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IINNTTRROODDUUCCTTIIOONN

Congenital malformations are present in 3-7% of all
births, and 75% of these anomalies involve craniofa-
cial and neck structures. Among craniofacial anom-

alies, orofacial clefts are among the most common congeni-
tal malformations observed in humans.1-3 According to their

embryologic and genetic differences “typical” orofacial
clefts are classified as: 1) isolated cleft palate (CP), and 2)
cleft lip with or without cleft palate (CL±P).1,4 CL±P affects
unilaterally or bilaterally the upper lip, and the alveolar
ridge.

CP and CL±P may be present as an isolated anomaly or
associated with other findings as part of a syndrome.5 More
than 350 syndromes, either chromosomal or Mendelian,
have been reported in association with orofacial clefts.2 Fur-
thermore, non-syndromic CP and CL±P may present as spo-
radic cases or may present with familial aggregation as well
as follow a dominant or recessive pattern. 

Rates of occurrence for clefting vary considerably among
studies, depending on the source of information, region, and
ethnic group studied. Clefts have a prevalence of approxi-
mately 1/700 births6 (range 2.2-11.7 per 10000).3 The preva-
lence of CL±P is higher than CP alone.1,7 The reported preva-
lence of congenital malformations associated with clefts,
syndromic or non-syndromic, varies considerably, from 3%
to 71.1%.8-14 This heterogeneity of rates shows some incon-
sistency and probably reflects ascertainment bias, as well as
differences in the diagnostic evaluation, method of data col-
lection and population studied.2,3,13,15,16

Variations between older and newer studies are most
likely related to refined guidelines and utilization of new
technologies in the diagnostic process. Therefore, the rela-
tionship between non-syndromic clefts and other major con-
genital malformations has not been clearly delineated and
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there is no consensus as to which organ system is most often
affected. This has been documented in numerous studies
reported in the literature.8-10,13,14,17-19 This type of information
has importance to clinicians as they evaluate these patients
for additional associated anomalies. The objective of this ret-
rospective study was to evaluate, the relationship between
orofacial clefts and associated congenital malformations
using the large craniofacial center database, obtained by a
multidisciplinary team, at Boys Town National Research
Hospital in Omaha, Nebraska. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS
This study utilized medical records of 1127 unique patients
with CL±P or CP who were seen in the Craniofacial Clinic,
Boys Town National Research Hospital from January 1980
through February 2000. The subjects consisted of both gen-
ders, varied ethnicity, and ranged in age from one month to
18 years. Most of the patients were from Nebraska and
referred by health care providers in this state. The research
was conducted in accordance with the principles of the
World Medical Association Declaration of Helsinki. Written
informed consent, in compliance with Institutional Review
Board Regulations, was obtained from all patients, their par-
ents or guardians. Patients were examined by a craniofacial
team consisting of a pediatrician, clinical geneticist, oral sur-
geon, plastic surgeon, orthodontist, pediatric dentist, and an
otolaryngologist. The patients also received a formal genetic
evaluation including a dysmorphology exam, genetic testing,
and other laboratory/imaging studies as needed, in order to
identify any associated congenital malformation. Data was
recorded in the patient’s chart and entered in the Craniofacial
Clinic database. 

Patients were divided into two groups according to the
type of orofacial cleft present: Group I: CP, and Group II:
CL±P. These two groups were each further subdivided into 3
categories for analysis of associated congenital malforma-
tions: 1) patients with chromosomal/syndromic anomalies,
2) patients with non-chromosomal /syndromic anomalies,
and 3) patients with no other detected associated anomalies.
The clefts were not further categorized as to locations or
types (right versus left or unilateral versus bilateral), and
associated congenital malformations were not designated as
major or minor. Slight variations of normal including tooth
anomalies (due to close proximity of the dentition to cleft-
ing), neurological and behavioral abnormalities were not
included in this study. Statistical comparisons were made
using the chi-square test and the Fischer’s exact test.

RREESSUULLTTSS  
Out of 1127 patients with orofacial clefts, CP was present in
532 (47.2%) patients while 595 (52.8%) had CL±P. This fol-
lows the rate in the general population where prevalence of
CL±P is higher than CP alone.1,7 In the 532 patients with CP,
206 (38.7%) patients had one or more associated congenital
malformations. Of the 206 patients, 138 (25.9%) had chro-
mosomal/syndromic malformations while 68 (12.8%) had
malformations that were non-chromosomal/syndromic. In

the 595 patients with CL±P, 157 (26.4%) had one or more
associated congenital malformations. Of these 157 patients,
91 (15.3%) had chromosomal/syndromic malformations
while 66 (11.1%) had malformations that were non-chromo-
somal/syndromic. Figure 1 shows the most common identi-
fiable chromosomal/syndromic malformations observed in
patients with CP. Pierre Robin sequence, Stickler syndrome,
and oculo-auriculo-vertebral (OAV) spectrum accounted for
66.7% of malformations. Figure 2 shows the most common
identifiable chromosomal/syndromic malformations
observed in patients with CL±P. Pierre Robin sequence and
OAV accounted for 45.1% of cases. 

The most common malformations classified by anatomi-
cal site for patients with CP only are shown in Figure 3 and
for CL±P, in Figure 4. Some patients had more than one site
affected. For both cleft groups, 20-25% of malformations
were in the facial region. Examples included bifid nose,
frontonasal dysplasia, hypoplasia of malar eminence,
median cleft nose, and choanal atresia. Ear malformations
included bifid ear lobe, ear pits, Mondini malformation,
preauricular sinus or fistula, preauricular skin tags, and
preauricular cysts. Eye malformations included anterior seg-
ment dysgenesis, coloboma, congenital cataract, congenital
fistula of the eyelid, hypertelorism, micropthalmos, and atre-
sia of the lacrimal duct.
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Figure 1.

Figure 2.
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DDIISSCCUUSSSSIIOONN  
Orofacial clefts are frequently associated with other congen-
ital anomalies and their prevalence and location varies
widely in the literature.2,3,11,13,16 Differences in sample size and
selection, geographic distribution, and population diversity
complicate comparisons between studies.1 Moreover, varia-
tions in clinical and research methodologies are impacted by
availability and utilization of new technologies, and differ-
ences in the diagnostic approach to evaluating congenital
malformations.2,3,11

The retrospective nature of this investigation has potential
limitations based on the fact that patients were examined by
a group of specialists that varied in its membership over 20
years. Types of cases referred to this specific site are addi-
tional sources of bias for this study. Variations in age, gender
and geographic diversity of the study population are also
potential limitations. However, the study is important since
the data gathered is from a population similar to that treated
daily in major craniofacial centers across the United States.
The advantages of a multidisciplinary approach, in evaluat-
ing and following orofacial cleft patients, are numerous and
include comprehensive and accurate diagnostic evaluation,
and enhanced monitoring capabilities over time.

The overall frequency of associated congenital malfor-
mations in our study was 32.2% (206 CP + 157 CL±P).

Other reports give a range of 3% to 71.1%8,10,12,13,18 for associ-
ated anomalies and report them to be more frequent in
patients with CP.7,9 The lowest frequency reported at 3% may
have come from a population-based study. However, our
results differ from those in the literature, in that a large per-
centage of our patients with clefts had no other associated
malformations (CP 61.3% versus CL±P 73.6%).

The wide variation in incidences of associated malforma-
tions may be due to a number of factors including a non-
homogenous study population, and inclusion of associated
congenital malformations documented via other sources
such as birth or death records. Such non-uniform study cri-
teria may result in either an over or underestimation of the
incidence of associated congenital anomalies in a popula-
tion.15 Ascertainment bias and accuracy of diagnosis may
differ as well between studies. For instance, one researcher
may define an anomaly as a minor malformation and not
include it in the study, whereas another may include it, con-
sidering it a major malformation. Moreover, studies that use
a craniofacial team in diagnosing malformations may be
more accurate than studies relying on a single clinician or
discipline. Current understanding of craniofacial genetics
has enabled researchers to more accurately diagnose and
classify malformations.

In our study, the most common anomaly associated with
CP and CL±P was Pierre Robin sequence, followed by
Stickler syndrome and OAV spectrum. Of these, Pierre
Robin sequence, Stickler syndrome, Trisomy 21, and
Shprintzen syndrome occurred more frequently in patients
with CP than with CL±P. Stickler Syndrome is often associ-
ated with Pierre Robin sequence, which can be isolated or
associated with numerous genetic and teratogenic condi-
tions. Due to the limitations of this study, it was not possible
to determine precisely which cases of Stickler were associ-
ated with the Pierre Robin sequence or how many cases may
have represented isolated findings. Shprintzen13 found
approximately half of the Pierre Robin cases had Stickler
syndrome, while Herrmann5 estimated the number at
roughly one-third. The incidence of Shprintzen syndrome
may have been impacted by and underestimated due to the
lack of widely available diagnostic testing prior to 1990. 

Shprintzen13 and Rustemeyer17 found craniofacial anom-
alies to be the most common, whereas Stark and Lilius
observed more malformations of the extremities.19,20 These
findings differ from Calzolari, Sárközi, and Stoll who more
recently reported increased malformations in the central ner-
vous and skeletal systems.14,18,21 In our study, the facial region
was the most common location for congenital malforma-
tions, despite the fact that eye and ear malformations were
considered separately from the facial group. This was fol-
lowed by malformations of the cardiovascular, central ner-
vous, and skeletal systems. Changes in the order of organ
systems affected might occur as grouping and inclusion cri-
teria for malformations are further standardized. In addition,
the occurrence of associated malformations may change in
relation to specific genetic, and/or environmental influences. 

Figure 3.

Figure 4.
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CCOONNCCLLUUSSIIOONNSS
This study heightens the awareness of congenital malforma-
tions and syndromes associated with orofacial clefts. The
recognition that there is a high association of congenital
malformations and syndromes with orofacial clefts is vitally
important and indicates the complexity of this patient popu-
lation. Health care providers should be aware that patients
with CP or CL±P frequently present with other associated
chromosomal/syndromic or non-chromosomal/syndromic
anomalies. A multidisciplinary approach, incorporating the
expertise of both medical and dental professionals, will pro-
mote ongoing evaluation and comprehensive care. 
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