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Abstract
Objectives Cone beam computed tomography (CBCT) is fre-
quently used in treatment planning for alveolar bone grafting
(ABG) and orthognathic surgery in patients with cleft lip and
palate (CLP). CBCT images may depict coincident findings.
The aim of this study was to assess the prevalence of inciden-
tal findings on CBCT scans in CLP patients.

Subjects and methods Initial CBCTs taken from consecutive
patients (n =187; mean age 11.7 years, range 6.9–45) with a
non-syndromic orofacial cleft from January 2006 until June
2012 were systematically evaluated. Twenty-eight patients
(mean age 19.3 years, range 13.2–30.9) had been subjected
to ABG before their first CBCT was taken; 61 patients had a
CBCT before and after ABG. Sinuses, nasopharynx, orophar-
ynx, throat, skull, vertebrae, temporomandibular joint (TMJ),
maxilla and mandible were checked for incidental findings.
Results On 95.1 % of the CBCTs, incidental findings were
found. The most prevalent were airway/sinus findings
(56.1 %), followed by dental problems, e.g. missing teeth
(52 %), nasal septum deviation (34 %), middle ear and mas-
toid opacification, suggestive for otitis media (10 %) and
(chronic) mastoiditis (9 %), abnormal TMJ anatomy (4.9 %)
and abnormal vertebral anatomy (1.6 %). In the 28 patients
whose first CBCTwas taken at least 2 years after ABG, bone
was still present in the reconstructed cleft area except in 2 out
of 12 patients with a bilateral CLP. The ABG donor site (all
bone grafts were taken from the chin area) was still recogniz-
able in over 50 % of the patients. Based on the CBCT
findings, 10 % of the patients were referred for further diag-
nosis and 9 % for further treatment related to dental problems.
Conclusion Incidental findings are common on CBCTs.
Compared with the literature, CLP patients have more dental,
nasal and ear problems. Thus, whenever a CBCT is available,
this scan should be reviewed by all specialists in the CLP team
focusing on their specific background knowledge concerning
symptoms and treatment of these patients.
Clinical relevance The high number of findings indicates that
CBCT imaging is a helpful tool in the treatment of CLP patients
not only related to alveolar bone grafting and orthognathic
surgery but it also provides diagnostic information for almost
all specialties involved in CLP treatment.
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Introduction

Cone beam computed tomography (CBCT) was introduced in
dentistry in 1997. Since then, CBCT has found its way for
various applications within the dental field. Planning for im-
plant treatment seems to be the major reason for CBCT
scanning [1–3] followed to a lesser extent by temporoman-
dibular joint (TMJ) diagnostics, suspicion of oral or dental
pathology, orthodontics, planning of orthognathic and maxil-
lofacial surgery [4] and impaction of teeth. Though it is
expected that cleft lip and palate (CLP) patients could be
subjected to a CBCTscan at some point during their treatment,
no study has been published yet on incidental findings on
CBCT in this particular group of patients.

CLP patients may get a CBCT for planning an alveolar
bone graft procedure (ABG) as well as for planning
orthognathic surgery. CLP patients concern a relatively young
group of patients known to have more ear, nose and throat
(ENT) problems [5–8] than children without clefts, because of
different anatomy of Eustachian tubes, soft palate muscles and
nose. This different anatomy gives rise to middle ear disease,
nasal breathing and speech problems [5, 6, 8]. Furthermore,
the prevalence of dental anomalies (agenesis, supernumerary
teeth) is higher in CLP patients compared to a non-cleft
population [9–11].

Recently, several studies have been published about inci-
dental findings on CBCTs [1–3, 12–17]. Though differences
exist between the reasons patients were referred for, the ap-
plied field of view (FOV) and age of the included subjects, the
various studies [1, 3, 12, 13, 15] show that the percentage of
incidental findings can be high. All these studies state that
dentists, orthodontists and maxillofacial surgeons should stud-
y the CBCTs beyond the reason for which the patient is
referred, which even may exceed their field of expertise.

Full evaluation of all structures within the FOV is obliga-
tory according to American and European radiology guide-
lines [18, 19]. Because of the increased application of CBCT
in dentistry, the SEDENTEXCT project (www.sedentexct.eu)
was started to develop guidelines, which provide evidence and
provide training for CBCT use in dentistry. According to the
SEDENTEXCT guidelines, the justified use for CBCT in
dentistry is limited, because in many situations, clinical
evaluation and conventional 2D radiology can give as much
information. However, for orthognathic surgery and CLP
treatment, the use of a CBCT is justified. Whilst in the latter
patients, the use of multi-slice CT scanning (MSCT) was not
uncommon; nowadays, CBCT is preferred because of the
lower radiation dose.

In the CLP Centre of the Radboud University Nijmegen
Medical Centre, CBCT scanning is routinely performed in the
planning phase for the bone graft procedure of the alveolar
cleft and for the evaluation of the bone graft result (around age
9–12) as well as for the orthognathic surgery planning in these

patients. As CLP team members are inclined to look at their
primary field of interest, the aim of this study was to assess the
occurrence of incidental findings on CBCT performed in CLP
patients. This information will be helpful in developing guide-
lines for reading a CBCT scan in CLP patients.

Materials and methods

Patients

All consecutive first CBCTs of patients with non-syndromic
orofacial clefts (n =187; 65 girls, 122 boys), taken between
2006 and June 2012, were systematically evaluated. The
CBCTs were made with the i-CAT® 3D imaging system (Im-
aging Sciences International Inc, Hatfield, PA, USA). The
reason for the CBCT was planning of the alveolar bone graft
procedure or orthognathic surgery. The study population (n =
187 patients; mean 11.7±5 years, range 6.9–45) consisted of 33
patients with unilateral cleft lip and alveolus (UCLA); 86 with
unilateral cleft lip, alveolus and palate (UCLP); 37 with bilat-
eral cleft lip, alveolus and palate (BCLP) and 31 with other
types of clefts (cleft lip, isolated cleft palate, submucous cleft
palate). Of these 187 patients, 28 patients (mean age 19.3±
4.4 years, range 13.2–30.9) had already been subjected to an
ABG before their first CBCTwas taken. Sixty-one patients had
a first CBCT before alveolar bone grafting (ABG) and a second
one 1 year after ABG. For these patients, the CBCT before and
after the ABGwere analyzed. In total, 248 CBCTswere scored.
The research was conducted in accordance with the Helsinki
Declaration with regard to research in human subjects. Approv-
al from the Institutional Review Board was obtained.

Radiographic assessments

All CBCTs were analysed with InVivo Dental software
(Anatomage 5, Inc, San Jose, CA, USA) on a 21-in. NEC
MultiSync LCD 2190UXp monitor with a resolution of
1,600×1,200 pixels (NEC Corp., Tokyo, Japan). The CBCTs
were evaluated according to a standardized protocol, in which
all structures were screened in the same order (anatomical
areas): (1) frontal, ethmoid, sphenoid and maxillary sinuses;
(2) nasopharynx, oropharynx, hypopharynx; (3) skull, cervi-
cal spine; (4) temporomandibular joint (TMJ); (5) maxilla and
(6) mandible. All findings seen on a CBCT were scored. In
cases of patients who had been subjected to the ABG proce-
dure, the bone graft was assessed as “bone present” or “bone
not present”. Findings were only based on the CBCT, scored
and described, and not driven or rectified by clinical observa-
tions. After the study, all findings were reported to and verified
with the relevant specialist in the CLP team.

All CBCTs were screened independently by two observers
(MK and AP) who have different fields of expertise covering
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the entire field of view. Therefore, their readings were com-
bined, and the final decision on the presence of incidental
findings for each image was made in consensus. We repeated
the same procedure 2 weeks later on a random sample of 27
CBCT images to determine the intraobserver reliability.

Statistics

Descriptive statistics were used to describe the occurrence of
incidental findings. Chi-square tests were used to test if there
were differences between the three distinct types of clefts with
the largest sample size, i.e. UCLA (33), BCLP (37) and UCLP
(86). Chi-square tests were also used to assess any seasonal
correlations for sinus and ear findings.

To check for consistency in evaluating CBCTs, kappa
statistics were used to measure intraobserver agreement [20].

Results

Error of the method

Intraobserver reliability was good for the sinuses (κ =0.77), fair
to very good for the nasophayrnx, oropharynx and throat (κ =
0.46–1), very good for skull and cervical spine (κ =0.91–1) and

moderate (κ =0.48) for the TMJ. Intraobserver reliability of
kappa for the maxilla ranged from 0.71–1, stating good
intraobserver reliability. Reliability for the mandible was mod-
erate to very good (κ =0.54–1).

General findings

On 95.1 % of the CBCTs, incidental findings were found.
When excluding dental problems (agenesis, impaction, super-
numeraries, caries), incidental findings were still found on
84.5 % of the CBCTs. Except for the number of
pharyngoplasties, there were no significant differences in
number and type of findings on CBCTs made in UCLA,
UCLP and BCLP patients. The majority of all findings were
in the sinuses. No seasonal correlation was observed for
sinuses and ears (p =0.64 and p =0.73, respectively). Forty-
seven patients had findings in only one anatomical area, 59
patients in two, 52 patients in three, 17 patients in four, 1
patient in five and 2 patients in all anatomical areas as cate-
gorized by the screening protocol.

ENT

Most incidental findings were related to the sinuses, of which
56.1 %, mainly consisting of different types of mucosal thick-
ening (polipoid, flat, air-fluid levels; Table 1). Further findings
in the sinuses were one patient with signs of chronic maxillary
sinusitis with alteration of bone and three patients with a
hypoplastic maxillary sinus on one side together with an
enlarged orbit on the same side. Three patients had mucosal
thickening in all sinuses, suggestive for pansinusitis (Fig. 1).

Concerning the nasal cavity, 65 patients had a septum
deviation (34 %, of which 5 % severe), 6 with concha bullosa
(inflamed in one patient). One patient had a unilateral choanal
atresia. Four patients had enlarged tonsils. Eighteen out of 176
(10 %) patients had middle ear opacification, suggestive for
otitis media (Fig. 2), and 9 % had mastoid opacification
suggestive for (chronic) mastoiditis. Middle ear ossicles were
not present in one patient. Eighty-seven (49 %) patients had
been treated with a pharyngoplasty; this treatment was signif-
icantly more performed in patients with BCLP andUCLP than
in UCLA (p =0.00).

Table 1 Incidental findings with regard to sinuses (n =187 CBCTs).
Sinuses were scored when included in the FOV. The number between
brackets indicates the number of CBCTs inwhich the particular sinus was
included in the FOV. Mucosal changes were quantified as flat, polipoid
and occupying >80 % of the sinus. Furthermore, air-fluid levels were
noted

Frontal
sinus
(n =166)

Sphenoidal
sinus
(n =174)

Ethmoid
sinus
(n =171)

Maxillary
sinus
(n=187)

Sinus not developed
yet

18 (10.8 %) 4 (2.3 %) 0 0

Flat 1 (0.6 %) 8 (4.6 %) 47 (27 %) 73 (39 %)

Polipoid 0 1(0.57 %) 0 58 (31 %)

Mucosal thickening
>80 %

9 (5.4 %) 8 (4.6 %) 5 (2,9 %) 13 (7 %)

Air-fluid level 4 (2.4 %) 0 0 6 (3.3 %)

Fig. 1 CBCT images (coronal
and sagittal) demonstrating
pansinusitis involving sphenoid,
ethmoid and maxillary sinuses
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Skull and cervical spine

Seven patients had a persistent metopic suture. In three
(1.6 %) of all patients, fused vertebrae were observed, and in
three (1.6 %) of the patients, the atlas did not have a normal
shape. One patient had a remarkable size difference between
the right and left zygomatic archs.

TMJ

In 13 (4.9%) of all patients, the mandibular condylar headwas
either remarkably smaller condyle or a flattened compared to
the other side.

Maxilla and mandible

The hard palate showed a bony cleft in seven patients, who
were clinically diagnosed as having a UCLA or a cleft of the
soft palate and not a (submucosal) cleft in the hard palate.
With regard to the dental component, 52 % of the patients
missed some permanent teeth of which the majority was the
lateral incisors (43.8 %). Then, 11.2 % of the patients had
supernumerary teeth. For the other incidental maxillary find-
ings, see Table 2 (Fig. 3).

Main findings in the mandible were agenesis and other
dental problems (Table 3). With regard to other findings,
two patients had a striking size difference between the left
and right ramus. In these two patients, also the mandibular
condyle had an abnormal shape which suggested a hemifacial
microsomia. For both maxilla and mandible, periapical and
periodontal problems only concerned patients older than
17 years of age.

Soft tissue

One patient had a calcification in the cheek at the area of the
parotid gland, which could be suggestive for a trauma or a
rudimentary ear.

CBCT before and after ABG

Concerning the ABG procedure, in the 28 patients who had
been subjected to ABG before the first CBCTwas made, in 26
(92.9 %) of them, sufficient bone was still present (for the
patients in whom a CBCT before and after ABG was made,
see below). Two bone grafts had failed. In all patients,
bicortical bone grafts had been taken from the chin area. The
mandibular donor site was still recognizable in 54 % (15/28)

Fig. 2 CBCT images (axial and
coronal) showing middle ear
opacification, suggestive for otitis
media with effusion on the left
side (arrow)

Table 2 Number of dental findings in the maxilla (187 CBCTs). Peri-
odontal and periapical problems were only seen in the few older patients
included in this study; therefore, the age of the patients with these
conditions is mentioned

UCLA
N =33

UCLP
N =86

BCLP
N=37

Other types
of clefts
N =31

Total
N =187

Localized
periodontal
problem

3 4 7 (>17 years)

Generalized
periodontal
problem

1 1 (45 years)

Periapical
problems

1 1 (28 years)

Impaction incisor 1 1 2 4

Impaction canine 1 1 1 3

Impaction
premolar

2 2

Missing lateral
incisor

21 36 18 1 78

Missing central
incisor

3 3

Missing central
incisors and
laterals

1 3 4

Missing premolars 5 5

Missing incisors
and premolars

2 2 5

Missing >5 teeth 1 2 3

Supernumerary 7 7 4 3 21

Caries 1 3 2 6

Short roots 1 1 2 4

Peg-shaped
incisors

1 4 3 8

Fusion incisors 1 1

Odontoma 1 1
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of the patients at the time of taking the CBCT, 2 years after
grafting.

In all but one of the 61 patients of whom the CBCT before
and 1 year after ABG was analyzed, bone was present in the
former alveolar cleft (98.3 %). In seven ABGs (11.5 %), the

vertical height of the bone was limited. During the grafting
procedure in about one third of the patients, lateral incisors
were removed (18 patients, 29.5 %). In 47 patients (77 %), the
donor area was still visible in the mandibular symphysis (in all
patients, a bicortical chin bone graft was taken) 1 year post-op
(Fig. 4). One enostosis was visible, and one patient had an
opacity in the floor of the mouth, suggestive for a sialolith in
the ductus Warthoni, one patient had a shortened root of a
mandibular incisor. There were no new findings in the TMJ,
cervical vertebrae and signs of sinusitis and otitis media for
this group of patients when comparing the pre- and post-
surgery CBCTs.

Discussion

Publications on CBCT in CLP patients showed that the ma-
jority of the CBCT scanning was mainly used in the dental
field and focused on the dental/nasal area in the FOVand not
on the complete FOV. The mean topics of interest were dental
anomalies and the nasal abnormalities [21–30]. No mention
was made of any findings outside this area of interest. The
current study focused on identifying all anomalies within the
complete FOV in young CLP patients. The total number of
incidental findings on CBCTs in CLP patients was 95.1 %;
these findings included anatomical variations as well as pa-
thology. This high percentage has also been mentioned in
other studies with a non-cleft population [1, 3, 12, 15]. The
need for monitoring and referral after an incidental finding
was noticed, has only been reported as 15.6 and 16.1 %,
respectively [3]. After verification of the findings in our study,
the majority did not need intervention: 10 % of the patients

Fig. 3 CBCT images (axial,
coronal and sagittal) in a patient
with a radiopacity, suggestive for
an odontoma in the maxilla
(arrow) and enostosis in the
mandible (blue arrow). As the
clinicians to whom this
radiopacity was reported did not
explore both radiopacities, a final
histopathological diagnosis
cannot be provided

Table 3 Dental findings in the mandible (187 CBCTs). Periodontal and
periapical problems were only seen in the few older patients included in
this study; therefore, the age of the patients with these conditions is
mentioned

UCLA
N =33

UCLP
N =86

BCLP
N =
37

Other types
of clefts
N =31

Total
N =187

Localized
periodontal
problem

1 1 2(>27 years)

Generalized
periodontal
problem

1 8 (45 years)

Impaction (canine) 1 1 2

Missing premolars 1 5 7 1 14

Missing incisors 1 1 2

Missing >5 teeth 2 2

Caries 3 2 3 3 11

Shortening of roots 1 1 2

Right/left ramus
difference

1 8 2 2 13

Recognizable
donor area

2 7 5 1 15

Opacity chin 1 6 1 8

Lingual pit chin
area

4 1 1 2 8

Enostosis 1 3 1 5
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had to be referred for further diagnosis and 9 % was referred
for further treatment, mainly for treatment of dental problems.
The other incidental findings did not need further assessments
(variations of normal anatomy), or patients were already
known for this problem by other specialists.

As mentioned above, most frequent findings were in the
airway (sinuses and nose). Considering the ENT problems and
the deviating anatomy in CLP patients, this was as expected.
Ten percent of the patients had middle ear fluid (otitis media
with effusion) with no significant differences between the
types of clefts. This phenomenon has not been reported in
other studies assessing incidental findings on CBCTs even
though other findings in the same FOV were mentioned [1–3,
12–17]. Thus, it is clinically relevant to pay special attention
to this anatomical region in CLP patients. Otitis media with
effusion in 10 % of the patients and opacification of the
mastoid in another 9 % is a clinical relevant finding and in
accordance with the study of Timmerman et al. [5], who found
an incidence of 13 % otitis media with effusion in a group of
10- to 15-year-old CP patients, in contrast to a much higher
incidence at younger ages. Flynn et al. [7] mentioned an even
higher percentage of middle ear problems (21–32 %) in this
age group, stating the importance of follow-up and indicating
that follow-up may be necessary for these patients. Thus,
when making a CBCT in CLP patients, attention has to be
paid to this region in order to timely refer CLP patients to the
ENT specialist.

The mean percentage of findings concerning the sinuses
was 56.1 %. Other studies mention a similar high percentage
of sinus findings in a non-cleft population [1–3, 12, 15–17],
although patients in publications not dealing with clefts had on
average a higher age. Though results for sinus findings in
younger non-cleft populations show a large variety, 14.3 %
in Cha et al. [14] versus 46.8 % in Pazera et al. [13], the
percentage found in our CLP group may indicate that sinus
findings in this younger age group are more common in a CLP
population due to altered anatomy, especially nasal septum
deviations. In general, the observed sinus pathology is usually
asymptomatic [16], and for the majority of the findings,
referral to an ENT specialist is even not necessary. This is in
fact the same for CLP patients.

In our group of CLP patients, nasal septum deviation was
present in 34 % of the cases. Percentages mentioned in other

studies range from 0.1 to 56.7 % but usually concern older
patients [12, 14, 15, 31–33]. One study indicates that nasal
septum deviation may increase with age [33]. From this point
of view, one could speculate that the 34 % found in our study
in a young population is already high.

As expected, the majority of our findings in the maxillary
and mandibular region concerned teeth. As in other publica-
tions, there were more missing teeth, especially lateral inci-
sors, more impacted and supernumerary teeth than in a non-
cleft population [3, 9–11]. Knowledge about missing teeth is
important for the planning of the orthodontic treatment and
may need to be taken into account for the planning of the bone
graft procedure. However, there is no indication to make a
CBCT scan only for these reasons as these findings usually
can also be diagnosed on 2D radiographs.

The donor site in mandibular symphysis of the mandible
was still visible in the majority of the patients that had had an
ABG procedure. As it concerns a bicortical graft, this is a
feature that could be expected [34].

A drawback of the current study was that no control group
was available as in our clinic and no CBCT scans are made in
a population younger than 11 years of age unless they have
specific maxillofacial anomalies (like CLP or a syndrome).
Also, the other studies on incidental findings on CBCTs
reported in literature mainly included older patients (30.3–
64.7 years) and concerned non-cleft populations.

The high percentage of total findings (95.1 %) in the
current study was comparable to those reported in non-cleft
populations by Allareddy et al. [1] (94.3 %), Price et al. [3]
(90.7 %), Pette et al. [12] (93.4 %) and Cağlayan and Tozoğlu
[15] (92.8 %). This observation was unexpected because the
only study reported in the literature on younger non-cleft
patients [14] showed a lower percentage of 21.6 %. Even
though the smaller FOV used in the study of Cha et al. [14]
may be an explanation for the lower percentage of findings
reported in that study, the percentage of findings within the
FOV used by Cha et al. [14] was still remarkably lower than
the findings found in similar areas in our study. Some of the
findings in the other studies showed age-related problems
which one would not expect in a young population (in this
study, mean age was 11.7 years). Pette et al. [12] mentioned a
clear correlation between type of finding and age, showing
that more degenerative problems, vascular problems and

Fig. 4 CBCT images (axial,
coronal and sagittal) 1 year and
9 months after ABG showing the
presence of a bony defect in the
mandibular donor site (arrows)
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calcifications are to be expected and found at an higher age.
These findings (calcifications, degenerative problems in TMJ
and vertebrae, vascular problems) comprise a large number of
the findings in all the studies with an older age group [1, 3,
12], whereas in our study, these problems were not seen. The
main reason for the high score in our CLP population was de
nasal septum deviation when compared to the other studies.

The association between the younger age group and sinus
problems and cysts as mentioned by Pette et al. [12] was the
same in our CLP group, except that in our CLP group, no cysts
were found. The high percentage of sinus findings in a young
population was also verified by Pazera et al. [13] in a non-cleft
population.

One in ten patients had an ear problem, and 1 in 11
(chronic) had mastoiditis. This is of importance because
CLP patients do have more ENT problems. Remarkably, none
of the other studies on incidental findings on CBCTs of the
head neck region reported on otitis media and (chronic) mas-
toiditis, while these areas will have been included in the FOV
of those studies. Thus, either the researchers that studied those
CBCTs were unfamiliar with the radiological signs of otitis
media and (chronic) mastoiditis on CBCTs or focused them-
selves too much on the anatomical area of their interest. The
latter supports our view that CBCTs should be reviewed by
clinicians and/or radiologists with a special expertise in the
areas included in the FOV.

Some problems did occur in judging the findings on the
CBCT as the observers had no knowledge of the patients’
files. In some of the patients that were referred for ENT or
maxillofacial pathology, e.g. chronic sinusitis and abnormal
bone anatomy, the pathology appeared to be the result of
surgical treatment, identifying the need for review of the
CBCT by specialists familiar with the CLP patient and the
treatment.

Above mentioned problems and findings specific for the
CLP population indicate that thorough analysis of the CBCT
by all specialists participating in the CLP team is important,
because knowledge of manifestations of CLP on CBCTs and
their treatment is necessary when judging the CBCT. Because
of the multidisciplinary nature of these patients, the specialists
in the CLP team should read the CBCT systematically
according to a standardized protocol. Our findings show that
in CLP patients, an extended FOV may have added value as
diagnostic information becomes available that is also useful
for other specialists concerned with the treatment.

Conclusions

The prevalence of incidental CBCT findings is more than
three times higher in CLP patients compared to healthy
youngsters. Many of these findings are related to CLP prob-
lems like middle ear and mastoid problems, agenesis of teeth,

supernumerary and impacted teeth. Some of the incidental
findings show that specific background knowledge of cleft
related problems and effects of CLP treatment is necessary for
adequate diagnosis. Thus, CBCTexamination in patients with
clefts asks for careful and thorough interpretation by the
participating medical specialists of the CLP team.

Conflict of interest The authors declare that they have no conflict of
interest.
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