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Abstract

The present study targeted patients with unilateral cleft lip and palate (UCLP) 
undergoing either one- (Wardill technique) or two-stage palatoplasty (Perko technique). 
Correlations between Goslon Yardstick scores and orthodontic appliances used and 
whether an osteotomy was performed were investigated. No differences were observed 
between the two types of palatoplasty in terms of Goslon Yardstick scores. A palatal 
expander and protraction facemask were used in Phase I of orthodontic treatment. The 
palatal expander was selected for most patients with UCLP in Phase I, regardless of the 
surgical technique used. A protraction facemask was used in patients undergoing the 
Wardill procedure who had a Goslon Yardstick score placing them in Group 3 or 4. In 
contrast, a protraction facemask was used in patients undergoing the Perko procedure 
who had a Goslon Yardstick score placing them in Group 4. No significant differences 
were observed in the Goslon Yardstick scores yielded by either type of procedure. The 
Goslon Yardstick score in relation to whether an osteotomy was performed in Phase II as 
part of orthodontic treatment was determined, focusing on the relationship between that 
score and the palatoplasty method used. A protraction facemask was used in patients 
undergoing the Perko procedure, which eliminated the need for an osteotomy at a future 
date. However, a protraction facemask was also used in patients undergoing the Wardill 
option, and those patients were likely to require an osteotomy. In other words, the results 
suggest that the type of palatoplasty selected will determine the effectiveness of any orth-
odontic appliances used.
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Introduction

An early treatment plan for a patient with 
unilateral cleft palate visiting an orthodontics 
department typically has 2 primary goals: 
expanding the palate to prevent collapse of 
the upper dental arch and promoting ante-
rior growth of the maxilla to treat maxillary 
hypoplasia, which will usually involve the use 
of a palatal expander and a protraction face-
mask. Few studies have assessed the effective-
ness of these appliances over the long term, 
however, and there are no criteria for appli-
ance selection at the current point in time. 
Analyzing and assessing the effectiveness of 
these appliances in the treatment of patients 
with unilateral cleft palate should help to 
clarify the prognosis and improve surgical 
techniques.

On visiting the orthodontist, such a patient 
will have already undergone initial repair 
comprising one- (Wardill technique) or two-
stage palatoplasty (Perko technique). One-
stage palatoplasty consists of backward dis-
placement of the palate with a mucoperiosteal 
flap, whereas two-stage palatoplasty involves 
repairing the soft palate with a buccal muco-
sal flap. Both types of procedure are per-
formed at the age of 18 months. Hard palate 
repair is performed later, between the ages of 
4 and a half to 5 years11,24). Surgery is per-
formed in two stages because the maxilla 
develops to 5/6 of its size in adulthood, at 
around the age of 4 and a half 7). Previous 
studies have indicated that two-stage results in 
better jaw development than one-stage pala-
toplasty3,5,18,21,22). Nevertheless, opinion is 
divided as to whether one- or two-stage palato-
plasty is better in terms of not delaying proper 
pronunciation and speech2,3,15,30,31). Moreover, 
the timing of closure of the palate varies29).

A previous study by the current authors 
evaluating patients undergoing one- or two-
stage palatoplasty assessed anteroposterior 
and lateral development of the maxilla and 
mandible at the start of orthodontic treat-
ment. Although the results revealed no sig-
nificant differences in anterior growth, two-
stage palatoplasty did show improved results 

for lateral development17).
The present study used the Goslon Yard-

stick to categorize dental relationships. This is 
based on a diagnostic model made up at the 
patient’s initial visit to a department of ortho-
dontics16). Here, the results of Phase I orth-
odontic treatment and correlations between 
those results and categorization of dental 
relationships according to the Goslon Yard-
stick were determined. In addition, whether 
not performing an osteotomy in Phase II 
orthodontic treatment would preclude good 
occlusion was investigated and the relation-
ship between whether an osteotomy was per-
formed and Goslon Yardstick scores analyzed. 
This approach was intended to reveal any 
differences in orthodontic treatment plans 
following one- or two-stage palatoplasty. More-
over, this study sought to determine whether 
the palatoplasty method used resulted in 
selection of a particular orthodontic appli-
ance or differences in the effectiveness of that 
appliance.

Materials and Methods

1. Overview of patient sample
All the patients in this study had unilateral 

cleft lip and palate (UCLP) and visited the 
Department of Orthodontics at the Chiba 
Hospital of Tokyo Dental College between 
1983 and 2008. A total of 77 patients under-
went the Perko procedure at the Department 
of Oral Surgery at this hospital, while 111 
patients underwent the Wardill procedure at 
another hospital. In total, 188 patients were 
included in the analysis, excluding those who 
were suspected of being syndromic. The 
Perko group consisted of 46 men and 31 
women with a mean age of 8 years and 3 
months±1 year and 4 months. The Wardill 
group consisted of 69 men and 42 women 
with a mean age of 7 years and 8 months±1 
year and 5 months. This study was approved 
by the Ethics Committee of Tokyo Dental Col-
lege (Approval no.653).
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2.   Categorization of dental relationships 
according to Goslon Yardstick
The Goslon Yardstick is used in the longitu-

dinal assessment of dental arch relationships 
throughout the development of occlusion in 
children with UCLP. Here, these relationships 
were evaluated based on the following 5 cate-
gories: Group 1: Positive overjet with average 
inclined or retroclined incisors with no cross-
bite or open-bite. Long-term outcome, excel-
lent; Group 2: Positive overjet with average 
inclined or proclined incisors with unilateral 
crossbite or crossbite tendency with or with-
out open-bite tendency around cleft site. 
Long-term outcome, good; Group 3: Edge-to-
edge bite with average inclined or proclined 
incisors or reverse overjet with retroclined 
incisors. Unilateral crossbite with or without 
open-bite tendency around cleft site. Long-
term outcome, fair; Group 4: Reverse overjet 
with average inclined or proclined incisors. 
Unilateral crossbite with or without bilateral 
crossbite tendency and with or without open-
bite tendency around cleft site. Long-term 
outcome, poor; Group 5: Reverse overjet with 
proclined incisors, bilateral crossbite, and 
poor maxillary arch form and palatal vault 
anatomy. Long-term outcome, very poor16).

A study model made up on the patient’s 
initial visit was used to assign a Goslon Yard-
stick score of 1 to 5. The evaluators comprised 
3 orthodontists certified by the Japanese 
Orthodontic Society at Tokyo Dental College. 
All the evaluators had been trained in cali-
brating the Goslon Yardstick as devised by 
Mars et al. All scores were assigned based on 
the method of Mars et al 16). Mean scores were 
calculated for both groups of patients.

3.  Determining relationship between  
treatment plan and Goslon Yardstick score
Of the 188 patients assessed in Phase I, 136 

proceeded to Phase II. These patients con-
sisted of 42 patients who underwent the Perko 
procedure and 94 who underwent the Wardill 
procedure. The treatment plan that had been 
implemented in Phase I was verified using 
medical records, and correlations between 
use of a palatal expander or protraction face-

mask and the Goslon Yardstick score deter-
mined. In patients proceeding to Phase II, the 
correlation between the number undergoing 
an osteotomy and the Goslon Yardstick score 
was determined.

4. Statistical analysis
A conventional Student’s t test was used to 

compare the Goslon Yardstick scores of 
patients undergoing the Perko procedure 
and those undergoing the Wardill procedure; 
those undergoing the former were compared 
with those undergoing the latter in terms of 
whether they required a palatal expander or a 
protraction facemask during Phase I; both 
groups were also compared in terms of 
whether the Phase II treatment plan required 
an osteotomy. Comparisons were performed 
using Fisher’s exact probability test.

Results

1.  Differences in Goslon Yardstick scores as 
result of each procedure
The study model made up on the patient’s 

initial visit to this facility was used to assign a 
Goslon Yardstick score of 1 to 5. No signifi-
cant differences were observed in the mean 
scores of the Perko (3.45±0.11) and Wardill 
groups (3.83±0.18)(Fig. 1). Patients in both 
groups were predominantly assigned to 
Group 4, with approximately 50% of the total 
number assigned to that group. The next 
largest group of patients was assigned to 
Group 3, with approximately 20% of the total 
number assigned to that group. The mean 
score for patients at this facility was 3.54±0.94 
(mean±standard deviation)(Table 1).

Patients with UCLP who proceeded to 
Phase II at this facility were assessed in terms 
of the Goslon Yardstick score (1 to 5) they 
were assigned upon their initial visit. No sig-
nificant differences were observed in the 
mean scores of the Perko (3.38±1.03) and 
Wardill groups (3.68±0.9)(Fig. 2). As at the 
initial visit, patients proceeding to Phase II 
were predominantly assigned to Group 4, 
with approximately 50% of the total assigned 
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to that group and 20% to Group 3 (Table 2). 
Patients proceeding from Phase I to Phase II 
at this facility had a mean Goslon Yardstick 
score of 3.59±0.95 (mean±standard devia-
tion) upon their initial visit. In the Perko 
group, 54.6% proceeded from Phase I to 
Phase II at this facility, while 84.7% proceeded 
from Phase I to Phase II in the Wardill group. 
Overall, 72.3% of the patients proceeded 
from Phase I to Phase II at this facility.

2.  Correlation between use of palatal 
expander and Perko or Wardill procedure
Goslon Yardstick scores were used to com-

pare patients in each group in terms of 

whether use of a palatal expander was indi-
cated in Phase I. Of the total sample, a palatal 
expander was used in 91.2%, including 90.5% 
in the Perko group and 91.5% in the Wardill 
group. No significant differences were 
observed between the two groups in terms of 
the need for a palatal expander (Table 3). A 
comparison using Goslon Yardstick scores 
indicated that 100% of patients in Groups 1 
and 5 needed a palatal expander, regardless 
of which palatoplasty procedure was used. A 
palatal expander was used in 80% or more of 
patients in Groups 2 to 4, regardless of the 
procedure employed (Fig. 3).
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Table　1　Breakdown of patients with UCLP in terms of Goslon Yardstick scores at start of Phase I depending on 
whether they underwent Perko or Wardill procedure

Goslon score Perko (n=77) Wardill (n=111)

Group 1 (excellent) 1 case  (1%) 3 cases (2%)

Group 2 (good) 15 cases (19%) 13 cases (12%)

Group 3 (fair) 15 cases (19%) 22 cases (20%)

Group 4 (poor) 40 cases (53%) 60 cases (54%)

Group 5 (very poor) 6 cases (8%) 13 cases (12%)

Mean±S.D. 3.45±0.11 3.83±0.18
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Fig.　1　Comparison of patients with UCLP in terms of 
Goslon Yardstick scores at start of Phase I 
depending on palatoplasty method used
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Fig.　2　Comparison of patients with UCLP proceeding 
to Phase II in terms of Goslon Yardstick scores 
at start of Phase I depending on palatoplasty 
method used
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Table　2　Breakdown of patients with UCLP proceeding to Phase II in terms of Goslon Yardstick scores at start of 
Phase I depending on whether they underwent Perko or Wardill procedure

Goslon score Perko (n=42) Wardill (n=94)

Group 1 (excellent) 1 case  (2%) 1 case  (1%)

Group 2 (good) 10 cases (24%) 11 cases (12%)

Group 3 (fair) 7 cases (17%) 19 cases (20%)

Group 4 (poor) 20 cases (48%) 49 cases (52%)

Group 5 (very poor) 4 cases (9%) 14 cases (15%)

Mean±S.D. 3.38±1.03 3.68±0.90
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Table　3　Comparison of orthodontic appliance used in Phase I and whether an osteotomy was performed in Phase 
II depending on whether patients with UCLP underwent Perko or Wardill procedure

Fisher’s exact test (p-value) 

Need to Yes (n) No (n) One-side Two-side Phi

Phase I Treatment

Maxillary Expander
Perko 38  4 0.54 ns 1.00 ns 0.17

Wardill 86  8

Maxillary Protractor Perko 12 30 0.22 ns 0.44 ns 0.084

Wardill 35 59

Phase II Treatment

Osteotomy
Perko  1 41 0.0025 ** 0.0039 ** 0.242

Wardill 20 74

**: p<0.01 ns: not significant
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3.  Relationship between protraction 
facemask and Perko or Wardill procedure 
Goslon Yardstick scores were used to com-

pare patients undergoing the Perko or War-
dill procedures in terms of whether use of a 
protraction facemask was indicated in Phase 
I. Of the total sample, a protraction facemask 
was used in 34.6%, including 28.6% in the 
Perko group and 37.2% in the Wardill group. 
No significant differences were observed 
between the two groups in terms of the need 
for a protraction facemask (Table 3). A com-
parison using Goslon Yardstick scores indi-
cated that patients in Groups 1 to 3 undergo-
ing the Perko procedure did not need to use 
a protraction facemask. Forty-five percent of 
patients in Group 4 and 75% percent in 
Group 5 needed to use a protraction face-
mask. Patients in Groups 1 and 2 in the War-
dill group did not need to use a protraction 
facemask. Thirty-two percent of patients in 
Group 3, 43% in Group 4, and 57% in Group 
5 needed to use a protraction facemask (Fig. 
4).

4.  Need for osteotomy following Perko or 
Wardill procedure 
Among patients with UCLP treated in 

Phase I, 15.4% required an osteotomy in 
Phase II, including 2.4% of patients in the 

Perko group and 21.3% in the Wardill group. 
Significant differences were observed between 
the two groups in terms of the need for an 
osteotomy (p<0.01)(Table 3). A comparison 
using Goslon Yardstick scores indicated that 
patients in Groups 1 to 4 undergoing the 
Perko procedure did not require an osteot-
omy. Twenty-five percent of patients in Group 
5 required an osteotomy. Patients in Groups 1 
and 2 undergoing the Wardill procedure did 
not require an osteotomy, but 11% in Group 
3, 14% in Group 4, and 71% in Group 5 did 
(Fig. 5). Among patients in either group in 
whom a protraction facemask was used, 8% of 
those in the Perko and 57.1% in the Wardill 
group also underwent an osteotomy.

Discussion

Patients with UCLP who visited the Depart-
ment of Orthodontics at the Chiba Hospital 
of Tokyo Dental College for correction of 
malocclusion underwent either two- (the 
Perko procedure) or one-stage palatoplasty 
(the Wardill procedure). Previous studies of 
palatoplasty to treat UCLP have indicated 
that two-stage results in better jaw develop-
ment than one-stage palatoplasty4,5,18,21–23,27,32). 
The timing of that surgery is crucial29). Any 

【版面】W：396 pt（片段　192 pt）　H：588 pt　【本文】行数不明（手組み）　10pt　12pt 送り
【図】●図番号・タイトル・説明：11.3Q　12.7H　New Baskerville ITC Std　図タイトルと説明のアキ　9Q　●タイトル折り返し：番号の後（続
く説明の先頭は字下げ不要）　●図説の幅　片段：片段固定　全段：図幅　　

【表】●番号・タイトル・説明：11.3Q　12.7H　New Baskerville ITC Std　タイトルと表のアキ　10.5Q　●罫線　表はじめのみ双罫　表中の
罫の太さ　1.411mm ●表中：11.3Q　12.7H　New Baskerville ITC Std　●脚注　11.3Q　12.7H　New Baskerville ITC Std　 字下げなし　
斜体は New Baskerville ITC Std Italic（タグは <l>）　半角ダーシは -（ハイフン）に F50：tohaba の文字スタイルをかけて作成

Fig.　4　Relationship between Goslon Yardstick scores 
depending on palatoplasty method used and 
selection of protraction facemask in patients 
with UCLP
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Fig.　3　Relationship between Goslon Yardstick scores 
depending on palatoplasty method used and 
selection of palatal expander in patients with 
UCLP
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delay in the closure of the hard palate may 
affect pronunciation and intelligence2,3,15,30,31). 
Numerous studies have cited results regard-
ing assessment of growth and function, but a 
definitive answer has yet to emerge9,13,14,19,27,33). 
In addition, orthodontic treatment in patients 
with UCLP can be presumed to involve 
greater complexity than in those without. The 
present study was conducted to verify the 
hypothesis that postoperative orthodontic 
treatment leads to differences in effectiveness 
depending on the palatoplasty method used.

Indices to assess palatoplasty for UCLP 
include the Goslon Yardstick16), the 5-year-old 
index1), the EUROCRAN index6), the Hud-
dart-Bodenham scoring system12), and the 
modified Huddart-Bodenham scoring sys-
tem8,20). The present study used the Goslon 
Yardstick score, which is the index used most 
often and most widely10,16,23,25). The current 
results revealed only slight differences in the 
Goslon Yardstick scores of patients in the 
Perko and Wardill groups at the start of Phase 
I, which was in accordance with the results of 
earlier studies.

The Goslon Yardstick score changes when 
orthodontic treatment is performed, so deter-
mining the relationship between the Goslon 
Yardstick score during Phase I and the orth-
odontic appliance used is an effective way to 

follow adherence to the Phase II treatment 
plan26). Eighty percent or more of the patients 
in the Wardill group proceeded to Phase II, 
while this was around 55% in the Perko group. 
No significant differences were observed in 
the Goslon Yardstick scores, however, which 
suggests that not all of the patients who pro-
ceeded to Phase II had a poor score. In addi-
tion, Goslon Yardstick scores at the start of 
Phase I were used to assess appliance selec-
tion in Phase I and the treatment plan used in 
Phase II.

Many patients with UCLP have maxillary 
hypoplasia and collapse of the dental arch, so 
the usage of a palatal expander and a protrac-
tion facemask was verified in order to identify 
the relationship between the extent of defor-
mity and the Goslon Yardstick score. The 
results revealed that a palatal expander was 
used regardless of the palatoplasty method or 
Goslon Yardstick score. A comparison of the 
total sample revealed no significant differ-
ences in use of a palatal expander or a pro-
traction facemask between the Perko and 
Wardill groups. Nevertheless, a protraction 
facemask was more likely to be used in either 
group if the patient had a high Goslon Yard-
stick score. A protraction facemask was 
selected for patients undergoing the Wardill 
procedure if they had a Goslon Yardstick 
score placing them in Group 3 or 4, whereas 
it was not selected in those undergoing the 
Perko procedure if they had a Goslon Yard-
stick score placing them in Group 3. In addi-
tion, no differences were observed in selec-
tion of a protraction facemask in either group 
of patients if they had a Goslon Yardstick 
score placing them in Group 4; a protraction 
facemask was selected in approximately 40% 
of those patients. In contrast, patients under-
going the Perko procedure who had a Goslon 
Yardstick score placing them in Group 5 
tended to receive a protraction facemask 
more often than those undergoing the War-
dill procedure. Although the Goslon Yard-
stick assigns a score based on the anteroposte-
rior position of the anterior teeth, the afore-
mentioned finding may be the result of 
orthodontists using criteria such as facial type 
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Fig.　5　Relationship between Goslon Yardstick scores 
depending on palatoplasty method used and 
selection of osteotomy in Phase II in patients 
with UCLP
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and overbite in deciding whether to use a pro-
traction facemask. Thus, there may be differ-
ences between patients undergoing each type 
of procedure in terms of facial type or over-
bite. Further study is required to clarify this 
issue.

The biggest problem with orthodontic 
treatment of UCLP is whether or not an oste-
otomy will be required in the future. If an 
osteotomy is required in Phase II, treatment 
will be prolonged until growth of the jaw is 
completed. In other words, the key to success 
is achieving good occlusion and avoiding the 
need for an osteotomy. The present study 
focused on the relationship between the Gos-
lon Yardstick score and osteotomy selection 
and palatoplasty technique. Quite a marked 
difference was observed between the two 
groups among those patients undergoing an 
osteotomy in Phase II. The results suggest that 
patients undergoing the Perko procedure are 
far less likely to undergo an osteotomy than 
those undergoing the Wardill procedure. 
Among patients in whom a protraction face-
mask was used, only 8% undergoing the Perko 
procedure also had to undergo an osteotomy, 
whereas 57.14% of those undergoing the War-
dill procedure also had to undergo an oste-
otomy. These findings suggest that the palato-
plasty method chosen can lead to differences 
in the effectiveness of subsequent orthodon-
tic treatment, even if there are no differences 
in the Goslon Yardstick score. This finding 
substantiates the contention that the effec-
tiveness of a protraction facemask varies 
widely, as Susami et al. noted28).

For an orthodontist, predicting whether a 
selected appliance will be effective is crucial. 
The present results suggest that the Wardill 
procedure may not yield a satisfactory out-
come, even if a protraction facemask is 
selected, but that the Perko option in con-
junction with a protraction facemask may 
yield satisfactory results. Numerous studies 
have assessed the outcomes of surgery to treat 
UCLP, and basing the prognosis on the tech-
nique used is crucial. Nevertheless, to the 
authors’ knowledge, no studies to date have 
investigated response to correction in the 

cranio-maxillofacial region. In the present 
study, no major differences were observed in 
spontaneous growth during the period from 
surgery until the start of orthodontic treat-
ment in either group of patients. The Perko 
procedure led to a better response to orth-
odontic treatment, however, than the Wardill 
option, indicating an improved prognosis 
with the former approach. Ultimately, mini-
mally invasive orthodontic treatment that did 
not involve orthodontic surgery was selected.

Conclusion

No differences were observed between the 
Perko and Wardill procedures in terms of 
Goslon Yardstick scores. A protraction face-
mask was used in patients undergoing the 
former, which eliminated the need for an 
osteotomy at a later stage. In contrast, a pro-
traction facemask was also used in patients 
undergoing the Wardill procedure, and those 
patients were likely to require an osteotomy. 
In other words, the results suggest that the 
type of palatoplasty used will determine the 
effectiveness of orthodontic appliances.

Conflict of Interest

The authors declare no conflict of interest 
related to this study.

References

1) Atack N, Hathorn I, Mars M, Sandy J (1997) 
Study models of 5 year old children as predic-
tors of surgical outcome in unilateral cleft lip 
and palate. Eur J Orthod 19: 165–170.

2) Chapman KL (2011) The relationship 
between early reading skills and speech and 
language performance in young children with 
cleft lip and palate. Cleft Palate Craniofac J 48: 
301–311.

3) Friede H, Enemark H (2001) Long-term evi-
dence for favorable midfacial growth after 
delayed hard palate repair in UCLP patients. 
Cleft Palate Craniofac J 38: 323–329.

Ishii T et al.166



4) Friede H (2007) Maxillary growth controver-
sies after two-stage palatal repair with delayed 
hard palate closure in unilateral cleft lip and 
palate patients: perspectives from literature 
and personal experience. Cleft Palate 
Craniofac J 44: 129–136.

5) Friede H, Lilja J, Lohmander A (2012) Long-
term, longitudinal follow-up of individuals 
with UCLP after the Gothenburg primary 
early veloplasty and delayed hard palate clo-
sure protocol: maxillofacial growth outcome. 
Cleft Palate Craniofac J 49: 649–656.

6) Fudalej P, Katsaros C, Dudkiewicz Z, Offert B, 
Piwowar W, Kuijpers M, Kuijpers-Jagtman AM 
(2012) Dental arch relationships following 
palatoplasty for cleft lip and palate repair. J 
Dent Res 91: 47–51.

7) Graber TM (1954) The congenitial cleft pal-
ate deformity. J Am Dent Assoc 48: 375–395.

8) Gray D, Mossey PA (2005) Evaluation of a 
modified Huddart/Bodenham scoring system 
for assessment of maxillary arch constriction 
in unilateral cleft lip and palate subjects. Eur J 
Orthod 27: 507–511.

9) Gundlach KK, Bardach J, Filippow D, Stahl-de 
Castrillon F, Lenz JH (2013) Two-stage palato-
plasty, is it still a valuable treatment protocol 
for patients with a cleft of lip, alveolus, and 
palate? J Craniomaxillofac Surg 41: 62–70.

10) Haque S, Alam MK, Arshad AI (2015) An over-
view of indices used to measure treatment 
effectiveness in patients with cleft lip and pal-
ate. Malays J Med Sci 22: 4–11.

11) Hotz MM, Gnoinski W (1976) Comprehensive 
care of cleft lip and palate children at Zurich 
University; A preliminary report. Am J Orthod 
70: 481–504.

12) Huddart AG, Bodenham RS (1972) The evalu-
ation of arch form and occlusion in unilateral 
cleft palate subjects. Cleft Palate J 9: 194–209.

13) Liao YF, Cole TJ, Mars M (2006) Hard palate 
repair timing and facial growth in unilateral 
cleft lip and palate: a longitudinal study. Cleft 
Palate Craniofac J 43: 547–556.

14) Liao YF, Mars M (2006) Hard palate repair 
timing and facial growth in cleft lip and palate: 
a systematic review. Cleft Palate Craniofac J 43: 
563–570.

15) Lohmander A, Olsson M, Flynn T (2011) Early 
consonant production in Swedish infants with 
and without unilateral cleft lip and palate and 
two-stage palatal repair. Cleft Palate Craniofac 
J 48: 271–285.

16) Mars M, Plint DA, Houston WJ, Bergland O, 
Semb G (1987) The Goslon Yardstick: a new 
system of assessing dental arch relationships in 
children with unilateral clefts of the lip and 
palate. Cleft Palate J 24: 314–322.

17) Matsuura A, Saitou Y, Ishii T, Sakamoto T, 
Sueishi K, Nakano Y, Suga K, Uchiyama T 
(2014) Evaluation of dentition and develop-
ment of upper jaw following primary palato-
plasty (Push-back or Perko method) in patients 
with unilateral cleft lip and palate. Shikwa 
Gakuho 114: 325–332. (in Japanese)

18) Mikoya T, Shibukawa T, Susami T, Sato Y, 
Tengan T, Katashima H, Oyama A, Matsuzawa 
Y, Ito Y, Funayama E (2015) Dental arch rela-
tionship outcomes in one- and two-stage pala-
toplasty for Japanese patients with complete 
unilateral cleft lip and palate. Cleft Palate 
Craniofac J 52: 277–286.

19) Mommaerts MY, Kablan F, Sheth S, Laster Z 
(2003) Early maxillary growth in complete 
cleft lip, alveolus and palate patients following 
Widmaier-Perko’s, or a modified Furlow’s 
technique of soft palate repair. J Craniomaxil-
lofac Surg 31: 209–214.

20) Mossey PA, Clark JD, Gray D (2003) Preliminary 
investigation of a modified Huddart/Bodenham 
scoring system for assessment of maxillary 
arch constriction in unilateral cleft lip and pal-
ate subjects. Eur J Orthod 25: 251–257.

21) Nishio J, Yamanishi T, Kohara H, Hirano Y, 
Sako M, Adachi T, Mukai T, Miya S (2010) 
Early two-stage palatoplasty using modified 
Furlow’s veloplasty. Cleft Palate Craniofac J 47: 
73–81.

22) Nollet PJ, Katsaros C, Huyskens RW, Borstlap 
WA, Bronkhorst EM, Kuijpers-Jagtman AM 
(2008) Cephalometric evaluation of long-term 
craniofacial development in unilateral cleft lip 
and palate patients treated with delayed hard 
palate closure. Int J Oral Maxillofac Surg 37: 
123–130.

23) Nollet PJ, Katsaros C, Van’t Hof MA, Kuijpers-
Jagtman AM (2005) Treatment outcome in 
unilateral cleft lip and palate evaluated with 
the GOSLON yardstick: a meta-analysis of 
1236 patients. Plast Reconstr Surg 116: 
1255–1262.

24) Perko MA (1979) Two-stage closure of cleft 
palate (progress report). J Maxillofac Surg 7: 
46–80.

25) Sinko K, Caacbay E, Jagsch R, Turhani D, 
Baumann A, Mars M (2008) The GOSLON 
yardstick in patients with unilateral cleft lip 
and palate: review of a Vienna sample. Cleft 
Palate Craniofac J 45: 87–92.

26) Southall P, Walters M, Singer S (2012) The 
influence of orthodontic treatment on the 
Goslon score of unilateral cleft lip and palate 
patients. Cleft Palate Craniofac J 49: 215–220.

27) Stein S, Dunsche A, Gellrich NC, Härle F, 
Jonas I (2007) One- or two-stage palate closure 
in patients with unilateral cleft lip and palate: 

Orthodontic Plan: Perko’s vs. Wardill 167



comparing cephalometric and occlusal out-
comes. Cleft Palate Craniofac J 44: 13–22.

28) Susami T, Okayasu M, Inokuchi T, Ohkubo K, 
Uchino N, Uwatoko K, Takahashi-Ichikawa N, 
Nagahama K, Takato T (2014) Maxillary pro-
traction in patients with cleft lip and palate in 
mixed dentition: cephalometric evaluation 
after completion of growth. Cleft Palate 
Craniofac J 51: 514–524.

29) Uchiyama T, Yamashita Y, Susami T, Kochi S, 
Suzuki S, Takagi R, Tachimura T, Nakano Y, 
Shibui T, Michi K, Nishio J, Hata Y (2012) 
Primary treatment for cleft lip and/or cleft 
palate in children in Japan. Cleft Palate 
Craniofac J 49: 291–298.

30) Van Demark DR, Gnoinski W, Hotz MM, Perko 
M, Nussbaumer H (1989) Speech results of 
the Zürich approach in the treatment of uni-
lateral cleft lip and palate. Plast Reconstr Surg 
83: 605–613.

31) Willadsen E (2012) Influence of timing of 
hard palate repair in a two-stage procedure on 
early speech development in Danish children 

with cleft palate. Cleft Palate Craniofac J 49: 
574–595.

32) Yamanishi T, Nishio J, Kohara H, Hirano Y, 
Sako M, Yamanishi Y, Adachi T, Miya S, Mukai 
T (2009) Effect on maxillary arch develop-
ment of early 2-stage palatoplasty by modified 
furlow technique and conventional 1-stage 
palatoplasty in children with complete unilat-
eral cleft lip and palate. J Oral Maxillofac Surg 
67: 2210–2216.

33) Yang IY, Liao YF (2010) The effect of 1-stage 
versus 2-stage palate repair on facial growth in 
patients with cleft lip and palate: a review. Int J 
Oral Maxillofac Surg 39: 945–950.

Correspondence:
Dr. Takenobu Ishii
Department of Orthodontics,
Tokyo Dental College,
2-9-18 Misaki-cho, Chiyoda-ku,  
Tokyo 101-0061, Japan
E-mail: ishiit@tdc.ac.jp

Ishii T et al.168


