:0.015) only. These results

showed that in the small advancement group there was only a correlation between mid-

ramus and advancement in the presurgical to post surgical time periods and there was not

a significant correlation during the relapse periods. Also, in the medium and large

advancement groups there was only a significant correlation in mid-ramus and

advancement during the relapse time periods. As the advancement amount increased so

did the correlation and the significance level. From this data we can conclude thal a larger

advancement lead to an increase in correlation in the relapse of mid-ramus and

advancement.

5.3 Null Hypothesis Revisited

The first null hypothesis of the study states that there is not a statistically significant

difference in the cephalometric measurements between the three time periods

measured.

The first null hypothesis is rejected. There were statistically significant differences for

MPA! SNB, facial angle, gonial angle, mid-ramus point and advancement between the

time periods.
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The second null hypothesis of the study states that there is not a statistically

significant difference in the cephalometric measurements between the three time

periods when type of mandibular deficiency is included as a variable.

The second null hypothesis is accepted since there is not a statistically significant

difference in the measurements over time and type of mandibular deficiency'

The third null hypothesis of the study states that there * tr, a statistically

significant difference in the cephalometric measurements between the three time

periods when amount of advancement of the mandible is included as a variable.

The third null hypothesis is rejected since there is a statisticaliy significant difference for

SNB, facial angle, and mid-ramus point over time and amount of advancement'

The forth null hypothesis of the study states that there is not a statistically

significant correlation in the sagittal positional change of the proximal segment of

the mandible (mid-ramus point) and the total amount of advancement of the

mandible.

The forth null hypothesis is rejected since there is a statistically signif,rcant correlation of

the mid-ramus point and amount of advancement over time'

The fifth null hypothesis of the study states that there is not a statistically significant

correlation in the sagittal positional change of the proximal segment of the mandible

(mid-ramus point) and the total amount of advancement of the mandible when type

of mandibular deficiency is added as a variable.

The fifth null hypothesis is rejected since there is a statistically significant correlation of

the mid-ramus point and the amount of advancement when type of mandibular deficiency

is a variable.

The sixth null hypothesis of ttr" ,t,rOy states that there is not a statistically

significant correlation in the sagittal positional change of the proximal segment of

the mandible (mid-ramus point) and the total amount of advancement of the

mandible when relative amount of advancement is added as a variable'
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The sixth null hypothesis is rejected since there is a statistically significant correlation of

the mid-ramus point and the amount of advancement when amount of advancement is a

variable.
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Chapter 6 Conclusion and Future Research

This conclusion and future research section is comprised of the following sub-sections

6.1 Conclusion

6.2 Limitations of Study and Future Research

6.L Conclusion

The following conclusions are supported by the present study.

1) There were significant changes in the cephalometric values for MP,\ SNB, facial

angle, gonial angle, mid-ramus point and advancement immediately after surgery

and at the end of treatment compared to the pre-surgical values.

2) The type of mandibular deficiency did not influence the cephalometric

measurements studied in this project.

3) The relative amount of advancement did influence the cephalometric values for

SNB, facial angle, and mid-ramus point immediately after surgery and at the end

of treatment when compared to the pre-surgical values.

4) There is a positive co¡relation between the movement of the proximal segment

and the amount of advancement performed. This conelation is significant when

the mandible is advanced between the pre and post-surgical periods and when the

advancement relapses between the post-surgical period and the end of orthodontic

treatment.

' 5) The type of mandibular defrciency and the amount of advancement influenced the

correlation between the movement of the proximal segment and the amount the

mandible moved.
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6.2 Limitations of Study and Future Research

Alimitation of many studies is sample size and the same canbe said of this study.

Hundreds of patient records were examined to find the 35 patients who met the inclusion

criteria of this study. Some of the results of this study showed a numerical difference

between the variables but when statistical analysis was introduced, there was not a

significant result. A larger sample size could help reveal a significant result and future

studies should focus on larger sample sizes.

A second limitation of this study is that only two-dimensional changes were

evaluated. Due to the availability of cephalometric radiographs many studies can be

performed on these films. The problem is that we live in a tkee dimensional world. With

the use of cone beam technology, it is possible that future studies can be performed on

three-dimensional data.

A third limitation is that only one surgeon's orthognathic results were evaluated'

The results would be more significant if data from multiple oral and maxillofacial

surgeons generated those same conclusions. The next step would be to do a multi-center

study that involved several surgeons.

The fourth limitation of this study is that only one method of rigid fixation was

evaluated. There are many protocols for rigid fixation based on the center that the

surgery is performed and the skill level of the individual surgeon. A different method of

fixation may provide a different result.
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Appendix 8.1 Patient Data
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Articular Angle
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o2
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139

0

0

Post surgical
29

81

81

93

84

127
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77

98

79

133
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Post surgical
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92
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Final
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Õ.1
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96
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o¿
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94

83
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Change

Change
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71

113

71

112
140
0

0

Presurgical
30
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74
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77
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2

4

Final
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76

72
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72

113
140

0

2

Post surgical
36

75

74
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35

75

74
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116
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Articular Angle
Mid-ramus Pt (mm)
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MPA 32 34 33

sNA 84 83 83
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85
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Patient
12

Presurgical Post surgical Final

MPA 29 34 34

sNA 81 80 82

sNB 77 78 79

|MPA 96 99 98

FacialAngle 79 79 80

GonialAngle 114 126 127

Articular Angle 147 139 140

Mid-ramus Pt (mm) 0 4 3

Advancement(mm) 0 4 3
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Presurgical Post surgical Final

MPA 25 27 28

sNA 88 87 87

sNB 81 83 82
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FacialAngle 82 83 83

Gonial Angle 118 125 123
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Mid-ramus Pt (mm) 0 4 2
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14

Presurgical Post surgical Final

MPA 31 32 36

sNA 80 78 77

sNB 75 79 7s
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Advancement(mm) 0 6 3
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15

Change
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Presurgical Post surgical Final Change

28 28 30

87 85 84
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SNB
IMPA
FacialAngle
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Mid-ramus Pt (mm)
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MPA 30 35 34
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Presurgical Post surgical Final
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sNA 81 80 82

sNB 75 77 78
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Advancement(mm) 0 3 2

Patient
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32 34 37

120
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0

0

123
144

4
I

129
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4
7

0

-¿

Change

0
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Change

Change
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-1

t20

MPA
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FacialAngle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)
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20

Presurgical Post surgical Final

MPA 37 37 36

sNA 80 80 79
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sNA 83 84 82
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Presurgical Post surgical Final

MPA 34 32 34

sNA 79 7e 78

sNB 73 76 76

IMPA 92 94 100

FacialAngle 75 78 78

Gonial Angle 118 126 125

Articular Angle 150 142 142
Mid-ramus Pt (mm) 0 4 3

Advancement(mm) 0 7 6
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74
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143
0

0

80
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97

78

126
147

4

7

78
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98

74

128

149

J

4

-1

-ó

Change

-2

-3

Change

-2

-2

Change

-1

-1

121



Patient
z.)

MPA
SNA
SNB

IMPA

Facial Angle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Post surgical Final Change

35 36

75 75

71 74

100 100

73 77

122 126
149 147

Presurgical
30

76

72

100

75

125
143
0

0

2

6.5
1

4.5

Patient
24

Presurgical Post surgical Final

MPA 38 35 36

sNA 75 75 76

sNB 68 70 72

IMPA 95 S7 103

FacialAngle 70 72 73

GonialAngle 120 122 121

Articular Angle 145 150 150

Mid-ramus Pt (mm) 0 3.5 3.5

Advancement(mm) 0 5 5

Patient
25

Presurgical Post surgical Final

MPA 25 30 30

sNA 81 80 81

sNB 77 80 81

|MPA 102 95 90

FacialAngle 80 82 83

GonialAngle 110 110 116

Articular Angle 147 163 157

Mid-ramus Pt (mm) 0 3 2

Advancement(mm) 0 5 3

-1

-¿

Change

Change

-1

-2

Patient
26

MPA

SNA
SNB

IMPA
FacialAngle
GonialAngle

Presurgical Post surgical Final Change

24 21 24

86 89 89

80 88 84

102 97 102

82 89 86

116 121 122

122



Articular Angle 153

Mid-ramus Pt (mm) 0

Advancement (mm) 0

150

4
oU

148

2

5

a.L

-ó

Change

-1

-1

Change

-1

-1

Change

Patient
27

Presurgical Post surgical Final
MPA 36 36 36

sNA 80 85 84
sNB 74 80 79
|MPA 94 93 93

FacialAngle 76 82 81

GonialAngle 120 122 123
Articular Angle 160 157 160

Mid-ramus Pt (mm) 0 3 2
Advancement(mm) 0 I I

Patieni
28

Presurgical Post surgical Final
MPA 40 41 43
sNA 82 84 80

sNB 73 77 74
|MPA 104 104 102
FacialAngle 73 76 73

Gonial Angle 127 133 135

Articular Angle 154 155 160

Mid-ramus Pt (mm) 0 2 1

Advancement(mm) 0 5 4

Patient
29

Presurgical Post surgical Final
MPA 27 29 29
sNA 85 85 89
sNB 78 79 85

IMPA 90 96 94
FacialAngle 80 81 86

Gonial Angle 115 121 1 19

Articular Angle 155 150 152
Mid-ramus Pt (mm) 0 1 1

Advancement(mm) 0 I 8

Patient
30

Presurgical Post surgical Final
39 40 42
77 75 76

MPA
SNA

123

Change



SNB

IMPA
FacialAngle
Gonial Angle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Patiént
31

MPA
SNA
SNB
IMPA
FacialAngle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Patient
32

MPA
SNA
SNB
IMPA
FacialAngle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Patient
c¿)

MPA
SNA
SNB
IMPA
FacialAngle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Patient

Presurgical
25

OJ

75

116

75

112

144

0
rì

Post surgical
28
oz

78

111

78

122

142
À+

5

70
o2

71

121

150

0

0

72

92

73
128
143
q

71

94

72

126
147

2
J

Presurgical
24

84

79
104
80

117

138

0

0

Post surgical
26

84

81

109

ö¿

125

137

J

6

Change

Change

Change

Final
27
84

77

110

78

118

148
2

4

-3
-J

-2
-1

-1

-3

-1

-J

Final
24

86

83

105

84

126
137

2
J

Presurgical
45

UJ

72

94

72

130

149

0

0

Post surgical
50

82

74

97

72

136

148

1

ó

Final
50

80

72

100

71 '

134
155

0

0
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34

MPA
SNA

SNB

IMPA
FacialAngle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Paiient
35

MPA
SNA
SNB

IMPA

FacialAngle
GonialAngle
Articular Angle
Mid-ramus Pt (mm)

Advancement (mm)

Presurgical
26
OJ

78

101

80

114
147

0

0

Post surgical
3¿

80

80

99

82

126
152
6

10

Final

31

85

81

96

82

125

144

4

5

Change

Change

-2

-5

Presurgical
30

B6

78

105

81

123
149
0

0

Post surgical
32

89

84

98

85

131

150

5

4

Final
37

87

81

88

83

138

145
J

0

-2
-4

t25
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Change in the position of the proximal segment following Bilateral
Sagittal Split Ramus Osteotomy (BSSR.O)

ABSTRACT

Furpose: To measure the change in the proximal segment of the mandible after BSSO

for mandibular advancement and to determine if the amount of movement of the

proximal segment can be correlated to relapse potential.

Methods: A retrospective study of 35 patients (12 males,23 females) who underwent

bilateral sagittal split ramus osteotomy (BSSRO) advancement with rigid internal fixation

(RF) was undertaken. Lateral cephalograms obtained preoperatively (T1), early

postoperatively (T2), and after orthodontic treatment (T3) were used to assess: 4 angllar

(MPA, SNA5 SNB, and gonial angle) and 2linear measurements (change in the proximal

segment at mid-ramus point and amount of advancement at pogonion). A repeated

measures ANOVA was used and then a least squared means comparison was used to

determine the significant differences in parameters between the three different time

periods and subgroups. Correlations between variables were obtained using the Spearman

correlation pro c edure.

Results: There were signifrcant changes in the cephalometric values for MPA, SNB,

gonial angle, mid-ramus point and advancement immediately after surgery and at the end

of treatment compared to the pre-surgical values. The mean change in mid-ramus point

was 3.7 + 1.5 mm (T1-T2) and -1.5 + 0.9 mm (T2-T3). The mean change in mandibular

advancement was 6.0 + 2 1 mm (T1-T2) and -2.1 + 1.1 mm (T2-T3). The change in mid-

ramus point and amount of advancement were well correlated and the Spearman

correlation values were r:0.42 (T1-T2) and=0.57 (T2-T3).
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Conclusions: Statistically significant changes occurred in the sagittal position of the

proximal segment at mid-ramus point as the mandible was advanced (T1-T2) and

relapsed (T2-T3). There was also a statistically significant correlation in the movement of

the proximal segment as the mandible was advanced and relapsed. Thus, movement of

the proximal segment does occur when the måndible is advanced and there is a positive

correlation of this movement with the amount of advancement and relapse'
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INTRODUCTION

Orthognathic surgery is an important treatment method for patients with significant

skeletal dysplasias. Surgical procedures to correct mandibular skeletal deformities have

only been performed routinely since 1950.to''o Fo. patients who choose orthognathic

surgery to correct their skeletal problems involving the mandible, the most common

approach to treatment today is the bilateral sagittal split ramus osteotomy (BSSRO) and

rigid internal fixation (Rm) to'te''o Post-surgical stability has been enhanced with the

introduction of RIF however, surgical relapse may still be present. Many BSSRO studies

have examined relapse and have described a number of variables that seemingly cause

relapse.l0'1''tt''o These studies have generally isolated proximal fragment (the posterior

segment of the mandible) positional change as the major source of early relapse. t0't3't'7'24

The methods of most relapse studies on mandibular advancement with RIF have been

based primarily on measuring changes of the distal (anterior) mandibular landmarks in

the post surgical time period, with very little reported on post surgical condylar and

ramus position. 10'16'23'33'34 The posterior border of the ramus and more specifrcally the

mid-ramus can be visualized and can be used as a stable measurement on lateral

cephalometric radiographs. Additionally, the change in position of the posterior border

of the ramus post-surgically may lead to unstable skeletal relationships which may

contribute to post surgical relapse.t0''6'te'23'24'33'34 Thus it is important to quantify the

movement of the proximal segment and see if these measurements can be used to predict

post-surgical stability.

The principle purpose of this study is to measure the change in the proximal segment of

the mandible after BSSRO for mandibular advancement.

130



In addition, to determine if the amount of movement of the proximal segment that can be

correlated to the amount of relapse in patients.
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MATERIALS AND METHODS

The sample was derived from records of patients treated in a graduate orthodontic

university clinic. A total of 3 5 patients ( 13 males and 2J females) who underwent a

mandibular advancement with BSSRO and RIF were selected from a sample of

approximately 350 patients, based on specific inclusion and exclusion criteria. Ethics

approval for this study was obtained from the University Research Ethics Board. Lateral

cephalometric radiographs were obtained 1 to 8 weeks before surgery (T1), 1 to 4 weeks

after surgery (T2) and after the orthodontic fixed appliances \Ã/ere removed (T3).The

lateral cephalometric radiographs were taken by a Gendex cephalostat (GX900) installed

in 1990. Settings were: 90 KvP, 15 mA, 15 cm distance, 15 milli-second exposure.

Cephalometric tracings and measurements were undertaken by a single operator on the

three radiographs (Tl, T2, and T3). The radiographs \ilere then superimposed according

to the American Board of Orthodontists' standards and compared. Ten (10%)

cephalograms were re-traced two weeks after the first set was traced. The systematic

error was assessed by a paired /-test on the means of individual variables obtained from

the measurements on the two separate occasions. The intra-examiner correlation was

tested and set at95o/o agreement.

The following landmarks were identified on each cephalogram, from which various linear

and angular measurements were derived: Sella turcica (S), Nasion (N), Orbitale (Or),

Porion (Po), A-Point (A), B-Point (B), Pogonion (Pg), Menton (Me), Gonion (G), Mid-

ramus point (MR), Articulare (Ar), Lower incisor incisal edge (LI), and Lower incisor

root apex (LR).
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From these landmarks, the following linear and angular measurements were derived:

mandibular plane angle (NPA), SNÀ SNB, gonial angle, change in mid-ramus point,

and amount of advancement . The amount of mandibular advancement was measured by

superimposing pogonion (Pg) point. The amount of displacement of the proximal

segment \¡/as measured by superimposing mid-ramus (MR) point. The landmarks

identified on each cephalogram are shown in Figure i. From the landmarks, linear and

angular measurements were derived as described in Table 1'

Cephalometric measurements were entered into a Microsoft Excel spreadsheet (Microsoft

Corp., Redmond WA). Descriptive statistics obtained included the mean, standard

deviation, and minimum and maximum values for each parameter measured.

A repeated measures ANOVA was used and then a least squared means comparison was

used to determine the significant differences in parameters between the three different

time periods. To measure the strength of relationship between the change in midramus

point and the advancement of the mandible that showed to be statistically different

between the studied groups, the correlation coefficient (r) was calculated. Correlations

were obtained using the Spearman Correlation procedure.

The software used for statistical analysis was SAS version 9.1 (Cary, NC, USA).

The level of significance was predetermined at the 0.05 level of confidence.
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RESULTS

Angular Measurements

The analysis revealed that there was a change in MPA over time. MPA increased

from 30.5i" (sD 5.36) atTl, to 32.97" (SD 5.38) atT2,to33.26" (SD 5.42) atT3, for an

average incr"ease of 2.75" from Tl to T3. There was a significant change between Tl to"

T2 and T1 to T3 (p< 0001) but not from T2toT3 (p> 05) (Figure 2). The analysis

showed that there was not a significant change (p> 05) in SNA over time (Figure 3).

There was a significant change in SNB over time. SNB increased from 75.29" (SD 3.34)

at T1, to 78.00o (SD 3.92) atT2 and decreased to 77 .34" (SD 3.75) at T3. There was a

significant change from Tl to T2 and Tl to T3 (p< 0001) but not from T2 to T3 (p> 05)

(Figure 4). There was a significant change in gonial angle over time. Gonial angle

increased from 1 19.29'(SD 5.62) at T1, to 725.66" (SD 5.90) atT2 and decreased to

725]f (SD 6 12) at T3. There was a significant change from T1 to T2 and T1 to T3

(p<.0001) but not from T2 to T3 (p> 05) (Figure 5)

Linear Measurements

There was a significant change in mid-ramus point over time. Mid-ramus point

increased from 0 mm at T1, to 3.73 mm (SD 1 48) at T2 and decreased to 2.27 mm (SD

I .29) at T3 . There was a signif,rcant change from T 1 to T2, T2 to T3 and T i to T3

(p< 0001) (Figure 6). There was a signif,rcant change in advancement over time. The

advancement increased from 0 mm at T1, to 6.01 mm (SD 2.06) atTZ and decreased to

3.95 mm (SD 2.05) atT3. There \ryas a relapse of 2.06 mm Qa%) between T2 and T3.

There was a significant change from Tl toT2,TZtoT3 and Tl to T3 (p<.0001) (Figure

7)
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Correlation of Mid-râmus and Advancement

Spearman correlation coefficients (r) were calculated for the correlation of the

amount of advancement and the amount of midramus change. These correlations were

performed for the th¡ee time periods and the differences between them. The first

correlation was for the correlation between advancement and midiamus change for time

periods T 7 to T2. There was a positive correlation of =0 .42 with a significance value of

p:0.013. The second was for time periods T1 to T3 and found a positive correlation of

r:0.38 with a significance value of p:0.025. The third was for time periods T2 to T3 and

found a positive correlation of r:0.57 with a significance value of p:0.0004. See Table2

for the means and standard deviations of the differences between the time periods. See

Figure 8 for a plot of the correlations over time.
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DISCUSSION

The first cephalometric landmark to be analyzedwas mandibular plane angle

(l\ÆA) There was a significant change in MPA from Tl to T2 and Tl to T3 but not

from T2 to T3. The mean increase in MPA þrom T1 to T3 was 2.'75o. This is consistent

with a study that reported a mean short-term increase of 3.4 + 0.6o in MPA when the

mandible is advanced.t' A study by Wolford et al. (1979¡35'36 showed a short-term

increase of 4o in MPA when the mandible was advanced.

SNA showed no significant change over time, which is consistent with a sample

of non-growing patients only undergoing mandibular advancement surgery.3s'36'Wolford

et al. (1979)3s'36 showed less than a 1o change in SNA between the pre and post-surgical

periods.

There was a significant change in SNB from Tl toT2 and Tl to T3, but not T2 to

T3. The average change was2.7o (T1-T2), 2.0" (T1-T3), *d -0.7'(T2-T3). One would

expect an increase in SNB as the mandible was advanced and a small decrease due to

relapse post-surgically as shown in this sample and these results were consistent with that

expectation. There was not a statistically significant difference between T2toT3, which

was not expected since there was a significant relapse of the advancement.

Gonial Angle showed a significant increase of 6.4",5.7o from TI-TZ and T1-T3

respectively and a decrease of 0.7o from T2-T3. There were significant differences from

TI-T2, T1-T3, but not T2-T3. Lake et al. (1981)t2 showed that there was a clockwise

rotation of the distal segment and a superior movement of the proximal segment during

ngrd fixatton, which led to an average increase of 10.7 L 0.7" in gonial angle immediately
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after fixation. This is consistent with the results of this study. However, the study by

Lake et al. (1981)12 did not mention any relapse of gonial angle post surgically and the

present study did not find a statistically significant relapse in gonial angle betweenT2

and T3 either.

Mid-Ramus point shor¡¿ed a mean increase from 0 mm to 3.73 mmbetween T1 and T2

and a decrease of 1.5 mm from T2 to T3 for an overall increase of 2.2 mm. The

differences from T I -T2, T7-T3 and T2-T3 were all significant and this showed that the

proximal segment did move forward after BSSRO and experienced a short-term relapse

after surgery.

When advancement was measured over time there was a mean advancement of 6.01 mm

between TI-T2 and a mean short-term relapse of 2.06 mm (34%) between T2-T3, for an

over all mean advancement of 3.95 mm between T1-T3. Relapse studies of BSSRO with

RIF have shown variable amounts of relapse in advancement. Two studies had similar

parameters to this study and showed similar amounts of relapse to the present

study.t3'25'26'2'1'28'2e'30 Van Sickels et al. (1991)25showed an average relapse of 34Yo and

Moba¡ak et al. (2001)13 showed an average relapse of 27-360/o depending on the type of

mandibular deficiency. Other studies have shown as low as2-20o/o relapse, but these

studies had different research parameters and methodology. 5'6't 1'21'3 r'32

In this study, the investigator has been comparing the differences in linear and

angular measurements. The differences in linear measurements when compared to

difference in angular measurements are much more sensitive to changes. Baumrind et al.

Og7Ðr'2 explained this as a geometrical phenomenon. Angular measurements gauge the

magnitude of two points at a distance compared to linear measurements, which determine
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the magnitude between adjacent points. t'' Du" to this geometrical difference, a linear

measurement can show a greater magnitude of difference in two points compared to an

angular measurement of the same two points. l'2 In the present study there were

significant differences in linear measurements in advancement and relapse of the

þroximal and distal segments of the mandible. However, when similar unguiu,

measurements were compared, such as SNB, there was not a statistical difference when

one was expected. There are several explanations for this including the small sample size

of the study group. Another explanation is the use of angular measurements showed a

very small change in magnitude, which when statistically analyzed did not yield a

signif,rcant result.

The first correlations to be measured were between the change in mid-ramus and

advancement over the three time periods. The results showed that there was a positive

correlation over all three time periods (T1-T2, T1-T3, and T2-T3) and all of these

correlations were statistically significant at p<0.05. The highest correlation \¡/as between

T2-T3 (=0.57; p:0.0004) and this means as midramus relapsed back so did the amount

of advancement. Also, the factthatthe changes in these two points were correlated

throughout all three times periods suggests that they are associated.
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COT{CI-USIOI\S

1) There were significant changes in the cephalometric values for MPA, SNB, gonial

angle, mid-ramus point and advancement immediately after surgery and at the end

of treatment compared to the pre-surgical values.

2) There is a positive correlation between the movement of the proximal segment

and the amount of advancement performed. This correlation is significant when

the mandible is advanced between the pre and post-surgical periods and when the

advancement relapses between the post-surgical period and the end of orthodontic

treatment.
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ILLUSTRATIONS

Figure I Lateral cephalometric analysis points.

Figure 2 MPA over time '

Figure 3 SNA over time

Figure 4 SNB over time

Figure 5 Gonial angle over time

Figure 6 Mid-Ramus over time

Figure 7 Advancement over time

Figure 8 correlation ofMid-ramus and Advancement

Table I Cephalometric landmarks and measurements definitions

Table 2 Mid-ramus and Advancement between time periods
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Figure 1 Lateral cephalometric analysis points.

Fígure 2 MPA over time
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Figure 3 SNA over time

Figure 4 SNB over time
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Figure 5 Gonial angle over time

Figure 6 Mid-Ramus over time

change in Mid-Ramus over t¡me

Change in Gonial Angle over time
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Figure I Advancement over time

Change in Advancement over t¡me

Figure 8 Correlation of Mid-ramus and Advancement

CORRELATION OF MID-RAMUS AND ADVANCEMENT
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Table 1. Cephalometric landmarks and measurements definitions (Adapted from Bishara,3
Bjorkrs DaskalogiannakisrT Dorvns,s Proffit,la'rs Rickettsrzo and Steinerr2z)

Landmarks and
lufeasurements

Defuritions

s Sella tu'cica - tJ¡.e geometric center ofthe pituitary fossa (sella turcica), determined by inspection - a const¡ucted
point in the midsagittal p.lane.

Nasion -the craniometric point where the midsagittal plane intersects the most anterior point ofnaso-front¿l
suture.

Me
Menton - most inferior point on the symphysis of the mandible in the median pla¡e. Seen in the lateral
radiograph as the most inferior point on the symphyseal outline when the head is oriented jn the F¡ankfol
Relation.

Go Gonion -the constructed po.int at the intersection ofthe ramus olane and the mandibular nlane

Pog
Pogonion - the most anterior point ofthe symphysis oflhe mandible in the median plane when the head is
viewecl i¡ Frankfol relations.

Pr Porion -the most superìor point ofthe outline ofthe external auditorv meatus.
Or Orbitale r fJre lowest point on the inferior orbital marein.
L] Incisal Edge ofLower Incisor - the incisal tip ofthe most labiallv placed mandibular incisor.

¿n
Root ofLower Incisor - the root tip of mandibular incisor. When the root is not yet completed, the midpoint of
the growing root tip is marked.

Ar Articulare - inlersection ofthe lateral radiographic image ofthe posterior border ofthe ¡amus with the base of
the occipital bone.

A
A point -the most posterior point ofthe concavity between the anterìor nasal spine and the most inferior point on
the alveola¡ bone labial to the maxillary incisors

B B point -lhe most posterior point ofthe concavity between the most superior point on the alveolar bone labial to
thc ma¡dibular incisors and pogonion

AD
Advancement -the change in the position of pogonion (Pg) between T1-T2 and T2-T3. This measurement is
reported in millimeters

MR Mid-Ramus - the change in the position ofmid-ramus point (MR) between Tl-T2 and T2-T3. This measurement
is repoled in mi.llimete¡s

SNA SNI * the angle fo¡mejl by fhe intersection oflhe sella-nasion plane and a .line drawn from nasion 16 4-point
SNB Si/B -lhe a¡gle formed by the intersection ofthe sella-nasion plane and a line d¡awn from nasion to B-point.

MPA
Mandibular Plane Angle -the anterior angle formed by the intersection ofthe sella-nasion plane and a tangent 1o
the lower borde¡ ofthe mandible and symphysis.

AR-GO-ME
Gonial Angle - the angle formed by the body ofthe mandible and the ¿scending ramus meeting thè exte.nded
gonion.

Table 2 Mid-ramus and Advancement between time periods

Measurement Tl to T2 Tl to T3 T2 to T3
Mid¡amus point 3.7+1.5 mm 2.2+7.3 mm 1.5È0.9 mm

Amount of Advancement 6.0+2.i mm 4.0+2.0 mm -2.1+1.1mm
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