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Stability After Bilateral Sagittal Split
Osteotomy Advancement Surgery With

Rigid Internal Fixation: A
Systematic Review

Christof Urs Joss, DDS, MSc,* and Isabella Maria Vassalli, DDS†

Purpose: The purpose of this systematic review was to evaluate horizontal relapse and its causes in
bilateral sagittal split advancement osteotomy (BSSO) with rigid internal fixation of different types.

Materials and Methods: A search of the literature was performed in the databases PubMed, Ovid,
Cochrane Library, and Google Scholar Beta. From 488 articles identified, 24 articles were finally included.
Six studies were prospective, and 18 were retrospective. The range of postoperative study records was
6 months to 12.7 years.

Results: The short-term relapse for bicortical screws was between 1.5% and 32.7%, for miniplates
between 1.5% and 18.0%, and for bioresorbable bicortical screws between 10.4% and 17.4%, at point B.
The long-term relapse for bicortical screws was between 2.0% and 50.3%, and for miniplates between
1.5% and 8.9%, at point B.

Conclusions: BSSO for mandibular advancement is a good treatment option for skeletal Class II, but
seems less stable than BSSO setback in the short and long terms. Bicortical screws of titanium, stainless
steel, or bioresorbable material show little difference regarding skeletal stability compared with
miniplates in the short term. A greater number of studies with larger skeletal long-term relapse rates were
evident in patients treated with bicortical screws instead of miniplates. The etiology of relapse is
multifactorial, involving the proper seating of the condyles, the amount of advancement, the soft tissue
and muscles, the mandibular plane angle, the remaining growth and remodeling, the skill of the surgeon,
and preoperative age. Patients with a low mandibular plane angle have increased vertical relapse,
whereas patients with a high mandibular plane angle have more horizontal relapse. Advancements in the
range of 6 to 7 mm or more predispose to horizontal relapse. To obtain reliable scientific evidence,
further short-term and long-term research into BSSO advancement with rigid internal fixation should
exclude additional surgery, ie, genioplasty or maxillary surgery, and include a prospective study or
randomized clinical trial design with correlation statistics.
© 2009 American Association of Oral and Maxillofacial Surgeons
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he major indication for the bilateral sagittal split
steotomy (BSSO) is the advancement of the mandi-
le to correct a skeletal Class II. Moderate to severe
andibular retrognathism often requires a combined
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301
rthodontic and surgical approach for optimal func-
ion and best esthetic results. Despite the popularity
f BSSO, new methods, such as segmental distraction
f the anterior alveolar process and anterior apical base
ugmentation for the correction of the retrognathic
andible, have been proposed and performed success-

ully.1,2

A major concern in the surgical correction of a
keletal Class II is potential postsurgical relapse. To
inimize relapse, careful selection of patients has

een advocated, so that isolated mandibular advance-
ent is not used for patients with high mandibular
lane angles and open bites.3 Trends for fixating the
roximal to the distal segment intraoperatively show
n increased use of rigid internal fixation (RIF) instead

f wire fixation. The use of bicortical screws or mono-
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302 BSSO ADVANCEMENT SURGERY WITH RIGID INTERNAL FIXATION
ortical screws, together with plates, is termed RIF,
nd was also called the most demanding fixation pro-
edure of the craniofacial skeleton when used in
andibular advancement patients, because of the

tretching of the musculature and paramandibular tis-
ues, the bilateral compound joints, the masticatory
orces, and occlusion.4 Spiessl was the first to intro-
uce RIF without maxillomandibular fixation (MMF)

n 1974.5 His method involved the use of 3 lag-screws
t the osteotomy site (2 above the neurovascular bun-
le, and 1 below) to stabilize the bony fragment.
ince then, many modifications of the screw osteo-
ynthesis principle have been used, varying in relation
o number, sites, sizes, placement patterns, and types
ie, stainless steel, titanium, biodegradable, or allo-
enic cortical bone) of screws.
Miniplates were introduced for fixation in BSSOs by

ubens et al.6 Miniplates have several advantages
ompared with bicortical screw osteosynthesis. From
transoral approach, plate application obviates the

eed for transcutaneous puncture, with subsequent
carring, and the increased risk of facial-nerve dam-
ge. The removal of third molars and the preservation
f a sufficient bulk of bone on the distal segment are
ot necessary for screw placement, and the risk of
amaging adjacent teeth is also lower. Passive plate-
ending helps maintain the axial condylar orientation
ithin the fossa. Plates are easily removed under local

nesthesia after 6 months.6

In a report on the hierarchy of stability in orthog-
athic surgery, Proffit et al7 ranked isolated mandib-
lar advancement in patients with normal to de-
reased facial height as the second most stable
rthognathic surgical procedure after maxillary up-
ard positioning. In their view, the order of impor-

ance begins with the direction of movement, the
ype of fixation used, and at the end, the surgical
echnique.

In their systematic review of BSSO setback surgery,
oss and Vassalli8 found short-term relapse rates be-
ween 9.9% and 62.1%, and long-term relapse rates
etween 14.9% and 28.0%, at point B. However, since
he very first studies published on BSSO with RIF in
he late 1970s and early 1980s, no study has been
ndertaken to systematically review their relapse
ates in BSSO advancement surgery.

The aim of this study was a systematic review of the
iterature on stability after BSSO to advance the man-
ible with different types of RIF. The specific re-
earch questions were:

1) What is the amount of relapse in short-term and
long-term BSSO advancement surgery with dif-
ferent types of RIF?

2) What are the reasons for relapse?

3) When and where does relapse take place? t
aterials and Methods

LITERATURE SEARCH

A literature search was performed using PubMed,
vid (including OLDMEDLINE), Google Scholar Beta,

nd the Cochrane Library to identify articles report-
ng BSSO advancement surgical-orthodontic treat-

ent with RIF to correct Class II patients. Terms used
n the search were stability after bilateral sagittal split
steotomy combined with rigid internal fixation and
dvancement of the mandible. A further search, to
erify that all articles had been located, was per-
ormed using abbreviated terms such as BSSO, sagittal
plit osteotomy, RIF (miniplates, bicortical screws,
nd bioresorbable bicortical screws), skeletal stabil-
ty, orthognathic surgery, and relapse. The search was
xpanded by searching the articles consulted.

SELECTION CRITERIA

The following inclusion criteria were initially cho-
en to select potential articles from the published
bstract results:

1) Human clinical trials;
2) No syndromic or medically compromised pa-

tients, and no diseases;
3) No individual case reports or series of cases;

and
4) Combined surgical-orthodontic patients with

BSSO and RIF for mandibular advancement.

Articles were ultimately selected on the basis of
hese final inclusion criteria:

1) No other surgical intervention (eg, Le Fort I) than
BSSO for mandibular advancement with RIF (no
wire fixation; genioplasty was accepted);

2) Lateral cephalograms used for horizontal skeletal
stability, as measured on pogonion or point B;

3) Follow-up of 6 months or longer;
4) Adult patients;
5) Articles with more than 10 patients examined;
6) Articles published from January 1974 (first in-

troduction of RIF into maxillomandibular sur-
gery by Spiessl5) to August 2007;

7) No case reports, case series, descriptive studies,
review articles, opinion articles, or abstracts.

Articles which met the final inclusion criteria were
eparated, according to RIF method, into 3 groups:
icortical screws (short-term and long-term results),
iniplates (short-term and long-term results), and

ioresorbable screws (short-term results). The cutoff
alue of less than 1.5 years was chosen to separate
hort-term from long-term studies. In cases of more

han one publication on the same patient group for
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JOSS AND VASSALLI 303
he same postoperative follow-up, the most informa-
ive and relevant article was included.

Data were extracted on the following items: year of
ublication, study design, follow-up, number and
ean age of patients, ethnic background of patients,
umber of surgeons operating, type of RIF, use of
MF, use of genioplasty, mean advancement, mean

elapse, correlations between relapse and different
ariables, percentage of patients with more than 2
m of sagittal relapse, and authors’ conclusions.
oreover, to document the methodologic soundness
f each article, a quality evaluation, modified by the
ethods of Jadad et al9 and Petrén et al,10 was per-

ormed with respect to pre-established characteris-
ics. The following characteristics were used: study
esign, sample size and previous estimate of sample
ize, selection descriptions, withdrawals (dropouts),
alid methods, confounding factors considered (eg,
enioplasty or the presence of a splint in the imme-
iate postsurgical radiographs), method error analy-
is, blinding in measurements, and adequate statistics.
uality was categorized as low, medium, or high.

esults

RESULTS OF SEARCH

The final selection of articles, according to initial and
nal selection criteria, is presented in Table 1. The
earch strategy resulted in 488 articles on BSSO with
dvancement and setback surgery. After selection ac-
ording to the inclusion/exclusion criteria, 43 articles
ualified for the final review analysis/results report. All
rticles on BSSO advancement surgery were read in their
ntirety and studied, and 24 suitable studies were iden-
ified after consideration of all inclusion criteria. Nine-
een articles11-29 that met the first inclusion criteria were
ejected because of final selection criteria. Reasons for
ejection included lack of relapse rates for point B and
ogonion in 10 studies,11,19-21,23,24,26-29 patients with
ther types of surgery in 5 studies,11,15,18,21,22 and lack
f follow-up or follow-up of less than 6 months in 6
tudies.12-14,16,17,26

QUALITY ANALYSIS

Most of the studies (n � 18) were retrospec-
ive,4,30-46 and only a few (n � 6) were prospec-
ive.6,47-51 All were clinical trials, one study was a
ulticenter, randomized clinical trial48; and another
as a multicenter prospective study.50 The ethnic
ackground of treated patients was mainly Caucasian

n all reviewed studies. No article on Asian subjects
as found in the literature review.
The search showed that research quality or method-

logical soundness was low in 18 studies and of medium

uality in 6 studies (Table 1). The most obvious findings o
ncluded small sample sizes implying low power, lack of
ethod of error analysis, blinding of measurements, and

eficient or lacking statistical methods. Furthermore, no
tudy contained any power analysis. The sample size of
studies33,39,41,43,45,47,48,50 was judged adequate. Stud-

es with inadequate sample size (�10 patients) were
xcluded based on selection criteria. In all studies, the
ethods used to detect and analyze postoperative re-

apse were valid and well-known. However, 11 stud-
es6,30-33,35,38,39,41,45,48 did not include a method error
nalysis, and none of the studies used blinding in mea-
urements. Correlation statistics were only used in 12
tudies.30,31,34,36,39,40,42,44,47,48,50,51

Considering the confounding variable “genioplasty,”
studies declared that additional genioplasty was

erformed in only a few patients.30,31,33-35,45-47 In one
tudy,48 it was unclear whether patients with genio-
lasty were included or not. In another study, a man-
ibular template was used to eliminate the effect of
enioplasty.46

Another confounding variable was the presence of
splint in the immediate postsurgical radiographs.

everal studies did not compensate for or comment

Table 1. ARTICLES INCLUDED IN REVIEW AND
JUDGMENT OF QUALITY

Article
Study

Design
Judgment of

Quality

oss and Thüer, 200851 CT, P Medium
ahnberg et al, 200746 CT, R Low
urvey et al, 200645 CT, R Low
orstlap et al, 200450 MCT, P Medium
erretti and Reyneke, 200249 CT, P Medium
obarak et al, 200143 CT, R Low
angrazio-Kulbersh et al, 200144 CT, R Low
an Sickels et al, 200048 RCT, P Medium
allela et al, 199842 CT, R Low
lomqvist et al, 199740 CT, R Low
ouwman et al, 199741 CT, R Low
cheerlinck et al, 199439 CT, R Low
hüer et al, 199447 CT, P Medium
beloos et al, 199338 CT, R Low
ee and Piecuch, 199237 CT, R Low
ouma et al, 199136 CT, R Low

äger et al, 199134 CT, R Low
ommaerts, 19914 CT, R Low
atzke et al, 199135 CT, R Low
ierl et al, 199031 CT, R Low
oenning et al, 199032 CT, R Low
atzke et al, 199033 CT, R Low

ubens et al, 19886 CT, P Medium
irkpatrick et al, 198730 CT, R Low

bbreviations: CT, clinical trials; R, retrospective study;
, prospective study; RCT, randomized clinical trial; MCT,
ulticenter clinical trial.

oss and Vassalli. BSSO Advancement Surgery With Rigid Internal
ixation. J Oral Maxillofac Surg 2009.
n the presence of a splint in the immediate postsur-
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304 BSSO ADVANCEMENT SURGERY WITH RIGID INTERNAL FIXATION
ical radiographs. Hence, the autorotation of the man-
ible caused by removal of the splint, depending on

ts thickness, would result in a relative anterior dis-
lacement of the mandible, which must be consid-
red when assessing relapse.22,31 Therefore, in some
tudies, a template of the mandible was made and
otated around the midcondylar point until the upper
nd lower incisors occluded, to compensate for the
rror that would otherwise occur.30,43,46 Nonethe-
ess, Rubens et al6 did not observe any autorotation
fter splint removal, probably due to a splint design
ith 3-point occlusal contact, whereas others44 de-

igned a splint as thin as possible, without having any
orizontal or vertical overcorrection. Some attributed
he forward movement of point B and pogonion in their
tudies to removal of the splint.33,38 Abeloos et al38

howed further anterior movement in 25% of their
atients. The forward rotation of pogonion was attrib-
table to occlusal settling after the use of a 3-point
cclusal contact (right and left molars, and incisors),
o eliminate the deep bite in these patients.

FOLLOW-UP PERIOD

The range of follow-up period was 6 months30,40,49

o 12.7 years.51 Twelve studies were short-
erm,4,30,32,33,35,36,40,41,44,45,47,49 and 5 were long-
erm,31,43,46,48,51 in which bicortical screws of differ-
nt types (lag and position) and materials (titanium or
tainless steel) for RIF were used. Miniplates for RIF
ere applied in 5 short-term6,34,37,38,40 and 3 long-

erm39,46,50 studies. Only 3 short-term studies were
ound42,45,49 in which bioresorbable material (PLLA,
LLA/PGA Lactosorb, or PLLDL) for RIF was used.

RELAPSE RATES WITH THE USE OF
BICORTICAL SCREWS

Short-term relapse for bicortical screws (Table 2)
as between 1.5% and 32.7% at point B,32,47 and
etween 2.0% and 37.0% at pogonion.45,47 Long-term
elapse for bicortical screws (Table 3) was between
.0% and 50.3% at point B,48,51 and between 6.4% and
0.2% at pogonion.51

RELAPSE RATES WITH THE USE OF MINIPLATES

Short-term relapse for miniplates (Table 4) was be-
ween 1.5% and 18.0% at point B,37,40 and between
.4% and 18.7% at pogonion.6,37 Long-term relapse for
iniplates (Table 5) was between 1.5% and 8.9%39,46

t point B, and between 1.6% and 16.1% at pogo-
ion.46,50

RELAPSE RATES WITH THE USE OF BIORESORBABLE
BICORTICAL SCREWS

Short-term relapse for bioresorbable bicortical

crews (Table 6) ranged from 10.4% to 17.4% at point s
,42,45 and from 4.2% to 15.4% at pogonion.42,45 No
tudies with long-term values were found.

RELAPSE DEFINED AS CUTOFF VALUE

The introduction52,53 of a cutoff value of 2 to 4 mm,
nd the number of patients included, make sense,
iven that postsurgical orthodontic treatment can
ompensate for 2 to 4 mm of unfavorable changes.
ence it was suggested that skeletal relapse be de-
ned as more than 2 mm of sagittal relapse. Unfortu-
ately, few studies in this review contained the
ercentage of patients falling within this cutoff
alue.30,37,38,41-43,50 The published values ranged from
o patients30,37 up to 46% of all patients.43 No articles
entioned the frequency of necessary retreatment.

POSTOPERATIVE FORWARD MOVEMENT
OF THE MANDIBLE

Further postoperative forward movement of the man-
ible in some patients was evident in almost all revised
tudies. However, further forward postoperative move-
ent of the mandible was not mentioned in 5 stud-

es.4,30,32,35,36 The mean relapse as a forward instead of
ackward movement of point B and pogonion was de-
cribed in studies that involved bicortical screws,33,44

nd in one study that involved miniplates.34 An anterior
ovement of more than 3 mm is difficult to explain by
andibular autorotation alone as a result of splint re-
oval and orthodontic finishing. Mandibular growth

ould explain this finding.39

CORRELATIONS

Preoperative Age
The mean age in all studies ranged between 19.3

nd 34.0 years.4,40 Indication of mean age was missing
n 4 studies. Less postoperative relapse with increased
ge was shown in 1 study.40 Patients above age 41
ears had further postoperative changes in an anterior
irection. It was concluded that older patients have a
ore mature, harder compact bone, and combined
ith decreased bone metabolism, this might provide
ore stable mechanical fixation when stability is
ore dependent on fixation than on actual bony con-

olidation. However, others did not show any corre-
ation between age and relapse rate.47

Gender
None of the 24 studies in this systematic review

howed any correlation between relapse and gender.
t can be thus speculated that gender has little or no
ffect on the relapse rate. Seventy-one percent of all
atients were female when evaluating the gender
istribution of all reviewed articles. This shows that
emale patients, for the most part, seek orthognathic

urgery for mandibular advancement.



Table 2. SUMMARIZED DATA OF 12 STUDIES WITH BICORTICAL SCREWS AND SHORT-TERM FOLLOW-UPS (<1.5 YEARS)

Study Surgery (eg, Type of RIF, Genioplasty, MMF)
Number of
Surgeons

Number of
Patients

Mean Age and Range
(yr) Follow-Up

Mean Setback
(mm) Relapse (mm)

Turvey et al,
200645

Group with 4 Ti position screws (diameter: 2.0
mm), genioplasty in 9 patients.

1 in 60% 35 26.8 (SD, 11.2) 1 yr 4.96 (B) 0.33 (B), 6.7%
6.89 (Pg) 0.14 (Pg), 2.0%

Ferretti and
Reyneke, 200249

3 Ti screws (diameter: 2.0 mm), no MMF, no
genioplasty, condylar positioning device.

1 20 - 6 m 4.7 (B) 0.25 (B), 5.3%

Pangrazio-Kulbersh
et al, 200144

Bicortical screws, no genioplasty, splint, MMF. 1 20 24.4 (16.7-39.4) 1 yr 4.2 (B) 0.1 (B), 2.4%
4.2 (Pg) 0.1 (Pg),*2.4%*

Blomqvist et al,
199740

Group S1 (Boden) and S2 (Halmstad): 3
noncompression screws (diameter: 2.0 mm);
no splint, no genioplasty, MMF for 7-10 d.

— Group 1: 15 33 (20-61) 6 m 5.6 (B) 0.9 (B), 16.1%
4.9 (Pg) 0.9 (Pg), 18.4%

Group 2: 15 33 (17-50) 6.5 (B) 0.3 (B), 4.6%
5.6 (Pg) 0.6 (Pg), 10.7%

Bouwman
et al, 199741

3 self-tapping screws (diameter: 2.0 mm), no
genioplasty, splint, no MMF.

— 45 28.5 (17.8-50.9) 1 yr 4.44 (B) 0.07 (B), 1.6%

Thüer et al, 199447 3 Ti lag screws (diameter: 3.5 mm), 2 with
genioplasty, no splint, MMF for 4-6 d.

4 30 20 yr 5 m (17-32.5) 13 m 4.9 (B) 1.6 (B), 32.7%
4.6 (Pg) 1.7 (Pg), 37.0%

Douma
et al, 199136

Compression screws, splint, no genioplasty. 2 16 30.68 (14-50) 11.15 m 5.6 (Pg) 1.4 (Pg), 31.4%

Mommaerts, 19914 3 or 2 ss AO-lag screws (diameter: 3.5 mm), no
genioplasty, no MMF.

— 13 19.3 (� 8.5) 1.02 yr 6.1 (Pg) 0.7 (Pg), 11.5%

Watzke et al,
199135

Lag-group with 3 lag screws (diameter: 2.0 mm)
and pos-group with 3 positioning
screws (diameter: 2.0 mm), genioplasty in
20 (pos) and 4 (lag).

4 30 (pos) 24.9 (� 10.3) 1 yr 5.4 (B) 0.6 (B), 11.1%

26 (lag) 29.0 (� 11.0) 5.3 (B) 0.3 (B), 5.7%

Moenning et al,
199032

2 or 3 lag screws, no genioplasty, MMF for 7-10 d. 2 14 — 10.6 m 4.68 (B) 0.07 (B), 1.5%
4.36 (Pg) 0.14 (Pg), 3.2%

Watzke
et al, 199033

21 patients with positional (diameter: 2.0 mm),
14 with lag (diameter: 2.0 mm) or compression
screws (diameter: 3.5 mm), genioplasty in 9
patients.

1 surgeon for 21
patients, and 5
for 14 patients

35 26.8 (SD, 11) 1 yr 5.0 (B) 0.33 (B),* 6.6%*

6.9 (Pg) 0.14 (Pg),*2.0%*

Kirkpatrick et al,
198730

3 Synthes ss screws (diameter: 2.0 mm), 7
patients with genioplasty, splint.

3 20 24 (17-46) 6 m 5.7 (B) 0.4 (B), 7.3%

Abbreviations: MMF, maxillomandibular fixation; B, point B; Pg, pogonion; pos, position screws; lag, lag screws; d, days; m, months; yr, years; Ti, titanium; ss, stainless steel;
—, not reported.

*Relapse in anterior direction.

Joss and Vassalli. BSSO Advancement Surgery With Rigid Internal Fixation. J Oral Maxillofac Surg 2009.
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306 BSSO ADVANCEMENT SURGERY WITH RIGID INTERNAL FIXATION
Amount of Advancement
A positive correlation between amount of advance-
ent and relapse rate was found in several stud-

es.31,36,40,47,48,50,51 Nevertheless, others could not
how any such positive correlation.6,32,42 Kallela
t al42 did not include patients with more than 7-mm
dvancement, which could have influenced their find-
ngs. In a multicenter, randomized clinical trial, Van
ickels et al48 showed that advancements with RIF of
ore than 5.2 mm are prone to relapse.
Scheerlinck et al39 found that the amount of ad-

ancement correlated positively with progressive
ondylar resorption (PCR) evaluated on orthopanto-
ograms after BSSO advancement with miniplates.
he risk of experiencing PCR was 5.2 times higher for

hose with a mandibular advancement between 5 and
0 mm than for those with an advancement of 5 mm
r less. For 10 mm or more, the risk was as much as
0 times higher, compared with 5 mm or less. The

ncidence of PCR can be as high as 7%. It usually
anifests during the second half of the year after the
SSO procedure, and can amount to total relapse.39

Low Angle and High Angle
The influence of mandibular plane angle on hori-

ontal34,36,41,43,50 or vertical34,40 relapse was shown
n several studies, in the sense that the steeper the

andibular plane angle (high-angle patients), the
ore often that horizontal relapse can be expec-

ed,34,36,41,43,50 and the smaller the mandibular plane
ngle (low-angle patients), the more often that verti-
al relapse can be expected.34,40

Proper Seating of the Condyles and Control of
the Proximal Segment
In a randomized clinical trial, Van Sickels et al48

howed that relapse correlated significantly with the
hange in ramus inclination and thus with the control
f the proximal segment. Mobarak et al43 also dem-
nstrated condylar distraction in the surgical and
arly postsurgical movements of gonion. A forward
ovement of gonion and counterclockwise rotation

f the proximal segment was seen in the low-angle
nd high-angle groups, but was more pronounced in
he high-angle groups.

iscussion

A lack of randomized clinical trials and prospective
tudies makes the realization of a meta-analysis impos-
ible in this field at present. To increase the power of
his systematic review, it would be necessary to in-
lude only randomized, clinical trials, prospective
ulticenter articles, or prospective clinical trials. Fur-

her, an exclusion of patients with genioplasty, eval-
ation of the error of the method, standardization in
superimposing the lateral cephalograms (eg, the sella-
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asion line minus 7°), and a listing of all essential
atient data would be necessary. Focusing a system-
tic review on only the most evidence-based articles
ould mostly limit our conclusions to only 6 studies, ie,
on miniplates,6,50 and 4 on bicortical screws.47-49,51

oreover, 2 of these studies include the same patient
opulation,47,51 and 1 involves bioresorbable bicorti-
al screws.49 The huge number of possible articles
as reduced because of inclusion and exclusion cri-

eria that were thought to promote the possibility of
omparing short-term and long-term relapse rates be-
ween 3 groups of different RIF techniques (bicortical
crews, miniplates, and bioresorbable bicortical
crews). Furthermore, the huge variation in short-
erm and long-term postsurgical relapse in this sys-
ematic review was very impressive, and makes it
ather difficult to draw conclusions.

WHEN AND WHERE DOES RELAPSE OCCUR?

Schendel and Epker11 distinguished between early
elapse, or what occurs in the first few months after
urgery, and later relapse. They attributed early re-
apse to surgical technique. Later relapse would be
he result of unbalanced forces in the stomatognathic
ystem, and would occur more slowly. Later pub-
ished studies show a tendency to a common consent
n which location early and late relapse appear. Pos-
ible sites for relapse include osteotomies, through in-
ersegmental movement, and the temporomandibular
oint, through condylar distraction, rotation of the
amus (proximal) segment, and morphologic changes
n the condyle.

Condylar distraction implies that the condyle is
ositioned inferiorly or anteriorly to the glenoid fossa
eated position. The condyle is therefore unable to
upport the mandible in the new advanced position
efined by the surgeon. Intraoperative distraction of
he condyles from their seated position should result
n an immediate skeletal relapse when the condyles
eturn to their preoperative position. This kind of
elapse can be masked postoperatively by MMF, Class
I elastics, or habituation.43 Another form of condylar
istraction is the counterclockwise (anterior) rotation
f the proximal segment. This can lead to instability
ecause of altered muscular orientation, length, and

nsertion. The muscular pull tends to return the prox-
mal segment to its original inclination, resulting in
osterior movement of the chin.7,43 Counterclock-
ise rotation of the proximal segment should also

ead to early relapse, soon after function resumes.
Progressive condylar resorption is related to long-

erm relapse.43,54 The target groups for condylar re-
orption are young women with a high mandibular
lane angle.55,56 Scheerlinck et al39 showed that 7% of
all BSSO advancement patients appear to undergo
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308 BSSO ADVANCEMENT SURGERY WITH RIGID INTERNAL FIXATION
CR, and the amount of advancement correlates pos-
tively with PCR.

If the condyle is forcefully pushed in the fossa, or
he condyle is torqued as a result of type of fixation
bicortical screws), localized compressive or tensile
orces may predominate in different areas of the con-
yle.37,41 It was suggested that excessive compressive

oading of the condyles leads to a decrease in nutri-
ion from the synovial fluid, resulting in possible con-
ylar resorption.57

WHAT IS THE REASON FOR RELAPSE?

Relapse seems to be a multifactorial phenomenon
ffected by many different variables. Possible factors
romoting relapse in the reviewed articles are shown

n Figure 1. Good surgical training, lengthy experi-
nce in orthognathic surgery, and technical refine-
ents by the surgeon are necessary for good postop-

rative results in regard to stability and esthetics.
resurgical orthodontics is another important factor
or stable results which allows, when performed cor-
ectly, good interdigitation after surgery.

No difference was found between short-term re-
apse rates in bicortical screws and miniplates. A
igher number of studies with larger skeletal long-
erm relapse rates involved patients treated with bi-
ortical screws instead of miniplates. One explana-
ion could involve longer follow-up periods in long-
erm studies on bicortical screws compared with
iniplates. In general, there is a trend toward in-

rease in relapse from short-term to long-term studies
hen bicortical screws are used. Only small differ-

nces between short-term and long-term relapse rates
n miniplates were evident.

Only 1 study46 compared relapse rates in mini-
lates with relapse rates of bicortical screws. Kahn-
erg et al46 found slightly higher skeletal relapse rates

n patients with bicortical screws than with mini-
lates. Nonetheless, they concluded that for both
ethods, only minor skeletal relapses and small dif-

erences were evident 1.5 years postoperatively.
Bioresorbable or biodegradable osteosynthesis ma-

erial for RIF included self-reinforced poly-L-lactide,42

elapse rates PGA Lactosorb,49 and PLLDL bicortical
crews.45 Two studies compared the skeletal stability
f titanium with that of bioresorbable bicortical
crews.45,49 They did not find any statistical differ-
nce between these 2 types of bicortical screws.
evertheless, bioresorbable bicortical screws had
igher short-term relapse rates compared with bicor-
ical screws.45,49 Long-term studies on bioresorbable
icortical screws were not found.
Six studies that evaluated differences between

roups with RIF and wire fixation (WF) were included
n this systematic review.4,32,33,36,41,48 Watzke et al,33
Douma et al,36 and Bouwman et al41 did not find any
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ignificant difference regarding stability and relapse
etween the groups with RIF and WF, whereas oth-
rs4,32,48 found that RIF was more stable than WF in
reventing skeletal relapse.
Two studies compared different screw systems,35,40

nd found only small differences regarding skeletal
tability. It was stated that larger screws, plates, skel-
tal suspension wires together with RIF, and MMF
fter surgery in combination with RIF may be better in
reventing relapse.20 However, individual anatomic
ariations may result in less than ideal ramal splits,
eading to splintering of the osseous segments. In this
ituation, finding an area for the placement of fixation
crews would be difficult at best, and would affect the
tability of the osteotomy site.31 The variability of
sseous segments could be a factor in the differences
ertaining to relapse. Rubens et al6 showed that 4
atients with a buccal bone plate fracture had a
lightly greater degree of relapse than was seen in
heir main group of patients. This may be attributable
o a potential loss of condylar control during plate
xation, and thus a longer period of MMF in these
ases may be advisable, because there is more poten-
ial for displacement.

Changes in condylar position after BSSO and man-
ibular advancement with RIF are frequent findings.58

he importance of correct positioning of the condyles
efore fixation is well-known. Improper positioning
f the condyle in the glenoid fossa at time of surgery,
hen the soft tissue undergoes considerable stretch-

ng, can cause relapse. It is believed that the magni-
ude of advancement is a factor in the proper seating
f condyles.47 Thüer et al47 showed that it was easier
o manipulate the proximal segment in patients with
mall advancement who had their condyles set a bit
oo far posteriorly, with subsequent anterior reloca-
ion after surgery. It is obviously less difficult to obtain
stable result after surgical setback than after man-

ibular advancement. A possible explanation for this
ifference is that it is easier to set the condyles cor-
ectly in the fossa before rigid fixation, when the soft
issues, as in the case of setbacks, are not extensively
tretched.8

When RIF is used, it is possible to check passive
ondylar function and occlusion intraoperatively, be-
ore incisor closure. This should help reduce the in-
idence of condylar distraction.12 As a consequence
f intraoperative swelling and inflammation within
he joint because of manipulation of the proximal
egment, an increase in vertical joint space is a com-
on finding. When assessing condylar distraction,
assman et al19 showed about twice the amount of
onial arc displacement in their relapse group (more
han 25% of relapses) versus their control group with
no relapses.
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The use of positioning appliances remains contro-
ersial in the literature. Gerressen et al59 concluded
hat the importance of condyle position is generally
verestimated. They believe that the use of a position-

ng appliance in their study did not result in an accu-
ate reproduction of the preoperative condyle position,

therapeutically favorable position for the proximal
egments, or an improvement in skeletal stability.
evertheless, others34 found that controlling the po-

ition of the proximal segment by means of a device
as the most important factor in posttreatment sta-
ility.
Relapse has been attributed largely to increased soft

issue and muscular tensions because of the advance-
ent of the mandible.60 Simply put, the greater the

dvancement, the greater the stretching of the soft
issue. To find evidence of this topic in the reviewed
rticles was rather difficult. Strong evidence can be
ound where a positive correlation between the
mount of advancement and the relapse rate was
hown. This was demonstrated in several stud-
es.31,36,40,47,48,50,51

The influence of skeletal pattern, ie, of the mandib-
lar plane angle on horizontal and vertical skeletal
tability, was shown in several studies. High-angle
atients undergo more horizontal relapse than low-
ngle patients,34,36,41,43,50 whereas low-angle patients
ndergo more vertical skeletal relapse34,40 than high-
ngle patients. Wolford et al61 described 3 types of
andibular movements in cases of advancement.

IGURE 1. Factors influencing relapse after BSSO for mandibular
dvancement.

oss and Vassalli. BSSO Advancement Surgery With Rigid Internal
ixation. J Oral Maxillofac Surg 2009.
ypes I and II undergo a clockwise and forward move- b
ent and a straightforward movement, respectively.
ype III mandibular movements (counterclockwise)
re also associated with a high mandibular plane an-
le. These cases were found to have a high incidence
f relapse, because the muscles of mastication are

engthened in the ramus area. As these muscles at-
empt to return to their original positions, they rotate
he mandible in a clockwise movement, open the bite,
nd cause relapse. On the other hand, low-angle pa-
ients, representing those with a Class II deep bite, are
elieved to manifest increased vertical relapse.
Different surgical techniques have been promoted

o prevent skeletal relapse. Steinhäuser62 first de-
cribed the concept of suprahyoid myotomy, which
nvolves the detachment of the geniohyoid and ante-
ior digastric muscles. After an experimental study,

essberg et al63 reported that suprahyoid myotomies
ere a possible way to prevent relapse, but they

ailed to prove this in their clinical material. They
oncluded that suprahyoid myotomy is probably not
ndicated when digastric and geniohyoid muscles are
tretched less than 30% after surgical advancement of
he mandible. Schendel and Epker11 also could not
how any statistical difference between the applica-
ion and nonapplication of suprahyoid osteotomies in
ifferent mandibular advancement procedures (BSSO,
, inverted-L, or arcing osteotomies). The technique
escribed by Epker64 allows the muscles of mastica-
ion (ie, the masseter, temporalis, and medial ptery-
oid muscles) to remain in their original position on
he proximal segment, and allows the distal segment
o be advanced, with potential positive effects on
elapse. Nonetheless, a shortening of these muscles,
n response to surgical intervention, will tend to ro-
ate the segment superiorly and anteriorly.

Surgery should mainly be provided to patients
hen the end of growth is at least radiographically

onfirmed, to minimize relapse due to continuous
rowth. On the other hand, it is likely that remodeling
nd remaining growth could be a cofactor for relapse
n older patients. The initial growth of the patient’s
ace and continuous remodeling processes may lead
o an advantageous or disadvantageous change of po-
ition of the mandible after BSSO.

Since the studies of Behrents,65,66 late growth to a
ertain extent and remodeling processes in the aging
keleton have become well-known. He examined 113
ntreated subjects, from 17 to 80 years of age, and
howed that point B moved downward in both gen-
ers. Males presented nonclockwise rotation (ante-
ior and downward) of the mandible, whereas fe-
ales presented clockwise rotation (posterior and

ownward). These findings indicate that there would
e an improvement of the profile in male advance-
ent patients with age, but in females, there would
e neither improvement nor worsening.
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The number of long-term studies was rather low.
his may be why little is known about the effect of
rowth on relapse. Mobarak et al43 speculated that
ome of the late relapse 3 years after surgery in their
igh-angle patients could be attributable to late
rowth or to morphologic changes in the condyles.
hese late changes in the condyles would lead to their
hortening and upward seating, with concomitant
otation of the mandible around a fulcrum at the
olars. Joss and Thüer51 also attributed some of their

ate relapses 12.7 years after surgery to the initial
rowth direction and ongoing remodeling processes
f the hard tissue. Condylar remodeling or changes in
he glenoid fossa may contribute to relapse. Perhaps
ore remodeling occurs over a longer period in some
atients treated with RIF compared with WF because
he rotation of the condyles is more rigidly main-
ained, which can cause more long-term changes in
aw position.33

Since the multicenter study from Schendel and Ep-
er,11 who reported differences in the amount of
elapse found by different surgeons after mandibular
dvancement with MMF and WF, the influence of
urgical skill and technique has become very impor-
ant. Although some multicenter studies were re-
ently performed,48,50 and although most studies in-
lude patients operated upon by different surgeons,
he influence of the skill of the surgeon on relapse has
ot widely been reported. However, Kirkpatrick et
l30 could not show any differences between their 3
perating surgeons, and concluded that RIF seems to
ompensate for such variations regarding surgical
kill.

The aim of this study was a systematic review of the
iterature on stability after BSSO to advance the man-
ible with different types of RIF. On the basis of our
nalysis of 24 articles, it can be concluded that:

● BSSO for mandibular advancement is a good
treatment option for skeletal Class II, but seems
to be a less stable procedure than BSSO setback
in the short term and long term.

● Bicortical screws (titanium, stainless steel, or
bioresorbable) show only slight differences regard-
ing skeletal stability compared with miniplates in
the short term. A greater number of studies with
higher skeletal long-term relapse rates were seen in
patients treated with bicortical screws instead of
miniplates.

● The etiology of relapse is multifactorial: the
proper seating of the condyles, the amount of
advancement, the soft tissue and muscles, the
mandibular plane angle, the remaining growth
and remodeling, the skill of the surgeon, and
preoperative age. Gender does not seem to be of

any importance in relapse.
● High-angle patients undergo more horizontal re-
lapse than low-angle and normal-angle patients.
Patients with a low mandibular plane angle, com-
pared with high-angle and normal-angle patients,
undergo increased vertical relapse.

● Advancements in the range of 6 to 7 mm or more
predispose patients to horizontal relapse.

● To obtain reliable scientific evidence, further
short-term and long-term research of BSSO ad-
vancement with RIF should exclude additional
surgery, ie, genioplasty or maxillary surgery, and
include a prospective study or randomized clini-
cal trial design with correlation statistics.
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