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Abstract

A photoanthropometric method, which enables an objective description of facial structures, was 

used to better delineate the craniofacial characteristics of 29 individuals with Williams syndrome 

(WS; 18 males and 11 females) between the ages of 0 to 10 years, with an average age of 4.0 

years. Facial parameters were measured from strict frontal and profile photographic 35-mm slides 

and compared with other facial measurements from the same face (e.g., palpebral fissure width to 

bizygomatic diameter). Sixteen photoanthropometric craniofacial indices were developed from 20 

measurements (3 from the frontal face, 2 from the eye region, 3 from the nose region, 2 from the 

mouth region, 4 from the profile face, and 6 from the ear region). Based on our measurements of 

29 Williams syndrome individuals, two parameters (e.g. nose length to midface height and 

palpebral fissure width to bizygomatic diameter) were outside the normal range when compared 

with photoanthropometric index standards for age established by Stengel-Rutkowski et al. from 

white control children. Overall, our data supported a high midface height, broad palpebral fissure 

width, broad interalar distance, short length of back of nose, prominent ears with long narrow 

conchae, increased chin height, increased inclination of the ears and a narrow bizygomatic 

diameter in WS patients. These craniofacial parameters (many not previously evaluated in WS 

patients) may become useful for early detection, and aid in the diagnosis and study of the 

development of the characteristic face in Williams syndrome subjects.
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Williams syndrome (WS) is a multiple congenital anomaly syndrome with an estimated 

incidence of 1 in 10 000 births and associated with a distinctive face (so-called “elfin 

facies”) (Preus 1984, Jones 1988, Morris et al. 1988). Cardiovascular disease, particularly 

supravalvular aortic stenosis or peripheral pulmonary stenosis (Williams et al. 1961, Morris 

et al. 1988) and hypercalcemia are additional variable clinical findings (Jones & Smith 1975, 

Jones 1990). The characteristic face of a child with Williams syndrome shows prominent 

lips with a wide mouth, stellate iridae, strabismus, a broad forehead, periorbital fullness, a 

short nose with a flattened nasal bridge, epicanthal folds, a long philtrum and prominent 
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cheeks (Jones 1988, Morris et al. 1988, Kotzot et al. 1995). Other common features include 

short stature, clinodactyly of the fifth digits, mild hallux valgus deformity, a hoarse voice, 

enamel hypoplasia, renal artery stenosis and urogenital anomalies, hyperacusis and learning 

impairment (Jones 1988, Kotzot et al. 1995). Rarer features include autism, umbilical hernia, 

precocious puberty (Scothorn & Butler 1997) and nail hypoplasia. Children with Williams 

syndrome are frequently described as friendly and loquacious with a “cocktail party 

personality” (Jones 1988). Recently, patients with Williams syndrome have been reported 

with a submicroscopic deletion of chromosome 7 using fluorescence in situ hybridization 

(FISH) and elastin gene probes (Ewart et al. 1993, Lowery et al. 1995, Kotzot et al. 1995).

Materials and methods

The photoanthropometric method used in this study follows the protocol established by 

Stengel-Rutkowski et al. (1984) and utilized by Butler et al. (1988) in the study of fragile X 

syndrome and more recently in Prader-Willi syndrome patients (Butler et al. 1995). This 

methodology enables an objective description of facial structures and allows a comparison of 

normative standards for age and race. In the current study we analyzed 20 facial parameters 

including inner canthal distance; palpebral fissure width; bizygomatic diameter; midface 

height; mouth width; nose length; interalar distance; tragionsubnasal, tragion-ophryon and 

tragion-chin distances; ear length and width; conchae length and width; nasolabial distance; 

chin and total face height; ear position; inclination of nasal base and inclination of ear 

insertion line. Facial parameters were measured to the nearest 0.1 mm with a vernier caliper 

for frontal and profile facial views of subjects without restraining or supporting the subject’s 

head, using colored photographic 35-mm slides. The photographs were taken from a 

distance of over 1.5 m from the subject and projected onto a viewing screen. Several 

photographic exposures were taken in order to have the best suitable frontal and profile 

views for analysis.

Twenty-nine Caucasian individuals with WS (18 males and 11 females) were analyzed, with 

an age range of 0–10 years and an average age of 4.0 years. The diagnosis was confirmed 

after clinical evaluation and review of medical history by a clinical geneticist. Only patients 

with classical findings of Williams syndrome (Preus 1984, Jones 1988), particularly those 

with the typical facies including full lips, broad nasal bridge and tip, anteverted nares, 

mental deficiency, hoarse voice, congenital heart disease (e.g., supravalvular aortic stenosis), 

and behavior problems (e.g., loquacious personality), were included in this 

photoanthropometric study. The diagnosis may be difficult to make in young patients (<2 

years of age) with Williams syndrome. Several patients were followed over time in order to 

establish the diagnosis, and photographs were chosen at an early age. FISH analysis using 

the elastin probe from chromosome 7 was performed in approximately one-third of the 

patients, particularly in the younger patients. These patients showed the microdeletion, thus 

confirming the diagnosis. There appeared to be no differences in the photoanthropometric 

data between those patients with the chromosome 7 microdeletion and those patients with 

the clinical diagnosis of Williams syndrome but without FISH analysis.

Facial measurements were compared with other measurements from the face of the same 

individual and indices developed (e.g., mouth width to bizygomatic diameter). Sixteen 
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indices were developed from the 20 measurements (3 from the frontal face, [total face 

height, midface height, bizygomatic diameter], 2 from the eye region [inner canthal distance, 

palpebral fissure width], 3 from the nose region [length of back of nose, inclination of nasal 

base, interalar distance], 2 from the mouth region (nasolabial distance, mouth width), 4 from 

the profile face [tragion-ophryon, tragion-subnasal, chin height, tragion-chin], and 6 from 

the ear region [ear position, inclination of ear insertion, ear length, ear width, conchae 

length, conchae width]). References used in calculating the ratios of indices in this study 

were the bizygomatic diameter as a horizontal reference, the midface or total face height as a 

vertical reference and the tragion-ophryon as a central reference. The measurements were 

obtained by one observer and repeated measurements were taken by this observer over time 

with intraobserver variability of less than 10%, which is similar to other reported 

anthropometric studies (Stengel-Rutkowski et al. 1984, Brandt et al. 1991, Butler & Meaney 

1991, Butler et al. 1995). Pearson product moment correlation coefficients with age, chi-

square values with Yates’ correction, Z scores, averages and standard deviations were 

calculated on the photoanthropometric data. Normative data from Stengel-Rutkowski et al. 

(1984) were used for comparison purposes throughout this study. The coeffcient of variation 

(i.e., the standard deviation expressed as a percentage of the mean) ranged from 3.5% for 

tragion-subnasal to tragion-ophryon to 25.5% for ear position to midface height, with the 

latter index being the only index with a coefficient of variation value greater than 25%. 

According to the standards of reliability and precision described elsewhere (National Center 

for Health Statistics 1973, Brandt et al. 1991, Butler et al. 1995), the coeffcient of variation 

should be less than 25%. Thus, we would conclude that measurement errors did not 

significantly influence the development of our photoanthropometric indices.

Results and discussion

The data from 16 (5 frontals, 11 profiles) craniofacial photoanthropometric indices are 

shown in Table 1. Based on our measurements of 29 Caucasian WS patients (18 males, 11 

females) between the ages of 0–10 years, two Z score mean index measurements were 

outside the normative range (e.g., the calculated overall •Z scores were –2.45 for nose length 

to midface height and 2.00 for palpebral fissure width to bizygomatic diameter) when 

compared with photoanthropometric index standards for age and race established from 

control children (Stengel-Rutkowski et al. 1984). The following differences were also noted: 

high midface height (midface height [ophyron-stomion] to bizygomatic diameter [37% of 

WS patients were greater than or equal to 97th centile], correlation coefficient with age = 

0.50 [p <0.01], chi-square =23.23 [p < 0.0011]); large palpebral fissure width (palpebral 

fissure width to bizygomatic diameter [56% of WS patients were greater than or equal to 

97th centile], correlation coefficient with age = 0.25 [p > 0.05], chisquare = 44.05 [p < 

0.001]); broad interalar distance (interalar distance to bizygomatic diameter [33% of WS 

patients were equal to or greater than 97th centile], correlation coefficient with age 0.49 [p 

<0.01], chi-square= 19.45 [p < 0.001 ]); short length of back of nose (length of the back of 

the nose [deepest point of the nose root-tip of the nose] to midface height [ophryon-stomion; 

43% of WS patients were equal to or less than 3rd centilel, correlation coefficient with age 

0.39 [p > 0.05], chisquare = 21.63 [p <0.001]); long ears (ear length to midface height [47% 

of WS patients were equal to or greater than 97th centile], correlation coemcient with age= –
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0.54 [p<O.05], chi-square=26.07 [p <0.001]); broad ears (width of ears to tragionsubnasal 

[36% of WS patients were equal to or greater than 97th centile], correlation coefficient with 

age= –0.33 [p > 0.05], chi-square= 15.44 [p <0.001]), long narrow conchae (conchae width 

to conchae length [40% of WS patients were equal to or less than 3rd centile], correlation 

coefficient with age= –0.36 [p >0.05], chi-square= 19.89 [p <0.001]); increased chin height 

(height of the chin to total face height [20% of WS patients were equal to or greater than 

97th centile], correlation coeffcient with age= –0.01 [p >0.05], chi-square= 4.57 [p < 0.05]); 

posteriorly rotated ears (inclination of the ear insertion line [47% of WS patients were equal 

to or greater than 97th centile], correlation coefficient with age = 0.30 [p >0.05], chi-square= 

26.07 [p<0.001]). Fig. 1–4 show the photoanthropometric data for the 16 indices grouped by 

craniofacial regions.

In comparing correlation coefficient with age between normative and WS data, discrepancies 

with six indices (interalar distance to bizygomatic diameter, mouth width to bizygomatic 

diameter, nose length to midface height, tragion-subnasal to tragion-ophryon, tragion-chin to 

tragion-ophryon, and ear position to midface height) were found. For example, a distinct 

positive age effect (r = 0.48 [p <0.001]) was reported for tragion-subnasal to tragion-

ophryon for the normative data (Stengel-Rutkowski et al. 1984), while the correlation 

coemcient for our WS data for this index was only 0.13 (p > 0.05). Similarly, the nose length 

to midface height correlation coemcient was 0.71 (p <0.001) for the normative data and 

r=0.39 (p>0.05) for our WS data, and the tragion-chin to tragionsubnasal correlation 

coefficient was 0.52 (p < 0.001 ) for the normative data, whereas it was only 0.24 (p > 0.05) 

for the WS patients. Conversely, interalar distance to bizygomatic diameter had a significant 

correlation coefficient for our WS data (r = 0.49 [p <0.01]), while the correlation coeffcient 

for the normative data was only 0.06 (p > 0.05), and mouth width to bizygomatic diameter 

correlation coeffcient was 0.63 (p <0.001) for the WS data and r = 0.07 (p>0.05) for the 

normative data. A distinct negative age effect (r —0.42 [p<0.001]) was observed for ear 

position to midface height for the normative data, while the correlation coefficient for our 

WS data for this index was positive (r =0.15 [p >0.05]). The remaining indices showed 

nearly identical correlations between the normative data and our WS data (e.g., a positive 

age effect for the inclination of the nasal base for both the normative data [r =0.27 (p <0.01)] 

and our WS data [r =0.26 (p <0.05)]).

Overall, significant correlations with age were found in our WS patients for four indices 

(midface height to bizygomatic diameter, interalar distance to bizygomatic diameter, mouth 

width to bizygomatic diameter, and ear length to midface height), whereas the normative 

data had significant age correlations for ten measurements (midface height to bizygomatic 

diameter, palpebral fissure width to bizygomatic diameter, nose length to midface height, 

tragion-subnasal to tragion-ophryon, tragion-chin to tragion-ophryon, ear length to midface 

height, ear width to tragion-subnasal, conchae width to conchae length, inclination of nasal 

base, and ear position to midface height). Correlation and chi-square values for the 

individual indices for WS and correlation values for the normative group are shown in Table 

1.

Our data support a high midface height, broad palpebral fissure width, broad interalar 

distance, short length of back of nose, prominent ears with long narrow conchae, increased 
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chin height, increased inclination of the ears, and narrow bizygomatic diameter in WS 

patients. The five measurements that are compared to bizygomatic diameter (inner canthal 

distance, midface height, palpebral fissure width, interalar distance, and mouth width) all 

have positive Z scores, indicating larger index values for the WS data than for the normative 

data reported by Stengel-Rutkowski et al. (1984). This suggests a narrow bizygomatic 

diameter. However, the values for midface height to bizygomatic diameter (Z score= 1.34), 

palpebral fissure width to bizygomatic diameter (Z score = 2.00), and interalar distance to 

bizygomatic diameter (Z score= 1.72) reflect an increase in midface height; palpebral fissure 

width, and interalar distance.

Though the data indicate an apparent increase in midface height, the Z score for nose length 

to midface height (–2.45) supports a significantly short nose length in WS patients. Our data 

also suggest prominent ears (e.g., 47% of our WS patients showed the ear length to midface 

height index to be greater than or equal to the 97th centile, and 36% of our WS patients 

showed the ear width to tragion-subnasal index to be greater than or equal to the 97th centile 

when compared with normative data). In addition, in 40% of WS patients the concha width 

to concha length index value was less than or equal to the 3rd centile, suggesting a long, 

narrow concha.

There was no significant difference in the index values between the WS and normative data 

for mouth width to bizygomatic diameter. There was, however, a difference in age 

correlation coefficients. The normative group showed a correlation coefficient of 0.07 

(p>0.05), while the WS group had a distinct positive correlation with age (r =0.63 

[p<0.001]). The average age of the WS patients (4.0 years) could explain the normal values 

for the mouth width to bizygomatic diameter index identified in our study. As the age of a 

WS patient increases, the relative width of the mouth appears to increase.

Our photoanthropometric analysis supports the clinical impression of a long philtrum 

(increased nasolabial distance), a broad nasal bridge (increased inner canthal distance), and a 

small mandible (decreased tragion-chin distance). The findings of a broad interalar distance, 

short nose length, broad forehead, narrow bizygomatic diameter, and prominent• ears have 

been reported elsewhere (Gorlin et al. 1990, Kotzot et al. 1995, Lowery et al. 1995), but the 

observations of wide palpebral fissures, long, narrow conchae, increased chin height and 

posteriorly rotated ears are previously unrecognized traits of individuals with WS. These 

craniofacial parameters (many not previously described in WS patients) may become useful 

in the early detection of WS patients, although more research is needed to better define the 

craniofacial structures and features in individuals with WS.
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Fig. 1. 
Four photoanthropometric craniofacial indices showing data from Williams syndrome 

patients representing the inner canthal distance to bizygomatic diameter, midface height to 

bizygomatic diameter, palpebral fissure width to bizygomatic diameter, and interalar 

distance to bizygomatic diameter. The solid lines represent the 97th and 3rd centiles for 

normative data (Stengel-Rutkowski et al. 1984).
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Fig. 2. 
Four photoanthropometric craniofacial indices showing data from Williams syndrome 

patients representing the mouth width to bizygomatic diameter, length of back of nose to 

midface height, tragion-subnasal to tragion-ophryon, and tragion-tip of chin to tragion-

ophryon. The solid lines represent the 97th and 3rd centiles for normative data (Stengel- 

Rutkowski et al. 1984).
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Fig. 3. 
Four photoanthropometric craniofacial indices showing data from Williams syndrome 

patients representing chin height to total face height, inclination of nasal base, nasolabial 

distance to midface height, and inclination of ear insertion. The solid lines represent the 97th 

and 3rd centiles for normative data (Stengel-Rutkowski et al. 1984).
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Fig. 4. 
Four photoanthropometric craniofacial indices showing data from Williams syndrome 

patients representing ear length to midface height, ear width to tragion-subnasal, conchae 

width to conchae length, and ear position to midface height. The solid lines represent the 

97th and 3rd centiles for normative data (Stengel-Rutkowski et al. 1984).
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