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Abstract

Internal measurement technique has been commonly and classically used to guide down - fractured maxilla
by Le Fort 1 osteotomy into its new position during intraoperative procedure for corvelating preoperative
model works with surgery. However, It has been challenged now by several authors due to some problems
as its inaccuracy in three - dimensional changes at surgery, difficulty to measure during surgery and impossi-
biltty of rechecking at the end of surgery elc.

The purpose of this study was to evaluate the accuracy of maxillary movement by external measuring
technique and to determine its accuracy between the prediction tracing and a new maxillary position.

The results indicate that the external measuring technique was predictable in the vertical, horizontal
and transverse change of the maxilla as its prediction, however, it has a tendency to shift the maxilla
more anterior and inferior in overall divection than prediction.

Post - operative canting difference were mimic, however Ehange of the maxillary dental midline was
large and had a right - shifting tendency.l The precise methods to keep maxillary dental midline as same
as prediction and the avoidance of uneven force applied to the mandible for autorotation should be necessary

during surgery in use of external measurement technique.

I. INTRODUCTION

The simultaneous two jaw surgery is now populari-
zed in the most of orthognathic surgeons because
not only it can establish three - dimensional correction
of Dentofacial deformities more easier in one stage,
but also establish more reliable ideal occlusal relatio-
nship and harmonized face in same time. In this
surgical procedures, accurate repositioning of down -
fractured maxillary segments is the most important
because it will act lately as a key in concomitant
repositioning of mandible. Therefore, it is very im-
portant to use a reliable method which can obtain
and maintain a correct position of newly positioned
maxillary segment during surgery as same as predic-

tion.

Classically, the internal measuring technique
(IMT) by using of tentative landmarks or points(in-
ternal reference point : IRP) marked by burs on the
anterior wall of maxilla have been used references
for moving down - fractured segments of the maxilla
during surgery, however several surgeons have been
proposed recently several problems of an efficacy of
IMT?**9, They described that IMT may not precise
to transfer predicted measurements because internal
measuring of IRP is two - dimensional measures and
is ususally not coincide real changes of moving seg-
ments in three - dimension. Furthermore, IRP may
become obliterated by unexpected reduction or loss
of the lateral maxillary wall, or may be obscured
by over lapping of segments when telescoping of seg-
ments is severe. And it is not possible to recheck



the measurements once the soft tissue wounds were
closed®*®. To solve these inefficacies, the external
measuring technique(EMT) using external reference
points(ERP) has been proposed by several authors
recently. This technique use a vertical dimension
between both reference points on frontonasal area
and maxillary incisor as a practical measurement and
an intermediate splint which it was established by
model surgery performed on a semi - adjustable arti-
culator, between movable segments of the maxilla
and the unoperated mandible*®.

Because the measuring points are made externally,
it is possible to obtain a precise measuring and cal-
cualtion during surgery and even after the soft - tissue
wounds are closed and has been also prefered for
the reason of convenience. After Johnson® introdu-
ced EMT at first in 1985 using a suture on the fronto-
nasal skin, an excellent experiment was conducted
by Van Sickels et al.® in 1986 to compare the errors
made by both IMT and EMT of 11 subjects in each
group. As a result, they described that the EMT
had significantly less errors in both horizontal and
vertical changes between the predicted and actual
new maxillary position.

The purpose of this study was to evaluate and
determine the efficacy of EMT in actual movement
of maxillary segments in our operation and to confirm
the usefulness of ERP afteruse. We evaluated predic-
tability in both horizontal and vertical changes of the
maxilla on lateral cephalograms and predictability of
canting correction and midline changes on postero
- anterior cephalograms.

II., MATERIAL AND METHODS

Seventeen patients, 8 males and 9 females, who
underwent simultaneous surgery of maxilla and man-
dible performed by one surgeon were investigated
and cleft palate patients were excluded especially in
this investigation. The main surgical change of the
maxilla was posterior impaction and others were ad-
vancement, canting correction, down - grafting, an-
terior and posterior impaction, and combination of

45

above procedures as in Table-1.

All of the maxillary segments were osteotomized
by means of modified Le Fort I technique and repo-
sitioned depend on EMT. Before osteotomy of the
maxilla, a 0.02-inch Kirshner's wire was inserted
into the bone around the frontonasal suture area as
a top reference point and distance from it to the
lowest margin of orthodontic bracket attached on the
right maxillary central incisor(a bottom reference

point) was measured on caliper as showed in Figure -
1L

Figure 1. A picture of external measuring during
operation

To get a precise three - dimensional movement of
the osteotomized maxilla in its predicted position,
an intermediate acrylic splint which made from the
predicted model surgery work on the semi - adjusta-
ble articulator was applied between osteotomized ma-
xilla and the unoperated mandible, and then moved
it by means of autorotation of the mandible until
the external measure was coincided to the predicted
measure. All of the repositioned maxillary segments
was fixed rigidly to the cranial part of the maxilla
using mini - plate and screws.

1, METHODS OF ANALYSIS

(1) Lateral Cephalograms

To evaluate dimensioanl errors between predicted
and post operative position of the maxilla, all cranial
structures, maxillary central incisor maxillary first



molar and palatal outlines of the pre - and post - ope-
rative lateral cephalograms were traced on 0.003-
inch acetate sheets with a 0.3mm lead pencil by one
investigator. And then both pre - and post - operative
tfracings were superimposed each other by means
of cranial base superimposition. Two reference lines
and four special reference points were established
on the superimposed tracings ; reference landmarks,
planes, and measurements used in this study are
illustrated in Figure-2. as follows:
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Figure 2. Illustration of landmarks and measure-
ments on lateral cephalogram

FH(Frankfort Horizontal plane) ; a horizontal plane
tangent to Porion and Orbitale
SnV(Sn Vertical plane) ; a vertical plane tangent to
Sn and perpendicular to FH plane

I;the incisal edge of maxillary cental incisor on
prediction tracing

I'; the incisal edge of maxillary cental incisor on
postopérative tracing

M ; the mesial cusp tip of maxillary first molar on

prediction tracing

M ; the mesial cusp tip of maxillary first molar on
postoperative tracing

The measurements analyzed were as follows :

VI;a vertical distance from I to T' parallel to
SnV

VM ; a vertical distance from M to M’ parallel to
SnV

HI; a horizontal distance from I to I' parallel to
FH plane

HM ; a horizontal distance from M to M’ parallel
to FH plane

Positive measures for vertical change was acknow-
ledged to be the inferior displacement and positive
for horizontal change as the anterior displacement.
All measures were analyzed by Computer scanner
and comparison was made between the predicted
and the actual surgical movements in the horizontal
and vertica! direction using paired t-test.

(2) Postero - Anterior Cephalograms :

10 of 17 patients were possible to superimpose
the predicted tracings on the postoperative tracings
in P - A cephalograms. All essential skeletal and den-
tal structures of predicted and postoperative P-A
cephalogrms were traced on the acetate paper by
one investigator and these were superipmposed each
other by means of cranial base superimposition. The
orbital plane was used as the reference plane, and
point references and measurments were used to eva-
luate post operative changes of maxillary dental mid-
line and errors in canting correction as illustrated
in Figure-3 as follows:

C; the contact point between right and left maxil-
lary central incisors on prediction tracings

C' ; the contact point between right and left maxil-
lary central incisors on postoperative tracings

L ; the buccal cusp tip of the left maxillary first
molar on prediction tracings

L’; the buccal cusp tip of the left maxillary first
molar on postoperative tracings

R ; the buccal cusp tip of the right maxillary first
molar on prediction tracings
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Figure 3. Illustration of landmarks and measure-

ments on P-A cephalogram

R’ the buccal cusp tip of the right maxillary first
molar on postoperative tracings

OP(Orbital plane) ;a plane tangent to right and
left Supraorbitale

OR(OL) ;a perpendicular distance from point R
(L) to OP on prediction tracings

OR’(OL) ; a perpendicular distance from point R’
(1) to OP on postoperative tracings

OR - OL ; the canting difference between right and
left maxillary first molars on the prediction traci-
ngs

OR’ - OL’ ; the canting difference between right and
left maxillary first molars on the postoperative traci-
ngs

(OR -OL)/(OR’ -OL") ; the canting difference bet-
ween the prediction and postoperative tracings

C-C :the amount of change of maxillary dental
midline between the prediction and postoperative tra-
cings

Positive measures for the change of maxillary den-
tal midline was acknowledged to shift to left. All
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measures were analyzed by Computer scanner and
comparison was made between the predicted and
the actual surgical movements in the horizontal and
vertical direction using paired t-test.

V. RESULTS

A. Lateral Cephalograms(Table- I)

(1) Vertical changes of the maxilla

The mean difference between the predicted and
postoperative actual vertical position of the maxillary
incisor(VI) was 1.06am(SD=1.54 ; p>0.05). There
were no significant difference between the predicted
and actual changes. Ten patients had a difference
lesser than 1.0mm, and only one patient had a differe-
nce greater than 4.0mn. The actual position of the
maxillary incisor had a slight tendency to locate more
inferiorly than predicted position in general.

The mean difference between the predicted and
actual vertical position of the maxillary molar(VM)
was 1.20m(SD=1.00; p>0.05) and there were not
significant differences. This differenes varied from
0 to 3.10mm, but the actual position of the maxillary
molar had a tendency to locate more inferiorly than
predicted position in general(11 cases;64.7%).

(2) Horizontal changes of the maxilla

The mean difference between the predicted and
actual horizontal position of the maxillary incisor(HI)
was 1.34mm{SD=0.83; p<0.05). There were signi-
ficant differences between the predicted and the ac-
tual changes. Five cases had a difference within 1mm,
and the largest difference was 3.10mn. The actual
position of the maxillary incisor molar had a tende-
ncy to locate more anteriorly than predicted posi-
tion in general(10 cases;58.8%)

The mean difference between the predicted and
actual horizontal position of the maxillary molar
(HM) was 1.40mn(SD=1.09 ; p>0.05). There were
significant differences. One case showed the maxi-
mum difference of 4.45mm and actual position had
a tednecy to locate more anteriorrly than predicted
one.



Table- I. Positional Changes of the Maxilla on Lateral Cephalograms

patient Movement VI HI VM HM (mm)
1 PI 0.05 2.50 1.10 1.55
2 Ad 0.00 -1.00 1.00 —2.20
3 PI 0.70 1.55 —0.80 2.10
4 Ad+Seg 0.00 —1.55 1.55 —1.80
5 CcC 0.90 0.00 0.00 0.00
6 PI+Seg 1.10 1.00 3.0 2.75
! 7 PI 0.00 0.00 0.00 0.00
8 Seg —0.35 2.70 —0.30 1.30
9 PI+Seg 2.30 1.70 2.00 2.10
10 CC+DG 0.00 —0.65 —-0.20 ~0.90
11 CcC 4.10 —1.00 0.85 —1.00
12 SR 2.10 3.10 1.30 4.45
13 PI+DG 0.10 1.40 0.80 1.60
14 PI 1.45 1.50 3.00 1.50
15 CC+PI —2.65 —1.00 -3.10 —0.90
16 Pl 1.25 0.50 2.10 0.10
17 PI 0.90 1.60 0.80 1.50
* Mean difference :VI=1.06% 1. 13m{S.D. =1.54 p>0.05)
VM=1.29+ 1.00m{S.D. =1.00 p>0.05)
HI=1.34%+ 0.83m(S. D. =0.83 p<0.05)
HM=1.40+ 1.09mm(S.D. =1.09 p<0.05)
PI=rposterior impaction Ad=advancement
CC=canting correction DG=down - grafting
SR=Superior repositioning Seg=two or more segmented
Table- II. Positional Changes on Posteroanterior Cephalograms
patient Movement OR-OL OR-OL (OR-OL)—(OR’-OL)  C-C(mm)
1 CcC 0.0 1.0 —1.0 =-0.7
2 CcC —-2.0 —3.0 1.0 -~1.0
3 CC+PI 6.0 3.0 3.0 4.0
4 CC+DG 0.0 0.0 0.0 —1.0
5 PI L0 1.0 0.0 -1.0
6 PI 0.5 0.5 0.0 —3.0
7 PI -1.0 —2.0 1.0 2.0
8 PI+DG —-1.0 0.5 —1.5 —0.2
9 AD 1.5 1.0 0.5 1.0
10 Pl —0.5 —1.0 0.5 —-1.7

* Mean difference : (OR - OL) — (OR’ - OL") =0. 85+ 0. 46mm{S. D. =0. 46)
C-C=1.2940.83m(S.D. =0, 83)
Pl=posterior impaction

CC=canting correction

Ad=advancement

DG=down - grafting
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B. P-A Cephalograms(Table - II)

(1) Canting difference(OR - OL/OR’-OL")

The mean difference of canting amount between
the predicted and actual canting corrention of the
maxilla was 0.850m(SD=0.46). In Eight cases. the
canting amount was within 1.0mm on postoperative
results. Only one case showed remakable postopera-
tive canting change of 3.0mm

(2) Midline difference(C-C)

The mean difference of the maxillary dental mid-
line between the perdiction and actual postoperative
position was 1.29mm(SD=0.83). And actual position
of it had a little tendency to shift right in general(7/
10)

V. DISCUSSION

When we move both upper and lower jaws simulta-
neously into their new positions for orthognathic pur-
pose, an accurate position of the maxilla as same
as prediction must be established intraoperatively at
first because reposition of the mandible will be follo-
wed by reposition of the maxilla. To achive this pur-
pose, precise model surgery for production of inter-
mediate splint which will serve as a key wafer of
three-dimensional change of the maxilla between os-
teotomized maxilla and unoperated mandible, and
precise methods for measuring spatial change of the
repositioned maxilla during surgery must be fulfilled
in accuracy, There are two ways to measure and
determine maxillary movements during surgery : In-
ternal measuring technique(IMT) and External mea-
suring technique(EMT).

Internal measuring technique has been used com-
monly-until now, however several authors have been
described its problems in practical efficacy and ac-
cuacy. Polido et al® performed a study on predictabi-
lity of maxillary surgery by means of internal measu-
rements on 100 patients recently and assessed the
difference between the predicted and actual surgical
movements. The horizontal mean errors were 1. 77+
1.5mm in maxillary central incisors and 2.0 1.57mm
in first molar, and vertical mean errors were 2. 16+
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1.54mn and 1. 73+ 0. 54mm each. The statistical analy-
sis showed signicant difference between the predicted
and actual changes, and therefore, they concluded
that the use of arbitrary internal reference landmarks
on maxillary wall was not an accurate method to
establish maxillary repositioning as same as predic-
tion.

To correct these faults and to obtain a more precise
intraoperative measurements, external measuring
technique was introduced. In 1985, Johnson® perfor-
med a horizontal suture in the skin around soft tissue
nasion area and using it as a reference point measu-
red the distance between this point and the tip of
the maxillary central incisor pre - and postoperatively
and succeeded repositioning the maxilla. In 1986,
Van Sickels et al”® used adhesive tapes on nasal bri-
dge area and incisal edges of maxillary central as
external measuring points. In 1987, Heggie” inven-
ted an external three - point calibrator consistiong of
three measuring points on upper incisor, nasal bridge
and frontal bone to obtain more precise intraoperative
horizontal and vertical measurements. The soft tissue
reference may not useful to calculate real distance
between it and osseous reference(maxillary cental
incisor) because it can be moved easily depend on
manipulation of underlying osseous structures for re-
positioning. So recently, a K-wire inserted directly
into the bone at frontonasal suture area is used as
a stable measuring point to prevent errors made by
soft - tissue mobility(Figure 1).

Van Sickels et al® conducted both internal and
external measurements on 11 subjects and compared
the vertical and horizontal errors in the maxillary
incial edge on the lateral cephalograms. Their result
showed that vertical error was 2.5+ 1.6mt in internal
measuring and 0.7+ 0.6m in external measuring,
and horizontal error was 3.6+ 1.6mm and 1. 1+ 0. 6mm
each. According to these, the external measurement
had significantly less differences between the predic-
ted and postoperative positions than the internal
measurment.

The result of our study showed the mean differe-
nce of vertical and horizontal change in maxillary



central incisors as 1.06+ 1.13mn(S.D. =1.54 P>0.
05) and 1.34+ 0.83m(S.D. =0.83 P<0.05). It was
little more error than the result of external measuring
technique conducted by Van Sickels et al® but much
less error compared to the result of internal measu-
ring technique by Polido et al®. Our result in maxil-
lay first molar showed the mean difference of vertical
and horizontal change as 1.29+ 1.00mn(S.D. =1.00
P>0.05) and 1.40% 1.09mm(S.D. =1.09 P<0.05).
We cannot compared this result exactly with any
other reports but it was much less error than the
result of internal measuring technique by Polido et
al®. In our study, positional error in molars was
more than incisors, however its difference was little.
As a result of t-test analysis in our study between
the predicted and actual movement of vertical and
horizontal change in incisors and molars by EMT,
there were no significant difference in vertical change
but significant differnece in horizontal change in both
incisors and molars. In EMT practically, the vertical
change of maxillary incisor can be controlled directly
by measuring on caliper, however, the horizontal
change of incisor and the horizontal and vertical cha-
nge of molar would be affected passively by several
factors such as model surgery, intermediate splint
made by model surgery, condylar movements on
digital manipulation when osteotomized maxilla fixed
to the cranial part, and so on. Therefore, the vertical
change of incisors is possible to make as same as
prediction but others cannot be controlled actively
during surgery. Qur result of t-test also showed
same phenomena definitely as described above. Er-
rors in the vertical change of maxillary incisors was
the smallest and the horizontal change of maxillary
first molar was the largest. Van Sickels et al® also
described that the vertical change showed less inac-
curacy than horizontal change. Mean differneces of
all changes were less than 1.5mm in our study and
they are less than Polido’s result by IMT®.
During our surgery we did not use any internal
measuring landmarks but moved the osteotomized
maxilla only by EMT. So, we had been some ques-
tions as follows: Does manual autorotation of the

mandible in supine position change the transverse
plane of the maxilla ? Does canting correction is con-
fidential by EMT only in asymmetric maxilla ¢ Whe-~
ther a midline of maxillary dentition would be affec-
ted by manual movement of the mandible ? To get
some predictable informations about above questions,
we used P-A cephalograms and studied differences
of the transverse plane and midline change between
predicted and actual movement of the maxilla. Mean
difference of the transverse palne on P- A cephalog-
rams[ (OR - OL) — (OR’ - OL") Jwas 0. 85+ 0.46mu(S.
D.=0.46) and eight of ten cases were less than
1.0mt error on the transverse plane. We suggest
this result showed that maxillary movement by ma-
nual autorotation of the mandible would not influnece
to change the transverse plane of the maxilla, and
canting correction might be confidential in EMT. Ho-
wever it cannot be overlooked that the successful
results of this study was not only to depend on the
correlation with EMT, but adequate preoperative
prediction and model works for making of interme-
diate splint.

Mean error of maxillary dental midline(C - C') was
remarkable as 1,294 0.83mm{S.D. =0.83) and sho-
wed the tendency to be displaced to the right direc-
tion(8 of 10). This result means that maxillary dental
midline is the most unpredictable position when we
use EMT. Orthdontically and esthetically, the ideal
position of maxillary dental midline to facial midline
is the most important. Therefore, Any methods may
be neccessary to make predictable maxillary dental
midline during surgery. The right - shifting tendency
of the maxillary dental midline of our result may
be due to the uneven push force using digital pres-
sure drawn by surgeon who positioned to the right
side of the patient. Even and constant distribution
of the digital force should by applied more carefully
when the mandible is autorotated by digital manipu-
lation upwardly with maxilla which was fixed onto
the mandible with intermediate splint by intermaxil-
lary fixation.

We analyzed tendency of the maxillary movement
to reposition. Putting the results of lateral and P -



A cephalogram together, the actual maxillary move-
ment showed the tendency to reposition itself ante-
riorly and inferiorly.

VI, SUMMARY

The following results had been achieved through
comparative analysis between preoperative prediction
and postoperative actual movement in seventeen pa-
tients who underwent “simultaneously two - jaw sur-
gery” using external measuring technique during the
period of Sep. 1988 to Sep. 1990.

1. The vertical mean differences between prediction
and actual change were 1.06+ 1. 13mm in incisors,
1.29+ 1.00mm in molars, and had the tendency
to displace inferiorly(87%)

2. The horizontal mean differences between predic-
tion and actual change were 1.34+ 0.83mmin inci-
sors, 1.40%+ 1.09mm in molars, and had the ten-
dency to displace anteriorly(58.8%),.

3. The mean difference of the transverse plane bet-
ween prediction and actual change was 0.85+ 0.
46mm,

4. The mean difference in maxillary midline change
was 1.29+0.83mm, and had the right - shifting
tendency(70.0%).

In summary, our results on the external measure-
ment technique(EMT) had less error in the vertical
and horizontal direction to move magxilla into its pre-
dicted position compared with the results of internal
measurement technique(IMT) in other literature.
Errors in vertical change was less than errors in
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horizontal change and transverse plane was not affec-
ted by digital manupliaon by surgeon. However, pos-
toperative position of the maxilla was placed more
anteriorly and inferiorly in overall direction. Change
of the maxillary dental midline was large and had
right - shifting tendency. Therefore, the precise me-
thods to keep maxillary dental midline as prediction
and the avoidance of uneven force applied to the
mandible for autorotation should be necessary during

surgery.
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