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Interexaminer Reliability of Two Cephalometric Methods
to Determine Proximal Segment Position after Bilateral

Sagittal Split Ramus Osteotomy
Hyun-Sil Choia; Joe Rebellatob; Hyun-Joong Yoonc

Abstract: The objective of this study was to evaluate the interexaminer reliability of two ceph-
alometric methods for determining positional change of the proximal segment after a bilateral
sagittal split ramus osteotomy (BSSRO) for mandibular advancement. The records of 25 patients
were used in a double-blind trial. Two nontrained investigators (having read the articles describing
the two cephalometric methods, but with no other special training) independently traced posterior-
anterior (PA) and lateral cephalometric radiographs taken at three time intervals: (T1) before
surgery, (T2) immediately after surgery, and (T3) after orthodontic treatment was completed. The
level of agreement between the two investigators (interexaminer reliability) on all 25 patients was
estimated by calculating the intraclass correlation coefficient (ICC). The ICC was found to have
a high value, indicating ‘‘substantial’’ to ‘‘almost perfect agreement’’ between the two examiners.
Thus the results validate the use of these two methods to determine proximal segment positional
changes in the frontal and sagittal planes of space after a BSSRO. (Angle Orthod 2006;76:
375–381.)
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INTRODUCTION

Ever since the bilateral sagittal split ramus osteoto-
my (BSSRO) was introduced, the specific factors that
may affect the stability of the procedure have been a
topic of interest.1 Schendel and Epker2 concluded that
one of these factors, the control of the proximal seg-
ment, was the most important factor in the prevention
of relapse and ultimate stability of the planned post-
surgical position.

Many studies have shown condylar positional
change after a BSSRO procedure. Some authors have
reported the positional change of the proximal seg-
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ment using submentovertex radiography and comput-
ed tomography.3–7 Several investigators have reported
condylar positional changes using computed tomog-
raphy (CT) for three-dimensional (3-D) evaluation.8,9

However, these radiographic images are not routinely
obtained on patients who are having a BSSRO and, if
they were, they would both expose the patient to ad-
ditional ionizing radiation and constitute an added ex-
pense to the patient or third-party provider.

Rebellato et al10 reported sagittal condylar positional
changes using lateral cephalometric radiographs of
patients who underwent a BSSRO advancement of the
mandible with rigid fixation. This technique involved
superimposing tracings of the radiographs on clearly
identifiable cephalometric landmarks (ie, mandibular
symphysis and rigid fixation screws). The condylar
portion of the proximal segments could then be indi-
rectly extrapolated without actually having to directly
image the temporomandibular joints.10

Becktor et al11 presented a method to measure the
transverse displacement of the proximal segments, us-
ing PA cephalometric radiographs in patients after a
BSSRO for mandibular advancement surgery. Theo-
retically, both techniques could be used for mandibular
advancement surgery, mandibular setback surgery,
and in double-jaw surgery.
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FIGURE 1. (a–c) Tracings and PA radiographs from time points T1,
T2, and T3.

In determining the positional change of the proximal
segment after a BSSRO, it is important to know the
reliability of the measurement method. Research car-
ried out on conventional cephalometrics has proved
landmark identification to be the main source of er-
ror.12–15 Among the factors contributing to the identifi-
cation error are observer experience, landmark defi-
nition, and the density and sharpness of the image.16

Various investigators have evaluated the validity of
landmark identification in cephalometrics.17–21

This study was designed to evaluate the interex-
aminer reliability of the methods presented by:

• Rebellato et al10 to determine the sagittal proximal
segment changes after BSSRO using lateral ceph-
alometric radiographs and

• Becktor et al11 to determine the transverse proximal
segment changes after BSSRO using PA cephalo-
metric radiographs.

MATERIALS AND METHODS

The records used in this investigation were obtained
from a consecutive series of patients treated at the
Mayo Clinic and were retrospectively analyzed. The
patients all had double-jaw surgery that included a
BSSRO. All patients had rigid internal fixation after a
mandibular advancement with or without an advance-
ment genioplasty or reduction genioplasty.

The radiographic material for this study consisted of
three lateral cephalometric radiographs and three pos-
terior-anterior (PA) cephalometric radiographs for
each patient (total of 25 patients) taken at three time
periods: T1 (before surgery), T2 (immediate postop-
eratively), and T3 (late postoperatively).

P-A cephalometric radiographs

The P-A cephalometric radiographs were used to
measure mandibular widths and the angulation of the
mandibular proximal segments, according to the meth-
od described by Becktor et al.11 The reference points and
lines as drawn on the T1, T2, and T3 tracings are shown
in Figure 1a–c, respectively, and are as follows.

• Upper orbital margin line (UOML): A tangent line to
the most superior visible margins of the orbits.

• Gonion (Go): The most lateral portion of the man-
dible and the most inferior portion of the ramus.

• Ramus point (RP): The most lateral and superior vis-
ible portion of the mandible, where the outline of the
mastoid process crosses the lateral border of the ra-
mus; identified only on the T1 tracing.
Points Go and RP were transferred from the T1 to

the T2 and to the T3 tracings by a best-fit superim-
position of the proximal segment cortical outline. A ref-
erence line was drawn through Go and RP on both
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FIGURE 2. (a–c) Tracings and lateral cephalometric radiographs
from time points T1, T2, and T3.

sides up to the UOML, which was used as a reference
plane. The following variables were measured.

1. Intergonion width (IGW): The distance between the
left Go and the right Go (millimeters). This width
was measured using a digital caliper (Fred Fowler
Co, Newton, Mass) to the nearest 10th of a milli-
meter.

2. Left (LRA) and right (RRA) ramus angles: The right
and left inferior-medial angles between the UOML
and Go-RP lines (degrees). These angles were
measured using a protractor to the closest degree.

Lateral cephalometric radiographs

The lateral cephalometric radiographs were used to
measure the horizontal and vertical changes in con-
dylion and B point according to the method described
by Rebellato et al.10 In addition to the anterior cranial
base outline, the reference points and lines drawn on
the T1, T2, and T3 tracings are shown in Figure 2a–
c, respectively, and are as follows.

• B point: The most posterior point on the anterior sur-
face of the symphysis.

• X-axis: A plane parallel to the Frankfort horizontal
plane; the x-axis was transferred from the T1 to the
T2 and T3 tracings by superimposition on the ante-
rior cranial base.

• Y-axis: An axis perpendicular to the x-axis.
• Screw heads: Outlines of the fixation screw heads

were drawn on the T2 and T3 tracings.
• Condylion: Approximate geometric center of the con-

dylar head of the mandible, determined by visual in-
spection (only performed on the T2 tracing).

To determine any changes for B point in the hori-
zontal and vertical dimensions, the T1 tracings were
compared with the T2 and T3 tracings by superimpos-
ing on the anterior cranial base outline. Location of B
point on the T1, T2, and T3 tracings was recorded
each time as x, y coordinates.

To determine the sagittal changes for the condylar
part of the proximal segment, the pairs of bilateral
screws were connected with lines and the bisecting
center of each line was marked as in Figure 3a. The
same identical pairs of bilateral screws as were used
on the T2 tracing were identified on the T3 tracing, and
a line connecting the same screw pairs was drawn and
the lines bisected as on the T2 tracing (Figure 3b).

Condylion was then transferred forward to the T3
tracing by superimposing the T2 and T3 tracings on B
point and the points bisecting the lines connecting the
screw pairs (Figure 3c). T2 and T3 were then super-
imposed back on the anterior cranial base to compare
the movement of condylion (Figure 3d). Location of
condylion on the T2 and T3 tracings was recorded
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FIGURE 3. (a) Tracing of mandible from T2 lateral cephalogram with condylion identified and lines connecting bilateral pairs of screws bisected
in the center. (b) Tracing of mandible from T3 lateral cephalogram with lines connecting bilateral pairs of screws bisected in the center. (c)
Condylion transferred from T2 to T3 tracing by superimposing on B point and the points bisecting the lines connecting pairs of screw heads.
(d) T2 and T3 superimposed on anterior cranial base to compare movement of B point and Condylion.

each time as x, y coordinates. All coordinate mea-
surements (relative to the x- and y- axes) were mea-
sured using a digital caliper (Fred Fowler Co) to the
nearest 10th of a millimeter.

Interexaminer reliability

Two separate investigators independently traced
and measured all 25 patients. The investigators had
received no special training except for reading the ar-
ticles by Rebellato et al10 and Becktor et al.11 The in-
terexaminer reliability (ie, level of agreement) between
the two investigators was estimated by calculating the
intraclass correlation coefficient (ICC).22 The ICC as-
sesses the correlation between repeated measure-
ments on the same patient, and its interpretation is
similar to that of a correlation coefficient. The values
range from 21 to 1. Values in the range of 0–0.2 in-
dicate slight agreement, 0.2–0.4 fair, 0.4–0.6 moder-
ate, 0.6–0.8 substantial, and 0.8–1.0 almost perfect

agreement. The 95% confidence interval for the ICC
estimates was also calculated.

RESULTS

The results of the statistical analyses are shown in
Table 1. For the IGW, the ICC was found to be very
high, with a value of 0.98, indicating ‘‘almost perfect
agreement.’’ Regarding the variables that represented
angular measures (ie, LRA and RRA), the ICC for
these variables was also found to be high, indicating
almost perfect agreement, ranging from 0.93 to 0.97.

B point is a landmark that has been extensively
used and has been well documented as a reliable ref-
erence point. The ICC in this study was found to have
a high value, ranging from 0.92 to 0.93, indicating al-
most perfect agreement.

Condylion was located on the T2 and T3 tracings
as an x, y coordinate in millimeters relative to the x-
and y-axes. The ICC, ranging from 0.74 to 0.81, dem-
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TABLE 1. Interexaminer Reliability Scores

Variablesa

Agreement (Interexaminer Reliability)
Based on N 5 25 Patients

ICCb 95% CIc

IGW

T1 0.98 0.95–0.99
T2 0.98 0.96–0.99
T3 0.98 0.90–0.99

LRA

T1 0.96 0.92–0.98
T2 0.97 0.93–0.99
T3 0.93 0.76–0.98

RRA

T1 0.93 0.83–0.97
T2 0.93 0.84–0.97
T3 0.94 0.86–0.97

B point (x coordinate)

T1 0.93 0.84–0.97
T2 0.92 0.83–0.96
T3 0.93 0.84–0.97

B point (y coordinate)

T1 0.93 0.76–0.97
T2 0.94 0.86–0.98
T3 0.94 0.86–0.97

Condylion (x coordinate)

T2 0.74 0.49–0.88
T3 0.77 0.55–0.89

Condylion (y coordinate)

T2 0.76 0.53–0.89
T3 0.81 0.62–0.91

a IGW indicates intergonial width; LRA, left ramus angle; and RRA,
right ramus angle.

b ICC indicates intraclass correlation coefficient.
c 95% CI, 95% confidence interval for the ICC estimates.

onstrated ‘‘substantial’’ agreement between examin-
ers, but not an almost perfect agreement as with B
point.

DISCUSSION

The inherent errors in cephalometric technique have
been extensively studied.23–25 For example, one such
source of error is that, although the radiographs were
taken by experienced technicians, some degree of up
and down tilting of the head is inevitable. However, a
change of up to 108 of up and down movement or right
and left rotation of the head has been shown to be
less than the method error and therefore a negligible
factor in breadth measurements on PA cephalo-
grams.26

Identification error, reported to be the main source
of error, arises largely through uncertainty in the visual
identification of radiographic landmarks.12–15 The re-
producibility of the measurements varies according to
the quality of the records, the conditions under which

they are measured, and the care and skill of the mea-
surer. It is for this reason that every study should in-
clude an assessment of the method error, although
standard measurements are used.14 The method error
can be assessed by double determination. Each mea-
surement is repeated on two occasions and the differ-
ences are noted. Dahlberg’s formula27 can be applied
to calculate the standard error, ie, method error.

Richardson28,29 found that interobserver variability
was slightly higher than intraobserver variability in lo-
cating cephalometric landmarks. Other investigators
have also reported interobserver variability as higher
than the intraobserver variability.30 Stabrum and Dan-
ielsen31 had two observers make dual determinations
of various landmarks on 100 cephalograms. Disagree-
ment in interoperator determinations was found de-
spite the standardization training exercise. In our
study, both investigators received the same level of
instructions and training. The level of agreement var-
ied depending on the landmark under investigation as
demonstrated by the ICC, ranging from 0.98 (‘‘almost
perfect’’ agreement) to 0.74 (substantial agreement)
depending on the variable measured.

Lau et al32 concluded that the amount of interex-
aminer error did not depend on training or experience
but probably on individual conception of landmark def-
inition and perception of landmark location. Savage et
al17 reported that the level of observer experience and
quality of radiograph were statistically unrelated to
landmark variability on replicate examination.

Kragskov et al19 compared the reliability of anatomic
cephalometric points from conventional cephalograms
and 3-D CT. They concluded that although 3-D CT
may be more beneficial in craniofacial syndrome pa-
tients, there is no evidence that 3-D CT is more reli-
able than the conventional cephalometric method in
normal skull patients.

PA cephalometrics

Major et al20 concluded that there was a consider-
able range in the magnitude of error with horizontal
and vertical values, and interexaminer landmark iden-
tification error was significantly larger than intraexam-
iner error for many PA cephalometric landmarks. Their
study reported an intraexaminer error of 0.31 mm for
Go (x coordinate). Becktor et al11 reported their meth-
od error for IGW (linear distance connecting both Go
points) as 0.21 mm.

Becktor et al11 reported their method error for deter-
mining the ramus angles as 0.458 (left) and 0.478
(right). Other than Becktor et al,11 it appears that the
only other authors to have reported a method error for
measurements of the ramus angle relative to the
UOML are Astrand and Ericson.33 They reported a
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method error range of 0.38 to 0.78, although they were
measuring the angle of the condylar fragment to the
UOML (they studied patients who underwent oblique
sliding osteotomy of the mandibular rami).

Lateral cephalometrics

Baumrind and Frantz12,13 showed that each lateral
cephalometric point has a characteristic pattern of re-
cording error, some points being more reliable in either
vertical or horizontal planes. Tng et al34 showed that
many landmarks were invalid along one or both of the
x- or y-axes, with each landmark having its own char-
acteristic envelope of error. The mean difference for B
point was small, but the standard deviation along the
y-axis was large. B point gives a high degree of reli-
ability in anteroposterior plane but much less in the
vertical plane.35

Van Sickels et al36 studied condylar positional
changes after Bilateral Sagittal Split Ramus Oseotomy
(BSSRO) using lateral cephalometric radiographs. In
their study, condylar position was traced on a preop-
erative radiograph and transferred from one radio-
graph to another by superimposing on a template of
the ramus. However, orthognathic surgery often alters
the skeletal landmarks and bony configurations that
are commonly used for cephalometric analysis.

Recent studies with titanium markers have demon-
strated positional stability between proximal and distal
segments after BSSRO of the mandible with rigid in-
ternal fixation.37–39 Therefore, the postsurgical mandi-
ble can be considered a single rigid body. Rebellato
et al39 described a method to determine postoperative
condylar movements without actually having to directly
image the temporomandibular joints. B point was used
as the anterior marker and the RIF screws as the pos-
terior markers, enabling a planar, two-dimensional de-
scription of mandibular motion to be derived. A change
in the position of the condyles can be indirectly ob-
tained by measuring the change in the position of con-
dylion from one postsurgical tracing to the next (in this
study, T2 vs T3). This approach also compensates for
any head positioning error between radiographic ex-
posures.40

Rebellato et al reported a method error for condylion
movement (T3-T2) of 0.79 mm (vertical movement)
and 0.80 mm (horizontal movement). Identification of
the exact location of condylion is not critical for the
Rebellato et al method, however, because condylion
is transferred forward from one postsurgical radio-
graph to the next (in this case, T2 to T3). Condylion is
transferred forward by superimposing on B point and
the posterior markers (ie, points bisecting the lines
connecting contralateral screw head pairs). The move-
ment of condylion from T2 to T3 is what is important,

and all points in the general vicinity of condylion would
move in a similar magnitude and direction.41 The re-
sults of this study demonstrated substantial agreement
between examiners in locating condylion movements
but not almost perfect agreement as that with B point.

CONCLUSIONS

• Interexaminer reliability was found to be high, rang-
ing from substantial to ‘‘almost perfect’’ agreement
between two independent examiners.

• These results support the use of these two methods
to determine proximal segment changes after
BSSRO in the frontal and sagittal planes of space,
whether for research or clinical purposes.
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32. Lau PY, Cooke MS, Hägg U. Effect of training and experi-
ence on cephalometric measurement errors on surgical pa-
tients. Int J Adult Orthod Orthognath Surg. 1997;12:204–
213.

33. Astrand P, Ericson S. Relation between fragments after
oblique sliding osteotomy of the mandibular rami and its
influence on postoperative conditions. Int J Oral Surg. 1974;
3:49–59.
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