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Abstract 
Glut1 deficiency syndrome is a neurological disease due to impaired glucose transport across blood 
brain barrier. The disease is consequence of mutations on gene SCL2A, encoding for protein GLUT1, 
which is responsible for glucose facilitated diffusion from intracellular to extracellular compartment. 
Mutations of this gene lead to a syndrome characterised by infantile seizures, developmental and 
cognitive delay, movement disorders, microcephaly and hypoglicorrachia. Currently, the diagnosis of 
this condition is clinical and genetic, but the recognition of some craniofacial features typical of the 
patients, and easily observable during a routine medical evaluation, could be of great help for an early 
diagnosis. In order to characterise the phenotype of Glut1 deficiency syndrome (Glut1-DS) patients 
and improve the diagnosis of the disease, a three-dimensional assessment of soft tissue facial 
features was made using stereophotogrammetry. We studied 7 patients with Glut1-DS. The three-
dimensional coordinates of a set of standardised landmarks, previously identified on the face and then 
digitized on the three-dimensional facial reconstructions, were collected and used to calculate 
anthropometric linear distances and angles. Z scores, obtained comparing patients with healthy 
reference subjects, matched for gender, age and ethnicity, were used for comparisons. Results 
showed that Glut1-DS patients have a set of common craniofacial features; most of the anomalies 
were found in the mandible. Glut1-DS patients seem to have a more anterior chin; their mandibular 
body is longer but the rami are shorter, with a reduced gonial angle. Data can be of great interest to 
improve the diagnosis of this syndrome and to allow longitudinal evaluations of facial morphology in a 
safe and not invasive way. Nevertheless further evaluation on a larger sample is advised. 
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1. Introduction 
Recognised by De vivo et al. in 1991, Glut1 deficiency syndrome (Glut-1DS) is a neurological disorder 
characterised by a defective transport of glucose across blood brain barrier [1-4]. Glucose is an 
essential substrate, in particular for brain. In adults, 20% of glucose is used for brain metabolism, 
whereas in children the brain uses up to 80% of whole available glucose [5,6]. 
Glucose transporter type 1 (GLUT1), encoded by SCL2A gene (1p35-31.3), is responsible for 
facilitated transport of glucose across blood brain barrier. Mutations on the gene, mostly transmitted 
as autosomal dominant traits, impair its function, leading to a syndrome whose hallmarks are low 
levels of glucose in cerebrospinal fluid within the context of normoglycaemia [3,7]. 
The phenotype of Glut-1DS patients includes epileptic seizures and movement disorders, especially 
ataxia and spasticity. Furthermore, patients are characterised by developmental delay. All these 
features may be more or less serious, with different degrees of impairment. Patients can also have 
language problems and speech can be delayed [4,8]. 
Currently, patient’s symptoms can be partially controlled through a ketogenic diet, which is necessary 
to mimicry the fasting state. During fast, in fact, the brain must use an alternative energy resource, 
which is represented by ketones, since glycogen storage finishes in minutes. Ketones, indeed, are a 
good alternative to glucose because they are transported into the brain through a different transporter, 
making ketogenic diet a good therapeutic option for keeping seizures under control [9,10]. 
For what concerns diagnosis of Glut-1DS patients, it is nowadays based on the mutational analysis of 
the SCL2A gene or through the analysis of the cerebrospinal fluid (CSF), which will show a condition 
of low glucose levels, despite normal levels in the blood [11].  
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Additionally, patients may also present some alterations in their craniofacial aspect [1,8]. One of the 
most common findings is microcephaly, which depends on the severity of the disease [12]. 
To the best of our knowledge, no detailed quantitative investigations of craniofacial morphology of 
Glut-1DS patients have been published, even if a recent clinical report made on Italian GLUT1-DS 
patients found facial alterations in 18% of analyzed subjects, who had prognathism (a more advanced 
mandible relative to the maxilla, corresponding to a Class III maxillo-mandibular relationships) [8]. The 
authors suggested that prognathism could be a possible gestalt sign of the disease.  
Indeed, a particular facial morphology is characteristic of different syndromes, and its quantitative 
assessment can help in diagnosis [13-15]. For instance, subjects with Down syndrome show a unique 
facial appearance; among the other alterations, there is a particular morphology of the ears, which 
result smaller than in normal subjects. This feature can be appreciated even before birth, through the 
use of ultrasonography [16,17]. Moebius syndrome patients have a more prominent and 
hyperdivergent face in the sagittal plane, smaller mandibular dimensions with a tendency towards a 
Class II maxillo-mandibular relationships (maxillary protrusion associated with mandibular retrusion) 
[18]. Ectodermal dysplasia patients have maxillary and mandibular hypoplasia, a Class III tendency 
with flat or concave facial profile, and a more disharmonious face than controls [19]. 
All these features can be appreciated using anthropometry, that allows the not-invasive, three-
dimensional study of facial morphology in vivo. Classic anthropometry (using callipers and 
protractors) has been successfully replaced by digital anthropometry, where various optical 
instruments can detect and record the facial characteristics without submitting the subjects to painful 
and potentially dangerous examinations [11,12,20-23]. A quantitative assessment of the facial 
characteristics of a given patient relative to those of a group of control subjects matched for sex, age 
and ethnicity, can offer valuable information that can direct the clinician towards more complex, 
expensive and invasive evaluations.  
In the current pilot study we performed a three-dimensional evaluation of the facial soft tissues of a 
group of Italian Glut-1DS patients using a stereophotogrammetric device. The clinical and genetic 
features of these patients had been recently described [8]. We wanted to investigate the possible 
presence of common facial alterations that may be used as “soft” markers of Glut-1DS. 
 

2. Method 
2.1. Patients and reference subjects  
Seven patients (6 females, 1 male) with GLUT1-DS were included in this study. Reference subjects, 
matched with patients for ethnicity, gender and age, were also examined (319 females and 71 males). 
Details of the analyzed patients and subjects are shown in Table 1. All reference subjects did not have 
a previous history of facial trauma, surgery or other anomalies. 
Before the three-dimensional acquisition of the face, the procedure was illustrated and all involved 
subjects gave their written consent to it. For subjects under 18 years of age, written consent was 
given by the parents or legal guardians, and oral consent by the subjects themselves. The procedure, 
which was safe and not invasive, did not imply any risk for the subjects, respected the tenets of the 
Declaration of Helsinki and had obtained the approval of the local ethic committee. 
 

Table 1. Patients included in the study and number of corresponding reference subjects used for comparisons. 

 gender age (years) # of reference subjects 

patient #1 female 27 187 

patient #2 female 18 187 

patient #3 female 8 45 

patient #4 female 8 45 

patient #5 female 13 37 

patient #6 female 3 50 

patient #7 male 38 71 

 
2.2. Data collection and analysis 
We performed data collection using a stereophotogrammetric system, VECTRA M3 (Canfield 
Scientific Inc, Fairfield, USA). The instrument has a 1.2 mm geometry resolution and can reproduce 
three-dimensional facial morphology with a capture time of 3.5 milliseconds. 
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Before the stereophotogrammetric acquisition of the face, an experienced operator marked the face of 
all patients and reference subjects with a set of 50 standardized landmarks (1 mm diameter). 
Landmarks were drawn with a washable and skin-compatible make up eyeliner and were distributed 
on the face, orbits, nose, lips and mouth [22,23]. During the procedure, the subjects sat relaxed and in 
a position suitable for facial landmarks identification. Their facial pictures were then obtained, and the 
system reconstructed the three-dimensional position of facial features.  
Among the complete set of 50 landmarks, 12 were selected, including midline and paired landmarks. 
All landmarks were identified on the three-dimensional reconstruction of the face, their coordinates 
were extracted and a set of measurements was calculated [24].  
Landmarks used in this study and their description are reported in Table 2, while Figure 1 shows their 
position on the face [22]. 
 

Table 2. Landmarks used in this study. 

Abbreviation Landmark Description   
Tr Trichion In the hairline in the middle of the forehead 
N Nasion At the suture between forehead and nose 
Prn Pronasale The most prominent point in the nose 
Sn Subnasale At the end of the columella 
Ls Labiale superius In the midline between upper lip and skin 
Sl Sublabiale In the midline between lower lip and skin 
Pg Pogonion The most prominent point in the chin 
Ch Cheilion Outer labial commissura 
Ex Exocanthion Outer commissura of the eye 
Zy Zygion The most prominent point in the zygomatic arch 
T Tragion In the middle of the tragus 

Go Gonion At the mandibular angle 
 
 

 

Fig. 1. Landmarks digitized on all the subjects. 
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For each subject a set of nine linear distances, one linear distances ratio and nine angular 
measurements was considered. Linear distances were expressed in millimetres, the ratio in 
percentage and the angles in degrees. Table 3 shows the performed measurements. 

 
Table 3. Linear and angular measurements performed; r and l indicate right and left side. 

Distance Description Angle Description 
Tr-N Length of the upper third of the face N-Sn-Pg Facial convexity, except nose
N-Sn Length of the middle third of the face Sl-N-Sn Cutaneous ANB 
Sn-Pg Length of the lower third of the face Tr-N-Tl Upper facial convexity 
Exr-Exl Biocular width Tr-Prn-Tl Middle facial convexity 
Tr-Tl Skull base width Tr-Pg-Tl Lower facial convexity 
Gor-Gol Mandibular width Sn-N-Prn Nasal Convexity 
Pg-T Mandibular sagittal plane depth Gor-Pg-Gol Mandibular convexity 
Pg-Go Mandibular body length Tr-Gor-Pg Right mandibular angle 
T-Go Mandibular ramus length Tl-Gol-Pg Left mandibular angle 
    
Ratio Description   
T-Go/Sn-Pg Posterior to anterior facial heights ratio   

 
Custom computer programs were used to perform all calculations. In particular, from patients 
measurements, z score values were obtained subtracting the average values of reference subjects 
and dividing by their standard deviation [25,26]. 
For patients younger than 18 years of age we used sex and age matched control subjects with an age 
span of two years compared to the patient’s age, while we matched older patients with reference 
subjects of larger age intervals (18-30 years and 31-40 years) [27]. Subsequently, the average z 
scores and their standard deviations were calculated for all measurements.  

3. Results 
Table 4 reports the descriptive statistics of the z scores calculated for linear distances (9 facial 
measurements) and the facial ratio; table 5 reports the descriptive statistics of the z scores calculated 
for angle measurements (9 facial angles). 
Considering that by definition the average z score of controls is 0 and its standard deviation is 1, we 
focused on those mean patient z scores that differed 1.5 SD or more from the control values.  
 

Table 4. Descriptive statistics of the z scores calculated for linear distances and ratio. 
Measurements differing 1.5 SD or more from the reference values are marked with *. 

 Exr-Exl Tr-Tl Gor-Gol Tr-N N-Sn Sn-Pg Pg-T Pg-Go T-Go T-Go/Sn-Pg
Mean -1.7 * -0.5 0.3 0.3 0.7 0.3 -1.8 * 1.8 * -2 * -1.7 * 
SD 1.1 0.8 1 1.2 1.4 1.2 1.1 0.6 1 1.2 
Min -3.4 -1.5 -1.4 -0.9 -1.4 -0.9 -3.3 1.1 -3.1 -3.3 
Max -0.2 0.8 1.7 2.7 1.7 2.7 -0.2 2.7 -0.4 0 

 
Table 5: Descriptive statistics of the z scores calculated for angles. 

Measurements differing 1.5 SD or more from the reference values are marked with *. 

 N-Sn-Pg Sl-N-Sn Tr-N-Tl Tr-Prn-Tl Tr-Pg-Tl Gor-Pg-Gol Tr-Gor-Pg Tl-Gol-Pg Sn-N-Prn 
Mean -0.7 0.5 0 0.3 1.4 -1.7 * -2.2 * -1.7 * -0.4 
SD 0.3 0.6 0.8 0.8 1.2 0.6 1.3 1 0.9 
Min -1.1 -0.3 -1.2 -0.5 -0.2 -2.4 -3.9 -3.1 -1.7 
Max 0.3 1.4 0.9 1.7 2.6 -0.9 -0.8 -0.4 0.8 

 
In comparison with reference subjects, on average Glut-1DS patients had reduced biocular width and 
altered mandibular dimensions. In particular, the largest reduction was observed in the length of the 
mandibular ramus, while mandibular body length was increased. Mandibular depth in the sagittal 
plane, and the ratio between the posterior and anterior facial heights, were also reduced.  
For what concerns angles, GLUT-1DS patients had a reduced mandibular convexity in the horizontal 
plane and smaller right and left gonial angles than reference subjects. 
For both distances and angles, no apparent differences were found between children and adults, who 
had similar patterns of discrepancies vs. their control group. We analysed only one male patient 
(patient #7), and thence no sex comparisons can be made. 
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In general, the patient that differed more from reference values, both for facial distances and for 
angular measurements, was a girl of 3 years of age (patient #6). In contrast, the patient who was less 
distant from reference values was a 18-years-old woman (patient #2). As an example, figure 2 shows  
a comparison between patient #6 and her group of 50 reference subjects paired for ethnicity, gender 
and age. The altered mandibular dimensions can be easily appreciated together with the reduced 
gonial angles. 

 

Fig. 2. Example of facial reconstruction of A) a 3 years old Glut-1DS patient and, B) the average of her 50 
reference subjects; T-Go= ramus of the mandible; Go-Pg= mandibular body.  

3. Discussion 
Anthropometry plays a key role in morphological and morphometric analysis of patients affected by 
different syndromes. Indeed, anthropometry is safe, non invasive and it can be easily performed, 
allowing the comparison between patients and control subjects, matched for ethnicity, gender and age 
[22,26]. 
Among the various instruments and methods used for facial anthropometry, stereophotogrammetric 
systems are among the most suitable for a highly defined reproduction of three-dimensional facial 
morphology, both in healthy subjects and in patients [23,24,28]. Stereophotogrammetry has proved to 
be reliable, precise and repeatable, with a negligible error due to the imaging system [24]. Moreover, 
since the acquisition time is very short, these systems can also be used with children, not completely 
collaborative patients and people with a certain degree of mental retardation, such as Glut-1DS 
patients [23,28]. 
All these qualities of stereophotogrammetric imaging make it the best choice for investigating facial 
features to find “soft” morphological markers that can be used to facilitate syndrome diagnosis even 
on a longitudinal base. 
The current pilot study started from the clinical description of mandibular alterations in Glut-1DS 
patients, that are reported to possess a more prominent mandible and a retrognathic maxilla [8]. A  
small group of patients was therefore recruited and their facial dimensions and angles compared to 
those obtained in reference persons by using z scores. Z scores values (mean value and its standard 
deviation) are well suitable for morphometric analyses, and they are widely used in clinical 
anthropometry to assess single patients. For example, fetal ultrasonographic dimensions can be 
compared with those obtained in the reference population to estimate the probability of chromosomal 
disorders and better direct further, more complex clinical investigations [17,29]. 
The current data show that Glut-1DS patients have a set of common facial alterations from the 
reference population; most of the anomalies were found in the mandible, thus corroborating clinical 
reports [8]. Unfortunately, the lack of previous quantitative investigations on this topic prevents any 
general conclusion about the actual “typical” face of these patients. Only the reduced biocular width 
can be related to the cranial alterations previously reported in literature [12]. Nonetheless, the findings 
are promising, and they may be of help for an early diagnosis, considering that the facial features can 
be easily observed during a general medical inspection. 
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In conclusion, the current group of Glut1-DS patients has a reduced biocular width alongside with a 
reduced mandibular convexity in the horizontal plane with a more anterior chin. Their mandibular body 
is longer but the rami are shorter, with a reduced gonial angle. No specific age-related differences 
were observed, but the reduced number of patients impedes any definitive assertion on the topic. 
Data can be of great interest to improve the diagnosis of this syndrome and to allow longitudinal 
evaluations of facial morphology in a safe and not invasive way. In order to better describe the facial 
morphology of Glut1-DS patients, further evaluations on a larger sample are mandatory, together with 
a detailed assessment of other facial dimensions and characteristics. 
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