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ABSTRACT

Objective: This clinical protocol paper introduces a dual-layered Presurgical Infant Orthopedics (PSIO) technique,
designed to improve treatment outcomes for infants with Cleft Lip and Palate (CLP). The protocol utilizes a combi-
nation of an outer hard splint layer and an inner soft splint layer, fabricated using virtual construction and 3D
printing. This approach aims to overcome the limitations of traditional PSIO methods by offering digitally custom-
ized, biocompatible appliances.

Materials and Method: The PSIO technique was applied to two cases: a 14-day-old male with bilateral CLP and a
26-day-old female with unilateral CLP on the left side. Fabrication involved intraoral scanning to create a digital
model, followed by planning of molding vectors and 3D printing of the dual-layered appliances. Each layer was
sequentially printed using distinct materials suited to their functional requirements. The treatment duration
extended over five months for both cases.

Results: In the bilateral CLP case, the PSIO appliance facilitated increased lateral sulci distance, reduced intertu-
berosity width, medialization of the premaxilla, and approximation of the alveolar segments. This resulted in
notable improvements in nasal symmetry and a reduction in the cleft gap prior to surgery. The unilateral CLP case
demonstrated significant cleft gap reduction, enhanced nasal symmetry, and increased intercanine width.
Conclusions: The proposed dual-layered PSIO technique represents a significant advancement in the presurgical
management of infants with CLP by incorporating digitally designed and directly 3D-printed appliances. This
approach offers streamlined molding, minimizes caregiver burden, and reduces the risk of mucosal irritation
while delivering precise and predictable treatment outcomes. Although promising, this protocol is based on case
reports, and clinical trials are needed to further validate its effectiveness.

Introduction

Digitization provides a modern approach to capturing precise oral
and facial structures, through intraoral scanning and the realm of 3D

The integration of cutting-edge technologies, including intraoral
scanning, computer-aided design (CAD), computer-aided manufacturing
(CAM), and 3D printing, has the potential to transform the conventional
process of creating customized Presurgical Infant Orthopedic (PSIO)
appliances. PSIO has been refined for over a century, taking a significant
turn with Grayson’s Presurgical Nasoalvelar Molding (PNAM) appliance
which primarily focuses on enhancing the alignment of the alveolar pro-
cess, nose, and lips by passive molding."

Despite advancements in the field, PNAM is linked to a significant
burden of care. This includes conventional impressions used in PSIO for
managing cleft lip and palate (CLP) present considerable challenges.
They frequently result in inaccuracies and various complications, includ-
ing foreign body aspiration, respiratory obstruction, cyanosis, difficul-
ties in removing the impression, and allergic reactions to the impression
materials. These concerns underscore the necessity for more dependable
and patient-friendly alternatives.>>
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printing in cleft care offers a customized, precise, and efficient appli-
ance, ultimately improving patient outcomes and experiences.* While
digital scanning and 3D printing offer innovative solutions, they are
often associated with high costs and certain disadvantages, such as the
need for specialized equipment and training. The advent of digitization
in PSIO for cleft care has been well documented in literature studies by
Yu Q. et al.” in 2013 and Gong X° in 2017 wherein they utilized CAD for
nasoalveolar molding in 15 unilateral cleft lip and palate (UCLP) infants
and 19 bilateral cleft lip and palate (BCLP) infants respectively. In 2019,
OrthoAligner NAM by Batra P et al." was introduced in a case series
where 4 UCLP infants were treated with 15 aligner sets that were
designed digitally, in conjunction with a nasal elevator (Dynacleft). Sub-
sequently in 2022, Batra P et al.” compared AlignerNAM and Grayson’s
technique, demonstrating a successful decrease in the cleft size and
improved nasal anatomy, with AlignerNAM decreasing patient visits by
75%, leading to a significant reduction in travel and consumable costs

1073-8746/© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar technologies.
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by one-third. Abd El Ghafour M® in 2020 introduced p-NAM where they
virtually constructed and 3D printed appliances in 14 infants with
UCLP.

In recent years, numerous cleft centers worldwide have adopted
intraoral scanning and CAD/CAM technology for PSIO. In this article,
we propose a digital workflow of a PSIO appliance consisting of two
layers, an outer hard splint resin, and an inner soft splint resin, bonded
with liquid resin. The appliance is designed by direct 3D printing of its
layers which incorporates the movements of the alveolar segments and
premaxilla at every stage to reduce the cleft defect prior to chelioplasty.

Case 1

A 14-day-old male with non-syndromic, complete BCLP with a pro-
truded and deviated premaxilla to the left side was referred to our cleft
centre. On clinical examination, the cleft alveolar gap on the right side
was 11 mm, and on the left side was 2 mm with a poor nasal tip projec-
tion and a deficient and malposed columella. A total nostril width of
25.7 mm with the nasal dome height of 5.5 mm on the left side and
4 mm on the right side was recorded (Fig. 1A).

Case 2

A 26-day-old female with non-syndromic complete UCLP on the left
side was referred to our cleft center. On clinical examination, the cleft
alveolar gap was 9 mm and the ala and columella of the nose were col-
lapsed on the left side with a columellar deviation angle of 28.3° Addi-
tionally, the nostril on the cleft side was flattened with a deviated nasal
septum to the noncleft side by 5 mm, total nostril width of 24.3 mm and
a nasal dome height of 3 mm (Fig. 1B).

Protocol for appliance fabrication
Intraoral scanning

The digital workflow involved chairside intraoral scanning per-
formed with a Trios 3-Shape scanner(3Shape, Copenhagen, Denmark).
The infant was stabilized onto the caretaker’s lap in supine position with
their head facing toward the operator’s lap and the scanner was navi-
gated carefully to record the crucial anatomical structures within 2 min.

Virtual setup

A 3-D virtual model of the maxillary arch was constructed for the
manufacturing of the novel PSIO appliance by using the OnyxCeph™ 3D
pro, Inc.(Milan,Italy) software. With the virtual base parallel to the
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occlusal plane, the vectors for alveolar molding were planned by defin-
ing the cleft segments into three individual fragments: the right and left
alveolar arches and the premaxilla with special attention for the 3-D con-
trol of the premaxilla for BCLP cases. Focusing on the primary goals of
medializing the premaxilla, aligning, and approximating the alveolar
cleft segments, lateral and outward growth was allowed, thereby
decreasing the alveolar gap.’ The cleft segments were split into two: the
right and left alveolar arches, for UCLP cases. The objective was to
approximate the alveolar cleft segments by rotating the major segment
so that the frenum is positioned in the center of the arch and outward
and lateral movement of the minor segment, thereby reducing the alveo-
lar gap. The amount of movement necessary to achieve the intended out-
come was programmed at 1 mm per step to gradually mold the alveolar
segments (Fig. 2A and 2B).

Appliance fabrication

The appliance consisted of two layers: an outer layer made of hard
splint resin and an inner layer made of soft splint, graphy TA-28 for hard
shell and TE-151 for soft layer. The outer layer typically has a thickness
ranging from 1.2 to 1.5 mm, while the inner layer is thinner, typically
between 0.8 to 1 mm (Fig. 2C, 2D, and 2E). After establishing the
required stages, the STL file format was exported and subsequently
printed by the Uniz NBEE Dental 3D DLP/LCD stereolithographic printer
(Fig. 2F).

The two layers were manually united by applying a fine coat of liquid
soft splint resin between them. This liquid resin was cured using a Cure
UV post-cure unit according to the manufacturer’s instructions, with
nitrogen infusion for a duration of 20 min to ensure the layers bonded
securely (Fig. 2G, 2H and 2I). For both cases, six consecutive PSIO appli-
ances were created to execute the molding procedure of the alveolar seg-
ments.

The extension arm was digitally designed (as shown in Fig. 2J) and
digitally integrated with the outer shell using hard splint resin for 3D
printing to rotate the more significant maxillary segment toward the
midline using elastic traction and lip taping extraorally. The digital
workflow, from intraoral scanning to appliance delivery, has been illus-
trated (Fig. 3). Whether in clinical practice, laboratory tasks, manage-
ment protocols, or even scholarly publishing, structured digital
workflows play a crucial role. This approach ensures systematic process
management, especially in techniques that demand well-defined steps
for effective outcomes. *°

Fig. 1. A Pre-treatment extraoral and intraoral photographs of an infant with complete BCLP, B- Pre-treatment extraoral and intraoral photographs of an infant with

complete UCLP.
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Fig. 2. (A) Virtual plan for cleft closure for infants with Bilateral Cleft lip and
Palate, (B) Virtual plan for cleft closure for infants with Unilateral Cleft lip and
Palate, (C) Cleft area blocked out digitally, (D) PSIO appliance designed in 2
parts. Purple part is printed in soft splint material and silver part is printed in
hard splint material, (E) Silver part printed from hard splint material seen from
top, (F) The Uniz NBEE Dental 3D Printer (G) Soft layer, (H) Hard layer, (I) Two-
layered appliance before curing, (J) Virtual retention arm extension for rotating
alveolar segments.

Nasal molding

As the treatment commenced with an intraoral appliance, which was
utilized for the initial 3 to 6 weeks. Once the cleft defect width reduced
to 5 mm, a Dynacleft nasal elevator was incorporated approximately
three months after the treatment began.'™*'?
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Treatment progress

The appliance was delivered, and the caregiver was provided with
instructions regarding wear time and maintaining the appliance after
feeding (Fig. 4). The customised appliance maintains its position inde-
pendently, however the posterior retention can be reinforced with den-
ture adhesive (Polident Denture Adhesive) to keep it securely in place.
Anteriorly the appliance stability is provided by a retention arm, which
is an extension of the intraoral appliance, supporting elastic traction and
enabling the rotation of maxillary segments through the use of elastics
and external lip taping. The therapy spanned 18 weeks, during which
the appliance was replaced every 3 weeks to gradually achieve the speci-
fied objectives of alveolar and nasal molding.

The 3-weekly treatment progress for the cases has been illustrated in
Fig. 5.

Treatment results

PSIO with the novel appliance was carried out for a duration of
5 months. Linear and angular measurements'®> were analyzed on the
study models using the GOM Inspect software (v 2.0.1, 2018).

In Case 1, premaxilla medialization was performed, leading to the
alignment of the alveolar segments and a notable enhancement in colu-
mella length, which resulted in satisfactory nasal symmetry before sur-
gery, as depicted in Fig. 6A. A complete closure of the cleft defect was
achieved. The distance between lateral sulci increased from 26.8 mm to
30.4 mm, while the intertuberosity width decreased from 22.3 mm to
21.02 mm, which the anterior length of the palate (T0: 7.5 mm; T1:
7.6 mm) and the total palatal length (TO: 28.6 mm; T1: 28.5 mm) did
not change significantly post-presurgical molding. These findings sug-
gest that there is an expansion at the intercanine width in the maxillary
segment during this timeframe, aligning with the typical growth pattern
of the maxilla in healthy infants within their initial year.'* Our result
implies that the novel method employed here doesn’t hamper maxillary
growth. The assessment of the nasal symmetry revealed a significant
reduction in the nasal width (TO: 25.7 mm; T1:20.1 mm) and a signifi-
cant symmetrical increase in the nasal height on the right and left sides.

In Case 2, the cleft gap was notably reduced from 9.1 mm to 0 mm
(p < 0.001) through alveolar segment approximation, accompanied by
significant nasal elevation, achieving satisfactory nasal symmetry preop-
eratively (Fig. 6B). The intercanine width significantly increased from
29.1 mm to 34.5 mm post-alveolar molding suggesting a significant
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Fig. 3. Digital Workflow for this technique.
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Fig. 4. Appliance delivery: 3D printed appliance(A.) and Appliance in situ.

transverse growth. The smaller [MS-(PL-PS)] cleft segment from the
intertuberosity line expressed a notable growth from 19.6 mm(TO) to
23.8 mm at T1 which is comparable with sagittal distance of the larger
[ML-(PL-PS)] cleft segment (24.1 mm at T1). The achievement of this
successful outcome relies on the careful execution of essential proce-
dures, such as digitally blocking undercuts on the virtual model and
maintaining regular clinical appointments. The 3D models of two succes-
sive casts (before and after treatment) were aligned along the X-axis
(sagittal plane), Y-axis (posterior limit to posterior superior line), and Z-
axis and were superimposed using the midpoint of the intertuberosity
line to evaluate the alteration in arch configuration following treatment
(Fig. 6C and 6D).

Following the conclusion of presurgical alveolar molding, the
patients were directed for lip repair surgery. The postoperative results

Fig. 5. Treatment progress photographs taken every 3 weeks showing changes
in the alveolar segments. A) BCLP infant, B) UCLP infant.

for both cases demonstrate the effective application of PSIO, which
played a role in achieving a favourable surgical result (Fig. 7).

Discussion

The strategic integration of digital technology into cleft treatment
has proven to be a promising alternative to traditional NAM methods
with the potential to produce favourable outcomes while enhancing the
comfort and convenience of patients.

One of the most common materials used in the fabrication of the tra-
ditional PSIO appliance is Polymethyl methacrylate (PMMA) which is
associated with a low degree of polymerization, and a greater residual
monomer causing allergic reactions.'>'® Besides, multiple visits for
appliance adjustment, arbitrary addition, and trimming of the inner sur-
face of the PSIO plate, in the conventional method contribute to the
inherent limitations compared to digital fabrication methods in terms of
accuracy, efficiency, and consistency.

Nextdent Ortho Flex, Senertek Clear-A, Graphy TE-151 are a few
examples of soft splint resin while KeySplint hard, Nextdent OrthoClear,
Senertek Splint, Graphy TC-85 DAC are the hard splint resin material
that may be used to effectively 3-D print the dual-layered PSIO appli-
ance. The above mentioned resin materials have class I biocompatibility
clearance with ease of maintenance, excellent dimensional stability, and
resistance to material fatigue.'”"'®

The current method streamlines the alveolar molding process by
removing the need for manually adding a soft liner and selective acrylic
trimming procedures that are imperative in Grayson’s technique. Vector
planning, involving all movements of the alveolar segments and premax-
illa, is conducted virtually, thereby enhancing the predictability and pre-
cision of both appliance activation and outcomes.

The previous CAD/NAM studies'->>° focused only on vector plan-
ning for the movements of the cleft segments. In this study, all move-
ments were simulated on the virtual model and the complete
construction of the appliance was also virtually completed, eliminating
the printing of multiple maxillary models.®

Although the potential adoption of a digital workflow in cleft centres
is closely related to its available resources in our perspective, under-
scores one of the first documented cases globally treated with the novel
direct 3D printed dual-layered PSIO appliance. This technique combines
a soft shell for the comfort of infants with a hard shell designed to
deliver precise force vectors in a digital NAM appliance. Although the
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Fig. 6. Extraoral and intraoral photographs after presurgical infant orthopedics. A) BCLP infant, B) UCLP infant, Superimposition of study model scans at pre-PSIO and
post-PSIO in the MeshLab software(Version 2021.10) of (C) BCLP infant and (D) UCLP infant.

higher costs and technical workflow associated with digital scanning this innovative technique with other established methods like Grayson’s
and 3D printing can be challenging, these factors are ultimately out- technique, the AlignerNAM system, and similar approaches.

weighed by the substantial decrease in complications and inaccuracies A more definitive evaluation of the appliance’s effectiveness can be
commonly linked to traditional NAM appliances. A more definitive eval- achieved by comparing this innovative technique with other established
uation of the appliance’s effectiveness can be achieved by comparing methods like Grayson’s technique, the AlignerNAM system, and similar

Fig. 7. Post-lip surgery extraoral photographs of the infant: (A.)BCLP and (B.)UCLP.
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approaches.The current method streamlines the alveolar molding pro-
cess by removing the need for manually adding a soft liner and selective
trimming, procedures that are subjective in Grayson’s technique. Vector
planning, involving all movements of the alveolar segments and premax-
illa, is conducted virtually, enhancing the predictability and precision of
both appliance activation and outcomes.The current method streamlines
the alveolar molding process by removing the need for manually adding
a soft liner and selective trimming, procedures that are subjective in
Grayson’s technique. Vector planning, involving all movements of the
alveolar segments and premaxilla, is conducted virtually, enhancing the
predictability and precision of both appliance activation and outcomes.
The current method streamlines the alveolar molding process by remov-
ing the need for manually adding a soft liner and selective trimming,
procedures that are subjective in Grayson’s technique. Vector planning,
involving all movements of the alveolar segments and premaxilla, is con-
ducted virtually, enhancing the predictability and precision of both
appliance activation and outcomes.The soft splint resin material offers a
blend of strength and flexibility, prioritizing patient comfort. The hard
splint resins boast easy cleanliness maintenance and excellent dimen-
sional stability outside the oral cavity. Moreover, their distinct modulus
change with temperature bolsters resistance against material fatigue,
ensuring remarkable durability despite frequent intraoral usage.The soft
splint resin material offers a blend of strength and flexibility, prioritizing
patient comfort. The hard splint resins boast easy cleanliness mainte-
nance and excellent dimensional stability outside the oral cavity. More-
over, their distinct modulus change with temperature bolsters resistance
against material fatigue, ensuring remarkable durability despite fre-
quent intraoral usage.The soft splint resin material offers a blend of
strength and flexibility, prioritizing patient comfort. The hard splint res-
ins boast easy cleanliness maintenance and excellent dimensional stabil-
ity outside the oral cavity. Moreover, their distinct modulus change with
temperature bolsters resistance against material fatigue, ensuring
remarkable durability despite frequent intraoral usage.The soft splint
resin material offers a blend of strength and flexibility, prioritizing
patient comfort. The hard splint resins boast easy cleanliness mainte-
nance and excellent dimensional stability outside the oral cavity. More-
over, their distinct modulus change with temperature bolsters resistance
against material fatigue, ensuring remarkable durability despite fre-
quent intraoral usage.The soft splint resin material offers a blend of
strength and flexibility, prioritizing patient comfort. The hard splint res-
ins boast easy cleanliness maintenance and excellent dimensional stabil-
ity outside the oral cavity. Moreover, their distinct modulus change with
temperature bolsters resistance against material fatigue, ensuring
remarkable durability despite frequent intraoral usage.Top of Form Bot-
tom of Form
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