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CHAPTER 1
General introduction and aim of the thesis
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General introduction and aim of the thesis

In Western Europe a Class II occlusion and a convex profile is the most common dentofacial 
developmental disorder. There can be different indications to correct mandibular hypoplasia such 
as occlusal problems/imbalance¹, a traumatic bite, myogenic pain due to the overbite², esthetic con-
siderations³ and the orthodontic incapability to align the teeth without correction of the underlying 
mandibular hypoplasia. After the publication of the famous article by Trauner and Obwegeser in 
19575, it was possible to correct a mandibular malposition. Since then several modifications have 
been described6’7. 
The Bilateral Sagittal Split Osteotomy (BSSO) became the standard procedure to correct man-
dibular hypoplasia. Despite the modifications and the use of new equipment, e.g. the splitting 
forceps and elevators, there are still considerable drawbacks to this procedure. The most frequently 
described complications are neurosensory disturbances with numbness of the lip and chin8’9’¹0 and 
skeletal instability with relapse11’12’13’14. In the early years, the osteotomy was fixated with wires 
in combination with intermaxillary fixation for a period of 4-6 weeks. Considerable relapse was 
reported. Relapse was thought to be multifactorial and on anatomic level probably related to the 
osteotomy site and the condyles. Condylar sag, i.e. malpositioning of the mandibular condyle in the 
fossa, was strongly associated with early relapse. Also slippage of the osteotomy segments could 
have been of some influence. After the introduction of rigid fixation with screws and/or mini plates, 
skeletal stability has improved significantly15. Slippage of the segments was hardly possible any-
more and condylar sag during fixation could be observed clinically after removing the temporary 
intermaxillary fixation. Any relapse could therefore be observed during the surgery and corrected im-
mediately. Although there are numerous articles describing the benefit of rigid internal fixation over 
wire fixation16’17, it is still not clear whether screw fixation is better than fixation with mini plates 
and both types of fixations methods are widely used. However, today there is no doubt anymore 
about rigid internal fixation which has become the standard in these procedures. The anatomic site 
for skeletal relapse is now thought to be mainly the condyle18. 
The second method for lengthening the mandible is by distraction osteogenesis. It is thought that 
the first intraoral mandibular tooth born distractor was already described in 1927 by Rosenthal1⁹. 
Ilizarov was a Russian orthopedic surgeon who was the first to publish this totally new concept in 
bone surgery for limb lengthening. Although the experiments were done in the 1950’s, it was not 
until 1988 that he published his concept of distraction osteogenesis21. The concept of distraction 
osteogenesis was first described for long bones and later on adapted for the facial skeleton. The ba-
sic principle is to gradually distract the callus, which is formed after an artificial fracture. An osteot-
omy or corticotomy is performed to initiate callus formation. After a latency period of 5 to 7 days 
this callus can gradually be distracted along with all its overlying soft tissues. For the facial skele-
ton the rate of distraction is usually 1 mm per day, achieved in two adjustments of ½ mm20. After 
the distraction, a consolidation period is necessary for the callus to mature. Finally the distraction 
device has to be removed. In fact callus distraction was not totally new in Oral and Maxillofacial 
surgery because for widening of the maxilla the surgical assisted rapid maxillary expansion yielded 
the same surgical technique.
McCarthy22 described the first mandibular distraction in 1992. Transcutaneous pins were used to 
connect with the extra-oral bone borne distractors. Activation of these distractors resulted in facial 
scars with sometimes very poor aesthetic results; this was a serious drawback of the initial proce-
dure. For this reason the distraction technique was not an option for elective orthognatic surgery. 
With the introduction of intraoral distractor, placed subperiosteally, this problem was solved23,24. The 



CHAPTER 1  |  1312

distractors could be placed under the gingival tissue with only a small perforation of the muco-
sa for an activation rod. With these intraoral distractors a real alternative became available for 
advancements of the facial skeleton next to the “golden standard”, the osteotomy. Several authors 
published their first experiences25’26’27. Since the osteotomy in mandibular distraction was made 
distal of the second molar in the mandible, there was no need for dissection of the medial site of 
the ramus. Several authors have reported that dissection of this particular site yielded the most 
risk of postoperative neurosensory disturbances of the inferior alveolar nerve due to stretching of 
the nerve at the entrance of the mandibular canal28’29’30. It was proposed that distraction osteogen-
esis (DO) provided less neurosensory disturbances (NSD) than conventional bilateral sagittal split 
osteotomy (BSSO). Due to gradual stretching of the overlying soft tissues skeletal stability should 
also be positively influenced by DO.  
As in every new potential technology, early publications raised the expectations like in the Gartner 
Hype Circle (www.gartner.com). Some authors used distraction osteogenesis as an alternative for 
BSSO in mandibular advancement surgery. Van Strijen31 and Breuning32 published their academic 
thesis in which the proof-of-principle regarding this new treatment modality was delivered. It was 
possible to achieve predictable and stable results in non-syndromal Class II patients with distraction 
osteogenesis of the mandible.

Gartner Hype circle

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger time

Aim of the thesis and hypothesis
The aim of this thesis was to compare the treatment modality of distraction osteogenesis (DO) 
with the gold standard for mandibular advancement surgery. In fact we compare distraction 
osteogenesis with the standard of care, which is a conventional bilateral sagittal split osteotomy 
as described by Trauner and Obwegeser in 19575 and later modified by Dalpont/Hunsuck6’7. The 
hypothesis is that DO does not provide significant advantages over BSSO in advancements of 
the mandible. The primary outcome will focus on neurosensory disturbances of the inferior alveo-
lar nerve and skeletal stability. Other patient factors such as infections, pain scores, will also be 
evaluated.  Finally the costs of both treatment modalities will also be taken into account. In the 

first part of this thesis the results are described of a retrospective of a retrospective cohort study. 
Patients in these studies were operated between 2001 and 2004 in the Isala Clinics, in Zwolle, The 
Netherlands. In chapter 2 and 3 objective and subjective neurosensory disturbances of the inferior 
alveolar nerve will be presented. In chapters 4 and 5 short- and long-term skeletal stability will be 
discussed. Because in these first studies patients were not randomly assigned to either treatment 
some confounders of outcome were found. 
To avoid selection bias and to balance known and unknown prognostic factors we decided to 
perform a randomized clinical trial (RCT). The results of this RCT are presented in three parts, first 
neurosensory disturbances are addressed in chapter 6, followed by skeletal stability in chapter 7, 
and finally patient discomfort, operating times, blood loss, costs and postoperative infections are 
evaluated in chapter 8.
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CHAPTER 2
Evaluation of alveolar nerve function after  
surgical lengthening of the mandible by a  
bilateral sagittal split osteotomy or distraction 
osteogenesis

This is an edited version of the manuscript: E. M. Baas, J. de Lange, R. B. G. Horsthuis. Evaluation of alveolar 
nerve function after surgical lengthening of the mandible by a bilateral sagittal split osteotomy or distraction 
osteogenesis. Int. J. Oral Maxillofac. Surg. 2010; 39: 529–533. 
© 2010 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All 
rights reserved. 
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Abstract
This study compares the effects of bilateral sagittal split osteotomy (BSSO) and distraction oste-
ogenesis (DO) for lengthening the mandible regarding loss of function of the inferior alveolar nerve 
(IAN). In a retrospective cohort study design, the function of the IAN was tested with a Weinstein 
monofilament 3.22, 1 year after the surgical procedure in 65 patients (35 BSSO; 30 DO). This was 
defined as the upper limit for normal function. Of 130 IAN studied (70 BSSO, 54%; 60 DO, 46%), 
nerve function was disturbed in 23 (18%). In this group, 14 cases (61%) had undergone BSSO and 
9 (39%) DO. One-hundred and seven nerves had no neurosensory IAN changes; of these BSSO had 
been performed in 56 cases (52%) and DO in 51 cases (48%). After eliminating confounding factors, 
there was no significant difference in the occurrence of neurosensory changes between the treat-
ment options (DO versus BSSO, odds ratio: 1.254 with 95% CI: 0.366–4.300).
In conclusion, there was no difference in IAN function between patients treated with BSSO or DO 
for lengthening the mandible.

Introduction 
Surgical lengthening of the mandible is one of the most commonly performed orthognathic proce-
dures in western Europe. Since the first description of a bilateral sagittal split osteotomy (BSSO) 
by Trauner and Obwegeser23 in 1957, there have been several modifications, including DalpOnT6 (1961) 
and Hunsuck9 (1968). Much has been published on the complications of these procedures, including 
loss of function of the inferior alveolar nerve (IAN) ranging from 0% to 75% 1 year after surgery17. 
MccarTHy11 introduced distraction osteogenesis (DO) for lengthening the mandible in 1992. The 
principle of DO is based on Ilizarov’s experiments in the 1950s10. In DO, new bone is generated by 
gradual distraction of two bony segments after callus formation. New bone is formed along the ten-
sion lines, and active histogenesis occurs in tissues including the skin, fascia, blood vessels, nerves, 
muscles ligament, cartilage and periosteum5. There are several reports on the surgical outcome of 
this procedure25’27’28. In small, retrospectively described, series of patients, loss of function of the IAN 
after DO was reported to be low compared with BSSO27’30.
In this study, patients who were treated with BSSO or DO and who suffered a permanent loss of 
function of the IAN were evaluated and compared with patients from the same cohort without 
sensory disturbances. Skeletal stability in this group, after more than 1 year, is described by VOs et 
al.28. The main goal was to evaluate IAN function in relation to the surgical procedure and compare 
the results with those in the group without sensory distortion.

Materials and methods
A retrospective cohort study was carried out in 65 patients who underwent a mandibular length-
ening procedure between 2001 and 2004. In 30 patients, DO was performed, while a BSSO was 
carried out in the other 35 patients28. Patients and their parents were informed about both proce-
dures, including the reported risks for the alveolar nerve. The decision to use intra-oral DO or BSSO 
for mandibular advancement primarily depended on the choice of the patient, their parents and the 
surgeon.
At least 1 year after surgery, the patients were screened for IAN function. Objective screening of 
the sensibility of the lower lip and chin area was performed with simple neurological tests using 
cotton swabs, pin prick tests and Semmes Weinstein monofilament 3.22. This filament was chosen 
as the upper normal limit for the detection threshold in the cutaneous region of the lower lip and 
chin20. The patients were not tested prior to surgery but none reported sensory disturbance before 
surgery. The separate stimuli of the neurological tests were applied four times to the skin in the 
area of interest. Right and left side were tested separately. A positive response to a stimulus was 
scored in cases in which there were at least 75% correct responses out of 4 applied stimuli (3 out of 
4 stimuli correct).
In both groups, surgery was performed under general anaesthesia. Preoperatively 2 g Kefzol (ce-
fazoline) and 0.5 mg/kg dexamethasone were given intravenously. Postoperatively another 10 mg 
dexamethasone was given intravenously after 8 and 16 h.

BSSO
The BSSO was carried out according to Obwegeser/Dal Pont modified by Hunsuck9. After infiltration 
of the mucosa with Ultracaine (articaine), an incision and mucoperiosteal flap was performed in the 
region of the planned osteotomy. Following stripping of the temporalis muscle insertion, the medial 
site of the mandibular ramus was exposed. A periosteal elevator was then introduced subperioste-
ally on the medial aspect of the ramus, above the foramen. IAN was identified at the lingula, and 
care was taken not to overstretch the inferior mandibular nerve. With a Lindemann bur the medial 
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horizontal osteotomy cut was made, just above the lingula and parallel with the occlusal plane. 
After completion of the oblique and buccal cuts, the lower border of the mandible was cut with the 
Lindemann bur. The osteotomy of the mandible was carried out using a splitting forceps on the 
upper border and an elevator on the buccal osteotomy site. 
After advancement, a thin interocclusal acrylic splint (wafer) was placed with intermaxillary wire 
fixation. Titanium miniplates (Synthes GmbH, Solothurn, Switzerland) (Synthes 2.0) with monocor-
tical screws were used for fixation of the fragments (Fig. 1).

DO
The mucosa was infiltrated with Ultracaine. After exposing the mandibular body and angle, the 
buccal osteotomy was made with a Lindemann bur just behind the second molar. The lower border 
of the mandible was cut. The third molar, if present, was removed. With a fissure bur a cut was 
made distal to the second molar from buccal to lingual. The mono-directional distractor device 
(Zurich Distractor, Martin GmbH & Co, Tuttlingen, Germany) was adapted and placed (Fig. 2). After 
removing the screws and the distractor device the osteotomy was completed. The distractor device 
was reinstalled in the marked position and fixed on each side with three monocortical screws. The 

Fig. 1. Titanium miniplates with monocor-

tical screws were used for fixation of the 

fragments.

Fig. 2. The mono-directional distractor device 

was adapted and placed.

Fig. 3. Panoramic radiograph after osteotomy 

and placement of the disractors.

Fig. 4. Distraction continued with 1 mm per 

day until a Class I occlusion was achieved and

guiding elastics were placed.

most dorsal screws were placed transcutaneously. Before closure of the wounds, the functioning of 
the distractor device was checked. After a latency period of 5–7 days, distraction twice a day was 
started, resulting in a 1.0 mm lengthening per day (Fig. 3). Distraction was continued until a Class I
occlusion was achieved and guiding elastics were placed (Fig. 4). After a consolidation period of 
8–10 weeks the devices were removed under general anaesthesia. 

Data analysis
Student’s t-tests and x2-tests were performed to compare the different variables between the 
groups. Logistic regression analysis was used to compare the proportion of patients with a neu-
rosensory IAN change with patients with normal IAN function between groups and to eliminate 

Table 1. Patient characteristics.

    BSSO (percent)  DO (percent)  Total

Patients     35   30     70
Number of nerves    70   60   130
Male, number of nerves   14 (20)   32 (53.3)     46
Female, number of nerves   56 (80)   28 (46.7)     84
Mean age (years)    32.54   21.60
Minimum age (years)   19   16
Maximum age (years)   53   44
Mean advancement (mm)     7.37     8.00

Table 2. Age distribution; normal versus sensory  disturbed 
patients.

Statistics

Normal     N = 107
Mean age    26
Median     21
Minimum    16
Maximum    53

Sensory disturbed    N = 23
Mean age    33
Median     28
Minimum    17

N relates to the number of IANs.
Age in years.

possible confounding and effect modification. 
Statistical analyses were performed with SPSS 
16 software.

Results
One hundred and thirty IANs were tested: 
70 BSSO (54%); 60 DO (46%) (Table 1). In 23 
nerves, the function was disturbed (18%). In this 
group, 14 cases (61%) had undergone BSSO and 
9 (39%) had undergone DO. In the 14 nerves 
with sensory disturbance in the BSSO group, 3 
nerves had complete anaesthesia, in 11 hypo-
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Table 4. Gender distribution in relation to therapy received. 

Nerve   Frequency  %
  percentage N

Normal
Male

DO   28     73.7
BSSO  10    26.3
Total   38   100.0

Female
DO   23     33.3
BSSO   46     66.7
Total   69   100.0

Sensory disturbed
Male

DO     4     50.0
BSSO     4     50.0
Total     8   100.0

Female
DO     5     33.3
BSSO   10     66.7
Total   15   100.0

N relates to the number of IANs.

Table 5. Age distribution in relation to gender
 Statistics

Nerve   Operation   Age

Normal
Male

N   38   38
Mean age    25.11
Minimum    16
Maximum    52

Female
N   69   69
Mean age    26.99
Minimum    16
Maximum    53

Sensory disturbed
Male

N     8     8
Mean age    25.50
Minimum    17
Maximum    48

Female
N   15   15
Mean age    36.93
Minimum    18
Maximum    53

N relates to the number of IANs.
Age in years.

Table 3. Gender distribution; normal versus sensory disturbed 
patients. 

Nerve   Frequency N  %

Normal
Valid

Male    38     35.5
Female    69     64.5
Total   107   100.0

Sensory disturbed
Valid

Male     8     34.8
Female  15     65.2
Total   23   100.0

N relates to the number of IANs.

Table 6. Advancement in relation to gender
 Statistics

Nerve   Operation   Displacement

Normal
Male

N   38   
Mean       7.79
Minimum      5
Maximum    12

Female
N   69   
Mean       7.49
Minimum      4
Maximum    12

Sensory disturbed
Male

N     8   
Mean        6.75
Minimum      5
Maximum    10

Female
N   15   
Mean       8.60
Minimum      5
Maximum    12

N relates to the number of IANs.
Displacement in mm.

aesthesia/paraesthesia was present. In the DO group with sensory disturbance 2 of the 9 nerves 
showed complete anaesthesia. In the group with sensory disturbance, the mean age was 33 years. 
In the group without neurosensory IAN changes, a BSSO had been performed in 56 nerves (52%) 
and DO in 51 (48%). The mean age in this group was 26 years (Table 2). Although there was a 
significant difference in gender distribution between the BSSO and DO groups, the sensory distur-
bances were equally distributed between males and females (Tables 3 and 4). The mean age in the 

Table 7. Logistic regression analyses

                 95.0% C.I. for
                  EXP(B)
    B  SE  df  Sig.  Odds ratio 

DO     0.227  0.629  1  0.719  1.254   0.366  4.300
Age     0.051  0.024  1  0.034  1.053   1.004  1.104
Displacement    0.008  0.150  1  0.955  1.009   0.752  1.353
Male     0.102  0.523  1  0.846  1.107   0.397  3.088
Constant    -3.248  1.155  1  0.005  0.039 

Lower           Upper

group with sensory changes was significantly higher than in the group with normal nerve function 
due to a large difference in the age of the female patients (p = 0.011) (Table 5). For males, the mean 
advancement was comparable in both groups (p = 0.141), but for females, the advancement was 
significantly larger in the group with sensory changes (p = 0.025) (Table 6). Males were equally 
at risk as females (odds ratio: 0.968 with 95% CI: 0.376– 2.492) and, surprisingly, in the whole 
group a younger age (<25 years) was not associated with a lower risk of nerve dysfunction (odds 
ratio: 0.505 with 95% CI: 0.203–1.253). Logistic regression analyses showed that age, gender and 
advancement were confounding the primary outcome (nerve function) of the study. After eliminat-
ing the confounding factors, there was no significant difference in the occurrence of neurosensory 
changes between both treatment options (DO versus BSSO, odds ratio: 1.254 with 95% CI: 0.366–
4.300) (Table 7).

Discussion
A BSSO with rigid internal fixation is considered a stable surgical procedure for lengthening the 
mandible in patients with normal or decreased facial height¹⁶’¹⁷. In patients with a high mandibular 
plane angle7’13’16, and those with large advancements2’8’15 more relapse can be seen. This is thought 
to be related to increased stretching of the soft tissues, including the pterygo-masseteric sling17. In 
a DO procedure, the osteotomy line is distal to the pterygo-masseteric sling, which can be beneficial 
with regard to relapse in combination with gradual stretching of the soft tissue envelope27. The sta-
bility of DO is comparable with BSSO in lengthening the mandible, although it remains to be seen if 
this is also the case in large advancements17’27’28.
Condylar resorption, which can result in relapse, is assumed to be less with DO due to gradual 
stretching of the soft tissues and loading of the condyles. In animal studies, more condylar changes 
can be seen when the distraction rhythm is increased, probably due to more compressive forc-
es12’21’31. Patients with a high mandibular plane angle are probably at risk of relapse after a DO27.
Another reported advantage of DO over BSSO is the possibility of earlier intervention in growing 
children and thus uninterrupted orthodontic treatment. breuning et al.3 report a shorter orthodontic 
treatment time after DO than after BSSO. The operating time, hospitalization and total costs were 
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higher in patient treated with DO26.
Several complications can occur after a BSSO for lengthening the mandible. The most reported 
complication is impairment of the IAN. Owing to variation in assessment of IAN function and dif-
ferent follow- up times, a wide range of incidence is reported, from 0% to 75%17. Several factors re-
lating to IAN function after BSSO have been identified, such as age and the range of advancement. 
With the introduction of DO of the mandible, and especially intra-oral distraction devices, an alter-
native surgical method became available. Impairment of the IAN after DO was reported to be low, 
2% in 70 patients27 and 0% in 5 patients30. In the first study, Van sTrijen et al.27 tested the altered 
sensation of the IAN only to sharp and blunt stimuli. To the authors’ knowledge there has been no 
comparative study to determine the effect on IAN function after BSSO and DO. During a BSSO, the 
most hazardous part of the surgery with regard to IAN function, is the exposure of the medial site 
of the mandibular ramus18’29. This site does not have to be exposed during a DO for lengthening the 
mandible. This could be an explanation for the reported decreased risk for neurosensory disturbance 
of the IAN after DO.
In the present study, there was no significant difference in the incidence of neurosensory changes 
of the IAN after DO or BSSO after 1 year. Age, gender and the range of advancement were iden-
tified as confounders and their influence on the outcome was statistically eliminated. The results 
showed that males were equally at risk as females and, contrary to other reports, younger patients 
were as much at risk as elderly patients. In many studies, higher age affected the recovery of the 
IAN after a BSSO14’24’29. Contrary to the results in males, the advancement in females was signif-
icantly larger in the group with sensory disturbances and age was significantly higher. It can be 
concluded that higher age and larger advancement are contributing factors for loss of function of 
the IAN in females but not in males. Gender differences have seldom been reported. THygessen et 
al.22 reported a higher tactile threshold in males, before and after surgery, than in females, which 
could make them less susceptible to impairment of the IAN. al-bisHri et al.1 carried out a retrospec-
tive questionnaire and report a higher risk in females, although a higher age could also contribute to 
these results. cHen et al.4 report a higher risk in males after sagittal split osteotomy measured with 
a 2-point discrimination test.
Regarding the small difference between the two types of surgery on the primary outcome of the 
study (i.e. nerve function), the study is underpowered. To obtain sufficient power with the differenc-
es documented in these patients, would require a large and impractical number. Since the earlier 
articles reported a much larger difference in nerve function between BSSO and DO this could not 
be recognized in advance.
In conclusion, the benefit of DO with regard to IAN function in lengthening of the mandible, as often 
suggested in the literature, could not be confirmed by this study. Prospective randomized clinical 
trials are necessary to further clarify the difference between DO and BSSO on IAN function in 
advancement procedures of the mandible. 
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Purpose: The present retrospective cohort study compared the subjective inferior alveolar nerve 
(IAN) function after distraction osteogenesis (DO) and bilateral sagittal split osteotomy (BSSO) in 
mandibular advancement surgery.

Materials and Methods: Treatment consisted of correction of a retrognathic mandible using DO 
(30 patients) or BSSO (35 patients). Subjective IAN function was recorded using a questionnaire 
1 year after surgery. A total of 130 IANs were evaluated.

Results: In 37 nerves (28.5%), an IAN disturbance was observed. In this group of 37 nerves, BSSO 
had been performed in 26 (70.3%) and DO in 11 (29.7%). After eliminating confounders (eg, age, 
amount of advancement, gender), no significant difference (odds ratio 0.652, 95% confidence 
interval 0.221 to 1.920) was found. Age was significantly related to subjective IAN disturbances for 
women but not for men. This was seen in women older than 22 years and increased for women old-
er than 36 years to an odds ratio of 22.8 (95% confidence interval 2.580 to 201.488). Satisfaction 
also correlated with age, independent of gender.

Conclusion: No difference was found in subjective IAN disturbances after 1 year between DO and
BSSO for lengthening the mandible. 

Introduction 
Surgical lengthening using a bilateral sagittal split osteotomy (BSSO) of the mandible is the most 
often executed orthognathic procedure in Western Europe. Trauner and Obwegeser1 were the first 
to describe this procedure in 1957. In subsequent years, several modifications have been described. 
In the beginning, all patients were treated with maxilla-mandibular fixation for 6 weeks; however, 
with the introduction of internal fixation using plates and miniscrews, this was no longer necessary. 
Distraction osteogenesis (DO) is based on the experiments conducted by Ilizarov2 in the 1950s 
and published in 1988. The first devices used transcutaneous pins and resulted in large scars. For 
elective orthognathic surgery, this was not acceptable. In the early 1990s, an alternative treatment 
modality became available in orthognathic surgery with the development of intraoral distraction 
devices.3 Intraoral devices resulted in no external scars; therefore, the question arose as to whether 
this method would give the same results as conventional BSSO. The most described complication 
for BSSO has been the loss of function of the inferior alveolar nerve (IAN).4 The present study 
focused on the subjective IAN function in 2 patient groups treated with either BSSO or DO. All 
patients were diagnosed with a retrognathic mandible and required surgical lengthening of the 
mandible. These patient groups have been described previously, with the main focus on the stability 
and objective function of the IAN.5’6

Materials and Methods
This was a nonrandomized, retrospective (historic) cohort study of 2 groups of patients. Thus, no 
specific institutional review board approval was required. From 2001 to 2004, 65 patients were 
treated for a retrognathic mandible at the Isala Klinieken (Zwolle, The Netherlands). In 30 patients, 
DO was performed and in 35, BSSO was performed (Table 1). The patients and their parents were 
informed of both treatment options and, together with the surgeon, either DO or BSSO was chosen. 
The patients were not randomized into the 2 groups; thus, they could not be compared without 
statistical correction of confounders. The patients were treated at a training facility for oral and 
maxillofacial surgeons, and each procedure was performed by a senior staff surgeon and a resident.
In a retrospective cohort study design, the patients were screened for IAN function after 1 year 
using objective testing.6 The subjective evaluation at 1 year was performed using a questionnaire 

Table 1. Patient characteristics

Characteristic  BSSO  DO     Total

Patients (n)  35  30     70
Nerves (n)  70  60   130
Gender

Male, number of
nerves   14 (20)  32 (53.3)     46

Female, number of
nerves   56 (80)  28 (46.7)     84

Age (yr)
Mean   32.54  21.60
Minimum  19  16
Maximum  53  44

Mean advancement
(mm)   7.37  8.00

Abbreviations: BSSO, bilateral sagittal split osteotomy; DO,
distraction osteogenesis.
Data in parentheses are percentages. 
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described by al-bisHri et al7 in 2004.
Objective screenings were performed using simple neurosensory tests with cotton swabs, pin prick, 
and a Semmes Weinstein monofilament 3.22. None of the patients had previously undergone sur-
gery and reported preoperative sensory disturbances, although they were not tested before surgery. 
Both the lip and chin region were tested on either side, and a positive response in at least 3 of 4 
applied stimuli was considered normal.
After 1 year, the patients were asked to complete a questionnaire with a focus on subjective IAN 
function. In the questionnaire, a visual analog scale was included. These findings were divided into  
6 categories ranging from no complaints, mild, mild-moderate, moderate, moderate-severe, to severe 
complaints.

Bilateral sagittal split osteotomy
The BSSO was performed as described by Trauner Obwegeser,1 and modified by Hunsuck8 and Dal 
Pont.9 After administration of articaine (Ultracaine DS Forte, Hoechst Marion Roussel, Kansas City, 
MO) in the buccal mucosa, an incision was made, and a mucoperiosteum flap was raised on the 
buccal and lingual aspects of the mandibular ramus. The mandibular foramen was identified, and 
the neurovascular bundle was retracted, with a periosteal elevator above the foramen. With a Lin-
demann bur, the medial horizontal bone cut was made parallel to the occlusal plane and just above 
the lingula. The periosteal elevator was then immediately removed to decrease the risk of over-
stretching the IAN. The buccal and oblique bone cut, including the lower border, was then completed. 
Finally, the fragments were separated with a splitting forceps on the upper border and an elevator 
on the buccal osteotomy line. The same procedure was repeated at the opposite site, and an acrylic 
occlusal splint was used to keep the mandible in the right position with intermaxillary fixation. On 
either side, a titanium miniplate (2.0, Synthes GmbH, Solothurn, Switzerland) was adapted and 
placed with 4 or 5 screws.

Distraction osteogenesis
The third molar regions were infiltrated with articaine (Ultracaine DS Forte) on either side. For inci-
sion and elevation of a mucoperiostal flap, the third molar, if present, was removed with preserva-
tion of the buccal cortex. Just behind the second molar, the buccal osteotomy was created, includ-
ing the inferior border. The monodirectional distractor (Zurich Distractor; Martin GmbH, Tuttlingen, 
Germany) was adapted and placed. After removal of the distractor, the osteotomy was completed 
with a fissure bur and an osteotome. Finally, the distractor was reinstalled and fixed with 3 mono-
cortical screws on each side of the distractor. The most dorsal screws were placed transcutane-
ously. Both distractors were tested before closure of the wounds. After a latency period of 5 days, 
distraction was started twice a day at 0.5 mm, resulting in 1.0-mm advancement daily. Distraction 
was continued until a Class I was reached, and guiding elastics were placed. After consolidation at 
8 to 10 weeks, the distractors were removed with the patient under general anesthesia.

Statiscical analysis
Student t tests and x2 tests were performed to compare the different variables between the groups.
Logistic regression analysis was used to compare the proportion of patients with a disturbed func-
tion of the IAN with those with normal function of the IAN between groups and to eliminate possi-
ble confounding and effect modification. Statistical analyses were performed using the Statistical 
Package for Social Sciences, version 16, software (SPSS, Chicago, IL). 

Results
A total of 65 patients (130 IANs) were evaluated (Table 1). In 37 nerves (28.5%), the patient report-
ed a loss of function. Within this group, BSSO had been performed in 26 cases (70.3%) and DO in 
11 cases (29.7%; Tables 2, 3). The mean age in the reported sensory disturbance group and in the 
control group was 32 and 26 years, respectively (Table 4).

Table 3. Normal versus disturbed inferior alveolar nerve function 
in relation to applied therapy and gender

Subjective
Sensory Operation Gender Frequency  
Finding Type (n) (n)  %

Normal
 DO  Male  28    57.1
   Female  21    42.9
   Total  49  100.0
 BSSO  Male  10    22.7
   Female  34    77.3
   Total  44  100.0
Disturbed
 DO  Male    4    36.4
   Female    7    63.6
   Total  11  100.0
 BSSO  Male    4    15.4
   Female  22    84.6
   Total  26  100.0
Abbreviations as in Table 1. 

Table 2. subjective inferior alveolar nerve function in relation to 
applied therapy

          IAN Function (n)
Operation   Normal  Disturbed Total (n)

DO   49  11 (29.7)  60
BSSO   44  26 (70.3)  70
Total   93        37  130

Abbreviations as in Table 1.
 Data in parentheses are percentages.

Table 4. Age distribution stratified by normal nerve function 
versus subjective sensory disturbance  

   Variable  Age (yr)

Normal
  DO
  Valid  n = 49
  Missing  n = 0
  Mean 21
  Standard error of mean    1
  Median  19
  Range  28
  Minimum  16
  Maximum  44
 BSSO
  Valid  n = 44
  Missing  n = 0
  Mean  31
  Standard error of mean  2
  Median  28
  Range  34
  Minimum  19
  Maximum  53
Disturbed
 DO
  Valid  n = 11
  Missing  n = 0
  Mean  24
  Standard error of mean  3
  Median  20
  Range  26
  Minimum  18
  Maximum  44
 BSSO
  Valid  n = 26
  Missing  n = 0
  Mean  35
  Standard error of mean  2
  Median  34
  Range  33
  Minimum  20
  Maximum  53 

Abbreviations as in Table 1.
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Because the patients were not randomly assigned to DO or BSSO, several confounders occurred.
After elimination of these confounders (ie, age, gender, amount of advancement), no significant dif-
ferences were found in the risk of the reported sensory changes between the 2 treatment options 
(odds ratio 0.652, 95% confidence interval 0.221 to 1.920; Table 5). Moreover, the visual analog 
scale scores did not significantly differ between the 2 groups (P = 086; (Figs 1, 2 and Tables 6, 7).  
However, the categorical scores (mild to severe) were significantly lower in the DO group (P = 018, 
Table 8).

Table 5. Logistic regression analyses for subjective inferior alveolar nerve function 

 Variable  B  Standard Error  Wald  df  P Value  Odds Ratio  95% CI for Exp(B) 

DO  - 0.428  0.551  0.603  1  .437  0.652  0.221-1.920
Age  0.199 0.041  23.314  1  .000  1.220  1.125-1.322
Gender  - 1.855  0.526  12.430  1  .000  0.157  0.056-0.439
Advancement  - 0.817  0.202  16.384  1  .000  0.442  0.298-0.656
Constant  2.234  1.292  2.989  1  .084  9.336 

Abbreviations: CI, confidence interval; DO, distraction osteogenesis.

Table 6. Operation in relation to sensory discomfort, reported on visual analog scale
 
  Sensory Discomfort on Visual Analog Scale

  Operation Mild  Mild to Moderate  Moderate  Moderate to Severe  Severe  No Complaints  Total 

DO
 Nerves (n)   3  3  6  0  0  48  60
 Within operation type (%) 5.0  5.0   5.0  10.0     0.0     0.0  80.0 100.0
 Within sensory category (%)   30.0  33.3  60.0     0.0     0.0  53.3  46.2
BSSO
 Nerves (n)  7  6  4  7  4  42  70
 Within operation type (%)  10.0    8.6    5.7    10.0      5.7  60.0  100.0
 Within sensory category (%)  70.0  66.7  40.0  100.0  100.0  46.7  53.8
Total
 Nerves (n)   10   9  10   7  4  90  130
 Within operation type (%)  7.7  6.9  7.7  5.4  3.1  69.2  100.0
 Within sensory category (%)   100.0  100.0   100.0  100.0    100.0 1   100.0    100.0 

Abbreviations as in Table 1.

Table 7. Discomfort as reported on visual analog scale 
    P Value   Standard Error
Equal Variances  t  df  (2-Tailed)  Mean Difference of Difference  95% CI 

 Assumed  - 1.731  128  .086   - 0.827  0.47810  - 1.773-0.118
 Not assumed  - 1.748    127.935  .083  - 0.827  0.47323  - 1.763-0.108 

Abbreviation: CI, confidence interval. 

Fig 1. Discomfort in relation to DO.

Fig 2. Discomfort in relation to BSSO.

Table 8. x² test for visual analog scale categories 
   Significance
 Value          df (2-Sided) 

Pearson x²  13.712*       5  .018
Likelihood ratio  17.947       5  .003
Valid cases (n)  130 
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Age was significantly related to reported sensory disturbances. Older patients showed a significant 
increase in the number of nerve disturbances. This was seen in the whole group (Fig 3 and Table 
9). However, when stratified by gender, only the female population accounted for this effect. An in-
creased risk of neurosensory disturbances started for women older than 22 years (odds ratio 15.5, 
95% confidence interval 1.730 to 139.651), with additional increases in the oldest age group (odds 
ratio 22.8, 95% confidence interval 2.580 to 201.488) for women older than 36 years. For male 

Table 9. Subjective inferior alveolar nerve function in relation to age for borh genders

Age (yr)  B   Standard Error  Wald  df  P Value  Odds Ratio  95% CI for Exp(B) 

<20     10.219  3  .017
20-22     1.199  0.688     3.036  1  .081  3.316  0.861-12.769
23-36     1.686  0.641     6.918  1  .009  5.400  1.537-18.974
 >36     1.946  0.636     9.355  1  .002  7.000  2.012-24.358
Constant  - 2.197  0.527  17.380  1  .000  0.111 

Abbreviation: CI, confidence interval. 

Fig 3. Percentage of subjective IAN function in different age 
groups: 1, age younger than 20 years; 2, age 20 to 22 years; 3, 
age 23 to 36 years; and 4, age older than 36 years.

patients, however, age had no influence on the number of nerve disturbances (Table 10). No relation 
was found between the degree of advancement and neurosensory disorders (NSDs) in either group 
(odds ratio 1.1, 95% confidence interval 0.9 to 1.4).
In all groups (male vs female, DO vs BSSO, older vs younger), the reported sensory disturbances dif-
fered significantly from the tested sensory disturbances. The results of the objective IAN function 
using simple NSD tests have been previously published10 (Table 11). No significant difference was 
found in IAN function after DO or BSSO using NSD testing. When we compared the results of the 
objective NSD test with subjective IAN function, the NSD tests resulted in a sensitivity of 48.6%, 
a specificity of 94.6%, a positive predictive value of 78.3%, and a negative predictive value of 82.2% 
(Table 12).
Satisfaction correlated significantly with age (odds ratio 2.405, 95% confidence interval 1.066 to 
5.426) and independent of the operation type or gender (Figs 4, 5 and Table 13). 

Table 10. Subjective inferior alveolar nerve function in relation to age stratified by gender

 Gender  Age (yr)  B  Standard Error  Wald  df  P Value  Odds Ratio        95% CI for Exp(B) 

Male
  <20    0.487  3  .922
  20-22    - 19.468  20,096.485  0.000  1  .999  0.000  0.000- 0.000
  23-36    0.636  0.915  0.483  1  .487  1.889  0.315-11.344
   >36    0.348  1.009  0.119  1  .730  1.417  0.196-10.227
  Constant  - 1.735  0.626  7.673  1  .006  0.176
Female
  <20      8.823  3  .032
  20-22  2.182    1.123  3.773  1  .052  8.867  0.981-  80.177
  2-36  2.744    1.120   6.000  1  .014  15.545  1.730-139.651
   >36  3.127    1.112      7.910  1  .005  22.800  2.580-201.488
  Constant  - 2.944  1.026  8.236  1  .004  0.053 
 
Abbreviation: CI, confidence interval. 

Table 11. Objective inferior alveolar nerve function using  
neurosensory disorder tests

 Neurosensory Disorder
 Test Finding (n)

Operation  Normal  Disturbed  Total (n) 

DO    51 (47.7)    9 (39.1)  60 (46.2)
BSSO  56 (52.3)  14 (60.9)  70 (53.8)
Total  107 (82.3)   23 (17.7)  130 (100) 

Abbreviations as in Table 1.
 Data in parentheses are percentages.
 Data from Baas et al.6

Table 12. Objective versus subjective inferior alveolar nerve 
function

  Subjective Function
Neurosensory Disorder Test  Finding

 Finding  Normal  Disturbed  Total 

Normal
 Nerves (n)   88  19  107
 Percentage within sensory test  82.2  17.8  100.0
Disturbed
 Nerves (n)   5  18  23
 Percentage within sensory test  21.7  78.3  100.0
Total
 Nerves (n)   93  37  130
 Percentage within sensory test  71.5  28.5  100.0 

Fig 4. Patient satisfaction in relation to applied therapy. Fig 5. Patient satisfaction in relation to age. 1, younger than 20 
years; 2, age 20 to 22 years; 3, age 23 to 36 years; and 4, age 
older than 36 years.
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Discussion
With the introduction of intraoral distractors, DO became an alternative treatment modality for 
elective orthognathic procedures, although 1 of the disadvantages is the need for a second proce-
dure to remove the distraction devices. There are several reports on the skeletal stability of this 
procedure, describing no difference in treatment outcome with regard to stability.5’10 An interesting 
question is whether DO will result in fewer complications compared with BSSO. Since the first 
description of BSSO by Trauner and Obwegeser,1 much as been published on the complications and 
stability. The most reported complication after BSSO is impairment of the IAN, ranging from 0% 
to 75% at 1 year after surgery.11 The risk factors for IAN impairment, which have been frequently 
reported, include the magnitude of advancement and patient age at surgery.
Some investigators have reported considerably less impairment of the IAN after DO.12’13 A decreased 
risk of IAN impairment could, therefore, be a reason to choose a DO procedure instead of BSSO. In 
a BSSO procedure, medial dissection of the mandibular ramus around the mandibular foramen can 
cause disturbances in the IAN.14’17 The osteotomy line in a DO procedure is distal to the pterygo-
masseteric sling and directly distal to the second molar. No harm can occur to the IAN around the 
mandibular foramen in this procedure. This could be an explanation for the reported low risk of IAN 
deficits, ranging from 2% in 70 patients12 to 0% in 5 patients.13
In a retrospective  study reported by Wijbenga et al,18 a DO group was compared with a BSSO group 
treated at a different hospital. The mean age of the BSSO group was 26.4 years and of the DO 
group was 15.0 years. However, no information on the mean advancement in millimeters was avail-
able for either group, and no statistical correction for confounders (ie, age and/or advancement) 
was performed. The investigators reported no significant difference in IAN impairment after 1 year. 
However, without a statistical correction, a lower risk could be expected for the youngest age group 
(ie, the DO group). However, this was not found, and the BSSO group showed a relatively lower risk 
of IAN deficits.
In a prospective study by Ow and cHeung,19 23 patients underwent BSSO or DO. In their study, no 
difference could be observed with regard to IAN function between the 2 groups. In both groups, 1 
patient developed condylar resorption. Localized wound infections occurred more often in the DO 
group than in the BSSO group (6 vs 2 patients) in their earlier report. According to a review of the 
published data, the incidence of persistent IAN disturbances in the DO group was 2.9% and in the 
BSSO group was 27.8%.20 The reason for this difference could be that the patients were incorrectly 
pooled from other studies, and the number of patients in both groups diverged too greatly.21
In our earlier study, no significant difference was found in the IAN function with the objective test 
using the Weinstein monofilament, pinprick, and cotton swabs.6 In the present report, we focused 
on the subjective findings reported by the patients. In the results obtained by questionnaire,7 again, 
no significant difference in subjective IAN deficits was demonstrated. Age was a significant risk 

Table 13. Logistic regression for satisfaction 

 Step 1  B  SE  Wald  df  P Value  Exp (B)  95% CI for Exp (B) 

Operation (DO)  - 0.367  0.885  0.172  1  .679  0.693  0.122-3.928
Age per group  0.877  0.415  4.465  1  .035  2.405  1.066-5.426
Constant  - 4.939  1.502  10.810  1  .001  0.007 

Abbreviations as in Table 5.

factor for IAN deficits in women but not in men. This can already be seen in women older than 22 
years but is even more specific in the older female age groups. Gender-specific differences have 
not been published often, but gender-specific thresholds for men and women have previously been 
published.22’23
A lower tactile threshold for women was demonstrated, which could be an explanation for the cur-
rent findings. Compared with the objective test results,6 the increased risk of IAN disturbances for 
older female patients was even more apparent for the subjective results.
In objective NSD tests, an overall NSD disturbance of 18% (23 of 130 nerves6) was seen compared 
with 28.5% (37 of 130 nerves) in subjective IAN disturbances.
A relatively good correlation between the subjective evaluation and objective testing has been de-
scribed,24 although others have reported that patients over-report neurosensory problems compared 
with objective testing.25 In the present study, the fairly low sensitivity of the objective NSD test 
could have been because the threshold in the tests was too high. A 75% response to a Weinstein 
monofilament 3.22, cotton swab, and sharp/blunt discrimination was used as the threshold. The 
baseline for static light touch in the trigeminal nerve distribution is generally 1.65 to 2.36.26 Age also 
correlated significantly with satisfaction, and this was seen for women and for men.
In conclusion, no difference was found in IAN disturbances after DO or BSSO. Age correlated signif-
icantly with NSD disturbances for female patients. Satisfaction also correlated significantly with 
age but was independent of gender. Older female patients are more at risk of IAN disturbances and 
an unsatisfactory result after DO or BSSO. A prospective clinical trial is necessary to confirm the 
results of our retrospective study. 
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Abstract
The aim of this study was to compare the postoperative stability of the mandible after a bilateral 
lengthening procedure, either by bilateral sagittal split osteotomy (BSSO) or distraction osteogen-
esis (DO). All patients who underwent mandibular advancement surgery between March 2001 and 
June 2004 were evaluated; 26 patients in the BSSO group and 27 patients in the DO group were 
included. The decision to use the intraoral distraction or BSSO for mandibular advancement primar-
ily depended on the patient’s choice.
In both groups, standardized cephalometric radiographs were taken preoperatively, postoperatively 
(BSSO group) or directly post-distraction (DO group) and during the last study measurement in 
May 2005. The cephalometric analysis was performed using the following measurements: Sella/Na-
sion– Mandibular point B and Sella/Nasion–Mandibular Plane. Point B was used to estimate relapse.
This study showed no significant difference in relapse between the BSSO and the DO group 
measured 10–49 months after advancement of the mandible (p > 0.05). There is no postoperative 
difference in the stability between BSSO and DO after mandibular advancement after 1 year.

Introduction
Mandibular hypoplasia is a common dentofacial deformity requiring a combination of orthodontic 
and surgical treatment. The most frequently used surgical technique for advancement of the man-
dible is bilateral sagittal split osteotomy (BSSO)16’23. In patients with a normal or decreased facial 
height BSSO for mandibular advancement is considered a very stable procedure14’16. A high man-
dibular plane is seen as a major aetiological factor contributing to postoperative skeletal relapse7’16. 
In larger advancements the relapse appears to be multifactorial and is related to the amount of 
advancement6’7’16. One factor assumed to contribute to this relapse is the acute stretching of the 
soft tissues, including muscles and tendons.
Since the initial introduction of distraction osteogenesis (DO) of the human mandible by the 
German craniofacial surgeon Rosenthal in 19279 and after a report of distraction osteogenesis of 
the mandible in four young patients by McCarthy in 199212, distraction of the mandible has been 
evolved. Intraoral DO for lengthening the mandible is now proposed as an alternative to BSSO21 22. 
Increased stability is thought to be one of the main advantages of DO23. Gradual stretching of the 
soft tissues, less periosteal stripping, and positioning the site of the osteotomy distal to the ptery-
gomasseteric sling are considered beneficial to the stability of the procedure20. A reduced risk of 
permanent nerve damage after intraoral distraction has been reported1’25. Lengthening of the man-
dible can be increased to a greater extent than can be achieved by conventional surgery without the 
need for bone grafts. The duration of orthodontic treatment with intra-oral mandibular distraction 
is significantly shorter compared with mandibular lengthening with BSSO3.
There are insufficient data in the literature comparing BSSO and DO of the mandible, especially on 
relapse. This retrospective pilot study was carried out to compare the postoperative stability of the 
mandible after bilateral lengthening by means of BSSO and DO. 

Materials and Methods
In this retrospective study, all patients with surgical lengthening of the mandible for correction of 
a mandibular retrognatia treated between March 2001 and June 2004 were evaluated. All patients 
included were treated in The Isala Clinics, Zwolle, The Netherlands.
The DO group comprised 30 patients and the BSSO group 35 patients. In the DO group, 3 patients 
were excluded because of insufficient data. Therefore, 27 patients were included in this group of 
whom 14 were male and 13 were female. The mean age at the time of surgery was 19 years (range 
14–41 years). In the BSSO group, 9 patients were excluded because of insufficient data, leaving 26 
patients: 4 men and 22women. The mean age at the time of surgery was 28 years (range 17–50 
years). All patients had orthodontic appliances in place at time of the surgical treatment. The de-
cision to use intraoral distraction or BSSO for mandibular advancement primarily depended on the 
patient’s choice after extensive consultation with them and their parents on both types of surgery.
In both groups, the clinical measurements and cephalometric radiographs were taken preoperatively, 
postoperatively or in the DO-group directly post-distraction (T1) and during the last study meas-
urement in May 2005 (T2). As a basis for the cephalometric measurements, an x–y cranial base 
coordinate system was constructed. For the x-axis the Sella–Nasion line was used. A constructed 
vertical reference line was drawn perpendicular to this line at Sella (y-axis). Analysis was performed 
using the following measurements: Sella/Nasion–Mandibular point B (SNB), Sella/Nasion–Mandibu-
lar plane (SN–MP), X–B and Y–B. Point B was used to estimate relapse (Fig. 1).
All the cephalographs were traced by one person, by hand. Superimposition of the radiographs was 
performed using the ‘manual geometric superimposition’ method8.
The follow-up period varied from 10 to 49 months. 
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The surgical procedure
In both groups the surgery was performed under general anaesthesia. Preoperatively 2 g cefazolin 
and 0.5 mg/kg dexamethasone were given intravenously. Postoperative, after 8 and 16 hours, an-
other 10 mg dexamethasone was given intravenously.

BSSO
A few weeks before the surgery new dental casts and a bite registration were made. These were 
used for the preoperative cast surgery. An interocclusal acrylic splint was made, which was used 
during the surgery. The bilateral sagittal split advancement osteotomy was carried out according 
to Obwegeser/Dal Pont modified by Hunsuck11. After infiltration of the mucosa with Ultracaine, an 
intraoral vestibular incision and mucoperiosteal flap was performed in the region of the planned 
osteotomy. Following stripping of the temporalis muscle insertion, the soft tissues were retracted. 
A periosteal elevator was then introduced subperiosteal on the medial aspect of the ramus, above 
the foramen. The inferior alveolar nerve was identified at the lingula, where the medial horizon-
tal osteotomy cut was made with a Lindemann bur, just above the lingula and parallel with the 
occlusal plane. The oblique and buccal cuts were made. Finally, the lower border of the mandible was 
cut with the Lindemann bur. The osteotomy of the mandible was performed. After advancement, 
the mandible was fixed in the planned occlusion with stainless-steel intermaxillary wires with a 
thin interocclusal acrylic splint (wafer) in place. Titanium miniplates were used to fix the fragments. 
The proximal fragments were positioned with a gauze-packing instrument to guide the proximal 
fragment into the proper posterior position in the glenoid fossa. The miniplates were bent, posi-
tioned passively against the bony fragments and fixed with at least two monocortical 5 or 7 mm 
screws on each side of the osteotomy. The intermaxillary fixation was released and the occlusion 
was checked. 

DO
The mucosa was infiltrated with Ultracaine. After exposing the mandibular body and angle, the 
buccal vertical cut was made with the Lindemann bur just behind the second molar. The lower 

Fig. 1. The landmarks and measurements used for the 
cephalometric analysis described in the text. border of the mandible was cut. If the third molar was still in place, it was removed. With a fissure 

bur, a cut was made distal of the second molar in the buccal to lingual direction. The mono-direc-
tional distractor device (Zurich Distractor, Martin GmbH & Co, Tuttlingen, Germany) (Fig. 2) was 
adapted and placed with at least two monocortical screws on each side of the distractor device. It 
was placed parallel to the occlusal plane. After removing the screws and the distractor device, the 
osteotomy was completed, first with a lingually placed, curved chisel and finally with the Smith 
forceps and a siphon in the lower border of the jaw. Great care was taken not to penetrate the 
spongious bone and only cutting the cortical bone in order to protect the inferior alveolar nerve. The 
distractor device was placed in the marked position and fixed on each side with three monocortical 
screws . The most dorsal screws were placed transcutaneously. Before closure of the wounds, the 
functioning of the distractor device was checked. After a latency period of 5–7 days, the distractor 
devices were activated twice a day, resulting in a 1.0 mm lengthening of the distractor device every 
day. Distraction was continued until a Class I occlusion was reached. When the optimal position had 

Fig. 2. The Zurich Distractor (Martin GmbH & Co,  

Tuttlingen, Germany) used in the study.

been achieved, a consolidation period of 8–10 weeks followed, after which the devices were removed 
under general anaesthesia. 

Post-surgical protocol
The patients in the BSSO group had to maintain a soft diet for 6 weeks. In the DO group, patients 
were kept on a soft diet until 6 weeks after completing the distraction. After both procedures the 
orthodontic treatment continued and, if necessary, elastic traction was used, mostly in patients 
who showed signs of an anterior open bite. Patients were seen and instructed by an oral hygienist 
at regular intervals.

Statistics
The data were analyzed using the Statistical Package of Social Sciences (SPSS, Chicago, IL) version 
13.0. The difference in age was analysed using Student’s t-test and the difference in gender was 
compared using a Pearson’s X² test. The measurement data were subjected to multiple regression 
analysis to identify and eliminate possible confounding by age and gender. 

Results
A total of 26 patients in the BSSO group and 27 patients in the DO group were included in the 
study (Table 1). The difference in gender distribution between the two groups was significant (p < 
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0.01). In the BSSO group, more women were treated. Also the mean age between the two groups 
was significantly different (p < 0.01). The patients in the DO group were younger. The mean ad-
vancement of the mandible in both groups was comparable. In the BSSO group, the lengthening 
varied from 4 to 9 mm(mean 7.23 mm). In the DO the lengthening varied from 5 to 12 mm (mean 
7.81 mm). A high mandibular plane (SN–MP > 38) was seen in 6 patients in the BSSO group and in 
6 patients in the DO group. The remaining patients had a normal to low mandibular plane. There 
was no difference in relapse between patients with a high or normal to low mandibular plane. Age 

Table 2. Mean relapse from the three measurements on the cephalometric radiographs between T1 (postoperative or post-distraction) 
and T2 (last study measurement in May 2005). 

Operation    SN-B (degrees)  X-B (millimeters)  Y-B (millimeters)

BSSO  N Valid      
  Missing     
 Mean        
 Std. Error of Mean          
 Median            
 Std. Deviation       
DO  N  Valid      
  Missing      
 Mean       
 Std. Error of Mean       
 Median        
 Std. Deviation       
P value         

BSSO, bilateral sagittal split osteotomy; DO, distraction osteogenesis.

Table 1. Mean characteristics of bilateral sagittal split osteotomy (BSSO) and distractionosteogenesis (DO) groups.

  BSSO   DO 

Number of patients included      26        27
Men        4        14
Women      22        13
Mean age (in years) and range      28 (17–50)        19 (14–41)
Mean advancement (in mm) and range     7.23 (4–9)        7.81 (5–12)
SN–MP < 380 (number of patients)      20        21
SN–MP > 38o (number of patients)     6        6

and gender were statistically identified as confounders. After elimination of confounding, analyses 
of SN–B, X–B and Y–B (Fig. 1) (Table 2) at T1 (postoperative or post-distraction) and T2 (last 
study measurement in May 2005) between the BSSO and DO group showed no significant differ-
ence (p > 0.05) in all measurements. 

Discussion
A number of studies have described skeletal relapse after mandibular advancement using a BSSO 
procedure. Recently, only retrospective reports of the stability of DO of the mandible have
been published4’20’25. There is a lack of long-term data on skeletal relapse after DO. To the authors’ 
knowledge there are no clinical studies comparing the stability of the two surgical procedures for 
advancement of the mandible. It is difficult, therefore, to compare the results of the present study 

26
  0
 -0.4
  0.4
 -0.3
  1.8
27
  0
 -0.1
  0.3
  0.0
  1.6
    .78 

26
  0
 -0.5
  0.4
  1.0
  2.3
27
  0
 -1.1
  0.5
 -0.5
  2.7
    .87 

26
  0
 -0.9
    .18
  0.0
    .89
27
  0
  -.21
   .13
   .00
   .68
   .22 

with results found in the literature.
In the present study, the authors did not find a significant difference in relapse between the BSSO 
and the DO groups, while the mean distance of advancement was comparable in both groups. A 
possible explanation for this result could be that the difference in relapse between the two surgi-
cal techniques is very small and more patients would be needed to demonstrate a difference. The 
follow-up period could also be too short. For BSSO, prOffiT et al. observed a decreased mandibular 
length between 1 and 5 years post-treatment in about 20% of the patients with a mandibular 
advancement14. eggensperger et al. observed a continued relapse after BSSO, reaching 50% of the 
mandibular advancement 12 years after surgery6. When the first patients underwent a DO proce-
dure at the beginning of 2001, there was not as much experience with this procedure as with BSSO. 
The learning curve for DO might affect the long-term stability; more postoperative infections of the 
distraction site were seen in the early group, possibly leading to prolonged bone formation and more 
relapse.
There was a significant difference in the mean age and in gender distribution between the two 
groups in this study. The patients in the DO group were significantly younger and the BSSO group 
consisted of significantly more women. Statistical analyses demonstrated that both differences 
had an influence on the outcome. Though, it is not known what exact biological influence age or 
gender have on skeletal relapse, morphological bone changes due to aging could have a negative 
effect on stability. Hormonal differences between the sexes could also play a role in treatment 
outcome and this should be taken into account. In the DO group, several patients aged 14 or 15 
years were included. Previously, these patients had been unsuccessfully treated with an orthodontic 
activator. There might be a bias due to additional mandibular growth in these patients after the 
surgical treatment, although this seems unlikely as the orthodontic activator failed to reduce the 
overjet.
All lateral cephalograms of the patients in both groups were analogue radiographic images. In the 
literature, the analogue cephalometric measurements provide similar results as the digital meas-
urements13’15. In this study it was decided to hand-trace the radiographs. In a recent study, gliDDOn 
et al. compared the accuracy of cephalometric tracing superimposition. They concluded that the 
manual geometric superimposition method, where they manually rotated and translated the trac-
ings to best fit the traced geometric structures, was more accurate than the traditional methods8. 
The superimposition of the radiographs in this study was performed using this ‘manual geometric 
superimposition’ method. Cephalometrically, the horizontal and vertical movements of the skeletal 
chin were measured at point B, supported by the measurement of the SNB angle.
In current literature, several possible advantages of intra oral DO of themandible over traditional 
surgical techniques have been described. BSSO procedures with an advancement up to 7 mm in 
patients with a low or normal mandibular plane angle with rigid fixation are considered to be stable. 
Mandibular advancements of more than 7 mm and advancements in patients with a high man-
dibular plane are at risk of relapse7’16. It is advocated that DO causes less relapse due to gradual 
stretching of the soft tissues, less periosteal stripping and positioning of the osteotomy site distal 
to the pterygomasseteric muscular sling²0. Although the results are promising, especially for large 
advancements, an exception has to bemade for patients with a high mandibular plane, who are 
thought to be at risk of significant relapse after BSSO as well as after DO7’16’20. It is difficult to 
achieve a mandibular advancement over 15 mm with a BSSO, because of resistance of the soft 
tissues and problemswith maintaining adequate bony contact for osseous healing. Using DO, sig-
nificant lengthening of the mandible up to more than 20 mm can be obtained without the need for 
bone grafting17, thereby reducing the morbidity associated with this procedure. Also, alignment of 
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the proximal and distal segments after a large advancement can be difficultwith a BSSO, due to 
lateral flaring of the proximal fragment. This may result in a lateral shift of the mandibular condyle, 
thereby contributing to a possible internal derangement of the temporomandibular joint²4.
Skeletal relapse which is measured at point B is thought to be a complex multifactor phenomenon. 
One of the eventual skeletal changes seen after a BSSO is condylar resorption. Surgical compres-
sion of the condyle and changed biomechanics of the condylar ramus segment have been men-
tioned as reasons for condylar resorption10. DO is assumed to cause gradual loading of the temporo-
mandibular joints rather than the acute joint loading associated with BSSO. It is thought that this 
gradual loading may prevent condylar resorption16’20.
When compared with BSSO, it is often assumed that DO may offer the advantage of safe applica-
tion for mandibular advancement in growing children. This earlier intervention can have the advan-
tage of an uninterrupted orthodontic treatment, thereby saving time and money. The results of the 
present study show that the results of DO in adolescents are quite stable. breuning et al. showed 
that the total treatment time for the combined orthodontic and surgical treatment in patients with 
Angle Class II malocclusions was significantly shorter in patients treated with fixed appliances and 
DO compared with patients treated using fixed appliances and BSSO3.
One of the major disadvantages of BSSO is the risk of neurosensory impairment of the lower 
alveolar nerve, which may be temporary or permanent. This neurosensory impairment can result 
from direct trauma to the nerve but it can also be present when no apparent injury has occurred at 
the time of surgery. Simple manipulation of the nerve during surgery and stretching can result in 
neurosensory abnormalities. In DO, the number of neurosensory disturbances may be lower because 
of less manipulation and gradual stretching of the nerve. There is no stretching of the nerve at the 
medial site of the ramus because it is not necessary to identify the entrance of the nerve to the 
mandible. There is insufficient evidence in the literature to support these assumed improved neuro-
sensory outcomes. Van sTrijen et al. reported 2% hypoesthesia after DO of the mandible 12 months 
after removal of the distraction devices19. In a group of 5 patients, wHiTesiDes et al. found that all 
10 inferior alveolar nerves showed function consistent with or very near presurgical levels at 1 year 
post-distraction25. In a prospective study after BSSO bOrsTlap et al. reported normal function of 
the alveolar nerve 2 years postoperatively in approximately 88% of the patients, while 94% had no 
complaints about hypaesthesia2.
The BSSO is the most commonly performed operation for correction of mandibular deficiency16’23. 
Many surgeons have little experience with DO. DO is technique sensitive and the surgical skills and 
experience of the surgeon can optimize treatment outcomes and reduce the complication rate. 
Experience with DO is increasing, but it is a more time consuming and expensive procedure than 
BSSO. The distraction procedure is more expensive mainly because of the cost of the distraction 
devices5’18. With the increased use of DO, it is possible that the prices of the distraction devices will 
drop. Re-use of these expensive devices may be considered in the future.
The reported complications of DO of the mandible are low17’19. The complications in relation to 
distraction osteogenesis are similar to those encountered with BSSO19. Van sTrijen et al. reported a 
postoperative infection rate of 3% after placement of the distraction device. These infections ap-
peared to have a minimal effect on the distraction regenerate. They also reported 3% device-related 
problems during the active distraction19. Compared with the BSSO, DO is accompanied by greater 
patient discomfort during and shortly after treatment. A second surgical intervention is needed 
to remove the distraction devices. The patient undergoing distraction must be willing to activate 
twice a day during the active distraction period and frequent visits to the hospital during the active 
distraction period are required. One of the most obvious advantages of traditional orthognathic 

surgery is the ability to complete the correction in one surgical event.
The results of this study suggest that there is no significant difference in relapse between BSSO 
and DO, measured 10–49 months after mandibular advancement. The mean lengthening of the 
mandible was comparable in both groups. This means that a relatively new technique proved to be 
as stable as BSSO. More experience and understanding of the advantages and disadvantages of DO 
could lead to better results in the future. DO involves more patient discomfort and is more expen-
sive. 

Source(s) of support in the form of grants
None. 
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Abstract 
The aim of this study was to compare the postoperative stability of the mandible after a bilateral 
lengthening procedure, either by bilateral sagittal split osteotomy (BSSO) or distraction osteogen-
esis (DO). All patients who underwent mandibular advancement surgery between March 2001 and 
June 2004 were evaluated. There were 17 patients in the BSSO group and 18 patients in the DO 
group. The decision to use intra-oral distraction or BSSO for mandibular advancement primarily 
depended on the choice of the patient and their parents. In both groups, standardized cephalomet-
ric radiographs were taken preoperatively, postoperatively (BSSO group) or directly post-distraction 
(DO group) and during the last study measurement in May 2008. Cephalometric analysis was per-
formed using the following measurements: sella/nasion-mandibular point B and sella/ nasion-man-
dibular plane. Point B was used to estimate relapse. This study showed no significant difference in 
relapse between the BSSO and the DO groups measured 46–95 months after advancement of the 
mandible (P > .05). It can be concluded from this study that there is no postoperative difference in 
the stability between BSSO and DO after mandibular advancement after 4 years.

Introduction 
Mandibular hypoplasia is a common dentofacial deformity requiring a combination of orthodon-
tic and surgical treatment. The most frequently used surgical technique for advancement of the 
mandible is bilateral sagittal split osteotomy (BSSO)12’14. In patients with normal or decreased 
facial height, BSSO is considered a very stable procedure for mandibular advancement10’12 Distrac-
tion osteogenesis (DO) of the human mandible has evolved since 1992 and, at present, intra-oral 
distraction osteogenesis for lengthening the mandible is proposed as an alternative to BSSO15’16. In 
an earlier study by VOs et al.18, the stability of mandibular lengthening, either by BSSO or DO, was 
reported after a follow up of at least 10 months. There was no difference between the two groups. 
The same group of patients was evaluated 3 years later to assess the long-term stability. 

Materials and methods
In this retrospective study, all patients with surgical lengthening of the mandible for correction of a 
mandibular retrognathia treated between March 2001 and June 2004 were evaluated. All patients 
included were treated in The Isala Clinics, Zwolle, The Netherlands, which is a training facility for 
oral and maxillofacial (OMF) surgeons, so every patient was treated by an OMF surgeon (in total 3) 
and a resident. All possible advantages and risks of both procedures were extensively explained to 
the patients and their parents. The decision to use intra-oral distraction or BSSO for mandibular 
advancement was finally made by the patient and their parents, together with the surgeon.
The patients were divided into two groups. In 2005, the DO group consisted of 27 subjects and the 
BSSO group 26 subjects. In 2008, sufficient data could be obtained from 18 patients in the DO 
group of whom 10 were male and eight were female. The mean age at the time of surgery was 20 
years (range 14–41 years). In the BSSO group, nine patients were excluded because of insufficient 
data, leaving 17 patients for evaluation; three men and 14 women. The mean age at time of surgery 
was 28 years (range 17–50 years). All patients, in both groups, had orthodontic appliances in place 
at the time of surgical treatment.
In both groups, clinical measurements and cephalometric radiographs were taken preoperatively, 
postoperatively or in the DO group directly post-distraction (T1) and during the earlier study meas-
urement in 2005 (T2) and the last measurement (T3) in 2008. As a basis for the cephalometric 
measurements, an x–y cranial base coordinate system was constructed. For the x-axis the sella-na-
sion line was used. A constructed vertical reference line was drawn perpendicular to this line at sella 
(yaxis). Analysis was performed using the following measurements: sella/nasionmandibular point B 
(SNB), sella/nasionmandibular plane (SN-MP), X-B and Y-B. Point B was used to estimate relapse 
(Fig. 1).
All the cephalographs were traced by one person, by hand. Superimposition of the radiographs was 
performed using the ‘manual geometric superimposition’ method4. The follow-up period varied from 
46 to 95 months. 

Surgical procedure
In both groups, the surgery18 was performed under general anaesthesia. Preoperatively 2 g cefazo-
line and .5 mg/kg dexamethasone were given intravenously. Eight and sixteen hours postoperatively 
another 10 mg dexamethasone was given intravenously.

BSSO
BSSO was carried out according to Obwegeser and Dal Pont modified by Hunsuck. After infiltration 
of the mucosa with ultracaine DS forte (articaine), an intra-oral vestibular incision and mucoperi-
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osteal flap was made in the region of the planned osteotomy. Following stripping of the temporalis 
muscle insertion, the soft tissues were retracted. A periosteal elevator was introduced subperioste-
ally on the medial aspect of the ramus, above the foramen. The inferior alveolar nerve was identified 
at the lingula. With a Lindemann bur the medial horizontal osteotomy cut was made just above the 
lingula and parallel with the occlusal plane. The oblique, buccal and finally the lower border of the 
mandible was cut with the Lindemann bur. The osteotomy of the mandible was performed.
After advancement, the desired occlusion was fixed with stainless steel intermaxillary wires with 
a thin interocclusal acrylic splint (wafer) in place. Titanium miniplates (2.0 plates Synthes GmbH, 
Solothurn, Switzerland) were used for fixation of the fragments. The proximal fragments were posi-
tioned into the proper position in the fossa. The miniplates were bent, positioned passively against 
the bone fragments and fixed with at least two monocortical 5 or 7 mm screws on each side of the 
osteotomy. The intermaxillary fixation was then released and the occlusion was checked.

DO
The mucosa was infiltrated with ultracaine DS forte (articaine). After exposing the mandibular body 
and angle, the buccal vertical cut was made with the Lindemann bur just behind the second molar. 
The lower border of the mandible was cut. If the third molar was still in situ, it was removed. With 
a fissure bur, a cut was made distal of the second molar from buccal to lingual. The mono-direc-
tional distractor device (Zurich Distractor, Martin GmbH & Co, Tuttlingen, Germany) was adapted 
and placed with at least two monocortical screws on each side of the distractor device. It was 
placed parallel to the occlusal plane. After removing the screws and the distractor device, a com-
plete osteotomy was performed. The distractor device was again placed in the marked position and 
fixed with three monocortical screws. The most dorsal screws were placed transcutaneously. Before 
closure of the wounds, the functioning of the distractor device was checked. 
After a latency period of 5–7 days, the distractor devices were activated twice a day, resulting in 
a 1.0 mm lengthening of the distractor device every day. Distraction was continued until a Class I 
occlusion was reached. When the desired position had been achieved, a consolidation period of 8–10 
weeks followed before the devices were removed under general anaesthesia. 

Fig. 1. Landmarks and measurements used for the cepha-
lometric analysis.

Post-surgical protocol
The BSSO patients had to maintain a soft diet for 6 weeks. DO patients were kept on a soft diet 
until 6 weeks after completing the distraction. After BSSO and during the distraction period or-
thodontic treatment continued. Elastic traction was used when necessary. Patients were seen and 
instructed by an oral hygienist at regular intervals.

Statistics
The data were analysed using the Statistical Package of Social Sciences (SPSS, Chicago, IL, USA) 
version 18.0. The difference in age was analysed using Student’s t-test and the difference in gender 
was compared with Pearson’s x2 test. The measurement data were subjected to multiple regression 
analysis to identify and eliminate possible confounding by age and gender. 

Results
Seventeen patients in the BSSO group and 18 in the DO group were included (Table 1). Patients 
who were lost to follow up were categorized as ‘missing at random’ with no relation to the outcome 
of treatment. The difference in gender distribution between the two groups was significant (P = 
.02). In the BSSO group, more women were treated. The mean age between the two groups was sig-
nificantly different (P = .02). The patients in the DO group were younger. The mean advancement of 
the mandible in both groups was comparable. In the BSSO group the lengthening varied from 4 to 

Table 1. Mean characteristics of both groups. 
 BSSO   DO 

Number of patients included  17   18
Men    3   10
Women  14     8
Mean age and range (years)  28 (17–50)   20 (14–41)
 SD: 12, SE mean: 3 SD: 8, SE mean: 2
Mean advancement and range (mm)  7.06 (4–9)  7.94 (5–12)
 SD: 1, SE mean: 0 SD: 2, SE mean: 0
SN-MP < 3880 (number of patients)  13   14 
SN-MP > 3880 (number of patients)    4     4

9 mm (mean 7.06 mm). In the DO group, lengthening varied from 5 to 12 mm (mean 7.94 mm). A 
high mandibular plane (SN-MP > 38˚) was seen in the BSSO group and in the DO group in four cas-
es. The remaining patients had a normal to low mandibular plane. There was no difference in relapse 
between patients with a high or normal to low mandibular plane. Age and gender were statistically 
identified as confounders. After elimination of these confounding factors, analyses of SN-B, X-B 
and YB (Fig. 1) (Table 2) at T1 (postoperative or post-distraction), T2 (measurement in May 2005) 
and T3 (last measurement in May 2008) between the BSSO and DO groups showed no significant 
difference (P > .05) in all measurements. Table 3 shows the standard error and standard deviation 
of the measurements in this model. 
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Discussion
In the previous paper by VOs et al., there was no difference in stability between DO and BSSO after 
a minimal follow up of 10 months18. In the present study, the same patients were evaluated 3 years 
later, resulting in a minimal follow up of 46 months. The results show that also in the long term 
there is no significant difference in relapse between the BSSO and DO groups, while the mean dis-
tance of advancement was comparable in both groups. This indicates that the difference in relapse 
between the two surgical techniques is very small and clinically of no consequence.
For BSSO, prOffiT et al. observed a decreased mandibular length between 1 and 5 years post-treat-
ment, probably due to condylar remodelling, in about 20% of patients with a mandibular advance-
ment10. eggensperger et al. observed a continued relapse after BSSO, reaching a total of 50% of the 
mandibular advancement 12 years after surgery2’3. Relapse after BSSO, up to 50% for point B and 
60% for pogonion of the original advancement, was also seen by jOss and THüer ER 12.7 years after 
surgery5. In the present study, relapse was relatively small in both groups (Table 2).
A systematic review of stability after BSSO was published in 20096. Only 24 studies met the crite-
ria with predominantly low to medium quality. The follow up period was 6 months to 12.7 years, and 
the fixation methods were bicortical screws, plates and bioresorbable screws. Short term relapse 
(<1.5 years) ranges from 1.5 to 32.7% for point B, and from 1.4 to 37% for pogonion. Long term 
relapse (>1.5–12.7 years) ranges from 1.5 to 50.3% for point B, and from 1.6 to 60.2% for pogonion. 
Possible sites of relapse are the osteotomy site, through slippage of the segments, and the tempo-
romandibular joint. Distraction of the condyle, rotation of the proximal segment, or morphological 

Table 2. Mean relapse between the three measurements on the cephalometric radiographs between T1 (postoperative or  
post-distraction) and T3 (last study may 2008). 

Operation  SN-B (8)  X-B (mm)  Y-B (mm)

BSSO
 N    17  17  17
 Mean      .81   - .22   .15
 SE of mean      .40     .7   .09
 Median    1.0   - .20   .15
 SD    1.63     .31   .38
DO
 N   18  18  18
 Mean   - .06   - .12   .08
 SE of mean     .61     .06   .09
 Median     .0   - .10   .02[
 SD   2.60      .25   .37
P value     .24      .26   .55

Table 3. Mean relapse from the three measurements on the cephalometric radiographs between T1 and T3.

   SN-B   X-B   Y-B

N  Valid    35  35  35 

 Mean  .3714   - .1689   .1129
 SE of Mean    .37143     .04711   .06269
 Median    .0000   - .1100   .1000
 SD    2.19740    .27871   .37089
 Minimum   - 4.00   - .90    - .50
 Maximum    6.00    .30    1.20

changes of the condyle (PCR) have been described as causes of relapse. The conclusion was that 
relapse is multifactorial and influenced by the amount of advancement, ridged fixation instead of 
wire fixation, mandibular plane angle, age and control of the proximal segment (skill of surgeon).
A randomized controlled trial comparing DO and BSSO in class II mandibular hypoplasia patients 
has been published recently9. Fourteen patients were randomly assigned to DO or BSSO. After a 
follow-up of 1 year no significant difference, vertically or horizontally, was found in skeletal stability. 
The same authors also conducted a literature review and no difference was found in skeletal stabili-
ty after DO or BSSO for lengthening the mandible8.
When the first patients underwent DO at the beginning of 2001, there was not as much experience 
with DO procedure as with BSSO. There is probably a learning curve effect for DO regarding long-
term stability, as there were more postoperative infections of the distraction site in the early group, 
possibly leading to prolonged bone formation and more relapse. 
There was a significant difference in the mean age and gender distribution between the two groups 
in this study. The patients in the DO group were significantly younger and the BSSO group consist-
ed of significantly more women. Statistical analyses demonstrated that both differences had an in-
fluence on the outcome. Though it is not known biologically to what extent age or gender influence 
skeletal relapse, they should always be taken into account. No studies on difference in gender with 
regard to relapse have been found but one study showed less relapse for patients over 41 years, 
treated with plate fixation1.
Lateral cephalograms of the patients in both groups were analogue radiographic images. In the lit-
erature, analogue cephalometric measurements provide similar results to digital measurements7’11. In 
the present study it was decided to hand-trace the radiographs as in the previous paper. In a recent 
study, gliDDOn et al. compared the accuracy of cephalometric tracing superimposition. They conclud-
ed that the manual geometric superimposition method, in which they manually rotated and trans-
lated the tracings to best fit the traced geometric structures, was more accurate than traditional 
methods4. The superimposition of the radiographs in this study was performed using this ‘manual 
geometric superimposition’ method. Cephalometrically, the horizontal and vertical movements of 
the skeletal chin were measured at point B, supported by the measurement of the SNB angle. 
In the current literature several possible advantages of intra-oral DO of the mandible over tradition-
al surgical techniques have been described. BSSO procedures with an advancement of up to  
7 mm in patients with a low or normal mandibular plane angle with rigid fixation are considered 
to be stable10. Mandibular advancements of more than 7 mm and advancements in patients with a 
high mandibular plane are at risk of relapse2’12. It is advocated that DO causes less relapse due to 
gradual stretching of the soft tissues, less periosteal stripping and positioning of the osteotomy site 
distal to the pterygomasseteric muscular sling17. Although the results are promising, especially for 
large advancements, an exception has to be made for patients with a high mandibular plane, who 
are thought to be at risk of significant relapse after BSSO as well as after DO2’12’17. It is difficult 
to achieve a mandibular advancement over 15 mm with a BSSO, because of resistance of the 
soft tissues and problems with maintaining adequate bony contact for osseous healing. Using DO, 
significant lengthening of the mandible up to more than 20 mm can be obtained without the need 
for bone grafting13, thereby reducing possible morbidity associated with this procedure. Alignment 
of the proximal and distal segments after a large advancement can be difficult with BSSO, due to 
lateral flaring of the proximal fragment. This may result in a lateral shift of the mandibular condyle, 
thereby contributing to a possible internal derangement of the temporomandibular joint19.
According to the results of this study, it can be concluded that there is no significant difference in 
relapse between BSSO and DO, measured 46–95 months after mandibular advancement. In both 
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groups, the mean lengthening of the mandible was comparable. This means that in the long term 
both procedures are stable. Further research, preferably a randomized clinical trial, is necessary to 
confirm these findings. 
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This is an edited version of the manuscript: E. M. Baas, F. Bierenbroodspot, J. de Lange. Bilateral sagittal split 
osteotomy versus distraction osteogenesis of the mandible: a randomized clinical trial. Int. J. Oral Maxillofac. 
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• T3 > 1year
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Patient
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Abstract 
A randomized clinical trial was performed to evaluate differences in postoperative neurosenso-
ry disturbance (NSD) between two methods of mandibular advancement surgery. A total of 66 
non-syndromal class II patients with mandibular hypoplasia were randomized for either distraction 
osteogenesis (DO) or bilateral sagittal split osteotomy (BSSO). Twenty-nine patients in the BSSO 
group and 34 patients in the DO group were available for evaluation. Objective assessment was 
performed by Semmes–Weinstein (SW) monofilament testing preoperatively and at least 1 year 
after surgery. Six of the 34 patients (17.6%) in the DO group experienced objective NSD, compared 
to 5/29 patients (17.2%) in the BSSO group. In the evaluation of nerve function by individual nerves, 
8/68 nerves (11.8%) revealed objective NSD in the DO group, compared to 7/58 nerves (12.1%) in the 
BSSO group. A subjective NSD was reported in 11/34 patients (32.4%) in the DO group, compared to 
9/29 patients (31.0%) in the BSSO group. In the evaluation of nerve function by individual nerves, a 
subjective NSD was reported for 13/68 nerves (19.1%) in the DO group, compared to 13/58 nerves 
(22.4%) in the BSSO group. None of the differences was significant. No differences in neurosensory 
disturbance could be found between the two study groups. Objective WS monofilament testing 
appeared to underestimate NSD compared to subjective patient report.

Introduction
In Western Europe, hypoplasia of the mandible with an Angle class II occlusion, convex profile, and a 
deficient chin is the most common growth disorder of the facial skeleton. In 1957, Trauner and Ob-
wegeser1 described the bilateral sagittal split osteotomy (BSSO), and since then it has been feasible 
to advance the mandible to a normal profile and a class I occlusion with this relatively simple pro-
cedure. However, despite several modifications2,3 this procedure still has some drawbacks. The main 
concerns are numbness of the lip and chin region and relapse. Skeletal stability has much improved 
with the use of stable internal fixation with miniplates or screws in place of wire fixation. Neurosen-
sory disturbances (NSD) of the inferior alveolar nerve (IAN) are still the most common complication 
in mandibular surgery, with a rate ranging from 0% to 87% at 1 year after surgery,4’5 depending on 
the timing and type of assessment of the nerve impairment. 
Ilizarov6 introduced distraction osteogenesis (DO) for the long bones in the 1950s. Decades later, 
this technique became suitable for application to the bones of the facial skeleton, and finally in 
1992 McCarthy et al.7 described the first intraoral distractor. With these intraoral, transbuccal, 
distractors, the facial skeleton could be advanced leaving scars on the face. Some early users of this 
new method8¯10 reported less neurosensory disturbance and a more stable result compared to the 
BSSO procedure. However, these findings could not be verified in other studies.11’12 In a patient-con-
trolled study to compare the two procedures, there were no differences regarding NSD,13’14 or any 
differences in short-term15 or long-term skeletal stability.16
The purpose of this investigation was to compare BSSO and DO procedures for advancement of 
the mandible in a randomized clinical trial. The main focus was on NSD and skeletal stability. In this 
first part, the results for NSD are reported. 

Materials and methods 
Between March 2008 and July 2011, 66 patients were included in this prospective study (Fig. 1). 
All patients were treated in the same clinic in the Netherlands. Within this department there are 
residents undergoing training in oral and maxillofacial surgery. All surgeries were performed by one 
staff surgeon (JdeL, FB, or EB) together with one of the residents.

Fig. 1. Design of the randomized clinical trial (BSSO, 
bilateral sagittal split osteotomy; DO, distraction  
osteogenesis).
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All patients had mandibular hypoplasia with an Angle class II malocclusion and needed advance-
ment of the mandible to obtain a class I relationship. Exclusion criteria were previous mandibular 
surgery and age >35 years. No other mandibular procedures were done in any patient. Patients were 
informed about the purpose of the study and all patients and/or their parents provided informed 
consent to participate. Patients were assigned randomly to the BSSO or the distraction procedure 
Randomization was done using a randomized generated list (http://www.randomization. com) with 
a fixed block size of 20 patients. One person, not involved in the study, prepared closed envelopes 
numbered 1–80 with the assigned therapy enclosed. After providing informed consent, the patient 
was present when the envelope containing the assigned surgical procedure was opened. This study 
was approved by the hospital medical ethics committee.
Patients were evaluated in a standard manner before and after surgery. All assessments were done 
by a single investigator who was trained in neurosensory testing (EB). Assessment of the objective 
NSD was done preoperatively, at 4 months postoperatively, and at least 1 year after the surgery. 
Patients completed a questionnaire17 for subjective evaluation of NSD at 1 year after surgery. 

Neurosensory disorders 
Sensory impairment was assessed by the mechanoreceptive response (Aa nerve fibres) to a cutane-
ous stimulus in the region innervated by the IAN. Objective neurosensory disorders were tested by 
determination of the light touch detection threshold with a Semmes–Weinstein (SW) monofilament 
(North Coast Medical, Inc., San Jose, CA, USA); monofilaments ranged in size from 1.65 to 4.08.
All tests were performed bilaterally at the midway of the corner of the mouth and the midline. The 
skin of the lip on the mucocutaneous junction and the chin midway down the labiomental fold was 
tested. Before the actual light touch detection threshold was recorded, a series of stimuli with as-
cending and descending SW monofilaments was performed in order to establish the range in which 
the light touch detection threshold could be found. The light touch detection threshold test was 
started with the smallest SW monofilament recognized in these ascending/descending series.
Patients were asked to identify the SW monofilament stimulus at two intervals with eyes closed. 
Only at one interval was the stimulus applied; this was done by placing the SW monofilament per-
pendicular to the skin until it bent. The stimulus was applied randomly at either the first or second 
interval. When the patient identified over 80% of the 10 applied stimuli correctly, the procedure 
was repeated with a smaller SW monofilament. When the patient failed to identify over 80% of 
the correct stimuli, the same procedure was performed with a larger-sized SW monofilament. The 
baseline measurement of the smallest SW filament that could be detected was taken preopera-
tively. Postoperative measurements were taken at 4 months and after 12 months (mean 22, range 
12–48 months). Baseline measurements for most patients were SW monofilament 1.65 or 2.36. If 
the patient failed to identify the baseline SW monofilament after 12 months, they were recorded as 
having an NSD. Results were recorded at the nerve level as well as at the patient level.
For the assessment of subjective NSD, patients were asked to complete a questionnaire 1 year 
after surgery.17 A visual analogue scale (VAS) was used, comprising a horizontal line of 100 mm, 
ranging from no complaints on the left-hand side to severe complaints on the right. The VAS score 
was measured in millimetres and divided into five categories.
Advancement was measured at the incisal edge of the lower incisors on consecutive lateral cepha-
lograms. 

The surgical procedure
Surgery was performed under general anaesthesia in both groups. Preoperatively, 2 g cefazolin and 

0.5 mg/kg dexamethasone were given intravenously. Another dosage of 10 mg dexamethasone was 
given 8 and 16 h postoperatively.

BSSO
The bilateral sagittal split advancement osteotomy was carried out according to the method of Ob-
wegeser/Dal Pont modified by Hunsuck. After infiltration of the mucosa with articaine (Ultracaine 
DS Forte), an intraoral vestibular incision was made and a mucoperiosteal flap raised. The inferior 
alveolar nerve was identified at the lingula. The medial horizontal osteotomy cut was made with 
a Lindemann bur, just above the lingula and extended along the external oblique line and finally 
through the lower border. The osteotomy of the mandible was then performed with a Smith ramus 
separator and sagittal separator left/right (Biomet Microfixation, Jacksonville, FL, USA) without 
the use of chisels.4 After advancement, the planned occlusion was established using a thin inter-oc-
clusal acrylic splint; the proximal segments were placed into the correct position in the fossa and 
titanium miniplates were used for fixation (2.0-mm plates; Synthes GmbH, Solothurn, Switzerland). 
The miniplates were fixed with at least two monocortical 5- or 7-mm screws on each side of the 
osteotomy. After 1 week, guiding elastics were placed for 4 to 6 weeks, if required.

Distraction osteogenesis
The mucosa was infiltrated with articaine (Ultracaine DS forte). A buccal vertical cut was made 
with a Lindemann bur just behind the second molar, followed by removal of the third molar if still in 
situ. The mono-directional distractor device (Zurich Distractor; KLS Martin GmbH & Co., Tuttlingen, 
Germany) was then adapted and placed parallel to the occlusal plane. After removal of the dis-
tractor, the osteotomy was completed and the distractor then immediately refitted in the marked 
position and fixed with three monocortical screws on each side. Before wound closure, the distractor 
was activated to confirm proper functioning, and finally the distractor was returned to its original 
position.
After a latency period of 5–7 days, the distractor devices were activated twice a day, resulting in 
1.0 mm lengthening of the distractor device each day. Distraction was continued until a class I 
occlusion was attained. During this period, guiding elastics were placed. When the desired position 
had been achieved, a consolidation period of 8 to 10 weeks was completed before the devices were 
removed under general anaesthesia.

Post-surgical protocol
Postoperative guiding elastics were placed and patients were told to refrain from chewing and to 
maintain a soft diet for 6 weeks in the case of BSSO, or 8–10 weeks in the case of DO.

Statistics
The data were analyzed using SPSS version 18.0 software (SPSS Inc., Chicago, IL, USA). Continuous 
data were analyzed with the Student t-test and dichotomous data with the Pearson x² test.

Results
A total of 66 patients were included in the study. After randomization they were assigned to either 
the BSSO group (32 patients) or the DO group (34 patients). Two patients in the BSSO group 
were lost to follow-up, and for one patient assigned to the BSSO group, the surgical procedure was 
changed from a bilateral procedure to a unilateral sagittal split osteotomy instead. Therefore 29 
patients/58 IANs in the BSSO group and 34 patients/68 IANs in the DO group were available for 
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evaluation (Table 1).
Although patients were assigned randomly to either group, there was a significant difference in age 
between the groups. Patients in the BSSO group (age range 14.3–26.7 years) appeared to be 2.7 
years younger on average than those in the DO group (age range 14.7–34.8 years).
There was no difference in gender distribution between the two groups: the BSSO group comprised 
12 males and 17 females, and the DO group comprised 16 males and 18 females (P = 0.651). The 
mean advancement in the BSSO group was 7.0 mm (range 4–12 mm) and in the DO group was 7.3 
mm (range 5–12 mm) (difference not significant (NS), P = 0.506). 

Table 1. Patient characteristics.

   BSSO   DO  Total

Number of patients included       
Lost to follow-up/unilateral SSOa  
Number of patients evaluated  
Number of nerves evaluated  
Male, n   

Female, n  
Mean age (years)b 
Age range (years)b  
Mean advancement (mm)  
Range of advancement (mm)   

BSSO, bilateral sagittal split osteotomy; DO, distraction osteogenesis.
 a One patient had a unilateral SSO. 
 b Age at the time of surgery.

Table 2. Objective neurosensory disturbance: patient level, at 4 months.a 
 Objective NSD
Operation  Total
 Normal  Disturbed
DO  20  11  31
BSSO  17    6  23 

Total  37  17  54 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split  
osteotomy.
 a Not significant; P = 0.462.

Table 3. Objective neurosensory disturbance: nerve level, at 4 months.a

 Objective NSD
Operation Total
 Normal  Disturbed

DO  47  15  62
BSSO  37  9  46 

Total  84  24  108 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split
osteotomy.

 a Not significant; P = 0.567.

Table 5. Objective neurosensory disturbance: nerve level, at >1 year.a

 Objective NSD 
Operation Total
 Normal  Disturbed

DO  60  8  68
BSSO  51  7  58 

Total  111  15  126 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split osteotomy.
 a Not significant; P = 0.958

Table 4. Objective neurosensory disturbance: patient level, at >1 year.a

 Objective NSD 
Operation Total
 Normal  Disturbed

DO  28  6  34
BSSO  24  5  29 

Total  52  11  63 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split osteotomy.
 a Not significant; P = 0.966.

Objective neurosensory disorders
Patients were evaluated for NSD at 4 months. Nine of the 63 patients (14.3%) were missing. In total, 
54 patients/108 IANs were available for assessment by neurosensory tests at 4 months. Objective 
NSD was found in 17 patients/24 nerves. In the BSSO group there were six patients (26.1%)/nine 
nerves (19.6%) and in the DO group there were 11 patients (35.5%)/ 15 nerves (24.2%) with impair-
ment of the IAN (NS, P = 0.462 (patient level), and NS, P = 0.567 (nerve level)) (Tables 2 and 3). 

After at least 1 year (mean 22, range 12–48 months), objective NSD tested with SW monofila-
ments was found in six patients in the DO group (17.6%) and in five patients in the BSSO group 
(17.2%), with a NSD rate of 17.5% for the whole group (Table 4). There was no significant difference 
between the two procedures (NS, P = 0.966).
At the nerve level (126 nerves), objective NSD was found in 15 nerves (11.9%) (Table 5). Eight nerves 
(11.8%) in the DO group and seven nerves (12.1%) in the BSSO group showed objective NSD. There 
was no significant difference between the two groups (NS, P = 0.958). None of the patients had 
total numbness/ anaesthesia of the lip or chin region.
With regard to the localization of the objective NSD at the nerve level, numbness was located in the 
lip region for eight sides and the chin region for six sides. For one side, both the lip and chin revealed 
a change in the light touch detection threshold.

Subjective neurosensory disorders
In the questionnaires completed at 1 year postoperatively, subjective NSD was reported by 11 
patients (32.4%) in the DO group and nine patients (31.0%) in the BSSO group (Table 6). This dif-
ference was not statistically significant (NS, P = 0.911). A total of 20 patients (31.7%) encountered 
persistent subjective NSD.
Measured at the nerve level, subjective NSD was found in 26 nerves (20.6%) out of the 126 nerves 
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Table 7. Subjective neurosensory disturbance: nerve level. a

 Objective NSD 
Operation Total
 Normal  Disturbed

DO  55  13  68
BSSO  45  13  58 

Total  100  26  126 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split  
osteotomy.

 a Not significant; P = 0.911

Table 6. Subjective neurosensory disturbance: patient level. a

 Objective NSD
Operation Total
 Normal  Disturbed

DO  23  11  34
BSSO  20    9  29 

Total  43  20  63 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split  
osteotomy.

 a Not significant; P = 0.911

Table 8. Objective versus subjective neurosensory disturbance testing: nerve level.a

 Subjective NSD
Objective NSD Total
 Normal  Disturbed

Normal  93  18  111
Disturbed  7  8  15 

Total  100  26  126 
 
NSD, neurosensory disturbances.

 a Sensitivity, 8/26 x 100 = 30.8%; specificity, 93/100 x 100 = 93%; positive predictive 
value, 8/15 x 100 = 53.3%; negative predictive value, 93/111 x 100 = 83.8%.

Table 9. Severity of complaints: patient level, at >1 year.a 
 Severity of complaints
Subjective NSD Total 
    Mild to  Moderate
  None  Mild moderate  Moderate to severe  Severe

Normal  Operation
 DO    7  13  1  2  23
 BSSO    5  10  3  2  20
 Total  12  23  4  4  43 

Disturbed  Operation
 DO   6  2  1 1 1  11
 BSSO   8  1  0  0  0  9
 Total   14  3  1  1  1  20
 
NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split
osteotomy.

 a Normal: not significant; P = 0.677. Disturbed: not significant; P = 0.485.

Table 10. Subjective neurosensory disturbances versus age.a 
 
  Ageb

Subjective NSD  Number of patients
   Mean  SD  SEM

Normal  43  19.69  53.546  8.166
Disturbed  20  20.90  67.976  15.200 

NSD, neurosensory disturbances; SD, standard deviation; SEM, standard error of the mean.
a Not significant; P = 0.433.
b Age at time of surgery in years.

Table 11. Objective neurosensory disturbances versus age.a 
  Ageb

Objective NSD  Number of patients
   Mean  SD  SEM
Normal  52  19.79  55.929  7.756
Disturbed  11  21.40  69.416  20.930 

NSD, neurosensory disturbances; SD, standard deviation; SEM, standard error of the mean.
a Not significant; P = 0.369.
b Age at time of surgery in years.

tested (Table 7). In the DO group, 13 nerves (19.1%) showed subjective NSD, and in the BSSO group, 
13 nerves (22.4%) showed subjective NSD (NS, P = 0.649). In total, 14 patients reported unilateral 
impairment and six patients reported bilateral impairment of the IAN. None of the patients experi-
enced total numbness/anaesthesia of the lip or chin.
Objective sensory testing with the SW monofilament showed poor sensitivity of only 30.8% and 
positive predictive value of 53.3%, but acceptable specificity of 93% and negative predictive value of 
83.8%. This means that SW monofilament testing was only able to detect eight of the 26 nerves 
with a subjective NSD (18 falsenegative test results) (Table 8).
The severity of the complaints related to IAN function was evaluated with a VAS (Table 9). The 43 
patients who did not have any subjective NSD after 1 year reported the severity of their complaints 
as follows: no complaints for 12 patients, mild for 23 patients, mild to moderate for four patients, 
and moderate for four patients. There was no difference between patients in the DO and BSSO 
groups (NS, P = 0.677).
The 20 patients who reported subjective NSD after 1 year rated the severity of their complaints 
as follows: mild for 14 patients, mild to moderate for three patients, moderate for one patient, and 
moderate to severe for one patient. Again there was no difference between the DO and BSSO group 
(NS, P = 0.485).

General risk factors for neurosensory disorders after mandibular surgery

Age 
The mean age of the patients reporting subjective NSD was 20.90 years (20 patients/26 nerves), 
compared to 19.69 years in patients reporting normal IAN function (43 patients) (NS, P = 0.433) 
(Table 10). The mean age of patients with objective NSD was 21.40 years (11 patients/15 nerves), 
compared to 19.79 years for patients with normal NSD tests (52 patients) (NS, P = 0.369)  
(Table 11).
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Gender
In total, 20 patients reported subjective NSD: 14 nerves were impaired in 10 males and 12 nerves 
were impaired in 10 females (NS, P = 0.545) (Table 12). 
Objective NSD was found in 10 males/ 14 nerves and in only one female/one nerve. This difference 
was highly significant (P = 0.001) (Table 13).

Table 13. Objective neurosensory disturbances versus gender.a

 Objective NSD
 ToTal

  Normal  Disturbed
GeNDer   
 Male  18  10  28 
 Female 34   1 35 

ToTal   52  11  63 
 
NSD, NeuroSeNSory DiSTurbaNceS.

 a SiGNificaNT; P = 0.001.

Table 12. Subjective neurosensory disturbances versus gender.a

 Subjective NSD
Objective NSD Total
  Normal  Disturbed
Gender   
 Male  18  10  28 
 Female 25 10 35 

Total   43  20  63 
 
NSD, neurosensory disturbances.

 a Not significant; P = 0.545.

Advancement
The mean advancement in patients reporting subjective NSD was 6.95 mm (20 patients), com-
pared to 7.30 mm (43 patients) in those reporting no subjective NSD (NS, P = 0.449) (Table 14). 
The mean advancement in patients with objective NSD was 7.27 mm (11 patients), compared to 
7.17 mm (n = 52) in those with normal NSD tests (NS, P = 0.862) (Table 15).
Advancement was also analyzed in categorized groups of 4–6 mm, 7–9 mm, and 10–12 mm. 
Subjective NSD was analyzed as advancement versus operation (Table 16), and as operation 
versus advancement (Table 17). BSSO did worse in the advancement group of 10–12 mm than DO, 

Table 14. Subjective neurosensory disturbances versus advancement.a 
   Advancement (mm)
Subjective NSD  Number
 of patients Mean  SD  SEM

Normal  43  7.30  1.626  0.248
Disturbed  20  6.95  1.877  0.420 
 
NSD, neurosensory disturbances; SD, standard deviation; SEM, standard error of the mean.

a Not significant; P = 0.449.

Table 15. Objective neurosensory disturbances versus advancement.a 
   Advancement (mm)
Objective NSDD  Number of patients
  Mean  SD  SEM

Normal  52  7.17  1.654  0.229
Disturbed  11  7.27  2.005  0.604 
 
NSD, neurosensory disturbances; SD, standard deviation; SEM, standard error of the mean.

 a Not significant; P = 0.862.

Table 16. Subjective neurosensory disturbances: advancement in categories versus operation.a 
   Subjective NSD
Advancement (mm)  Operation Total
   Normal  Disturbed

4–6  DO  5  7  12
 BSSO  9  3  12
 Total  14  10  24 

7–9  DO  15  4  19
 BSSO  11  5  16
 Total  26  9  35 

10–12  DO  3  0  3
 BSSO  0  1  1
 Total  3  1  4 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split osteotomy.
a 4–6 mm: not significant; P = 0.098. 7–9 mm: not significant; P = 0.492. 10–12 mm: signifi- 
cant; P = 0.046.

but there were only four patients in this group (significant, P = 0.046). Interestingly, there was a 
tendency for DO to show lesser results in the 4–6 mm advancement group, although the difference 
was not significant (P = 0.098). When analysing the results of the DO per advancement category, 
the small advancement group, 4–6 mm, did worse than the large advancement group, 10–12 mm 
(significant, P = 0.044), mainly due to the fact that the latter group contained only three patients. 
On analysing the results of BSSO per advancement category, there was no significant difference  

Table 17. Subjective neurosensory disturbances: operation versus advancement in categories. a 
  Subjective NSD
Operation  Advancement (mm) Total
  Normal  Disturbed

DO  4–6  5  7  12
 7–9  15  4  19
 10–12  3  0  3
 Total  23  11  34 

BSSO  4–6  9  3  12
 7–9  11  5  16
 10–12  0  1  1
 Total  20  9  29 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split 
osteotomy.
 a DO: significant; P = 0. 044. BSSO: not significant; P = 0.297.
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(P = 0.297). The objective NSD results at >1 year were analyzed in the same manner (Tables 18 
and 19). In the advancement group of 10–12 mm, with only four patients, BSSO did worse than DO 
(significant, P = 0.046). In the other advancement groups there was no difference between DO and 
BSSO (NS, P = 0.273 and P = 0.817). On analysis of the BSSO results per advancement category, 
there was no significant difference (NS, P = 0.064). Of note, there was only one patient in the large 
advancement group. For the DO group, there was no significant difference between the advance-
ment groups (NS, P = 0.567).
The general risk factors age, advancement, and gender were also evaluated at the nerve level in-
stead of the patient level. The results were in accordance with those described above on the patient 
level.

Table 18. Objective neurosensory disturbances: advancement in categories versus operation.a 

  Objective NSD
Advancement (mm)  Operation Total
  Normal  Disturbed

4–6  DO  9  3  12
 BSSO  11  1  12
 Total  20  4  24

7–9  DO  16  3  19
 BSSO  13  3  16
 Total  29  6  35

10–12  DO  3  0  3
 BSSO  0  1  1
 Total  3  1  4 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split  osteotomy.
 a 4–6 mm: not significant; P = 0.273. 7–9 mm: not significant; P = 0.817. 10–12 mm: significant;P = 0.046.

Table 19. Objective neurosensory disturbances; operation versus advancement in categories.a 

  Objective NSD
Advancement (mm)  Operation Total
  Normal  Disturbed

DO 4-6  9  3  12
 7–9 16  3  19
 10–12  3  0  3 
 Total 28 6 34 

BSO  4-6  11  1  12
 7-9 13 3 16 
  10-12  0  1 1
 Total  24  5  29 

NSD, neurosensory disturbances; DO, distraction osteogenesis; BSSO, bilateral sagittal split osteotomy.
 a DO: not significant; P = 0.567. BSSO: not significant; P = 0.064.

Discussion
There are several reports describing good results using DO for advancement of the hypoplastic 
mandible in non-syndromal class II patients.⁹¯¹²’¹⁵’¹⁶ Therefore, the so-called proof of principle of this 
relatively new surgical procedure has already been delivered. The question remains whether or not 
better results or fewer complications can be obtained using this method instead of the standard 
BSSO for advancements of the hypoplastic mandible.
In earlier studies,¹³’¹⁴ we could not find any difference between DO and BSSO regarding postopera-
tive NSD. In these retrospective studies, 30 patients in the DO group were compared to 35 patients 
in the BSSO group. Since these patients were not assigned randomly to either procedure we had to 
make statistical corrections for each imbalance between the two groups.
In a prospective clinical trial reported by Ow and cHeung,¹¹ 23 patients were described. After rand-
omization, 12 underwent BSSO and 11 underwent DO. Evaluation was done by light touch detection 
threshold with SW monofilaments, two point discrimination, and pain detection. As in the present 
study, baseline measurements were taken preoperatively. Subjective NSD was reported using a 
VAS. Notwithstanding the fact that several other surgical procedures were executed in the same 
operation in both groups, no difference was found in the occurrence of postoperative NSD between 
the two groups.
In the present study, a total of 66 patients were included after providing signed informed consent 
and 63 were available for evaluation. Two patients in the BSSO group were lost during followup and 
one patient was excluded because the surgical procedure was changed to a unilateral SSO. On the 
patient level (DO 17.6% vs. BSSO 17.2%) as well as the nerve level (DO 11.8% vs. BSSO 12.1%), no dif-
ferences could be found regarding objective NSD using SW monofilaments after 1 year. With regard 
to the results of the objective NSD tests at 4 months, a considerable recovery of the NSD was seen 
in the >1 year results. We did not use one predetermined SW monofilament as the cut-off point, but 
a set of SW monofilaments of increasing thickness. The preoperative measurement was considered 
the baseline and was compared to the postoperative measurements. There was also no difference in 
the location of the hypoesthesia (lip/chin) between the two groups.
Subjective evaluation of NSD with a questionnaire, at least 1 year postoperative, also revealed no 
significant differences between the two study groups. In the DO group, 32.4% of the patients report-
ed sub- jective NSD compared to 31.0% in the BSSO group. At the nerve level, 19.1% of the nerves 
in the DO group and 22.4% of the nerves in the BSSO group showed subjective NSD. This was not 
significant at the patient level or at the nerve level. The severity of complaints in the patients who 
suffered subjective NSD after 1 year was rated by 70% of the patients as mild and there was no 
difference between DO and BSSO. Therefore we can conclude that with regard to the risk of post-
operative NSD, there is no preference for either procedure.
The proposed advantages of DO as published in the first reports⁹’¹⁰ could not be confirmed in 
this study. Dissection of the medial side of the ascending ramus and retraction of the IAN at the 
mandibular foramen in a BSSO procedure is assumed to be the most dangerous part with regard to 
postoperative NSD.¹⁸’¹⁹ In the present study there was no beneficial effect in the DO group in which 
this particular dissection at the medial site of the ramus was not performed. Other authors have 
also reported no differences in NSD between BSSO and DO for advancement surgery of the man-
dible. wijbenga et al.,¹² in a retrospective study of 91 patients, found no difference between DO and 
BSSO. At the nerve level, subjective NSD was 30% in the DO group compared to 23% in the BSSO 
group. No difference was observed in the objective NSD tests either: 8% in the DO group compared 
to 10% in the BSSO group.
NSD after mandibular surgery is still the most reported complication and ranges from 0% to 87%.⁴’⁵ 
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A comparison of the incidence of NSD is often difficult due to the wide variety of assessments of 
the alveolar nerve used and the timing of assessment and follow-up.⁵ To establish objective NSD, 
the light touch detection threshold with SW monofilaments is recommended, dividing the lip and 
chin area by the labiomental fold. For subjective NSD, a VAS-based questionnaire is recommended.²⁰ 
Final follow-up can be done 1 year after surgery. In this standard fashion, more reliable data will 
be available in the future regarding postoperative NSD. The presumed general risk factors for NSD 
after mandibular advancement surgery are age, magnitude of the advancement, and gender. In this 
study, age was significantly different between the DO group and the BSSO group despite randomi-
zation. Therefore, age was considered a confounder on the outcome. However, age could not be iden-
tified as an independent risk factor for NSD after mandibular surgery in a regression model. This 
could be related to the fact that all patients were under 35 years of age, with a range of 14.3–34.8 
years. In the literature, the controversy remains; most authors report increasing age as a risk factor 
for NSD,¹³’¹⁴’¹⁷’¹⁹’²¹¯²⁴ while others have not been able to identify age as a risk factor.¹⁸’²⁵
Several authors have stated that larger advancements contribute to NSD,23’24 while others could 
not find a correlation.18’22 Advancement was comparable in the DO and BSSO groups. There was 
no correlation with postoperative objective or subjective NSD and range of advancement, possibly 
due to the quite homogeneous study group; all advancements were between 4 and 12 mm (mean 
7.2 mm). When stratifying the advancement into groups, there was a tendency for DO to do worse 
than BSSO in the 4–6 mm group. Although BSSO appeared to do worse in the advancement group 
of 10–12 mm, the statistics are not solid because only four patients were included in this category.
Gender differences have been described previously,13’17’21’26 indicating a greater risk of NSD for wom-
en. This could not be confirmed in the present study, as males and females were found to be equally 
at risk of subjective NSD. Surprisingly the NSD tested with SW monofilaments showed a significant 
difference, with men having a greater risk of objective NSD. The results of the objective NSD test 
were in accordance with the results of subjective NSD in men but not in women. It appears that 
SW monofilament testing is not very accurate for the assessment of the IAN in females. Although 
female patients described altered sensation in the questionnaires, they were often still able to 
detect the same SW monofilament as they had preoperatively. This might be due to the fact that 
the monofilaments test a socalled ‘on–off phenomenon’: you either feel something or you do not. 
Meanwhile nothing can be said about the type of sensation felt, for instance tickling, itching, etc. 
In the questionnaire, the quality of the signal is also described instead of only the quantity. It can 
be speculated that females are more aware of the quality of the sensation than men. In fact they 
reported probably more paresthesia than hypoesthesia in the questionnaire. Other authors have 
also been unable to confirm gender differences,19’22’24 and one study has even suggested men to be 
at greater risk of NSD than women.27
In this present study we combined objective neurosensory testing with subjective reports for NSD 
by the patients, as suggested by others.20’28 The problem is that patients can have an even lower 
threshold for light touch detection after surgery and experience hypersensitivity, which would not 
be identified as a neurosensory disturbance29’30 with SW monofilament testing alone. The sensitivity 
of objective NSD with SW monofilaments in this study was only 30.8%, with an acceptable specific-
ity of 83.8%. Therefore, patient subjective reports should also be taken into account.
In conclusion, in this randomized clinical trial, no differences in postoperative neurosensory disor-
ders between DO and BSSO could be demonstrated. With regard to postoperative NSD, there is no 
preference for DO as proposed by some authors. Objective NSD tested with WS monofilaments un-
derestimated the neurosensory impairment compared to subjective evaluation with a questionnaire. 
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Abstract 
A randomized clinical trial was carried out to evaluate postoperative stability after mandibular 
advancements in non-syndromal class II patients with a bilateral sagittal split osteotomy (BSSO) 
or distraction osteogenesis (DO). In total 32 patients could be included in the BSSO group and 34 
patients in the DO group. The BSSO was converted to a unilateral procedure for one patient, and 
two patients in the BSSO group were lost during follow-up. A total 63 patients could be evaluated, 
29 in the BSSO group and 34 in the DO group. Advancement was comparable in the two groups 
(mean 7.2 mm). The mean follow-up period was 23.8 months (range 11–50 months). Lateral cepha-
lograms were hand-traced. Horizontal relapse was measured in Y–B (mm) and SNB (8). For DO this 
was 0.324 mm and 0.2508, and for BSSO this was 0.448 mm and 0.2598, respectively (both not 
significant; NS). Vertical relapse measured in X–B was 0.074 mm for DO and 0.034 mm for BSSO 
(NS). The magnitude of advancement, a high mandibular plane angle, age and gender were not iden-
tified as independent risk factors for relapse. In conclusion, a BSSO and DO gave both similar stable 
results in advancements of the mandible up to 10 mm

Introduction
The bilateral sagittal split osteotomy (BSSO) described by Trauner and Obwegeser in 19571 and 
modified by Dal Pont2 and Hunsuck,3 is considered the standard procedure for advancement of the 
hypoplastic mandible in skeletal class II patients. The main complications are injuries to the inferior 
alveolar nerve, with numbness of the lip and chin region, and relapse. Early and long-term relapse 
can influence the outcome of this procedure considerably. A possible explanation for early relapse is 
slippage of the osteotomy segments and condylar sag. Long-term relapse can be related to changes 
in the morphology of the condylar head.4 Skeletal stability has much improved since the introduc-
tion of stable internal fixation with miniplates or screws instead of wire fixation.5
McCarthy described the first clinical use of distraction osteogenesis (DO) in advancements of the 
mandible.6 Intraoral, submerged distraction devices were later introduced, which did not require 
percutaneous pins and thus cutaneous scars could be prevented. Some early users of DO reported 
stable skeletal results after mandibular DO, although this was reported in animals7 and primarily 
syndromal young children.8–10 Because of these promising results, mainly in unilateral procedures, 
it was hypothesized that relapse after DO was minimal due to gradual distraction of the soft 
tissues9’11 and could also be applied in less severe cases. Van Strijen et al.12 reported stable skele-
tal results after DO in skeletal class II non-syndromal patients with a low mandibular plane angle, 
although patients with a high mandibular plane angle showed more relapse in this study.
With regard to stability, DO and BSSO have been compared in only a few studies, and no significant 
differences were observed.13¯17 However, all of these reports, except one, were retrospective in na-
ture. To avoid selection bias and to balance known and unknown prognostic factors, a randomized 
clinical trial was performed to compare BSSO and DO for advancement of the mandible in non-syn-
dromal class II patients. The primary outcomes were the occurrence of neurosensory disorders of 
the inferior alveolar nerve and postoperative skeletal stability. The results of skeletal stability are 
presented herein.

Patients and methods
Between March 2008 and July 2011, 66 patients were included in this prospective study. These pa-
tient cases with regard to skeletal stability have not been reported previously. The study design was 
a prospective randomized clinical trial. All patients were treated in the Department of Maxillofacial 
Surgery, Isala Clinics Zwolle, Netherlands. This department serves as a training centre for residents 
in oral and maxillofacial surgery. All surgical procedures were performed by a staff surgeon (JdeL, 
FB, or EB) and a resident.
For inclusion, patients had to be nonsyndromal and have a hypoplastic mandible and a skeletal class 
II relation. They all required advancement of the mandible to obtain a skeletal class I relation. Ad-
vancement of the mandible by DO or BSSO was the only mandibular procedure executed. If indicat-
ed, a Le Fort I osteotomy was performed simultaneously. However, the assessment of relapse was 
correlated to the cranial base on lateral cephalograms. Patients aged >35 years and those who had 
undergone previous mandibular surgery were excluded. Patients were informed of the purpose of the 
study and all patients and/or their parents provided informed consent for participation. Patients 
were assigned randomly to either the BSSO or the distraction procedure (DO) (Fig. 1). Randomiza-
tion was done with a randomly generated list (http://www.randomization.com) with a fixed block 
size of 20. No stratification was used for randomization. One person, who was not involved in the 
study, prepared closed envelopes (numbered 1–80) containing the allocated surgery. After informed 
consent was obtained, the patient was present when the surgeon opened the envelope containing 
the assigned type of surgery; envelopes were opened consecutively, in number order. This study was 
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approved by the hospital medical ethics committee.
One of the primary outcomes assessed was skeletal stability after DO or BSSO. The assessment 
of relapse was done radiographically. Lateral cephalometric radiographs were taken preoperatively, 
postoperatively, or in the DO group directly post-distraction, and at  11 months postoperatively. The 
mean follow-up was 23.8 months (range 11–50 months). An X–Y cranial base coordinate system 
was constructed on the lateral cephalograms. The sella–nasion line represented the x-axis. A line 
perpendicular to the x-axis at sella represented the y-axis (Y). Mandibular point B was used to 
evaluate relapse. The following measurements were made: sella–nasion–mandibular point B (SNB), 
sella–nasion–mandibular plane (SN–MP), X–B, and Y–B (Fig. 2; previously published by Baas et al. in 
201213 and Vos et al. in 200916). Superimposition of the radiographs was performed using the ‘man-
ual geometric superimposition’ method,18 and they were hand-traced. Vertical relapse
was represented by X–B and horizontal relapse by Y–B and SNB.

The surgical procedure
Surgery was performed under general anaesthesia for the patients in both groups. Preoperatively, 
2 g cefazolin and 0.5 mg/ kg dexamethasone were given intravenously. Another dosage of 10 mg 
dexamethasone was given at 8 and 16 h postoperative.

BSSO
The bilateral sagittal split advancement osteotomy was carried out according to the procedure 
of Trauner and Obwegeser,1 modified by Dal Pont2 and Hunsuck.3 The inferior alveolar nerve was 
identified at the medial aspect of the ramus. The osteotomy cut was made with a Lindemann bur 
and extended buccally to the region of the first molar and then through the lower border of the 
mandible. The final split of the osteotomy was performed with a Smith ramus separator and sag-
ittal separator left/right (Biomet Microfixation, Jacksonville, FL, USA) without the use of chisels. 

Fig. 1. Study design — randomized clinical trial.esis).

The planned occlusion was maintained with an inter-occlusal acrylic splint (wafer). The proximal 
segments were positioned into the correct position in the fossa, and titanium miniplates (2.0-mm 
plates; Synthes GmbH, Solothurn, Switzerland) were adapted and fixed with at least four mono-
cortical 5- to 7-mm screws. The intermaxillary fixation was then released and the occlusion was 
checked. After 1 week, guiding elastics were placed for 4–6 weeks, if needed.

DO
After raising the mucoperiosteum, a buccal vertical cut was made with a Lindemann bur just be-
hind the second molar and the third molar was removed if present. Next, the mono-directional dis-
tractor device (Zurich Distractor; KLS Martin GmbH & Co., Tuttlingen, Germany) (Fig. 3) was adapt-
ed and placed parallel to the occlusal plane. The distractor was removed to complete the osteotomy 
at the lingual side of the mandible. The distractor device was then refitted in the marked position 
and fixed on each side with three monocortical screws. Before closure of the wounds, the distractor 
was activated to confirm proper functioning, and finally the distractor was returned to its original 
position. After a latency period of 5–7 days, the distractors were activated by 0.5 mm twice per 
day. Distraction was continued until a class I skeletal relationship was achieved. After a consolida-
tion period of 8–10 weeks, the distraction devices were removed under general anaesthesia.

Post-surgical protocol
Postoperative guiding elastics were placed and patients were told to refrain from chewing for 6 
weeks (BSSO) or 8–10 weeks (DO).

Statistical analysis
The data were analyzed using SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA). Continuous 
data were analyzed with the Student’s t-test and dichotomous data with Pearson’s x² test.

Fig. 2. The landmarks and measurements used for the 
cephalometric analysis.
Previously published by Vos et al. 200916 and Baas et 
al. 201213.

Fig. 3. The Zurich Distractor (Martin GmbH & Co., Tuttlin-
gen, Germany) that was used in this study.
Previously published by Vos et al. 200916 and Baas et al. 
201213.

DO

• T0 pre-op
• T1 post-distraction
• T2  > 1 year

BSSO

• T0 pre-op
• T1 post-op
• T2 > 1 year

Randomization

Patient selection

inclusion
skeletal Class II

exclusion;
age > 35 years,

previous mandibular 
surgery
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Results
A total of 66 patients were included. After randomization, they were assigned to either the BSSO 
group (32 patients) or the DO group (34 patients). Two patients in the BSSO group were lost during 
followup and one patient in the BSSO group underwent a unilateral sagittal split osteotomy instead 
of a bilateral procedure. Therefore 29 patients in the BSSO group and 34 patients in the DO group 
could be evaluated for skeletal stability (Table 1). A combined Le Fort I osteotomy was performed in 
three patients in the BSSO group and in eight patients in the DO group.
Although patients were assigned randomly to the two groups, there was a significant difference in 
age between the groups. Patients in the BSSO group appeared to be 2.7 years younger (P = 0.025).
The mean follow-up time after surgery was 23.8 months (range 11–50 months). Advancement was 
measured at the incisal edge of the lower incisors on serial lateral cephalograms. The mean ad-
vancement for all patients was 7.2 mm. The mean advancement in the BSSO group was 7.0 mm 
(range 4–12 mm) and in the DO group was 7.3 mm (range 5–12 mm) (difference not significant 
(NS); P = 0.506).

Table 2. Vertical relapse point B.

  Operation  Number  Mean  SD

X–B (mm)a  DO  34  - 0.074  0.6977
  BSSO  29  - 0.034  0.4988
 
SD, standard deviation; DO, distraction osteogenesis; BSSO, bilateral sagittal split osteotomy.
 a Not significant, P = 0.802.

Table 3. Horizontal relapse point B. 

 Operation  Number  Mean  SD

Y–B (mm)a  DO  34  - 0.324   1.0932
 BSSO   29   - 0.448   0.7716
SNB (0)b  DO  34  - 0.250   0.5674
 BSSO   29   - 0.259   0.5110 
 
SD, standard deviation; DO, distraction osteogenesis; BSSO, bilateral sagittal split osteotomy;
SNB, sella–nasion–point B.
 a Not significant, P = 0.609.
 b Not significant, P = 0.950.

Table 1. Patient characteristics.

  BSSO  DO  Total

Patients  32  34  66
Lost to follow-up/unilateral SSOa  3  0  3
Patients for evaluation  29  34 63
Sex
 Male  12  16  28
 Female  17  18  35
Age, yearsb

 Mean  18.6  21.3  20.1
 Range  14.3–26.7  14.7–34.8
Advancement, mm
 Mean  7.0  7.3  7.2
 Range  4–12 5–12
High mandibular plane angle > 380  8  10  18
Mono/bimaxillary surgery  26/3  26/8  52/11 

BSSO, bilateral sagittal split osteotomy; DO, distraction osteogenesis; SSO, sagittal split osteotomy.  
 a One male patient excluded because of conversion to unilateral SSO.
 b Age at time of surgery.

Table 5. Patients with a high or low mandibular plane angle versus relapse.

  High anglea  Number  Mean  SD  SEM

X–B (mm)
b
  No  45  - 0.089  0.5569  0.0830

  Yes  18    0.028  0.7371  0.1737
Y–B (mm)

c
  No  45  - 0.278  0.8697  0.1296

  Yes  18  - 0.639  1.1220  0.2645
SNB (8)

d
  No  45  - 0.189  0.4802  0.0716

  Yes  18  - 0.417  0.6474  0.1526 

SD, standard deviation; SEM, standard error of the mean; SNB, sella–nasion–point B.
 a High mandibular plane angle, >38O.
 b Not significant, P = 0.497.
 c Not significant, P = 0.176.
 d Not significant, P = 0.130.

Table 4. Patients with a high mandibular plane angle.a

 High angleb

 Total
  No  Yes
Operation   
 DO  24  10  34 
 BSSO 21   8 29 
Total  45 18   63 
 
DO, distraction osteogenesis; BSSO, bilateral sagittal split 
osteotomy.
 a Not significant, P = 0.873.
 b High mandibular plane angle, >388o.

On the constructed X–Y cranial base coordinate system, X–B was measured to establish vertical 
relapse. In the DO group, relapse was 0.074 mm and in the BSSO group it was 0.034 mm. This dif-
ference was not significant (P = 0.802) (Table 2). 
For the horizontal relapse, Y–B and SNB were measured. Y–B was –0.324 mm in the DO group ver-
sus –0.448 mm in the BSSO group (NS; P = 0.609). SNB was –0.250˚ in the DO group and –0.259˚ 
in the BSSO group (NS; P = 0.950) (Table 3).
The mandibular plane angle was measured to establish a vertical growth pattern. In total, 18 pa-
tients had a mandibular plane above 38˚. Ten of the 34 patients in the DO group and eight of the 
29 patients in the BSSO group had a vertical growth pattern. The difference was not significant
(NS; P = 0.873) (Table 4). Vertical relapse X–B was 0.028 mm in high angle patients and –0.089 
mm in non-high angle patients (NS; P = 0.497). Horizontal relapse (Y–B and SNB) was –0.639 mm 
and –0.417˚ in high angle patients versus –0.278 mm and –0.189˚ in non-high angle patients, re-
spectively. Although the horizontal relapse was slightly higher in high angle patients than in low an-
gle patients, the difference was not significant (NS; P = 0.176 and P = 0.130, respectively) (Table 5).
An assessment of relapse was also performed for short face and long face patients separately, by 
treatment type. In the high mandibular plane angle patients (DO 10 patients, BSSO eight patients), 
there was no difference in relapse between the DO and the BSSO groups (all P > 0.448); there was 
also no difference for the low angle patients (DO 24 patients, BSSO 21 patients; all P > 0.322) (Ta-
ble 6).
The gender distribution in the BSSO group was 12 male/17 female and in the DO group was 16 
male/18 female (NS; P = 0.651) (Table 1). Vertical relapse (X– B) was –0.143 in male patients and 
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Table 7. Gender versus relapse.

  Gender  Number  Mean  SD  SEM

X–B (mm)a  Male  28  - 0.143  0.5245  0.0991
  Female  35    0.014  0.6696  0.1132
Y–B (mm)b  Male  28  - 0.232  0.9076  0.1715
  Female  35  - 0.500  0.9852  0.1665
SNB (0)c  Male  28  - 0.161  0.4315  0.0815
  Female  35  - 0.329  0.6056  0.1024 

SD, standard deviation; SEM, standard error of the mean; SNB, sella–nasion–point B.
 a Not significant, P = 0.313.
 b Not significant, P = 0.271.
 c Not significant, P = 0.221.

Table 6. Relapse in high angle and low angle patients by treatment type. 

High anglea  Operation  Number  Mean  SD  SEM

No
b

 X–B (mm)  DO  24  - 0.167  0.5647  0.1153
  BSSO  21  0.000  0.5477  0.1195
 Y–B (mm)  DO  24  - 0.188  1.0715  0.2187
  BSSO  21  - 0.381  0.5680  0.1239
 SNB (0)  DO  24  - 0.188  0.5863  0.1197
  BSSO  21  - 0.190  0.3345  0.0730
Yes

c

 X–B (mm)  DO  10  0.150  0.9443  0.2986
  BSSO     8  - 0.125  0.3536  0.1250
 Y–B (mm)  DO  10  - 0.650  1.1316  0.3578
  BSSO     8  - 0.625  1.1877  0.4199
 SNB (8)  DO  10  - 0.400  0.5164  0.1633
  BSSO     8  - 0.438  0.8210  0.2903 

SD, standard deviation; SEM, standard error of the mean; DO, distraction osteogenesis; BSSO, bilateral sagittal split 
osteotomy; SNB, sella–nasion–point B.
 a High mandibular plane angle, >388.
 b Non-high angle patients: not significant for X–B, Y–B, or SNB, all P > 0.322.
 c High angle patients: not significant, for X–B, Y–B, or SNB, all P > 0.448.

0.014 in female patients (NS; P = 0.313). Horizontal relapse (Y–B and SNB) was –0.232 mm and 
–0.161˚ in males and –0.500 mm and –0.329˚ in female patients (NS; P = 0.271 and P = 0.221, re-
spectively) (Table 7).
Relapse was also evaluated in relation to patients who underwent surgery on the mandible alone 
(DO 26 patients, BSSO 26 patients) and patients who were treated in combination with a Le Fort 
I osteotomy (DO eight patients, BSSO three patients). There was no significant difference in hori-
zontal or vertical relapse between mono- and bimaxillary surgery, or between DO and BSSO in these 
groups (NS; all P > 0.220) (Table 8). 
Linear regression on all 63 patients showed no linear relationship between age and relapse, or be-
tween advancement and relapse (NS; all P > 0.4).

Discussion
In Western Europe hypoplasia of the mandible with a class II occlusion is a common form of facial 
deformity. Therefore advancement of the mandible is the procedure most performed in orthognath-

ic surgery. With regard to postoperative stability, the use of rigid internal fixation was a significant 
improvement.19 Nowadays a BSSO with rigid internal fixation by screws and/or miniplates is the 
standard procedure for advancement of the mandible. Relapse can occur quite early after surgery, 
but may also occur later on. Early relapse is usually attributed to slippage of the osteotomy seg-
ments when wire fixation is used, or to malposition of the condylar head during fixation. Since rigid 
internal fixation has been used, slippage of the segments rarely occurs and the anatomical site for 
relapse is thought to be the condyle. Long-term relapse is probably multifactorial, but condylar re-
sorption appears to play an important role.4’17
Eggensperger et al.20 observed relapse of point B after 1 year that almost doubled during the fol-
lowing 12 years postoperative to 50% of the initial advancement. Joss and Thüer21 also described 
relapse of 50% at point B, but mainly in the first 13 months postoperative. Some reports have sug-
gested that due to gradual distraction of the soft tissues and gradual loading of the condyles, DO 
gives more stable results and should therefore be the preferred option for large advancements.9¯11 
A small randomized controlled trial comparing DO and BSSO with regard to stability was published 
by Ow and cHeung.15 In total, 14 patients were randomized to DO or BSSO; after 1 year, no signifi-
cant difference in skeletal stability was observed. 
In this randomized clinical trial, BSSO and DO were compared for advancements of the mandible. 
The two groups were comparable in terms of gender and mean advancement. In this prospective 
study, there was no significant difference with regard to vertical or horizontal stability with a mean 
follow-up of almost 2 years. This is in accordance with our earlier retrospective studies.13’16 
Some authors have reported a tendency to more horizontal relapse in younger patients.22’23 Despite 
randomization, the DO group in the present study was 2.7 years older than the BSSO group. Al-
though this difference in age was significant, the relapse in the two groups was comparable. On 
evaluating age in relation to relapse for the whole group, age was not identified as a risk factor for 
relapse after mandibular advancement surgery. 
Large advancements are generally considered a risk for relapse.24¯28 In this study the mean advance-
ment was 7.0 mm in the BSSO group and 7.3 mm in the DO group (range 4–12 mm). Advance-

High angle

Mono 
a

X–B (mm) 

Y–B (mm) 

SNB (8) 

Bimax
a

X–B (mm) 

Y–B (mm)

SNB (0) 

Operation

DO
BSSO 
DO
BSSO 
DO
BSSO

DO
BSSO
DO
BSSO
DO
BSSO

Number

26
26
26
26
26
26

  8
  3
  8
  3
  8
  3

Mean

- 0.231
- 0.038 
- 0.346
- 0.385
- 0.212
- 0.212 

 0.438
 0.000

- 0.250
- 1.000
- 0.375 
- 0.667

SD

0.5870
0.5277 
0.9774
0.6214
0.6029
0.4043

0.8210
0.0000
1.4880
1.7321
0.4432
1.1547

SEM

0.1151
0.1035
0.1917
0.1219
0.1182
0.0793

0.2903
0.0000
0.5261
1.0000
0.1567
0.6667

Table 8. Relapse in relation to mono- versus bimaxillary surgery.

SD, standard deviation; SEM, standard error of the mean; DO, distraction osteogenesis; BSSO, bilateral sagittal 
split osteotomy; SNB, sella–nasion–point B.
 

a
 Not significant for X–B, Y–B, SNB; all P > 0.220.
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ments of more than 10 mm were uncommon in both groups. The advancement was more than  
10 mm in only one patient in the BSSO group and three patients in the DO group.
Both groups were quite homogeneous and in this study we could not confirm the relationship be-
tween the magnitude of advancement and relapse. Because of the small number of patients who 
underwent a large advancement of more than 10 mm, no conclusion could be drawn on which of the 
procedures is preferable in these cases. 
A vertical growth pattern, represented by a high mandibular plane angle, is also considered a risk 
factor for relapse after a BSSO.28¯30 Moreover, after the DO procedure, relapse is also reported in 
high mandibular plane angle patients.10 In the present study, a high mandibular plane angle was rep-
resented equally in the two groups and there was no difference in the degree of relapse. When ‘long 
face‘ patients were evaluated independent of the therapy received, there was still no increased risk 
of relapse. The influence of a bimaxillary surgery on the stability of the mandible is not very clear, 
but in this study there was no difference between single jaw surgery and double jaw surgery, nor did 
DO or BSSO influence horizontal or vertical relapse of the mandible. 
Gender appears not to be of any importance in skeletal relapse.25 Hoppenreijs et al.,29 however, found 
a female predisposition for progressive condylar resorption in high angle patients with an anterior 
open bite, often resulting in relapse. In this study there was no relationship between gender and re-
lapse. 
In conclusion, BSSO and DO showed the same stable results with a mean follow-up of almost 2 
years after surgery, and there is no preference for either procedure in terms of skeletal stability in 
small to moderate advancements (<10 mm). Obviously all patients in the DO group needed a second 
operative procedure to remove the distractor devices, which is in favour of the BSSO procedure. 
However, other patient factors, such as patient discomfort, pain, and other side effects, should also 
be taken into account in the selection of BSSO or DO for advancement of the mandible. 
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Abstract
A RCT was conducted to compare Bilateral Sagittal Split Osteotomy (BSSO) with Distraction 
Osteogenesis (DO) for the advancement of the mandible. The results are presented with the focus 
on patient discomfort, postoperative pain, the need for analgesics and infections. All patients were 
non-syndromal, had a Class II hypoplastic mandible, and did not have previous mandibular surgery. 
In total 66 patients were randomly allocated to the BSSO group (32 patients) or the DO group (34 
patients). 63 patients were eligible for evaluation, 29 in the BSSO group and 34 in the DO group. 
After 6 days postoperatively patients in the DO group experienced more pain and after 5 days 
postoperatively more analgesics were administered than patients in the BSSO group (p=0.030 and 
p=0.045 respectively). Operating timae was significantly shorter for the BSSO group than for the 
DO group (78 min vs. 100 min, p=0.024). All postoperative infections (12 in total) emerged in the 
DO group (p=0.005). All patients in the DO group had a second surgery in day care to remove the 
distractor while two patients in the BSSO group needed plate removal. We conclude that patients 
experienced more pain after DO, needed more analgesics postoperatively, and had more infections 
in comparison to the BSSO treatment group. 

Introduction
For advancement of the Hypoplastic mandible, a bilateral sagittal split osteotomy (BSSO) is the 
most frequently used surgical technique. The BSSO was first described by Trauner and Obwegeser1 
and modified by Dalpont2 and Hunsuck3. The most published complications of this procedure are 
neurosensory disorders of the inferior alveolar nerve and skeletal relapse. Other reported sequelae 
are bruises, edema, limited mouth opening and an unfavourable fracture, so-called bad split. Since 
the introduction of distraction osteogenesis (DO) more than 20 years ago4’5, it has been suggested 
that DO would overcome inherent disadvantages associated with BSSO.  Although early reports on 
DO were promising6’7’8, comparative studies between DO and BSSO revealed no differences9’10’11’12’13’14. 
A recent prospective study comparing BSSO and DO for advancement of non-syndromal hypo-
plastic mandible showed equal results with regard to the primary outcome parameters: skeletal 
stabilty15 and neurosensory disorders16.  In this respect BSSO and DO are comparable procedures.  
The aim of the present study is to compare DO and BSSO with the focus on secondary outcome 
parameters such as operating time, blood loss, postoperative wound infection, postoperative pain-
score, analgesics use, and overall costs. We anticipate that the results from this study will further 
argue whether DO should remain a justified alternative to BSSO for advancement of the mandible 
in non-syndromal Class II patients. 

Materials and Methods 
A prospective study was designed and 66 patients were included between March 2008 and July 
2011. The study was performed at the Department of Oral & Maxillofacial Surgery (OMFS) of the 
Isala Clinics, Zwolle, The Netherlands. A staff surgeon (J de L, FB, or EB) and a resident performed 
all the surgical procedures since the OMFS department of the Isala Clinics is a training facility for 
senior oral and maxillofacial surgery residents. Inclusion criterion was a non-syndromal skeletal 
Class II patient. Exclusion criteria were patients above 35 years of age and previous mandibular sur-

Fig 1. Study design RCT

Patient selection

inclusion
skeletal Class II
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age > 35 years,
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surgery

DO

• post-operative pain
• post-operative 
   administered analgesics
• blood loss
• operating time
• post-operative infections
• total cost

BSSO

• post-operative pain
• post-operative 
   administered analgesics
• blood loss
• operating time
• post-operative infections
• total cost

Randomization
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gery. Figure 1 After providing informed consent patients were randomly allocated to DO or BSSO. 
Randomisation was performed by a randomly generated list (randomisation.com) with a fixed block 
size and no stratification. The full results of this study regarding neurosensory disorders of the 
inferior alveolar nerve and skeletal stability have been published elsewhere15’16. This study has been 
approved by the hospital Medical Ethical Committee (METC Isala Clinics Zwolle, the Netherlands). 
Of the 66 enrolled patients, 32 were randomly assigned to the BSSO group and 34 to the DO 
group. In 11 patients a Le Fort I osteotomy was performed simultaneously with the mandibular sur-
gery (3 patients in the BSSO group and 8 patients in the DO group). In the BSSO group 2 patients 
were lost during follow-up and in one patient the mandibular surgery was altered into a unilateral 
procedure. In total 29 patients in the BSSO group and 34 patients in the DO group were available 
for evaluation. Table 1 

The surgical procedure  
In both groups the surgery was performed under general anaesthesia. Preoperatively, 2 grams 
of cefazoline and 0.5 mg/kg Dexamethason were given intravenously. Another dosage of 10 mg 
Dexamethason was given at 8 and 16 hours postoperatively. The patients in the DO group received 
feneticilline 500 mg 3 times/day, for 5 days.

Bilateral sagittal split osteotomy (BSSO)
Local infiltration was performed with Ultracaine DS forte (articaine). After incision and reflection of 
the full-thickness mucoperiosteal flaps a standard BSSO was performed according to Trauner and 
Obwegeser1 modified by Dal Pont2 and Hunsuck3. The mandibular foramen was identified at the 
medial site of the ramus.  The horizontal osteotomy just above the lingula was extended to the buc-
cal side at the external oblique line and passed through the buccal cortex in the region of the first 
or second molar. The osteotomy was finished at the lower mandibular border. The osteotomy of the 
mandible was then completed with a Smith ramus separator and sagittal separator left/right  (Bi-
omet Microfixation, Jacksonville Florida USA) without the use of chisels18.  After advancement, the 
mandible was positioned according to the planned occlusion using a thin interocclusal acrylic splint 
(wafer) and fixed with stainless steel intermaxillary wires. The osteotomy was than stabilized with 
titanium miniplates (2.0 plates Synthes GmbH, Solothurn, Switzerland). The miniplates were fixed 
with at least two monocortical 5 or 7 mm screws on each side of the osteotomy. The intermaxillary 
fixation was then released and the occlusion was checked. After one week guiding elastic bands (if 
required) were placed for 4 to 6 weeks. 

Table 1. Patient characteristics

    BSSO DO Total

Patients   32 34 66
Lost in follow-up      2    0   2
Conversion      1*   0   1
Patients to evaluate   29 34 63
Male   12 16 28
Female   17 18 35
Mean age (years)   18.6 21.3 20.1
Range age (years)   14.3-26.7 14.7-34.8 
Mean advancement  (mm) 7.0 7.3 7.2
Range advancement (mm) 4-12   5-12 

* 1 male patient had a unilateral SSO 

Distraction osteogenesis (DO)
The mucosa was infiltrated with Ultracaine DS forte (articaine).  The mandibular body and angle 
were exposed and just behind the second molar a buccal vertical bone incision was made including 
the mandibular lower border. If present, the third molar was removed at this stage. With a fissure 
bur, the corticotomy was extended distal of the second molar to the lingual side of the mandible. 
Before completion of the corticotomy the mono-directional distractor device (Zurich Distractor, KLS 
Martin GmbH & Co, Tuttlingen, Germany) was adapted, installed, and fixed in place with at least 
two monocortical screws on each site of the distraction device. The distractor was placed parallel to 
the occlusion plane. After removal of the distractor, the corticotomy was completed at the lingual 
side of the mandible. Finally, the distractor device was reattached in the marked position and fixed 
on each site with six monocortical screws. Before closure of the wounds, the distractor was acti-
vated to confirm proper functioning, and finally the distractor was returned to its original position. 
After a latency period of 5-7 days, the distractor devices were activated two times 0.5 mm per 
day. Distraction was continued until a Class I occlusion was achieved. Intermaxillary guiding elastic 
bands were used during this period to prevent opening of the bite. Bone consolidation period lasted 
8 to 10 weeks after which the devices were removed under general anaesthesia. 

 
Perioperative protocol and questionnaires
Postoperatively patients were asked to refrain from chewing for 6 weeks in the BSSO treatment 
group and 8-10 weeks in the DO. 
During surgery the patients were given opioids. Patients were asked to fill out VAS scores (0-100 
mm) for the pain they had experienced each postoperative day, starting the day after the surgery. 
At the end of each postoperative day patients filled out 3 VAS scores for pain. The patients were 
asked to register the lowest perceived pain score of the day, the highest perceived pain score of the 
day and the pain score they were experiencing at the time they completed the VAS evaluation in 
the evening. The mean of these 3 VAS scores was calculated to a final VAS score for each postop-
erative day. 
Patients were also asked to register the daily-administered analgesics. Normally a combination of 
ibuprofen 600 mg 3 times/day and paracetamol 500 mg 8 times/day was prescribed. For each 
painkiller the score was related to the maximum dose per day for each drug. The score 1 represent-
ed the maximum dose of one analgesic per day, and the score 0,66 meant that patients used 2/3 
of the maximum dose of that analgesic per day. If Patients used ibuprofen 600 mg 3 times/day 
this was scored as 1. When patients took the maximum prescribed number of ibuprofen and par-
acetamol this was scored as 2. Some patients combined these two analgesics with a third, tramad-
ol 50 mg 3 times per day. When these 3 analgesics were taken to the maximum the score was 3. 
Finally the actual operating time, blood loss, the total costs and the occurrence of postoperative 
infection related to the mandibular surgery were recorded. For all patients the duration of hospital 
admission was registered.
 
Statistics
The data was analysed using the Statistical Package of Social Sciences (SPSS, Chicago, IL) version 
18.0. Continuous data were analysed with a Student t-test and dichotomous data with a Pearson’s 
chi square test. 
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Table 3. Mean administered analgesics per day

  operation N Mean Std. Deviation  Std. Error   
        Mean

analgesicsday1 DO 29 1.00734 .511266  .094940
  BSSO 18 1.14822 .610924  .143996
analgesicsday2 DO 30 1.03890 .549093  .100250
  BSSO 18 1.12272 .601757  .141835
analgesicsday3 DO 30   .94310 .587518  .107266
  BSSO 18   .90983 .434078  .102313
analgesicsday4 DO 30   .94420 .650810  .118821
  BSSO 18   .79172 .457851  .107917
analgesicsday5 DO 30   .93333 .591471  .107987
  BSSO 18   .63428 .397065  .093589
analgesicsday6 DO 30   .88477 .627218  .114514
  BSSO 18   .53711 .444927  .104870
analgesicsday7 DO 30   .81537 .621666  .113500
  BSSO 18   .42128 .404473  .095335
analgesicsday8 DO 30   .74033 .673790  .123017
  BSSO 18   .33800 .393509  .092751
analgesicsday9 DO 30   .61803 .597266  .109045
  BSSO 18   .28239 .381527  .089927

Day 1-5 p>0.05 not significant NS
Day 6 p=0.045 significant S
Day 7 p=0.021 significant S
Day 8 p=0.026 significant S 
Day 9 p=0.038 significant S 

Table 2. Mean VAS scores for pain per postoperative day

  operation N Mean Std. Deviation  Std. Error 
painVASday1 DO 29 31.45 19.965  3.707
  BSSO 16 35.56 21.103  5.276
painVASday2 DO 31 36.26 19.931  3.580
  BSSO 16 37.31 21.899  5.475
painVASday3 DO 31 32.71 19.761  3.549
  BSSO 17 29.88 17.940  4.351
painVASday4 DO 31 29.39 18.237  3.275
  BSSO 17 22.41 16.183  3.925
painVASday5 DO 31 26.03 15.738  2.827
  BSSO 17 17.65 13.043  3.163
PainVASday6 DO 31 28.55 20.133  3.616
  BSSO 17 17.29 19.830  4.809
painVASday7 DO 31 28.32 19.997  3.592
  BSSO 17 11.53 12.228  2.966
painVASday8 DO 31 28.16 19.460  3.495
  BSSO 17   9.18 11.041  2.678

Day 1-6, p>0.05 not significant NS
Day 7 p=0.03 significant S
Day 8 p=0.01 significant S

Results
The mean reported VAS scores for pain and the numbers of analgesics taken each postoperative 
day are listed in Tables 2 and 3. Unfortunately not all patients recorded the data adequately. The 
VAS scores for pain were fully completed by 16 patients (55%) in the BSSO group and 29 patients 
(85%) in the DO group. In the BSSO group two patients, and in the DO group one patient, recorded 
VAS scores incompletely. In the first 6 postoperative days there were no significant difference in 
the reported VAS scores for pain (all p>0.05). At day 7 and 8, patients in the BSSO group reported 
significantly less pain than patients in the DO group (p=0.03 and p=0.01 respectively). In the BSSO 
group pain scores decreased gradually, this did not occur in the DO group (Table 2). All the distrac-
tors were to be removed under general anaesthesia. In one patient bone healing was insufficient at 
the time of removal and it was decided to place one miniplate with screws after removal of the dis-
tractor for maintaining stability. In the BSSO group the plates and screws had to be removed due to 
screw loosening in two patients. All patients, except one, could be discharged from the hospital the 
same day. One patient could be discharged on the first postoperative day.  

Analgesic use
The administered analgesics were registered completely by 29 patients in de the DO group. One 
patient in the DO group failed to record the first day, but did succeed in all the other days. In the 
BSSO group 18 patients completed the scores for the number of analgesics. There was no signif-
icant difference in the number of administered analgesics during the first 5 postoperative days 
(p>0.05). From postoperative day 6, patients in the BSSO group required significantly less analge-
sics than patients in the DO group (all p<0.05) (Table 3).

Surgical time
The mean operating time was significantly less for the BSSO group compared to the DO group (78 
min vs. 100 min; p=0.024). There was no significant difference between blood loss in the DO group 
(194cc) and the BSSO group (153cc) (p=0.199) (Table 4).

Table 4. Operating time and blood loss.

  operation N Mean Std. Deviation  Std. Error   
        Mean

Operating time DO 34   99.62   40.900    7.014
  BSSO 29   78.07   31.232    5.800
Blood loss DO 34 194.24 135.089  23.168
  BSSO 29 153.28 1 11.774  20.756

Operating time   p=0.024 significant S
Blood loss            p=0.199 not significant NS

Table 5. Postoperative wound infections. 

          Wound infections      
   none right left bilateral  total

operation    DO  22 8 3 1  34
                BSSO  29 0 0 0  29
Total  51 8 3 1  63

P=0.005 significant S
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Postoperative infections
Postoperative infections occurred in 12 patients. In one patient this occurred bilateral in all others 
unilateral. All infections emerged in the DO group (p=0.005). Most infections could be managed with 
antibiotics, however in 3 patients drainage of the abscess under local anaesthesia was necessary 
(Table 5). All patients were admitted for one day and could be discharged from the hospital the day 
after the surgery.

Treatment costs
The total cost from the first consultation until discharge from the hospital in the Netherlands was 
calculated. Preoperative consultation, documentation, and prediction tracing was equal for both 
procedures. In the BSSO group a model surgery was performed and a surgical wafer was fabricat-
ed. In the DO group only dental casts were made to confirm the planed final occlusion. The costs 
for the admission and the operation itself were equal. The main difference in cost was the price 
of the plates and screws in the BSSO group and the distractors and screws in the DO group. The 
difference in price for the hardware was €2,520 (€316 in the BSSO group versus €2,836 in the DO 
group). All the patients in the DO group required a second surgery to remove the distractors. The 
cost for removal of the distractors was €953 under general anaesthesia in day care.  The average 
cost for a BSSO procedure was €5,261 and for the DO group (removal of the distractors included) 
€8,556. This meant that the DO procedure was 62.6% more expensive than a BSSO if no plate 
removal was indicated.  In two patients of the BSSO group the plates had to be removed in a later 
stage, the additional cost for this was €953 per patient. 

Discussion  
The aim of this study was to evaluate secondary outcome parameters after DO or BSSO for man-
dibular advancements in non-syndromal skeletal Class II patients. The primary outcome parameters 
of this study, skeletal stability and neurosensory disturbances of the inferior alveolar nerve, will not 
be reported here.
Postoperative pain can be substantial after orthognathic surgery. In a report by Niederhagen et al17 
patients experienced the most postoperative pain after orthognathic procedures in comparison to 
other procedures in the oral and maxillofacial field.  During surgery patients are routinely treated 
with opioids for pain control. After the surgery pain can be relieved by intravenous patient con-
trolled analgesia (PCA) or NSAIDS and/or paracetamol. For dental surgery, mainly wisdom tooth 
removal, there is substantial evidence that ibuprofen is more effective than paracetamol alone18’19’20. 
Ibuprofen can be combined with paracetamol in one single tablet and some evidence exists that 
support the notion that the combined tablet has superior effects compared to either drug alone21. 
Unfortunately this combined tablet is not available in the Netherlands. In our study patients rou-
tinely were administered ibuprofen starting the day after surgery, if necessary paracetamol was 
added.  Patients in the DO group had more pain, and required significantly more analgesics after  
5 and 6 days respectively, than patients in the BSSO group. 
Common complications associated with DO are infections and hardware failure. Review papers 
report infection rates in mandibular DO between 6-9% of the cases22’23. In these reviews patients 
were treated for congenital and developmental deformities with a variety of distraction proce-
dures. In more than half of the reported patients treated with mandibular distraction osteogenesis 
in conjunction with developmental deformities, the procedure was used for transverse widening 
of the mandible instead of advancements24. In this study all postoperative infections occurred in 
the DO group. Of the 34 patients in the DO group, 12 patients yielded an infection (35%). These 

infection rates can hardly be compared due to the fact that in review articles 22,23,24 different 
indications are included, unilateral as well as bilateral procedures, as well as transverse widening 
instead of advancement of the mandible. There is also wide variety in used distractors such as 
tooth born distractors, intra-oral placed distractors with intraoral activation rods en distractors 
with percutaneous pins. An explanation for this high infection rate could be the open connection 
between the mouth and the distractor. Therefore it is recommended to shorten the activation rod 
of the distractor after the distraction period so it will be submerged. Hardware failure is frequently 
reported, up to 33%, in distraction osteogenesis of the facial skeleton23. In this review the majority 
of mandibular distraction osteogenesis is utilized for severe congenital deformities with unilateral 
or bilateral procedures in the early childhood. Also segmental defects treated with bone transport 
distraction osteogenesis are included. In a review24 only 4% hardware failure was reported in man-
dibular distraction osteogenesis for widening and advancements in developmental deformities. We 
observed no hardware failure in our DO group. Insufficient bone healing was only unilaterally present 
in one patient at distractor removal.
Surgical time was longer for DO than for the BSSO. Operating time is reported to affect the sever-
ity of postoperative pain17. Although this could be the cause for the difference in postoperative pain 
between DO and BSSO it is, however, unlikely because the difference was only present after 5 to 6 
days. Patients state that activating the distractor is more painful than the period in between the 
activation. We think therefore that the difference in pain scores and analgesics is related to the 
activation of the distractor.
If we look at the treatment cost, there are some clear differences between the DO and BSSO group 
in favour of the latter. All patients in the DO group required a second surgical procedure to remove 
the distraction devices. In the BSSO group two patients underwent plate removal, however, a very 
real possibility exists that in the future more patients in the BSSO will require plate removal due 
to screw loosening. Furthermore, distraction devices fixed with six screws per side are much more 
expensive then the miniplates fixed with 4 screws per side used for the BSSO. 
As reported earlier there is no benefit in terms of neurosensory disorders after a BSSO or DO10’12’13’16. 
In terms of skeletal stability there is neither a difference between a BSSO and DO in moderate 
advancements up to 10 mm9’11’14’15. From this study it can be concluded that for advancement up 
to 10 mm of the mandible in non-syndromal Class II patients, a BSSO is more cost effective and 
patients experienced less discomfort and pain than patients subjected to a DO procedure. In young 
(syndromal) patients, asymmetrical cases and possibly very large advancements there can be a role 
for distraction osteogenesis of the mandible in the future. 
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CHAPTER 9
Summary and conclusions

Bilateral sagittal split osteotomy versus distraction osteogenesis for  
mandibular advancements.
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In chapter 6 a RCT is described to compare DO and BSSO for advancements of the mandible 
with focus on the function of the inferior alveolar nerve. A RCT was performed to evaluate differ-
ences postoperatively associated with neurosensory disturbance (NSD) between two methods of 
mandibular advancement surgery. A total of 66 non-syndromal class II patients with mandibular 
hypoplasia were at random allocated for distraction osteogenesis (BSSO, 32 patients) or a bilateral 
sagittal split osteotomy (DO, 34 patients). Two patients were lost during follow-up and one patient 
was excluded because the surgery was converted to a unilateral procedure.  In total 29 patients in 
the BSSO group and 34 patients in the DO group were available for evaluation. Semmes–Weinstein 
(SW) monofilament testing was performed before and after surgery to objectively establish NSD.  
The light touch detection threshold was measured preoperatively as baseline, with the smallest 
monofilament that could be recognized in over 80% of the applied stimuli. If patients could not 
identify the same monofilament after one year this was registered as a NSD.  Objective NSD was 
found in 17.2-17.6 % of the patients. Evaluation of the individual nerve (unilateral), NSD was found in 
11.8-12.1%. There was no significant difference in objective NSD after a BSSO or DO at least 1 year 
after the surgery. Subjective NSD was performed with a questionnaire filled out by the patients one 
year after the surgery. A subjective NSD was reported in 31.0-32.4% of the patients. On nerve level, 
patients reported 19.1-22.4% NSD. No significant difference in neurosensory disorders, objectively as 
well as subjectively, could be found between the two study groups. 
Objective NSD testing with WS monofilaments appeared to underestimate NSD compared to sub-
jective patient report.
The severity of the complaints related to IAN function was evaluated with a VAS score. Patients 
that did not suffer any subjective NSD after 1 year reported the severity from no to moderate 
complaints during that first postoperative year. There was no difference between patients in the 
DO and BSSO groups. Patients who did report subjective NSD after 1 year rated the severity of 
their complaints from mild to moderate/till severe complaints. There were no significant differences 
observed between DO and BSSO.

Postoperative skeletal stability of the RCT is described in chapter 7. A total of 63 patients could be 
evaluated, 29 in the BSSO group and 34 in the DO group. Despite randomization, age in the BSSO 
group appeared to be 2.7 years younger than in the DO group. Advancement was comparable in 
the two groups, with a mean of 7.2 mm. The mean follow-up period was 23.8 months (range 11–50 
months). Lateral cephalograms were hand-traced and the manual superimposition method was 
used to determine relapse. Horizontal relapse was 0.32-0.45 mm measured in Y–B, and 0.25-0.26 
degrees measured in SN-B. Vertical relapse was 0.07-0.03 mm measured in X-B. There were no 
significant differences in relapse either vertically or horizontally, after DO or a BSSO. The magnitude 
of advancement, a high mandibular plane angle, age, and gender were not identified as independent 
risk factors for relapse. In conclusion, with regard to postoperative skeletal stability, BSSO and DO 
gave similar stable results in advancements of the mandible up to 10 mm. 

In chapter 8 the secondary outcome parameters of the RCT are described. The results are present-
ed with the focus on patient discomfort, postoperative pain, the need for analgesics, and infec-
tion rate. 63 patients could be evaluated, 29 in the BSSO group and 34 in the DO group. Despite 
randomization the BSSO group appeared to be 2.7 years younger than the DO group. After 6 days 
postoperatively patients in the DO group experienced significantly more pain and after 5 days 
postoperatively more analgesics were administered than patients in the BSSO group. The mean op-
erating time was significantly shorter for the BSSO group (78 minutes) compared to the DO group 

Chapter 2 describes a retrospective cohort study carried out in 65 patients between 2001 and 
2004 in the Isala Clinics Zwolle, the Netherlands. In 30 patients distraction osteogenesis (DO) and 
in 35 patients a bilateral sagittal split osteotomy (BSSO) was performed. The focus was on neu-
rosensory disturbances (NSD) of the inferior alveolar nerve (IAN) at least one year postoperatively. 
Objective screening of the sensibility of the lip and chin region was carried out with simple neuro-
logical tests using cotton swabs, pin-prick tests, and Semmes Weinstein monofilament 3.22. This 
monofilament was chosen as the upper normal limit for IAN function. Patients had to respond to a 
stimulus in at least 3 out of 4 times. The lip and chin regions on each site were tested. In 18 % of 
the inferior alveolar nerve tested a NSD could be observed. Logistic regression analysis showed that 
age, gender, and advancement were confounding the primary outcome. After eliminating these con-
founders there were no difference in NSD between the MDO group and the BSSO group. Males were 
equally at risk as females for NSD after mandibular surgery. Larger advancements and a higher age 
were a contributing factor for NSD in females but not for males. 

Subjective alveolar nerve function, after BSSO or DO, reported by the patients, is described in 
chapter 3. Patients were asked to fill in a questionnaire on patient’s experiences and satisfaction 
at least one year after the surgery. A visual analogue scale (VAS) was included to determine the se-
verity of the complaints. The VAS score was divided into six categories ranging from no complaints, 
mild, mild to moderate, moderate, moderate to severe, and finally to severe complaints.  In total 
28.5% of the inferior alveolar nerves, patients reported a neurosensory disorder.  After eliminating 
the confounders (age, gender, and advancement) no significant difference could be found between 
the DO and the BSSO group. Age was in general significantly related to reported NSD, however 
stratified by gender this accounted only for the female patients. For male patients age had no 
influence on the number of nerve disturbances. The number of patients that encountered sensory 
discomfort measured in VAS scores did not differ for the DO or the BSSO groups, although the cat-
egorical scores in the DO groups were significantly lower. Satisfaction after the surgery correlated 
significantly with age and was independent of the type of operation or gender. 

Skeletal stability after DO or BSSO is described in chapter 4. The stability was measured on 
lateral cephalograms made at preoperative, postoperative or post-distraction times , and finally 
after 10-49 months postoperatively. In the DO group 3 patients had to be excluded of the initial 
30 patients because of insufficient data. In the BSSO group 9 patients had to be excluded due 
to insufficient data leaving 26 patients for evaluation. The cephalograms were hand traced and 
the “manual geometric superimposition method” was used to evaluate skeletal stability of point B 
vertically as well as horizontally.  A X-Y coordinate system was reconstructed on the cephalograms 
and point B of the mandible was used to evaluate relapse. The mean vertical relapse measured 
in mm X-B was small, only 0.5-1.1 mm. Horizontal relapse was measured in degrees SN-B and in 
mm Y-B. Again relapse was small, 0.90-0.21 degrees and 0.1-0.4 mm respectively.  There is not a 
significant difference in vertical neither horizontal relapse after at least 11 months postoperatively 
between BSSO and DO. The same group of patients was studied again 46 to 96 months after the 
surgery as described in chapter 5. In the BSSO group 17 patients and in the DO group 18 patients 
were available for assessment of late skeletal relapse. Relapse was small and there was no signifi-
cant difference between DO and BSSO nearly 4 years postoperatively. Age and gender distribution 
were confounding the outcome. After statistical elimination of these confounders there was no 
significant difference in relapse for the two procedures. A high mandibular plane angle could not be 
identified as an independent risk factor for relapse. 
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(100 minutes). Blood loss was comparable in both patient groups. All postoperative infections (12 
patients in total) emerged in the DO group. All patients in the DO group needed a second surgery in 
day care to remove the distractor while two patients in the BSSO group needed plate removal. The 
distractors and screws are more expensive than the plates and screws used in the BSSO group. The 
following conclusions were drawn. Patients experienced more pain after DO, needed more analgesics 
postoperatively, and they had more infections than after BSSO. Finally DO for advancement of the 
mandible is less cost effective than a BSSO.

In conclusion, the aim of this thesis was to compare two types of surgery for the advancement of 
the mandible. The initial reports on DO for mandibular advancements were very promising. Most 
of these reports evaluated DO in animal studies and in unilateral mainly congenital deformities. It 
was hypothesized that DO would overcome some of the most encountered complications after a 
bilateral sagittal split osteotomy for advancements of the mandible, namely neurosensory distur-
bances of the inferior alveolar nerve and skeletal relapse. After the first experiences with DO in the 
facial skeleton in congenital deformities it was suggested that DO was also feasible for less severe 
cases. The first reports followed 10 years ago, in which DO was described as an alternative for a 
BSSO. In these reports patients with a mandibular hypoplasia and a Class II occlusion were treated 
with DO with stable skeletal results and a lower incidence of neurosensory disturbances compared 
to the reported NSD after a BSSO. However, the reported NSD incidences after mandibular surgery 
are hardly comparable due to the difference in timing and type of assessment of inferior alveolar 
nerve function. Therefore it was necessary to evaluate DO and BSSO with the same instruments 
and at the same timing. The first studies described in this thesis (chapter 2-5) are retrospective 
cohort studies that compare DO and BSSO. It is important to note that patients were not random-
ly allocated to either procedure in these studies. After analyses several confounding factors were 
found that influenced the outcome between the two groups. These confounders were statistically 
corrected. To establish objective NSD a Weinstein monofilament 3.22 was used, because in some 
reports this was defined as the upper normal limit for NSD. The subjective NSD was evaluated with 
a standardized questionnaire. In these first studies no significant difference in NSD was observed. 
The skeletal stability was evaluated for both short- and long long-term outcomes. The observed re-
lapse either vertically and/or horizontally was fairly small. With DO and BSSO, both stable skeletal 
results could be obtained, with a mean advancement of the mandible of 7 to 8 mm. 
After these first studies we concluded that the type of assessment of the objective NSD with a 
Weinstein monofilament 3.22 was too crude. And secondly, to avoid selection bias and to balance 
known and unknown prognostic factors we decided to perform a RCT to evaluate DO and BSSO 
in non-syndromal patients with mandibular hypoplasia and a Class II occlusion. For objective NSD 
testing we used the light touch detection threshold measured preoperative as baseline and postop-
erative. Despite randomization, the mean ages in the two groups in the RCT were not equal.  The 
NSD was reported on patient level and on independent nerve level (left and right). No difference 
was found in NSD after DO and BSSO.  Skeletal stability was evaluated on serial lateral cephalo-
metric radiographs and no differences between DO and BSSO were observed. Since few patients 
were undergoing advancement over 10 mm, nothing could be said regarding DO or BSSO favoring 
stability for advancement beyond 10 mm. Finally in the RCT we found that the operating time was 
significantly longer for DO than for a BSSO and blood loss was comparable. Patients experienced 
more pain and needed more analgesics after respectively 6 and 5 days in the DO group. This was 
probably related to the activation of the distractors. The risk of postoperative infections was signif-
icantly higher for DO than for a BSSO and the cost for DO are approximately 60% higher.

From the work presented in this thesis it can be concluded that after DO or BSSO there is no 
significant differences with respect to the incidence of NSD and skeletal stability postoperatively 
in advancements of the mandible up to 10 mm. After DO patients had more pain and encountered 
more postoperative infections. DO is less cost effective for advancement of the mandible. The 
indications of mandibular DO are yet limited to very young (syndromal) children, unilateral cases, 
cases with segmental defects and possibly very large advancements of the mandible. In the future, 
research should be focused on these indications. To reliably compare postoperative NSD it is man-
datory that the timing and the type of assessment of the IAN function is standardized and that 
results are reported on patient level as well as at an independent nerve level. It is also recommend-
ed that new techniques or surgical procedures should first be reliably compared in a scientific trial 
to the standard type of treatment, before it is introduced as a real alternative. 
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SAMENVATTING EN CONCLUSIES
Bilaterale sagittale slijtings osteotomie versus 
distractie osteogenese voor mandibulaire  
verlenging.

In hoofdstuk 2 wordt een retrospectieve cohort studie beschreven bij 65 patiënten die tussen 
2001-2004 zijn behandeld in de Isala te Zwolle. 30 patiënten ondergingen een distractie osteoge-
nese  (DO) en 35 patiënten ondergingen een bilaterale sagittale splijtings osteotomie (BSSO) voor 
verlenging van de onderkaak. De primaire uitkomstmaat was de functie van de nervus alveolaris 
inferior (NAI) minimaal één jaar na de ingreep. Objectieve beoordeling van de sensibiliteit van de 
onderlip en kin werd gedaan met behulp van wattenstaafjes, scherp-stomp discriminatie en Sem-
mes Weinstein monofilament nr. 3.22. Dit filament werd beschouwd als de bovengrens van normale 
sensibiliteit. Indien patiënten een stimulus, geblindeerd, in meer dan 75% van de gevallen konden 
identificeren dan werd de sensibiliteit als normaal  gerapporteerd. De lip- en kinregio, zowel links als 
rechts, werden apart onderzocht. In 18% van de geteste zenuwen kon in het gevoel van de onderlip 
en of kin een stoornis worden gevonden. Middels logistische regressie werden er enkele “confoun-
ders” gevonden zoals leeftijd, verplaatsing en geslacht. Na eliminatie van deze factoren werd er geen 
verschil in sensibiliteit gevonden tussen de DO-groep en BSSO-groep. Mannen liepen evenveel risico 
op gevoelsverlies als vrouwen. Een grotere verplaatsing en een hogere leeftijd waren wel factoren die 
het risico op gevoelsverlies voor vrouwen verhoogden maar niet voor mannen.

In hoofdstuk 3 wordt het subjectieve gevoel in de onderlip en kin in dezelfde patiëntengroep geë-
valueerd. Na één jaar werd aan de patiënten gevraagd een vragenlijst in te vullen. Onderdeel van 
deze vragenlijst was een Visueel Analoge Schaal (VAS) om de mate van klachten vast te leggen. 
De scores op de VAS werden verdeeld in zes categorieën: geen klachten, mild, mild tot gemiddeld, 
gemiddeld, gemiddeld tot ernstig en ernstige klachten. Bij 28,5% van de NAI werd een subjectief 
gevoelsverlies gerapporteerd. Na eliminatie van de “confounders”  (leeftijd, verplaatsing en geslacht) 
werd er geen significant verschil gevonden in gevoelsverlies na een DO of BSSO. Een hogere leeftijd 
was gecorreleerd met een grotere kans op subjectief gevoelsverlies na verlenging van de mandibula 
bij vrouwen maar niet bij mannen. Het aantal patiënten dat last had van het gevoelsverlies was niet 
verschillend tussen de DO-groep en de BSSO-groep, maar de VAS scores in de DO-groep waren wel 
significant lager.  Tevredenheid na de operatie was gecorreleerd met leeftijd en was onafhankelijk 
van de soort operatie, DO of BSSO.

De skelettale stabiliteit van deze cohort studie wordt beschreven in hoofdstuk 4. Om de stabiliteit 
te meten werden laterale schedel profielfoto’s gemaakt voor de operatie, na de operatie (BSSO), na 
de distractie periode (DO) en na 10-49 maanden. Op de foto’s werd een X-Y assenstelsel geconstru-
eerd met als oriëntatie de schedelbasis. Punt B op de onderkaak werd, zowel verticaal als horizon-
taal, geanalyseerd.  In totaal moesten door het ontbreken van data 3 patiënten in de DO-groep en 
9 patiënten in BSSO-groep worden geëxcludeerd.  In totaal konden er 27 patiënten in de DO-groep 
en 26 patiënten in de BSSO-groep geëvalueerd worden. De metingen op de foto’s werden manueel  
uitgevoerd volgens de “manual geometric superimposition” methode. De verticale relapse gemeten 



123122

in X-B was slechts 0.5-1.1 mm en toonde geen verschil tussen beide groepen. Horizontale relapse ge-
meten in Y-B was 0.90-0.21 mm en gemeten in SN-B 0.1- 0.4 graden. Beide waren niet significant 
verschillend. Dezelfde patiëntengroep werd nogmaals onderzocht na 46-96 maanden postoperatief 
en beschreven in hoofdstuk 5. Voor evaluatie van de late skelettale stabiliteit waren in de BSSO-
groep nog 17 patiënten en in de DO-groep nog 18 patiënten beschikbaar. Gemiddeld bijna vier jaar 
na de operaties bleek de relapse zeer gering. Leeftijd en geslacht waren “confounders” en werden 
statistisch gecorrigeerd. Er kon geen significant verschil gevonden worden in relapse na een DO of 
BSSO. Een verticaal groeipatroon kon niet als een onafhankelijke risicofactor voor relapse worden 
geïdentificeerd na verlenging van de onderkaak. 

In hoofdstuk 6 is een gerandomiseerde klinische studie beschreven waarbij DO en BSSO worden 
vergeleken met als primaire uitkomstmaat het gevoelsverlies van de NAI.  In totaal werden 66 
niet-syndromale patiënten met een hypoplasie van de mandibula en een Klasse II malocclusie  geïn-
cludeerd. Na randomisatie werden er 34 patiënten in de DO-groep en 32 patiënten in de BSSO ge-
plaatst. Door het ontbreken van data moesten 2 patiënten in de BSSO-groep geëxcludeerd worden. 
Hierdoor bleven er in totaal 29 patiënten over voor evaluatie. Voor het vaststellen van het objectief 
gevoelsverlies werd preoperatief een nulmeting gedaan middels een reeks van Semmes Weinstein 
monofilamenten.  Na vier maanden en één jaar postoperatief werden deze testen herhaald.  De 
drempelwaarde voor het dunste monofilament werd preoperatief bepaald waarbij meer dan 80% 
van de stimuli, geblindeerd, herkend moesten worden. Indien deze drempelwaarde na vier maanden 
of één jaar postoperatief, niet kon worden herhaald dan werd dit geregistreerd als een objectief ge-
voelsverlies van de NAI. Een objectief gevoelsverlies werd in 17.2 - 17.6% van de patiënten gevonden, 
op nervus niveau waren deze percentage 11.8 - 12.1%. Na één jaar postoperatief was er geen signi-
ficant verschil in gevoelsstoornissen na een DO of BSSO. Een subjectief gevoelsverlies van de NAI 
werd onderzocht middels een vragenlijst. Een subjectief gevoelsverlies werd gerapporteerd door 31.0 
- 32.4% van de patiënten en op nervus niveau werd een gevoelsstoornis gevonden van 19,1- 22,4%. In 
beide gevallen was er geen significant verschil tussen de DO-groep en de BSSO-groep.  
Objectieve testen van gevoelsverlies door middel van SW monofilamenten lijken een onderrapporta-
ge te geven ten opzichte van gevoelsstoornissen gerapporteerd door patiënten middels een vragen-
lijst. 
De ernst van de klachten gerelateerd aan een gevoelsstoornis van de NAI werd onderzocht met be-
hulp van een Visueel Analoge Schaal (VAS). Patiënten die na één jaar geen gevoelsverlies meer had-
den rapporteerden de ernst van hun klachten in dat eerste jaar van  geen klachten tot gemiddelde 
klachten. Patiënten die na één jaar nog steeds een gevoelsverlies hadden rapporteerden de ernst 
hun klachten van mild tot gemiddeld/ernstig. Er was geen relatie tussen de ernst van de klachten 
en de soort operatie die patiënten hadden ondergaan.

Van deze gerandomiseerde studie wordt de skelettale stabiliteit beschreven in hoofdstuk 7. In to-
taal konden 63 patiënten worden geëvalueerd, 29 in de BSSO-groep en 34 in de DO-groep. Ondanks 
dat patiënten gerandomiseerd werden verdeeld bleek de leeftijd in de BSSO-groep 2.7 jaar jonger 
te zijn dan in de DO-groep. Verplaatsing van de mandibula naar ventraal was gemiddeld 7.2 mm en 
vergelijkbaar in beide groepen. De gemiddelde follow-up was 23.8 maanden (range 11- 50 maanden). 
Horizontale relapse gemeten in Y-B en SN-B was 0.32 - 0.45 mm en 0.25 - 0.26mm respectie-
velijk. Verticale relapse gemeten in X-B was 0.07-0.03 mm. Zowel verticaal als horizontaal was er 
geen verschil in relapse tussen de DO-groep en de BSSO-groep. De grootte van de verplaatsing, een 
verticaal groeipatroon, leeftijd en geslacht konden niet worden geïdentificeerd als een risicofactor 

voor relapse. Geconcludeerd werd dat bij verplaatsingen tot 10 mm zowel een BSSO als DO dezelfde 
skelettale stabiliteit geven.

Tenslotte worden in hoofdstuk 8 de secundaire uitkomstmaten beschreven van de gerandomiseer-
de studie. In deze rapportage werd met name gekeken naar patiënten ongemak, postoperatieve pijn, 
hoeveelheid benodigde pijnstillers en infecties. Er konden 29 patiënten in de BSSO-groep en  
34 patiënten in de DO-groep geëvalueerd worden. 
Na zes dagen hadden patiënten in de DO-groep significant meer pijn en na vijf dagen ook signifi-
cant meer pijnstillers nodig.  De gemiddelde operatietijd was 78 minuten voor de BSSO–groep en 
100 minuten voor de DO-groep. Dit was een significant verschil. Het bloedverlies was in beide groe-
pen vergelijkbaar. Postoperatieve wondinfecties kwamen bij 12 patiënten voor, allen in de DO-groep.
Alle patiënten in de DO-groep moesten om de distractoren te verwijderen een tweede operatieve in-
greep in dagverpleging ondergaan. Slecht bij 2 patiënten in de BSSO-groep werden de osteosynthe-
se platen in verband met lokale klachten verwijderd. De osteosynthese platen en schroeven gebruikt 
bij een BSSO, zijn minder kostbaar dan de distractoren zoals gebruikt in de DO-groep. Geconclu-
deerd werd dat patiënten in de DO-groep meer pijn hadden, meer pijnstillers gebruikten en meer 
postoperatieve infecties hadden dan patiënten in de BSSO-groep. Voor verlenging van de onderkaak 
is DO minder kosten effectief dan een BSSO.

Het doel van dit proefschrift was het vergelijken van twee methoden om de onderkaak chirurgisch 
te verlengen. De eerst publicaties over DO voor mandibulaire verlenging waren veelbelovend. Veel 
van deze studies waren van origine dierexperimenteel en gevallen van een unilaterale verlenging van 
de onderkaak in syndromale patiënten. Na de eerste ervaringen van DO bij syndromale afwijkingen, 
werd beschreven dat deze methode ook toepasbaar was voor minder ernstige afwijkingen. In enkele 
publicaties werd gesuggereerd dat DO veel voorkomende problemen na een BSSO zou kunnen ver-
mijden. Gedacht werd aan minder gevoelsverlies van de NAI en minder skelettale relapse. De eerste 
publicaties waarbij DO als alternatief werd beschreven voor een BSSO bij niet-syndromale patiënten 
met een klasse II malocclusie, dateren van meer dan tien jaar geleden. In deze publicaties werden 
stabiele resultaten beschreven en een lage kans op gevoelsverlies van de NAI. Door verschillen in de 
manier en het tijdstip van evaluatie van de nervus functie, zijn deze resultaten slecht te vergelijken 
met de bestaande literatuur. Daarom was het noodzakelijk DO en BSSO te vergelijken en beide groe-
pen met dezelfde instrumenten te onderzoeken.  De eerste studies beschreven in dit proefschrift 
(hoofdstuk 2-5) zijn retrospectieve cohort studies. De patiënten in deze eerste studies zijn niet 
gerandomiseerd naar behandeling, maar konden na uitvoerige informatie zelf kiezen welke ingreep 
zij wilden ondergaan. Na logistische regressie analyse bleken er diverse “confounders” aanwezig die 
de uitkomsten konden beïnvloeden en deze werden statistisch gecorrigeerd. Voor de evaluatie van 
een objectief gevoelsverlies van de NAI werd een WS monofilament nr. 3.22 gebruikt omdat dit in 
enkele publicaties als de grens van normale sensibiliteit van de lip werd beschreven. Voor een subjec-
tief gevoelsverlies werd een gestandaardiseerde vragenlijst gebruikt. In deze retrospectieve cohort 
studies kon geen verschil worden gevonden in objectief en subjectief gevoelsverlies van de NAI in 
beide groepen. Ook kon er geen verschil in skelettale relapse worden gevonden tussen beide groepen, 
zowel op de korte als lange termijn.
Na deze eerste studies concludeerden wij dat de WS monofilament nr. 3.22 misschien toch een te 
grove methode was om subtiele veranderingen in het gevoel te detecteren. 
Om selectie bias te vermijden, bekende en onbekende prognostische factoren te balanceren, werd 
besloten tot een vervolgstudie in de vorm van een gerandomiseerde klinische trial (RCT). Doel was 
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om DO en BSSO te vergelijken in niet-syndromale patienten met een hypoplasie van de mandi-
bula met een Klasse II malocclusie. Om objectief gevoelsverlies vast te stellen werd nu een reeks 
van WS monofilamenten gebruikt met een begin meting preoperatief. Ondanks dat de patiënten 
werden gerandomiseerd per behandeling bleek de leeftijd in beide groepen niet gelijk. Gevoelsverlies 
werd gerapporteerd zowel op patiënten als op nervus niveau (links-rechts). Er kon geen verschil in 
gevoelsverlies worden gevonden tussen de DO-groep en de BSSO-groep. Ook de skelettale stabiliteit 
in beide groepen was gelijk. Slechts weinig patiënten ondergingen een verlenging van de onderkaak 
van meer dan 10 mm, zodat er geen conclusies getrokken kunnen worden voor grotere verplaatsin-
gen van de onderkaak. Tenslotte werd in deze RCT gevonden dat de operatietijd voor DO significant 
langer was. Het bloedverlies was vergelijkbaar in beide groepen. Patiënten in de DO-groep hadden 
postoperatief wel meer pijn en gebruikten tevens meer pijnstillers. Waarschijnlijk was dit gerelateerd 
aan activatie van de distractoren. Het risico op postoperatieve wondinfecties is hoger bij DO dan 
bij BSSO en de DO-procedure is ongeveer 60% duurder dan een BSSO-procedure. Dit verschil komt 
met name door het verschil in kostprijs van de platen en schroeven (BSSO) en de distractoren (DO). 
Daarnaast moesten patiënten in de DO-groep een tweede operatieve ingreep ondergaan  om de 
distractoren te verwijderen.

Uit het werk gepresenteerd in dit proefschrift kan geconcludeerd worden dat er tussen DO en 
BSSO geen significant verschil bestaat in het optreden van gevoelsverlies van de NAI en de 
postoperatieve skelettale stabiliteit bij verplaatsingen tot 10 mm bij niet syndromale patiënten met 
een hypoplasie van de onderkaak met een Klasse II malocclusie. Na DO hadden patiënten meer pijn, 
gebruikten meer pijnstillers en hadden vaker een postoperatieve wondinfectie. DO is minder koste-
neffectief dan een BSSO voor verlenging van de onderkaak. De indicaties voor DO van de mandibula 
zijn vooralsnog gelimiteerd tot zeer jonge (syndromale) patiënten, unilaterale gevallen, gevallen met 
segmentale defecten en mogelijk zeer grote verplaatsingen. Om in de toekomst de functie van de 
NAI betrouwbaar te kunnen vergelijken is het noodzakelijk dat deze op gestandaardiseerde wijze en 
op vaste tijdstippen wordt onderzocht. Daarnaast dient er gerapporteerd te worden op zowel pa- 
tiënten niveau als op nervus niveau. Het is aan te bevelen dat nieuwe technieken of chirurgische 
procedures eerst in een wetenschappelijke studie worden vergeleken met de gouden standaard, 
voordat deze nieuwe methode als een werkelijk alternatief voor de gouden standaard wordt geïntro-
duceerd. 
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DANKWOORD

Op de vraag of ik nog wetenschappelijke ambities had antwoordde ik in 2001 bij mijn sollicitatie 
in Zwolle, enthousiast Ja! Ik was tenslotte gewend aan het combineren van werk en studie dus 
dit moest ook te doen zijn. Het idee was om dit project, na enige gewenning in de praktijk, binnen 
een afzienbaar tijdspad af te ronden.  Gaandeweg heb ik ondervonden dat het schrijven van een 
proefschrift naast een drukke praktijk, bestuurswerk en een gezin met opgroeiende kinderen, toch 
eigenlijk meer tijd kost dan ik bij aanvang had kunnen vermoeden. Uiteindelijk ben ik dan ook blij dat 
het af is, al is het jaren later dan gepland. Een proefschrift schrijven doe je niet alleen daarom wil ik 
graag een aantal mensen bedanken.

Prof. dr. J. de Lange, hooggeleerde promotor, beste Jan. Onze vriendschap gaat al heel wat jaren 
terug. We kennen elkaar sinds de opleidingstijd in het AMC. Jij was net begonnen aan de opleiding 
en ik volgde een keuze coschap op de afdeling MKA chirurgie. Toen jij na de opleiding uiteindelijk 
naar Zwolle ging heb jij aan de basis gestaan van de perifere opleiding in de huidige Isala. Ik was de 
eerste arts-assistent die hier een deel zijn opleiding kon volgen. Het bleek voor mij een zeer inspi-
rerende opleidingsplek en het was dan ook vanzelfsprekend dat ik na mijn opleiding graag  in Isala 
wilde werken. Jij was degene die, altijd optimistisch gestemd, mij motiveerde aan dit proefschrift  te 
beginnen. De manuscripten kreeg ik immer per ommegaande retour en een aantal nieuwe bereke-
ningen werden vaak al aan de telefoon uitgevoerd. Je denkt snel en vindt altijd een pragmatische 
oplossing voor elk probleem gaandeweg dit project. Veel dank voor je efficiënte en altijd opgewekte 
begeleiding. Helaas bleek ook ik niet immuun voor je grootste hobby en stroomt er ook bij mij inmid-
dels enige Italiaanse benzine door de aderen. 

Prof. dr. A.G. Becking, dr. D.M.J. Milstein, hooggeleerde 2e promotor en zeergeleerde copromotor, 
beste Eddy en Dan. Ofschoon jullie pas later bij het proefschrift betrokken zijn geraakt stel ik jullie 
opmerkingen en aanvullingen op de manuscripten zeer op prijs. De artikelen en het boekje zijn daar-
door een stuk leesbaarder geworden. Dank voor jullie inspanningen.

De leden van de beoordelingscommissie: Prof. dr. dr. P.A.W.H. Kessler, Prof. dr.  R. Koole, Prof. dr. D.B. 
Tuinzing, dr. J. Jansma en dr. B.C.M. Oosterkamp. Graag dank ik u allen hartelijk voor de bereidheid 
zitting te nemen in de beoordelingscommissie en de tijd die u heeft gestoken in het beoordelen van 
het manuscript.

Beste co-auteurs, beste Roy, Marjol, Justin en Bram. Allen hebben jullie gedurende je perifere stage 
in Zwolle bijgedragen aan de totstandkoming van dit proefschrift. Naast de tijd die jullie doorbrach-
ten op de polikliniek en de OK, vonden jullie tijd om mij te ondersteunen met dit project. Roy, feite-
lijk zorgde jij met je doctoraal scriptie over gevoelsverlies van de onderlip na een BSSO en later met 
de eerste metingen bij de cohort studie, voor het startpunt van dit onderzoek. Marjol, jij hebt op zeer 
voortvarende wijze de metingen verricht met betrekking tot de stabiliteit en dit tot  een manuscript 
verwerkt. Justin, jij hebt de metingen gedaan met betrekking tot de lange termijn stabiliteit en 
meegeschreven aan het manuscript. Tenslotte Bram, jij hebt de registratie van de pijnmedicatie en 
VAS scores efficiënt verwerkt tot een hanteerbare database en mij geholpen met het manuscript.  
Allen veel dank.
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Beste dames en heer van het secretariaat, beste Nanda, Ellen, Ineke, Larissa, Gerjan en Eveline. Ik 
ben mij er terdege van bewust dat ik jullie soms tot wanhoop dreef met al mijn statussen die niet 
opgeruimd mochten worden want deze behoorden tot “het onderzoek”. Het voorbereiden van de 
spreekuren leek dan ook soms het meest op het “zoeken naar een speld in een hooiberg”. Toch  
bleven jullie altijd opgewekt en raakten nooit in de stress als een status toch even zoek bleek.  
Gelukkig ging het na de invoering van het EPD een stuk efficiënter. Dat je ook in het EPD soms 
dingen kwijt kon raken was echter ook voor mij een verrassing. Röntgenfoto’s bleken soms niet meer 
op te vragen in het EPD maar gelukkig wist Gerjan altijd nog een mogelijkheid om de foto’s, op  
miraculeuze wijze, uit de krochten van de ICT  te bemachtigen en af te drukken in de juiste  
vergotingsfactor. Heel veel dank, zonder jullie steun was het niet gelukt. 

Beste dames op polikliniek, beste Susan, Renée, Juliette, Grietje, Nicolet, Christa, Lianne, Janien,  
Marieke, Cécille, Nicole, Anita, Cilla, Natasja, Sylvia, Diana, Lowien, Tineke, Annet, Simone en  
Janneke. Op de polikliniek was het altijd druk maar reuze gezellig. Ook jullie lieten je niet van de 
wijs brengen als ik voor de testen nog “even” een paar extra patiënten wilde zien. Op jullie vraag 
wanneer dat dan moest,  antwoordde ik steevast:  “geen idee”.  Toch lukte het jullie altijd om de 
patiënten snel in de volle agenda in te passen en alle onderzoeksmaterialen klaar te leggen. Dank 
voor jullie hulp, ondersteuning en gezelligheid op de polikliniek.

Beste maten, beste Johan, Jan, Frank, Arie, Bas en Jeroen. Met recht ben ik trots op onze club in 
Zwolle. De open houding ten aanzien van onderzoek doen heeft mij enorm gestimuleerd dit proef-
schrift af te ronden. Ondanks dat wij allen niet precies hetzelfde zijn, respecteren we elkaar en 
proberen we overal in consensus uit te komen. De onderlinge band en zeker ook de humor, geeft mij 
dan ook veel vertrouwen voor de toekomst waarin we samen verder aan onze “winkel’ willen bou-
wen. De wereld verandert om ons heen in hoog tempo, maar ik prijs mij gelukkig met zulke maten en 
ben overtuigd dat wij gezamenlijk daar een passend antwoord op zullen vinden.

Beste Harm en Frank, mijn paranimfen. Ik ben zeer blij dat jullie hebben ingestemd om bij de verde-
diging van dit proefschrift aan mijn zijde te willen staan. Harm, onze vriendschap begon in Amster-
dam toen wij samen aan de studie tandheelkunde begonnen. Je was “my best man” bij mijn huwelijk 
en ik vind het bijzonder dat je dit zestien jaar later wederom wilt zijn . We hebben veel meegemaakt 
en half Europa doorgereden met een paar surfplanken op het dak op zoek naar een beetje wind. 
Ondanks dat we elkaar niet wekelijks spreken is het contact gelukkig altijd hecht gebleven. 
Frank, toen ik je destijds belde met de vraag of je niet in Zwolle wilde werken moest je daar aan-
vankelijk even over nadenken Je koos voor de Isala en daar ben ik nog altijd blij om. Je bent de idea-
le maat om mee samen te werken en een zeer geliefde dokter voor al je patiënten, ook al  loopt het 
spreekuur soms een beetje uit. Als het met de MKA chirurgie ooit mis mocht gaan dan weet ik dat 
je nog vele talenten hebt om op terug te vallen. Je muzikaliteit maar zeker je humor zijn ongekend 
en maken van onze maatschapsvergaderingen soms een cabaretvoorstelling waarbij de tranen over 
mijn wangen rollen. Jij bent ook vanaf het begin betrokken geweest bij het proefschrift, zowel als 
operateur en co-auteur, waarvoor zeer veel dank. 

Lieve Jo, je hebt mij altijd gesteund en gestimuleerd om mij verder te ontwikkelen. Mijn opvoeding 
heeft mij gevormd tot wie ik nu ben en ik bewaar waardevolle herinneringen aan de vele discussies 
die wij thuis aan de tafel met jou, Piet, Petra en Anke mochten voeren. Zelfs na jaren informeerde je 
nog altijd even belangstellend hoe het met de vorderingen van het proefschrift stond. Lieve schoon-

ouders, Lieve Han en Ro, ik kom al lang bij jullie over de vloer en het voelt dan ook eigenlijk als thuis. 
Altijd hebben jullie mij gesteund, ook toen ik nog “even” een tweede studie wilde doen gevolgd door 
een specialisatie. En nu Ron echt gepensioneerd is en ik iets meer tijd heb gaan we eindelijk eens 
samen een baantje lopen. 

Lieve Frederique en Jasper, mijn kanjers. Toen jullie nog heel klein waren was ik al begonnen met het 
schrijven van mijn “werkstuk”. Inmiddels hebben jullie zelf op school al diverse werkstukken gemaakt 
en vroegen jullie vaak belangstellend hoeveel hoofdstukken en pagina’s mijn werkstuk had. Als ik 
dan antwoordde dat ik dat niet wist, begrepen jullie daar niets van en al helemaal niet dat ik ook 
niet wist wanneer het af moest zijn. En nee, het boekje ligt helaas niet bij de Bruna. Gelukkig is het 
nu af en heb ik weer iets meer tijd om met jullie leuke dingen te doen. 

Lieve Willeke, al jaren mijn geliefde, mijn maatje, mijn alles. Niet iedereen weet dat onze historie 
teruggaat naar de balletlessen op kleuterleeftijd. Vanaf ons 18e zijn we onafscheidelijk en hebben 
samen veel meegemaakt. De eerste jaren van het proefschrift dacht je dat het over M3’s of iets 
dergelijks ging, maar tegenwoordig weet jij precies waar het over gaat. Je bent sociaal begaafd en 
communicatief zeer vaardig. Je hebt de gave mensen aan je te binden waar menigeen jaloers op is. 
Multitasken is je tweede natuur. Naast het managen van ons gezinsleven heb je, hoewel de  
combinatie soms niet altijd even makkelijk is geweest, ogenschijnlijk moeiteloos je eigen carrière 
opgebouwd. Ik ben trots op je. Je bent en blijft mijn eeuwige rots in de branding. Ik hou van je!
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