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Abstract

Background: Rapid palatal expansion (RPE) is the gold standard for maxillary deficiency
in growing patients. Conventional soldered expanders often present challenges in adap-
tation, chairside procedures and bond stability. This study compares traditional RPEs
with customized CAD (Computer Aided Design)/CAM (Computer Aided Manufacturing)
expanders regarding clinical efficiency and patient experience. Methods: Thirty growing
patients (mean age: 9.2 £ 1.1 years) were allocated to two groups: traditional RPEs (n = 15)
and customized CAD/CAM RPEs (n = 15). Outcomes included bond failures, chairside time
(from initial try into cementation) and short-term patient-reported discomfort via a 10-point
Visual Analogue Scale (VAS) 24 h after appliance placement. Significance was set at p < 0.05.
Results: The CAD/CAM group showed significantly fewer bond failures (0.2 & 0.4 vs.
1.1 £ 0.8; p < 0.05) and shorter chairside time (12.4 & 2.1 min vs. 24.6 £ 3.8 min; p < 0.001).
Patient discomfort was also significantly lower in the CAD/CAM group (VAS: 4.1 £ 1.0
vs. 6.3 £ 1.2; p < 0.05). Conclusions: Within the limitations of this pilot exploratory non-
randomized study, customized CAD/CAM RPEs were associated with fewer bond failures,
shorter chairside application time, and lower short-term discomfort at 24 h compared with
traditional appliances. These preliminary findings should be interpreted with caution and
confirmed by larger randomized controlled studies.

Keywords: rapid palatal expansion; customized orthodontic appliances; chairside time;
patient comfort; bond failure

1. Introduction

Transverse maxillary deficiency is a common dentoskeletal problem in growing pa-
tients and is frequently associated with posterior crossbite, dental crowding, a narrow
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maxillary arch and functional mandibular displacement. If left un-treated, it may adversely
affect occlusal development and craniofacial growth [1-4]. In this context, RPE is widely
regarded as the treatment of choice for correcting maxillary transverse discrepancies during
growth. The prevalence of transverse discrepancies in mixed dentition has been reported
to range from 8% to 22%, depending on the population studied and diagnostic criteria
adopted [5-9].

The rationale for RPE is based on the opening of the midpalate suture and the resulting
increase in maxillary width, accompanied by dentoalveolar adaptation. When treatment is
performed in growing subjects, orthopedic effects are generally more favorable because of
the greater skeletal responsiveness of the maxillary sutures. For this reason, RPE has long
represented a cornerstone of interceptive orthodontics [10-15].

Conventional expanders, whether banded or bonded, have demonstrated clinical
effectiveness over time; however, their fabrication and delivery still rely on several labora-
tory and chairside steps that may affect appliance precision and overall efficiency [16-20].
Traditional workflows usually include impression taking, cast preparation, band selection,
soldering procedures, appliance finishing and intraoral adjustment before cementation.
Each of these phases may introduce inaccuracies that compromise appliance fit and increase
the need for chairside corrections [21-24].

From a clinical perspective, inadequate adaptation of the expander may affect ap-
pliance stability. Bond failures during the active expansion phase represent a relevant
complication, as they may interrupt treatment, require additional appointments, prolong
therapy and reduce patient compliance. Repeated recementation may also increase the
biological and clinical burden of treatment [25-30].

Another clinically relevant issue is the time required for appliance delivery. In young
patients, lengthy chairside procedures may reduce cooperation and increase discomfort
and stress [31-34]. Therefore, reducing insertion and cementation time is an important
objective, not only for improving workflow efficiency, but also for enhancing the overall
patient experience.

The progressive integration of digital technologies into orthodontics has introduced
new possibilities for appliance design and manufacturing [35-38]. Intraoral scanning, three-
dimensional planning, and CAD/CAM production enable the fabrication of customized
expanders designed according to the individual anatomy of each patient. Compared with
conventional appliances, digitally manufactured expanders may offer improved fit, greater
reproducibility and reduced need for intraoral adjustment at delivery [39-45].

A more accurate adaptation of the appliance may also provide biomechanical and
clinical advantages. Better fitting components could improve stability during activation,
reduce stress at the cementation interfaces and limit the occurrence of detachment or
debonding. In addition, customized morphology and smoother surfaces may contribute to
im-proved tolerability, particularly during the first days after placement, when discomfort
is usually greatest [46—48].

Although CAD/CAM expanders are becoming increasingly popular in contempo-
rary orthodontics, the available evidence on clinically meaningful outcomes remains lim-
ited [49-52]. Most published studies have primarily focused on digital accuracy and
technical feasibility, whereas fewer investigations have evaluated practical parameters
directly affecting daily clinical management, such as bond stability, chairside efficiency and
patient-reported discomfort [53-55].

In clinical practice, the success of rapid palatal expansion does not depend exclu-
sively on the orthopedic effect obtained at the midpalatal suture, but also on the stability,
precision, and tolerability of the appliance throughout the active expansion phase. Even
when conventional expanders are effective from a therapeutic perspective, their fabrication
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involves multiple analog steps that may influence the final intraoral fit. Minor discrep-
ancies occurring during impression taking, cast pouring, band adaptation, soldering, or
finishing may require chairside adjustments at delivery and may increase the risk of stress
concentration at the cemented interfaces. These aspects are particularly relevant in growing
patients, in whom treatment cooperation, chairside tolerance, and appointment duration
represent important determinants of clinical efficiency. A poorly adapted appliance may
cause discomfort, occlusal interference, soft-tissue irritation, or reduced stability during
screw activation. Consequently, even small improvements in appliance adaptation and
insertion procedures may have a meaningful impact on everyday orthodontic management.
Within this context, customized CAD/CAM expanders may offer a potential clinical ad-
vantage because they are designed on the individual digital anatomy of the patient. The
virtual design process allows more controlled positioning of the framework, more accurate
adaptation to anchorage teeth, and a reduction in manual laboratory steps. From a theo-
retical point of view, this may translate into fewer intraoral adjustments, shorter delivery
time, improved retention, and better patient-reported tolerability. However, these potential
advantages require clinical validation through studies evaluating practical outcomes that
are directly relevant to clinicians and patients.

Therefore, the aim of the present study was to compare traditional soldered RPEs
with fully customized CAD/CAM RPEs in growing patients. The comparison focused on
three clinically relevant outcomes: bond failures during the expansion phase, chairside
application time and patient reported discomfort at 24 h after appliance placement [56-61].

2. Materials and Methods
2.1. Study Design and Ethical Considerations

This study was designed as a pilot exploratory, single-center, prospective, non-
randomized comparative clinical study conducted in growing patients requiring rapid
palatal expansion as part of their interceptive orthodontic treatment. The study was carried
out at the Orthodontic Department of the University of L’Aquila, Italy, between Novem-
ber 2024 and November 2025. Data collection was completed within this period, and
the present manuscript does not represent an interim analysis. The protocol complied
with the principles of the Declaration of Helsinki and with institutional ethical standards.
Ethical approval was obtained from the Institutional Review Board of the University of
Bari “Aldo Moro” (Prot. No. 0029116, 23 March 2023; Study code: EAPAS). Written in-
formed consent was obtained from the parents or legal guardians of all participants before
enrollment. Assent was also obtained from the children when appropriate for age and
level of under-standing. No a priori sample size calculation was performed. Therefore,
the present investigation should be considered exploratory and hypothesis-generating and
the findings should be interpreted with caution. The study was conceived to evaluate
short-term clinical performance rather than skeletal or dentoalveolar treatment effects. For
this reason, the selected outcomes were directly related to appliance delivery and early
clinical management. Bond failures were chosen as an indicator of appliance retention and
stability during the active expansion phase; chairside application time was selected as a
measure of clinical workflow efficiency; and patient-reported discomfort at 24 h was used
to assess early tolerability immediately after appliance placement. These outcomes were
considered particularly relevant for pediatric orthodontic patients, in whom reduced ap-
pointment duration and improved appliance comfort may positively influence cooperation
and treatment acceptance.
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2.2. Study Sample

A total of 30 growing patients with transverse maxillary deficiency were prospectively
enrolled. All patients required RPE as part of their interceptive orthodontic treatment. Pa-
tients were prospectively recruited according to predefined eligibility criteria. Allocation to
the treatment group was based on the type of expander clinically prescribed and appliance
availability at the time of recruitment; therefore, allocation was non-randomized.

At baseline, standard orthodontic records were obtained for all participants and
included age, sex, dentition stage, type of posterior crossbite, anchorage teeth and clinical
diagnosis of transverse maxillary deficiency.

After confirmation of eligibility and treatment planning, participants were allocated
to one of the two study groups according to the type of expander prescribed for clinical
use at the time of recruitment and appliance availability. During enrollment, efforts were
made to achieve the greatest possible baseline comparability between groups with respect
to demographic and clinical characteristics. Therefore, allocation was prospective but
non-randomized.

The sample was divided as follows:

e  Group T (Traditional RPEs): 15 patients treated with conventional soldered expanders.
e  Group C (Customized RPEs): 15 patients treated with fully customized CAD/ CAM expanders.

Because of the nature of the intervention, blinding of the operator and the participants
was not feasible. To reduce operator related variability, all appliances were inserted by the
same experienced orthodontist using the same clinical protocol.

Inclusion criteria:

- Mixed dentition stage.

- Skeletal transverse maxillary deficiency diagnosed clinically and on dental casts.
- Unilateral or bilateral posterior crossbite.

- No previous orthodontic treatment.

Exclusion criteria:

- Craniofacial syndromes or congenital malformations.
- Systemic diseases affecting bone metabolism.

- Poor oral hygiene or active periodontal disease.

- Lack of parental consent.

During enrollment, efforts were made to obtain clinically comparable groups with re-
spect to demographic and clinical characteristics. However, complete patient-level baseline
data were not available for a formal retrospective statistical comparison between groups.

2.3. Traditional RPEs: Group T

For patients in Group T, maxillary impressions were taken using conventional alginate
material and poured in dental stone. Stainless steel bands were selected and adapted to the
maxillary first permanent molars or deciduous second molars, according to dental eruption
stage. The expander framework and expansion screw were then assembled and soldered
by a dental technician according to standard laboratory procedures. The appliance was
subsequently finished, polished and checked before clinical delivery (Figure 1). Before
cementation, the conventional appliance was evaluated intraorally to verify complete
seating of the bands, passive fit of the framework, and absence of premature occlusal
contacts. When necessary, minor chairside adjustments were performed to improve adapta-
tion before final cementation. These adjustments were included in the recorded chairside
application time, as they represent a clinically relevant component of the conventional
delivery workflow.
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Figure 1. Traditional RPEs.

2.4. Customized CAD/CAM RPEs: Group C

For patients in Group C, digital impressions of the maxillary arch were obtained
using an intraoral scanner. The ex-panders were designed using dedicated CAD software,
allowing three-dimensional visualization and virtual adaptation of bands and framework
to each patient’s dental anatomy. The appliances were then manufactured using a CAM
workflow and were delivered ready for clinical insertion (Figure 2). The digital workflow
was intended to minimize manual adaptation procedures and to improve the correspon-
dence between the appliance and the patient-specific dental anatomy. During virtual
planning, the extension of the framework and the adaptation of the anchorage components
were designed to obtain stable support while avoiding unnecessary bulk and potential
soft-tissue interference. At clinical delivery, the customized appliances were checked for
passive seating and correct positioning in the same manner as the traditional expanders.
Any additional adjustment required before cementation was included in the chairside
application time.

Figure 2. CAD/CAM RPEs.

2.5. Clinical Procedure

Before cementation, each appliance was checked intraorally for passive fit, correct
seating on the anchorage teeth and absence of occlusal interferences. Cementation was
performed using glass ionomer cement according to the manufacturer’s instructions.

Chairside application time was recorded with a stopwatch and defined as the time
elapsed from the initial try-in of the appliance to completion of cementation.

Following appliance delivery, parents or caregivers received standardized oral hygiene
and activation instructions. The activation protocol was the same for both groups and
consisted of two quarter-turns per day (0.5 mm/day) until the planned clinical endpoint
was reached. Overcorrection was clinically defined as correction of the posterior crossbite
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until the palatal cusps of the maxillary posterior teeth contacted or slightly overpassed the
buccal cusps of the mandibular posterior teeth. Patients were reviewed weekly during the
active phase of expansion.

To minimize variability in appliance delivery and outcome recording, all appliances
were inserted and all clinical outcomes were recorded by the same experienced orthodontist.
Since only one operator was involved, inter-observer reliability could not be assessed and
no formal inter-examiner calibration was performed. The same cementation material and
the same clinical insertion sequence were used for both groups. Eligibility criteria were
identical for both groups and all participants were managed within the same clinical setting.
Owing to the nature of the intervention, neither operator nor patients could be blinded.

2.6. Outcome Measures
Three main outcomes were evaluated:

(1) Bond failures: were defined as any partial or complete loss of retention involving
a band or any cemented component of the appliance that required recementation,
repair or replacement during the active expansion phase. The total number of bond
failures per patient was recorded from appliance insertion to completion of active
expansion. Partial and complete debonding events were counted equally when they
required clinical intervention. Recementation, repair, or replacement was considered
part of the management of the same bond failure event. This definition was adopted to
ensure that only clinically relevant failures were recorded. Minor findings that did not
require intervention, such as small marginal cement defects without loss of retention,
were not counted as bond failures. Conversely, any event requiring interruption of the
planned expansion protocol or an additional clinical procedure was considered a bond
failure, irrespective of whether the appliance was partially or completely detached.

(2) Chairside time was measured in minutes, from the initial appliance try-in to
final cementation.

(3) Short-term patient-reported discomfort: Patient-reported discomfort was assessed
using a 10-point VAS, where 0 indicated no discomfort and 10 indicated maximum dis-
comfort. VAS scores were collected at 24 h after appliance insertion using standardized
age-appropriate verbal instructions, with parental or caregiver support when needed.
The 24 h time point was selected because it represents the early post-placement phase,
during which discomfort related to appliance bulk, occlusal interference, pressure
sensation, and soft-tissue adaptation is usually more evident. Patients and caregivers
were instructed to report the perceived discomfort associated with the appliance
rather than pain related to unrelated oral conditions. Although the VAS is a simple
and widely used tool, the results were interpreted cautiously because younger patients
may require parental support to understand and complete the scale.

2.7. Statistical Analysis

Descriptive statistics were calculated for all study variables. Continuous data are
presented as mean =+ standard deviation (SD). The distribution of continuous variables
was assessed using the Shapiro-Wilk test.

Between group comparisons for chairside application time and patient reported dis-
comfort (VAS scores at 24 h) were performed using independent samples tests. For normally
distributed variables, the independent-samples t-test was used; otherwise, the Mann—
Whitney U test was applied. Bond failures were analyzed as count data and between group
differences using the Mann-Whitney U test because of the limited range and non-normal
distribution of this variable. All tests were two-sided and the level of significance was
set at p < 0.05. Exact p-values were reported whenever available. However, because only

https:/ /doi.org/10.3390/app16136358


https://doi.org/10.3390/app16136358

Appl. Sci. 2026, 16, 6358

7 of 17

aggregated descriptive data were available at the revision stage, exact p-values and 95%
confidence intervals could not be calculated retrospectively for all outcomes. Given the
limited sample size, the results should be interpreted with caution. Because of the limited
sample size, the exploratory nature of the study and the absence of complete patient-level
raw data, no multivariable regression analysis was performed. No adjustment for multiple
comparisons was applied because of the exploratory nature of the study.

3. Results

The study sample consisted of 30 growing patients, including 16 males and 14 females,
with a mean age of 9.2 £ 1.1 years. The customized CAD/CAM expander group showed
significantly fewer bond failures than the traditional expander group (0.2 0.4 vs. 1.1 = 0.8)
(Figure 3). Individual patient-level distributions, ranges, and quartiles of bond failures were
not available for retrospective reporting. Chairside application time was also significantly
shorter in the customized group, with mean delivery time nearly halved compared with
that of the traditional group (12.4 & 2.1 min. vs. 24.6 &+ 3.8 min.) (Figure 4).

Regarding patient discomfort, values at 24 h were significantly lower in the customized
group than in the traditional group (VAS 4.1 & 1.0 vs. 6.3 & 1.2) (Figure 5).

Opverall, the three evaluated outcomes consistently favored the customized CAD/CAM
group. The mean number of bond failures per patient was lower in the customized group,
suggesting improved appliance stability during the active expansion phase. Chairside
application time was reduced by approximately 12 min in the CAD/CAM group compared
with the traditional group, corresponding to an almost 50% reduction in delivery time. In
addition, the lower VAS score recorded at 24 h suggests that customized appliances may be
better tolerated during the early post-placement period.

*
15 1 p<0.05 A
1 1.1+0.8
| 0.2+0.4
3 1.0 4
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Figure 3. Bond failures per patient (mean + SD) in traditional versus CAD/CAM customized RPEs
(p < 0.05).
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Figure 4. Chairside application time (min; mean + SD) from appliance try-in to ce mentation in
traditional versus CAD/CAM customized RPEs (p < 0.001).
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Figure 5. Patient-reported discomfort at 24 h (VAS 0-10; mean =+ SD) in customized versus traditional
RPEs (p < 0.05).
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From a clinical perspective, these differences may be relevant even in a small ex-
ploratory sample. Fewer bond failures may reduce the need for emergency appointments,
recementation procedures, and interruptions of the expansion protocol. Similarly, shorter
chairside time may be advantageous in growing patients, who may have limited tolerance
for prolonged procedures. Finally, reduced short-term discomfort may contribute to im-
proved acceptance of the appliance during the initial adaptation period. However, because
of the pilot nature of the study and the absence of complete patient-level data for additional
analyses, these findings should be interpreted as preliminary.

4. Discussion

The present prospective non-randomized comparative study showed that fully cus-
tomized CAD/CAM RPEs were as-sociated with fewer bond failures, shorter chairside
application time and lower patient reported discomfort at 24 h after insertion than tradi-
tional soldered expanders [62-65]. These findings are consistent with the ongoing transition
toward digital orthodontic workflows, in which CAD/CAM design and additive manu-
facturing allow the fabrication of increasingly individualized appliances with potential
advantages in terms of fit, efficiency and clinical reproducibility [66—-68]. Recent reviews
have emphasized that one of the main advantages of these technologies is the possibil-
ity of fabricating highly individualized intraoral devices while reducing dependence on
conventional laboratory procedures and improving overall workflow management [69-73].

At present, direct comparative evidence between conventional tooth-borne RPEs and
fully customized CAD/CAM tooth-borne expanders remains scarce. Drago et al. investi-
gated a digitally designed tooth borne expander, but their comparison concerned different
anchorage units rather than a digital versus conventional design [74-77]. More recently,
Pozzan et al. compared a customized Haas inspired RPEs with a conventional Haas ex-
pander, but their outcomes were limited to three-dimensional palatal changes and did not
include bond failures, chairside delivery time or patient reported tolerability [46,78-80].
In parallel, recent reviews suggest that much of the contemporary digital expansion lit-
erature is increasingly centered on digitally planned MARPE (Miniscrew Assisted Rapid
Palatal Expansion) rather than on customized tooth borne RPEs in growing patients [81-85].
Therefore, the present study addresses a clinically relevant gap by focusing on outcomes
that directly affect every day orthodontic practice [86-90]. The present findings should
be interpreted in the context of a broader clinical shift from standardized orthodontic
appliances toward individualized digital devices. In interceptive orthodontics, appliance
customization may be particularly valuable because anatomical variability, mixed dentition
characteristics, and patient cooperation can strongly influence treatment management. Un-
like conventional expanders, which require several analog fabrication steps and may need
chairside adaptation, CAD/CAM appliances are designed to reproduce patient-specific
morphology from the beginning of the workflow. This may reduce the cumulative errors
associated with impression materials, dental casts, manual band adaptation, and soldering
procedures. Although the present study was not designed to evaluate the accuracy of the
manufacturing process, the clinical outcomes indirectly support the potential relevance of
improved adaptation. Reduced bond failures, shorter chairside time, and lower discomfort
may all be related to better correspondence between the appliance and the supporting
dental structures. Therefore, the clinical benefit of CAD/CAM expanders may not be
limited to digital innovation itself, but may derive from the possibility of producing a more
reproducible and anatomically adapted appliance.

The lower number of bond failures observed in the customized group may plausi-
bly be explained by the more accurate adaptation of the appliance to the patient’s dental
anatomy [91-96]. A better fit may reduce insertion related stress, limit the need for intraoral
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adjustments and improve stability during the active phase of expansion. Although robust
comparative evidence on debonding outcomes is still lacking, the currently available litera-
ture supports the concept that individualized appliance design may improve adaptation
and biomechanical control [97-103]. This aspect is important because bond failure during
rapid palatal expansion is not only a mechanical complication, but also a factor that can
affect treatment continuity. Detachment or partial loss of retention may require unsched-
uled appointments, temporary suspension of activation, appliance repair, or recementation.
These events may increase chairside burden for the clinician and may reduce confidence
and compliance in young patients and their caregivers. Therefore, even a modest reduction
in bond failures may have practical relevance in routine orthodontic care. In the present
study, the lower number of failures in the customized group may be associated with a
more passive and homogeneous fit of the appliance at the time of cementation. A better
adaptation may distribute functional and activation-related forces more evenly across the
anchorage units and may reduce localized stress at the cement interface. However, this
explanation remains hypothetical because no biomechanical analysis or quantitative fit
assessment was performed.

The marked reduction in chairside application time observed in the CAD/CAM group
is also clinically relevant, particularly in pediatric orthodontics, where long procedures
may negatively affect cooperation. Although the observed reduction of approximately
12 min may appear modest in absolute terms, it may be clinically meaningful in pediatric
orthodontic practice, where shorter delivery appointments can improve cooperation, reduce
fatigue and stress, and increase overall chairside efficiency. The reduction in chairside
time observed in the CAD/CAM group may also reflect a simplification of the clinical
delivery phase. Traditional expanders often require verification of band seating, correction
of minor discrepancies, removal of interferences, and adaptation of the framework before
cementation. In contrast, a customized appliance delivered after digital planning may
require fewer intraoral corrections. This difference is particularly relevant in pediatric
patients, for whom prolonged appointments may increase fatigue, anxiety, and movement
during clinical procedures. From an organizational perspective, shorter appliance delivery
may improve scheduling efficiency and reduce clinical workload. Although the present
study did not perform a cost-effectiveness analysis, reduced chairside time and fewer repair
appointments could partially compensate for the higher laboratory or digital production
costs associated with CAD/CAM appliances. Future studies should specifically investigate
this aspect through economic and workflow analyses. Likewise, the lower discomfort
reported at 24 h may reflect better appliance adaptation and reduced occlusal or soft
tissue interference during the initial phase of treatment [104-109]. Although the present
study evaluated discomfort after appliance placement rather than during impression
taking, pediatric studies consistently report that digital procedures are bet-ter accepted
than conventional impressions and may improve comfort and patient preference [110-116].
This broader evidence supports the hypothesis that a digital workflow may contribute to a
more favorable overall treatment experience [117-120]. The difference in patient-reported
discomfort may be explained by several factors. Customized appliances may present a
more accurate adaptation to tooth morphology and a more controlled extension of the
framework, potentially reducing pressure areas, occlusal interferences, and soft-tissue
irritation. Moreover, a shorter and smoother delivery procedure may positively influence
the patient’s early perception of the appliance. In children, the initial experience with an
orthodontic device can affect cooperation, acceptance, and family perception of treatment
complexity. Nevertheless, discomfort was assessed only at 24 h after placement. This
time point captures early tolerability but does not provide information on discomfort
during the entire activation phase or after completion of expansion. For this reason, the
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present findings should be considered preliminary and should be confirmed using repeated
patient-reported outcome measures over multiple time points.

The present study has several limitations. First, the sample size was limited, and no a
priori sample size calculation was performed; therefore, the study should be considered
exploratory and hypothesis-generating. In addition, the availability of aggregated data
only prevented the retrospective calculation of exact p-values and 95% confidence intervals
for all outcomes, thereby limiting the precision of statistical interpretation. Furthermore, no
correction for multiple comparisons was applied; therefore, the possibility of type I error
cannot be excluded. Second, group allocation was non-randomized, and residual selection
bias cannot be excluded. Third, although efforts were made during recruitment to obtain
clinically comparable groups, complete patient-level baseline data were not available for a
formal statistical comparison between groups. Therefore, residual confounding related to
unmeasured baseline demographic or clinical differences cannot be excluded. Fourth, all
clinical outcomes were recorded by the same operator; therefore, inter-observer reliability
could not be assessed, and no independent blinded assessment was performed. Finally, only
short-term clinical outcomes were evaluated, and no long-term skeletal, dentoalveolar, or
stability-related outcomes were assessed [77]. Although VAS instructions were adapted to
the age of the patients, the use of a pediatric-specific validated scale, such as the Wong-Baker
FACES scale, would have strengthened the assessment of discomfort. Patient-reported
discomfort was assessed only at 24 h after appliance placement; therefore, no conclusions
can be drawn regarding discomfort during the subsequent active expansion phase.

Future prospective studies with larger samples and longer follow-up are needed to
determine whether the short-term advantages observed with customized CAD/CAM
expanders translate into superior long term clinical performance.

5. Conclusions

Within the limitations of this prospective non-randomized comparative study, fully
customized CAD/CAM RPEs were associated with fewer bond failures, shorter chairside
application time and improved patient comfort at 24 h after appliance placement. However,
due to the limited sample size and the exploratory non-randomized design, these findings
should be interpreted with caution and confirmed by larger randomized controlled studies.

Another limitation is that the study evaluated clinical management outcomes rather
than biological treatment effects. No three-dimensional skeletal, dentoalveolar, or peri-
odontal measurements were performed; therefore, the present results cannot determine
whether customized CAD/CAM expanders produce different orthopedic or dentoalveolar
effects compared with traditional appliances. In addition, patient-reported discomfort was
assessed using a single VAS measurement at 24 h, without repeated follow-up evaluations
during the active expansion phase. Future randomized controlled trials should include
larger samples, standardized baseline comparisons, blinded outcome assessment when
feasible, patient-level statistical analysis, longer follow-up, and combined evaluation of
clinical, skeletal, dentoalveolar, periodontal, patient-reported, and economic outcomes.
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