
Osteotomy length and postoperative stability in vertical 
subcondylar ramus osteotomy 
Knut Tornes 
Department of Maxillofacial Surgery, Haukeland Hospital, University of Bergen, 
Bergen, Norway 

Tornes K. Osteotomy length and postoperative stability in vertical subcondylar ramus 
osteotomy. Acta Odontol Scand 1989;47:81-88. Oslo. ISSN 0001-6357. 

The osteotomy sites in 80 patients treated for mandibular prognathism by intraoral (IVSO) 
or extraoral (EVSO) vertical subcondylar ramus osteotomy and their relationships to post- 
operative mandibular stability were studied. A model study demonstrated that metric ortho- 
pantomographic measurements of the ramus showed insignificant variability of magnification 
and distortion. The relative osteotomy length and the bony overlapping area of the oste- 
otomized fragments were evaluated on 6-week postoperative orthopantomograms. High 
correlation was found between the clinical estimate of osteotomy length and metric regis- 
trations. Bony overlapping area of the IVSO and the EVSO group did not reveal differ- 
ences. The mandibular positional changes during the fixation/postfixation periods were 
analyzed on 6-week and 6-month postoperative lateral cephalograms. Significant correlations 
could not be demonstrated between postoperative stability and osteotomy length or over- 
lapping bony area. Thus the osteotomy length appears to be factor of minor importance for 
postoperative stability. 0 Clinical study; mandibular prognathism; maxillofacial surgery; 
radiology 
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Favorable functional results after vertical 
subcondylar ramus osteotomy for reduction 
of mandibular prognathism are well docu- 
mented (14) .  However, some relapse of the 
initially obtained intermaxillary relationship 
is to be expected after removal of the fixation 
(5-11). The reason for this postoperative 
relapse is not fully understood, and many 
theories have been discussed (9, 12-14). 
Astrand & Ericson (15) documented a 
relationship between small overlapping bony 
areas of the fragments and an upward dis- 
placement of the gonion point during the 
fixation period, but this feature did not show 
any correlation with the late postoperative 
relapse. During the past decades different 
types of subcondylar osteotomies have been 
advocated. The vertical ramus osteotomy 
originally described by Caldwell & Let- 
termann (2) stresses that the osteotomy 
should end anterior to the mandibular angle. 
The rationale for this anterior extension of 
the osteotomy line was to provide a better 
bony contact between the fragments. This 
osteotomy line is still recommended by vari- 
ous authors for osteotomies both from an 

extraoral and from an intraoral approach 
(1618). Thoma (19) proposed the term 
oblique osteotomy to include all osteotomies 
extending from the sigmoid notch to the 
posterior aspect of the ramus, including the 
most cranial osteotomy line, the condy- 
lotomy, and the caudal line ending at the 
gonial angle. Series of condylotomies (20, 
21), medium-extended osteotomies (1, 6, 
22), or completely vertical osteotomies (2, 
18) in general appear to obtain acceptable 
stability. However, at present, no relation- 
ships between the osteotomy design and 
postoperative stability have been docu- 
mented. 

The length of the osteotomy will vary with 
differences in the anatomy of the individual 
patient and with the surgeon performing the 
operation. Since the surgeon can easily con- 
trol the osteotomy design, this will be of 
clinical importance if any relations between 
the osteotomy length and the postoperative 
stability exist. 

This study is focused on assessing metric 
osteotomy length and analyzing possible sys- 
temic differences between left- and right- 
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Table 1. Sex and age distribution 
~ 

Patients, n Age at surgery, years 

Procedure Female Male Total f Range 

IVSO 28 12 40 25.8 17-62 

Total 54 26 80 25.3 17-62 
EVSO 26 14 40 24.8 17-57 

sided osteotomies by the extraoral (EVSO) 
and intraoral (IVSO) procedures. Sub- 
sequent to this assessment I evaluated poten- 
tial effects of the ramus osteotomy design on 
postoperative stability. 

Materials and methods 
Patients 

Eighty patients with mandibular prog- 
nathism were treated with subcondylar 
osteotomies, 40 through an extraoral and 40 
through an intraoral approach (Table 1). 
Preoperative planning, surgical techniques, 
and clinical results for this group have been 
described previously (23, 24). 

Radiographic study 
Orthopantomograms (Palomex Ortho- 

ceph 8) exposed 6 weeks postoperatively 
were analyzed as to osteotomy length (I) ,  
ramus height (h), and the remaining dis- 
tance (r) of the posterior border (Fig. 1). 

Fig. 1. Illustration of the osteotomy length (I), the ramus 
height (h), the remaining distance (r) of the posterior 
border to ML, and the overlapping area (a). 

The ratio I/h was calculated. The over- 
lapping bony area of the fragments (a) was 
calculated with a Houston digitizer (Hi-Pad) 
and a software calculation program. The 
orthopantomograms were further evaluated 
by three experienced oral surgeons, classi- 
fying the osteotomies as being short, 
medium, or long (Fig. 2). Standard profile 
cephalograms were recorded preoperatively 
and 6 weeks and 6 months postoperatively 
and were analyzed to show positional 
changes in the sagittal plane. Each cephalo- 
gram was analyzed with a Houston digitizer 
(Hi-Pad) interfaced with a computer and a 
special software program (25). The reference 
points and lines used were in accordance 
with the Bergen cephalometric analysis (11). 
In the present study these cephalometric fea- 
tures were used to describe the changes (Fig. 
3): s-n-sm, ML-NSL, s-tgo, n-gn. The mean 
orthopantomographic measurements of the 
right and left side of the ramus were 
compared, as were the EVSO and IVSO 
groups, and tested for significance with the 
two-sample t test ( t ) .  To evaluate any influ- 
ence of osteotomy design and overlapping 
bony areas on postoperative positional skel- 
etal changes of the mandible, the correlation 
coefficients between the skeletal positional 
changes and the mean right- and left-side 
measurements were calculated. One-way 
analysis of variance was used to evaluate 
the stability of the result in three clinical 
osteotomy classes. 

Error of method 
Metric measurements in orthopantomo- 

grams may include errors due to localization 
of reference points. The ramus height (h) 
(Fig. 2) was calculated twice bilaterally from 
15 orthopantomograms taken 6 weeks post- 



ACTA ODONTOL SCAND 47 (1989) Subcondylar ramus osteotomy 83 

Fig. 2. Classification in 
short (I), medium (2), 
and long (3) osteotomy 

3 length. 1 2 

operatively. The measurement error, z, was 
calculated from the formula z2 = Zd2/2n, 
where d is the difference between the first 
and second values of the ramus height. The 
value of the measurement error was 0.949 
mm, and, on the basis of the paired t test, 
it did not show any significant systematic 
error. The magnitude of the measurement 
errors on the cephalograms was insignificant 
and comparable to those found in other 
cephalometric studies (11). 

Another methodologic error includes 
magnification of the orthopantomogram due 
to variation of the radiographic equipment, 
the anatomical area to be measured, and the 
direction of the measurement. An exper- 

j ,  

I 
i 

Fig. 3. Reference points and lines. 

imental model was therefore made to assess 
this magnification factor of the mandibular 
ramus area. 

Model study 
Orthopantomograms were taken of a 

cadaver mandible, in which a long osteotomy 
had been performed on the right side and a 
short osteotomy on the left side. The frag- 
ments were overlapping in accordance with 
aposterior mandibular setback of 5 mrn (Fig. 
4). By performing an additional syrnphyseal 
osteotomy the interramal distance could be 
varied. The magnification factors were cal- 
culated for the different reference lines and 
the overlapping bony areas. The results, 
tabulated in Table 2, are in agreement with 
earlier theoretic considerations (26) that 
objects close to the film show less magni- 
fication. In the present model the metric 
osteotomy length of the proximal fragment 
had a lower magnification factor because 
it was located closer to the film than the 

Fig. 4. Model of the mandible with a long osteotomy 
on the right side and a short one on the left side and a 
mechanism to adjust the interramus width. 
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Table 2. The magnification of the overlapping area and the reference lines on the ramus in 
accordance with the interramus distance 

Right side* Left side* 
Interramus 

distance, mm 1 h r a I h r a 

97 1.22 1.29 1.31 1.43 1.19 1.20 1.30 1.38 
102 1.21 1.28 1.28 1.39 1.18 1.19 1.29 1.32 
107 1.20 1.27 1.26 1.28 1.16 1.19 1.26 1.19 

* I = osteotomy length; h = ramus height; r = remaining distance of the posterior border; 
a = overlapping bony area. 

measured ramus height. This implies that 
the width of the mandible should be taken 
into consideration. However, the variability 
of the magnification of the reference lines 
in the present study were insignificant, and 
consequently, no correction was considered 
necessary. 

Results 
Examination of the orthopantograms 6 
weeks postoperatively showed the oste- 
otomy length of the IVSO group to be sig- 
nificantly longer on the left ramus than on 
the right ramus. The I/h ratio and the r values 
consequently showed significant differences 
(Table 3). The bony overlapping areas (a) 
were not related to the osteotomy length. 

In the EVSO group right/left discrep- 
ancies of the osteotomy length were not 
found, and the metric osteotomy length was 
analogous to that of the right side in the 
IVSO group. Consequently, significant inter- 
group differences were observed on the left 
ramus with regard to osteotomy length, the 
I/h ratio, and to the r values. The bony over- 
lapping area (a) showed a nonsignificant 
increase on both sides in the IVSO group. 

The clinical estimate (Fig. 5) showed more 
patients from the IVSO than from the EVSO 
group were in the long osteotomy category, 
with a predominance of the left ramus side. 
Analysis of the metric right/left mean values 
demonstrated good correlation between the 
clinical classification, true osteotomy length, 
and the I/h ratio (Table 4). The bony over- 
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lapping area did not correlate with these 
values in the same manner. The postoper- 
ative positional changes of the mandible 
implied a posterior rotation of the mandible, 
a reduction of the posterior facial height, and 
an increase of the anterior facial height in 
the intermaxillary fixation period. This was 
followed by an anterior relapse of the man- 
dible during the next 6 months. A correlation 
analysis of the cephalometric factors with the 
l/h ratio, and the overlapping bony area 
(a) did not show any significant relationship 
during the fixation or the postfixation period 
(Table 5). 

The mean values of the mandibular 
changes were analyzed against the clinical 
osteotomy classification with a one-way 
analysis of variance (Table 6). During the 
fixation period a slight but not significantly 
increased reduction of the posterior face 
height was observed in patients with short 
and medium osteotomies compared with 
those with long osteotomies. The post- 
operative stability was not significantly 
influenced whether the osteotomy was short, 
medium, or long. 

No relations were found between metric 
mandibular setback and osteotomy length. 
The correlation coefficient between man- 
dibular setback and relapse in the post- 
fixation period, expressed as changes in the 
s-n-sm angle, did not show any significance. 
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Discussion 
Shepherd (27) demonstrated an orthopan- 
tomographic enlargement of 3344% of the 
true width of the narrowest part of the 
ramus. He suggested that it is desirable to 
calculate the magnification produced by any 
particular machine before any quantitative 
studies are undertaken. The magnification 
of the reference lines in this study was about 
1.25 (25%), with insignificant variance 
related to the interramal width. Astrand & 
Ericson (15) observed variations in their 
orthopantomographic analysis related to 
magnification. They found different mag- 
nification factors of the overlapping bony 
area by moving the object to the left and 
right from a mean position. The present 
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Table 4. Correlation coefficients between different osteotomy characteristics 

Clinical Remaining 
classification Length Length/height distance 

Length 0.64 
Length/height 0.75 0.78 

Area 0.33 0.55 
Remaining distance -0.76 -0.67 

model study showed the same pattern, but 
with a minor magnification factor, most 
probably due to differences in the radio- 
graphic equipment. The smaller magni- 
fication of the more superior overlapping 
area in the left than in the right ramus is due 
to the anatomic lateral angulation of the 
ramus. The influence of the angulation of 
the proximal fragment on the measured 
overlapping area, as stated by Astrand & 
Ericson (15), has not been considered in the 
present study. 

The relevant measure for evaluating the 
mean osteotomy length is not the metric 
value, as the maximum length is relative to 
the ramus height. Thus the ratio l/h and r 
values appear to represent more relevant 
figures. The correlation between these fac- 
tors and true osteotomy length was favor- 
able. Metric osteotomy length and bony 
overlapping area did not correlate. From a 
practical point of view, the surgeons’ judge- 
ment of the osteotomy is important, and a 
good correlation was observed between 
these estimates and the true metric values. 

In our department we recommended that 
the ramus osteotomy should end just above 

Table 5. Correlation coefficients for the skeletal posi- 
tional changes of the mandible in the fixation and post- 
fixation periods with the ratio osteotomy length/ramus 
height (I/h) and with the overlapping bony area (a) 

Fixation period Postfixation period 

Area (a) I/h Area (a) t/h 

s-n-sm 0.12 0.04 0.10 0.22 
ML-NSL 0.03 0.01 0.10 0.14 
s-tgo 0.00 0.06 0.11 0.08 
n-gn 0.01 0.10 0.05 0.02 

-0.88 
0.39 -0.28 

the mandibular angle, which means a small 
remaining distance of the posterior border. 
However, the present material demon- 
strated wide variations. The EVSO group 
had short osteotomies, in general due to 
short skin incision behind the posterior bor- 
der of the ramus (24). A submandibular 
approach offers a better access to the gonial 
area and may therefore favor a long oste- 
otomy (2, 22, 28). In the IVSO group the 
osteotomies were somewhat longer on the 
left side, indicating a technically more con- 
venient access of the oscillating saw on the 
left side for a right-handed surgeon. 

Astrand & Ericson (15) reported a mean 
overlapping area of 2.58 cm2 on the right side 
and 3.00 cm’ on the left side after extraoral 
oblique ramus osteotomy. The overlapping 
area in this study was considerably smaller, 
even when the compared values were 
adjusted for magnification factors. The 
adjusted mean value for the overlapping area 
found by h t r a n d  & Ericson (15) was 
1.40 cm2 and in the present study, 1.15 cm’. 
The reason for this difference may be less 
metric mandibular setback and shorter 
osteotomies in the present study. 

Posterior rotation of the mandible and 
decrease of the posterior face height during 
the fixation period are regarded as a result 
of an increased muscular pull on the ramus 
(5,9,29). In the present study the osteotomy 
length did not significantly influence these 
positional changes. A slight, but not sig- 
nificantly smaller decrease in the posterior 
face height in patients with long osteotomies 
was observed, but relations between over- 
lapping bony area and stability, as found by 
Astrand & Ericson (15), were not observed 
in this period. 

Increased muscle influence from the 
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Table 6. One-way analysis of variance of the skeletal changes of the mandible in the postfixation period 
in three clinical osteotomy classes 

Clinical classification 

Medium osteotomy (n = 47) Short osteotomy (n = 16) Long osteotomy (n = 17) 

d SD d SD d SD F 
~~~ 

s-n-sm 0.26 1.11 0.23 0.96 0.76 1.06 1.80 
ML-NSL -0.84 2.28 -0.63 1.50 -0.75 1.13 0.11 
s-tgo -0.06 2.96 -0.15 2.26 -0.45 2.16 0.13 
n-gn -1.28 1.44 -0.87 1.21 -0.98 1.36 0.59 

tongue (12), occlusal instability (4, 9), and 
delayed bony healing (14, 30) have been 
advocated as factors in the anterior relapse 
after release of the intermaxillary fixation. 
Correlation between the magnitude of the 
push-back movement performed at surgery 
and the degree of relapse after removal of the 
intermaxillary fixation has been reported by 
some authors (10,30). This study, in accord- 
ance with other reports (5, 9), did not find 
such a correlation. Thus a major, single causa- 
tive factor in the surgical repositioning 
responsible for this relapse is still lacking (10). 
The present study demonstrates that the met- 
ric osteotomy length is not of major import- 
ance for the postoperative stability. Variation 
in angulation of the proximal fragment (15), 
resulting in an equal size of the bony contact 
of a short and a long osteotomy, may be one 
reason. Further, it has been demonstrated 
(13, 14) that bony healing after subcondylar 
vertical osteotomy will take place over a 
period of more than 6 weeks. Mandibular dis- 
placement is found as late as 2 years post- 
operatively (11,14). In this situation a stable 
postoperative occlusion and a good vertical 
overlapping of the anterior teeth appear to be 
more important factors to resist those mus- 
cular forces that may induce relapse. 

Epker & Wolford (17) have pointed out 
that by making the osteotomy short, the 
influence of the pterygoid muscles to keep 
the fragments in contact is reduced. Hall & 
McKenna (18) recommend long osteotomies 
without stripping all the muscle attachment 
on the proximal fragment. However, ade- 
quate data in support of this practical advice 
and postoperative stability are still lacking. 

Total tissue stripping of the inferior part of 
the proximal fragment may result in partial 
vascular necrosis (31), reducing the effect of 
a long osteotomy. Minimal tissue reflection 
and stable postoperative occlusion may 
therefore be more important factors in mini- 
mizing the postoperative mandibular pos- 
itional changes than the design of the vertical 
subcondylar osteotomy. 
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