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Abstract
Aim: The purpose of this study was to ascertain the effect of surgical procedures and their timing on maxillofacial
growth in unilateral cleft lip and palate (UCLP) patients through a systematic literature review.

Methods: In December 2019, a search was conducted in PubMed and Web of Science on the basis of the keywords:
“UCLP", “maxillofacial growth” and “facial growth”, complemented by a hand search.

Results: Eleven articles were included. An important finding was the wide range of treatment protocols. Eight
studies performed a multistage procedure, whereas three studies applied a simultaneous repair of cleft lip, palate,
and alveolus in a single surgical session. The findings in these articles were based on cephalometric measures.
Comparative tables were constructed regarding method of study and time and technique of closure.

Conclusion: The results of the articles were conflicting, and it was clear that more research on this subject is
necessary. Overall, most studies agreed on the important factor of palatoplasty in maxillofacial growth. The most
common finding was a retrusive maxillary growth in comparison to a noncleft control group. This was illustrated
by a negative effect on A-point - nasion - B-point. A lot of discussion remains on the effect of lip closure. However,
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most studies seemed to agree that lip closure results in retro-inclined upper incisors. In conclusion, it is essential
that an agreement be reached on the treatment for UCLP, since this is the most common congenital craniofacial
condition.

Keywords: Unilateral cleft lip and palate, facial growth, maxillofacial growth

INTRODUCTION

Cleft lip and/or palate is one of the most common congenital malformations, it occurs in about 1 in 700
children™. This malformation is due to failure in merging the facial processes at the correct time, which
normally happens between week 7 and week 12 of gestation™”. The etiology of unilateral cleft lip and palate
(UCLP) is still not completely clear, it is definitely due to multiple factors and it is assumed to be caused
by a combination of genetic and environmental aspects. Treatment of UCLP requires a multidisciplinary
approach and a longitudinal follow-up. The team may consist of a maxillofacial surgeon, plastic surgeon,
pediatrician, otolaryngologist, geneticist, orthodontist, dentist, psychologist, speech-language pathologist
and audiologist. Because of the modern abilities of prenatal screening, UCLP can now already be detected
early in gestation.

In patients with repaired UCLP, maxillofacial growth is often disturbed due to iatrogenic scar tissue
caused by surgical closure of a cleft”. A retrusive midfacial region is characteristic of this population and
becomes more obvious with age. Sagittal deficiency of the midface resulting in a concave facial profile is
the most prominent feature seen in adult UCLP patients with disturbed maxillofacial growthm. However,
in unoperated UCLP patients, midfacial growth is comparable to that in healthy, noncleft children without
apparent restriction of growth”. Therefore an important objective is to restrict the iatrogenic impact of
cleft surgery on midfacial growth™. According to the Eurocleft study, there are 194 different protocols for
the treatment of UCLP". The most controversial issues in the management of cleft palate are the timing of
surgical intervention, speech development after various surgical procedures and the effects of surgery on
facial growth™. UCLP and its treatment can affect the aesthetics, speech, and way of eating and chewing of
a patient. A balance has to be found between these aspects to improve the child’s quality of life.

The purpose of this review was to summarize the knowledge on the effect of different surgical protocols
and surgical timing on maxillofacial growth. At this moment, there is no clear overview of all independent
studies. The aim was to determine which timing and surgical approach is associated with the best results in
this field.

METHODS

Eligibility criteria

This systematic review focused on UCLP patients and their treatment, more precisely the timing of surgical
protocols and their effect on maxillofacial growth. For selection of the articles, the following inclusion
criteria were applied: non-syndromic UCLP patient population; study population had to be over 6 years
old; timing of each surgical procedure had to be known; no orthodontic procedures or orthognathic
surgery was performed in the study population after surgical repair and before assessment; a control or
comparison group had to be present, the outcome of the article had to be on maxillofacial growth; and
evaluation of growth had to be at least based on a cephalogram. From the literature, it was clear that a great
variety of landmarks were used in the different studies. The outcome parameters for this review were based
on the maxillary position given by the sella-nasion-A-point angle (SNA), the mandibular position given by
the sella-nasion-B-point angle (SNB) and the intermaxillary relationship [A-point-nasion-B-point angle
(ANB)]. Articles had to provide measurements for at least SNA to be included in this review. Articles were
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excluded in which other forms of cleft lip and/or palate (cleft lip without cleft palate, cleft palate without
cleft lip, bilateral cleft lip and palate) were analyzed. Furthermore, the following studies were excluded: case
reports, literature reviews, systematic reviews and meta-analysis. Studies included in this review had to be
written in English or Dutch and published after 2005. The goal of this systematic review was to compare
various surgical protocols and to conclude which surgical protocol provides the most benefits regarding
maxillofacial growth, functionality and aesthetics in UCLP patients of 6 years and older. Factors that would
be assessed included: age of assessment, use of presurgical orthopedics, surgical timing, surgical approach
(one-stage surgery, one-stage palatoplasty and two-stage palatoplasty), and ethnicity.

Information sources

A search of PUBMED and Web of Science was conducted in December 2019. The keywords used were
“UCLP” and “Maxillofacial growth” or “Facial growth” As a search limit, the publication date was set
to 2005 or later. The results obtained were stored in a single database (EndNote X9; Thomson Reuters,
Philadelphia, USA). Additionally, a hand search of references of included articles in this systematic review
was performed.

Study selection

After removal of duplicates, all articles were screened on title and abstract. This was performed
independently by two authors to augment reliability. Any disparity in selected articles was discussed
until a consensus was reached. Full-text articles were analyzed regarding our aforementioned inclusion
and exclusion criteria. The articles used in the systematic reviews and literature review found through
PubMed and Google Scholar were hand searched. The same protocol and eligibility criteria were applied as
described above.

Quality assessment and level of evidence

The included articles were reviewed for good quality based on a checklist adopted from Liao et al."”. This
checklist was adjusted for our review on the basis of the theory of Greenhalgh™ and can be found in the
left column of Table 1", Studies were considered to be of adequate size if their study population exceeded
100 people; this number was based on the quality assessment applied in the systematic review of Liao et al."”
Using the Oxford Centre for Evidence-Based Medicine 2011 v2.1 the qualified articles were assessed for
their level of evidence by two independent reviewers. The levels could be downgraded on the basis of study
quality, imprecision, indirectness, or inconsistency between studies, or because the effect size was very
small. Disagreements were discussed until the two reviewers gave their consent.

Data extraction

From the final selection of articles, the following information was retrieved: author(s), publication year,
study design, population studied, identification of the study groups, number of patients per group, mean
age at time of assessment of facial growth, presurgical orthopedics (yes/no), lip closure technique and
timing, soft palate closure technique and timing, hard palate closure technique and timing, alveolar cleft
closure technique and timing, and final conclusions. The data were extracted from each article by one
author and then checked by the second author before being collected in a database. Disagreements were
resolved by discussion of each article to reach a consensus.

RESULTS

Study selection

The process of data collection and selection is shown in Figure 1. A total of 314 records were found
among the databases investigated and 79 additional records, published after 2005, were identified through
hand search of the articles included in this systematic review or provided by specialists on the subjects.
After removal of duplicates (n = 103), 290 articles remained that had their titles and abstracts assessed in
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Figure 1. Flow chart showing the number of records identified and removed at each stage of the review. SNA: sella-nasion-A-point angle

Study characteristics

Most studies included in this review (73%) were published after 2010*"*"* [Table 2]. Six studies were
conducted in Asia (55%) and 5 were conducted in Europe (45%). The variety of treatment protocols that
were administered in the different studies in the articles, as well as whether or not presurgical orthopedics
was performed, is shown in Table 2. Sample sizes consisted of 10 subjects"” to 128 subjects"”. Seven articles
included a healthy, noncleft control group in their study"*"""*"”. The authors used a variety of surgical
techniques. Regarding cheiloplasty, the following techniques were used: (modified) Millard rotation-
advancement technique”*"*"", triangular technique (by Tennison with modifications)”"***” and modified
Delaire technique”. Three articles did not specify the technique used for lip repair'®“'”. Concerning
closure of the palate several techniques are listed, which can be categorized as follows: (modified) von
Langenbeck[g’”’”], pushback palatoplasty[m], cranial or caudally pedicled vomer flap™"***™ intravelar
veloplasty"", modified Pigott technique'” and two-flap palatoplasty™*"*. Khanna et al." provided no
description of the technique used for palate repair.

Three different surgical techniques were described for alveolar cleft closure: gingivoperiosteoplasty'"**,
primary bone grafting[“] and secondary bone grafting[”’”’m’m]. Three studies declared that the patients in
the samples had not undergone bone grafting surgery”'*"”, whereas three studies had no information on
whether or not bone grafting surgery had been done'*""".

The mean age at the time of surgical repair in patients with repaired UCLP varied according to the surgical
protocol: lip repair before 15 weeks'® until 2 years"”; soft palate closure from 4 months"* to 5 years; hard

palate closure from 3 months" to 4 years” and alveolar cleft repair from 6 months"* to 11 years"*"".

In 3 studies, the surgical protocol consisted of the primary one-stage surgery of UCLP: simultaneous repair
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Table 3. Comparison of cephalometric values of each study with UCLP patients in mixed dentition (6-12 y), classified
according to study population. Specification of groups can be found in Table 2

First author Identification of " SNA (°) SNB (°) ANB (°)
groups Mean SD Mean SD Mean SD
Asian Chenetal™, 2012 G1: OCLP 18 74.7 37 76.8 4.8 -2 45
G2: OCL 15 775 3.6 761 41 15 41
G3:NN 15 777 37 75.2 31 25 15
P value* NS NS S
Zhenget al'™, 2016 G1: OCLP 20 79 NR 774 NR 1.6 NR
G2: NOCLP 20 784 NR 77 NR 14 NR
G3:NN 20 80.4 NR 76 NR 4.4 NR
P value* NS NS Se
Liuetal/™, 2018 G1: OCLP 37 751 39 NR NR NR NR
G2: OCL 37 79.3 33 NR NR NR NR
G3:NN 37 80.2 39 NR NR NR NR
P value* 5 NR NR
European Kulewicz et a/"™, 2010 G1: OCLP 22 76.5 3.6 75.0 3.8 1.6 3.5
G2: OCLP 22 78.2 37 751 35 3.2 4.2
G3: OCLP 22 79.4 41 75.8 4 34 2
G4: NN 22 79.8 37 76.5 36 33 22
P value* S NR S8
Zemann et a/"", 2007 G1: OCLP 20 801 2.8 75.4 27 47 1
G2: OCLP 20 80.5 2.3 751 19 54 1.8
G3:NN 20 80.5 34 77.0 31 34 2
P value* NR NR NR
Mueller et a/"*, 2012 G1: OCLP 15 76 4 NR NR 3 3
G2: Eurocleftt 25 77 4 NR NR 3 3
G3:NN 62 81 3 NR NR 5 2
P value* Sbe NR S
Brudnicki et a/.", 2019 G1: OCLP 128 75.7 48 75.6 41 0.2 39
G2: OCLP 39 78.2 51 76.5 51 1.7 39
P value* S? NS S?

TMean value from all centers that completed the Eurocleft study; °G1-G2: P-value < 0.05; °G1-G3: P-value < 0.05; “G2-G3: P-value <
0.05; “G1-G4: P-value < 0.05. *P-value < 0.05 was regarded as significant. Comparisons between groups are mentioned only when
undertaken in the study and regarded as significant. G: group; F: female; M: male; n: number of sample size; NN: noncleft normal control
group; NOCLP: surgically untreated unilateral cleft lip and palate; NR: not reported; NS: not significant; OCL: unilateral cleft lip and palate
with operated cleft lip only; OCLP: unilateral cleft lip and palate with operated cleft lip and palate; UCLP: unilateral cleft lip and palate; S:
significant; SD: standard deviation; y: years

palate (OCLP) in each study were compared with the following groups: UCLP patients treated according
to a different protocol™ ™"*; UCLP patients with operated cleft lip and unoperated cleft palate’”*"*'”’; and
non-treated UCLP patients'®'”, mean value from all centers that completed the Eurocleft study[”]. In seven
0137 honcleft children served as normal controls. Among the abovementioned groups, 10 of the

11 included articles® ">

studies'
reported a P-value less than 0.05 for one or more of the cephalometric values
SNA, SNB and ANB, whereas one study"” did not report a corresponding P-value. A P-value less than 0.05
was regarded as significant.

Quality assessment and level of evidence

The methodological quality of the 11 articles was evaluated using the aforementioned checklist, which
can be seen in Table 1. None of the included articles were of perfect methodological quality, they showed
different deficiencies, but overall, they were deemed of good quality. Only 4 studies™ """ were deemed
large enough, this showing that there is a need for more research with a substantial study population. All
included studies were retrospective (level 3 evidence).

Surgical repair and maxillofacial growth

Six out of 11 included articles evaluated the effect that surgery itself has on maxillofacial growth in children
with UCLP"*"**"” Khanna et al." compared a group of treated UCLP patients with a group of non-
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Table 4. Comparison of cephalometric values of each study with UCLP patients in permanent dentition (12-23 y), classified
according to study population. Specification of groups can be found in Table 2

Authors Identification of n SNA (°) SNB (°) ANB (°)
groups Mean SD Mean SD Mean SD
Asian Liao et a/., 2005 G1: OCLP 58 79.6 NR 783 NR 14 NR
G2: OCL 48 830 NR 78.6 NR 4.4 NR
P value* S? NS S?
Lietal"™, 2006 G1: OCLP (M/F) 47 735/732 47/68 748/758 47/49 -13/-26  28/39
G2:OCL(M/F) 35 726/751 53/34 733/752 43/60 -06/-00 4.0/4.2
G3: NN (M/F) 37 821/80.3 26/3.2 785/774 25/30 3.6/29 2.2/13
P value (M/F)* SV S*/NS SPe /5t
Khanna et a/'® 2012 G1: OCLP 25 732 13.9 NR NR NR NR
G2: NOCLP 47 836 43 NR NR NR NR
P value* S? NR NR
Chenetal™, 2012 G1: OCLP 15 755 6.6 79.7 6.4 -4.2 51
G2: OCL 15 793 49 79 33 03 4.4
G3:NN 15 806 3.0 77.2 29 34 19
P value* s° NS G
Liueta/'” 2018 G1: OCLP 37 758 51 NR NR NR NR
G2: OCL 37 773 4.8 NR NR NR NR
G3:NN 37 817 29 NR NR NR NR
P value* b NR NR
European Meazzinieta/"”, 2010 G1: OCLP 15 749 35 76.9 3.0 -1.9 27
G2: OCLP 10 767 33 774 26 -0.8 33
G3:0CLP 15 758 35 771 43 1.3 19
P value* NR NR NR
Mueller et a/.", 2012 G1: OCLP 7 76 4 NR NR -0.2 3
G2: Eurocleftt 25 75 4 NR NR 0.9 3
G3:NN 71 81 4 NR NR 4 2
P value* S5 NR S

‘tMean value from all centers that completed the Eurocleft study; °G1-G2: P-value < 0.05; °G1-G3: P-value < 0.05; ‘G2-G3: P-value <
0.05. *P-value < 0.05 was regarded as significant. Comparisons between groups are mentioned only when undertaken in the study and
regarded as significant. G: group; F: female; M: male; n: number of sample size; NN: noncleft normal control group; NOCLP: surgically
untreated unilateral cleft lip and palate; NR: not reported; NS: not significant; OCL: unilateral cleft lip and palate with operated cleft
lip only; OCLP: unilateral cleft lip and palate with operated cleft lip and palate; UCLP: unilateral cleft lip and palate; S: significant; SD:
standard deviation; y: years

treated UCLP patients between the age of 12 and 20 years old. They found different values by comparing
the cephalometric measurements of the two groups, and they concluded that surgical intervention does
interfere with growth in the facial region due to scar tissue in the lip and palate.

Four articles identified the effects of palate repair on maxillary morphology™'****”. These studies recruited
patients with non-syndromic UCLP who had lip repair only (OCL) and patients with non-syndromic
UCLP who had lip and palate repairs (OCLP). Palate repair at an early stage in patients with UCLP seems
to result, in the long run, in a larger retrusion of the maxilla (SNA) and smaller anteroposterior jaw relation
(ANB) than in the OCL group, who demonstrated an almost normal maxillary growth™*'”. Opposed to
this view, Li et al."” reported a smaller SNA angle in both OCL and OCLP groups than the normal control
group and concluded that lip repair is primarily responsible for the midfacial hypodevelopment in cleft
patients.

However, Zheng et al."" attributes the difference in cephalometric results to the intrinsic effect of UCLP
on the maxilla resulting in a developmental deficiency and claims that surgery has minor effects on growth
disturbances. They discovered that the tendency in patients with UCLP (with or without surgical repair)
toward a less protruded alveolar maxilla (SNA) and a more protruded alveolar mandible (SNB) gave rise to
the low anteroposterior jaw relation at the alveolar level (ANB).
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Surgical technique and maxillofacial growth

Five of the 11 included articles evaluated the effect of different surgical techniques and protocols on
maxillofacial growth in children with UCLP"""*"*. Three of the 11 studies looked into the implementation
of a one-stage surgery and compared their results with a healthy control population"""*"*. Considering the
age at the time of assessment in these 3 studies, the results concerning sagittal growth were very diversified
when comparing the outcomes. The study of Zemann et al."" showed no significant difference regarding
the angles SNA, SNB and ANB at the age of 6 years old when comparing patients treated according to
various one-stage protocols. Furthermore, the acquired values were equivalent to those in a healthy control
group. However, Mueller et al."” concluded that maxillary protrusion (SNA) and anteroposterior jaw
relation (ANB) in the one-stage groups differed significantly from those of the noncleft, healthy control
group, but the degree of disturbance in growth was similar to mean values of multistage approaches in
the Eurocleft study. Kulewicz et al™ conducted comparative research into 3 different techniques of palate
repair applied to a one-stage surgical approach and checked this against healthy controls. Cephalometric
parameter comparison analysis demonstrated significant differences between the 4 groups regarding
maxillary prominence (SNA) and maxillo-mandibular relationship (ANB). This indicates that the technique
of hard palate closure has a substantial influence on maxillofacial growth and development.

Meazzini et al."” did a comparison between UCLP patients treated with 3 different protocols to evaluate
the long-term results between closure of the hard palate at 18-36 months together with early secondary
gingivoalveoloplasty (ESGAP) and alveolar cleft repair at 9-11 years of age. Using a longitudinal
cephalometric evaluation, they found that patients who underwent ESGAP had a decreased maxillary
prominence (SNA) and showed an inhibition of maxillary growth compared with the 2 secondary bone
graft groups, while mandibular prominence (SNB) increased in the 3 groups. Nonetheless, performing
alveolar bone grafting before 8 years of age is suspected to interfere with anterior maxillary growth, and
the timing of bone grafting can be essential to maxillofacial growth. Studies suggested that performing the
surgery at a later age would prove the most beneficial™***.

DISCUSSION

Macxillary growth in UCLP patients has already been widely addressed in the literature; nevertheless, a
wide variation in results was found. More often than not, no consensus was reached relating to the vertical
and anteroposterior growth pattern in UCLP patients. On the one hand, they propose that there may be a
potentially normal maxillary growth in untreated UCLP patients™”, and on the other hand, they propose
that regardless of the treatment, UCLP patients show retrusion of the maxilla and decreased maxillary
length, where there are many causes to be considered. Some reports attribute this retrusion to the intrinsic

6,13-15,19
: "and even dependent on

defect of the cleft"*"”, while others claim it is from surgical intervention
the skill of the surgeon. The disturbing effect on the growth of the maxillary skeleton after surgical repair
is due to devascularization, disturbance of the periosteum or the restrictive effect of the scar"”. Therefore,
surgery leads to maxillary hypoplasia: the maxillary angle (SNA) and the maxillomandibular angle (ANB)
were smaller and negative when matched to the normal population™. Unoperated cleft patients had a more
favorable morphology of craniofacial structures when compared with surgically treated patients, indicating
that due to alteration of the peri-oral functional matrix, surgical intervention interferes with the growth
process in UCLP patients. They point to the scar tissue in lip and palate region being the factor due to its
restraining effect on maxillofacial growth. The alterations in these functional matrices are important in
determining the growth of facial structures. Moreover, maxilla length was found to be significantly reduced
in surgically treated UCLP patients, and they showed a significant reduction in cranial base angle'®.

Without doubt, palate closure is the most documented part of the treatment protocol for UCLP. Many
surgical protocols exist, using different techniques and surgical timings and have been evaluated in terms
of benefits to maxillary growth, speech development, velopharyngeal function and quality of life. An
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important objective is to reduce the number of operations as they are considered to be stressful for the
family and to make it more difficult to cope successfully. Likewise, the number of surgeries has an impact
on the psychological well-being of the patient. There does not seem to be any consensus on the best
time to perform palate closure, where every timing has its own advantages and disadvantages ", Some
studies"*"*"* assumed that the early surgical repair of the cleft palate is responsible for the impaired
maxillary growth and concluded that it was better to delay surgical palate repair. During the maxillary
growth spurt an important proportion of the final length of the maxilla is gained. It is possible that the
benefit of delayed hard palate on maxillofacial growth closure can only be achieved by closing when the
greatest proportion of the final maxillary length is already achieved™”. However, Zheng et al."® claim that
isolated surgery has minor effects on growth disturbances and conclude that early palatal closure should
therefore be performed because it will not negatively affect maxillofacial growth. Furthermore, early
primary repair operations facilitate ease of feeding and good speech development, and there is a strong
desire from the patient’s parents themselves to have the cleft closed as early as possible”**"'. Nevertheless,
the growth spurt of these children should be awaited before conclusive results are formed concerning the
measured cephalometric values regarding sagittal growth of the skeleton, since the results in patients in
mixed dentition show a lot of variability. Regarding this concept, researchers should be aware of the fact
that the end of growth in cleft children is later than in healthy noncleft children™”

Whereas most studies agree that palatal closure is the most detrimental factor for the evolution of maxillary
growth, other studies are convinced that lip repair is the most important factor in the restraint of maxillary
growth in patients with UCLP"**". There is however agreement that pressure from a tense upper lip causes
retro inclined upper incisors, a retruded maxilla and obtuse nasolabial angle®. This usually results in an
anterior cross bite'™. It is crucial to stretch the importance of an optimal result of lip closure. Lip, nose and
chin are the key regions in a patient’s face and they have the most significant impact on facial aesthetics,
self-esteem and self-image. Thus lip, nose and columella” are most frequently surgically revised in UCLP
patients.

There is still a lot of discussion about which technique and timing is most beneficial for alveolar closure.
Alveoloplasty is performed to stabilize the maxillary arch, facilitate the eruption of the canine (and the
lateral incisor), raise the alar base of the nose and to reconstruct the residual nasoalveolar fistula™. Overall,
3 used techniques can be distinguishedm: gingivoperiosteoplasty, primary bone grafting and secondary
bone grafting. Although gingivoperiosteoplasty has the big advantage that it requires fewer surgeries, it
seemed to have an inhibitory effect on maxillary growth™. Primary bone grafting led to inconsistent
alveolar ossification and was suspected to interfere with anterior maxillary growth"*. Patients treated
with secondary bone grafting seemed to have better maxillary growth and appeared to be needing less
orthognathic surgery”. Brudnicki et al."* discovered that maxillary length increased when alveolar bone
grafting was performed at a later age, specifically when performed beyond the age of eight years old. This
would suggest that the timing of bone grafting is critical to maxillofacial growth.

Unanimity with regard to a superior treatment protocol in terms of closure of the lip, closure of the palate
and closure of the alveolar cleft, was not reached in this systematic review. The reasons for conflicting
results from the selected studies include the great variance in treatment protocols, as shown by the varied
timing of surgical repair and different surgical techniques [Table 2]. This systematic review also had some
methodological deficiencies [Table 1] and limitations. First, 4 studies'®”"*" did not compare operated
UCLP patients with a noncleft control group. Consequently, it is not clear how the measured cephalometric
outcomes are related to a healthy, normal population. Second, some studies were well designed and well-
executed but had small sample sizes. Seven'®""™ of the 11 included articles had samples less than 100
patients. This could imply that the statistical power of these studies was too low to detect differences. Third,
one study"” examined the cephalometric values for males and females separately and this might have
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resulted in an analysis bias, whereas another study"” did not provide a corresponding p-value for their
cephalometric outcomes. Fourth, the study population used in the different articles included in this review
had a lot of ethnic diversity. Therefore, it is unsure if all findings apply to all different ethnical groups.
It is important to take this into account when using the results of this systematic review. Fifth, none of
the included studies had a level of evidence higher than 3. This means that there was a shortage of high-
quality randomized controlled trials on the effects of surgical timing and techniques on maxillofacial
growth. To get more high-quality studies, follow-up of patients should be over a longer period of time.
Preferably, patients should be followed starting from mixed dentition until after their growth spurt, ending
at adult age. Sixth, detailed documentation of the study population, the technique for surgical cleft closure,
number of surgeons, grade of surgeon and information whether orthodontic or orthognathic treatment
was performed, were insufficiently described or lacking, making the studies unsuitable for meta-analysis.
Hence, no attempt was made to perform pooled analysis, and the evidence was summarized qualitatively.

Future treatment research should be established with special attention towards methodology, well described
study population, number of surgeons, grade of surgeon, technique of surgical closure and information on
the undergoing of orthodontic or orthognathic treatments since early intervention may result in a better
outcome. Kappen et al."! proposed that a multidisciplinary and multicenter database of cleft children
should be set up. If this would be the case, a prospective study could be conducted on these patients. This
might help in the further determination of the best time of closure of both lip and palate. Consequently,
on the basis of a study like this, a universal protocol might be possible for the treatment of cleft children to
guarantee them the best results. Furthermore, they stressed the importance of calculating the burden on
the caregivers as well as the costs of the procedures into the determination of the best protocol.

In conclusion, most studies agree that palatoplasty is the main factor attributing to disturbance of
maxillofacial growth; in addition, it is crucial to limit the amount of postoperative scar tissue. In
palatoplasty performed after the growth spurt, the maxillofacial growth is least affected. But studies also
agree that it is important to find a balance between aesthetics, functionality and quality of life. Therefore,
it is not recommended to perform palatoplasty only after the growth spurt despite of the better effect on
maxillofacial growth because this impedes speech development too much.

There is however a consensus about the timing of lip closure. It has to be performed between three and six
months of age. It is also widely accepted that lip closure could have a negative influence on maxillofacial
growth.

From the studies on alveoloplasty, it can be concluded that secondary bone grafting has the most beneficial
outcome on maxillofacial growth; however, when using gingivoperiosteoplasty, there is less need of a third
surgery.

In the articles studied in this review the functional result of UCLP repair is considered to be more
important than the aesthetic result. More studies still need to be conducted to ascertain the best timing of
surgery and to design a technique that creates both optimal functional and aesthetic results to guarantee
the well-being of the patient.

It is important to properly understand the causal factors that result in an impeded maxillary growth. This
will help in enabling proper planning of treatment, minimizing orthodontic treatment time and in reducing
major secondary corrective surgeries. All of this combined illustrates that in the treatment of UCLP, a
longitudinal follow-up and a multidisciplinary approach are crucial. More studies still need to be conducted
to make sure the best outcome can be acquired.
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