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Purpose: The purpose of the present study was to compare lag screw fixation versus miniplates with
monocortical screw technique with respect to the amount of transverse displacement of the proximal
segment after bilateral sagittal osteotomy (BSO) for mandibular advancement surgery.

Patients and Methods: We conducted a multicenter, retrospective investigation of 82 patients who
underwent a mandibular advancement with BSO and rigid internal fixation. Forty-five patients from
Denmark and Sweden, the miniplate fixation group, received a rigid fixation consisting of miniplates with
monocortical screws. Thirty-seven patients from the Mayo Clinic, the lag screw fixation group, received
a rigid fixation with lag screw fixation of the mandible. The transverse displacement and angulation of
the proximal segments were measured on posterior-anterior cephalometric radiographs, using the best-fit
method.

Results: After BSO, 44 of 45 patients in the miniplate fixation group showed an increased transverse
intergonion distance with a mean of 5.0 mm and an increase transverse interramus width with a mean
of 2.4 mm. Thirty-six of 37 patients in the lag screw fixation group had an increased intergonial width
with a mean of 5.6 mm, and 35 of 37 patients showed an increased transverse interramus width with a
mean of 3.3 mm. ¢ tests showed that there were no significant differences between the 2 groups with
respect to these 2 variables.

Conclusions: Our results indicate that transverse displacements of the proximal segments occur
after BSO surgery with both miniplate or lag screw fixation technique. Attention and future studies
should focus on possible complications that transverse displacement of the proximal segment may
cause.
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Combined orthodontic and surgical procedures are
commonly used to correct dentofacial malformations.
Bilateral sagittal osteotomy (BSO) is the first choice
for many surgeons when operating on adolescent and
adult patients with mandibular retrognathia. Despite
its popularity, postsurgical instability due to displace-
ment of the condyle from its seated position in the
glenoid fossa in the 3 planes of space (ie, sagittal,
vertical, and transverse) remains an area of concern.

The sagittal and vertical position of the condyle in
the glenoid fossa after a BSO has been analyzed in
several studies and a superior and posterior move-
ment of the condyle postsurgically has been de-
scribed.'® Studies have also reported a correlation
between an increasing amount of mandibular surgical
advancement and an increasing postsurgical superior
movement of the condyle.** Relapse has often been
described to be associated with condylar distrac-
tion.*> Schendel and Epker® concluded that control
of the proximal segment was the single most impor-
tant aspect in determining prevention of relapse and
stability of planned postsurgical position and that the
amount of relapse increased with the amount of initial
advancement. There is, however, no general consen-
sus as to what constitutes an ideal functional and
stable relationship between the condyle, the menis-
cus, and the glenoid fossa. Intraoperative diagnosis of
an unfavorable condylar position is desirable but dif-
ficult to accomplish.

Different surgical fixation techniques and their in-
fluence on the condylar position have been discussed.
Becktor et al” reported on the transverse displace-
ment of the proximal segment after BSO with rigid
internal fixation (RIF) using lag screw technique for
mandibular advancement, and they found increased
intergonial width for 36 of 37 patients immediately
after surgery. However, no study to date has yet
shown if any 1 type of fixation is superior with regard
to minimizing proximal segment displacement. Inves-
tigating the type of fixation could lead to more an-
swers on why proximal segment displacement occurs
during surgery.

The purpose of the present study was to compare
lag screw fixation versus miniplates with monocorti-
cal screw technique with respect to the amount of
transverse displacement of the proximal segment af-
ter BSO for mandibular advancement surgery.

Materials and Methods
SUBJECTS

This study was conducted as a multicenter, retro-
spective investigation of consecutively treated pa-
tients selected from 7) the Department of Oral and
Maxillofacial Surgery, Rigshospitalet, Copenhagen
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University Hospital, Denmark, 2) Division of Oral and
Maxillofacial Surgery, Maxillofacial Unit, Halmstad,
Sweden, and 3) the Department of Orthodontics,
Mayo Clinic, Rochester, MN.

Forty-five patients from Denmark and Sweden un-
derwent mandibular advancement with BSO per-
formed by 4 surgeons between the years 1995 to
2002. All patients received a rigid fixation consisting
of miniplates with monocortical screws. Thirty-seven
patients from the Mayo Clinic also underwent man-
dibular advancement with BSO, performed by 2 sur-
geons between the years 1990 and 1999. All patients
from the Mayo Clinic received lag screw fixation of
the mandible, placed intraorally, with no skin inci-
sions made. The Mayo Clinic material has been inves-
tigated and discussed in a previous publication by
Becktor et al.”

The choice of treatment was determined by the
orthodontist and the oral surgeon at the clinical and
radiographic presurgical examinations. Patients in-
cluded in the study met the following criteria: 7) the
malocclusion was caused by mandibular retrognathia,
2) presurgical and postsurgical orthodontic treatment
was performed; and 3) BSO with either miniplates
and monocortical screws, or lag screw fixation, was
used as the surgical procedure to advance the mandi-
ble with or without genioplasty. No other adjunctive
surgical procedures were performed. Of a total of 64
patients from the centers in Denmark and Sweden, 19
subjects (29.7%) were excluded, all as a result of
inconsistent radiographic pre- and postoperative ex-
aminations. The radiographic records of the remain-
ing 45 (14 men, 31 women), with a mean age of 31
years, were examined retrospectively. Of a total of
42 patients from the center in the Mayo Clinic, 5
subjects (11.9%) were excluded for the same rea-
sons previously mentioned, leaving 37 (14 males,
23 females), with a mean age of 28 years (Table 1).

SURGERY

Patients from all centers received conventional pre-
and postoperative orthodontic treatment and under-
went a mandibular bilateral sagittal ramus osteotomy
advancement as described by Obwegeser® and modi-

Table 1. DISTRIBUTION OF PATIENTS WITH REGARD
TO GENDER AND AGE

Fixation Male/ Mean Age, Age Range,
Type n Female yr (SD) yr
Miniplates 45  14/31 31.0 (10.83) 17 to 56
Lag screws 37 14/23 27.8 (11.63) 14 to 55

Abbreviation: SD, standard deviation.

Becktor et al. Lag Screw Fixation Versus Miniplates With Mono-
cortical Screw Technique. J Oral Maxillofac Surg 2008.
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fied by Dal Pont.® The planned occlusion was estab-
lished with a prefabricated splint. The proximal seg-
ment was manually repositioned and stabilized with a
self-retaining clamp.

At the Danish and Swedish centers, RIF of the
osteotomy was accomplished by using a 4-hole
straight miniplate or a 5-hole L-formed miniplate with
monocortical screws (2 mm) bilaterally in the body of
the mandible. The miniplate was placed on the lateral
aspect of the body of the mandible to engage both
proximal and distal segments. The occlusion was
checked after placement of RIF. The patients from the
Danish center wore the splint in place for 4 weeks
postoperatively, whereas the patients from the Swed-
ish center did not. All the patients from the Danish
and Swedish centers were not intermaxillary wire
fixated or had only very light guiding elastics for 1 to
4 weeks postoperatively. Seven patients had advance-
ment genioplasty in addition to mandibular advance-
ment.

At the Mayo Clinic, RIF was accomplished by using
2 lag screws bilaterally in the ramus. The screws were
placed with the lag screw technique, through both
proximal and distal segments in the region distal to
the second molar tooth and above the mandibular
canal. The occlusion was checked after the place-
ment of the RIF. The patients had intermaxillary
wire fixation with the splint in place for 1 to 2
weeks after surgery. Seven patients underwent ad-
vancement genioplasty in addition to the mandibu-
lar advancement.

RADIOGRAPHIC EXAMINATION

The radiographic material for this study consisted
of 2 posterior-anterior (P-A) cephalometric radio-
graphs and 2 lateral cephalometric radiographs for
each patient. The P-A and lateral cephalometric radio-
graphs were obtained at the following time periods:
presurgically (T1) and postsurgically (T2). Table 2
shows the distribution of the time periods of when
the radiographs were taken relative to the time of
surgery.

A standardized natural head position was used
while obtaining the lateral and P-A cephalometric
radiographs. At each center, the radiographs were

taken with the same equipment, and the same film/
focus distance was used. All radiographs were taken
at optimal exposure, and anatomical landmarks were
clearly visualized.

All radiographs were hand-traced on acetate paper.
Superimposition of P-A radiographs was performed
according to the method as described in a previous
article by Becktor et al.” Superimposition of lateral
cephalometric radiographs was performed as recom-
mended by Bjork and Skieller.'>'" Two examiners
shared the duty of tracing the radiographs of the lag
screw fixation patients, and 3 examiners were in-
volved in tracing the radiographs on the miniplate
fixation patients. At the Mayo Clinic, 2 examiners
independently traced P-A and lateral cephalometric
radiographs of 25 patients. The level of agreement
between the 2 investigators (interexaminer reliability)
on these 25 patients was estimated by calculating the
intraclass correlation coefficient (ICC). The measure-
ment error (intraexaminer reliability) was determined
by the Dahlberg formula and was based on 10 ran-
domly selected patients that were retraced and remea-
sured by the same 2 investigators.

The P-A radiographs were used to measure the
angulation of the proximal segment, and the mandib-
ular width. The following reference points and lines
were used (Fig 1): Ramus point (RP) was defined as
the most superior visible point on the lateral border of
the ramus. Gonion point (GO) was defined as the
most inferior point on the lateral border of the man-
dible determined by a tangent to the outline from RP.
Upper orbital margin (UOM) was defined as the most
superijor visible margin of the orbit.

Reference lines were drawn through GO and RP,
and a tangent line to the UOMs was used as a hori-
zontal reference plane. Points GO and RP were then
transferred forward from the T1 to the T2 radiograph
by a best-fit superimposition of the proximal segment
cortical outline.

The following variables were recorded:

The medial ramus angles between UOMs and
GO-RP lines, the distances between left GO and right
GO, and the distance between the left and right RP.

Table 2. DISTRIBUTION OF TIME PERIODS OF WHEN RADIOGRAPHS WERE TAKEN RELATIVE TO SURGERY

Range
(Miniplate/Lag Screw)

Mean SD
(Miniplate/Lag Screw) (Miniplate/Lag Screw)

T1 radiographs (preop)

Weeks before surgery 1-56/1-8
T2 radiographs (postop)
Weeks after surgery 1-26/1-4

8.9/1.5 12.96/1.61

3.5/1.2 3.96/0.55

Becktor et al. Lag Screw Fixation Versus Miniplates With Monocortical Screw Technique. J Oral Maxillofac Surg 2008.
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FIGURE 1. The dislances from RP fo RP and from GO to GO were
measured. Reference lines through RP and GO and a tangent line to
UOMs were used to measure the angulation of the proximal segment.
UOM, upper orbital margin; RP, ramus point; GO, gonion.

Becktor et al. Lag Screw Fixation Versus Miniplates With Mono-
cortical Screw Technique. ] Oral Maxillofac Surg 2008.

The lateral cephalometric radiographs were used to
measure the advancement of the distal segment in the
mandible, obtained by the BSO. The sagittal and ver-
tical movements were recorded by changes in the
position of B point from T1 to T2.

The reference points used were marked directly on
the radiographs with a sharp soft pencil. B point,
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defined as the most posterior point on the anterior
surface of the symphysis, was transferred from the T1
tracing to the T2 tracing by a best-fit superimposition
of the distal segments on each other.'? Lateral ceph-
alometric radiographs were superimposed on anatom-
ically stable structures in the anterior cranial base,
according to the method described by Bjork.'*'' A
reference line, perpendicular to the occlusal plane,
was constructed.

It is to be noted that B point movements in the
superior and anterior direction relative to the refer-
ence line were recorded as positive values, and infe-
rior and posterior movements were recorded as neg-
ative values.

ERROR OF MEASUREMENT TECHNIQUE

Table 3 shows the measurement error using the
Dahlberg formula:

ME="\/(Z D*/2N)

where D = difference between the 2 measurements
on the same patient, and N = number of patients
remeasured. Method error scores were found to be
low for all variables retested. The agreement or reli-
ability between the 2 investigators was estimated by
calculating the intraclass correlation coefficient
(ICC)."> The ICC assesses the correlation between
repeated measurements on the same patient. The ICC
was calculated from the variance components esti-
mated by fitting a 2-way random effects analysis of
variance model, with subjects and investigators being
handled as 2 random effects. The interpretation of an
ICC is similar to that of a correlation coefficient and

Table 3. MEASUREMENT ERROR AND AGREEMENT RELIABILITY

Measurement Error Using Dahlberg’s
Formula Based on n = 10 Patients

Agreement (Reliability)
Based on n = 25 Patients

Measurement Investigator 1 Investigator 2 1CC 95% CI

Intergonial width (Go-Go)

T1 0.38 mm 0.46 mm 0.98 0.95-0.99

T2 0.70 mm 0.34 mm 0.98 0.96-0.99
Left UOM/RP/Go angle

T1 1.01° 0.51° 0.96 0.92-0.98

T2 0.58° 0.76° 0.97 0.93-0.99
Right UOM/RP/Go angle

T1 0.79° 0.56° 0.93 0.83-0.97

T2 0.74° 0.63° 0.93 0.84-0.97
B point—horizontal

T1 1.71 mm 0.72 mm 0.93 0.84-0.97

T2 0.94 mm 0.70 mm 0.92 0.83-0.96
B point—vertical

T1 1.54 mm 0.81 mm 0.93 0.76-0.97

T2 1.41 mm 0.82 mm 0.94 0.86-0.98

Abbreviations: ICC, intraclass correlation coefficient; 95% CI, 95% confidence interval for the ICC estimates.

Becktor et al. Lag Screw Fixation Versus Miniplates With Monocortical Screw Technique. J Oral Maxillofac Surg 2008.
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Table 4. CHANGES IN LATERAL CEPHALOMETRIC
RADIOGRAPHIC MEASUREMENTS BETWEEN
T1 AND T2

Range
(T1-T2) Mean SD

Horizontal movement at
B point (mm)*

Halmstad Clinic (16) 2-7 47 1.66
Copenhagen Clinic (29) 2-12 5.8 1.98
Miniplate fixation

patients (all 45) 2-12 5.4 1.92
Mayo Clinic—lag screw

fixation (37) 0.9-12 4.9 2.44

Vertical movement at
B-point (mm)*

Halmstad Clinic (16) —7-3 —2.2 3.19
Copenhagen Clinic (29) —83 —2.2 2.66
Miniplate fixation

patients (All 45) —-83 —2.2 2.8

Mayo Clinic — lag

screw fixation (37) —-7.26.8 —-1.9 2.85

*B-point movements in the superior and anterior direction were
recorded as positive values, whereas inferior and posterior move-
ments were recorded as negative values.

Becktor et al. Lag Screw Fixation Versus Miniplates With Mono-
cortical Screw Technique. J Oral Maxillofac Surg 2008.

the kappa statistic. The values range from —1 to 1.
Values in the range of 0 to 0.2 indicate slight agree-
ment, 0.2 to 0.4 fair, 0.4 to 0.6 moderate, 0.6 to 0.8
substantial, and 0.8 to 1.0 almost perfect agreement.
The 95% confidence intervals for the ICC estimates
were also calculated. All variables measured by the 2
examiners showed almost perfect agreement. This
shows a high level of interexaminer reliability, and
that the measurement methods are easily learned with
low variability between examiners. Therefore, al-
though 3 examiners from the centers were involved
in tracing the radiographs and measuring the vari-
ables, the ICC scores support the fact that there may
not have been any greater reliability of the data by

having 1 examiner perform all the tracings and mea-
surements.

Results

A review of the clinical records of all the patients
studied showed that no significant adverse events
occurred prior to or during the time of operation, and
up to the time of the postoperative radiographs,
which might have resulted in any unexpected dis-
placements of the segments. Table 4 shows that man-
dibular advancement measured at B point for all pa-
tients ranged from 0.9 to 12 mm, with a mean of 5.4 mm
for the miniplate fixation group (Halmstad Clinic had
a mean of 4.5 mm; Copenhagen Clinic had a mean of
5.6 mm) and 4.9 mm for the lag screw fixation group.
t test comparison showed no statistically significant
difference between the 2 groups with respect to the
amount of mandibular advancement.

The distributions of measurements from T1 (pre-
surgery) and from T2 (postsurgery) P-A radiographs
are shown in Table 5. By subtracting the value at T1
(presurgery) from T2 (postsurgery), the change in
position of each landmark caused by surgery was
calculated. A positive value for change in the ramus
angles represents a flaring out of the proximal seg-
ment, also known as an increase in proximal segment
torque.

Table 6 shows the results of the changes in the P-A
measurements from T1 to T2. Almost all (44 of 45)
patients in the miniplate fixation group had an in-
creased width between the GO points with a mean of
5.0 mm, and 1 patient had no change (range, 0-10 mm).
Between the RP points, 44 of 45 patients had an
increased width, with a mean of 2.4 mm and a range
of —4 to 8 mm. Thirty-six of 37 patients in the lag
screw fixation group had an increased intergonial
width of 5.6 mm (range, —2.6 mm to 12.2 mm), and
35 of 37 patients showed an increased width between

Table 5. DISTRIBUTION OF T1 AND T2 P-A CEPHALOMETRIC RADIOGRAPHIC MEASUREMENTS FOR ALL 82

PATIENTS

Range

(Miniplate/Lag Screw)

Mean SD
(Miniplate/Lag Screw) (Miniplate/Lag Screw)

T1 radiographs (preop)
Intergonion (GO) width (mm)
Interramus (RP) width (mm)
Right UOM/RP/GO angle (°)
Left UOM/RP/GO angle (°)

T2 radiographs (postop)
Intergonion (GO) width (mm)
Interramus (RP) width (mm)
Right UOM/RP/GO angle (°)
Left UOM/RP/GO angle (°)

91-124/91-122
101-132/100-124
72:96/7795
7795/76-94

96-126/95-127
104-133/105-130
74-96/78-95
75-98/74-97

103.7/103.2 7.20/7.42
113.2/111.1 5.99/5.99
83.5/84.7 4.88/4.55
83.8/84.6 4.03/4.19
108.7/108.8 7.62/7.40
115.6/114.3 6.11/6.68
85.3/86.4 5.16/4.23
85.4/85.9 4.15/4.70

Becktor et al. Lag Screw Fixation Versus Miniplates With Monocortical Screw Technique. J Oral Maxillofac Surg 2008.
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Table 6. CHANGES IN P-A CEPHALOMETRIC
RADIOGRAPHIC MEASUREMENTS BETWEEN
T1 AND T2

Range
(T1-T2) Mean SD

Intergonion (GO) width
change (mm)

Halmstad Clinic (16) 0-6 3.8 1.52
Copenhagen Clinic (29) 2-10 5.7 2.45
Miniplate fixation patients

(all 45) 0-10 5.0 2.33

Mayo Clinic—lag screw
fixation (37)*
Interramus (RP) width
change (mm)

—-2.6122 56 3.05

Halmstad Clinic (16) 0-4 1.9 1.18
Copenhagen Clinic (29) —4-8 2.7 2.37
Miniplate fixation patients

(all 45) —4-8 2.4 2.05

Mayo Clinic—lag screw
fixation (37)*
Right UOM/RP/GO angle
change (mm)

—2.87.2 33 2.23

Halmstad Clinic (16) —2-4 1.2 1.48
Copenhagen Clinic (29) —-1-6 2.2 1.81
Miniplate fixation patients

(all 45) —-26 1.8 1.74

Mayo Clinic—lag screw
fixation (37)*
Left UOM/RP/GO angle
change (mm)

—=3.5-7.0 1.2 2.38

Halmstad Clinic (16) —24 1.3 1.67
Copenhagen Clinic (29) —-35 1.8 2.18
Miniplate fixation patients

(all 45) -35 1.6 2.00

Mayo Clinic—lag screw

fixation (37)* —3.55.5 1.7 1.98

*Data previously published in Becktor et al.”

Becktor et al. Lag Screw Fixation Versus Miniplates With Mono-
cortical Screw Technique. | Oral Maxillofac Surg 2008.

RP points (range, —2.8-7.2 mm). ¢ tests showed that
there were no significant differences between the 2
groups with respect to these 2 variables.

In both the miniplate and lag screw fixation groups,
the right and left ramus angles demonstrated an in-
creased angle on average, although many patients also
showed a decreased angle (Table 6). ¢ tests showed
that there were no significant differences between
the 2 fixation groups with respect to ramus angle
changes.

Discussion

The results of this study show that statistically sig-
nificant increases in intergonion and interramus dis-
tances occur after routine mandibular sagittal ramus
osteotomy advancement surgery (BSO). This mandib-
ular widening seems to occur whether lag screw
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fixation or miniplate with monocortical screws fixa-
tion is used. Studies with tantalum markers have dem-
onstrated positional stability between proximal and
distal segments after a BSO of the mandible with
RIF.'*!> Therefore, the postsurgical mandible can be
assumed to be a single rigid body. The displacements
observed in this study are therefore likely to occur
during the surgical procedure and not in the postop-
erative period.

Transverse condylar displacement has been studied
before, but different methods have been used, and
different results have been presented.>'®?° Several
studies showed that the use of RIF following BSO
resulted in a greater transverse condylar displacement
than wire fixation.'®?"*? The most common displace-
ment of the condyle is laterally with an increased
angle, and the condyle is displaced more posteriorly
and superiorly in relation to the glenoid fossa.'®
Nonetheless, the benefits of rigid fixation have led to
the current widespread use of rigid fixation for BSO.

It has been suggested that the role of fixation tech-
nique in condylar and proximal segment displace-
ment could be of importance.'®?"*? Astrand and Er-
icson used P-A radiographs to report an outward
angulation of the condylar fragment following oblique
ramus ostetomy surgery.?> Becktor et al’ reported a
transverse displacement of the proximal segment af-
ter BSO. It was suggested that the type of RIF could
have an effect on the amount of transverse displace-
ment. Our results showed that there were no statisti-
cally significant differences in the amount of trans-
verse displacement of the proximal segment when
using titanium miniplates and monocortical screws
compared with the lag screw technique.

When looking at the data for all 82 patients in-
cluded in this study, an increased outward angulation
of the ramus was observed on average, and an in-
crease in intergonial width was recorded in 80 of 82
patients. Due to the radiographs used, however, no
statements can be made concerning the actual
changes in condylar position. Because the P-A radio-
graph is a routine radiograph that can be used in the
planning and follow-up of patients treated with a BSO,
the advantage of using this radiograph is obvious.

An important source of error may be the variability
in the radiographic enlargement of transverse skeletal
dimensions projected onto P-A films. The subjects
were positioned facing the film, and the head was
placed in the cephalometer with the Frankfort plane
horizontal. The film-object distance was standardized.
Although the radiographs for this study were taken by
experienced technicians, some degree of up-and-
down and side-to-side tilting of the head was probably
inevitable. Therefore, some differences in enlarge-
ment between 2 P-A radiographs could be expected.
A change of up to 10° of up-and-down movement or
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right or left rotation of the head, however, has been
shown to be less than the method error and is, there-
fore, a negligible factor in breadth measurements.>>%*
A change in 10° rotation of the head would easily
have been detected by the technicians.

It was also shown that the increase in intergonial
and inter-ramus width was positively correlated to the
amount of horizontal advancement. These findings
were similar to the report from Becktor et al.”

It is conceivable that the adaptation capacity of the
temporomandibular joint (TM]) could be exceeded
with a significant transverse change in the proximal
segment positioning due to surgery, especially in a
susceptible individual. Van Sickels et al*> suggest that
surgeons and orthodontists should carefully observe
patients who complain of pain in the TMJ after a BSO.
The patient who complains of a physical barrier to
opening should be assessed for excessive condylar
torque.?’

Factors contributing to relapse include slippage at
the osteotomy site, condylar malpositioning, or re-
modeling/resorption of the condyle and/or fossa at
the TMJ.%° Skeletal and dental relapse could also be
influenced by unfavorable postsurgical growth or pre-
existing TMJ derangement. Progressive condylar re-
sorption giving rise to considerable relapse at pogo-
nion and B point in relation to BSO was first described
in 1985 by Sesenna and Raffaini.?” Saka et al*® suggest
that there is an enhanced risk for anterior disc de-
rangement after bilateral sagittal split osteotomy ad-
vancement, and stated that if they actively positioned
the condyle in the glenoid fossa before and during the
RIF, they reduced the risk of anterior disc derange-
ment from 50% to 11%. If a surgical technique or
fixation method can be developed that eliminates, or
at least minimizes, the amount of proximal segment
displacement, there should be less risk for postoper-
ative structural changes in the TMJ.

In conclusion, the results of this study would indi-
cate that there is no difference between miniplates
with monocortical screws versus lag screw fixation in
minimizing proximal segment displacement.

The results should be interpreted with caution be-
cause the study design was not prospective and ran-
domized. Further investigations into what different
surgical methods and/or different types of RIF can be
of importance for the transverse displacement would
be beneficial. Furthermore, attention and future stud-
ies should focus on possible complications that trans-
verse displacement of the proximal segment may
cause.
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