
ORIGINAL ARTICLE

Predictors of poor dental arch relationship in young children
with unilateral cleft lip and palate

Yuh-Jia Hsieh & Yu-Fang Liao & Akshai Shetty

Received: 2 July 2010 /Accepted: 3 August 2011 /Published online: 12 August 2011
# Springer-Verlag 2011

Abstract The aim of this cross-sectional outcome study
using retrospective data capture of treatment histories was
to examine the characteristics of young children with
unilateral cleft lip and palate who had poor dental arch
relationship (i.e., Goslon 5). The study sample comprised
120 children born with nonsyndromic complete unilateral
cleft lip and palate between 1995 and 2003, and were aged
between 5.0 and 7.0 years (mean age, 5.1 years) at the time
of data collection. The dental arch relationship was assessed
using the Goslon yardstick from intraoral dental photo-
graphs. An independent investigator recorded treatment
histories from the clinical notes. The inter- and intra-
examiner agreements evaluated by weighted kappa statis-
tics were high. There was no association between dental
arch relationship and the type of presurgical orthopedics or
pharyngeal flap. Dental arch relationship was associated
with the initial cleft size (odds ratio, OR=1.3; 95%
confidence interval, CI=1.1−1.5, p<0.01), surgeon grade
for palate repair (OR=5.0, 95% CI=1.2−19.9, p<0.05), and
primary gingivoperiosteoplasty (OR=2.8, 95% CI=1.0−8.1,
p=0.05). These data suggest that intraoral dental photographs
provide a reliable method for rating dental arch relationship.

Wide initial cleft, high-volume surgeon, and primary
gingivoperiosteoplasty are predictors of poor dental arch
relationship outcome in young children with unilateral
cleft lip and palate. These findings may improve
treatment outcome by modifying the treatment protocol
for patients with unilateral cleft lip and palate.
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Introduction

Despite consensus on the need for centralized treatment of
patients with unilateral cleft lip and palate (UCLP), there is
still no generally accepted protocol [1, 2]. One of the
aspects of treatment protocols on which no consensus exists
is the primary infant management. Some investigators
believe that presurgical orthopedics (PSO) before lip repair
is advisable [3]. Effects of passive PSO (i.e., dental plate)
on facial growth have been recently evaluated through
randomized controlled trials [4, 5]. The findings do not
substantiate the claim that fitting a dental plate permits
favorable growth of the maxilla. Some studies demonstrated
that active PSO (i.e., dental plate with extraoral strapping) had
a harmful effect on the growth of the maxilla [6, 7]. To
improve outcomes, clinicians have used other procedures,
such as extraoral lip taping or elastic traction for nasoalveolar
molding [8, 9]. Whether these procedures influence growth
outcome is unknown.

Surgery at the alveolar cleft may also have the potential
to disrupt facial growth. Primary bone grafting or Skoog’s
gingivoperiosteoplasty (GPP) in infancy has been shown to
disrupt maxillary growth [6]. Millard and Latham [10]
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modified Skoog’s GPP technique by incorporating active
PSO (i.e., pin-retained dental plate) to narrow the alveolar
gap before the GPP, reducing the amount of periosteal
undermining needed to perform the GPP. The effect of
Millard’s GPP on maxillary growth remains controversial.
One group found no difference in maxillary growth
following GPP [11, 12]. In contrast, others found poor
maxillary growth in patients who had GPP [13–17].
However, it is impossible to clarify whether the growth
disturbance was attributable to the active PSO or Millard’s
GPP.

The problems of maxillary growth generally are reflected
in the vertical, transverse, and anteroposterior dental arch
relationship. The Goslon yardstick [18] is one of the most
commonly used methods to assess dental arch relationship
of patients with UCLP. The system initially was developed
for late mixed dentition and early permanent dentition.
According to Noverraz et al. [19], the yardstick is also
useful at all stages of dental development and is suitable for
longitudinal research. In Chang Gung, the treatment
protocol for primary infant management has changed over
time. Before 1999, passive PSO (i.e., dental plate) was
used. From 1999 to 2001, passive PSO was replaced with
two kinds of active PSO for nasoalveolar molding, either
with extraoral lip taping alone (active 1) or taping
combined with elastic traction (active 2). Primary GPP
was performed at times until 2001. Since the treatment
protocol has been evolving, the aim of this study was to
examine the independent influence of different aspects of
primary infant management on dental arch relationship in
children with UCLP.

Methods

Patient population

Consecutively treated patients were selected on the basis of
the following criteria: Taiwanese patients with nonsyndromic
complete UCLP who were born between 1995 and 2003 and
were treated at the Chang Gung Craniofacial Center, Taipei,
Taiwan; no Simonart’s band; PSO before lip repair; modified
rotation–advancement lip repair at the age of 3–6 months;
primary Millard’s GPP at the time of lip repair, if any; one-
stage two-flap palatoplasty at age 1 year; pharyngeal flap
surgery for secondary velopharyngeal insufficiency, if any;
and no orthodontic treatment or other craniofacial surgery
such as alveolar bone grafting, orthognathic surgery, or
distraction osteogenesis prior to photographic assessment
at around the age of 5 years. The diagnosis was
confirmed by neonatal photographs and a chart description
written by a plastic surgeon, an orthodontist, or a clinical
geneticist.

A total of 120 patients met the above criteria. Table 1
provides the characteristics for all patients. There was a
preponderance of males. Most patients had active PSO.
Only 19% of the patients underwent primary GPP at the
time of lip repair. Thirty-one different surgeons (4 senior
attendings, 27 fellows) were involved in all primary repairs.
Most patients received one-stage palate repair by fellow
surgeons.

Treatment history

One investigator (YJH) reviewed each patient’s clinical
notes. Details of the treatment history were recorded,
including initial cleft size as defined by the anterior cleft
width, age at the time of the operation, and whether a GPP
was undertaken in conjunction with primary lip repair. The
technique used for primary repair and the details of
pharyngeal flap surgery for secondary velopharyngeal
insufficiency were noted. The grade of the surgeon who
undertook the lip repair and the palate repair was also

Table 1 Demographics and treatment characteristic of the patients

Patients (n=120)

Gender, n (%)

Male 80 (33)

Female 40 (67)

Distribution of cleft, n (%)

Right 39 (32)

Left 81 (68)

Mean age (SD) at assessment, years 5.1 (0.3)

Mean size (SD) of initial cleft, mm 10.5 (3.8)

Presurgical orthopedics, n (%)

Passive (dental plate) 31 (26)

Active 1 (dental plate/tape) 40 (33)

Active 2 (dental plate/tape/elastic) 49 (41)

Lip repair

Mean age (SD) at repair, months 3.4 (1.1)

Surgeon grade, n (%)

Attending 120 (100)

Primary GPP, n (%)

Yes 23 (19)

No 97 (81)

Palate repair

Mean age (SD) at repair, months 12.3 (1.5)

Surgeon grade, n (%)

Attending 47 (39)

Fellow 73 (61)

Pharyngeal flap, n (%)

Yes 15 (12)

No 105 (88)
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detailed. The surgeons were divided into attendings, those
who were able to operate independently, and fellows, those
who were surgeons in training.

Outcome assessment

The dental arch relationship of the intraoral dental photo-
graphs (Fig. 1) was scored on two separate occasions by
two calibrated examiners (YJH and YFL) with the use of
the Goslon yardstick [18, 20]. The yardstick contained a 5-
point scale. A score of 1 represents the most favorable, with
positive overjet and overbite that would be treated only by
conventional orthodontics; patients with a score of 5 would
generally require orthognathic surgery because of the severe
skeletal class III malocclusion. No conferring between
examiners was allowed, and the final score for each set of
photographs was agreed by consensus between the two
examiners.

Statistical analysis

Patient characteristics and descriptive statistics were sum-
marized. Continuous data were expressed as means ±
standard deviation, and nominal data were expressed as
frequency and percentage. The quadratic-weighted kappa
statistics was used to evaluate inter- and intraexaminer
reliability. The degree of agreement was interpreted as

described by Altman [21]. Weighted kappa values less than
0.20 indicate poor agreement; 0.21–0.40, fair agreement;
0.41–0.60, moderate agreement; 0.61–0.80, good agree-
ment; and 0.81–1.00, very good agreement.

Bivariate analysis was first performed to assess the
relationship between the outcome of dental arch relation-
ship and five potential variables, initial cleft size, type of
PSO, GPP, surgeon grade for palate repair, and pharyngeal
flap surgery. When a significant effect was found (p≤0.2),
the variables were then incorporated into the multiple
logistic regression model. The results from the logistic
regression analysis were reported as odds ratios with 95%
confidence intervals. The odds ratios were the ratios in the
odds of poor dental arch relationship with one more unit in
the explanatory variable than another one. The p values
were two sided and considered to be significant if p≤0.05.

Results

The weighted kappa values for the interexaminer agreement
ranged from 0.86 to 0.95, indicating very good agreements
between the examiners. The kappa values for the intra-
examiner agreement ranged from 0.95 to 0.99, indicating
very good agreements. For Goslon score distribution, 1%
had a Goslon score of 1, 3% had a score of 2, 17% had a
score of 3, 58% had a score of 4, and 21% had a score of 5.

Fig. 1 Seven views of one set
of intraoral dental photographs
for one patient. (Above, left) A
frontal view in occlusion.
(Above, center and right) Right
and left overjet views. (Center)
Right and left buccal views in
occlusion. (Below) Upper and
lower arch occlusal views
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This means that 21% of the patients had a poor treatment
outcome that would require a combined surgical–orthodontic
approach.

There was no association between dental arch relationship
and the type of PSO or pharyngeal flap surgery. The multiple
logistic regression analysis revealed that dental arch relation-
ship was associated with the initial cleft size, surgeon grade for
palate repair, and primary gingivoperiosteoplasty. Poor out-
come was associated with wide initial cleft (odds ratio, OR=
1.3, 95% confidence interval, CI=1.1−1.5, p<0.01), high-
volume surgeons (OR=5.0, 95% CI=1.2−19.9, p<0.05), and
primary gingivoperiosteoplasty (OR=2.8, 95% CI=1.0−8.1,
p=0.05) (Table 2).

Discussion

Over the last two decades, the Goslon yardstick has usually
been chosen as an outcome measure in studies evaluating
dental arch relationship in patients with UCLP. Since then,
increasing understanding of factors adversely affecting
treatment outcome resulted in an improvement of protocols.
The Goslon yardstick was originally applied to dental casts.
Intraoral photographs have been proven as a viable
alternative to the application of the Goslon yardstick on
dental casts [20, 22]. The weighted kappa value of the
present study approves good reliability of the photographic
method. Although the Goslon yardstick is useful for
longitudinal assessment, the original 10-year-old yardstick
should be modified to provide better prediction of future
outcome for 5-year-old children. Mars and coworkers [23]
suggest that Goslon 3 should be rated as Goslon 2 and
Goslon 4 as Goslon 3 since the edge-to-edge bite is
normal in a 5-year-old and the lingual eruption of the
mandibular permanent incisors to their predecessors. In
this study, we did not modify the Goslon yardstick in
this way. We categorized Goslon 5 as poor dental arch
relationship, rather than considering Goslon 4 and 5 as
poor outcomes.

This study demonstrated that patients with UCLP who
had a wide initial cleft are more likely to develop poor
dental arch relationship by age 5. This observation is
consistent with previous literature in this area [24]. Two

hypotheses have been proposed to explain the tendency of
patients with a wide cleft to have a poor outcome: (1) an
intrinsic hypothesis implying an inherent tissue deficiency
and (2) an iatrogenic hypothesis suggesting a surgical
influence. Embryologically, there is not enough tissue to
permit fusion of the segments. Postnatally, there is not
enough tissue to permit "normal" surgical approximation of
the segments. Obviously, too, surgery damages tissues and
creates scarring that hampers subsequent growth.

There is increasing belief that surgeon experience may be a
more important influence on the outcome than the timing or
technique used for primary repair [1, 6], but it is currently less
rigorously evaluated. Differences in outcomes achieved by
centers in the Eurocleft study may be due, in part, to
variation in surgeon experience [1]. Surprisingly, we found a
strong association between poor dental arch relationship and
high-volume surgeons (Table 3) in our sample. This is in
direct contrast to the work of Williams et al. [25] who
previously reported that high-volume surgeons achieved
good speech outcome. The explanation for the discrepant
results is unclear, although several additional studies have
failed to find a relationship between the dental arch
relationship and the volume of unilateral cleft lip and palate
repairs undertaken by the surgeon [26–28]. Whether this
relates to difficulty of case mix (i.e., the experienced
surgeons had been assigned the difficult cases), sample size,
or other variables is unclear at this time. Further prospective
work is needed.

Primary Millard’s GPP was also associated with poor
dental arch relationship. Although a number of studies have
addressed the issue of Millard’s GPP predisposition to poor
maxillary growth, no clear conclusion has been reached as
all the GPP patients also had active PSO [13–17]. Similarly,
all the nonGPP patients did not have PSO. Thus, it is
impossible to differentiate the independent effects of the
active PSO versus the GPP on growth. As a result, in this
study, we combined assessments of GPP and active PSO,
and we found that the GPP rather than the active PSO is a
risk factor for poor outcome.

By the age of 5, a child with UCLP may have undergone
pharyngeal flap surgery. The lack of association between
the outcome dental arch relationship and pharyngeal flap in
our sample is also noteworthy. In theory, pharyngeal flap
could restrict facial growth by tethering the palate to the

Table 2 Multiple logistic regression for poor dental arch relationship

Covariate Odds ratio 95% Confidence
interval

p value

Initial cleft size (mm) 1.3 (1.1 to 1.5) 0.003

Surgeon grade for
palate repair

5.0 (1.2 to 19.9) 0.02

Primary GPP 2.8 (1.0 to 8.1) 0.05

Table 3 Case load per surgeon for palate repair

Case load

Median no. of palate repairs per
attending (interquartile range)

5.5 (1.5−28.3)

Median no. of palate repairs per fellow
(interquartile range)

2 (1−3)
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posterior pharyngeal wall. However, the results of previous
retrospective studies are contradictory [26, 29, 30]. Future
research should be of clinical importance.

The finding that poor facial growth is associated with a
wide cleft has some clinical implications. Treatment
outcome in terms of growth could be anticipated according
to cleft size. In the case of a child with a wide cleft, a high
chance for poor growth outcome might be expected. The
treatment protocol could vary according to the cleft size. In
the case of a child with a wide cleft, prone sleep position, a
later closure of the palate, or a staged palatal closure might
be proposed. Infants sleeping in prone position could
reduce cleft size [31]. Previous studies also showed that a
later palate repair results in favorable maxillary growth
because possible interference with maxillary growth is
postponed to a later age when less growth remains [27, 28,
32–34] and that a staged palatal closure by starting closure of
the soft palate with a posterior vomer flap incorporation may
narrow the size of the remaining cleft spontaneously [35] or
by starting closure of the hard palate with a single layer
vomer flap may facilitate a smaller later palate repair [1].

It should also be mentioned that due to problems with
facial growth, the surgical protocol of treatment of UCLP
employed in Chang Gung has been modified. At present,
primary GPP is no longer practiced.

From the results of this study, we conclude that intraoral
dental photographs provide a reliable method for rating
dental arch relationship. Wide initial cleft and primary
gingivoperiosteoplasty are predictors of poor dental arch
relationship outcome in young children with unilateral cleft
lip and palate. In contrast, low-volume surgeon is protective
against a poor outcome. Whether the predictors will change
with time requires long-term follow-up.
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