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Three-Dimensional Orofacial Changes
Occurring After Proportional
Condylectomy in Patients With
Condylar Hyperplasia Type 1B
(Unilateral Hemimandibular

Elongation)
Waseem A. Abboud, DMD,* Maria Krichmar, DMD,y Daniela Blinder, DMD, MD,z

Alex Dobriyan, DMD,x Gilad Yahalom, MD,k and Ran Yahalom, DMD{

Purpose: To evaluate 3-dimensional orofacial changes that occurred after proportional condylectomy

that was not followed by orthognathic surgery in patients with condylar hyperplasia type 1B (unilateral

hemimandibular elongation).

Materials and Methods: This retrospective analysis used the medical records of 14 skeletally mature

patients. Transverse, vertical, and horizontal cephalometric analyses of photographs and radiographs

were undertaken. A comparison of preoperative and postoperative measurements was conducted.

Results: After proportional condylectomy, transverse chin position and vertical lip cant improved to

various degrees, whereas ramus and condyle height and mandibular lower border discrepancy

worsened to different extents. The prominence of the gonial angle of the affected (operated) side

increased in all patients after surgery, and this contributed to better symmetry only when the

preoperative prominence was small (flat), whereas the opposite occurred when the preoperative

prominence was large (bulky). After condylectomy, there was posterior displacement of the
pogonion point (setback), which was favorable in cases with a preoperative concave profile and

unfavorable in cases with a preoperative convex profile.

Conclusion: Proportional condylectomy can successfully arrest the hyperplastic growth of the affected

condyle; however, it rarely achieves perfect symmetry of the face. Although it improves some facial fea-

tures, other facial traits are worsened. Surgeons should have a full understanding of the 3-dimensional
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changes occurring after proportional condylectomy and should be able to predict, based on preoperative
findings, the anticipated improvement or worsening of different facial features.

� 2018 American Association of Oral and Maxillofacial Surgeons

J Oral Maxillofac Surg 77:803-817, 2019
Facial symmetry is a trait that influences esthetics and

beauty. A mild degree of asymmetry is considered

normal and acceptable in the average face; however,

if this mild disparity becomes obvious, it could be asso-

ciated with a perception of an unesthetic appear-

ance.1,2 Condylar hyperplasia (CH) is a progressive
overgrowth of the condylar growth site that causes

various degrees of mandibular asymmetry,

prognathism, malocclusion, and dentoalveolar

compensations.3 Obwegeser and Makek4 and Nitzan

et al5 classified the disorder into 2 main subtypes

based on morphologic characteristics: asymmetry

with a transverse growth vector (‘‘hemimandibular

elongation’’) and asymmetry with a vertical growth
vector (‘‘hemimandibular hyperplasia’’). Wolford

et al6 published a refined classification system and pro-

vided detailed clinical and radiographic morphologic

characteristics and recommendations regarding surgi-

cal correction options depending on the age of the pa-

tient and the activity of the condition. Although this

classification was broader than the previous classifica-

tion and included other related disorders, the fact that
CH had 2 main morphologic patterns was a constant

finding in these 2 classification systems.

The treatment of CH is primarily surgical and de-

pends on the activity of the hyperplastic condylar

growth.7-13 Patients with inactive CH can benefit

from orthognathic surgery with the sole objective of

correcting the dentofacial deformity.1,14 Conversely,

patients with an active form of CH should undergo,
in addition to orthognathic surgery, some form of

high condylectomy to stop the hyperplastic condylar

overgrowth; otherwise, there is a risk of relapse of

the asymmetry.15-19 Orthognathic surgery in these

cases can be performed simultaneously with

condylar surgery or as a second-stage proced-

ure.1,6,16,20 Condylar surgery is usually in the form of

a high condylar shave that removes 3 to 7 mm of the
condylar head.6,21,22

Few investigators have reported that proportional

condylectomy, in which a larger portion of the condyle

is removed to equalize the lengths of both sides, can

achieve, in addition to arresting the hyperplastic

condylar growth, satisfactory improvement of the

asymmetry, thus obviating simultaneous or secondary

orthognathic surgery.3,14,16,22-24 However, this theory
has not gained great acceptance in the maxillofacial

community, primarily because the available studies

have some major limitations. In the authors’ opinion,
d for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAE
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there are 5 main drawbacks of the currently available

literature on the topic of condylectomy as the sole

treatment for CH. The first is the lack of objective

outcome tools. Some studies used cephalometric

measurements in the transverse plane only.25-28

Other studies evaluated the outcomes based on the
surgeon’s or patient’s opinion of the results as being

satisfactory or unsatisfactory3 or the patient’s willing-

ness to undergo further corrective surgery after

condylectomy.23

The second limitation is that many studies included

young growing patients and skeletally mature pa-

tients,3,14,16,21,29,30 thus overlooking the fact that the

continued growth of the unoperated condyle in
younger patients has a profound effect on the

morphologic facial, skeletal, and dental position.

This could be the actual reason behind the gradual

achievement of symmetrical facies.

A third limitation of the existing literature is that

some studies did not differentiate between the 2 types

of CH. Although a movement in one plane could be

beneficial for patients with transverse asymmetry,
this same movement would be disadvantageous for pa-

tients with vertical asymmetry.3,21

A fourth drawback is the inconsistency in postopera-

tive occlusal treatment. Intermaxillary fixation, guiding

elastics, occlusal functional appliances, and orthodon-

tic appliances using skeletal anchors produce different

movements at substantially different magnitudes and

thus have different effects on the jaw position.1,31,32

The question is to what extent did these orthodontic

forces contribute to attaining the final jaw position.

The fifth and final limitation is that some investigators

reported on their experience in treating patients with

CH using various therapies without mentioning the

basis on which the choice of treatment was made for

the different patients.1,3,20,33,34

The purpose of this study was to examine the 3-
dimensional changes after proportional condylectomy

in adult patients with CH type 1B (unilateral hemiman-

dibular elongation) that was not followed by orthog-

nathic surgery for at least 1 year. The 3-dimensional

changes were evaluated using standardized photo-

graphs and radiographs, and cephalometric analyses

were performed in the transverse, vertical, and hori-

zontal planes. The authors aimed to evaluate the post-
operative changes to determine which parameters and

the extent to which these parameters improved, wors-

ened, or did not change after surgery.
L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
Copyright ©2020. Elsevier Inc. All rights reserved.
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Materials and Methods

A retrospective analysis was conducted of medical

records, including photographs and radiographs, of

consecutive adult patients diagnosed with active CH

type 1B (unilateral hemimandibular elongation) who

underwent proportional condylectomy at the authors’

department during a 5-year period (September 2011 to

August 2016).
The diagnosis was based on 4 criteria:

1. Anamnesis: A report of progressively worsening

facial asymmetry. Patients were requested to

augment their complaint by old photographs

and, whenever available, old radiographs.

2. Clinical evaluation: Facial asymmetry manifested

primarily by deviation of the chin to one side, de-

viation of the lower dental midline, and dental

crossbite.

3. Radiographic evaluation: The panoramic radio-

graph depicted an elongated mandibular neck,

with no prominent enlargement of the condylar

head. The frontal radiograph displayed the chin

shift off the midline, and the lateral radiograph

showed even or almost even mandibular lower

borders of both sides, with no evidence of double

contour.

4. Nuclear imaging evaluation: At least 1 bone scan

with 1 single-photon emission computerized

tomogram of the skull showed increased uptake

of the suspected condyle consistent with active

CH. Two nuclear imaging specialists evaluated

the scans separately.
DECISION MAKING REGARDING TREATMENT

After a diagnosis of active CH, patients were given 3

therapeutic options, from which they had to choose

the one that suited them best:

1. Waiting for the hyperplastic overgrowth to run

its course and delaying treatment until clinicians

were confident the affected condyle ceased

growing, at which time orthognathic surgery

was planned. Patients were educated that this

approach has some disadvantages, with the pri-

mary disadvantage being the unpredictable

time to wait and worsening of the asymmetry

with time, requiring considerably more ortho-

dontic and surgical corrective measures, and

compromising the chances of achieving optimal

and stable results.14,16

2. Undergoing proportional condylectomy to arrest

the hyperplastic condylar growth and prevent

further worsening of the asymmetry. Patients

were educated that some degree of correction
nloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAE
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of the asymmetry also could occur. The decision

to perform orthognathic surgery would be made

1 year after condylectomy; patients were re-

evaluated and a decision regarding further

corrective surgery was made, depending on the

degree of residual asymmetry and the patient’s

satisfaction from treatment. Patients were

informed of the surgical risks of condylectomy,

with the primary risk being injury to the tempo-

ral and zygomatic branches of the facial nerve

and injury to the ear canal.

3. Undergoing a simultaneous high condylar shave

and orthognathic surgery to achieve an arrest of

the hyperplastic growth and correction of the

dentofacial deformity in 1 operation.

The following inclusion criteria were used in the

present study:

1. A diagnosis of active CH type 1B based on the

criteria listed earlier in skeletally mature patients

(female patients, $16 yr of age; male patients,

$18 yr of age).

2. Patients undergoing proportional condylectomy

and not undergoing orthognathic, high condylar

shave, or other corrective surgery for at least

1 year after the proportional condylectomy.

3. The absence of active orthodontic treatment for

at least 6 months after the proportional condylec-

tomy.

4. Medical file documentation required a full set of

photographs and radiographs (panoramic, fron-

tal, and lateral) performed immediately before

condylectomy and approximately 12 months af-

ter condylectomy.

The following exclusion criteria were used in the

present study:

1. A diagnosis of CH type 2 (hemimandibular hyper-

plasia) or combination forms.

2. Presence of resorptive degenerative changes on

the contralateral condyle, raising suspicion of

condylar resorption or hypoplasia of the contra-

lateral condyle, rather than CH.

3. Undergoing additional orthognathic surgery

before 1 year had elapsed since condylectomy.
SURGICAL PROCEDURE

Under general anesthesia by nasoendotracheal intu-
bation, an endaural incision was made. Fine dissection

was performed until the lateral surface of the capsule

was clearly visible (Fig 1A). An incision was made on

the inferior part of the capsule reaching the condylar
L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
Copyright ©2020. Elsevier Inc. All rights reserved.



FIGURE 1. A, Lateral surface of capsule exposed. B, Condyle exposed. C, Condyle ostectomized. (Fig 1 continued on next page.)
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neck, and then a subperiosteal dissection was made in

a superior direction until reaching the condylar head

(Fig 1B), which was then freed from attachments cir-

cumferentially. The superior joint space was not

violated at any time during the operation, and the artic-

ular disc was palpated by the surgical instruments only

from beneath. The size of the condylar segment

removed was determined preoperatively by matching
the affected side with the healthy side on the pano-

ramic radiograph, aiming to achieve equal lengths of

both sides. The length of the ramus was measured

on the panoramic radiograph as the distance from

the condylion point (the most posterosuperior point
nloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAE
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on the condylar head) to the gonion point (the most

posteroinferior point at the mandibular angle). The os-

tectomywas performed using a Stryker sagittal electric

saw (Micro Core, Stryker, Kalamazoo, MI) and an os-

teotome (Fig 1C). The ostectomized edges were not

smoothed or reshaped. The main author (W.A.A.) per-

formed all operations. The ostectomized segment was

sent for histopathologic examination (Fig 1D).

POSTOPERATIVE CARE

Patients received antibiotics for 4 to 7 days after sur-

gery. They were instructed to performmandibular mo-

bilizations 3 times a day to a pain-free range of motion
L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
Copyright ©2020. Elsevier Inc. All rights reserved.
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and to increase the excursions as the pain decreased.

These exercises included opening, laterotrusion, and

protrusion for few seconds and they were supposed
to be pain free. Patients were educated that full range

of motion was expected to be attained gradually

within 1 to 2 months and that normal chewing func-

tion should be regained within 3 to 6 months. When

full range of motion was achieved, the physiotherapy

was ended. Guided physiotherapy was not prescribed

to any of the patients as a routine practice.35 None of

the patients received dental treatment that could influ-
ence the occlusion, such as active orthodontics, guid-

ing elastics, or selective grinding, for at least 6 months

after the operation, and the occlusion was allowed to

settle gradually. After this time, minor selective

grinding or, more commonly, orthodontic treatment

was warranted in most patients. Few patients

preferred to undergo selective grinding rather than or-

thodontic treatment to balance the occlusion, because
of the financial costs of orthodontics or because of

their reluctance to undergo bonding of orthodontic

brackets with all their implications. However, attain-

ment of perfect occlusion generally was not achieved

without orthodontics.

OUTCOME PARAMETERS

The 3-dimensional changes after surgerywere evalu-

ated using standardized cephalometric measurements

in the transverse, vertical, and horizontal planes.

Transverse Plane Evaluations

A corrected facial midline was drawn on the frontal

photograph by connecting the soft tissue glabella and

the center of the philtrum of the upper lip and extend-

ing the line to the chin (Fig 2A). A corrected skeletal

midline was drawn on the frontal radiograph by

connecting the midpoint of the cranial base plane
and the midpoint of the mastoid plane and extending

the line to the chin36 (Fig 2B). The corrected facial and

skeletal midlines were used to determine changes in

the transverse plane.
nloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAEL  -C
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Clinical chin deviation was measured on the frontal

photograph as the angle formed by 2 lines: the cor-

rected facial midline and a straight line connecting

the central chin point to the corrected facial

midline at the level of the glabella (Fig 2A).

Radiographic chin deviation was measured on the

frontal radiograph as the angle formed by 2 lines:

the corrected skeletal midline and a straight line

connecting the center of the chin to the corrected

skeletal midline at the level of the cranial base plane

(Fig 2B).

Clinical gonial lateral prominence was measured on

the frontal photograph as the difference in the dis-

tance between the soft tissue gonion (the most

lateral and inferior point of the soft tissue overlying

the mandibular angle) to the corrected facial

midline on both sides. This was expressed as the ra-

tio of the distance of the affected side to the healthy

side in percentage. A value of 100% indicated equal

distances, and a higher value indicated a longer dis-

tance on the affected side compared with the

healthy side (Fig 2A).

Radiographic lateral gonial prominence was

measured on the frontal radiograph as the difference

in the distance between the gonion (the most lateral

and inferior point of the angle of themandible) to the

corrected skeletalmidline on both sides. Thiswas ex-

pressed as the ratio of the distance of the affected

side to the healthy side in percentage. A value of

100% indicated equal distances, and a higher value

indicated a longer distance on the affected side

compared with the healthy side (Fig 2B).
Vertical Plane Evaluations

Radiographic length of the mandibular ramus was

measured on the panoramic radiograph as the dif-

ference in the distance between the condylion to

the gonion on each side. This was expressed as

the ratio of the height of the affected side to the

healthy side in percentage. A value of 100% indi-

cated even lengths, and a higher value indicated a

longer distance on the affected side compared

with the healthy side.

Lip commissure tilt was measured on the frontal

photograph as the difference in distance between

the interpupillary line and each commissure. This

was expressed as the ratio of the height of the

affected to the unaffected side in percentage. A value

of 100% indicated parallel lip and interpupillary

planes, and a higher value indicated a longer distance

on the affected side compared with the healthy side.

Discrepancy of mandibular lower border was

measured on the lateral radiograph as the
haim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
yright ©2020. Elsevier Inc. All rights reserved.



FIGURE 2. A, Transverse plane evaluations on the frontal photograph. The black line represents the corrected facial midline. The red line con-
nects the central chin point to the corrected facial midline at the level of the glabella and forms the angle of the clinical chin deviation. The 2 blue
lines connect the mandibular soft tissue gonion on each side to the corrected facial midline. The lateral gonial prominence is their ratio and is
expressed in percentage as the distance of the affected side relative to the unaffected side. B, Transverse plane evaluations on the frontal radio-
graph. The upper dotted line represents the cranial base plane, which is drawn by connecting the left and right intersections of the smaller wing
of the sphenoid to the medial orbital ridge. The lower dotted line represents the mastoid plane, which is drawn by connecting the most inferior
points of the mastoid bones on both sides. The black line represents the corrected skeletal midline and is drawn by connecting the midpoint of the
cranial base plane and the midpoint of the mastoid plane and extending the line to the chin. The red line connects the central chin point to the
corrected skeletal midline at the level of the cranial base plane and forms the angle of the radiographic chin deviation. The 2 blue lines connect
the mandibular bony gonion on each side to the corrected skeletal midline. Their ratio is expressed in percentage as the distance of the affected
side relative to the unaffected side.

Abboud et al. Orofacial Changes After Condylectomy. J Oral Maxillofac Surg 2019.
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discrepancy between the right and left mandibular

lower borders measured in millimeters.

Horizontal Plane Evaluations

Angle of facial convexity was measured on the lateral

photograph as the angle formedby the intersectionof

2 straight lines: a line between the soft tissue nasion

(deepest point between the forehead and nose, usu-

ally superficial to the frontonasal suture) and the sub-

nasale (point where the columella of the nose merge

with upper lip) and a line between the subnasale and

the soft tissue pogonion (most prominent soft tissue

point of chin). A smaller angle indicated a greater ten-

dency toward a Class II convex profile.

The angle formed by the sella, nasion, and pogon-

ion (S-N-Pog) was measured on the lateral radio-

graph as the angle formed by 2 straight

intersecting lines: a line between the sella (center

of the sella turcica) and nasion (most anterior point

of the frontonasal suture) and a line between the
ded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAEL  -C
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nasion and pogonion (most anterior point of the

chin). A smaller angle indicated a greater tendency

toward a Class II convex profile.
EVALUATION OF OCCLUSION

The magnitude of open bite was measured and

documented in the medical records at each clinical

evaluation as routine practice. The open bite was

measured at the area of non-contacting opposing teeth

with the greatest vertical distance. These evaluations

were performed by 1 of 2 authors (W.A.A. or D.B.).
EVALUATION OF TEMPOROMANDIBULAR JOINT
FUNCTION

The function of the temporomandibular joints was

assessed and documented in the medical records at
each clinical evaluation as routine practice. Three pa-

rameters were checked: 1)maximal interincisal open-

ing measured in millimeters, 2) joint sounds

(subjective report or objective finding), and 3)
haim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
yright ©2020. Elsevier Inc. All rights reserved.



ABBOUD ET AL 809

Dow
subjective complaint of pain or dysfunction in the

masticatory system at rest or during function. These

evaluations were performed by 1 of 2 authors

(W.A.A. or D.B.).

TRACINGS AND MEASUREMENTS

Two authors (W.A.A. and M.K.) drew the tracings

and performed the angular and linear measurements
separately on photographs and radiographs. They per-

formed the same cephalometric analyses together on a

regular basis as part of the routine work of the depart-

ment. For this study, the evaluations were made sepa-

rately, and for measurements with different values

between the 2 evaluations, an average was made.

TIME POINT EVALUATIONS

All patients included in the study had a full set of

photographs and radiographs taken immediately

before and 12 months after condylectomy. Most pa-

tients (n = 10) also had records taken approximately

6 months after condylectomy and 4 patients had re-

cords taken at 28, 30, 36, and 50 months postopera-

tively (mean, 36 months).

The study was approved by the ethical institutional
review board.

STATISTICAL ANALYSIS

Means and standard deviations of all variables were

calculated using descriptive tables. Differences in the

different time points (preoperative and 6 and

12 months postoperative) were calculated using
repeated-measures analysis of variance. Post hoc Bon-

ferroni correction was used for pairwise comparisons.

A P value less than or equal to .05 was defined as sta-

tistically significant. Analyses were performed by

SPSS 25 (IBM SPSS, Armonk, NY).

Results

Fourteen patients (8 women, 6 men) met the inclu-

sion criteria and were included in the study. The
women’s mean age was 18.9 years (range, 17 to

25 yr) and the men’s mean age was 21.3 years (range,
Table 1. CHANGES IN TRANSVERSE PLANE

Preoperative

Clinical chin deviation (�) 4.2 � 1.1

Radiographic chin deviation (�) 4.4 � 1.6

Clinical gonial prominence (%)* 95.7 � 8

Radiographic gonial

prominence (%)*

96.7 � 6.8

* Expressed as the percentage of the distance of the affected side

Abboud et al. Orofacial Changes After Condylectomy. J Oral Maxillofac
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18 to 27 yr). All patients had a full set of photographs

and radiographs taken approximately 1 month before

surgery (range, 0.2 to 3 months) and roughly

12 months after surgery (range, 11 to 14.1 months).

In addition, 10 patients had photographs and radio-

graphs taken approximately 6 months after condylec-

tomy (range, 5.5 to 7 months) and 4 patients had the

set taken at a mean of 36 months after condylectomy
(28, 30, 36, and 50 months).

CHANGES IN TRANSVERSE PLANE

Chin Deviation

The clinical and radiographic chin deviations

decreased from mean baseline values of 4.2� and

4.4� to 1.4� and 1.6� at the 6-month evaluation, respec-

tively (P < .001 and P = .001, respectively). Chin

deviation decreased further to 0.9� and 1.5� at the
12-month evaluation for the clinical and radiographic

parameters, respectively (P = .360 and P = 1, respec-

tively; Table 1, Fig 3). No further change was seen in

the 4 patients available for the 36-month evaluation.

Lateral Gonial Prominence

The clinical and radiographic gonial prominences

increased from baseline values of 95.7 and 96.7% to
106.8 and 104.8% at the 6-month evaluation, respec-

tively (P = .004 and P = .021). At the 12-month evalu-

ation, the values decreased to 99.6 and 102.1%,

respectively (P = .023 and P = .788, respectively;

Table 1). The decrease was relevant only for the clin-

ical value. The clinical and radiographic gonial promi-

nences of the 4 patients available at 36 months were

similar to the 12-month values.
To gain a deeper understanding of the change of the

gonial prominence, patients were categorized accord-

ing to their preoperative values as having a smaller go-

nial prominence (more flat) on the affected side

compared with the healthy side (n = 7) or a larger

gonial prominence (more bulky) on the affected side

(n = 5). Two patients had equal gonial prominences

on both sides. The objective was to determine which
patient group showed greater improvement after sur-

gery, that is, values closer to 100% after condylectomy.
6 mo (P Value) 12 mo (P Value)

1.4 � 1.1 (<.001) 0.9 � 0.6 (.360)

1.6 � 1.3 (.001) 1.5 � 1.2 (1)

106.8 � 12.2 (.004) 99.6 � 8.4 (.023)

104.8 � 7.6 (.021) 102.1 � 5.5 (.788)

to the healthy side.

Surg 2019.

L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
Copyright ©2020. Elsevier Inc. All rights reserved.



FIGURE 3. Frontal photographs of a 17-year-old patient with right condylar hyperplasia A, before and B, 12 months after right proportional
condylectomy. (Fig 3 continued on next page.)
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The gonial prominences of the 7 patients with a preop-

erative small gonial prominence increased from mean
values of 90.7 and 92.7% to mean values of 96.5 and

100% at the 12-month evaluation for the clinical and

radiographic gonial prominences, respectively

(P = .006; Fig 4). The gonial prominences of the 5 pa-

tients with a large preoperative gonial prominence

also increased after surgery, from mean values of

103.6 and 102.6% to 107.6 and 107% for the clinical

and radiographic measurements, respectively
(P = .004). However, this increase was unfavorable,

because the postoperative outcome deviated

further from the 100% value of left and right symmetry

(Figs 3, 4).

CHANGES IN VERTICAL PLANE

Condyle and Ramus Height

At baseline, the length of the mandibular condyle
and ramus unit on the affected side was 109.9% longer

than on the healthy side (Table 2). Postoperatively,

mean length decreased to 97.4% (P = .002) at the

6-month evaluation and further to 92.9% at the
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For personal use only. No other uses without permission. 
12-month evaluation (P = .031). The values of the

36-month evaluation were almost equal to those of
the 12-month evaluation.

Lip Commissure Tilt

Lip commissure tilt improved after condylectomy,

from a mean difference of 104.5 to 101.7% at the

6-month evaluation (P = .002; Table 2, Fig 3). The

result was stable at the 12-month evaluation

(101.1%; P = .52) and at the 36-month evaluation.

Height of Mandibular Lower Border

The discrepancy of the height between the right and

left mandibular lower borders worsened after condy-

lectomy, from a mean difference of 2 mm preopera-

tively to values ranging from 3.9 to 4.3 mm

postoperatively (P = .006 and .001; Table 2, Fig 5).

CHANGES IN HORIZONTAL PLANE

The angles of facial convexity and S-N-Pog decreased

after surgery, corresponding to a slight (2� to 3�) pos-
terior displacement of the chin (Table 3, Fig 5).
L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
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FIGURE 3 (cont’d). Frontal photographs of a 21-year-old patient with right condylar hyperplasia C, before and D, 14 months after right pro-
portional condylectomy. Chin deviation showed improvement in these 2 patients, whereas the lateral gonial prominence showed improvement
in the patient shown in A and B and worsening in the patient shown in C and D.
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Considering S-N-Pog values in the range of 78� to 82�

and angle of facial convexity values in the range of

164� to 169� as corresponding to a Class I skeletal

and facial profile, patients were categorized according
to their preoperative and 12-month postoperative

measurements into Class I, II, and III profiles. Preoper-

atively, 9 of 14 patients were categorized into Class I,

whereas only 5 remained in a Class I relation (Table 4).
OCCLUSAL CHANGES

All patients developed a malocclusion immediately

after surgery. In 12 patients it manifested as premature

dental contacts on the operated side and open bite on

the anterior and contralateral sides, and in 2 patients

there was only a subjective report of more pro-
nounced dental contacts on the operated side. The

open bite was measured at the area of non-

contacting opposing teeth with the greatest vertical

distance, which was on the unoperated (contralateral)
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side. None of the patients received any form of guiding

elastics or active orthodontic treatment or selective

grinding in the first 6 postoperative months (Fig 6),

and a combination of spontaneous intrusive and extru-
sive compensations facilitated the gradual decrease of

the open bite (Table 5).
TEMPOROMANDIBULAR JOINT FUNCTION

All patients developed a temporary limitation of

mouth opening. However, 3 months after surgery, all

patients were in the range of their preoperative values.

Clicking of the temporomandibular joint(s) was

noted in 8 patients preoperatively. Postoperatively, re-

ports of clicking sounds appeared in the medical re-
cords of 9 patients.

Preoperatively, 6 patients complained of pain or

dysfunction of the masticatory system, manifesting as

intermittent locking or transient pain episodes.
L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
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FIGURE 4. The blue line represents the 7 patients with a preoperative flat gonial prominence on the affected side, and the orange line repre-
sents the 5 patients with a preoperative bulky gonial prominence on the affected side. Although these 2 lines showed a similar increasing
pattern, the blue line came closer to the 100% value, whereas the orange line deviated further from this value.
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Postoperatively, only 1 patient continued to have such

complaints.

None of the patients had permanent damage to

branches of the facial nerve. One patient complained

of an unesthetic scar. The average hospital stay after
surgery was shorter than 24 hours.
Discussion

The present study evaluated the 3-dimensional
changes occurring after proportional condylectomy

in skeletally mature patients with CH type 1B (unilat-

eral hemimandibular elongation). The findings of the

present study showed that some facial features

improved (transverse chin position and vertical lip

cant), some features worsened (ramus and condyle

height and mandibular lower border discrepancy),

and some features worsened or improved (lateral go-
nial prominence and horizontal chin position), de-

pending on the patient’s baseline values.

Chin deviation is probably the most important

feature for the perception of asymmetric facies.25-28

The preoperative mean chin deviation of the study

population was approximately 4�, and their mean
Table 2. CHANGES IN VERTICAL PLANE

Preoperative

Ramus + condyle height (%)* 109.9 � 7.9

Lip commissure cant (%)* 104.5 � 1.7

Mandibular lower border

discrepancy (mm)

2 � 1.1

* Expressed as the percentage of the height of the affected side to

Abboud et al. Orofacial Changes After Condylectomy. J Oral Maxillofac
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postoperative value decreased to roughly 1�. Other
studies in the literature reported similar outcomes,

with chin centralization after proportional

condylectomy in the range of 3�.14 This improvement

could be sufficient for patients with mild or even mod-
erate degrees of chin deviation; however, those with

severe asymmetry will probably require more than a

3� correction. This is important and should be inte-

grated in the treatment plan by the surgeon who

should be able to predict before surgery whether

satisfactory chin centralization could be achieved after

proportional condylectomy only.

The issue of the lateral prominence or bulge of the
gonial area should be given special attention. It is

well known that the mandible is propelled to the oper-

ated side after condylectomy. This mandibular swing

manifests with a lateral displacement and flare of the

ramus on the affected (operated) side and medial

and inward displacement of the ramus on the unaf-

fected side, similar to what happens in displaced sub-

condylar fractures, with the resultant increase of the
lateral gonial prominence of the operated side.

Patients with a flat or small preoperative gonial prom-

inence on the affected side benefited from this effect,
6 mo (P Value) 12 mo (P Value)

97.4 � 6.2 (.002) 92.9 � 5.7 (.031)

101.7 � 2.5 (.002) 101.1 � 2.6 (.52)

3.9 � 1.2 (.006) 4.3 � 1.1 (.001)

the healthy side.

Surg 2019.
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FIGURE 5. Lateral radiographs of a 23-year-old patient A, before and B, 23 months after proportional condylectomy. A double contour of the
lower border of the mandible is evident in the postoperative radiograph, corresponding to the vertical asymmetry developing after proportional
condylectomy. In addition, the slight mandibular setback is evident when comparing the postoperative with the preoperative radiograph.
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gaining more symmetric prominences of the right and

left gonial areas, whereas patients with an already large

or bulgy preoperative gonial prominence on the

affected side showed worsening after surgery,
becoming more asymmetric in this area. Few re-

searchers have discussed this change. Jones and Tier1

and Villanueva et al3 argued that some patients could

benefit from graft augmentation of the gonial area on

the unaffected side to equalize the prominences of

both sides after condylectomy. Kim et al20 reported

performing ostectomy of the mandibular angle on
Table 3. CHANGES IN HORIZONTAL PLANE

Preoperative

12 mo

Postoperatively

(P Value)

Angle of facial

convexity (�)
164.3 � 6.7 161.2 � 6.6 (.027)

S-N-Pog (�) 82.4 � 2.9 80.5 � 3.8 (.005)

Abbreviation: S-N-Pog, angle formed by sella, nasion, and
pogonion.

Abboud et al. Orofacial Changes After Condylectomy. J Oral Max-

illofac Surg 2019.
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the affected side to gain symmetry of the gonial area

between the 2 sides.

The bony and soft tissue gonial prominences

behaved slightly differently with time. Initially, the 2
parameters increased after surgery; however, this

was followed by a slight decrease in the soft tissue

component, whereas the bony component did not

change substantially with time. This soft tissue

decrease could be attributed to the fact that propor-

tional condylectomy results in shortening of the ramus

and condyle height, and, as a result, excess masseter
Table 4. CHANGES IN HORIZONTAL PLANE
ACCORDING TO PROFILE TYPE

Preoperatively

12 mo

Postoperatively

Patients with

Class I profile, n

9 5

Patients with

Class II profile, n

3 7

Patients with

Class III profile, n

2 2

Abboud et al. Orofacial Changes After Condylectomy. J Oral Max-

illofac Surg 2019.
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FIGURE6. A,Clinical photographs depicting the preoperative occlusion of a patient with left condylar hyperplasia. The lower dental midline is
deviated 2 mm to the right and there is a slight crossbite on the right side. B, Occlusion 1 day after left proportional condylectomy. Premature
contacts developed on the left side and an open bite developed on the anterior and right sides. C, Six months after the operation, the occlusion
spontaneously and gradually improved to have balanced bilateral contacts, but with residual anterior open bite and right crossbite. D,Ortho-
dontic treatment achieved full-arch stable occlusion within a few months.
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muscle and associated soft tissues become proportion-

ally elongated after surgery and bulge laterally on this

side. However, this contribution was seen to be tem-

porary. The masseter muscle and associated soft tis-

sues probably remodel to adapt themselves to the

newly created height, and with time, this lateral bulge
Table 5. CHANGE IN OCCLUSION

Preoperatively

Immediately

Postoperativel

Open bite/range (mm) 0.5 � 0.7/0-2 4.2 � 1.9/0-7

P <.001

Abboud et al. Orofacial Changes After Condylectomy. J Oral Maxillofac
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out is minimized and the gonial contour is slightly

decreased. Very few investigators have addressed

this issue in the literature. Jones and Tier1 recommen-

ded performing a facelift on the affected (operated)

side or a soft tissue augmentation on the contralateral

side to overcome this problem.
y 3 mo 6 mo 12 mo

2.2 � 1.2/0-4 1.5 � 1/0-3 0.7 � 0.9/0-2

<.001 .017 .016

Surg 2019.
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The issue of posterior displacement of the mandible

after condylectomy, although usually not of great

concern to this patient population, cannot be over-

looked by the surgeon. This study reported a slight

setback of the bony and soft tissue chin points of

approximately 3� after proportional condylectomy.

Fari~na et al14 reported similar results. Although pa-

tients with a concave or straight profile might benefit
from this side effect, patients with a preoperative

convex profile will definitely end up with a retro-

gnathic mandible, which could be an unesthetic

sequela of this operation. This issue should be inte-

grated in the decision making by the surgeon during

workup and the patient should be informed of this

inevitable side effect.

The vertical height of the ramus and condyle unit
was relatively symmetrical in this patient population

before surgery, and the lower border of the mandible

was generally even on both sides. After condylectomy,

an asymmetry was produced, and unevenness of the

lower border of the mandible developed. Most pa-

tients did not notice or complain about this issue,

even after informing them of it; however, 2 patients

found this to be very unpleasing. In contrast, the verti-
cal height of the maxilla did not change after surgery.

Preoperatively, patients did not have or had a slight

maxillary cant (�1 mm) on the affected side, and

this feature did not change after surgery and

throughout the follow-up period. The first reason

behind the stable maxillary occlusal plane is the fact

that the gradual balancing of occlusion happened pri-

marily by grinding of the premature contacts on the
affected side and only secondarily by the intrusion of

teeth. The second reason for the apparently un-

changed position of the maxilla is that the anterior

teeth, which are the main contributors to the impres-

sion of the cant, were not involved in grinding or intru-

sion. The third reason is that the effects of the intrusive

and grinding forces were divided by the maxillary and

mandibular dento-alveoli, further minimizing any
noticeable change in the maxillary vertical position.

That said, minimal maxillary cant of the posterior areas

probably did develop; however, this could not be

noticed from the frontal photographs and lateral and

frontal radiographs.

After condylectomy, there was an immediate devel-

opment of premature contacts on the operated side

and an open bite on the anterior and contralateral sides
inmost patients. Thismalocclusion underwent sponta-

neous self-correction in a slow and gradual manner,

and patients exhibited a much better occlusion a few

months after surgery. As mentioned earlier, this prob-

ably happened by a combination of grinding and intru-

sion of teeth on the operated side (which initially

received all the masticatory loads) and simultaneous

eruption of the teeth on the contralateral side (which
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were initially in an open bite position). As noted earlier,

none of the patients received any form of dental

treatment that could influence the occlusion for at

least 6 months after surgery, so the patients actually

‘‘bit themselves’’ into occlusion. After condylectomy,

themandible swings to the operated side and the oper-

ated condyle ‘‘collapses’’ upward until it reaches the

highest point allowed by ipsilateral dental contacts.23

Because using elastics on the contralateral side will

probably achieve the balancing of the occlusion pri-

marily by the extrusion of teeth on the unaffected

side and not by intrusion of the affected side, elastics

were not used before at least 6 months elapsed after

surgery. Choi et al31 advocated using temporary anchor

devices on the affected side in combination with

guiding elastics on the contralateral side to achieve a
combination of intrusive and extrusive forces on the

operated and unoperated sides, respectively.

Kim et al20 advocated waiting for spontaneous adapta-

tion of occlusion after condylectomy and initiated

orthodontics 1 year after surgery. El Mozen et al29 re-

ported achieving maximum occlusion after condylec-

tomy by the increase of the height of the maxillary

dento-alveolus on the unaffected side and impaction
of the maxillary dento-alveolus on the affected side.

They concluded that this occurs spontaneously; how-

ever, orthodontic treatment enhances and accelerates

this dentoalveolar remodeling and facilitates

maximum occlusion more effectively and meticu-

lously. Mouallem et al33 concluded that the orthopedic

action of chewing muscles acts on the operated side

because they are shortened and thus intrusion of
molars occurs, facilitating occlusal adjustment.

The main strengths of the present study are the

strict inclusion of skeletally mature patients with CH

type 1B (unilateral hemimandibular elongation), stan-

dardized cephalometric measurements, and unifor-

mity of the surgical procedure and postoperative

treatment and follow-up. The main weakness is the

lack of a long-term follow-up evaluation for the entire
study group, obviating statistical analysis for the last

time point. However, the parameters of the 4 available

patients showed no marked change 1 year after the

operation. Another weakness could be the lack of a

control group of patients receiving orthodontic treat-

ment immediately after surgery.

To date, surgical removal of the upper part of the

condylar head (high condylar shave or proportional
condylectomy) is the only treatment proved to arrest

the hyperplastic condylar growth in patients with

active CH. Proportional condylectomy also can

achieve some correction of the asymmetry, especially

in the transverse chin position and lip cant, but with

simultaneous worsening of other facial traits, namely

the ramus and condyle height and mandibular lower

border discrepancy. Bulging of the gonial prominence
L  -Chaim Sheba Medical Center from ClinicalKey.com by Elsevier on March 30, 2020.
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of the affected side is an inevitable side effect of pro-

portional condylectomy that could have a favorable ef-

fect in patients with a baseline flat gonial area;

otherwise, the gonial bulge will become more promi-

nent, accentuating and worsening the asymmetry.

Setback of the mandible could be considered trivial

or even favorable in patients with a preoperative

concave profile but very unfavorable for patients
with a baseline convex profile.

Generally speaking, the 14 patients were pleased

with the result and reported on improvement relative

to the preoperative appearance. That said, 6 patients

expressed interest in undergoing further corrective

surgery to improve the result. At the writing of this

article, 1 patient underwent secondary orthognathic

surgery. However, one must bear in mind that the sur-
geon’s or patient’s opinion of the results as being satis-

factory or unsatisfactory or the patient’s willingness to

undergo further corrective surgery after condylec-

tomy does not necessarily correlate with the objective

attainment of facial symmetry.

In conclusion, the findings of the present study

showed that perfect symmetry cannot be achieved

by proportional condylectomy as a sole treatment for
CH type 1B. Patients with mild degrees of asymmetry,

a concave profile or a tendency toward a concave pro-

file, a relatively flat gonial prominence on the affected

side, and who do not have high esthetic demands

could be considered for proportional condylectomy

as a sole treatment, with the objective of achieving a

fair esthetic result and arrest of the hyperplastic

condylar growth. However, most patients do not fit
in this category and thus should be treated in the stan-

dard way of combined condylectomy and orthog-

nathic surgery. Surgeons should be able to anticipate

the 3-dimensional facial change occurring after pro-

portional condylectomy and inform the patient of

the expected outcome, with its positive and negative

consequences on different facial features. This is

important, especially when the treatment plan in-
volves a 2-stage approach of condylectomy followed

by orthognathic surgery.
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