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Abstract

introduction
We have performed a pilot study in newborns and children with Robin sequence (RS) using 
3D facial photogrammetry, a fast, harmless, non-invasive way of imaging facial regions or 
the complete face. The goal was to obtain an accurate, objective measurement of jaw size 
and growth. We defined a tetrahedron bordered by the landmarks otobasion inferior, labium 
inferius, and gnathion, which we named mandibular volume.

methods
As a pilot study, we selected 12 patients who attended clinic during the study period (four with 
isolated RS; four with Stickler syndrome; four with different syndromes), and we obtained 
prospectively scans in three patients (one with isolated RS; one with Stickler syndrome; one 
with Treacher Collins syndrome) in whom growth of the mandibular volume in the first year of 
life was determined.

Results
The 3D facial imaging was possible in all patients, as was determination of the mandibular 
volume. Signature heat maps enabled immediate visualization of the significant regions of 
facial dysmorphism in three dimensions; signature graphs demonstrated the similarity of 
facial dysmorphism in patients with the same diagnosis and differences from those with other 
diagnoses, and from controls. Extension of the number of controls is needed for more reliable 
control values, especially in newborns.

conclusion
3D facial photogrammetry can objectively determine mandibular volume and growth and will 
be useful in evaluating objectively outcomes of various management modalities in RS patients.
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introduction

The combination of micrognathia and glossoptosis in a neonate is called (Pierre) Robin 
Sequence (RS). The combination of signs typically causes upper airway obstructions, which 
result in respiratory and feeding problems of varying severity. A cleft palate is present in the 
majority of RS patients. Although no consensus exists regarding the RS definition, the currently 
most accepted definition includes as criteria micrognathia and glossoptosis, and not cleft palate 
[Basart et al., 2015a]. In approximately two-third of the patients, RS is part of a more extended 
syndrome or accompanied by other abnormalities [Basart et al., 2015b; Izumi et al., 2012].
Various management schedules are available for the management of newborns with RS, each 
having its benefits and disadvantages [Evans et al., 2011]. The choice between treatments may 
depend on the severity of the problems, but is still often based on subjective criteria, especially 
the clinician’s preference [Basart et al., 2015a]. In Editorial Comments the need for individualized 
treatment plans and prospective trials has been stressed [Meyer et al., 2008; Mackay 2011; Abel et al., 

2012; Jarrahy, 2012] allowing long-term follow-up to evaluate results of the various management 
strategies. It has frequently been hypothesized that respiratory and feeding problems are 
gradually relieved because of mandibular catch up growth [Daskalogiannakis et al., 2001; Suri et al., 

2011]. No study is available however which demonstrates such catch up growth beyond doubt.
To compare management strategies and outcomes a single, strict definition for RS used in 
each study is essential [Basart et al., 2015a]. This means also that objective criteria for presence 
and degree for micrognathia and glossoptosis should be available. For glossoptosis flexible 
fiberoptic laryngoscopy is the golden standard, although the reliability is limited [Basart et al., 

2015c]. We have initiated Cine-MRI studies to allow for an objective measurement of glos-
soptosis. Objective measuring presence and severity of respiratory problems is possible through 
polysomnography (PSG), which is considered the gold standard [Guideline OSAS in children, 2013].
Several options are available to measure mandibular size after birth, of which lateral cephalom-
etry, low-dose multi-slice or cone beam Computed Tomography (CT) scanning, and the Jaw 
Index are the most important ones. A protocol for (2D-)cephalometry was described by Pru-
zansky and Richmond in 1954, in which lateral cephalographs of infants and adolescences are 
studied for mandibular size and the effect of craniofacial growth in patients with RS. However, 
this technique has the disadvantages of radiation exposure and the difficulties in accurately 
positioning and immobilizing an infant for acquiring a lateral skull radiograph. CT scans can 
provide a clear three-dimensionally image of the mandible and detailed measurements of its 
size, but normative CT data for various populations are lacking, and as in cephalometry the 
radiation exposure and need for positioning and immobilizing the infant, is preventing routine 
use and dictates use only for specific indications. The Jaw Index is determined by measurement 
of the child with tape and caliper and subsequently calculation of the index of the distance 
between the alveolar processes of upper and lower jaw (overbite) compared to the distance 
between the left and right tragus over the subnasal point (upper arch) and the same distance 
over the pogonion point (lower arch) [Van der Haven et al., 1997]. In principle the measurements 
are simple and could be used by a broad range of health professionals such as physicians, 
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midwives, and nurses. Significant disadvantages are the relative inaccuracies of measurements, 
absence of adequate intra-observer and inter-observer validations, and absence of reference 
values for populations of various ethnic backgrounds.
3D facial photogrammetry is a fast, harmless and non-invasive way of imaging the complete 
face that has not been used in standard RS care until now. It enables accurate, objective 
measurement of facial morphological characteristics and facilitates comparisons of individuals 
of all ages. A small number of homologous facial landmarks can be used to register a set of 3D 
facial surfaces and produce a dense surface model (DSM) of face shape variation. Similarity 
between two individual or group face surfaces is computed as the square root of the sum of 
squares of differences of the DSM weightings. With this shape similarity or proximity can be 
calculated. For an individual face, we refer to the set of normalized displacements of the cor-
responded vertices as its face signature [Hammond et al., 2012]. This techniques can be applied to 
the DSM representation of faces to delineate discriminating shape differences between controls 
and individuals with dysmorphic syndromes [Hammond et al., 2004; Hammond and Suttie, 2012]. 
Therefore, we hypothesized it would be an excellent tool to support diagnosis and screening for 
RS.
Here we describe a pilot-study describing the use of 3D facial scanning to measure various 
facial characteristics including size of the mandible in an objective manner in a small, selected 
group of RS patients of various ages and with various causes for their RS. We propose a tech-
nique to determine the size of the mandible in an objective manner. We have piloted whether 3D 
scanning can be a useful technique to measure mandibular growth over time.

methods

Participants
The participants for the present study were chosen from a cohort of 61 RS patients followed in 
the Academic Medical Centre in Amsterdam. A detailed description of the cohort can be found 
elsewhere [Basart et al., 2015b; Paes et al., 2015]. The selection of study participants was based only 
on their availability within the time period of the study. RS patients with an existing outpatient 
appointment were contacted and invited to participate in the study. If parents and siblings were 
also present during the appointment they were invited to participate as well. In the study period 
December 2013 to April 2015 a total of 34 RS patients were scanned as well as 42 parents, and 
8 siblings. For the present pilot study, we selected images of 4 patients with isolated RS, 4 
patients with the most common Mendelian disorder including RS, i.e. Stickler syndrome, and 4 
patients in whom the RS was part of a syndrome (Femoral Hypoplasia Unusual Facies Syn-
drome in 1 patient, Cornelia de Lange-like syndrome caused by a RAD21 mutation in another 
patient, and Schillbach-Rott syndrome in 2 patients). The diagnoses in all study participants 
had been reliably confirmed in a separate study [Basart et al., 2015b]. For the prospective pilot 
study of mandibular growth, we selected the 3D scans of one patient with isolated RS, one with 
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Stickler syndrome and one with a syndrome (Treacher Collins syndrome) in whom four 3D 
scans were available with an interval of approximately 3 months in the first year of life.
The Medical Ethics Committee of the Academic Medical Centre in Amsterdam had approved the 
study (W13_076# 13.17.0096).

3d facial scanning technique and analysis
Image capture was performed using a commercial photogrammetric camera (Canfield Imaging 
System, Inc., U.S.A.). Young children (<3years of age) sat on the lap of one of their parents or 
caretakers during the image capture, while older children and adults sat on a chair unaided. All 
images subsequently received a numerical code for privacy reasons before further analysis.
Analysis was performed as published before [Hammond et al., 2004]. Briefly, all images were 
manually annotated by a single person (PH) with 22 3D-landmarks (Fig. I) previously validated 
for accuracy and reproducibility [Gwilliam et al., 2006]. For the annotation and building of DSMs, 
software developed in-house was used [Hutton et al., 2003; Hammond, 2007]. The face signatures, 
i.e. face shape differences normalized against age, ethnicity and sex matched controls, of 
all participants in the pilot study were compared to one another with respect to similarity as 
described before [Hammond et al., 2012].

We developed a measure to estimate mandibular size. We reasoned this measure should 
incorporate the size of the mandible in both the anterior-posterior and the cranial-caudal 
directions, as both are important in offering space to the tongue to allow unobstructed respira-
tion. Using region bounding landmarks of otobasion inferior (ear), labium inferius (lip2), and 

Figure I. Facial 3D-landmarks. In the Present Studies the Landmarks Lip2 (=labium inferius), Gn (=gnathion) and Ear 
(otobasion inferior) are used to calculate the mandibular volume. The tetrahedron indicating the mandibular volume is 
indicated [Hopman et al., 2013].
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gnathion (gn), both the volume and surface area of the mandible can be objectively estimated. 
The corresponding face surface area measurement will be influenced by subcutaneous tissue 
that has no known influence on the respiratory problems in RS. The corresponding tetrahedron 
volume measurement, which is defined by points that are hardly influenced by subcutaneous 
tissue, represents the bony structures of the mandible more closely. As the size of the mandible 
itself is assumed to be a major factor in determining respiratory problems in RS we decided to 
use as an objective measure half the volume of the tetrahedron demarcated by the lines linking 
the defining landmarks, corresponding to one half of the mandible. If marked asymmetry is 
present in a patient’s mandible, as for instance occurs in oculo-auriculo-vertebral (Goldenhar) 
syndrome, one can also determine the size and growth in each side of the mandible separately. 
We have named this tetrahedral mandibular volume.

Results

Patient characteristics
The main characteristics of the 16 participating patients are provided in Table I. Of four isolated 
patients, 4 Stickler patients and 4 patients with other syndromes one 3D scan was available of 

Table I. Patient Characteristics of 16 Participants with Robin Sequence in Present Pilot Study

Patient id Gender Race entity

Age* (picture)

no1 no2 no3 no4

16 F Caucasian Isolated 119

35 M Caucasian Isolated 83

41 F Caucasian Isolated 77

53 F Caucasian Isolated 30

13 F Caucasian Stickler s. 124

34 M Caucasian Stickler s. 88

37 F Caucasian Stickler s. 75

52 F Caucasian Stickler s. 30

10 M Caucasian Schillbach-Roth s. 135

23 M Caucasian FHUS 109

36 F Caucasian RAD21-Cornelia de Lange Like 89

51 M Caucasian Schilbach-Roth s, 36

50 M Caucasian Isolated 1 4 7 12

38 M Indonesian/ Caucasian Stickler s. 2 6 9 11

4 M Caucasian /Creole Treacher Collins s. 1 4 7 18

59 F Caucasian Isolated 0 3 5 11

* Age in months
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each patient, and in addition four 3D scans in the first year of life were obtained of 2 isolated 
patients, one with Stickler syndrome and one with Treacher Collins syndrome.

RS patients with different etiology
The face signature is visualized as a colour heat map using red/green/blue to depict surface 
contraction/coincidence/expansion in the normalized comparison respectively. The extremes 
of the red-blue heat map scale are “less than –3” and “greater than +3” standard deviations 
respectively. As expected, the signature heat maps of the 4 patients with isolated RS show dif-
ferences from one another, as the etiology of isolated RS is markedly heterogeneous. In Figure 
IIa, the signature graph with heat maps of scans of the 4 patients with isolated RS, the 4 with 
Stickler syndrome, and the 4 with one of the other syndromes are compared to one another. It 
demonstrates the resemblance of the 4 individuals with the same entity (Stickler syndrome) and 
differences with the isolated RS patients and those with other syndromes. In addition the dif-
ferences between the patients with different syndromes are well delineated. The facial signature 
graph of the RS patients shows as expected that the faces of all RS patients are outliers at the 
periphery with the least dysmorphic controls placed more centrally (Fig.IIb). When comparing 
the mandibular volume of RS patients to that of controls the small jaw volume after birth is 
visible (Fig. III). In addition it shows that the jaw grows in a variable way subsequently leading 
to still a small jaw or even to a large jaw at a later age.

•	 Isolated

•	 Stickler s.

•	 Treacher Collins

•	 Schillbach-Roth s.

•	  RAD21- Cornelia 
de Lange-Like s.

Figure IIa. Facial Signature Graph of 16 Patients with Robin Sequence with a Different Cause. Please note that patients with 
the same entity group together.
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•	 
Isolated

•	 
Stickler s. 

•	 Treacher Collins

•	 Schillbach-Roth s.

•	  RAD21- Cornelia 
de Lange-Like s.

Figure IIb. Facial Signature Graph Showing 16 Patients with Robin Sequence Compared to the Control Group (n=387). 
Please note the RS patients are each time located outside the normal range (control values).

0

20

40

60

80

100

120

0 2 4 6 8 10 12

MALE CONTROLS
38_Pt
4_Pt
50_Pt
10_Pt
23_pt
34_Pt

Male 

0

20

40

60

80

100

120

0 2 4 6 8 10 12

FEMALE CONTROLS
13_Pt
16_pt
36_pt
37_pt
41_Pt
52_pt

Female 

Years 

Figure III. Mandibular Volume in 16 Patients with Robin Sequence Compared to Mandibular Volume in Controls (n=387).
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facial growth in RS patients in the fi rst year of life
Figure IV shows the signature heat maps of isolated RS and Stickler syndrome patients from 
different ages. The severity of mandibular hypoplasia is different and does not seem age 
dependent in these patients. Also it demonstrates the changes over time in the heat maps of a 
single patient with isolated RS, Stickler syndrome and Treacher Collins syndrome. The gradual 
growth of the mandible over time is clearly visible in the isolated RS and the Stickler syndrome 
patient, while the underdevelopment of the malae is also well visible. In the Treacher Collins 
patient, no large facial changes seem to appear in the heat map.
The mandibular volume growth seems to be comparable to the control group in the isolated 
patient, the mandibular of the Treacher Collins patients grows along the same growth line as 
the controls, but remains very low volume and does not seem to show catch-up growth, while 
the Stickler patient possibly does show catch-up growth with a somewhat steeper ascending 
growth trajectory (Fig. III).
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Figure IV. Signature heat-maps of RS patients. A. Four different patients with isolated RS at different ages. B. Four different 
Stickler syndrome patients at different ages. C. One patient with isolated RS at different ages. D. One Stickler syndrome 
patients at different ages. E. One Treacher Collins syndrome patient at different ages.
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discussion

The present pilot-study demonstrates the usability of 3D facial photogrammetry and analysis to 
objectify facial signs. Mandibular size can be easily and objectively determined using tetrahedral 
mandibular volume as a sign. The absolute mandibular size can be compared to normal values 
and small changes over time can be objectively determined. Heat maps enable visualization 
of facial comparisons of RS patients to controls in all three dimensions at a glance. Signature 
graphs enable visualization of the degree of similarity of facial dysmorphism of RS patients 
with differing pathogeneses. Signature graphs combining patients and controls delineate the 
relative degree and location of facial dysmorphism of different RS pathologies to each other and 
to controls. These different ways of depicting facial dysmorphism are useful both for research 
and for patient care.
The normal values we have used in the present pilot study were obtained from Caucasian 
controls from the UK. We realize that there are differences between our patients and individuals 
from the UK [Hopman et al., 2014], we lack sufficient controls to allow for normal values from 
each of these countries separately. It is at present uncertain however whether the mandibular 
volume differs significantly between the two populations, as this was not for all facial character-
istics [Hopman et al., 2014]. We have initiated a study to obtain a large number of individuals from 
the Netherlands in infancy and childhood. In particular, 3D facial images of infants below 1 year 
of age are lacking, while these are needed to determine normal growth of the mandible over 
time at this age. Fortunately, the change in mandibular volume over time is not dependent on 
the availability of normal values and for our current aims 3D facial analysis is already usable.
We have hypothesized that the pathogenesis of the RS has significant consequences for the 
postnatal growth of the mandible, and also for the growth of the mandible after an intervention 
[Basart et al., 2015b]. The possibility of catch-up growth in RS patients has been widely debated 
[Figueroa et al., 1991; Daskalogiannakis et al., 2001]. In our opinion, there is no general catch-up 
growth in RS but it depends on the underlying pathogenesis. A small mandible, which is caused 
by extrinsic intra-uterine pressure and is relieved after birth, shows significant catch-up growth 
postnatally [Moh et al., 2012].
This would allow a more conservative management to have an excellent outcome. Similarly, a 
small mandible due to a malformation has a high chance of having a normal growth potential 
postnatally, but will not show a marked catch-up growth [Hennekam et al., 2013].
More invasive treatment is likely needed, but it may be anticipated that post-treatment growth 
will be good. On the contrary, child with a small mandible as part of a dysplasia, such as Stickler 
syndrome, may show completely different patterns of growth depending on the nature of the 
dysplasia, and also growth after treatment may differ from what can be expected in normal 
tissue, as tissues remain abnormal. Our understanding of the pathogenesis in RS is still limited 
[Basart et al., 2015b]. It may also be that pathogenesis is unexpectedly different from what has 
been anticipated. An example of this is Marfan syndrome in which the phenotype was at first 
thought to be derived from FBN1 being part of connective tissue, so a dysplasia, but later on 
most manifestations were ascribed to a disturbed functioning of TGFB-R2 [Morisaki and Morisaki, 
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2015]. Therefore, it will be useful to determine spontaneous growth of the mandibular volume 
in series of individuals with specific causes for their RS, as this may indicate important clues for 
the pathogenesis of the RS. We have initiated a long-term study in three Dutch tertiary hospitals 
in which RS patients are followed using a fixed time schedule of 3D facial photogrammetry 
from birth until 18 years of age. Both spontaneous growth and growth after various treatment 
modalities will be studied.
We conclude that 3D facial photogrammetry can be used to determine not only the general 
facial characteristics but also the volume of the mandible in an objective manner. Changes 
over time within a single patient with RS can already be determined at present, comparisons 
with normal values will need image acquisition, especially in the first year of life. 3D facial 
photogrammetry will be useful in objectively diagnosing the degree of micrognathia in RS 
patients, evaluate outcomes of various management modalities, and together with studies on 
the pathogenesis of RS may clarify the debate on mandibular catch-up growth.



86 Part 2 | Objectifying Robin Sequence

5

Abel F, Bajaj Y, Wyatt M, Wallis C. 2012 The successful use of the 
nasopharyngeal airway in Pierre Robin sequence: an 11-year 
experience. Arch Dis Child 97: 331-334.

Basart H, Kruisinga FH, Breugem CC, Don Griot JP, Hennekam 
RC, Van der Horst CM. 2015a. Will the right Robin patient 
rise, please? Definitions and criteria during management of 
Robin sequence patients in the Netherlands and Belgium. J 
Craniomaxillofacial Surg 43: 92-96.

Basart H, Paes EC, Maas SM, van den Boogaard MJH, van Hagen 
JM, Breugem CC, Cobben JM, Don Griot JPW, Lachmeijer AMA, 
Lichtenbelt KD, van Nunen DPF, van der Horst, CMAM, Hen-
nekam RC. 2015b. Etiology and Pathogenesis of Robin Sequence 
in a large Dutch Cohort. Am J Med Genet 167A: 1983-1992.

Basart H, König AM, Bretschneider JH, Hoekstra CE, Oomen 
KP, Pullens B, Rinkel RN, van Gogh CD, van der Horst CM, 
Hennekam RC. 2015c. Awake flexible fiberoptic laryngoscopy 
to diagnose glossoptosis in Robin Sequence patients. Clin 
Otolaryngol (Epub ahead of print).

Daskalogiannakis J, Ross RB, Tompson BD. 2001. The mandibular 
catch-up growth controversy in Pierre Robin sequence. Am J 
Orthod Dentofacial Orthop 120: 280-285.

Figueroa AA, Glupker TJ, Fitz MG, BeGole EA. 1991. Mandible, 
tongue, and airway in Pierre Robin sequence: A longitudinal 
cephalometric study. Cleft Palate Craniofac J 28: 425-434.

Gwilliam JR, Cunningham SJ, Hutton TJ. 2006. Reproducibility of 
soft tissue landmarks on three-dimensional facial scans. Eur J 
Orthod 28: 8-15.

Hammond P, Hutton TJ, Allanson JE, Campbell LE, Hennekam RC, 
Holden S, Patton MA, Shaw A, Temple IK, Trotter M, Murphy KC, 
Winter RM. 2004. 3D analysis of facial morphology. Am J Med 
Genet 126A: 339-348.

Hammond P. 2007. The use of 3D face shape modelling in 
dysmorphology. Arch Dis Child 92: 1120-1126.

Hammond P, Suttie M. 2012. Large-scale objective phenotyping of 
3D facial morphology. Hum Mutat 33: 817-825.

Hammond P, Suttie M, Hennekam RC, Allanson J, Shore EM, 
Kaplan FS. 2012. The face signature of fibrodysplasia ossificans 
progressive. Am J Med Genet 158A: 1368-1380.

Hammond P. 2013. Growth hormone, gender and face shape in 
Prader-Willi syndrome. Am J Med Genet 161A: 2453-2463.

Hennekam RC, Biesecker LG, Allanson JE, Hall JG, Opitz JM, Temple 

IK, Carey JC. 2013. Elements of Morphology: General terms for 
congenital anomalies. Am J Med Genet 161A: 2726-2733.

Hopman SM, Merks JH, Suttie M, Hennekam RC, Hammond P. 2014. 
Face shape differs in phylogenetically related populations. Eur J 
Hum Genet 22: 1268-1271.

Hutton TJ, Buxton JF, Hammond P. 2003. Estimating average growth 
trajectories un shape-space using kernel smoothing. IEEE Trans 
Med 22: 747-753.

Izumi K, Konczal LL, Mitchel AL, Jones MC. 2012. Underlying 
genetic diagnosis of Pierre Robin sequence: retrospective chart 
review at two children’s hospitals and a systematic literature 
review. J Pediatr 160: 645-650.

Jarrahy R. 2012. Controversies in the management of neonatal 
micrognathia: to distract or not to distract, that is the question. J 
Craniofacial Surg 23: 243-249.

Mackay DR. 2011. Controversies in the diagnosis and management 
of the Robin sequence. J Craniofacial Surg 22: 415-420.

Meyer AC, Lidsky ME, Sampson DE, Lander TA, Liu M, Sidman 
JD. 2008. Airway interventions in children with Pierre Robin 
Sequence. Otolaryngol Head Neck Surg 138: 782-787.

Moh W, Graham JM jr, Wadhawan I, Sanchez-Lara PA. 2012. 
Extrinsic factors influencing fetal deformations and intrauterine 
growth restriction. J Pregancy 2012: 750485.

Morisaki T, Morisaki H. 2015. Genetics of hereditary large vessel 
diseases. J Hum Genet Oct [Epub ahead of print].

Nederlandse Vereniging voor KNO-heelkunde en Heelkunde van het 
Hoofd-Halsgebied. 2013. Richtlijn OSAS bij Kinderen.

Paes EC, van Nunen DP, Basart H, Don Griot JP, van Hagen JM, van 
der Horst CM, van den Boogaard MJ, Breugem CC. Birth preva-
lence of Robin sequence in the Netherlands from 2000-2010: A 
retrospective population-based study in a large Dutch cohort and 
review of the literature. Am J Med Genet 167A: 1972-1982.

Price KE, Haddad Y, Fakhouri WD. 2015. Analysis of the relationship 
between micrognathia and cleft palate: A systematic review. Cleft 
Palate Craniofacial J [Epub ahead of print].

Pruzansky S, Richmond JB. 1954. Growth of mandible in infants 
with micrognathia. Am J Dis Child 88: 29–42.

Suri S, Ross RB, Tompson BD. 2010. Craniofacial morphology and 
adolescent facial growth in Pierre Robin sequence. Am J Orthod 
Dentofacial Orthop 137: 763-774.

References


