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Abstract

Objective: To perform a systematic review of the literature to identify the long-term effects of presurgical orthopedic (PSO) device
use on patient outcomes.

Design: A comprehensive literature review of Embase and Ovid databases was performed to identify all English-language publi-
cations related to unilateral cleft lip and palate, presurgical devices, and patient outcomes. Studies were excluded if they did not
report patient outcomes beyond 2 years of age, did not describe the use of a PSO device, were case reports (n < 10), or were
purely descriptive studies.

Main Outcome Measures: Reported patient outcomes following the use of PSO devices.

Results: Following a review of all articles by 2 independent reviews, 30 articles were selected for inclusion. Overall, there was no
reported consensus as to the long-term effects of PSO devices. Furthermore, this study identified that only 10% of published
research controlled for confounding factors that could influence the reported results. Confounding factors that were identified
included different operating surgeon, different surgical protocols, and different rates of revision surgeries.

Conclusions: Overall, this systematic review identified 2 important conclusions. Firstly, there is no consensus in the literature about
the long-term effects of PSO devices on long-term patient outcomes. Secondly, research in this domain is limited by confounding
factors that influence the applicability of the reported results.
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Introduction

Clinical use of active and passive presurgical orthopedic (PSO)

devices for the management of patients with cleft lip and palate

is controversial. It is widely accepted that these devices are

useful for decreasing alveolar gap size prior to lip repair

(Winters and Hurwitz, 1995; Grayson et al., 1999; Prahl

et al., 2001; Isik Aslan et al., 2018), but their long-term effects

on nasolabial aesthetics, dental occlusion, and facial growth are

still debated (Larson et al., 1993; Henkel and Gundlach, 1997;

Bajaj et al., 2011; Monasterio et al., 2013; Shetty et al., 2017;

Hay et al., 2018; Kornbluth et al., 2018; Liang et al., 2018).

Consequently, the use of these devices is dependent on surgeon

experience and caregiver preference (Heliovaara et al., 2020).

To date, there is a large body of research examining the out-

comes of patients treated with PSO devices, but there is no

consensus on their effect on long-term patient outcomes (Uzel

and Alparslan, 2011; Kornbluth et al., 2018). The lack of con-

sensus on the use of these devices is likely in part due to limita-

tions of the research itself. Research in cleft lip and palate is

often biased by small sample sizes and variable management
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protocols. Frequently, patients from numerous sites and sur-

geons are included in a single study to try and increase the study

cohort. Although advantageous for increasing the power of stud-

ies, grouping patients undergoing dissimilar management ulti-

mately creates confounding factors within the studies (eg,

surgeon experience, surgical procedure) (Hegde et al., 2015; Isik

Aslan et al., 2018; Kornbluth et al., 2018). The variability that

exists within and in between comparison groups creates bias and

confusion when drawing conclusions from the research per-

formed. In addition, there is also a paucity of research actually

comparing the difference in outcomes between patients treated

with different types of PSO devices (Kornbluth et al., 2018).

The primary purpose of this research was to complete a

systematic review of the literature pertaining to the use of

PSO devices in cleft lip/palate and their effect on long-term

patient outcomes. Specifically, we sought to identify the

type of PSO device being used, the surgical protocol includ-

ing PSO device and timing of lip/palate repair, the patient

outcomes being measured, and the overall conclusions

drawn about the PSO device (ie, positive effect, negative

effect, or no effect).

Methods

The systematic review was designed using the published

preferred reporting items for systematic reviews and meta-

analyses PRISMA guidelines (Moher et al., 2009). The

search protocol was not registered prior to undertaking the

systematic review. Systematic searches were conducted in

Ovid MEDLINE and Embase electronic databases (from

inception to November 2019) and were restricted to infants

(younger than 1 year of age), and studies published in the

English language. The search queries were developed using

a combination of subject headings and free text words such

as but not limited to cleft palate, cleft lip palate, cleft lip,

cleft lip face palate, orthodontics, nasoalveolar molding

(NAM), passive nasoalveolar molding (PNAM), presurgical

infant orthopedic (PSIO), and preoperative period. Opti-

mized methodological search “filters” and text words were

used to focus search results on research from comparative

studies to complement data from randomized controlled

trials published on the topic. The search strategies were

adapted for each database to include database-specific the-

saurus terms and field names. To identify additional rele-

vant studies that met our inclusion criteria we also

examined bibliographies of the relevant retrieved articles.

Conference publications presented at major national and

international meetings were also reviewed for relevance. A

detailed description of our search strategy can be found in

Online Appendix 1.

After initial abstraction of all studies from both databases,

all duplicate studies were eliminated. All titles were initially

screened for inclusion, followed by abstract review. Finally, all

remaining studies were screened via full text review for

appropriateness for inclusion. Selection criteria for included

studies were as follows:

Inclusion Criteria

� Described the use of PSO device for management of

unilateral cleft lip and palate.

� Described patient outcomes beyond 2 years of age.

� Included human subjects.

� English-language articles.

� Published at any date.

� Any study design, including case series (>10 cases).

Studies were excluded if they did not describe the use of a PSO

device for cleft management did not describe patient outcomes

beyond 2 years of age, were case reports (<10 cases), or non-

original studies. In addition, studies that did not separate

unilateral and bilateral cleft lip/palate patients were excluded,

as these are 2 separate populations whose overall outcomes

could vary greatly. Studies comparing patients with a cleft to

those without a cleft were also excluded; growth, occlusion,

and aesthetics in patients without cleft lip/palate are vastly

different, and this was considered to be an inappropriate com-

parison when trying to evaluate the effects of PSO devices.

Review of abstracts and full texts was performed indepen-

dently by 2 reviewers, and any disagreement about study inclu-

sion was resolved by consensus with the help of senior authors.

All study data were extracted in duplicate using a standardized

form. The same 2 reviewers extracted study data including:

(1) study title, (2) authors, (3) year of publication, (4) journal

of publication, (5) type of publication, (6) number of patients

included in study, (7) type of PSO device used, (8) patient

management protocols within and between groups, (9) patient

outcomes measured (eg, growth, nasolabial aesthetics, occlu-

sion), (10) age of patients at analysis, and (11) conclusions

drawn about the device being evaluated. Within the evaluation

of patient management protocol, we also recorded number of

surgeons and sites. The clinical outcomes measured were as

follows: nasolabial aesthetics, facial growth, dental arch/occlu-

sion outcomes, rates of revision surgeries, and change in airway

anatomy. When abstracting data about the conclusions draw

about the device, these conclusions were summarized as posi-

tive (ie, the device improved the measured outcomes), negative

(ie, the device worsened the reported outcomes), or neutral

(ie, the device made no difference on the reported outcomes).

Basic demographics were calculated, but meta-analysis was

not performed due to the heterogeneity of the reported methods.

A risk of bias assessment was performed using the checklist

described by Downs and Black (1998). This checklist was mod-

ified to fit the included studies. This checklist is binary; a score

of 1 is awarded to studies that include the specified element and

0 if the element is not included. Maximum score was 21. The

checklist was reviewed independently by 2 reviewers, any dis-

agreement about the awarded score was resolved by consensus.

Results

The literature search yielded a total of 438 studies to review, of

which studies met criteria for inclusion in the systematic
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review (Table 1; Figure 1) (Asher-McDade et al., 1992;

Brattstrom et al., 1992; Mars et al., 1992; Molsted et al.,

1992; Larson et al., 1993; Joos, 1995; Henkel & Gundlach,

1997; Millard et al., 1999; Mishima et al., 2000; Chan et al.,

2003; Bongaarts et al., 2004; Brattstrom et al., 2005; Molsted

et al., 2005; Bongaarts et al., 2006; Bongaarts et al., 2008;

Barillas et al., 2009; Bongaarts et al., 2009; Nakamura et al.,

2009; Mishra et al., 2010; Clark et al., 2011; Daskalogiannakis

et al., 2011; Hathaway et al., 2011; Patel et al., 2015; Lin et al.,

2017; Shetty et al., 2017; Kornbluth et al., 2018; Liang et al.,

2018; Massie et al., 2018; Peanchitlerkajorn et al., 2018; Singer

et al., 2018; Rubin et al., 2019). The results of the bias assess-

ment are included in Online Appendix 2. Of the 30 studies, 24

were retrospective studies and 6 were prospective studies. On

average, the included studies had a total of 33.7 patients per

intervention group and the majority focused on outcomes from

5 to 10 years of age (Table 1). Seven articles focused on nasoal-

veolar molding devices, 3 on the Latham device, 4 on a passive

plate, 1 on a Hotz plate, 2 on a T-traction device, 1 on an

unspecified active device, and 1 on an unspecified device.

In addition, 11 articles compared several different devices.

In total, 10 articles described nasolabial aesthetics, 9 described

facial growth, 16 described dental arch/occlusion outcomes,

1 described rates of revision surgeries, and 1 described change

in airway anatomy (Figure 2).

A total of 9 articles examined a patient cohort from a single

surgeon’s practice, 15 used a cohort from multiple sites and/or

surgeons, and 6 examined a cohort from one site with an unspe-

cified number of surgeons involved in the care of the patients.

Consistency in management protocols was quite variable

between these 3 groups (Figure 3). Variability in the protocols

included different operating surgeons (n ¼ 21), different type

and timing of lip and/or palate repair (n¼ 12), whether patients

received gingivoperiosteoplasty (GPP) (n ¼ 5), and whether

patients received revision surgeries (n ¼ 4). In total, 3 papers

did not describe their management protocols and 4 described

similar management for lip repair but did not describe manage-

ment following lip repair. In total, 2 papers had a consistent

management protocol within and between experimental

groups, but even these 2 papers were not single-surgeon

studies.

With respect to the 9 articles that investigated a single sur-

geon’s practice, 7 articles examined the effects of a passive

device and 2 examined the effects of an active device.

Three articles reported on nasolabial aesthetics, 2 reported on

dental arch/occlusion, 1 reported on facial growth, 1 reported

on dental arch/occlusion and growth, 1 article reported on den-

tal arch/occlusion and nasolabial aesthetics, and 1 article com-

pared rates of revision surgeries. Five of the 9 single-surgeon

articles had inconsistent management protocols for all of their

patients or did not specify whether the management between

the control and experimental groups was the same. In the

4 remaining articles, consistent management up to the time

of lip repair was reported, but no study specified whether the

treatment/control groups differed in their management follow-

ing lip repair (eg, palate surgery, revision surgeries etc).

Discussion

Overall, this systematic review identified 30 studies examining

the long-term effects of PSO device use. The primary objective

of this systematic review was to describe the current literature

on the long-term outcomes of patients treated with PSO

devices. To this effect, the main clinical outcomes measured

in these studies were nasolabial aesthetics, facial growth, and

dental arch/occlusion. Overall, this systematic review identi-

fied studies that report positive, negative, or no effects of PSO

devices on patient outcomes with no particular predominance.

The discrepancy of findings between studies highlights the lack

of consensus on the long-term effects of PSO device use in

patients with cleft lip/palate.

A potential reason for the discrepancy found in this systema-

tic review is the large variability in management of the patients

in these studies. This variability in management within experi-

mental groups creates many confounding factors that make it

difficult to draw meaningful conclusions from the results.

Variability in patient management has previously been identi-

fied as a weakness in cleft lip/palate literature but has never

been quantified as was done in this review (Isik Aslan et al.,

2018; Kornbluth et al., 2018). In total, this review identified no

single-surgeon article that had a consistent management proto-

col between and within comparison groups.

Identified sources of variability in patient management

included different operating surgeons, different timing/type

of lip and/or palate repair, inconsistent use of GPP, and patients

receiving different types of revision surgeries. These differ-

ences in management protocols are especially apparent in the

Eurocleft studies, Americleft studies, and the Dutchcleft stud-

ies (Asher-McDade et al., 1992; Mars et al., 1992; Molsted

et al., 1992; Prahl et al., 2001; Prahl et al., 2003; Bongaarts

et al., 2004; Brattstrom et al., 2005; Molsted et al., 2005;

Bongaarts et al., 2006; Prahl et al., 2006; Bongaarts et al.,

2008; Bongaarts et al., 2009; Daskalogiannakis et al., 2011;

Hathaway et al., 2011). These large cohort studies were some

of the earliest studies describing nasolabial aesthetic, dental

occlusion, and facial growth outcomes in patients with cleft

palate that received PSO device treatment. Although they were

essential to developing the cleft palate literature, each of these

studies compared patients from 4 to 6 centers that all differed in

the PSO device used (active vs passive), type/timing of lip and

palate surgery, and the surgeon who operated on the patients.

Differing times of lip and palate repair can reduce the applic-

ability of the comparisons being drawn between the PSO

groups as the age of the repair has been previously shown to

affect growth (Mylin and Hagerty, 1983; Bardach et al., 1984;

Friede and Enemark, 2001). Moreover, in all of these studies

the comparison groups were each operated on by different

surgeons. It cannot be excluded that the reported results may

be a consequence of the operating surgeon and not the PSO

device used (Adali et al., 2012). Despite being large trials, the

variability in patient management makes it difficult to isolate

and conclude how the PSO devices may have influenced

patient outcomes.
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In an effort to eliminate some potential bias, this review also

focused on studies from a single surgeon’s practice; however,

multiple confounding factors and methodology flaws were still

identified. Our review identified a total of 9 single surgeon

studies from which 6 studies still had inconsistent management

protocols between groups. In total, 3 single-surgeon studies had

consistent management protocols up to the time of lip repair

(Barillas et al., 2009; Clark et al., 2011; Liang et al., 2018).

By maintaining a consistent management protocol with a single

surgeon, these studies eliminated many confounding variables

but still had several weaknesses that decreased the validity of

their results. Specifically, all 3 studies did not report on the

number of patients requiring further surgeries following palate

repair. This is an important distinction that must be made when

evaluating patients long term as changes in clinical outcomes

could be attributed to their revision surgeries instead of their

initial management.

Previously, Uzel and Alparslan published a retrospective

review which included only prospective studies examining the

long-term effects of PSO devices; a total of 12 studies were

identified in their review. Their review concluded that passive

devices have no positive effect on motherhood satisfaction,

feeding, speech, facial growth, dental arch, occlusion, and

nasolabial aesthetics and active devices have no positive effects

on feeding (Uzel and Alparslan, 2011). Overall, the earlier

review was the first to summarize long-term patient outcomes

Figure 1. Flowchart of study inclusion.

Figure 2. Distribution of positive, negative, or inconclusive results in
all articles.

Figure 3. Types of variability in the methodology of the reviewed
studies.
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from PSO device use but was limited by the exclusion of retro-

spective studies. Retrospective studies form a large proportion

of cleft palate literature, our review suggests 73% of cleft

palate literature is retrospective in nature. As such, excluding

retrospective studies in this field significantly limits the

strength of the review by limiting the number studies from

which conclusions may be integrated. With our more recent

review and inclusion of retrospective studies, this second

review is a more inclusive and up-to-date systematic review

than the original review done in 2011 (Uzel and Alparslan,

2011). Despite differences in the timeline and inclusion criteria

of both systematic reviews, the overall results are similar; there

is no definite conclusion on the long-term outcomes in patients

who have received PSO treatment.

A limitation of this study is the search terms that were used.

The search terms were selected to be broad in an attempt to

include the maximum number of articles possible. Despite this,

not all published articles may have been included using the

search terms that were selected. For this reason, all of the

reference lists were also included in an attempt to find any

articles not included by the selected search terms.

Conclusion

According to the present literature, there still remains no con-

sensus on the long-term effects of PSO devices. Research in the

field of cleft lip and palate is greatly limited by small sample

sizes and confounding factors such as multisurgeon cohorts

with multiple different protocols for patient management.

This systematic review has further highlighted the variability

that exists in cleft palate literature. In addition, there are very

few studies comparing different types of PSO devices and the

studies that do exist are often limited by methodological flaws.

Moving forward, further research comparing within the differ-

ent types of active and passive PSO devices may provide addi-

tional insight. However, in such research confounding factors

need to be eliminated from the comparison groups so that con-

trol and experimental groups are uniform in the way they are

managed clinically. An additional confounding factor that may

influence patient outcomes and that should be accounted for in

future research is the experience and skill of the individual

making and adjusting the PSO devices. Finally, these studies

should match patients between treatment groups based on cleft

severity. This would improve reliability of the research and

may help resolve the differing conclusions as to how PSO

devices affect long-term facial growth, dental arch develop-

ment, and nasolabial aesthetics.
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