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Background 

The number of surgical procedures to repair a cleft palate may play a role in the outcome for 

maxillofacial growth and speech. The aim of this systematic review was to investigate the 

relationship between the number of surgical procedures performed to repair the cleft palate and 

maxillofacial growth, speech and fistula formation in non-syndromic patients with unilateral cleft 

lip and palate. 

Material and methods 

An electronic search was performed in PubMed/old MEDLINE, the Cochrane Library, 

EMBASE, Scopus and CINAHL databases for publications between 1960 and December 2015. 

Publications before 1950 — journals of plastic and maxillofacial surgery — were hand searched. 

Additional hand searches were performed on studies mentioned in the reference lists of relevant 

articles. Search terms included unilateral, cleft lip and/or palate and palatoplasty. Two reviewers 

assessed eligibility for inclusion, extracted data, applied quality indicators and graded level of 

evidence.  

Results  

Twenty-six studies met the inclusion criteria. All were retrospective and non-randomized 

comparisons of one- and two-stage palatoplasty. The methodological quality of most of the 

studies was graded moderate to low. The outcomes concerned the comparison of one- and two-

stage palatoplasty with respect to growth of the mandible, maxilla and cranial base, and speech 

and fistula formation.  

Conclusions 
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Due to the lack of high-quality studies there is no conclusive evidence of a relationship between 

one- or two-stage palatoplasty and facial growth, speech and fistula formation in patients with 

unilateral cleft lip and palate. 

Key words 

systematic review, cleft palate, surgical procedure, operative, oral fistula, speech, growth 
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1. Introduction 

Despite considerable progress in the treatment of children with non-syndromic cleft lip 

and palate, there is no agreement as to the optimal timing, sequence and types of surgical 

procedure that yield the best result. Techniques such as the von Langenbeck (Wallace, 1987; 

Lindsay and Witzel, 1990), the Veau-Wardill-Kilner pushback (Wallace, 1987) and the Bardach 

two-flap (Bardach and Salyer, 1987; Bardach, 1995) for single-stage, and the Schweckendiek 

(Schweckendiek and Doz, 1978) and Delaire (Markus et al., 1993) for two-stage palatal repair 

were recommended. Braithwaite (Braithwaite, 1964), Kriens (Kriens, 1969) and Sommerlad 

(Sommerlad, 2003) advocated intervelar veloplasty in the soft palate by re-orientation of the 

levator muscle, while the Furlow Z-plasty technique was performed to improve soft palate length 

(Furlow, 1986). 

Several earlier systematic reviews have addressed different issues regarding timing and 

technique of cleft palatoplasty (Nollet et al., 2005; Liao and Mars, 2006; Yang and Liao, 2010). 

In a systematic review on timing of hard palate repair and facial growth in 2006, the authors 

came to the conclusion that there is no consensus on the effect of timing on facial growth (Liao 

and Mars, 2006). All studies included in this review were retrospective and non-randomized. 

There was also variation in the timing of hard palate repair and inadequate assessment of 

outcome variables. 

In 2005 a meta-analysis was published on dental arch relationships in complete unilateral 

cleft lip and palate based on the GOSLON yardstick for assessment of dental arch relationships 

(Nollet et al., 2005). The authors concluded that patients whose hard and soft palates were closed 

before the age of 3 had poorer GOSLON scores — indicating maxillary growth deficiency — 

than patients whose palates were closed at a later age. 
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In 2010 a systematic review was published on the effect of one-stage versus two-stage 

palatoplasty on maxillofacial growth (Yang and Liao, 2010). Nine studies were included, which 

were all retrospective and non-randomized. Timbang (Timbang et al., 2014), in their systematic 

review, compared speech outcomes between Furlow's Z-plasty and straight-line intravelar 

veloplasty techniques in isolated cleft palate and unilateral cleft lip and palate. All included 

studies, except one, were retrospective and non-randomized. There was no statistical difference 

in fistula rate between Furlow and straight-line repair. The need for secondary procedures to 

correct velopharyngeal insufficiency in the Furlow group ranged from 0% to 6.7%, as opposed to 

6.7% to 19.4% in the straight-line intravelar veloplasty group. Overall, their analyses showed 

that straight-line repair combined with intravelar veloplasty was associated with an increased risk 

of a secondary surgery (1.64 times) when compared with the Furlow group. 

Until now no systematic review has been published in which the results of one-stage and 

two-stage palatal repair are compared for different outcome variables. This systematic review 

was therefore carried out to examine whether one-stage or two-stage palatal repair is more 

beneficial for maxillofacial growth, speech and fistula rate in patients with non-syndromic 

unilateral complete cleft lip and palate. 
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2. Materials and methods 

2.1  Information sources and search strategy  

The search strategies were developed and databases were selected with the help of a 

senior librarian who specialized in health sciences. The following databases were searched: 

PubMed (from 1951 to 31 December 2015), Cochrane (from 1966 to 31 December 2015), 

EMBASE Excerpta Medica (from 1950 to 31 December 2015), SCOPUS (from 1963 to 31 

December 2015), CINAHL (from 1985 to 31 December 2013).  

The focus of the search was on two aspects: terms required to search for the surgical 

intervention of interest; and terms required to search for the congenital deformity of interest. 

Free text words and MeSH terms were used and individual search strings for each database were 

formulated, as shown in Table 1. 

Publications prior to 1950 — journals of plastic and maxillofacial surgery — were hand 

searched in. Additional hand searches were performed on studies mentioned in the reference lists 

of relevant articles. There was no language restriction. Grey literature (dissertations, conference 

abstracts) was not searched.  

2.2  Eligibility criteria and study selection 

The inclusion criteria for this systematic review were: study on humans; sample size of n 

≥ 10 per group; non-syndromic complete unilateral cleft lip and palate; study that compared one- 

and two-stage palatoplasty procedures. All reviews, isolated cleft palate studies, letters to editors 

and case studies and case series were excluded. No language restrictions were imposed. 

Eligibility assessment of records was done based on title and abstract in an unblinded 

manner by two observers (AV, RR) independently. All titles and abstracts were classified as 

included, excluded or unclear. Inter-observer conflicts were resolved by discussion of each 
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article to reach a consensus. In the second step, the publications classified under included or 

unclear were retrieved full text for further review by the two observers.  

2.3  Data extraction 

Quantitative data extracted from each study included outcomes in relation to craniofacial 

form, growth of maxilla and mandible, interarch relationship, speech and fistula formation. A 

data extraction form was developed and piloted and finalized accordingly. Reviewers (AV, RR) 

independently extracted the following data from the included studies: first author, year of 

publication, study design, stage (one- or two-stage palatal repair), sample size, cleft type, 

technique of palatoplasty, timing of surgical repair, type of outcome measure, adequate and 

reliable measurements at follow ups, and outcomes. Disagreements were resolved by discussion 

between the two reviewers. If no agreement could be reached a third reviewer decided (AK). 

2.4  Quality assessment and level of evidence 

Two observers (AV, RR) independently evaluated the methodological quality of the 

included studies according to a grading system developed by the Swedish Council on 

Technology Assessment in Health Care, which is based on the criteria for assessing study quality 

from the Centre for Reviews and Disseminations (CRD) in York, UK (Deeks et al., 1996; 

Bondemark et al., 2007). The grades for methodological quality are listed in Table 2. The final 

level of evidence for each conclusion was graded according to the scale as presented in Table 3 

(Bondemark et al., 2007; von Böhl et al., 2012). Conflicts, if any, between the two observers 

were resolved by discussion of each article. 
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3. Results 

3.1 Study selection 

The electronic search revealed a total of 5,159 citations: 2,395 from PubMed/MEDLINE, 

293 from the Cochrane Library, 1,376 from EMBASE, 479 from CINAHL and 616 from 

SCOPUS. No additional publications were identified through hand searches. After exclusion of 

duplicate records, 2,759 citations remained. Of those, 2,608 were excluded because after reading 

the abstracts they did not meet the inclusion criteria. The full texts of the remaining 151 

publications were reviewed in detail. Of these 151 publications, 125 were excluded for not 

having met the inclusion criteria. The remaining 26 publications were included in the systematic 

review. The PRISMA flow diagram (Figure 1) provides an overview of the selection process. 

3.2 Study characteristics and quality assessment 

There was a wide variety of techniques and sequences of surgery. Different methods were used 

to study the outcome of one- or two-stage palatoplasty, which are included in Table 4. We have 

classified the outcome variables into three categories: skeletal growth (growth of the cranial base, 

maxilla, palatal morphology, mandible, jaw relation), speech and fistula rates (Table 5a and 5b). 

Table 4 shows the characteristics of the included studies and the quality grade for each 

study. All were retrospective and non-randomized comparisons of one- and two-stage 

palatoplasty. Quality grading of each study was done for growth characteristics studied, speech 

and fistula rates. Six studies were longitudinal studies (Vedung, 1995; Corbo et al., 2005; De 

Mey et al., 2006; Stein et al., 2007; Liao et al., 2010; Nishio et al., 2010), while the remaining 

twenty were cross-sectional in design. Seven concerned comparisons of patient groups from 

multiple centers (Ross, 1987; Molsted et al., 1992; Zemann et al., 2007; Zemann et al., 2011; 

Fudalej et al., 2012; Koželj V et al., 2012; Gundlach et al., 2013). No study received quality 
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grade A. The other gradings are shown in Table 4 and results from grade-B studies will be 

described below. 

3.2.1  Cranial base 

Of the 26 studies that met the inclusion criteria, seven examined the growth of the cranial 

base (Ross, 1987; Rohrich et al., 1996; Corbo et al., 2005; Liao et al., 2010; Yamanishi et al., 

2011; Alam et al., 2013; Xu X et al., 2015). There were no high-quality studies (grade A). Two 

studies were graded of being of moderate quality (grade B) (Liao et al., 2010; Yamanishi et al., 

2011). Liao (Liao et al., 2010) found that a one-stage repair was associated with a longer adult 

length of the cranial base than a two-stage repair, while Yamanishi (Yamanishi et al., 2011) 

found no difference between the two treatment approaches.  

3.2.2  Maxilla 

Twenty-four studies included in this review examined the growth and/or morphology of 

the maxilla. comparing one- and two-stage repair (Ross, 1987; Molsted et al., 1992; Rohrich et 

al., 1996; Silva Filho et al., 2001; Kitagawa T et al., 2004; Corbo et al., 2005; De Mey et al., 

2006; Holland et al., 2007; Stein et al., 2007; Zemann et al., 2007; Yamanishi et al., 2009; Liao 

et al., 2010; Nishio et al., 2010; Yamanishi et al., 2011; Zemann et al., 2011; Bakhri et al., 2012; 

Fudalej et al., 2012; Koželj et al., 2012; Alam et al., 2013; Gundlach et al., 2013; Fudalej et al., 

2015; Mikoya et al., 2015; Xu et al., 2015; Tome et al., 2016). There were no high-quality 

studies (grade A). Five studies were graded of being of moderate quality (grade B) (Yamanishi et 

al., 2009; Liao et al., 2010; Nishio et al., 2010; Yamanishi et al., 2011; Fudalej et al., 2012). 

Two of these studies compared position and length of the maxilla as well as anterior 

maxillary height after one- and two-stage palatal repair (Table 5a) (Liao et al., 2010; Yamanishi 

et al., 2011). Yamanishi found no difference in the position of the maxilla in relation to the 
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cranial base at the age of 4 years after one-stage closure at 12 months versus two-stage closure at 

12 and 18 months (Yamanishi et al., 2011). Liao evaluated two groups of patients at 20 years of 

age (Liao et al., 2010). In the two-stage group, closure of the hard palate was delayed until about 

6 years of age while in the other group the palate was closed completely in a single procedure at 

1 year of age. Delayed palatal closure was associated with a significantly larger SNA angle at the 

age of 20. Both studies reported a significantly larger maxillary length in the two-stage group. 

Only in one study (Yamanishi et al., 2011) was maxillary height found to be larger in the two-

stage group. The dental cast analyses (Yamanishi et al., 2009) for the same group (Yamanishi et 

al., 2011) revealed that transverse arch dimensions were significantly larger at 4 years of age 

after two-stage palatal closure. Dental cross bite was evaluated in one of the four grade-B studies 

and it was found that the prevalence of cross bite at 4 years of age was higher after one-stage 

than after two-stage palatal repair (Nishio et al., 2010). 

Some additional outcome variables were assessed in studies graded B for quality (not 

shown in Table 5a). One study found that palatal morphology was better in the one-stage repair 

when compared with two-stage repair (Fudalej et al., 2012). One study found a significant 

improvement in arch circumference in the two-stage group (Yamanishi et al., 2009). 

3.2.3 Mandible 

Sixteen studies evaluated the effect of one-stage and two-stage palatoplasty on the growth 

of the mandible (Ross, 1987; Molsted et al., 1992; Rohrich et al., 1996; Silva Filho et al., 2001; 

Corbo et al., 2005; De Mey et al., 2006; Holland et al., 2007; Stein et al., 2007; Zemann et al., 

2007; Liao et al., 2010; Yamanishi et al., 2011; Zemann et al., 2011, Alam et al., 2013; Fudalej 

et al., 2015; Xu et al., 2015; Tome et al., 2016). There were no high-quality studies (grade A). 

Table 4 shows that two studies were graded as being of moderate quality (grade B) (Liao et al., 
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2010; Yamanishi et al., 2011). These studies showed no difference between the two groups for 

the position of the mandible in relation to the cranial base. 

Measured as the cephalometric variable Articulare-Menton (Ar-Me) or Articulare-

Gnathion (Ar-Gn), one-stage palate repair had a significant influence on the length of the 

mandible (Ar-Gn, p = 0.05) at the age of 20 years (Liao et al., 2010), while the other did not 

show such an effect (Art-Me and ramus length), but this was evaluated at 4 years of age 

(Yamanishi et al., 2011). 

3.2.4 Jaw relation 

Fifteen studies compared the jaw relation between the two groups (Ross, 1987; Rohrich 

et al., 1996; Silva Filho et al., 2001; Kitagawa et al., 2004; Corbo et al., 2005; De Mey et al., 

2006; Holland et al., 2007; Stein et al., 2007; Zemann et al., 2007; Liao et al., 2010; Zemann et 

al., 2011; Fudalej et al., 2012; Fudalej et al., 2015; Xu et al., 2015; Tome et al., 2016). There 

were no high-quality studies (grade A) that looked at sagittal jaw relationship and only two 

studies qualified as grade B (Liao et al., 2010; Fudalej et al., 2012). Both studies showed a better 

sagittal jaw relationship after two-stage palatal repair. 

3.2.5 Speech 

Seven studies analyzed speech outcomes (Table 5b) (Vedung, 1995; Rohrich et al., 1996; 

De Mey et al., 2006; Holland et al., 2007; Liao et al., 2010; Yamanishi et al., 2011; Funayama 

et al., 2014). There were no high-quality studies (grade A) that studied speech and only two 

studies qualified as grade B (Holland et al., 2007; Yamanishi et al., 2011). In a retrospective case 

series study comparing one-stage with two-stage repair, more articulation errors, more 

hypernasality, more nasal emissions, less favorable values for phonation and more VPI were 

found at 15 years of age in the two-stage palate repair group (Holland et al., 2007). In contrast, 
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Yamanishi found no significant difference at 4 years of age for incidence of articulation errors 

and VPI when comparing one-stage and two-stage repair (Yamanishi et al., 2011). 

3.2.6 Fistulae 

Five studies reported on the incidence of fistulae (Table 5b) (Vedung, 1995; Rohrich et 

al., 1996; De Mey et al., 2006; Holland et al., 2007; Liao et al., 2010). All studies were graded 

as low quality (grade C). 
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4. Discussion 

This systematic review aimed to investigate if one- or two-stage palatoplasty is more 

beneficial in terms of craniofacial growth, speech and fistula rates. We applied the quality 

assessment tool as developed by the Centre for Reviews and Disseminations to judge the quality 

of the individual studies (Deeks et al., 1996; Bondemark et al., 2007). We felt that only reporting 

the quality criteria of each study included in this systematic review would not be adequate. The 

system we used translates quality scores for individual studies to levels of evidence for the 

questions we wanted to answer about growth, speech and fistula rate (Bondemark et al., 2007; 

von Böhl et al., 2012). Various scales have been proposed to grade evidence, but at present there 

is still no agreed gold standard to be used in systematic reviews (Sanderson et al., 2007; Boutron 

and Ravaud, 2012). 

4.1 Maxillofacial growth 

The translation of quality assessment scores into levels of evidence shows that there is 

contradictory scientific support for the effect of one- or two-stage palatal surgery on the cranial 

base (Liao et al., 2010; Yamanishi et al., 2011). However, it seems rather unlikely that palate 

repair affects the growth of the cranial base because of its distance from the field of surgery. Liao 

and his associates (Liao et al. 2010) indeed doubt the importance of this result and give as a 

possible explanation for this effect that it could be related to differences in body height of the 

included patients, which is related to length of the cranial base. 

There is inconclusive evidence (evidence level 4) for the effect of one- or two-stage 

palatoplasty on maxillary growth. Though four studies were given quality grade B, the evidence 

they presented was contradictory (Yamanishi et al., 2009; Liao et al., 2010; Nishio et al., 2010; 

Yamanishi et al., 2011). Besides different surgical protocols, an important reason for the 
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contradictory results could be the age at which the final assessment was done. Only one study 

assessed the final outcome after growth had ceased at the age of 20, while the other three studies 

reported results at 4 years of age (Liao et al., 2010).  

This systematic review shows that there is limited scientific support (evidence level 3) 

that two-stage palatal closure leads to a better sagittal jaw relationship in the two studies that 

qualified as grade B (Liao et al., 2010; Fudalej et al., 2012). Mandibular position in relation to 

the cranial base is not affected by one- or two-stage palatoplasty — two studies graded B for 

quality showed that mandibular position was comparable after one- or two-stage palatoplasty 

(Liao et al., 2010; Yamanishi et al., 2011). 

The two methods that are most commonly used to evaluate maxillofacial growth are 

cephalometry and dental cast analysis. Though cephalometric studies are widely used they have 

inherent methodological errors that lead to variation, depending on the radiographic projection 

(magnification and distortion), type of landmark and the observer (Bongaarts et al., 2008; 

Pittayapat et al., 2015). Aside from the fact that, in multi-center studies, different X-ray devices 

are used, anatomical landmarks may also be difficult to identify in patients with CLP. For 

example, in patients with UCLP, A point, and anterior and posterior nasal spine (ANS and PNS) 

should be considered with caution due to abnormal anatomy brought about by the cleft, which 

makes it very difficult to locate these cephalometric points properly, especially in children 

(Bongaarts et al., 2008).  

Outcome measures to assess the effect of certain treatment protocols on maxillofacial 

growth often focus on dental arch relationships. Several indices have been developed for this 

purpose, like the GOSLON index, the EUROCRAN index, the 5-Year-Olds’ index, and the 

modified Huddart-Bodenham cross bite score (Altalibi et al., 2013; Jones et al., 2014; Haque et 
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al., 2015). These indices are reliable and reproducible. However, 3D analysis of longitudinal 

series of dentals casts is still a problem as it is difficult to determine a stable area that allows for 

superimposition of serial cast data in three planes of space, especially in growing children (Chen 

et al., 2011). 

4.2 Speech 

Combining the quality scores of the studies that evaluated speech with levels of evidence, 

there is inconclusive scientific support (evidence grade 4) for the application of one-stage or two-

stage palatal repair regarding phonation, nasal resonance, hypernasality, nasal emission, and 

speech intelligibility. For articulation errors and prevalence of VPI, two studies were graded B 

for quality but they show contradictory results and hence no conclusion can be made (Holland et 

al., 2007; Yamanishi et al., 2011). 

The approach for speech analyses depends on several factors: whether measurement is 

taking place for clinical, audit, or research purposes, the perceptual speech assessment in the 

cleft palate population under study, and the question being asked. For example, approaches to 

capture the developing sound system of infants are vastly different from phonetic descriptions of 

consonant production. Overall judgement of speech quality/intelligibility requires a separate set 

of parameters (Sell et al., 2005). In the studies included in this systematic review we found that 

all seven studies used some form of perceptual speech rating (Vedung, 1995; Rohrich et al., 

1996; De Mey et al., 2006; Holland et al., 2007; Liao et al., 2010; Yamanishi et al., 2011; 

Funayama et al., 2014.). In none of these studies were reliability tests performed. Two studies 

used nasal endoscopy as an adjuvant test, but here, too, the reliability of the method was not 

tested (Liao et al., 2010; Funayama et al., 2014).  

4.3 Fistula rate 
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All five of the studies that compared fistula rates were graded C for quality and therefore 

there is inconclusive scientific support (evidence level 4) for fistula rates in one- or two-stage 

palatoplasty. We found no clear description in any of the studies as to how presence of a fistula 

was tested. When testing the effect of fistula repair on speech and growth, no reliability tests 

were performed and assessors were not blinded to the type of treatment. 

Besides study drawbacks that were related to our research questions, as outlined above, 

we also encountered methodological problems in the studies that were assessed for this review. 

Twenty-six studies were included in this review, but all studies were non-randomized, 

retrospective studies. There was a wide variety of populations examined, sometimes even within 

studies (Ross, 1987; Molsted et al., 1992; Corbo et al., 2005; Zemann et al., 2007; Zemann et al., 

2011; Koželj et al., 2012; Gundlach et al., 2013; Fudalej et al., 2015). Only six (Corbo et al., 

2005; De Mey et al., 2006; Yaminishi et al., 2011; Zemann et al., 2011; Koželj et al., 2012; Xu et 

al., 2015) of the 26 included studies used age-matched controls, while some study groups were 

not perfectly matched with regard to age (Vedung, 1995; Fudalej et al., 2012; Fudalej et al., 

2015). Most studies had small sample sizes of less than 30 patients (Molsted et al., 1992; 

Rohrich et al., 1996; Kitagawa et al., 2004; Corbo et al., 2005; De Mey et al., 2006; Stein et al., 

2007; Zemann et al., 2007; Zemann et al., 2011; Koželj et al., 2012; Funayama et al., 2014; Xu 

et al., 2015), while in none of the studies was a power analysis reported, which made these 

studies at risk of being underpowered. The wide age range at assessment of growth and speech 

variables (from 4 years to 24.8 years) made it very difficult to compare studies as developmental 

changes may have played a role in the treatment outcome. Only three studies (SilvaFilho et al., 

2001; Nishio et al., 2010; Xu et al., 2015) included separate measurements for males and females.  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 

 16

Problems such as non-random sampling, wide variations in surgical procedure (including 

age at surgery), different assessment methods, and no record or mention of secondary revision 

procedures, have hindered the use of a traditional meta-analysis further and the possibility of 

drawing evidence-based conclusions. Suggestions to improve the strength of future studies 

would involve correction of the above-mentioned flaws. Long-term follow-up of one- or two-

stage palatoplasty was not performed in most studies included in this systematic review. The 

studies that had measured long-term effects were not graded sufficiently well to assess the 

efficacy of one technique over the other. 
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5. Conclusions 

This systematic review shows inconclusive evidence for the relative effects of one-stage 

or two-stage palate repair on maxillofacial growth, speech and fistula rates in patients with 

unilateral cleft lip and palate. Further, well-designed, randomized controlled studies, especially 

targeting long-term results, are required. 
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Table 1. Databases searched and search strings used 

 
Search engine/ 

database 
Search terms 

PubMED  

 

("surgery"[Subheading] OR "palate/surgery"[Mesh] OR palatoplasty) 

AND (unilateral[tiab] OR bilateral[tiab]) AND ("cleft palate"[MeSH 

Terms] OR ("cleft"[tiab] AND "palate"[tiab]) OR "cleft lip"[MeSH 

Terms] OR ("cleft"[tiab] AND "lip"[tiab])) 

 

Cochrane Library  (cleft lip:ti,ab,kw or cleft palate:ti,ab,kw) and (palatoplasty:ti,ab,kw or 

palat* surgery:ti,ab,kw or palate repair:ti,ab,kw) 

 

EMBASE (cleft palate/ or cleft palate.mp. or cleft lip/ or cleft lip.mp.) and 

(palatoplasty/ or palatoplasty.mp.)  

 

Scopus (TITLE-ABS-KEY (cleft lip) AND TITLE-ABS-KEY (cleft palate) 

AND TITLE-ABS-KEY (unilateral) OR TITLE-ABS-KEY (bilateral) 

AND TITLE-ABS-KEY(palatoplasty) OR TITLE-ABS-KEY (palat* 

surgery) OR TITLE-ABS-KEY(palat* repair) AND TITLE-ABS-KEY 

(growth) OR TITLE-ABS-KEY (speech) OR TITLE-ABS-KEY 

(dental arch) OR TITLE-ABS-KEY (fistula)) 

 

CINAHL (AB cleft lip OR AB cleft palate) AND (AB unilateral OR AB 

bilateral) AND (AB palatoplasty OR AB palat* surgery OR AB palat* 

repair) 
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Table 2. Grades for methodological quality 

(Deeks J et al.,1996; Bondemark L et al., 2007) 

 
 

Quality grade Methodological criteria 

Grade A 

high quality 

• Randomized, controlled trial or prospective study with a 

well-defined control group 

• Defined diagnosis and end points 

• Diagnostic reliability tests and reproducibility tests 

described 

• Blinded outcome measurements 

(All criteria should be met; if not, grade B) 

Grade B 

moderate quality 

• Cohort study or retrospective case series with a defined 

control or reference group 

• Defined diagnosis and end points 

• Diagnostic reliability tests and reproducibility tests 

described 

(All criteria should be met; if not, grade C) 

Grade C 

low quality 

One or more of the following conditions are found: 

large attrition of the sample; unclear diagnosis and end points; 

poorly defined patient material 
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Table 3.  Level of evidence based on quality assessment of the included studies 

 (Bondemark L et al., 2007; von Böhl M et al., 2012) 

 

Level of evidence Description of evidence level 

Strong scientific support 

Evidence grade 1 

• Conclusion based on at least two studies with 

level A evidence 

• Studies with opposite conclusions may lower 

the evidence grade 

Moderately strong support 

Evidence grade 2 

• Conclusion based on one study with strong 

evidence (A) and at least two with moderately 

strong evidence (B) 

• Studies with opposite conclusions may lower 

the evidence grade 

Limited scientific support 

Evidence grade 3 

• Conclusion based on at least two studies with 

moderately strong evidence (B) 

• If studies contradicting the conclusion exist, 

the scientific basis is judged as insufficient or 

contradictory 

Inconclusive scientific support 

Evidence grade 4 

• If studies fulfilling the evidence criteria are 

lacking, the scientific basis for conclusion is 

considered insufficient 
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Table 4. Study characteristics with quality grading 

 
Author, 
year of 

publication 
Design Stage Sample 

size Palatoplasty Technique Age Quality 
grade 

Investigative 
Analysis 

 Ross, 1987 
Cross-sect 
Multicenter 

one 247 
Toronto pushback procedure/other pushback/von 

Langenbeck 
<20M 

C (growth) Latceph 
two 133 Not specified Not specified Not specified 11-108M 

 
Molsted et al., 

1992 
Cross-sect 
Multicenter 

two 23 
vonLangenbeck, 

PerkoWardill 
Kriens 

Not specified 9-15M 
108M (9yrs 

or 6yrs) 

C (growth) 
 

Lat+APceph 
Dental casts 
Photograph 

two 26 Wardill Vomeroplasty 22-24M 2M 
one 23 Not specified/varied 12M 
one 26 Not specified/varied 12M 

two 30 
Modified von 
Langenbeck 

Vomeroplasty 18-20M 3M 

one 23 Veau-Wardill-Kilner 12M 

 
Vedung S, 

1995 
Longitud 

one 138 Veau-Wardill-Kilner 24M 
C (speech) 
C (fistula) 

Speech 
evaluation two 72 

Straight line closure for muscle, Z plasty on oral 
layer 

6M/14M/18M 
5.2yrs/3yrs/

2yrs 

 
Rohrich et al., 

1996 
Cross-sect 

one 15 Modified Veau-Wardill-Kilner 10.8M 

C (growth) 
C (speech) 
C (fistula) 

Speech  
evaluation 
Lat +AP ceph 
Dental casts 
Photograph 
Palatal exam 
ENT evaluation 

two 16 Modified Veau Vomeroplasty 11.4M 49M 

 
Silva Filho et 

al., 2001 
Cross-sect 

one 53 Not specified 12-44M 
C (growth) Latceph two 22 Malek and Psaume Malek and Psaume 3-11M 10-28M 

two 10 Widmaier Not specified 20M 6Y 

 
Kitagawa et al., 

2004 
Cross-sect 

one 19 Pushback 15.3M 
C (growth) 

Dental casts 
Bite registration two 15 Furlow Veau/Bridge flap 15.6M 23M 

 
Corbo M et al., 

2005 
Longitud 

one 11 Malek 3M 
C (growth) Latceph 

two 10 Not specified Not specified 3M 6M 

 
DeMey A et 

al., 2006 
Longitud 

one 18 All in one closure 3M C (growth) 
C (speech) 
C (fistula) 

Latceph 
Speech  
evaluation 
ENT evaluation 

two 26 Malek Malek 3M 6M 

 
Holland S et 

al., 2007 
Cross-sect 

one 41 Modified von LangenbeckIntravelarveloplasty 12M C (growth) 
B (speech) 
C (fistula) 

Latceph 
Speech  
evaluation two 41 

Levator muscle 
approximation 

Minimal dissection 12M 7Y 

 
Stein S et al., 

2007 
Longitud 

one 22 
Intravelarveloplasty/Axhausen/von 
Langenbeck/Modified bridge flap 

18-27M 
C (growth) 

Latceph 
OPG 
Dental casts two 21 Intravelarveloplasty von Langenbeck 17-29M 46-126M 

 
Zemann W et 
al., 2007** 

Cross-sect 
Multicenter 

one 20 Veau 12M 
C (growth) Latceph 

two 20 Intravelarveloplasty Not specified 12M 30M 

 
Yamanishi T et 

al.,2009* 
Cross-sect 

one 42 Pushback 12M 
B (growth) Dental casts 

two 30 Modified Furlow Veau 12M 18M 

 
Liao YF et al., 

2010 
Longitud 

one 31 Two flap 12M B (growth) 
C (speech) 

Latceph 
Speech two 31 Widmaier Vomerinemucoperios 18M 72M 
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Legend: M: months, Y: years, Lat: lateral, AP: antero-posterior, Front: frontal, Ceph: cephalogram 
• *Same patient pool at the Osaka Medical Center and Research Institute for Maternal and Child health.  

• ** Same patient pool at the Medical University Graz, Austria 

teal flap C (fistula) evaluation 

 
Nishio J et al., 

2010* 
Longitud 

one 42 Pushback Not specified 
B (growth) Dental casts 

two 30 Modified Furlow Two/Vomerine flaps 12M 18M 

 
Yamanishi T et 

al., 2011* 
Cross-sect 

one 42 Wardill -Killner 12M 
B (growth) 
B (Speech) 

Latceph 
Speech 
evaluation two 30 Furlow Two/Vomerine flaps 12M 18M 

 
Zemann W et 
al., 2011** 

Cross-sect 
Multicenter 

one 22 Veau 12M 
C (growth) Latceph 

two 32 Intravelarveloplasty Veau 12M 30M 

 
Fudalej P et al., 

2012 
Cross-sect 
Multicenter 

one 61 All in one 9.2M 
B (growth) Dental casts 

two 97 Not specified Not specified 12-14M 9-11Yrs 

 
Bakhri S et al., 

2012 
Cross-sect 

one 60 Pushback 16M 
C (growth) Dental casts 

two 116 Not specified Not specified 6-8M 8-10Yrs 

 
Kozelj V et al., 

2012 
EUROCRAN 

Cross-sect 
Multicenter 

one 10 Modified von Langenbeck 20-30M 

C (growth) 
Dental casts 
Photographs 

one 28 Veau-Wardill-Kilner 7-13M 
one 20 Veau-Wardill-Kilner 24M 

one 31 Vomerplasty and soft palate repair 6-12M 
two 23 Intravelarveloplasty Wardill-Kilner 12M 2.5Yrs 

two 17 Not specified Not specified 12M 3-7Yrs 

 
Gundlach KK 

et al., 2013 
Cross-sectl 
Multicenter 

one 35 Two flap Veau 12-18M 
C (growth) Dental casts two 24 Intravelarveloplasty Von Langenbeck 15-18M 4-6Yrs 

two 26 Intravelarveloplasty Von Langenbeck 3Yrs 5Yrs 

 
Alam MK et 

al., 2013 
Cross-sect 

one 44 Pushback 20M 

C (growth) Latceph one 83 Pushback with buccal flap 18M 
two 13 Furlow/Perko Not specified 20M 56M 

 
Funayama E et 

al., 2014 
Cross-sect 

one 10 Modified Furlow and intravelarveloplasty 18M 

C (Speech) 
Speech 
evaluation 

one 17 Pushback palatoplasty 18M 
two 11 Modified Furlow Not specified 18M 5-7Yrs 

 
Xu X et 
al.,2015 

Cross-sect 
one 18 Sommerlad 18-30M 

C (growth) Latceph 
two 22 Sommerlad Hard palate and lip 18-30M 6-12M 

 
Mikoya T et 

al., 2015 
Cross-sect 

one 37 Pushback palatoplasty- WardillKilner 18M 
C (growth) Dental casts 

two 31 
Widmaier-

Perko/Furlow 
Vomerinemucoperios

teal flap 
18M 5-7Y 

 
Fudalej P et al., 

2015 
Cross-sect 

one 61 Extended Vomer flap 9.2M 
C (growth) Latceph 

two 61 
Modified von 
Langenbeck 

Vomer flap 17.2M 3.3M 

 
Tome W et al., 

2016 
Cross sect 

one 38 Push back palatoplasty – Wardill-Kilner 12-18M 

C (growth) Latceph 
two 33 Modified Furlow Not specified 12M 18M 
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Table 5a. Results for cranial base, maxilla and mandible 

 
Author, 
year of 

publication 

Age at assessment Cranial 
base 

length 

Maxilla Mandible 
Jaw 

Relation One stage Two stage Position Length 
Height 

anterior/posterior 
Width Crossbite 

Incisor 
inclination 

Position Length Ramus 

Ross,  
1987  

15.3Y 15.4Y 
1S^2S 
(p = 

0.008) 
1S=2S 

1S^2S  
(p = 0.02) 

2S^1S (p = 0.05)/ 
2S^1S (p = 0.001)   

2S>1S  
(p = 0.05) 

1S=2S 1S=2S 1S=2S 
1S^2S 
(NS) 

Molsted et 
al., 1992 

8-10Y 8-10Y 
 

1S=2S 1S=2S 
1S=2S/ 

2S(E)1S(F)>1S(D) 
(p ≤ 0.05) 

  
1S(D)< 2S(A,E) 

(p ≤ 0.05)  
1S=2S 

  

Rohrich et 
al., 1996  

17.0Y 18.2Y 1S=2S 1S=2S 1S=2S 
 

1S=2S 
   

1S=2S 
 

1S=2S 

Silva Filho 
et al., 2001  

4-7Y 4-7Y 
 

1S=2S 
 

1S=2S 
   

1S=2S 1S=2S 1S=2S 1S=2S 

Kitagawa 
et al., 2004  

3Y 3Y 
  

2S>1S  
(p < 0.01)  

2S>1S (p 
< 0.05)      

1S>2S 
(NS) 

Corbo et 
al., 2005  

7,12Y 7,12Y 1S=2S 1S=2S 1S=2S 
1S=2S/ 
1S=2S    

1S=2S 1S=2S 1S=2S 1S=2S 

DeMey et 
al., 2006  

18,36M, 
6,10Y 

18,36M, 
6,10Y  

1S=2S 1S=2S 
    

1S=2S 
  

1S>2S 
(NS) 

Holland et 
al., 2007  

15-20Y 15-20Y 
 

2S>1S (p 
< 0.05)      

1S=2S 
  

1S^2S (p 
= 0.05) 

Stein et al., 
2007  

6,10, 
15,18Y 

6,10, 
15,18Y  

1S=2S 
  

2S>1S (p 
< 0.01) 

1S=2S 
 

1S=2S 
  

1S=2S 

Zemann et 
al., 2007  

6.5Y 6.5Y 
 

1S=2S 
     

1S=2S 
  

1S=2S 

Yamanishi 
et al., 2009  

3,12M,4Y 
3,12,18M, 

2,3,4Y     
2S>1S (p 
< 0.017)       

Liao et al., 
2010  

20Y 20Y 
1S>2S (p 
= 0.05) 

2S>1S (p 
< 0.05) 

2S>1S (p < 0.05) 1S=2S 
   

1S=2S 
1S>2S 

(p = 
0.05) 

 
2S>1S (p 
= 0.01) 

Nishio et 
al., 2010  

4Y 4Y 
     

1S>2S (p 
< 0.05)      

Yamanishi 
et al., 2011  

4Y 4Y 1S=2S 1S=2S 2S>1S (p = 0.003) 
2S>1S  

(p = 0.0003)    
1S=2S 1S=2S 1S=2S 

 
Zemann et 
al., 2011  

9-12Y 8-12Y 
 

1S=2S 
     

1S=2S 
  

1S=2S 

Fudalej et 
al., 2012  

11.2Y 8.7Y 
          

2S^1S (p 
< 0.000) 

Kozelj et 
al., 

2012  
5-7Y 5-7Y 

  

1S(1,3)=2S(6), 
1S(2,4)2S(5)>2S(6) 

(p < 0.001) 
 

1S=2S 
      

Gundlach 
et al., 2013  

7-9Y, 
15-17Y 

7-9Y, 
15-17Y   

2S>1S (p ≤ 0.05) 
 

2S>1S (p 
≤ 0.05) 

1S>2S (p 
≤ 0.05)      

Alam et al., 
2013  

7Y 7Y 1S=2S 
2S>1S 
(NS) 

1S=2S 
   

2S>1S  
(NS) 

1S=2S 
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Xu et al., 

2015  
5Y 5Y 1S=2S 1S=2S 1S=2S 1S=2S 

   
1S=2S 1S=2S 1S=2S 1S=2S 

Mikoya et 
al., 2015  

5.1Y 5.2Y 
    

2S>1S 
(NS) 

2S>1S (p 
< 0.05) 

2S^1S  
(NS)     

Fudalej et 
al., 2015  

10.9Y 10.9Y 
 

2S>1S (p 
< 0.001)  

1S>2S (p < 001) 
  

1S>2S 
(p < 0.05) 

1S=2S 
  

2S>1S (p 
< 0.001) 

Tome et 
al., 2015  

7.1Y 7.2Y 
 

1S=2S 1S=2S 
   

2S>1S  
(p = 0.041) 

1S=2S 
 

2S>1S (p 
= 0.035) 

1S=2S 

 
 

Legend: Y: years, M: months, 1S: one stage, 2S: two stage, =: No difference, >: greater than, ^: better than, (NS): not statistically significant, (p value): 
statistically significant, (x): study number in multi-center study 
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Table 5b. Results for jaw relationship, speech and fistula rates 

 

Author, 
year of 

publication 

Age at assessment Speech 
Fistula 

rate One 
stage Two stage Articulation 

errors Phonation Nasal 
resonance 

Hyper 
nasality 

Nasal 
emission 

Speech 
intelligibility VPI  VPI 

surgery 

Vedung S, 
1995  

24.8Y 12.7Y   
      

1S^2S 
(NS) 

2S^1S (p = 
0.05) 

Rohrich et 
al., 1996  

17.0Y 18.2Y 2S>1S (NS) 1S=2S 
1S^2S (p < 

0.001) 

2S>1S 
(p < 
0.01) 

 
1S^2S (p < 

0.02)  
  

2S>1S (p < 
0.05) 

DeMey et 
al., 2006  

18,36M, 
6,10Y 

18,36M, 
6,10Y 

1S=2S 
    

1S=2S (NS) 
 

2S>1S 
(NS) 

2S>1S 
(NS) 

Holland et 
al., 2007  

15-20Y 15-20Y 
2S>1S 

(p < 0.05)  
2S>1S 

(p < 0.05)  

2S>1S 
(p < 
0.05) 

2S>1S (p 
< 0.05)  

2S>1S (p 
< 0.05) 

  
2S>1S (p < 

0.05) 

Liao et al., 
2010  

20Y 20Y   
     

1S^2S (p 
< 0.001) 

2S>1S (p 
= 0.001) 

2S>1S (p = 
0.0001) 

Yamanishi 
et al., 2011  

4Y 4Y 1S=2S 
     

1S=2S     

Funayama 
et al., 2014  

4,8Y 4,8Y 2S>1S (NS) 
  

2S>1S 
(p < 
0.01) 

2S>1S (p 
< 0.01)  

2S>1S 
(NS) 

    

 
Legend: Y: years, M: months, 1S: one stage, 2S: two stage, =: no difference, >: greater than, ^: better than, (NS): not statistically significant, (p value): 
statistically significant, VPI: velopharyngeal incompetence 
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Figure 1.  PRISMA flow diagram of the study 
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Additional records identified 

through other sources 

(n = 0) 

Duplicate records removed 

(n = 2400) 

Records screened 

(n = 2759) 

Records excluded 

(n = 2608) 

 

Reason: did not meet first 
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(meta-analysis) 

(n = 0) 


