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 23 

Abstract  24 

   Objective: to present and to illustrate a new methodology for daily practice in 25 

cone beam computed tomography (CBCT) interpretation and reporting in cleft lip 26 

palate (CLP) non syndromic paediatric patients. The proposed protocol is based on 27 

clinical experience and on systematic search of the literature.  28 

 29 

   Material and methods: We performed two types of systematic search of articles: 30 

1) articles related to the use of CBCT in CLP patients, and 2) articles related to the 31 

reporting and interpretation of the CBCT images by radiologists. We used two data-32 

bases PubMed and Google scholar.  33 

 34 

   Results: For indications of CBCT in CLP patients we found in PubMed 378  35 

articles and 48 articles were selected for the review; in Google scholar we found 463 36 

articles, and 9 articles were selected for the review. 2) For reporting in CBCT we 37 

found 956 articles in PubMed, and 9 articles were selected for the review.  38 

 39 

   Conclusions: We presented the 6-steps system for interpretation and reporting  40 

information from CBCT of CLP paediatric patients: 1) Step 1 (axial view): presence 41 

or absence of bone bridge remnants of alveolar bone graft; Step 2 (3D dental tissue 42 

reconstruction): description of dental arch tooth by tooth, search for agenesis and  43 

supernumerary teeth, description of variation in the position of the tooth explaining 44 

the type of existing translation and rotation; Step 3 (coronal view): cleft palate 45 

pathway and its extension; anomaly in maxillary, ethmoid and sphenoid sinuses if 46 

existing; Step 4 (sagittal and coronal view): checking of the opening (calcification 47 

sites) of the sphenooccipital synchondrosis, and checking of anomalies of the occipi-48 

tal bone; Step 5 (3D bone tissue reconstruction):  C1-C2 vertebra anomalies; Step 6 49 

(3D soft tissue reconstruction): external ear anomalies. We illustrated our methodol-50 

ogy with 46 figures from 5 CBCT of CLP patients.  51 

 52 

Keywords: cone beam computed tomography, CBCT, cleft lip palate, paediatric, 53 

reporting  54 

55 
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 56 

Introduction  57 

   The main indication of using cone beam computed tomography (CBCT) in  58 

paediatric dentistry is related to cleft palate and cleft lip palate (CLP) patients [1, 2]. 59 

The CBCT was mainly used in CLP patients to study the secondary alveolar bone 60 

grafting [3- 29]. CBCT was also used to evaluate maxillary expansion in CLP  61 

patients [6, 30-36]. Moreover, CBCT was also used in various anatomical studies  62 

related with CLP patients: 1) Three-dimensional (3D) analysis of craniofacial  63 

structures [3, 29, 37], and of facial asymmetry [29, 38, 39]; 2) mandible [3, 29, 40, 64 

41]; 3) sella turcica [42]; 4) pharyngeal airway volume [3, 43-48]; 5) cortical bone 65 

thickness around the cleft area [26, 27, 29, 49]; 6) palatal morphology and soft tissue 66 

depth [6, 28, 29, 50, 51]; 7) maxillary sinus volume [29, 52, 53]; 8) nasal  67 

morphology [3, 29, 54], and nasal airway [55]; 9) canine eruption through the  68 

alveolar graft bone [3, 4, 6, 7, 27, 56, 57]; 10) quantity, and morphological variation 69 

of teeth present around the cleft [3, 5-7, 27, 29, 57]; 11) cervical vertebrae [58]. 70 

However, all of these studies do not give guidance in reporting information from 71 

CLP CBCT examinations.  72 

   Limited guidelines for reporting CBCT dataset were already proposed in  73 

endodontics [59-61], implantology [59, 60], periodontology [60], lower third molars 74 

[60], and in orthodontics [60, 62]. There exists an agreement between authors that 75 

all the field of view must be viewed and described when reporting CBCT images 76 

[57, 59, 60, 63, 64].  77 

However, Miles et al. reported that 98% of medical radiology residents received no 78 

formal training in radiology reporting [64], and 78% learned the process from a  79 

fellow resident [64]. Therefore, Miles et al. proposed to introduce a new software 80 

(Easyriter) for building structured CBCT reports including: 1) Paranasal sinuses, 2) 81 

Nasal cavity, 3). Airway, 4) Cervical structures, 5) Temporomandibular joints 82 

(TMJ), 6) Dental findings, and 7) Other findings [64]. Kachlan et al., described 83 

structured CBCT reports for incidental findings in craniomaxillofacial and cervical 84 

area: 1) Jaws, 2) Paranasal sinus, 3) Nasal fossa, 4) Pharyngeal airway, 5) TMJ, 6) 85 

Skull base/brain, 7) Neck soft tissues, and 8) Others [65].  86 

Only two articles were rela ted to the reporting of CBCT findings in CLP patients 87 

[66, 67].  88 

Santos et al. described incidental findings in CLP patients situated in the following 89 

areas: 1) Skull, 2) Paranasal sinuses, 3) Orbit, 4) Middle and inner ear cavity, 5) 90 

Pharynx, 6) TMJ, 7) Cervical spine, 8) Maxilla, and 9) Mandible [66]. Only general 91 

information was given by the authors on CBCT image modalities used to  search for 92 

incidental findings such as 3D reconstructions with varying opacities, reconstructed 93 

panoramic radiographs, and axial slices of the maxilla and mandible [66].  94 

The authors also found anomalies in dental development including supernumerary 95 

teeth, teeth with atypical crown and/or root morphology, missing, ectopic, and  96 

impacted dentition [66]. The article by Santos et al is accessible in closed access  97 
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only (paywall). The article contains only 4 figures: one axial slice without a ny 98 

anomaly, and three 3D reconstruction figures without arrows showing 1) an ectopic 99 

impacted central incisor, 2) a  missing lateral maxillary incisor, and 3) impacted 100 

maxillary canine. 101 

Bezerra et al., [67] separated dental development anomalies in CLP patients into 3 102 

categories: 1) Agenesis (second incisor, second premolar), 2) Microdontia (conical 103 

lateral incisor), and 3) Giroversion (central incisor). The article by Bezerra et al is 104 

accessible in open access (free article for readers) [67]. However, three figures show 105 

only the presence of left alveolar cleft [67]. Figures that may illustrate dental  106 

development anomalies are missing [67].  107 

The aim for our article was to present and to illustrate a new methodology for daily 108 

practice in CBCT interpretation and reporting in CLP non syndromic paediatric  109 

patients. The proposed protocol is based on clinical experience and on systematic 110 

search of the literature.  111 

Materials and methods  112 

We performed two types of systematic search of articles for this review: 1) articles 113 

related to the use of CBCT in CLP patients, and 2) articles related to the reporting 114 

and interpretation of the CBCT images by radiologists. 115 

 116 

1. Search for articles related to the use of CBCT in CLP 117 

patient  118 

   First, we systematically searched for articles related to the use of CBCT in CLP 119 

patients in PubMed and in Google Scholar. The inclusion criteria were: patients with 120 

maximal age of 13 years-old, and studies centred on the use of CBCT. The exclusion 121 

criteria were: CLP in adult patients, mixed groups with included children below and 122 

over 13-years-old, experimental studies, animal studies, studies where the age of  123 

patients was not given, and articles without abstract. The criterium of the threshold 124 

of the patient age is related to the fact that the late alveolar surgery in CLP patients 125 

is performed until the age of 13 years-old. We selected articles only in English  126 

without a limit of time. One observer performed the search. The articles were  127 

selected based on the title and abstract. 128 

In PubMed we used the following search equations: 129 

 130 

1. PubMed "cbct"[All Fields] AND ("cleft"[All Fields] OR "clefted"[All Fields] OR 131 

"clefting"[All Fields] OR "clefts"[All Fields]). The search was performed on 132 

30.12.2022. We found 206 articles, and 47 articles were selected for final review [3, 133 

6-25, 30-50, 52-56].  134 

 135 

2. PubMed "cbct"[All Fields] AND ("cleft"[All Fields] OR "clefted"[All Fields] OR 136 

"clefting"[All Fields] OR "clefts"[All Fields]) AND ("applicabilities"[All Fields] 137 
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OR "applicability"[All Fields] OR "application"[All Fields] OR "applications"[All 138 

Fields] OR "applicative"[All Fields]). The search was performed on 30.12.2022. We 139 

found 20 articles, and 1 article was selected for final review [1]. 140 

 141 

3. PubMed "cbct"[All Fields] AND ("cleft"[All Fields] OR "clefted"[All Fields] OR 142 

"clefting"[All Fields] OR "clefts"[All Fields]) AND ("evaluability"[All Fields] OR 143 

"evaluate"[All Fields] OR "evaluated"[All Fields] OR "evaluates"[All Fields] OR 144 

"evaluating"[All Fields] OR "evaluation"[All Fields] OR "evaluation s"[All Fields] 145 

OR "evalua tions"[All Fields] OR "evaluative"[All Fields] OR "evaluatively"[All 146 

Fields] OR "evaluatives"[All Fields] OR "evaluator"[All Fields] OR "evaluator 147 

s"[All Fields] OR "evaluators"[All Fields]). The search was performed on 148 

30.12.2022. We found 132 articles, and no articles were selected. 149 

 150 

4. PubMed "cbct"[All Fields] AND ("protocol"[All Fields] OR "protocol s"[All 151 

Fields] OR "protocolized"[All Fields] OR "protocols"[All Fields]) AND ("cleft"[All 152 

Fields] OR "clefted"[All Fields] OR "clefting"[All Fields] OR "clefts"[All Fields]). 153 

The search was performed on 30.12.2022. We found 20 articles, and no articles were 154 

selected. 155 

 156 

In Pubmed we found 378 articles and 48 articles were finally selected for the review 157 

[1, 3, 6-25, 30-50, 52-56].  158 

In Google Scholar we used the following search equation: “children with cleft lip 159 

and palate CBCT 3D”. The search was performed on 30.12.2022. We found 463  160 

articles, and 9 articles were finally selected after full text lecture [2, 4, 5, 26-28, 51, 161 

57, 58]. 162 

2. Search for articles related to the reporting and 163 

interpretation of the images by radiologists  164 

   We used only PubMed database. The selected articles were only in English. The 165 

inclusion criteria were the articles with abstract, the articles related to the reporting 166 

CBCT examinations in dentistry (including orthodontics) and in maxillofacial sur-167 

gery.  168 

In PubMed we used the 4 following search equations: 169 

 170 

1. PubMed: “interpretation CBCT”  171 

("interpret"[All Fields] OR "interpretability"[All Fields] OR "interpretable"[All 172 

Fields] OR "interpretating"[All Fields] OR "interpretation"[All Fields] OR "interpre-173 

tation s"[All Fields] OR "interpretational"[All Fields] OR "interpretations"[All 174 

Fields] OR "interpretative"[All Fields] OR "interpreted"[All Fields] OR  175 

"interpreter"[All Fields] OR "interpreter s"[All Fields] OR "interpreters"[All Fields] 176 

OR "interpreting"[All Fields] OR "interpretive"[All Fields] OR "interpretively"[All 177 

Fields] OR "interprets"[All Fields]) AND "CBCT"[All Fields]  178 
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Translations interpretation: "interpret"[All Fields] OR "interpretability"[All 179 

Fields] OR "interpretable"[All Fields] OR "interpretating"[All Fields] OR  180 

"interpretation"[All Fields] OR "interpretation's"[All Fields] OR  181 

"interpretational"[All Fields] OR "interpretations"[All Fields] OR "interpreta-182 

tive"[All Fields] OR "interpreted"[All Fields] OR "interpreter"[All Fields] OR  183 

"interpreter's"[All Fields] OR "interpreters"[All Fields] OR "interpreting"[All 184 

Fields] OR "interpretive"[All Fields] OR "interpretively"[All Fields] OR  185 

"interprets"[All Fields] 186 

We performed this search on 26.11.2022. We found 755 articles, and 6 articles were 187 

selected after full lecture of articles [59, 60, 62-65]. 188 

 189 

2. PubMed: “CBCT reporting guidelines”  190 

"CBCT"[All Fields] AND ("reportable"[All Fields] OR "reporting"[All Fields] OR 191 

"reportings"[All Fields] OR "research report"[MeSH Terms] OR ("research"[All 192 

Fields] AND "report"[All Fields]) OR "research report"[All Fields] OR "report"[All 193 

Fields] OR "reported"[All Fields] OR "reports"[All Fields]) AND  194 

("guideline"[Publication Type] OR "guidelines as topic"[MeSH Terms] OR  195 

"guidelines"[All Fields])  196 

We performed this search on 29.12.2022. We found 58 articles, and 1 article was  197 

selected [61].  198 

 199 

3. PubMed: “reporting interpretation CBCT”  200 

("reportable"[All Fields] OR "reporting"[All Fields] OR "reportings"[All Fields] OR 201 

"research report"[MeSH Terms] OR ("research"[All Fields] AND "report"[All 202 

Fields]) OR "research report"[All Fields] OR "report"[All Fields] OR "reported"[All 203 

Fields] OR "reports"[All Fields]) AND ("interpret"[All Fields] OR  204 

"interpretability"[All Fields] OR "interpretable"[All Fields] OR "interpretating"[All 205 

Fields] OR "interpretation"[All Fields] OR "interpretation s"[All Fields] OR  206 

"interpretational"[All Fields] OR "interpretations"[All Fields] OR  207 

"interpretative"[All Fields] OR "interpreted"[All Fields] OR "interpreter"[All Fields] 208 

OR "interpreter s"[All Fields] OR "interpreters"[All Fields] OR "interpreting"[All 209 

Fields] OR "interpretive"[All Fields] OR "interpretively"[All Fields] OR  210 

"interprets"[All Fields]) AND "CBCT"[All Fields]  211 

We performed this search on 26/11/2022. We found 109 articles, and no articles 212 

were finally selected.  213 

 214 

4. PubMed: “CBCT cleft reporting”  215 

"CBCT"[All Fields] AND ("cleft"[All Fields] OR "clefted"[All Fields] OR  216 

"clefting"[All Fields] OR "clefts"[All Fields]) AND ("reportable"[All Fields] OR 217 

"reporting"[All Fields] OR "reportings"[All Fields] OR "research report"[MeSH 218 

Terms] OR ("research"[All Fields] AND "report"[All Fields]) OR "research  219 

report"[All Fields] OR "report"[All Fields] OR "reported"[All Fields] OR  220 

"reports"[All Fields])  221 

Translations cleft: "cleft"[All Fields] OR "clefted"[All Fields] OR "clefting"[All 222 

Fields] OR "clefts"[All Fields] 223 
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Translations reporting: "reportable"[All Fields] OR "reporting"[All Fields] OR 224 

"reportings"[All Fields] OR "research report"[MeSH Terms] OR ("research"[All 225 

Fields] AND "report"[All Fields]) OR "research report"[All Fields] OR "report"[All 226 

Fields] OR "reported"[All Fields] OR "reports"[All Fields] 227 

We performed this search on 21.12.2022. We found 34 articles, and 2 articles were 228 

finally selected after full lecture [66, 67].  229 

 230 

Finally, 956 articles were found, and 9 articles were selected for the review on the 231 

reporting and interpretation of dentomaxillofacial CBCT [59, 60, 62-67]. 232 

The selected articles on CBCT applications in CLP were used in introduction  233 

section. The selected articles on interpretation and reporting CBCT information 234 

were used in introduction, results and in discussion section.  235 

 236 

Results  237 

   There were 6 closed access (paywall) [59, 61, 62, 64-66], and 3 open access (free 238 

for reading) articles [60, 63, 67] among the 9 articles selected on reporting and  239 

interpretation of dentomaxillofacial CBCT. 240 

Seven articles provided no figures on cleft palate in CBCT [59-65]. Only two  241 

articles contained some figures of CBCT CLP patients [66, 67]. One article was 242 

available in closed access [66] and contained 4 figures: one axial view without cleft, 243 

3 figures with 3D reconstruction showing 1) ectopic central incisor, 2) missing  244 

maxillary lateral incisor, 3) impacted maxillary canine. Only one article was  245 

accessible free of charge (open access) [67] and contained three figures of left CLP 246 

(one axial view and two 3D reconstructions without arrows). 247 

We used Planmeca Promax 3D mid CBCT with 90Kvp generator. The radiological 248 

protocol was set as following: 200μm slice thickness, 16x6.2cm (diameter x height) 249 

field of view including maxilla, skull base, C1 and C2 vertebra. We used a n ultra-250 

low dose protocol for all our patients as they were children. The acqu isition time 251 

was of 6 seconds. 252 

We used the following 6-steps system for interpretation and reporting information 253 

from CBCT of CLP paediatric patients: 254 

Step 1. Axial view: we searched for presence or absence of bone bridge remnants of 255 

alveolar bone graft (iliac crest). 256 

Step 2. 3D dental tissue reconstruction: we describe dental arch from tooth n°18/17 257 

to n°28/27, we search for agenesis and supernumerary teeth, we describe each  258 

variation in the position of the tooth explaining the type of existing translation and 259 

rotation.  260 

Step 3. Coronal view: we search for cleft palate pathway and its extension; we  261 

describe any anomaly in maxillary, ethmoid and sphenoid sinuses if existing. 262 

Step 4. Sagittal and coronal view: we check the opening (calcification sites) of the 263 

sphenooccipital synchondrosis, and we are checking potential anomalies of the  264 

occipital bone. 265 
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Step 5. 3D bone tissue reconstruction: we search for C1-C2 vertebra anomalies. 266 

Step 6. 3D soft tissue reconstruction: we search for external ear anomalies. In  267 

Planmeca Promax 3D mid CBCT only the right external ear is almost accessible for 268 

interpretation. The left external ear is cut at the level of the left external auditory  269 

canal. 270 

We illustrate our 6-steps system for interpretation and reporting CBCT informa tion 271 

in the 5 following clinical examples.  272 

 273 

1. Patient 9 years-old, left cleft lip palate, 3 weeks 274 

postoperative control  275 

Step 1. Axial view: we search for presence or absence of bone bridge remnants of 276 

alveolar bone graft (iliac crest). 277 

 278 

Fig. 1. Axial view. Arrows: presence of  bone bridge of  alveolar bone graf t 279 

between teeth n°21 and n°23.  280 

 281 

 282 

 283 
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Step 2. 3D dental tissue reconstruction: we describe the dental arch tooth by tooth. 284 

 285 

Fig. 2. 3D reconstruction. Right lateral view. Germ bud of  tooth n°18  286 

deeply non-erupted, tooth n°17 non-erupted, tooth n°16 on the arch, tooth 287 

n°55 on the arch, tooth n°15 non-erupted, with the crown surrounded by the 288 

roots of  the tooth n°55, tooth n°14 on the arch, tooth n°53 on the arch, tooth 289 

n°13 vestibular and non-erupted, tooth n°12 on the arch, tooth n°11 on the 290 

arch.  291 

 292 

Fig. 3. 3D reconstruction. Anterior view. Tooth n°12 on the arch. There  293 

exists a malformation of  the distal face of  the crown (black arrow). Tooth 294 

n°11 on the arch. Tooth n°21 on the arch. Tooth n°22 impacted. 295 
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Non-erupted teeth mean that teeth are on the normal path of eruption. Impacted  296 

tooth means that the tooth is blocked in its pathway of eruption or there exists a  297 

delay in eruption relatively to the chronological age of the patient.  298 

 299 

 300 

Fig. 4. 3D reconstruction. Lef t lateral view. Tooth n°22 impacted. The 301 

crown in oriented toward the palate in sagittal view. Tooth n°23 on the arch. 302 

Tooth n°24 on the arch. Tooth n°65 on the arch. Tooth n°25 non-erupted, 303 

with the crown surrounded by the roots of  the tooth n°65. Tooth n°26 on the 304 

arch. Tooth n°27 non-erupted. Tooth n°28 deeply non-erupted. Arrow:  305 

alveolar clef t (lack of  3D reconstruction of  a thin bone).  306 

 307 

The 3D reconstruction of dental tissues does not allow to visualize alveolar bone 308 

graft and should not be used for that purpose. Only axial slices allow to evaluate the 309 

bony remnants of the alveoloplasty (Figure 1).  310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 
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Step 3. Coronal view: we search for cleft palate pathway and its extension; we  327 

describe any anomaly in maxillary, ethmoid and sphenoid sinuses if existing. 328 

 329 

 330 

Fig. 5. 2D coronal view. A. No anomalies on the anterior view of  right and 331 

lef t maxillary sinus. B. Area of  ostium and infundibulum of  right and lef t  332 

maxillary sinus (arrows). Pneumatisation of  the root of  the right inferior  333 

turbinate (dotted arrow). C. No anomalies on the posterior view of  right and 334 

lef t maxillary sinus. D. No anomalies on the sphenoid sinus area. A-C: No 335 

presence of  right/lef t clef t palate. A-C: No deviation of  nasal septum.  336 

 337 

 338 
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Step 4. Sagittal and coronal view: we check the opening (calcification sites) of the 339 

sphenooccipital synchondrosis, and we are checking potential anomalies/variations 340 

of the occipital bone. 341 

 342 

 343 

Fig. 6. 2D view of sphenooccipital synchondrosis. A. sagittal view. 344 

Opened sphenooccipital synchondrosis (arrows). B. Coronal view. Opened 345 

sphenooccipital synchondrosis (arrows).  346 

 347 

Step 5. 3D bone tissue reconstruction: we search for C1-C2 vertebra anomalies. 348 

For this patient there were no anomalies related to the C1-C2 vertebra. 349 

Step 6. 3D soft tissue reconstruction: we search for external ear anomalies. 350 

 351 

 352 
Fig. 7. 3D soft tissue external ear reconstruction.  A. Right external ear. 353 

Outer part of  the helix is out of  the f ield of  view. Presence of  deep intertragal 354 

notch, and erasure of  tragus. B. Lef t external ear. ** Lef t external ear is  355 

systematically outside the f ield of  view.  356 
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2. Patient 7 years-old, right cleft lip palate, 6 months 357 

postoperative control  358 

Step 1. Axial view: we search for presence or absence of bone bridge remnants of 359 

alveolar bone graft (iliac crest).  360 

 361 

 362 

Fig. 8. Axial view. Arrows: presence of  large bone bridge of  alveolar bone 363 

graf t between teeth n°13 and n°11.  364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 

 373 
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Step 2. 3D dental tissue reconstruction: we describe the dental arch tooth  by tooth. 374 

 375 

 376 

Fig. 9. 3D reconstruction. Right lateral view. Germ bud of  tooth n°17  377 

deeply non-erupted. Tooth n°16 non-erupted. Tooth n°55 on the arch. Germ 378 

bud of  tooth n°15 non-erupted, surrounded by the roots of  the tooth n°55, 379 

and slightly displaced to palatine side. Tooth n°54 on the arch. Germ bud of  380 

tooth n°15 non-erupted, surrounded by the roots of  the tooth n°54. Tooth 381 

n°53 on the arch. *Supernumerary tooth mesial to the apex of  the tooth n°53 382 

and occlusal to the crown of  the tooth n°13. Tooth n°13 non-erupted and 383 

vestibular. Agenesis of  the tooth n°12. Lack of  3D reconstruction of  existing 384 

alveolar bone bridge between teeth n°13 and n°11.  385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 
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 395 

Fig. 10. 3D reconstruction. Right lateral and upper view. Germ bud of  tooth 396 

n°15 non-erupted, surrounded by the roots of  the tooth n°55, and slightly 397 

displaced to palatine side. 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 
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 419 
Fig. 11. 3D reconstruction. Anterior view. Tooth n°53 on the arch. 420 

*Supernumerary tooth mesial and close to the apex of  the tooth n°53.  421 

Agenesis of  the tooth n°12. Tooth n°51 on the arch. Toth n°11 non-erupted 422 

with rotation along its main axis (red dotted line). The d istal face of  the tooth 423 

n°11 is directed to the vestibular side. Tooth n°21 on the arch. Tooth n°62 on 424 

the arch. Tooth n°22 non-erupted. Tooth n°63 on the arch. Tooth n°23 non-425 

erupted and apical to the apex of  the tooth n°63.  426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 
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 442 

Fig. 12. 3D reconstruction. Lef t lateral view. Tooth n°62 on the arch. Tooth 443 

n°22 non-erupted. Tooth n°63 on the arch. Tooth n°23 non-erupted apical to 444 

the apex of  the root of  the tooth n°63. Tooth n°64 on the arch. Germ bud of  445 

the tooth n°24, non-erupted, slightly displaced to mesial in relation with the 446 

roots of  the tooth n°64. Tooth n°65 on the arch. Germ bud of  the tooth n°25, 447 

non-erupted, slightly displaced to mesial in relation with the roots of  the tooth 448 

n°65. Tooth n°26 non-erupted. Tooth n°27 deeply non-erupted.  449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

 465 
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Step 3. Coronal view: we search for cleft palate pathway and its extension; we  466 

describe any anomaly in maxillary, ethmoid and sphenoid sinuses if existing.  467 

 468 

 469 

Fig. 13. Coronal (upper) and axial (lower) view.  A. First premolar area. On 470 

the coronal view: thin arrow: deviation of  the nasal septum to the right. Thick 471 

arrow: Right clef t palate in the area of  the f irst premolar. B. Second premolar 472 

area. On the coronal view: thin arrow: deviation of  the nasal septum to the 473 

right. Thick arrow: Right clef t palate in the area of  the second premolar. C. 474 

First molar area. On the coronal view: thin arrow: deviation of  the nasal  475 

septum to the right. Absence of  the right clef t palate in the in the area of  the 476 

f irst molar.  477 

 478 

 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 
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Step 4. Sagittal and coronal views: we check the opening (calcification sites) of the 496 

sphenooccipital synchondrosis, and we are checking potential anomalies/variations 497 

of the occipital bone.  498 

 499 

 500 

Fig. 14. Sagittal view. Opened sphenooccipital synchondrosis (arrows).  501 

 502 

Step 5. 3D bone tissue reconstruction: we search for C1-C2 vertebra anomalies.  503 

 504 

 505 
Fig. 15. 3D reconstruction of C1 and C2 vertebra.  Anterior view. Normal 506 

and complete anterior arch of  C1 vertebra. Arrows: Transverse foramen for 507 

right and lef t vertebral artery.  508 
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 509 
Fig. 16. 3D reconstruction of C1 and C2 vertebra. Posterior view. Normal 510 

and complete posterior arch of  C1 vertebra.  511 

 512 

Step 6. 3D soft tissue reconstruction: we search for external ear anomalies. We 513 

found no anomalies of external ears in this patient. 514 

 515 

3. Patient 10 years-old, left cleft lip palate, 6 months 516 

postoperative control  517 

Step 1. Axial view: we search for presence or absence of bone bridge remnants of 518 

alveolar bone graft (iliac crest).  519 

 520 

 521 
Fig. 17. Axial view. Arrow: presence of  thin bone bridge of  alveolar bone 522 

graf t between teeth n°21 and n°23.  523 

 524 



[ N em es is ]  Ti t re  de l ’ar t ic le  (PU L -En- t êt e im pai re)  

 

21 

Step 2. 3D dental tissue reconstruction: we describe the dental arch tooth by tooth. 525 

 526 

 527 

Fig. 18. 3D reconstruction. Right lateral view. Germ bud of  tooth n°18 528 

deeply non-erupted. Tooth n°17 non-erupted. Tooth n°16 on the arch. Tooth 529 

n°55 on the arch. Tooth n°15 non-erupted, and surrounded by the roots of  530 

the tooth n°55. Tooth n°14 on the arch. Tooth n°53 on the arch. Tooth n°13 531 

non-erupted with the crown inside the tooth n°53.  532 

 533 

 534 

Fig. 19. 3D reconstruction. Anterior and lef t lateral view. Tooth n°11 tilted 535 

toward lef t side and toward midline (rounded arrow). Tooth n°21 tilted toward 536 

lef t side (rounded arrow). Agenesis of  the tooth n°22. Tooth n°23 tilted  537 

toward right side (rounded arrow).  538 
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 539 
Fig. 20. 3D reconstruction. Lef t lateral view. Tooth n°24 on the arch. Tooth 540 

n°65 on the arch. Tooth n°25 non-erupted, and surrounded by the roots of  541 

the tooth n°65. Tooth n°26 on the arch. Tooth n°27 non-erupted. Germ bud 542 

of  tooth n°28 deeply non-erupted.  543 

 544 

 545 

Fig. 21. 3D reconstruction. Lef t lateral and palatine view. Tooth n°25  546 

displaced toward the palate.  547 

 548 

 549 

 550 

 551 

 552 

 553 
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Step 3. Coronal view: we search for cleft palate pathway and its extension; we de-554 

scribe any anomaly in maxillary, ethmoid and sphenoid sinuses if existing.  555 

 556 

 557 

Fig. 22. Coronal view. A. Area of  the tooth n°15. Clef t of  the lef t nasal f loor 558 

(thicker arrow). SD: nasal septum deviation toward lef t, and toward clef t  559 

palate. Right concha bullosa. * Total f illing of  the right maxillary sinus.  560 

Thinner arrow: thickening of  the mucosa of  the lef t maxillary sinus. B. Area of  561 

the tooth n°16. Clef t of  the lef t nasal f loor (thicker arrow). SD: nasal septum 562 

deviation toward lef t, and toward clef t palate. ** Important thickening of  the 563 

mucosa of  the right maxillary sinus. Thinner arrow: thickening of  the mucosa 564 

of  the lef t maxillary sinus.  565 

 566 

 567 

 568 
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Step 4. Sagittal and coronal view: we check the opening (calcification sites) of  the 569 

sphenooccipital synchondrosis, and we check potential anomalies/variations of the 570 

occipital bone.  571 

 572 

 573 
Fig. 23. A. Sagittal view. Arrows: opened sphenooccipital synchondrosis. 574 

CB: diagonal canal basilaris. B. Coronal view. Arrows: opened  575 

sphenooccipital synchondrosis. CB: unique median canal basilaris.   576 

 577 

 578 

 579 

 580 
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Step 5. 3D bone tissue reconstruction: we search for C1-C2 vertebra anomalies.  581 

 582 

 583 

Fig. 24. 3D reconstruction of C1 vertebra. Normal anatomy of  C1  584 

vertebra. Complete anterior and posterior arch, and complete anterior and 585 

posterior walls of  the transverse foramen right and lef t.  586 

 587 

Step 6. 3D soft tissue reconstruction: we search for external ear anomalies. We 588 

found no anomalies of external ears in this patient.  589 

 590 

 591 

Fig. 25. 3D reconstruction of ears. R. Right ear with normal anatomy and 592 

almost complete (*area outside the f ield of  view). L. lef t ear. *Major part of  593 

the lef t ear is situated outside of  the f ield of  view. 594 

 595 

 596 
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4. Patient 13 years-old, left cleft lip palate, evaluation of 597 

the remaining alveolar graft 598 

Step 1. Axial view: we search for presence or absence of bone bridge remnants of 599 

alveolar bone graft (iliac crest).  600 

 601 

 602 

Fig. 26. Axial view. Absence of  the bone wall between the f ragments of  the 603 

lef t upper maxilla (arrow). 604 

 605 

Step 2. 3D dental tissue reconstruction: we describe the dental arch tooth by tooth. 606 

 607 

 608 
Fig. 27. 3D reconstruction. Right lateral view. Germ bud of  tooth n°18 609 

deeply non-erupted. Possible external resorption of  the distovestibular root 610 

of  the tooth n°17 by the tooth n°18. Tooth n°17 on the arch. Tooth n°16 on 611 

the arch. Tooth n°15 on the arch. Tooth n°14 on the arch. Tooth n°14 on the 612 

arch. Tooth n°13 on the arch.  613 
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 614 

Fig. 28. Axial view. External resorption of  the distovestibular root of  the 615 

tooth n°17 by the tooth n°18 (arrow). 616 

 617 

 618 

Fig. 29. 3D reconstruction. Anterior view. Tooth n°13 on the arch. Tooth 619 

n°12 on the arch. Tooth n°11 on the arch. Tooth n°21 on the arch. Slicing of  620 

the crowns and roots of  teeth n°11 and 21 because the teeth are partially 621 

situated outside of  the f ield of  view. ? Need of  more than one 3D  622 

reconstruction view to determine the numbering of  this tooth.  623 
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 624 
Fig. 30. A. 3D reconstruction. Anterior view. ? undetermined numbering of  625 

the tooth lateral to tooth n°21. B. 3D reconstruction. Palatine view. ? is  626 

related to the not resorbed tooth n°63 which is situated between teeth n°21 627 

and 23. 628 

 629 

 630 

Fig. 31. 3D reconstruction. Lef t lateral view. Tooth n°21 on the arch. Tooth 631 

n°63 tilted to the right. Tooth n°23 on the arch and in transmigration  632 

positioned laterally to the tooth n°63. Agenesis of  tooth n°24. Agenesis of  the 633 

tooth n°25. Tooth n°26 on the arch. Tooth n°27 on the arch. Germ bud of  634 

tooth n°28 deeply non-erupted.  635 

 636 

 637 

 638 

 639 

 640 
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Step 3. Coronal view: we search for cleft palate pathway and its extension; we de-641 

scribe any anomaly in maxillary, ethmoid and sphenoid sinuses if existing.  642 

 643 

 644 
Fig. 32. Coronal view. A. Anterior area. Bilateral clef t palate (thin arrows). 645 

Remnants of  the alveolar bone bridge/graf t (thick arrow). B. Premolar area. 646 

Lef t clef t palate (thin arrow). Remnants of  the alveolar bone bridge/graf t 647 

(thick arrow). C. First molar area. Lef t clef t palate (thin arrow). Deviation of  648 

nasal septum toward lef t (thick arrow). D. Second molar area. No clef t  649 

palate. Lef t nasal fossa is deeper than the right nasal fossa (thick arrow). 650 

Right clef t palate is limited to the anterior and premolar area. Lef t clef t palate 651 

is extended between anterior and f irst molar area.  652 

 653 
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The right cleft palate is situated between the anterior and the premolar area. The left 654 

cleft palate is extended between anterior and first molar area (Figure 32).  655 

 656 

Step 4. Sagittal and coronal view: we check the opening (calcification sites) of the 657 

sphenooccipital synchondrosis, and we check potential anomalies/variations of the 658 

occipital bone.  659 

 660 

 661 
Fig. 33. Sagittal view. Arrows: opened sphenooccipital synchondrosis (thin 662 

arrow). Center of  calcif ication present on the retropharyngeal side of  the 663 

clivus (thick arrow).  664 

 665 

Step 5. 3D bone tissue reconstruction: we search for C1-C2 vertebra anomalies.  666 

 667 

668 
Fig. 34. 3D reconstruction. Posterior view of  the C1 and C2 vertebra.  669 

Recess in the posterior arch of  C1 on the midline (thin arrows).  670 
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 671 
Fig. 35. 3D reconstruction. Right lateral view of  C1 and C2 vertebrea. 672 

Complete ponticulus posticus (arrows) between the right lateral mass and 673 

the right posterior arch.  674 

 675 

 676 

Fig. 36. 3D reconstruction. Lef t lateral view of  C1 and C2 vertebrea. Partial 677 

ponticulus posticus (arrows) between the lef t lateral mass and the lef t  678 

posterior arch.  679 

 680 

 681 



[ N em es is ]  Ti t re  de l ’ar t ic le  (PU L-En- t êt e pa i re)  

 

32 

Step 6. 3D soft tissue reconstruction: we search for external ear anomalies. We 682 

found no anomalies of external ears in this patient.  683 

 684 

There were no anomalies of external ears for this patient.  685 

 686 

5. Patient 7 years-old, left cleft lip palate, evaluation 687 

before surgery 688 

Step 1. Axial view: we search for presence or absence of bone bridge remnants of 689 

alveolar bone graft (iliac crest).  690 

 691 

 692 

Fig. 37. Axial view. Lef t alveolar clef t between the f ragments of  the upper 693 

maxilla (arrow). 694 

 695 

 696 

 697 

 698 

 699 

 700 

 701 

 702 
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Step 2. 3D dental tissue reconstruction: we describe the dental arch tooth by tooth. 703 

 704 

 705 
Fig. 38. 3D reconstruction. Right lateral view. Germ bud of  tooth n°17 706 

deeply non-erupted. Tooth n°16 non-erupted. Tooth n°55 on the arch. Tooth 707 

n°54 on the arch. Agenesis of  the tooth n°14 or n°15, and presence of  only 708 

one premolar germ bud between the mesial roots of  the tooth n°55 and  709 

between the distal roots of  the tooth n°54. Tooth n°53 on the arch. Tooth 710 

n°13, non-erupted, with its crown distoapical to the apex of  the tooth n°53.  711 

 712 

 713 

 714 

 715 

 716 

 717 

 718 

 719 

 720 

 721 

 722 

 723 

 724 

 725 

 726 
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 727 
Fig. 39. 3D reconstruction. Anterior view. Tooth n°53 on the arch. Tooth 728 

n°13 non-erupted, with its crown distoapical to the apex of  the tooth n°53. 729 

Tooth n°52 on the arch. Tooth n°12 non-erupted, palatine to the tooth n°52. 730 

Tooth n°11 in the arch. Tooth n°21 on the arch and tilted toward lef t  731 

(rounded arrow). A and B: presence of  two supernumerary teeth on the lef t 732 

edge of  the alveolar clef t.  733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

 742 

 743 

 744 

 745 

 746 

 747 

 748 

 749 
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 750 
Fig. 40. 3D reconstruction. Lef t lateral view. Tooth n°21 on the arch, tilted 751 

toward lef t (rounded arrow), and rotated to the palatine side. A and B:  752 

presence of  two supernumerary teeth on the lef t edge of  the alveolar clef t. 753 

Tooth n°63 on the arch with rotation of  the tooth along its main axis. The 754 

mesial side of  the tooth is rotate toward vestibular side. Agenesis of  teeth 755 

n°22 and 23.  756 

 757 

 758 

 759 

 760 

 761 

 762 

 763 

 764 

 765 

 766 

 767 

 768 

 769 

 770 

 771 

 772 

 773 

 774 

 775 
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 776 

Fig. 41. 3D reconstruction. Lef t lateral view. A and B: presence of  two  777 

supernumerary teeth on the lef t edge of  the alveolar clef t. Tooth n°63 on the 778 

arch. Tooth n°64 on the arch. Agenesis of  the tooth n°24. Tooth n°65 on the 779 

arch. Agenesis of  the tooth n°25. Tooth n°26 on the arch. Germ bud of  the 780 

tooth n°27 deeply non-erupted. 781 

 782 

 783 

 784 

 785 

 786 

 787 

 788 

 789 

 790 

 791 

 792 

 793 

 794 

 795 

 796 

 797 
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Step 3. Coronal view: we search for cleft palate pathway and its extension; we  798 

describe any anomaly in maxillary, ethmoid and sphenoid sinuses if existing.  799 

 800 

 801 
Fig. 42. Coronal view. A. Anterior area. Thin arrow: lef t clef t palate. Thick 802 

arrow: nasal septum deviation toward lef t. B. Canine area. Thin arrow: lef t 803 

clef t palate narrower than in the anterior area. A: presence of  the  804 

supernumerary tooth A on the lef t edge of  the clef t palate. Thick arrow: nasal 805 

septum deviation toward lef t. C. Premolar area. Thick arrow: nasal septum 806 

deviation toward lef t with the presence of  the bone spur directed toward lef t. 807 

B: presence of  the supernumerary geminated tooth A on the lef t edge of  the 808 

clef t palate. Clef t palate is closed at this level. D. Thick arrow: nasal septum 809 

deviation toward lef t with the presence of  the bone spur directed toward lef t. 810 

No clef t palate at this level.  811 
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Step 4. Sagittal and coronal view: we check the opening (calcification sites) of the 812 

sphenooccipital synchondrosis, and we check potential anomalies/variations of the 813 

occipital bone.  814 

 815 

 816 
Fig. 43. Sagittal view. Arrows: opened sphenooccipital synchondrosis (thin 817 

arrow). 818 

 819 

Step 5. 3D bone tissue reconstruction: we search for C1-C2 vertebra anomalies.  820 

 821 

 822 

Fig. 44. A. Coronal view. Arrows: non fusion of  the right neurocentral syn-823 

chondrosis on the anterior arch (normal fusion at the age of  6 years -old). B. 824 

3D reconstruction. Anterior view of  the C1 vertebra. Arrows: non fusion of  825 

the right neurocentral synchondrosis on the anterior arch. Thicker arrows: 826 

absence of  the anterior wall of  the transverse foramen (right and lef t).  827 

 828 
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 829 

Fig. 45. Coronal view. Arrow: absence of  the fusion of  the posterior arch on 830 

the midline. B. 3D reconstruction. Posterior view of  the C1 vertebra. Arrows: 831 

absence of  the fusion of  the posterior arch on the midline. Dehiscence  832 

between both posterior arches. 833 

 834 

Step 6. 3D soft tissue reconstruction: we search for external ear anomalies. We 835 

found no anomalies of external ears in this patient.  836 

 837 

There were no anomalies of external ears for this patient.  838 

 839 

Discussion  840 

   In 2014 Miles et al. stated that 98% radiologists do not learn how to report  841 

information from CBCT volume [64]. Therefore, Miles et al proposed their own  842 

system or reporting CBCT data in head and neck area  to help radiologists communi-843 

cate with other specialities [64]. Similar system was further proposed by Kachlan et 844 

al. [65]. However, these systems were not supposed to be used in pediatric nor in 845 

CLP patients CBCT examinations. Reporting systems by Miles and Kachlan needed 846 

the use of CBCT with large field of view incorporating areas from the skull, through 847 

orbits to the neck area (Table 1). Santos et al., proposed a system of reporting  848 
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incidental findings on CBCT of CLP patients using most of items of the Miles’s 849 

methodology [66]. Santos added the reporting of information from the mandible, 850 

from the orbit, and from the middle and inner ear cavity [66]. Again, a large field of 851 

view is needed to report information from all of these areas. We choose to avoid the 852 

mandible and the orbit in the selected field of view as most indications of use of the 853 

CBCT in CLP patients are related to the maxilla [1-7]. We do not use “Gap” in 854 

Gand classification as this classification of the missing alveolar bone area is too 855 

simplified and subjective (Table 1) [17]. We do not use either “Arch” GAND classi-856 

fication which corresponds to the discrimination between anterior and posterior  857 

endognathia of the maxilla (Table 1) [17]. We do not use “Nasal” transversal GAND 858 

classification as we describe the sagittal anteroposterior extension of the cleft palate 859 

(Table 1) [17]. We do not use “Dental” GAND global classification as we describe 860 

tooth by tooth along the dental arch from right to left (Table 1) [17]. The dental  861 

classification by Bezerra et al., is only limited to the central and lateral incisors  862 

(Table 1) [67]. We describe also the 3D position of all of the teeth on the dental arch 863 

starting from posterior to anterior, and using the six degree of freedom reference 864 

frame (3 translations and 3 rotations) [56]. As Santos et al., we systematically  865 

describe the upper cervical spine [66], the atlas and the axis vertebra [58]. We are 866 

also using the natural contrast between the air and external soft tissue to evaluate the 867 

modifications in the shape of external ears that may occur in CLP syndromic  868 

patients. Moreover, we suggest the type of image modality such as axial, coronal, 869 

sagittal 2D view or 3D reconstruction which may be suited for a specific purpose. 870 

We provide with 46 freely accessible figures in contrast with only 3 available  871 

open-access figures from literature [67]. 872 

 873 

Table 1. Modes of  reporting information f rom CBCT volume. 874 

Modes of reporting Literature methodologies Our methodology 
General approach   

Miles et al (2014) [64] 1) Paranasal sinuses, 2) Nasal 
cavity, 3) Airway, 4) Cervical 
structures, 5) TMJs, 6) Dental 
findings, 7) Other findings 

Include: Paranasal  
sinuses, nasal cavity, 
cervical structures,  
dental findings 
Exclude: airway, TMJ 

Kachlan et al (2021) 
[65] 

1) Jaws, 2) Paranasal sinus, 3) 
Nasal fossa, 4) Pharyngeal 
airway, 5) Neck soft tissues, 6) 
TMJ, 7) Skull base/brain, and 
8) Others 

 

Cleft palate general  
description 

  

Santos et al (2020) [66] 1) Paranasal sinuses,  
2) Pharynx (airway),  
3) Cervical spine, 4) TMJ, 5) 
Maxilla, and 6) Mandible, and 
7) Abnormal teeth*, 8) Orbit, 9) 
Middle and inner ear cavity, 

Include: paranasal  
sinuses, cervical spine, 
maxilla, skull 
Exclude: airway,  
mandible, orbit, middle 
and inner ear cavity 
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10) Skull *Not limited to the  
description of only  
abnormal teeth  

Barbosa et al (2016) 
[17] GAND  
classification 

  

 Gap: notch, small, large size of 
the gap 

Not used 

 Arch: aligned, anterior  
constriction, anterior and  
posterior constriction 

Not used 

 Nasal: nasal floor: (cleft  
palate): notch, small, large 

More descriptive  
approach (complete, 
partial cleft palate,  
anterior, posterior,  
fistula) 

 Dental: normal,  
supernumerary/malformed, 
missing 

Full description of all 
maxillary teeth  

Bezerra et al (2017) 
[67] Tooth development 
in CLP patients  

  

 Agenesis (second incisor,  
second premolar) 

Not limited to this  
category only 

 Microdontia (conical lateral  
incisor) 

Not limited to this  
category only 

 Giroversion (central incisor) Not limited to this  
category only 

 875 

We are using large field of view (16x6.2cm) which may contain temporal bone. The 876 

international recommendations from 2011 insist on the dentist responsibility of  877 

reporting on the entire field of view [63]. Therefore, future development of our 878 

methodology should contain the systematic exploration of the m iddle and inner ear 879 

cavity (Figure 46) [66].  880 

 881 

 882 

 883 

 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 

 893 
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 894 

Fig. 46. Planmeca Promax 3D Mid. Patient 10 years-old. Axial view.  895 

Arrows: traces of  temporal bone surgery. 3D reconstruction. Right view:  896 

arrow: surgical perforation of  the right temporal bone in posterior and apical 897 

to the right external auditory canal (EAC). Lef t side: arrow: surgical  898 

perforation of  the lef t temporal bone in apical to the lef t external auditory  899 

canal.  900 

901 
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