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Abstract

Cleft lip and palate is one of the most common congenital craniofacial anomalies, affecting
approximately 1.42 per 1,000 live births in the United States. Significant progress has been made
in understanding cleft lip and palate, but there remains no consensus on the ideal treatment
protocol. Gingivoperiosteoplasty (GPP), which aims to create a mucoperiosteal bridge across the
alveolar cleft, is a procedure that may be added at the time of the primary lip closure. A benefit
of GPP is that it may decrease the chance of future alveolar bone grafting by creating a bony
bridge between the segments before teeth erupt. Another benefit may be reduction in oronasal
fistulas. However, it has been debated that the GPP procedure may restrict maxillary growth and
create more severe malocclusions. In our study, 35 unilateral complete cleft lip and palate
patients all treated in the same tertiary hospital with a Latham appliance and primary lip repair
were examined. A Latham appliance is a device that is placed in patients with unilateral
complete cleft lip and palate at 2-5 months old prior to both lip repair and GPP. It is used to align
the upper jaw segments and reduce the width of the cleft. The non-GPP group consisted of 11
patients who received a Latham appliance prior to primary lip repair. The GPP group consisted
of 24 patients who received both a Latham appliance prior to primary lip repair and the GPP
procedure during the lip repair. CBCT radiographs were taken on all patients at 6-8 years and
were used to measure the maxilla in all three planes of space. Lateral and posterior-anterior
cephalograms were extracted from the CBCT and traced. The same researcher traced all
cephalograms at two different time points. In the sagittal plane ANS-PNS, SNA, and A-N
perpendicular were measured. In the vertical plane UFH: LFH was used. And in the transverse
plane, Jugal-Jugal was measured. By comparing the two groups, we are able to analyze if the

GPP procedure results in an increase in maxillary hypoplasia. Statistical analysis was completed



using a ¢ test to compare the means between the two groups. Statistical significance was defined
as having a p value less than 0.05. The analysis revealed that there is no statistical significant
increase in hypoplasia of the maxilla in the sagittal and vertical dimension, but there was a
statistical significant difference in the transverse dimension measured by jugal-jugal. While the
treatment of cleft lip and palate remains at discord, these results provide valuable insight that can

be used for creating protocols and surgical strategies in treating patients with cleft lip and palate.

Intr tion

Cleft lip and palate is one of the most common congenital craniofacial anomalies, affecting
approximately 1.42 per 1,000 live births in the United States, with wide variation across
geographic areas and ethnic groups worldwide.'* It is classified into two main categories of
orofacial clefts (OFC): cleft lip with or without palate (CL/P) and isolated cleft palate (CPO).
The prevalence of OFC varies across populations, occurring more frequently in children of
Asian, Latino, and Native American descent and less commonly in those of African American

descent. Males are more commonly affected than females.?

The etiology of OFC is complex and multifactorial, resulting from an interplay between genetic
and environmental factors. Environmental risk factors include maternal age, folic acid
deficiency, and maternal smoking.** However, genetic susceptibility is a significant component,
with twin studies indicating that genetic accounts for 40-60% of orofacial clefting.” Although
CL/P and CPO occur in isolation most frequently, approximately 30% of cases are syndromic
and associated with additional congenital syndromes such as van der Woude, Stickler, 22q11

deletion.®
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Embryologically, clefting occurs when the maxillary and medial nasal prominences fail to fuse
during early embryonic development, typically by the fourth week of gestation, disrupting
normal facial structure and function.*” CL/P can manifest either unilaterally or bilaterally and
may involve the alveolus, palate, or both. Unilateral clefts are more common than bilateral clefts
(2:1), with a left-side predominance (2:1).%° Cleft lip is more frequent in males (2:1), while

isolated CPO is more common in females (2:1).3

CL/P is typically identified before birth through ultrasonography in a routine 20-week screening,
allowing parents time to prepare and educate themselves about the potential procedures their
child may need following birth.'” Beyond its physical manifestations, clefting can significantly
impact speech, hearing, and psychological well-being, contributing to long-term challenges that
persist into adulthood.? Structural abnormalities in the mouth impair airway protection during
swallowing, increasing the risk of recurrent respiratory illnesses, pneumonia, and lung damage
due to chronic aspiration.!'? Additionally, children with CL/P often experience speech
development difficulties due to oral structural defects.>!* Together, these challenges can lead to
developmental delays and psychosocial difficulties for both the affected child and their family,

highlighting the need for early, multidisciplinary medical intervention.'* !

Coordination among multiple specialists plays a key role in the effective treatment of CL/P.
Successful management requires coordinated care provided by a team of multidisciplinary
specialties, including oral/maxillofacial surgical specialists, plastic surgery, otolaryngology,
speech and language specialists, orthodontics, prosthodontics, and more. Treatment plans usually

require multiple phases of surgical intervention, starting as early as two weeks in some cases. "’
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Significant progress has been made in the understanding and management of CL/P; however
there remains no consensus on the ideal treatment protocol.’ The primary goal of treatment is to
optimize both function and appearance, but approaches vary widely in terms of timing and
technique. Achieving favorable outcomes requires careful coordination, as patients must be
treated at the appropriate developmental stage to support optimal speech, facial growth, and
esthetics. Broadly, two treatment philosophies exist: one advocates for early closure of the lip
and palate to enhance speech development, while the other supports delayed closure to preserve
maxillary growth.> Because surgical interventions typically begin in infancy and have the

potential to restrict midfacial development, careful treatment planning is essential.

Gingivoperiosteoplasty (GPP), also known as “boneless” bone grafting, is one such early
intervention strategy aimed at reducing or eliminating both the presence of oro-nasal fistulae and
the need for secondary alveolar bone grafting. The procedure involves removing the soft tissue
barrier within the alveolar cleft and creating a gingivoperiosteal tunnel that promotes bone
healing through guided tissue regeneration—without the use of bone graft material. First
introduced in 1965, GPP was proposed as an alternative to both primary and secondary bone

grafting, which have each been associated with impaired maxillary growth.'®!

While originally performed as a standalone procedure, GPP was later modified by Millard and
Latham to include presurgical orthopedic manipulation using a pin-retained molding appliance
(Latham appliance), followed by primary lip repair with GPP around 4 months of age.?” The

Latham appliance repositions the alveolar segments before surgery, improving alignment and
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facilitating more predictable closure of the alveolar cleft during GPP.?' Although proponents of
GPP advocate its potential benefits, concerns persist about its potential to negatively affect
midfacial growth, particularly when performed before skeletal maturation.”??” Current literature
presents mixed findings regarding the long-term outcomes of GPP, and its inclusion as a routine
component of cleft care remains debated.?'** 3! Furthermore, many existing studies lack
consistent long-term follow-up, making it difficult to evaluate the lasting impact of the

procedure.*

In this study, we examined a cohort of 500 patients who underwent cleft lip and palate repair. A
subset of these patients received gingivoperiosteoplasty (GPP) as part of their treatment protocol,
while others did not. With standardized records available for all patients at age 8, we evaluated
whether GPP influences maxillary development in the sagittal, vertical, and transverse
dimensions. We hypothesized that there would be no significant difference in maxillary growth

between patients who underwent GPP and those who did not.

Approach

This study design is a retrospective data analysis. Records of the patients in this study were
obtained from Boston Children’s Hospital (BCH) in Boston, Massachusetts. All electronic
medical records were protected and reviewed by IRB approved examiners. A total of 500
patients with cleft lip and palate who were born from 1990 to 2016 were used. Patients were
treated in the same tertiary hospital by one of three surgeons and followed Boston Children’s
Hospital cleft lip and palate treatment protocol. This protocol included the use of the Latham
Appliance, also known as Dento-Maxillary Advancement (DMA) Appliance, and primary lip

repair procedure. Gingivoperiosteoplasty is not part of BCH’s standard protocol but is performed
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at the surgeon’s discretion. All patients with continued care at BCH receive a Cone Beam
Computed Tomography (CBCT) and full records at age 8. These records are utilized for analysis

and treatment diagnosis before orthodontic care and will serve as a standardized time stamp.

Experimental Design

After evaluating 500 patients, 150 met the inclusion criteria of unilateral complete cleft lip and
palate and were included in the study. Severity and syndromes were not considered in the
inclusion criteria. Among these 150 patients, 103 continued their care at BCH, and 35 had
complete records, including CBCT radiographs and full photographic documentation. This group
of 35 subjects were then divided into two groups, a non-GPP group and a GPP Group. The
non-GPPI group consisted of 11 subjects who received the Latham appliance and primary lip
repair. The GPP group consisted of 24 patients who had the Latham appliance, primary lip repair,
and gingivoperiosteoplasty. All 35 subjects had complete records taken between 7.5-8.5 years

old.

Records of 35 images were analyzed by one examiner. Lateral cephalogram and
posterior-anterior cephalograms were extracted from the CBCT images. The lateral
cephalometric radiographs were taken under standard conditions, with natural head position and
teeth in centric occlusion. All landmarks were identified and manually traced by an investigator.
Steiner cephalometric analysis was used to generate one angular, and three linear variables. The
analysis of the sagittal skeletal relationship of the maxilla was measured using SNA (°),

ANS-PNS (mm), A-N perp (mm). The vertical skeletal relationship of the maxilla was measured



using UFH: LFH (N-ANS/N-Gn). Posterior-anterior cephalograms were utilized to analyze the
transverse dimension of the maxilla by measuring the Jugal-to-Jugal distance (Ricketts, 1989).
The Jugal points are the intersection of the maxillary tuberosity and the zygomatic process on

either side of the maxilla.

In order to minimize error of the study, all radiographs were retraced and re-measured 1 month
apart by the same investigator. Tracing were compared and mean measurements were used.

Variability among both tracings were minimal.

Statistical Analysis

Statistical analysis was completed. Standard descriptive statistics including means and standard
deviations were calculated for the cephalometric measurements. The measurements of the non-
GPP group and GPP group were analyzed and compared with an independent ¢ test. Significance

was determined if the p value was less than 0.05.

Results

The description of the 35 subjects are shown in Table 1 including gender, age, and distribution of
cleft location. Figures 1 and 2 include cephalometric radiograph landmarks used to measure the
maxilla.*>* The sagittal dimension of the maxilla was measured on the lateral ceph using SNA
(°), ANS-PNS (mm), and A-N Perp (mm). The vertical dimension of the maxilla was measured
on the lateral ceph using UFH/LFH (N-ANS/N-GN). The transverse dimension of the maxilla

was measured on the AP ceph using Jugal Right-Jugal Left.
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The means, standard deviations, and ranges of each group were calculated. The data was
analyzed with an unpaired ¢ test. Statistical significance was defined with a p value less than
0.05. The results of the data are summarized in Graphs 1-5. Statistical analysis revealed a
significant difference between the non-GPP and GPP groups in the transverse dimension that
was measured by Jugal-Jugal with a p value of 0.0144. No statistical difference was observed in
the sagittal and vertical dimensions of the maxilla which included SNA (°), ANS-PNS (mm),

A-N Perp (mm), and UFH/LFH (N-ANS/N-GN).

Table 1: Sample Description

GPP Group Non-GPP Group
(n=24) (n=11)
Gender Male, 11 (46%) Male, 6 (55%)
Male, n(%) Female, 13, (54%) Female, 5 (45%)
Female, n(%)
Distribution of cleft Right, 10 (42%) Right, 4 (36%)
Right, n(%) Left, 14 (58%) Left, 7 (64%)
Left, n(%)




Figure 1: Landmarks on Lateral Cephalometric Radiograph

S- Sella; N- Nasion,; A- A point;, B- B point; Pog- Pogonion; Gn- Gnathion, Me- Menton; Go-
Gonion; ANS- Anterior Nasal Spine; PNS- Posterior Nasal Spine; Po- Porion; Cd- Condylion;
Or-Orbitale

Figure2: Landmarks on Anterior-Posterior Cephalometric Radiograph
The JR / JL — Jugal points are the intersection of the maxillary tuberosity and the zygomatic
process on either side of the maxilla. Jugal-Jugal is a measurement of the maxillary width.
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Graph 1: Distribution of SNA(°) Measurements Between Non-GPP vs GPP
SNA (°)
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Non-GPP group mean 75.96, SD 4.78. GPP group mean 74.78, SD 4.88. Unpaired t test results
proved to be insignificant. T value = 0.6746, df = 33, Standard Error of difference = 1.750

Graph 2: Distribution of ANS-PNS(mm) Measurements Between Non-GPP vs GPP

ANS-PNS (mm)
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Non-GPP group mean 40.01, SD 4.93. GPP group mean 41.08, SD 45.34. Unpaired t test results
proved to be insignificant. T value = 0.5653, df = 33, Standard Error of difference = 1.900



Graph 3: Distribution of AN-Perp(mm) Measurements Between Non-GPP vs GPP

A-N Perp (mm)
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Non-GPP group mean -4.28, SD 45.84. GPP group mean -3.64, SD 4.37. Unpaired t test results
proved to be insignificant. T value = 0.3612, df = 33, Standard Error of difference = 1.1771

Graph 4: Distribution of UFH/LFH (%) Measurements Between Non-GPP vs GPP
UFH/LFH (N-ANS/N-Gn)
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Non-GPP group mean 43.32, SD 5.13. GPP group mean 43.84, SD 3.16. Unpaired t test results
proved to be insignificant. T value = 0.3692, df = 33, Standard Error of difference = 1.407



Graph 5: Distribution of Jugal-Jugal (mm) Measurements Between Non-GPP vs GPP

Jugal-Jugal (mm)
Eo * Pvalue < 0.05
60
40
30
20

10

[ Non-GPP [l GPP

Non-GPP group mean 58.81, SD 4.33. GPP group mean 55.63, SD 2.87. Unpaired t test results
proved to be significant. T value = 2.5827, df = 33, Standard Error of difference = 1.230

Discussion

Maxillary hypoplasia is a common developmental problem in cleft lip and palate deformities.
Intrinsic factors of maxillary deficiency have been correlated to size and severity of clefting,
dimensions of the premaxilla, and palatal surface area.* Extrinsic factors would include the

timing and scope of surgical interventions.**-*

This retrospective study included 35 patients with unilateral complete cleft lip and palate treated
at Boston Children’s Hospital. They were divided into two groups, those with the GPP
procedure, and those without the GPP procedure. Severity of cleft was not accounted for in this
study. All patients received the Latham Appliance and primary lip repair between 2-4 months of
age. Of the 35 patients, 24 were treated with GPP (performed at the same time as the lip repair)

and 11 were not treated with GPP.
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Results of this study revealed that gingivoperiosteoplasty may affect the growth of the maxilla
and cause maxillary hypoplasia in the transverse dimension. The length and sagittal dimension of
the maxilla between the two groups did not show a statistically significant difference. Likewise,
the vertical dimension of the maxilla also did not show a difference. However, when comparing
the transverse dimension through the measurement of jugal-jugal, our results revealed a
statistically significant difference: the jugal-jugal measurement was decreased in the GPP group

compared to the non-GPP group.

Multiple authors in the literature have reported and analyzed the impact of GPP on facial growth
in cleft patients. Some have observed changes in at least one dimension of the maxilla, while
others found no significant differences.The literature on this topic is just as contentious as the
procedure itself. While every study has its confounding factors and limitations, it is important to
recognize the age at which the records were taken. As patients get older, more growth is
expressed with variability in different dimensions. For example, our study did not show any
difference in the vertical dimension of the maxilla at age 8. Hsieh et al. (2010), stated that the
vertical growth of the face generally occurs late in adolescence and correlates with the eruption
of permanent teeth.*® This could explain why in the Ross (1987) study and the Matic and Power
(2008) study there were differences in the vertical growth of the maxilla.”>*® The age of the
patients averaged at 14.7 which is significantly older than our cohort. Our patients may have

been too young to observe any differences in the vertical maxillary dimension.

Our study did not find a statistical difference between the GPP and non-GPP groups in the

sagittal dimension. These measurements included SNA, A-N perp, and ANS-PNS. The findings
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of Grisius et al. (2023) and Wood (1997) are consistent with our own, showing no significant
difference in maxillary hypoplasia between patients who underwent the GPP procedure and those
who did not, including factors such as SNA angle.***” However, our results differ from those
observed in Hsieh et al. (2010) study, which indicated a reduction in the maxillary basal length
and SNA angle in the GPP group.*® Additionally, Millard et al. (1999) demonstrated that patients
with GPP had shorter anteroposterior distance of the maxilla compared to non-GPP patients at

six years old.*®

Our patients' jugal-jugal measurement revealed a difference between the two groups. This may
emphasize the extent to which gingivoperiosteoplasty can impact an already hypoplastic maxilla.
Our results were different from the results seen in Hsieh et al. (2010) who did not find a

statistically significant difference in the Jugal-Jugal transverse measurement.*

While there are many benefits of comparing subjects in a study from the same hospital, there are
still obstacles that must be addressed. One of the most notable limitations is the effect of multiple
surgeons. In our study, three surgeons performed the procedures and may have different
operating techniques and levels of experience. This produces intangible effects that could affect
the outcome of the results. Another limitation to this study is that over the span of 26 years,
CBCT and cephalograms were taken on different machines. Although the examiners

standardized the images, the degree of image quality varies throughout the records.
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It has been seen in the literature that many investigators attempt to compare their results to
normal standards. In this study such an approach was deemed to be inappropriate as there are
inherent differences between the standard population and those affected with cleft lip and palate.
The subjects with cleft lip and palate were not compared to normal subjects, but instead to each

other.

In order to further investigate these findings, it would be beneficial to increase the sample size.
With an increased sample size, the severity of clefting could be distinguished. This information
could more favorably isolate the effect of the GPP procedure, while ruling out this confounding
factor. It would also be beneficial to compare results of just one surgeon, yet this may come with

1ts own biases.

Gingivoperiosteoplasty is controversial in the care of infants with cleft lip and palate because, as
our results suggest, it may predispose to transverse maxillary hypoplasia. Those who argue its
benefits, claim that GPP decreases the risk of fistula formation and increases the need for
alveolar bone grafting. Future studies should use this data to determine if patients who received
the GPP procedure were less likely to need bone grafts and have fistulas. Furthermore, in our
study all subjects received a primary lip repair and went onto have surgical repair of the palate.
Divergent techniques and timing of the palate surgery is another confounding variable that could

also affect the growth of the maxilla.



Conclusion
Although there were no differences in the sagittal and vertical dimension of the maxilla, the
results of this study adds to the evidence suggesting that GPP restricts the transverse

development of the maxilla in patients with unilateral cleft lip and palate.

The clinical implication is that cleft patients who have undergone GPP may have a greater need
for maxillary expansion in the early mixed dentition than cleft patients who have not. Further
studies with larger sample sizes and longer-term follow up are needed to affirm the

generalization of these results.

Our study contributes valuable insights into establishing appropriate protocols and surgical
strategies for treating infants with cleft lip and palate. The treatment process for these patients is
long and challenging, affecting families in various ways- physically, emotionally, psychosocially,
and financially. Ongoing research is essential to refine cleft care protocols, ensuring a more

efficient and seamless treatment experience for both patients and their families.
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