


INDICATIONS AND PROTOGOL FOR SPLINTS WITH THE “SURGERY FIRST” APPROAGH

such as those with well-aligned to mildly crowded
anterior teeth, flat to mild curves of Spee, and nor-
mal to mildly proclined or retroclined incisors.”!
Exclusion criteria, as defined by Peir6-Guijarro
and colleagues, are any occlusal conditions with
the potential to compromise the surgical procedure
or the clinical outcome, including severe crowding
that requires extractions; significant facial asym-
metry with 3D dental compensations or chin devi-
ation; severe transverse discrepancy treated previ-
ously with surgically assisted rapid palatal
expansion; arch discrepancy; missing teeth; or
Class II, division 2 malocclusion with overbite.® In
short, the literature suggests reserving the “surgery
first” approach for milder malocclusions, primar-
ily Class III.

The potential for skeletal and occlusal insta-
bility is a major drawback of the “surgery first”
approach. A systematic review indicated that man-
dibular relapse in Class III patients is more con-
spicuous with the “surgery first” approach than
with conventional surgical-orthodontic treatment.?
The difference was attributed to a marked tenden-
cy of mandibular counterclockwise rotation to
compromise vertical stability, inevitably causing
sagittal relapse. The authors therefore suggested
more careful selection of patients for the “surgery
first” approach, as well as a planned overcorrection
in the surgical position of the jaws. In our opinion,
however, the term “relapse” is inappropriate be-
cause the changes in the vertical dimension and
the sagittal projection of the mandible are related
to the conversion of an unstable occlusal relation-
ship with cusp-to-cusp contacts to a maximum
physiological intercuspation. These changes are
predictable and should not be considered true re-
lapse.? In our experience, the counterclockwise
rotation of the mandible is caused by the vertical
reduction and mandibular advancement between
the planned transitional malocclusion and the final
occlusion. This movement should be anticipated
during presurgical planning by simulating the final
occlusion.

Regarding postoperative occlusal stability,
many authors have identified orthodontic ex-
tractions as one of the main contraindications to
the “surgery first” approach.®%!® Uribe and col-
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leagues described a Class III extraction case uti-
lizing a “surgery early” or “surgery first modified”
approach, with the surgery following a brief initial
orthodontic alignment.?* Depending on the timing
of orthognathic surgery, various approaches have
been categorized as “surgery first,” “surgery early,”
“surgery late,” “surgery last,” “surgery only,” or
“surgery never.™ In extraction cases, orthognathic
surgery should not be performed until the over-
crowding has been resolved and most of the ex-
traction space has been closed (“surgery early”),
even if there are premature occlusal contacts that

could create occlusal instability after surgery.*

Splint Management

The role of the occlusal splint (or wafer) is
well established in both elective orthognathic sur-
gery and in the “surgery first” approach. During
the analytic model surgery, the planned 3D move-
ments are transferred to the patient through spe-
cific measurements and reference points and a
custom-made surgical splint. For a one-jaw max-
illary or mandibular procedure, a single final splint
is required after reproduction of the osteotomized
jaw movement. For a double-jaw procedure, an
intermediate splint is recommended to relate the
osteotomized maxilla (or mandible) to the stable
mandible (or maxilla), in addition to a final splint
that relates the osteotomized mandible (or maxilla)
to the fixated maxilla (or mandible).

In the “surgery first” approach, it is essential
to reproduce and maintain the planned postoper-
ative malocclusion, which can be unstable because
of the lack of presurgical orthodontic treatment.
The surgical splint helps to provide occlusal sta-
bility, to stabilize jaw osteotomies (often segmen-
tal), and sometimes to stabilize and control the
malocclusion during the postsurgical period and
the subsequent orthodontic treatment. If postoper-
ative occlusal instability is not properly managed
by the orthodontist, it could lead to unsatisfactory
esthetic and occlusal results.

Despite the importance of splints in the “sur-
gery first” approach, few studies have been report-
ed. We published an article about the use of an
occlusal splint to reposition the condyles before
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TABLE 1
DURATION OF SPLINT WEAR AFTER
ONE-JAW SURGERY WITHOUT SEGMENTAL OSTEOTOMIES

“Surgery First” One-Jaw Duration of
Total Patients Patients  Surgery Patients  Surgery Type Splint Wear
Akamatsu et al.25 38 14 38 BSSO* 2 weeks
Aymach et al.26 1 1 1 Not specified 6 weeks
(mandibular)
Hernandez-Alfaro et al.™ 45 45 12 8 LFI,** 4 BSSO Only surgery
Kim et al.Z’ 26 15 26 BSSO 4 weeks
Kim et al.™ 61 23 61 BSSO 4-6 weeks
Kochar et al.28 1 1 1 BSSO 3 weeks
Nagasaka et al.’s 1 1 1 BSSO 1.5 months
Sugawara et al.? 1 1 1 BSSO 3 months
Uribe et al.38 66 66 25 Not specified Only surgery
Villegas et al.30 1 1 1 BSSO Only surgery
Average 3.8 weeks

*Bilateral sagittal split osteotomy.
**Le Fort | osteotomy.

orthognathic surgery.* Nine studies have described
the use of intermediate splints!?.13.19.20.34,37.39-41; gjx
of these involved computer-aided design and man-
ufacturing (CAD/CAM).13:19:34.37,3940

Of 24 articles describing the management of
final splints in the “surgery first” approach, two
indicated their use only for surgery,**34 18 report-
ed their use for specific periods after sur-
gery,!3-16,19.20.25-29.3133.35-38 and four did not report the
duration of splint wear after surgery.'?*°-4! Four
case reports described modifications of the final
splints during the postsurgical period.!>-26:29-33

Only four authors indicated that the duration
of splint wear after surgery was dependent on the
type of surgery performed; in these cases, the final
splints were used only after maxillary transverse
expansion or segmental osteotomies.'3193738 Over-
all, the duration of final splint wear ranged from
one week to three months. For one-jaw surgeries,
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the average duration of splint wear after surgery
was 3.8 weeks (Table 1). For two-jaw surgeries, the
average was three weeks if the one study that en-
rolled TMD patients’® was included, and 2.7 weeks
if that study was excluded (Table 2). A longer av-
erage duration, four weeks, was reported after seg-
mental osteotomies (Table 3). The duration of
splint wear would understandably increase in cas-
es of occlusal instability or following segmental
osteotomies, as would be true with conventional
surgical-orthodontic treatment.

In the Maxillofacial Surgery Unit of the Fon-
dazione Policlinico Universitario Agostino Gemel-
li IRCCS, we distinguish among four types of
splints for use with the “surgery first” approach.

Repositioning splint.? This splint is helpful in a

patient who exhibits TMD before surgery and un-
dergoes a gnathological therapy to determine the
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TABLE 2
DURATION OF SPLINT WEAR AFTER
TWO-JAW SURGERY WITHOUT SEGMENTAL OSTEOTOMIES

“Surgery First” Two-Jaw Duration of
Total Patients Patients  Surgery Patients  Surgery Type Splint Wear
Baek et al.20 11 11 11 LFI* + BSSO** 4 weeks
Choi et al.3 37 20 37 LFI +IVRO*** 2 weeks (MMFt) +
1-2 weeks
Choi et al.32 37 37 37 18 LFI+BSSO, 2 weeks (MMF) +
19 LFI + IVRO 1-2 weeks
Hernandez-Alfaro et al.™ 2 2 1 LFI +BSSO Only surgery
Hernandez-Alfaro et al.™ 45 45 24 LFI + BSSO Only surgery
Hsu et al .33 1 1 1 LFI + BSSO 3 months
Janakiraman et al.3 1 1 1 LFI + BSSO Only surgery
Kim et al.’¢ 7 7 3 Not specified 4-6 weeks
Kim et al.3> 37 37 37 LFI +IVRO 2 weeks
Park et al.3¢ (including 2 2 2 LFI +IVRO 2 + 4 weeks
TMD patientst)
Uribe et al.% 2 2 1 LFI + BSSO Only surgery
Uribe et al .38 66 66 41 Not specified Only surgery
TAverage excluding 2.7 weeks
TMD patients
tAverage including 3.0 weeks

TMD patients

*Le Fort | osteotomy.
**Bilateral sagittal split osteotomy.

analgesic and functional position of the condyles
and their proper relationship to the other joint
structures. The purpose of the repositioning splint
is to record the positions of the condyles as defined
by the gnathological therapy and to maintain them
after the surgical osteotomies and repositioning of
the dental arches.

Intermediate splint. An osteotomy wafer is rou-

tinely used in orthognathic surgery as an interme-
diate guide for repositioning the mobilized jaw
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***|ntraoral vertical ramus osteotomy.
tMaxillomandibular fixation.

relative to the intact jaw. An intermediate splint is
used in bimaxillary surgery to guide the movement
of one jaw relative to the other. There is some mar-
gin of error because the mandible is not a fixed
bone, and therefore the condyle may not maintain
its exact position within the glenoid fossa. An in-
termediate splint is mandatory in “mandible first”
procedures and in “maxilla first” procedures when
complex 3D movements of the maxilla are planned.

Final splint. Conventional orthognathic surgical
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TABLE 3
DURATION OF SPLINT WEAR AFTER SURGERY WITH SEGMENTAL OSTEOTOMIES
Segmental Splint Duration
“Surgery First”  Osteotomy Without
Total Patients Patients Patients Surgery Type Modifications
Hernandez-Alfaro et al.™ 2 2 1 Segmented LFI* + 2 weeks
BSSO**
Hernéndez-Alfaro et al.™3 45 45 9 3 segmented LFI, 2 weeks
3 segmented LFI +
BSSO, 2 LFI + BSSO +
mandibular front-block
osteotomy,
1 segmented LFI +
mandibular front-block
osteotomy
Kim et al.’¢ 7 7 2 1 maxillary and 4-6 weeks
mandibular segmented
osteotomy,
1 segmented LFI +
mandibular setback
Uribe et al.% 2 2 1 Segmented LFI + BSSO 6 weeks
Uribe et al.38 66 66 6 Not specified 4-6 weeks
Average 4 weeks

*Le Fort | osteotomy.
**Bilateral sagittal split osteotomy.

planning requires precise movement of the jaw-
bone segments. An interocclusal final wafer re-
cords and stabilizes the final occlusal relationship
between the osteotomized maxilla and mandible.
With the “surgery first” approach, however, the
final splint establishes the objectives of a postsur-
gical transitional malocclusion.

In our initial experience with the “surgery
first” approach, the final splint was maintained for
20 days and eventually used with elastics for oc-
clusal stability. In most cases today, we use a final
splint only as an occlusal check during the surgical
procedure. For surgery involving segmental oste-
otomies or transverse maxillary expansion or in
patients with occlusal instability due to deflecting
precontacts, we maintain the final splint for at least
two weeks after surgery.
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Dynamic splint. We have recently developed a
modification of the final splint to be worn during
the initial phase of postsurgical orthodontic ther-
apy, until the removal of occlusal interferences.
Postsurgical occlusal instability seems to be the
most critical disadvantage of the “surgery first”
approach, because it can lead to skeletal instabili-
ty.392!1 Some authors recommend the presence of
at least three occlusal stops during the postsurgical
transitional malocclusion.!® Alternatively, with a
“surgery early” approach, a short period of presur-
gical orthodontic treatment could eliminate the
source of postoperative occlusal instability.*

The dynamic splint allows orthodontic treat-
ment to be started as soon as possible after sur-
gery, taking full advantage of the regional accel-
eratory phenomenon (RAP), which begins
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Fig. 1 Case 1. 22-year-old female patient with skeletal Class
11l malocclusion and retrusive maxilla before treatment.
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immediately after surgery and lasts for about three
months. Even with a segmental osteotomy, when
splint stabilization is needed for several days after
surgery, the dynamic splint can promote the RAP
during the stabilization phase, thus reducing the
overall treatment time. The dynamic splint can
also be used as an occlusal build-up to permit
orthodontic movements that would otherwise be
impeded by the opposing teeth, as with the pro-
clination of upper anterior teeth in a Class I, di-
vision 2 malocclusion.

Two consecutive clinical cases are presented
in this article to illustrate our protocol for the man-
agement of orthognathic occlusal splints, which
allows us to treat even complex malocclusions.

Case 1

A 22-year-old female presented for treatment
(Fig. 1). Facial esthetic analysis*>*® noted a sym-
metrical face with good proportions, although the
nasolabial fold, the angular area of the labial rim,
and the cheekbone contour at Mx point indicated
middle-third retrusion. The patient exhibited a
complex smile with a smile index*-° of 62; the lip
line was extremely low, with the upper lip almost
totally concealing the incisors (—6mm) and the
premolars (-6mm). The upper lip was festooned
in a commissural smile. Black corridors were no-
ticeable, owing to the retrusion and hypoplasia of
the middle facial third. The profile was flat, with
a facial angle of 179°. The nasolabial angle (103°),
upper (29°) and lower (—74°) side angles, and chin-
throat distance were normal.
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Intraoral examination found agenesis of the
four second premolars, previous extraction of the
lower right first molar, and a retained deciduous
upper right canine and second molar. The upper
right canine and lateral incisor were transposed,
the upper right lateral incisor was palatally posi-
tioned, and the upper right central incisor was ro-
tated 90°. The lower left first and second molars
and lower right second molar were mesially in-
clined; the molar relationship was Class I1I. The
upper arch was narrow, with severe crowding in
the anterior segment, but the lower anterior teeth
exhibited spacing. The Bolton Index was affected
by the presence of hypoplastic lateral incisors.

Cephalometric analysis confirmed a meso-
facial pattern (FMA = 24°, LFH = 47°), a skeletal
Class III malocclusion (convexity = —7.3mm), and
a retrusive maxilla (maxillary depth = 82°). The
upper incisors were proclined (U1-OP = 47°), and
the lower incisors were retroclined (L1-OP = 81°).
The anterior maxillary height was deficient (Sn’-U1
= 17.5), but the anterior mandibular height (L1-M")
was almost normal. Projections to the true vertical
line (TVL) appeared normal except for soft-tissue
B-point (4mm) and soft-tissue pogonion (7mm),
which were protrusive.

Radiological examination revealed previous
endodontic treatment of the lower central incisors
and a malformed upper right central incisor root.
Three-dimensional facial images acquired with the
3dMDtrio* system (Fig. 2) showed that the max-
illary retrusion was much more serious than it had

*Trademark of 3dMD, Atlanta, GA; www.3dmd.com.

Fig. 2 Case 1. Three-dimensional fa-
cial analysis of hard- and soft-tissue
images from cone-beam computed
tomography (CBCT).
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Fig. 3 Case 1. 3D SureSmile** simulations used to plan postsurgical occlusion in “surgery first” approach, with
upper right canine to be distalized orthodontically while occlusal splint is worn.

appeared from the two-dimensional study of facial
esthetics. The patient showed no signs or symp-
toms of TMD.

After being informed of the advantages and
disadvantages of the “surgery first” approach com-
pared with conventional surgical-orthodontic treat-
ment, the patient opted for “surgery first” treat-
ment. The surgery would involve a Le Fort I
osteotomy for advancement and transverse expan-
sion of the maxilla, as well as a bilateral sagittal
split osteotomy (BSSO) with slight setback of the
mandible to achieve the planned occlusion (Fig. 3).

Orthodontic treatment objectives in the upper
arch were to distalize the permanent right canine
into contact with the right first premolar, after ex-
traction of the retained deciduous right canine, and
to derotate the right central incisor. We planned to
gain enough space between the root apices of the
right central incisor and permanent canine to allow
proclination of the right lateral incisor and subse-
quent labial root torque. The distally inclined left
first premolar and mesially inclined left first molar
would be uprighted. Treatment objectives for the

**Registered trademark of Denstply Sirona, York, PA; www.dentsply
sirona.com.

***Dolphin Imaging and Management Solutions, Chatsworth, CA;
www.dolphinimaging.com.

fRegistered trademark of SAM Prizisionstechnik GmbH, Gauting,
Germany; www.sam-dental.de.

fRegistered trademark of Materialise, Plymouth, MI; www.
materialise.com.

11i-CAT FLX V17, Kavo Dental, Brea, CA; www.kavo.com/en-us.
iiRegistered trademark of 3Shape, Copenhagen, Denmark;
www.3shape.com.

fitTrademark of OraMetrix, Inc., Richardson, TX; www.elemetrix.
com.
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Fig. 4 Case 1. 2D visual treatment simulation created
with Dolphin*** version 9.0.

lower arch were to procline the incisors and close
the anterior spaces, allowing mesialization of the
premolars and canines and distal inclination of the
left first and second molars and right second molar.
This would reestablish the correct dental inclina-
tions for subsequent prosthetic treatment.

Visual treatment simulations were performed
using Dolphin*** version 9.0 (Fig. 4). The first
visual tracing represented the overall surgical-
orthodontic treatment, in which the final positions
of the upper incisors were predicted, and the sec-
ond referred only to the “surgery first” approach,
copying the final position of the jaws from the first
tracing. This second tracing allowed the postsur-
gical overjet to be predicted.
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Dental casts were mounted on a SAM 27 ar- (CBCT) images (Fig. 2) were combined with in-
ticulator, and model surgery was performed based traoral digital scans of the dental arches from a
on the clinical facial analysis and surgical predic- TRIOS# ¥ scanner.
tion tracings. Using ProPlan CMF# software, the The postsurgical occlusion (Fig. 3) was es-

patient’s cone-beam computed tomographyf tablished with virtual models using Elemetrix{{
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Fig. 5 Case 1. Six degrees of freedom (translation vector and rotation matrix). A. Osteotomized right hemimax-
illa. B. Osteotomized left hemimaxilla. C. Osteotomized mandibular segments.

Fig. 6 Case 1. Planned postsurgical occlusion used to obtain stereolithographic (STL) file of virtual final splint.
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software. The surgeon first reproduced the move-
ments of the upper jaw in 3D, working with all six
degrees of freedom (Fig. 5). Some of these shifts
were copied from the 2D visual tracings. The man-
dible was then positioned in the final occlusion,
based on the prediction tracings. Finally, the sur-
gical expansion of the maxilla required to achieve
a stable occlusion was added. The virtual image of
the final splint was obtained from the stereolitho-
graphic (STL) files of the postsurgical occlusion
(Fig. 6). In a second step, all surgical movements
of the lower jaw were eliminated, and the STL file
of the intermediate splint occlusion was obtained
from this position (Fig. 7).

The STL files were sent to the technician,

9

Fig. 9 Case 1. Seven months after surgery, upper right lateral incisor proclined and uprighted with labial root torque,

who processed the images using Exocadiii soft-
ware. The surgical splints were designed to include
holes for metal ligatures in the interproximal spac-
es. The software determines the thickness of resin
needed to avoid fractures during surgery; if this
minimum thickness is not achieved, the splint
planning must be reevaluated. In the present case,
the thickness was appropriate. The STL files with
3D images of the surgical splints were transferred

f#iDenseo GmbH, Aschaffenburg, Germany; www.denseo.de.
§DWS, Thiene, Italy; www.dwssystems.com.

§§Registered trademark of Formlabs, Inc., Somerville, MA; www.
formlabs.com.

§§§Trademark of 3M, Monrovia, CA; www.3M.com.
##**Registered trademark of Rocky Mountain Orthodontics,
Denver, CO; www.rmortho.com.

Fig. 8 Case 1. Orthodontic distaliza-
tion of upper right canine after Le Fort
| and bilateral sagittal split osteoto-
mies, with patient still wearing final
splint for six weeks.

e = ot ||

using .014" Warren spring on .018" stainless steel archwire; lower incisors proclined and molars uprighted using
.016" x .022" Elgiloy**** Blue archwire with steps at edentulous spaces.
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to a DWS 020D§ prototyping machine, which
printed the splints in Dental SG§§ surgical resin.
The final splint was cut away in the area of the
upper right permanent canine and retained decid-
uous canine to allow the programmed distalization
of the permanent canine.

A few days before surgery, .018" MBTS§§§

PELO, MORO, SOVERINA, DENUGGIO, MASELLI, GASPARINI

preadjusted appliances were bonded, and passive
sectional .017" x .025" stainless steel wires were
inserted in both arches. During surgery, a Le Fort
I osteotomy was performed to advance the maxil-
la 6mm and expand it 3mm, a BSSO was per-
formed with a slight setback of the mandible, and
the deciduous upper right canine was extracted.

|
i\

' "‘_‘ﬁ.—"_‘-"i I =L

R ——
4 % 4 ey — b
T

Fig. 10 Case 1. A. Patient after 15 months of treatment. (Radiographs taken one week before debonding.)
B. Superimposition of pre- and post-treatment cephalometric tracings.
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A few days after surgery, the passive section-
al wires were removed. The patient wore the oc-
clusal splint for six weeks; during this period, the
permanent upper right canine was distalized with
light elastomeric chain until it almost contacted
the first premolar (Fig. 8).

After removal of the occlusal splint, the up-
per right canine was distalized without loss of an-
chorage. The space gained was sufficient for de-
rotation of the upper right central incisor and
proclination of the upper right lateral incisor.

In the subsequent orthodontic phase, the initial
orthodontic brackets were replaced with more effi-
cient low-friction .018" MBT-prescription applianc-
es. The upper right central incisor was rotated with
an .014" stainless steel auxiliary power arm attached
to .014" and then .016" nickel titanium archwires.
After 12 weeks, when we had obtained enough cor-
onal space for the upper right lateral incisor, we
increased the space between the upper right canine
and central incisor at the apical level by reposition-
ing the brackets to accentuate the distal root incli-
nation of the canine and the mesial root inclination
of the central incisor. Another 12 weeks later, after
the necessary space was gained, the upper right lat-
eral incisor was proclined and then uprighted with
labial root torque, using an .014" Warren spring on
an .018" stainless steel archwire (Fig. 9).

Leveling of the lower arch was initiated with
012" nickel titanium sectional wires and an .016"
x 016" Elgiloy**** Blue overlay wire between the
central and lateral incisors. One month later, the
lower incisor proclination and molar uprighting
were begun using an .016" x .022" Elgiloy Blue
utility arch and then an .016" x .022" Elgiloy Blue
continuous archwire with steps at the edentulous
spaces (Fig. 9), along with .014" and .016" nickel
titanium piggyback wires.

After 11 months of treatment, the lower an-
terior spaces were closed by mesializing the lower
canines and premolars. Finishing archwires were
016" x .022" and .017" x .025" nickel titanium in
the upper arch and .016" x .022" Elgiloy and .017"
x .025" stainless steel in the lower arch.

##%*Registered trademark of Rocky Mountain Orthodontics,
Denver, CO; www.rmortho.com.
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Fig. 11 Case 1. Patient after implant-prosthetic re-
habilitation.

Total treatment time was 15 months (Fig. 10).
A satisfactory occlusion was achieved, with normal
overjet and overbite, and a Class I canine relation-
ship was attained. There was a noticeable improve-
ment in facial esthetics, mainly because of the
postero-anterior increase in the middle facial third.
The black corridors disappeared in smiling, and
the lip line and smile arc were refined. Cephalo-
metric tracings confirmed the skeletal and occlusal
improvements, although transverse issues re-
mained because the patient decided to stop treat-
ment for personal reasons.

Thermoformed retainers were delivered for
both arches, and the patient was sent back to the
surgeon for preprosthetic treatment prior to im-
plant placement (Fig. 11).

Case 2

A 42-year-old female presented with no prior
history of orthodontic treatment (Fig. 12). Facial
esthetic analysis*>#® indicated a symmetrical face
with the maxillary and mandibular dental midlines
deviating from the facial midline. The facial pro-
portions were generally good, but there was a slight
vertical excess of the lower facial third, and the
nasolabial fold and the angular area of the labial
rim showed signs of a mildly retrusive middle
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Fig. 12 Case 2. 42-year-old female
with skeletal Class Il malocclusion,
retrusive maxilla, and protrusive
mandible before treatment.
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Fig. 13 Case 2. 2D visual treatment simulation for
“surgery first” approach.

facial third. Smile analysis found a commissural
smile with a smile index*"" of 50. In smiling, the
lip line was at the gingival margin of the incisors,
but there was Smm of exposed gingiva at the pre-
molars. The upper lip was festooned. The profile
was nearly normal, with a slightly excessive facial
angle (174°), a nasolabial angle of 92°, a proper lip
position, and a normal chin-throat distance.
Intraoral examination found a narrow upper
arch and a slightly retroclined upper left first mo-
lar. The lower arch was ovoid-shaped. Agenesis of
all four permanent second premolars was noted,
with retained deciduous second premolars. Perio-
dontal defects at the level of the upper and lower
incisors, hypoplastic upper lateral incisors, and
triangular tooth shapes were also observed. The
lower midline was shifted 2mm to the left, and the
upper midline was shifted 1.5mm to the right. The

molar relationship was Class III. No signs or symp-
toms of TMD were present.

Cephalometric analysis confirmed a skeletal
Class III malocclusion (ANB = —2.6°) with a retru-
sive maxilla (SNA = 79°), a protrusive mandible
(81°), and a hyperdivergent facial type (facial axis
= 85°). The upper incisors were slightly retroclined
(U1-OP = 62°); the lower incisors were retroclined
(L1-OP = 80.5°). An overjet of —1.4mm and an
overbite of —.2mm were measured. Projections to
the TVL were normal except for soft-tissue pogo-
nion (3.5mm), which was protrusive.

After considering the advantages and disad-
vantages of conventional surgical-orthodontic
treatment and the “surgery first” approach, the
patient elected “surgery first” treatment. The sur-
gery would include a Le Fort I osteotomy for a
4.8mm advancement, 1.5mm anterior impaction,
3.5mm posterior impaction, 1.5mm left rotation,
and 3mm transverse expansion of the maxilla. A
BSSO would be performed to achieve a 2.6mm
pogonion setback, Smm elevation, and midline
correction of the mandible.

Orthodontic treatment objectives were to
normalize the overjet and overbite, align and pro-
cline the upper incisors, and achieve a Class I ca-
nine relationship and a Class II molar relationship
(because of the missing upper second premolars).
We also planned to align the lower incisors and
perform interproximal reduction (IPR) of .3mm at
each contact to avoid excessive proclination and to
reduce the excessive Bolton Index.

As in Case 1, two visual treatment simula-
tions were drawn using Dolphin software (Fig. 13).
Dental casts were mounted on a SAM 2 articulator,
and model surgery was performed (Fig. 14). Anal-
ysis of the model surgery indicated occlusal insta-
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Fig. 14 Case 2. Model surgery show-
ing evidence of occlusal instability
(red circles) in transitional malocclu-
sion.
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Fig. 16 Case 2. .017" x .025" copper nickel titanium
customized SureSmile archwire, passive on all teeth
except upper right canine and left first molar, to be
placed one day before surgery.

bility in the transitional malocclusion,?' due to
interferences between the right canines and left
molars. The occlusal interference on the right side
was created by a 45° rotation of the upper canine;
on the left side, the interference was caused by
retroclination of the upper first molar.

The transverse expansion of the maxilla from
the median osteotomy would require about 40 days
of postsurgical stabilization with an occlusal splint.
We decided to utilize segmental mechanics to

**Registered trademark of Dentsply Sirona, York, PA; www.dentsply
sirona.com.
§§§Trademark of 3M, Monrovia, CA; www.3M.com.
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Fig. 15 Case 2. A. 3D plan of skeletal
surgical movements and postsurgical
occlusion. B. 3D plan of final occlu-
sion following orthodontic treatment.

move the upper right canine and left first molar
into proper positions during the early postoperative
stage, thus eliminating the occlusal interferences
while the patient wore the final splint. The pre-
scription for the upper arch therefore involved
1.5mm expansion of the left molar and 15% rota-
tion of the right canine.

About three weeks before surgery, Smart-
Clip§§§ .018" MBT-prescription appliances were
bonded in both arches, and an intraoral TRIOS
scan was taken. The 3D files of the bracketed
arches were combined with the patient’s CBCT
images using SureSmile** software. After the
planned surgical movements were reproduced on
the virtual 3D model (Fig. 15), a virtual ortho-
dontic setup was performed. The prescription of
five robotized custom arches began with .017" x
025" copper nickel titanium archwires to be placed
the day before surgery; these wires would be pas-
sive on all teeth except the upper right canine and
left first molar (Fig. 16).

The CBCT images were then processed using
ProPlan CMF software, as in Case 1. Referring to
the 2D visual simulations, the postoperative occlu-
sion was visualized, providing virtual images of
the intermediate and final splints.

Using the 3D SureSmile software, the upper
jaw movements were first carried out, working in
all six degrees of freedom (Fig. 17). Once the man-
dible was repositioned, the required surgical expan-
sion of the maxilla was added to ensure a stable
occlusion. This position was then used to obtain the
STL file for the virtual final splint (Fig. 18).
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Fig. 17 Case 2. Six degrees of freedom (translation vector and rotation matrix). A. Osteotomized right hemimax-
illa. B. Osteotomized left hemimaxilla. C. Osteotomized mandibular segments.

Fig. 18 Case 2. Planned postsurgical occlusion used to obtain STL file of virtual final splint.

27

Fig. 19 Case 2. Surgical movements of mandible eliminated to obtain STL file of intermediate splint.

Planning of the final splint in this case showed
premature contacts of the upper right canine and
left first molar, requiring an occlusal correction by
means of a 2° rotation of the jaw on its hinge axis.
Therefore, the planned postsurgical occlusion ap-
peared to be Class II with an increased overjet.
Once the interference of the upper right canine and
left first molar were removed during the postsurgi-
cal stage, the mandible would rotate counterclock-
wise, correcting the apparent Class II relationship.
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All movements relative to the lower jaw were
eliminated to obtain the STL file for the interme-
diate splint (Fig. 19). The STL files were sent to
the technician, who processed the images using
Exocad software, as in Case 1 (Fig. 20). The data
were transferred to the DWS 020D prototyping
machine, and the two surgical resin splints were
printed. The final splint was cut away in the areas
of the upper right canine and left first molar to
allow the initial movements programmed into the

JCO/AUGUST 2021



PELO, MORO, SOVERINA, DENUGGIO, MASELLI, GASPARINI

B ¥ P S, PO S P P . P .

3 L L SO AL, L, S L, L

| IR T 0 S SO, P08 S S, S . . . . . . P,

3 L L SO AL, L, S L, L

Fig. 20 Case 2. Design of intermediate splint using Exocad}}} software.

fiiDenseo GmbH, Aschaffenburg, Germany; www.denseo.de.

Fig. 21 Case 2. Dynamic final splint cut away in areas
of upper right canine and left first molar to allow
planned tooth movements.

a. S 5 ¢ 1

customized arches (Fig. 21).

During the postsurgical period, the anticipat-
ed occlusal interferences were eliminated using
heavy .017" x .025" copper nickel titanium wires,
while the patient wore the final splint (Fig. 22).
Forty days after surgery, the occlusion was stable
enough to proceed, and the splint was discontinued.

The programmed SureSmile sequence of
archwires continued with .016", .016" x .016", and
016" x .022" copper nickel titanium and .017" x
025" stainless steel for alignment. Triangle elastics
(316", 3.50z) were worn between the upper and low-
er canines and lower first premolars to maintain
the correct occlusion, and vertical elastics were
worn for about two months before debonding to
improve intercuspation. Thermoformed retainers
were delivered for both arches.

* Yot
"‘ :
< .

Fig. 22 Case 2. Postsurgical occlusion with final splint and customized .017" x .025" copper nickel titanium arch-

wires for elimination of occlusal interferences from upper right canine and left first molar.
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Fig. 23 Case 2. A. Patient after 15 months of treatment. B. Superimposition of pre- and post-treatment cephalo-
metric tracings.
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Total treatment time was 15 months (Fig. 23).
All treatment objectives were achieved, including
an optimal occlusion with good intercuspation,
normal overjet and overbite, and Class I canine and
Class II molar relationships. Facial esthetics
showed a marked improvement resulting from the
reduced vertical dimension, the sagittal increase
in the middle facial third, and the setback of pogo-
nion with its “anti-aging” effect. This result was
enhanced by the correction of maxillary hypopla-
sia, with consequent esthetic improvement of the
nasolabial folds and labial commissures. The lip
line was refined, and the gummy smile at the pre-
molars was eliminated. Cephalometric tracings
confirmed the skeletal and occlusal improvements.

The level of the papillae was preserved, with-
out loss of attachment or bone support. Although
periodontal problems were noted before treatment,
the impression of dark triangles in the lower arch
was concealed by the crowding and the retroclined
lower incisors. Dark triangles appeared after treat-
ment when the incisors were proclined and aligned,
despite the planned IPR in this region. Periodontal
therapy was performed during orthodontic treat-
ment to mitigate the patient’s existing conditions.

Root resorption of the second permanent mo-
lars, as seen in this patient’s post-treatment radio-
graphs, is common in orthodontic cases. The re-
sorption of the deciduous second premolars was
physiological, caused by the application of ortho-
dontic brackets. The patient was advised that those
teeth would probably need to be replaced by im-
plants at some point.

Discussion

These two patients, whose surgery was per-
formed by Dr. Pelo, demonstrate how occlusal
splints can play a crucial therapeutic role, allowing
us to solve problems that many authors would ex-
clude from a “surgery first” approach.

Case 1 exhibited severe overcrowding that
required an extraction and relative space closure
without loss of anchorage. In Case 2, occlusal in-
stability caused by the premature contacts of two
teeth was anticipated after surgery. Both cases re-
quired maxillary expansion. Some authors recom-
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mend a “surgery early” or “surgery late” approach
for such patients, involving preliminary surgically
assisted expansion.>!%1419 Others maintain that if
the surgical maxillary expansion does not exceed
3-4mm, it can be performed with a median palatal
osteotomy at the same time as the Le Fort I surgi-
cal procedure.’3?° In that scenario, the patient
should wear a splint continuously for four to six
weeks, until the skeletal segments have stabi-
lized.!3:20

In Case 1, we decided to distalize the perma-
nent upper right canine (after extraction of the de-
ciduous upper right canine) while the patient wore
the occlusal splint. This approach offers many
advantages, including:

* The splint maintains anchorage, so there is no
loss of space during the distalization.

* The movement can be started immediately after
surgery, taking advantage of the RAP.5!-4

* With appropriate cutouts, the splint offers a pro-
grammed path for tooth movement.

* The traction can be programmed on the palatal
side to avoid spontaneous rotation.

* The overall treatment time is reduced.

Case 2 presented a clear problem related to
postsurgical occlusal instability. Various authors
recommend at least three occlusal stops in the tran-
sitional malocclusion.!*1¢1820 ] jao and Lo advised
maintaining five or six occlusal contacts, not nec-
essarily distributed among three sectors; they sug-
gested that two sectors of contact—or even one if
located in the anterior region—can provide enough
stability.”> We agree with Liao and Lo: an ideal
postoperative occlusion is characterized by five or
six bilateral contacts that do not create an imbal-
ance between the right and left sides. To be viable,
the occlusal stops must avoid crossbites, edge-to-
edge contact, and scissor or Brodie bite. They must
be located bilaterally in the posterior regions, and
they must occur simultaneously on the left and
right sides.

In Case 2, the two contacts were distributed
on both sides, but not symmetrically. The cusp-to-
cusp contacts appeared inadequate to guarantee a
stable position of the mandible. Therefore, the
sources of occlusal instability were removed
during the postsurgical phase while the patient
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wore the final splint. This segmental tooth move-
ment was carried out with the aid of robotically
manufactured custom archwires, using the Sure-
Smile system. The ability to achieve individual
tooth movements made it possible to transform a
“surgery early” case into a “surgery first” case.
Thus, the period of splint wear was not a static
phase of treatment, but a dynamic phase.

The application of elastics and early ortho-
dontic activation in the immediate postoperative
period could allow removal of the final splint one
or two days after surgery, according to some au-
thors, even in the presence of deflecting precon-
tacts. Thus, a source of patient discomfort is elim-
inated, and the therapeutic potential of the RAP is
fully exploited. The elastics also perform the func-
tion of guiding the required mandibular position-
ing after surgery.

In our analysis of the literature, six articles
reported the use of CAD/CAM splint manufac-
turing.!3.19-3437.39.40 Gateno and colleagues found a
high degree of accuracy with CAD/CAM-gener-
ated splints as compared with conventional
splints.>® A pilot study of CAD/CAM-generated
surgical splints by Xia and colleagues indicated
that the surgical results did not differ significant-
ly from the planned outcomes, either statistically
or clinically.’” These authors concluded that the
computer-generated splints had a high degree of
accuracy, with a fit similar to that of convention-
al splints.

Conclusion

Orthognathic splints are useful stabilization
systems that can provide certainty for the surgeon.
To date, however, few reports on the use of splints
in the “surgery first” approach have been pub-
lished. As our literature review demonstrated, there
is no uniformity in the recommended duration of
final splint wear based on the type of surgery per-
formed.

This overview has described four types of
occlusal splints for use with the “surgery first”
approach:

* A repositioning splint can be used in a TMD
patient before orthognathic surgery. During surgery,
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it maintains the asymptomatic condylar position.

* An intermediate splint should always be used
for bimaxillary surgery. It can be avoided in “max-
illa first” procedures when only simple movements
are planned, but is mandatory in “mandible first”
procedures.

* A final splint should always be used during sur-
gery. In cases requiring segmental osteotomies or
transverse maxillary expansion, or in patients with
occlusal instability due to deflecting precontacts,
the final splint should be worn for three weeks
after surgery.

* A dynamic splint can sometimes turn a “surgery
early” case into a “surgery first” case. The dynam-
ic splint can also be used as an occlusal build-up
to avoid interferences after surgery. Further inves-
tigation is required to verify its clinical efficacy.
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