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Purpose: The purpose of this study was to describe a consecutive series of subjects with HME who
underwent orthognathic correction after 26 years of age. The investigators hypothesized that for this
group of HME subjects, bimaxillary orthognathic correction would result in a favorable initial and long-
term occlusion.
Materials and methods: A retrospective cohort study was implemented. The sample included a consec-
utive series of HME subjects >26 years of age undergoing bimaxillary osteotomies. The outcome variables
were the achievement and maintenance of a corrected occlusion after surgery. We compared the oc-
clusion at intervals before surgery (T1), 5 weeks postoperatively (T2), >2 years after surgery (T3).
Descriptive and bivariate statistics were calculated. P < 0.05 was considered significant.
Results: 13 subjects met inclusion criteria with a mean age of 36 years. All subjects underwent maxillary
advancement. All subjects underwent mandibular surgery with 92% receiving advancement. Sixty-nine
percent of subjects had a maxillary occlusal cant. In 12 of 13 subjects, a favorable occlusion was main-
tained long-term (T3) after surgery.
Conclusion: We confirmed that bimaxillary orthognathic surgery in HME subjects >26 years of age re-
sults in a favorable initial occlusion which is maintained long-term. These findings are similar to that
previously reported in HME subjects <26 years of age.
© 2018 Published by Elsevier Ltd on behalf of European Association for Cranio-Maxillo-Facial Surgery.
1. Introduction

Blair was the first to report a surgical correction for unilateral
condylar hyperactivity of the mandible. The surgery was performed
on a 22-year-old medical student who desired correction of an
asymmetric Angle class III negative overjet malocclusion and facial
asymmetry. The bilateral body osteotomies with an asymmetric
mandibular setback were carried out in 1897 (Blair, 1906). Condylar
hyperactivity occurring during growth, resulting in an asymmetric
Angle class III malocclusion was later reported by Rushton and
Broadway (Rushton, 1944; Broadway, 1958). Over 100 years after
the first surgical intervention, the correction of asymmetric
mandibular excess remains a controversial topic in almost all
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f of European Association for Cran
aspects including the etiology, ideal classification system, age of
condylar hyperactivity cessation and preferred treatment.

Obwegeser postulates that asymmetric mandibular excess is
caused by unique growth regulators acting from within the
condyle, presenting in two distinct clinical presentations
(Obwegeser and Makek, 1986; Obwegeser, 1993, 2001; Obwegeser
and Obwegeser, 2010). The first clinical pattern is a more rare
form and results in what he calls Hemi-Mandibular Hyperplasia
(HMH). This is characterized by an increase in volume of all parts of
the affected hemi-mandible with involvement ending at the
midline of the symphysis. In HMH there is no lateral shift of the
mandibular dental midline to the opposite side of the face. The
second, and more common form of this jaw deformity is called
Hemi-Mandibular Elongation (HME). HME is characterized by an
“elongation” of the affected side of the hemi-mandible with a
lateral shift of both the mandibular dental midline and chin to the
opposite side of the face. The two types of asymmetric mandibular
io-Maxillo-Facial Surgery.
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overgrowth (HME and HMH) typically present during the pre-
pubertal growth spurt and is not a result of condylar tumors.

Wolford offers a treatment algorithm for the Hemi-Mandibular
Elongation based on a belief that the condylar hyperactivity will
continue through the mid-twenties. He states that if orthognathic
surgery is carried out prior to 26 year of age, a simultaneous con-
dylectomy is needed to avoid a recurrent class III malocclusion
(Wolford et al., 2009, 2014). Posnick and colleagues studied surgical
outcomes in skeletally mature Hemi-Mandibular Elongation sub-
jects less than 26 years of age and demonstrated that a favorable
occlusion could be reliably achieved and maintained long-term
using standard bimaxillary orthognathic techniques. There was
no need for an ablative open joint procedure to arrest condylar
growth (Posnick et al., 2017).

When treating HME in subjects greater than 26 years of age,
“older” adults, questions remain concerning details of their pre-
senting skeletal dysmorphology, extent of presentingmalocclusion,
the natural progression of their condylar hyperactivity, and
orthognathic surgical outcomes. Review of the literature reveals
limited critical analysis of this pattern of developmental jaw
deformity in “older” subjects (Higginson et al., 2018; Ghawsi et al.,
2016). To our knowledge, no studies have yet documented the long-
term occlusion outcomes in “older” HME subjects after orthog-
nathic surgery.

The purpose of this study was to document a consecutive series
of subjects with HMEwho underwent orthognathic correction after
26 years of age. We hypothesized that for this subset of patients,
bimaxillary orthognathic correction would result in a favorable
initial and long-term occlusion.We also theorize that the long-term
occlusion in “older” adults (>26 years) should be similar to those
documented in “younger” adults (<26 years). The specific aims
were to 1) review each “older” HME subject's occlusion and ra-
diographs prior to surgery, assessing for patterns of malocclusion
and mandibular dysmorphology, 2) document the maxillary and
mandibular surgical change planned for each subject undergoing
bimaxillary orthognathic surgery, 3) assess each subject's occlusion
at intervals including prior to surgery (T1), 5 weeks post-op (T2),
then >2 years after surgery (T3), and 4) compare the long-term
occlusion results in our “older” subjects to that previously re-
ported in “younger” HME subjects after bimaxillary orthognathic
surgery (Posnick et al., 2017).

2. Materials and methods

2.1. Study design and sample

To address the research objective a retrospective cohort study
was designed and implemented. The sample was derived from
patients treated by a single surgeon (JCP) in a private practice
setting (Posnick Center) with surgery carried out at a single hospital
(MedStar Georgetown University Hospital, Washington, DC) be-
tween January 1999 and June 2013. Subjects were included when
meeting the criteria for the diagnosis of HME (see below diagnostic
criteria for HME) and having undergone bimaxillary osteotomies to
correct their dentofacial deformity. Subjects were excluded if their
jaw asymmetry was not secondary to HME (e.g. trauma sequelae,
syndromic, clefting, or present since birth for any reason) or if there
was radiographic evidence of condylar changes consistent with a
benign or malignant tumor. No study subjects underwent or had
previously undergone a TMJ or orthognathic surgical procedure.
The diagnosis of Hemi-Mandibular Elongation required:

(1) Radiographic confirmation of deviation of the mandibular
dental midline to the contralateral side (with reference to the
maxillary dental midline) and presence of increased height
of the condyle-condylar neck complex on the ipsilateral side
(compared to the contralateral side).

(2) Clinical findings of a lateral shift of the chin to the contra-
lateral side of the face (with reference to the upper facial
midline).

(3) Malocclusion findings in centric relation (CR) of mandibular
dental midline deviation to the contralateral side (with
reference to the maxillary dental midline), Class III (canine)
pattern on the ipsilateral side, a lesser degree of Class III
(canine) pattern on the contralateral side, molar crossbite (or
tendency) on the contralateral side, and a variable degree of
incisor negative overjet and abnormal overbite. The degree
of secondary ipsilateral posterior maxillary vertical hyper-
plasia was expected to vary, often resulting in either canting
(maxilla down on the ipsilateral side) or ipsilateral posterior
open bite.

All HME study subjects underwent perioperative orthodontics
and orthognathic reconstruction that at a minimum included
maxillary Le Fort I osteotomy and bilateral sagittal ramus osteoto-
mies of the mandible. Design of the Le Fort I and sagittal ramus
osteotomies and methods of fixation were consistent for all study
subjects and previously described (Posnick, 2014; Posnick et al.,
2017). Other indicated simultaneous maxillofacial procedures
were carried out according to clinical need. The Georgetown
Institutional Review Board approved the study protocol (IRB #
2014-1208).

The subgroup of HME subjects under 26 years of age (N¼ 76/89,
85% of subjects) was studied separately and the results have pre-
viously been reported (Posnick et al., 2017). The current study in-
cludes the subgroup of HME subjects older than 26 years of age at
the time of operation (N ¼ 13/89, 15% of subjects).

2.2. Predictor variables

The predictor variable categories included demographic,
anatomic, and operative. The demographic variables included age of
the subject at the time of operation and sex. The anatomic variables
included the side ofmandibular condylar hyperactivity (left or right),
mandibular dysmorphology, and occlusion findings. Review of the
pre-surgical panoramic radiograph for each subject was carried out
to assess for patterns of variation in HME mandibular dysmorphol-
ogy. This included analysis of condyle-condylar neck height,
condyle-condylar neck shape, gonial angle, ramus height, and
mandibular canal position. The ipsilateral side of the mandible was
compared to the contralateral side for each variable. The methods
used to measure and categorize each mandibular morphologic var-
iable have previously been described (Posnick et al., 2017).

Each subject's occlusion prior to orthognathic surgery was
analyzed to document 6 key parameters including incisor overjet,
incisor overbite, canine Angle classification, coincidence of maxil-
lary to mandibular dental midlines and left and right transverse
and vertical first molar occlusion. The pre-operative occlusion data
(T1) were gathered by review of facebow mounted dental models
on a semi-adjustable articulator into centric relation.

The operative variable studied was planned surgical skeletal
change. The plannedmaxillary andmandibular surgical changewas
dictated by the presenting jaw deformity and malocclusion. Each
patient underwent “maxillary first” analytic model planning 2e6
weeks prior to surgery (Park and Posnick, 2013). The vector data
points planned for change in the maxilla reported in this study
include the horizontal and vertical incisor position, pitch and roll
orientation, and the dental midline position (with reference to the
upper face midline). For the purpose of this study, the only
mandibular vector data point reported was the horizontal change
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at the incisors. The data were recorded, maintained, and retrieved
for this study from each patient's medical record and articulated
dental models.

2.3. Outcome variables

The primary outcome variables studied were the initial post-
operative occlusion achieved (T2) and the occlusion maintained
long-term (T3). The occlusion initially achieved (T2) was considered
successful when it was within ±0.5 mm variance compared to that
planned on the articulated surgical models in CR for each of the 6
parameters evaluated. The long-term occlusion in centric relation
(T3) was judged to accepted standards for each of the 6 parameters.
The postoperative occlusion (T3) documented in each subject long-
term included: incisor overjet (excess [>3 mm], normal [1e3 mm],
edge-to-edge, or negative); incisor overbite (deep [>2 mm], normal
[1e2 mm], edge-to-edge, or open); coincidence of maxillary to
mandibular dental midlines (±0.5 mm); canine Angle classification
(Class I, II, III); first molar lateral occlusion on the left and right sides
(normal cuspal relationship, edge-to-edge, or crossbite); and first
molar vertical occlusion on the left and right sides (closed [occlusal
surfaces touching] or open).

2.4. Collection, management, and analysis of data

The data were abstracted and recorded on a standardized data
collection form by 2 of the researchers/observers (JP and AC) from
the hospital and outpatient medical records. This included a review
of specific radiographs prior to and after treatment. Each patient
had a lateral cephalometric and panoramic radiograph takenwithin
2 months before and approximately 5 weeks after surgery. The
preoperative radiographs were used for planning purposes as well
as to assess dental anatomy and mandibular dysmorphology. The
postoperative radiographs were reviewed for confirmation of
osteotomy design, fixation hardware placement, jaw and condylar
position, dental injury, absence of foreign bodies, and overall
morphology. Each subject had standardized facial and intraoral
photographs in CR within 2 months before surgery (T1), 5 weeks
after surgery (T2), and >2 year follow-up occlusion records (T3).

The data were entered into a database created using Microsoft
Excel (Microsoft Inc., Redmond, WA). Descriptive statistics and
bivariate analysis was performed. P < 0.05 was considered
significant.

During the time frame of the study, no Hemi-Mandibular
Elongation patients operated on by the primary investigator (JCP)
and that underwent bimaxillary surgery were excluded or lost to
follow-up and no data points were missing for any of the study
parameters for any of the subjects.

3. Results

Thirteen subjectsmet the inclusion criteria andwere included in
the study. The mean age at operation was 36 years (range 27e52
Table 1A
Hemi-Mandibular Elongation: Comparison of demographic and follow-up data by age at

Demographics Subjects under 26 yea

Subjects (n) 76
Age at operation (mean ± SD) 18.3 ± 2.5 years
Sex
Male (%, N) 42% (32)
Female (%, N) 58% (44)

Side of condylar hyperactivity
Right (%, N) 55% (42)
Left (%, N) 45% (34)

Occlusion follow-up after surgery (mean ± SD) 61 ± 42 months
years) and the study included 8 females (62%) (Tables 1A and 1B).
All subjects had a minimum follow-up of 2 years after orthognathic
correction.

The condylar hyperactivity was on the right side in 6 of 13
subjects (46%) (Table 1B). The condyle-condylar neck complex on
the side of hyperactivity was always greater in height compared to
the contralateral side. Details of condylar dysmorphology varied
but patterns included tall and thick (6/13, 46%), tall and thin (4/13,
31%), and tall and posteriorly angled (3/13, 23%) (Table 2). Varia-
tions in the gonial angle anatomywere assessed (comparison of the
ipsilateral to the contralateral side) (Table 2). Forty-six percent of
the involved sides (6/13 subjects) were documented to have an
obtuse gonial angle compared to the contralateral side. Ipsilateral
ramus height was increased in comparison to the contralateral side
in 3 of the 13 subjects (23%) (Table 2). The mandibular canal posi-
tion was also studied. At the level of the second molar the
mandibular canal was closer to the inferior border of the mandible
on the involved side in 62% (8/13) of subjects (Table 2). In our HME
subjects, the specific pattern of mandibular dysmorphology did not
seem to have an effect on the extent of malocclusion (Table 3), the
planned surgical changes designated to correct the identified
maxillo-mandibular deformities (Table 4) or the long-term occlu-
sion outcome (Table 5).

Table 3 presents each subject's occlusion prior to surgery ac-
cording to the parameters outlined in the methods section. The
analytic model planning in preparation for surgery for each study
subject was reviewed (Table 4). The model planning data showed
that all subjects underwent maxillary advancement as measured
at the incisors (average 5 mm; range 2e8 mm). Four of the 13
subjects (31%) underwent correction of maxillary plane (pitch)
orientation. The directional maxillary pitch change was always
clockwise rotation. Nine of the subjects (69%) required cant (roll)
orientation correction of the maxilla (range 2e4 mm). In each
case, the maxilla was found to be lower on the ipsilateral side. For
most subjects, vertical change at the maxillary incisors was car-
ried out to improve smile aesthetics and lip competence and
ranged from negative 3 mm (intrusion to diminish “gummy”
smile) to positive 5 mm (lengthening to increase dental show). In
6 of the 13 subjects, (46%) the maxillary dental midline did not
match the upper face midline and therefore required (yaw) sur-
gical correction. In each case, the maxillary dental midline was
deviated to the contralateral side.

All study subjects underwent bilateral sagittal ramus osteot-
omies with 12 of the 13 (92%) requiring advancement at the
incisors (range 1e4 mm). Yaw orientation change of the
mandible (i.e. dental midline correction) to improve jaw/facial
symmetry was required in all cases. The anterior mandibular
dental midline correction was always toward the side of
condylar hyperactivity.

Other simultaneous procedures carried out in the study group
included segmentation of the Le Fort I osteotomy (3-segments,
(38%) and 2-segments (46%)), osseous genioplasty (77%), septo-
plasty (69%), reduction of inferior turbinates (69%), removal of third
operation.

rs of age Subjects over 26 years of age P-value

13
36.2 ± 8.5 years <0.0001

38% (5) 0.81
62% (8)

46% (6) 0.56
54% (7)
43 ± 35 months 0.14



Table 1B
Hemi-Mandibular Elongation: Subject's demographics.

# Sex Side Age at Surgery Premolar Extractions Le Fort Type Simultaneous Procedures

72 F R 52 #5, 12, 21, 28 3 segments BSSO/Genio
Septo/ITR
Neck Lift

15 F L 27 None 2 segments BSSO/Genio
Extract 3rd molars

80 M L 27 #5 1 segment BSSO/Genio
Septo/ITR

40 F L 31 #5, 12, 28 2 segments BSSO/Genio
Extract 3rd molars

20 F L 27 None 3 segments BSSO/Genio
Septo/ITR

50 M L 45 #5, 12, 21, 28 1 segment BSSO/Genio
Septo/ITR
Neck Lift

56 M L 34 None 2 segments BSSO/Genio
Septo/ITR

27 F R 35 #5, 12, 21, 28 2 segments BSSO/Genio
Septo/ITR

81 F L 41 None 3 segments BSSO
90 F R 48 #5, 12, 21, 28 2 segments BSSO

Septo/ITR
Neck Lift

48 F R 27 None 3 segments BSSO/Genio
9 M R 38 None 3 segments BSSO

Septo/ITR
88 M R 38 None 2 segments BSSO/Genio

Septo/ITR
Extract 3rd molars

Abbreviations: BSSO, bilateral sagittal split osteotomies; Genio, osteotomy of chin; Septo, septoplasty; ITR, inferior turbinate reduction.

Table 2
Hemi-Mandibular Elongation: Comparison of radiographic data by age at operation.

Mandibular morphology Subjects under 26 years of age Subjects over 26 years of age P-Value

% (n) % (n)

Condyle-condylar neck shape
Tall and thin 39% (30) 31% (4) 0.38
Tall and posteriorly angled 32% (24) 23% (3)
Tall and thick 22% (17) 46% (6)
No significant difference 7% (5) 0

Ramus height
No significant difference 63% (48) 62% (8) 0.03
Increased 36% (27) 23% (3)
Decreased 1% (1) 15% (2)

Gonial Angle
No significant difference 74% (56) 54% (7) 0.15
Obtuse 26% (20) 46% (6)
Acute 0% (0) 0% (0)

Mandibular canal to inferior border distance
No significant difference 74% (56) 38% (5) 0.02
Closer to inferior border 21% (16) 62% (8)
Farther from inferior border 5% (4) 0% (0)

*Condylar hyperactivity side in comparison with “normal” contralateral side.

J.C. Posnick et al. / Journal of Cranio-Maxillo-Facial Surgery 47 (2019) 195e203198
molars (23%), and interpositional bone graft to the maxilla (23%)
(Table 1B).

3.1. Occlusion achieved early after surgery (subjects > 26 years of
age at operation)

Findings confirmed that the post-operative occlusion after
initial maxillo-mandibular healing (T2) met objectives (±0.5 mm)
for each parameter analyzed in the majority of subjects. Four of the
subjects were documented to have a mandibular to maxillary
dental midline discrepancy (range 1e2 mm) and two subjects had
posterior (molar) vertical/transverse discrepancies. Active ortho-
dontics was reinitiated in all subjects within 5 weeks after surgery
(T2). The above stated malocclusions at T2 were corrected and
maintained long-term (T3) in all but 1 subject (S#40) (Table 6)
(Fig. 1).
3.2. Occlusion achieved long-term after surgery
(subjects > 26 years of age at operation)

In 12 of the 13 subjects, a favorable anterior occlusion (overjet,
overbite, canine Angle class) and a favorable posterior occlusion
(transverse and vertical first molar position on each side) was ach-
ieved and maintained long-term (Table 5). In one subject (S#40), the
T2 malocclusion (non-coincident dental midlines, ipsilateral canine
Class III, and bilateral first molar open bites) persisted long-term
(Table 5, Fig. 1).

3.3. Comparison of HME subjects and long-term occlusion
outcomes by age at operation

HME subjects were subgrouped into those <26 years of age at
operation and those >26 years of age at the time of surgery. The



Table 3
Hemi-Mandibular Elongation: Subjects’ pre-surgical occlusiona.

Anterior Posterior (Ipsilateral) Posterior
(Contralateral)

# Incisor
Overjet

Incisor
Overbite

Mandibular to
Maxillary Dental Midline

Ipsilateral Canine
Angle Class

Contralateral Canine
Angle Class

Vertical Transverse Vertical Transverse

72 EdgeeEdge EdgeeEdge L 2.5 mm C-III C-I Closed NL Closed Crossbite
15 Negative Open R 2.5 mm C-III C-I Closed NL Closed Crossbite
80 EdgeeEdge EdgeeEdge R 3 mm C-III C-I Closed NL Closed Crossbite
40 Negative Open R 4 mm C-III C-III Closed NL Open Crossbite
20 EdgeeEdge EdgeeEdge R 0.5 mm C-III C-I Closed NL Closed EdgeeEdge
50 Negative NL R 2 mm C-III C-III Closed EdgeeEdge Open Crossbite
56 EdgeeEdge EdgeeEdge R 5.5 mm C-III C-III Closed NL Open EdgeeEdge
27 Negative EdgeeEdge L 0.5 mm C-III C-III Closed Crossbite Closed EdgeeEdge
81 Negative Open R 5 mm C-III C-II Closed NL Closed Crossbite
90 EdgeeEdge EdgeeEdge L 4 mm C-III C-II Closed NL Closed EdgeeEdge
48 EdgeeEdge EdgeeEdge L 2 mm C-III C-I Closed NL Closed EdgeeEdge
9 EdgeeEdge EdgeeEdge L 3.5 mm C-III C-I Open NL Open Crossbite
88 Negative EdgeeEdge L 4 mm C-III C-III Closed NL Closed Crossbite

Abbreviation: NL, normal ± 0.5 mm variance; R, right; L, left.
a The pre-operative occlusion data (T1) were gathered by review of facebow mounted dental models on a semi-adjustable articulator into centric relation.

Table 4
Hemi-Mandibular Elongation: Subjects’ planned skeletal changea.

# Maxillary Horizontal
Advancement

Maxillary Incisor
Vertical Change

Maxillary to Facial
Midline Change

Pitch
Correction

Cant
Correction

Maxillary Transverse
Widening

Mandibular Horizontal
Advancement

72 þ8 mm þ5 mm 0 No change No change 0 þ4 mm
15 þ5 mm þ2 mm R 2 mm No change No change þ2 mm þ1 mm
80 þ3 mm 0 L 2 mm No change 4 mm 0 þ4 mm
40 þ5 mm 0 L 2 mm CW 2 mm 3 mm þ1 mm þ1 mm
20 þ5 mm þ3 mm L 2 mm No change 4 mm þ1 mm þ4 mm
50 þ6 mm 0 0 No change 2 mm 0 0
56 þ5 mm þ4 mm 0 CW 2 mm 4 mm þ2 mm þ1 mm
27 þ7 mm �4 mm 0 No change No change þ3 mm þ1 mm
81 þ5 mm 0 L 1 mm CW 3 mm 3 mm 0 þ6 mm
90 þ5 mm �3 mm 0 No change 4 mm 0 þ5 mm
48 þ2 mm 0 0 No change 4 mm 0 þ1 mm
9 þ6 mm þ3 mm 0 CW 3 mm No change þ2 mm þ1 mm
88 þ8 mm 0 L 1 mm No change 2 mm 0 þ1 mm

Abbreviations: CW, clockwise rotation.
a The occlusion initially achieved (T2) was considered successful when there was less than ± 0.5mm variance compared to that planned on the articulated surgical models in

CR for each of the 6 parameters evaluated (see text).

Table 5
Hemi-Mandibular Elongation: Subjects’ long term postoperative occlusiona.

Anterior Posterior (Ipsilateral) Posterior
(Contralateral)

F/U of Occlusion
S/P Surgery

# Molar
Overjet

Molar
Overbite

Mandibular to Maxillary
Dental Midline

Ipsilateral Canine
Angle Class

Contralateral Canine
Angle Class

Vertical Transverse Vertical Transverse

72 NL NL On C-I C-I Closed NL Closed NL 2 yrs, 5 mo
15 NL NL On C-I C-I Closed NL Closed NL 11 yrs, 7 mo
80 NL NL On C-I C-I Closed NL Closed NL 2 yrs
40 NL NL R 2 mm C-III C-I Open NL Open NL 2 yrs, 4 mo
20 NL NL On C-I C-I Closed NL Closed NL 2 yrs, 9 mo
50 NL NL On C-I C-I Closed NL Closed NL 7 yrs, 2 mo
56 NL NL On C-I C-I Closed NL Closed NL 2 yrs
27 NL NL On C-I C-I Closed NL Closed NL 3 yrs, 6 mo
81 NL NL On C-I C-I Closed NL Closed NL 2 yrs
90 NL NL On C-I C-I Closed NL Closed NL 2 yrs, 1 mo
48 NL NL L 0.5 mma C-I C-I Closed NL Closed NL 6 yrs, 1 mo
9 NL NL On C-I C-I Closed NL Closed NL 2 yrs, 2 mo
88 NL NL On C-I C-I Closed NL Closed NL 2 yrs, 9 mo

Abbreviation: NL, normal ± 0.5 mm variance; Yrs, years; Mos; months.
a The long-term occlusion in CR (T3) was judged to accepted standards (þ/�0.5 mm variance) for each of the 6 parameters (see text).
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<26 years of age cohort data has been previously reported by our
research group (Posnick et al., 2017). Table 1A summarizes sepa-
rated demographic data for the two HME subgroups. Aside from
age at operation, there were no significant differences between the
two subgroups in regards to sex, side of condylar hyperactivity or
length of occlusal follow-up. Differences did exist between the two
subgroups for ramus height and the distance from the mandibular
canal to the inferior border of the mandible at the level of the



Table 6
Hemi-Mandibular Elongation: Subjects’ Immediate (5 weeks) Postoperative Occlusiona.

Anterior Posterior (Ipsilateral) Posterior
(Contralateral)

# Incisor
Overjet

Incisor
Overbite

Mandibular to Maxillary
Dental Midline

Ipsilateral Canine
Angle Class

Contralateral Canine
Angle Class

Vertical Transverse Vertical Transverse

72 NL NL R 1 mm C-I C-IIIa Closed NL Closed NL
15 NL NL On C-I C-I Closed NL Closed NL
80 NL NL R 1 mm C-I C-I Closed NL Closed NL
40 NL NL R 2 mm C-III C-I Open NL Open NL
20 NL NL On C-I C-I Closed NL Closed NL
50 NL NL On C-I C-I Closed NL Closed NL
56 NL NL On C-I C-I Closed NL Closed NL
27 NL NL L 0.5 mma C-I C-I Closed NL Closed NL
81 NL NL R 2 mm C-IIIa C-IIa Closed NL Closed NL
90 NL NL On C-I C-I Open EdgeeEdge Open Crossbite
48 NL NL L 0.5 mma C-I C-I Closed NL Closed NL
9 NL NL On C-I C-I Closed NL Closed NL
88 NL NL On C-I C-I Closed NL Closed NL

Abbreviation: NL, normal ± 0.5 mm variance.
a The occlusion initially achieved (T2) was considered successful when it was within ± 0.5 mm variance compared to that planned on the articulated surgical models in CR

for each of the 6 parameters evaluated (see text).
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second molar. There were more subjects <26 years of age with an
increased ipsilateral ramus height and with an increased ipsilateral
distance from the mandibular canal to the inferior border of the
mandible. Tables 7 and 8 summarizes a comparison of the occlusion
documented long-term in each subgroup. Therewere no significant
differences in the maintenance of a long-term favorable occlusion
for HME subjects older than 26 years of age when compared to
those younger than 26 years of age at time of operation (p < 0.05).

4. Discussion

The purpose of this retrospective study was to identify a cohort
of “older” adult Hemi-Mandibular Elongation subjects (>26 years of
age) who underwent bimaxillary orthognathic reconstruction and
then assess the initial occlusion achieved (T2) and the long-term
occlusion maintained (T3). The study confirmed that for most
“older” HME adults (>26 years of age) a corrected occlusion can
reliably be achieved and then maintained long-term after bimax-
illary orthognathic surgery.

By comparing the 5-week postoperative occlusion (T2) to that
planned in each subject, we confirmed a high success rate in
achieving the surgical objective (±0.5 mmvariance) for each of the 6
key parameters reviewed. All subjects achieved an initial favorable
post-operative incisor overjet and incisor overbite. All but two ach-
ieved an ideal transverse and vertical molar occlusion on each side.
One of the two subjects with a molar discrepancy at 5 weeks after
surgery achieved correction with ongoing orthodontics and then
maintained the result long term. Three of the four subjects docu-
mented tohavemandibular tomaxillarydentalmidlinediscrepancies
(range 1e2mm) at T2were corrected through finishing orthodontics
and then maintained the result long term. The one subject with a
suboptimal long-term occlusion (S#40) was recognized to have the
same level ofmalocclusionatT2 (at the timeof splint removal) (Fig.1).
The patient had occluded evenly into the splint during the initial 5
weeks after surgery. She was presumed to have a fully corrected oc-
clusionuntil splint removal. Despite re-initiationof orthodontics atT2
(5weeks after surgery), a degree ofmalocclusion recognized at splint
removal persisted long term (T3). Interestingly, this patient had un-
dergone an initial phase of orthodontics (included extractions of 3
premolars) prior to graduating high school (Table 1B).

Obwegeser suggests subdividing HME into “slender type” and
“non-slender type” based on variations in gonial angle morphology
(Obwegeser, 2001). He postulated that the gonial angle “type” could
be an indicator for progression of the deformity. For this reason, we
studied the pre-surgical panoramic radiographs for each of our
Hemi-Mandibular Elongation subjects. In our study subjects, we
identified a limited spectrum of variation (side to side) in condyle-
condylar neck height, condylar shape, gonial angle, ramus height,
and mandibular canal position (Table 2). We found the patterns of
mandibularmorphology in our HME subjects (>26 years of age) to be
similar to that previously reported in HME subjects <26 years of age
(Posnick et al., 2017). Just as in younger HME subjects (<26 years of
age), the documented mandibular dysmorphology had no measur-
able influence on treatment decisions and no effect on the long-term
occlusion outcomes (Posnick et al., 2017).

As a group, our HME study subjects (>26 years of age) had many
similarities with each other in the planned surgical change to the
maxilla and mandible. All maxillae required horizontal advance-
ment at the incisors (range 3e8 mm) and 69% underwent cant
correction (range 2e4 mm). Maxillary skeletal arch form anomalies
required segmental osteotomies in 11 of the 13 subjects. The
mandible was horizontally advanced in 12 of 13 subjects (92%).

Proffit and colleagues make a compelling argument for the
frequent occurrence of ramus remodeling with skeletal relapse in
Class III subjects undergoing isolated mandibular procedures
(Proffit et al., 1991a, 1991b, 2012). Eggensperger et al. confirmed
Proffit's findings in a 12-year follow-up investigation of long-term
stability and relapse patterns in a group of Class III subjects who
underwent isolated mandibular procedures to correct their jaw
deformity (Eggensperger et al., 2005). All of our HME (Class III)
study subjects underwent bimaxillary orthognathic surgery. As
with HME subjects <26 years of age, we documented for “older”
subjects, the successful maintenance of a corrected occlusion
without the high frequency of recurrent class III independently
reported by Proffit, Eggensperger, and Wolford for subjects un-
dergoing isolated mandibular procedures (Proffit et al., 1991a,
1991b, 2012; Eggensperger et al., 2005; Wolford et al., 2009).

It is often argued that performing an “interceptive” destructive
condylar procedure (i.e. condylectomy or “condylar shave”) early in
the disease process significantly limits facial disfigurement that the
patient might otherwise develop while waiting for cessation of
mandibular growth and that doing so will not have long-term
detrimental effects. The literature supporting this hypothesis is
limited (Higginson et al., 2018; Ghawsi et al., 2016; Mouallem et al.,
2017; Farina et al, 2015, 2016). We document that subjects who
were followed through their presumed jaw growth phase without
interceptive condylar surgery can undergo standard bimaxillary
orthognathic surgery that is not substantially different than in



Fig. 1. A 31-year old female with Hemi-Mandibular Elongation (S#40) (left side condylar hyperactivity) underwent orthognathic correction (Le Fort I in 2 segments, sagittal ramus
osteotomies, genioplasty). She is shown before and 2 years after treatment. She is the only study subject with a long-term suboptimal occlusion. A) Frontal smile views before and
six years after surgery. B) Views of occlusion: prior to re-treat orthodontics s/p 3 premolar extractions; immediate pre-surgery; 5 weeks postoperative; and 6 years postoperative. C)
Lateral cephalometric radiographs before orthodontic decompensation and 5 weeks after surgery.
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Table 7
Hemi-Mandibular Elongation: Comparison of anterior occlusion long-term after surgery according to age at operation.

Occlusion Parameter Subjects under 26 years of age Subjects over 26 years of age

Incisor overjet % (n) % (n) P-Value
Normala 99% (75) 100% (13) 1.0
Edge to Edge 1% (1) 0% (0)
Open 0% (0) 0% (0)

Incisor overbite
Normala 99% (75) 100% (13) 1.0
Edge to edge 0% (0) 0% (0)
Open 1 (1%) 0% (0)

Mandibular dental midline deviation
Matchb 100% (76) 92% (12)
To right (mean and range) 0 mm (0.0 mm) 2.0 mm (2.0 mm)

Once the orthodontic appliances were removed (5e12 months post op), no active orthodontics, dental work, or surgical interventions were instituted.
a Variance (±1 mm).
b Dental midlines coincide (±1 mm).

Table 8
Hemi-Mandibular Elongation: Comparison of posterior occlusion long-term after surgery according to age at operationa.

Occlusion Parameter
Side of Condylar Hyperactivity Contralateral Side

Subjects under
26 years of age

Subjects over
26 years of age

Subjects under
26 years of age

Subjects over
26 years of age

Canine Angle Class (%, N) (%, N) P-value (%, N) (%, N) P-value
Class I 100% (76) 92% (12) 0.15 99% (75) 100% (13) 1.0
Class II 0% 0% 1% (1) 0%
Class III 0% 8% (1) 0% 0%

First Molar Vertical
Normalb 100% (76) 92% (12) 0.15 100% (76) 92% (12) 0.15
Open 0% 8% (1) 0% 8% (1)

First Molar Transverse
Normalb 95% (72) 100% (13) 1.0 94% (71) 100% (13) 1.0
Edge to edge 5% (4) 0% 5% (4) 0%
Crossbite 0% 0% 1% (1) 0%

a Once the orthodontic appliances were removed (5e12 months post op), no active orthodontics, dental work, or surgical interventions were instituted.
b Variance (±1 mm).
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those with other common patterns of developmental dentofacial
deformities (i.e. long face, primary maxillary deficiency and pri-
mary mandibular deficiency) and with similar favorable long-term
occlusion outcomes (Posnick et al., 2017, 2018a, 2018b, 2018c).

Limitations of this study include sample size, single center study
and inherent bias associated with retrospective studies.

5. Conclusion

In “older” adult Hemi-Mandibular Elongation subjects (>26
years of age) using standard bimaxillary orthognathic techniques, a
favorable occlusion can be reliably achieved initially after surgery
and then maintained long-term. These findings are similar to that
previously reported in HME subjects <26 years of age.
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