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Background: Localized scleroderma (LoS) is an autoimmune disease in which craniofacial lesions can cause 
severe facial deformities with brain involvement. Objective evaluation of craniofacial LoS is challenging. 
Magnetic resonance imaging (MRI) may be used as a damage assessment tool. This study aimed to analyze 
the tissue involvement of craniofacial LoS based on MRI and evaluate MRI for craniofacial LoS assessment. 
Methods: This cross-sectional study included patients with craniofacial LoS from September 2021 to 
August 2022 in Peking Union Medical College Hospital. Patients who were clinically assessed in a stable 
phase were enrolled; patients with previous surgical treatment or contraindications to MRI were excluded. 
Participants underwent clinical, MRI, and ultrasound assessments. MRI was compared with ultrasound by 
correlation analysis and Bland-Altman analysis. The involvement of different tissues and different facial 
subunits was compared. The accumulated soft tissue atrophy index (ASTAI) was compared with clinical 
scores by correlation analysis. 
Results: A total of 28 patients were included (13 female; mean age, 18 years). MRI showed a good 
correlation and agreement with ultrasound (r=0.916, P<0.001). In different facial subunits, a significant 
negative correlation between the forehead and chin was found (r=−0.593, P=0.001). The ASTAI correlated 
well with the facial LoS damage index (r=0.580, P=0.001) and the Peking Union Medical College LoS facial 
aesthetic index (PUMC LoSFAI) (r=0.921, P<0.001). A total of 38.6% of clinical scores were inaccurate 
based on MRI. Neurological changes were found in one patient.
Conclusions: MRI can reliably quantify damage in craniofacial LoS, and may serve as a useful and 
objective tool for overall craniofacial LoS evaluation. 
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Introduction

Localized scleroderma (LoS) is a rare acquired autoimmune 
disorder characterized by inflammation, sclerosis and 
atrophy of the skin and underlying tissue (1). Unlike in 
systemic sclerosis (SSc), the skin and subcutaneous soft 
tissue are affected in most instances of LoS, while visceral 
involvement is absent. Although it is considered relatively 
benign in most cases, LoS can cause severe deep damage, 
especially in the craniofacial region (2).

Craniofacial LoS can involve the skin, subcutaneous fat, 
facial muscles, bones and brain, which leads to different 
degrees of cosmetic damage and sometimes even functional 
disorders (2-5). En coup de sabre (ECDS) and Parry-
Romberg syndrome (PRS, also known as progressive 
hemifacial atrophy) are two typical and indistinguishable 
forms of craniofacial LoS. Regardless of the form, 
craniofacial LoS occurs unilaterally in most cases. The 
precise and thorough evaluation of activity and damage is 
the premise of disease management. Numerous methods 
have been applied in condition evaluation and monitoring, 
such as the Localized Scleroderma Cutaneous Assessment 
Tool (LoSCAT) (6,7), traditional or three dimensional (3D) 
photography (8,9), infrared thermography (10), laboratory 
tests (11), ultrasonography (12-14), and magnetic resonance 
imaging (MRI) (4,15-17). Considering the particularity 
of the craniofacial region, specific methods are needed 
for evaluation (4,9,17). Previously, we developed a clinical 
scoring system called the Peking Union Medical College 
LoS facial aesthetic index (PUMC LoSFAI) for LoS 
aesthetic impairment (18). Nevertheless, there is a lack of 
a comprehensive and objective craniofacial LoS assessment 
method, and current methods are insufficient for deep tissue 
assessment.

MRI may detect underlying neurological involvement 
and is recommended for evaluation by the Single Hub and 
Access point for pediatric Rheumatology in Europe (19)  
and the European Dermatology Forum S1-guideline (20).  
However, the information provided by MRI in the 
craniofacial region beyond central nervous system (CNS) 
involvement is often ignored in making diagnoses.

In this study, we performed a quantitative assessment 
of craniofacial LoS based on MRI, explored its clinical 
significance by comparing it with ultrasound and clinical 

assessments, and explored the disease characteristics in 
different facial subunits at different levels. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-980/rc).

Methods

Patients and clinical assessment

This cross-sectional study was approved by the institutional 
review board of Peking Union Medical College Hospital (No. 
I-22PJ352) following the Declaration of Helsinki (as revised 
in 2013). All patients or the legal guardians for adolescent 
patients provided written informed consent for the study 
procedures, which included MRI scans, ultrasonography 
and photography. A total of 28 patients were included from 
September 2021 to August 2022 (Figure 1), and all patients 
were diagnosed with LoS and classified according to the 
Padua criteria by dermatologists (21). Patients who were 
in the active phase and had undergone previous surgical 
treatment were excluded. Patients who could not undergo 
MRI were also excluded. In this study, linear scleroderma 
of the head (ECDS and PRS) and other types of morphea 
located on the head were considered as craniofacial LoS. All 
patients underwent long-term treatment at our hospital and 
were clinically judged to be stationary by a multidisciplinary 
team consisting of dermatologists, plastic surgeons and 
radiologists. After careful clinical evaluation, the patients 
were rated using the LoSCAT, which includes the modified 
LoS severity index (mLoSSI) and LoS Damage Index 
(LoSDI). The PUMC LoSFAI, based on both local and 
overall assessment, was used for detailed damage assessment. 
No active changes were found on ultrasound (12) or MRI (15).

MRI scan protocols

MRI was performed using a 3.0 T (MAGNETOM Vida, 
Siemens Healthineers, Erlangen, Germany). The 3D Dixon 
T1W imaging was obtained with a gradient echo sequence 
(GRE). The acquisition voxel and reconstruction voxel were  
1.14 mm/1.14 mm/1.00 mm. The fat, in-phase, opposed-
phase, and water images were obtained by 3D Dixon T1-
weighted (T1W) sequences. Transverse, sagittal and coronal 
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images were reconstructed from this 3D T1W image for 3D 
rendering and measurements as previously described (22).  
The regular 2D T1W and T2-weighted (T2W) Dixon 
turbo spin echo (TSE) with transverse orientation were 
also applied for CNS evaluation (the whole scan duration: 
10 minutes). After the examination, the DICOM data 
were exported and adjusted again to confirm that the 
orientation of the axial image was parallel to the Frankfurt 
plane (Figure 2). The measurements and adjustments of 
the data were performed in 3D SLICER software version 
5.0.3 (www.slicer.org) for Windows (23). Image evaluation 

was performed in collaboration by a radiologist specialized 
in craniofacial MRI and a plastic surgeon specialized in 
LoS (both with over 10 years of work experience). In 
cases of persistent disagreement, a senior plastic surgeon 
participated in the discussion and unified the conclusion. 
Figures 3,4 provide examples of MRI measurements of two 
patients with facial involvement mainly in the upper-middle 
and middle-lower areas.

Soft tissue assessment

For the assessments of skin and subcutaneous soft tissue, 
the facial surface was divided into six subunits, including the 
forehead, temporal, periocular, cheek, nose, and chin (18). 
The full-thickness soft tissue was measured on the affected 
side of the most severe axial section and the contralateral 
side. Due to the irregular shape of the nose, the most 
severely involved soft tissue on the surface of the nasal 
bone was measured. For patients with cheek involvement, 
the thicknesses of the masseter muscle were measured at 
the plane over the anterior nasal spine. For patients with 
temporal involvement, the temporalis muscle thicknesses 
were measured at the level of the orbital roof (24) (Figure 3).

The atrophy index was used to express the involvement 
relative to the unaffected side for different soft tissue 
comparisons: Ind. = (N − D)/N (Ind.: index of atrophy, N: 
normal side, D: disease side).

The soft tissue atrophy assessments by the LoSDI and 
PUMC LoSFAI were divided into four grades: grade 0 for 
no loss, 1 for mild loss, 2 for moderate loss, and 3 for severe 

Initial recruitment (n=48):
Patients who were assessed as 

inactive by dermatologists (between 
September 2021 and August 2022)

29 patients remained

Previous surgical treatments (n=19):
•�17 patients underwent 
autologous fat grafting

•�2 patients underwent free tissue 
flap grafting

Magnetic resonance imaging 
contraindications (n=1):
• 1 patient had metal braces

28 patients were finally enrolled

Figure 1 Flow diagram of patient enrollment.

Figure 2 Illustration of MRI measurements. This figure shows the MRI measurement of a 16-year-old male patient with craniofacial 
LoS, which mainly affected the upper and middle face. The images were calibrated according to the Frankfurt plane before starting the 
measurement by comparison with the 3D rendering model. MRI, magnetic resonance imaging; LoS, localized scleroderma; 3D, three 
dimensional.

http://www.slicer.org
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Figure 3 Illustration of MRI measurements of the upper and middle face. This figure shows the MRI measurement of the patient in Figure 2. 
Total soft tissue thickness of the most affected side (red) and normal side (yellow) was measured symmetrically in the forehead (A), periocular 
(B), temporal (B), nose (C) and cheek (D) subunit. The thicknesses of the masseter (D) and temporalis (B) muscles were measured in 
patients with cheek and temporal involvement. For bony structures, the thickness of the frontal bone was measured at the most affected and 
contralateral positions (purple in A). The retraction of the supraorbital ridge was measured at the most prominent and contralateral affected 
point (purple in B). ANP, anterior nasal spine; MRI, magnetic resonance imaging.

Figure 4 Illustration of MRI measurements of the middle and lower face. This figure shows the MRI measurement of a 14-year-old female 
patient with craniofacial LoS that mainly affected the middle and lower face. Bilateral mandibular ramus and body measurements were 
performed in the 3D model after positioning the pogonions, gonions and condyle superior poles on the affected and healthy sides (A). Total 
soft tissue thickness of the chin was measured at the most affected level (B). The inward and posterior shift of maxillozygions was measured 
by comparing the affected and normal sides (C), as well as the inward shift of zygions (D). Go, Gonion; Pog, Pogonion; MRI, magnetic 
resonance imaging; LoS, localized scleroderma; 3D, three dimensional.
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Table 1 Anatomy landmarks for MRI and ultrasound measurements and descriptions 

Measurement Anatomy landmarks Description

MRI ANP The most anterior point of lower margin of the anterior nasal opening

Zygion The most lateral point on the zygomatic arch

Maxillozygion The most prominent point on the frontal aspect of the face below the bony orbit

Pog The most anterior point on the contour of the mandible

Go The most inferior, posterior, and lateral point on the angle of the mandible

Condyle superior pole The most superior point of mandible condyle

Ultrasound Frontal eminence The most anterior point of the forehead (centered on eyepupil)

Inferior malar Centered on the eyepupil, just under the zygomatic process

Mental tubercle anterior The most prominent point on the lateral bulge of the chin mound

MRI, magnetic resonance imaging; ANP, anterior nasal spine; Pog, Pogonion; Go, Gonion.

loss. For comparison, MRI assessments were also divided 
into four grades: 0 (Ind. =0), 1 (Ind. <0.333), 2 (0.333< Ind. 
<0.666), 3 (Ind. >0.666) (7,18).

Bony structure assessment

On the upper face, the thickness measurements of the 
frontal bone at the most affected and contralateral sites 
were compared for patients with forehead involvement. 
The retraction of the supraorbital ridge was measured at 
the most prominent point. On the midface, the difference 
in the distance of the maxillozygion from the midline and 
the degree of posterior displacement was measured to assess 
zygomaticomaxillary complex involvement. Differences 
between the distance of the bilateral zygion relative to the 
midline were used to assess atrophy of the affected side of 
the zygomatic arch (25). The difference in the distance from 
the pogonion to the gonion bilaterally reflected atrophy 
of the mandibular body length, and the distance from the 
gonion to the condyle superior pole represented atrophy of 
the mandibular ramus length (26) (Figure 4). The anatomical 
landmarks and detailed discerptions are listed in Table 1.

Ultrasonography assessment

An ultrasound assessment was performed on 17 patients 
(cumulative total of 26 sites) on the forehead, cheek or 
chin (E-cube 7, Alpinion, with a 17H transductor, Seoul, 
Korea). Referring to a previous similar ultrasound study (13),  
the frontal, cheek, and chin involvement was measured  
(Figure 5A). Since these fixed points were not necessarily 

the most severely affected areas, the most severely affected 
areas of the lesion on the horizontal line over the fixed 
points were used for the measurements, and the atrophy 
index was used for comparison. The anatomical landmarks 
are listed in Table 1. MRI measurements took 5–15 minutes 
and ultrasound measurements take 2–5 minutes per patient, 
depending on the extent of lesion.

Statistics

All measurements by MRI and ultrasound were assessed in 
triplicate independently by three experienced physicians, 
and the mean was used for analysis. Intraclass correlation 
coefficients (ICC) were calculated to estimate the reliability 
of the three different researchers (inter-rater ICC). The 
same measurements were repeated one week later, and ICC 
(intra-rater ICC) of means were also calculated for test-
retest reliability. The clinical data were summarized using 
descriptive statistics. Correlation analyses and matrices 
were conducted using Pearson correlation coefficients (r). 
The Bland-Altman analysis was used to test the difference 
between MRI and ultrasound measurements. In the 
correlation matrix, the atrophy indices were defaulted to 
0 for uninvolved subunits, and r was shown only in the 
results where there was a significant correlation. The 
cumulative bar chart was arranged in increasing order, with 
the horizontal axis indicating the patient ID number (e.g., 
P01 for patient number 01). There were no missing data. A 
value of P<0.05 was considered statistically significant for 
all tests (two-sided). All statistical tests were conducted in R 
version 4.1.1 (https://www.R-project.org/) for Windows, R 

https://www.R-project.org/
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Figure 5 Comparison of ultrasound and MRI for soft tissue assessment. The ultrasound measurements of the forehead, cheek, and chin was 
shown (A). Yellow arrows indicate soft tissue thickness. There was a significant correlation between MRI- and ultrasound-based atrophy 
indices (B). The Bland-Altman analysis showed good agreement between MRI and ultrasound measurements (C). MRI, magnetic resonance 
imaging; cm, centimeter; SD, standard deviation.

Core Team [2021], Vienna, Austria.

Results

Patient information

Between September 2021 and August 2022, 48 patients were 
initially evaluated by dermatologists as being in the stable 
phase, of whom 17 had previous autologous fat grafting 
treatments, two had previous free tissue flap treatments, 
and one had metal braces, and 28 patients with inactive 
craniofacial LoS were finally enrolled (Figure 1). The 
majority had a pediatric onset (82.1%). The median (P25, 
P75) age of all patients was 18 (15.25, 23.25) years old. The 
proportion of male patients (n=15, 53.6%) was slightly higher 
than that of female patients (n=13, 46.4%). ECDS (n=15, 
53.6%) was the most common subtype. The clinical scores 
and additional characteristics are presented in Table 2.

Comparison between MRI and ultrasound

To our knowledge, there were no previous studies related 
to MRI measurement of craniofacial LoS, but ultrasound 
is widely used for the measurement of facial LoS (13); 
therefore, ultrasound was used for comparison. Both 
MRI and ultrasound measurements showed good inter-
rater reliability [ICC =0.873, 95% confidence interval 
(CI): 0.823–0.923; ICC =0.783, 95% CI: 0.703–0.863, 
respectively] and intra-rater reliability (ICC =0.891, 95% 
CI: 0.831–0.951; ICC =0.792, 95% CI: 0.712–0.872, 
respectively). The soft tissue involvement indices measured 
by ultrasound and MRI were compared because it was 
difficult to ensure that the same location was captured. 
The results showed a significant correlation between the 
findings of 26 ultrasounds and MRI at the corresponding 
regions (r=0.916, P<0.001) (Figure 5B). MRI and ultrasound 
showed excellent agreement in Bland-Altman plot analysis. 
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The differences in mean variations were within ±1.96 SD 
(standard deviation) of the mean in all patients (Figure 5C).

Soft tissue involvement of facial subunits

Of the 28 patients, 21 (75%) patients had forehead area 
involvement, 10 (35.7%) patients had temporal involvement, 
17 (60.7%) patients had involvement of the periocular area, 
11 (39.3%) patients had cheek involvement, 16 (57.1%) 
patients had nasal involvement, and 13 (46.4%) patients had 
chin involvement. Compared to the MRI measurements, 
a total of 38.6% of clinical scores were inaccurate, with 
26.1% of scores being overestimated and 12.5% of scores 
being underestimated (Table 3). For example, in cases with 
severe bony involvement, soft tissue involvement may have 
been overestimated. As shown in Figure 6, MRI showed the 
same degree of soft tissue involvement, but a higher clinical 
score was rated for P17 in the clinical evaluation.

A correlation matrix was constructed based on the atrophy 
index to explore the potential correlation between the 
degree of atrophy of different facial subunits (Figure 7A).  
The correlation analysis of the severity of different 
involvement sites revealed significant positive correlations 
between the forehead and periocular (r=0.517, P=0.005), 
temporal and cheek (r=0.744, P<0.001), periocular and nose 
(r=0.648, P<0.001), and cheek and chin (r=0.526, P=0.004) 
involvement and significant negative correlations between 
the forehead and chin (r=−0.593, P=0.001).

The soft tissue involvement indices of the six anatomical 
subunits were accumulated to represent the overall 
involvement [accumulated soft tissue atrophy index (ASTAI)] 
(Figure 7B). The ASTAIs of 28 patients were distributed 
from 0.2963–2.3972. For comparison, the values of the facial 
LoSDI were distributed from 3 to 9, and the values of the 
PUMC LoSFAI were distributed from 5 to 40. We correlated 
ASTAI with the facial LoSDI (r=0.580, P=0.001) as well as 
the PUMC LoSFAI (r=0.921, P<0.001) and found significant 
positive correlations for both (Figure 8).

Assessment of deep tissue

First, we compared the extent of full soft tissue involvement 
with muscle tissue involvement in both the temporal 

Table 2 Demographic characteristics and clinical information of 
the 28 patients with craniofacial LoS 

Characteristic Value

Onset

Juvenile onset 23 (82.1)

Adult onset 5 (17.9)

Age (years old)

Total 18 [15.25, 23.25]

Juvenile onset 18 [15, 20]

Adult onset 34 [26.5, 37]

Sex

Female 13 (46.4)

Male 15 (53.6)

Subtype

En coup de sabre 15 (53.6)

Parry Romberg 8 (28.6)

Both 3 (10.7)

Neither 2 (7.1)

Extra-facial involvement

Total 6 (21.4)

Extra-facial skin involvement 3 (10.7)

Epilepsy 2 (7.1)

SLE 1 (3.6)

Clinical scores

LoSCAT

mLoSSI 0

LoSDI 6 [4, 7]

Facial LoSDI 6 [4, 7]

PUMC LoSFAI 19 [11.25, 27.25]

This table provides the clinical and demographic information 
of the patients in the cohort. Data are presented as n (%) or 
median [P25, P75]. LoS, localized scleroderma; SLE, Systemic 
Lupus Erythematosus; LoSCAT, Localized Scleroderma 
Cutaneous Assessment Tool; mLoSSI, modified localized 
scleroderma severity index; LoSDI, Localized Scleroderma 
Damage Index; PUMC LoSFAI, Peking Union Medical College 
LoS facial aesthetic index; P25 & P75, 25th and 75th percentile. 
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Table 3 Comparison between soft tissue atrophy assessment by MRI and PUMC LoSFAI 

Variables Forehead (n=21) Temporal (n=10) Periocular (n=17) Cheek (n=11) Nose (n=16) Chin (n=13) Total (n=88)

Higher 9 (42.9) 2 (20.0) 2 (11.8) 8 (72.7) 2 (12.5) 0 23 (26.1)

Lower 2 (9.5) 0 4 (23.5) 0 1 (6.3) 4 (30.8) 11 (12.5)

Total 11 (52.4) 2 (20.0) 6 (35.3) 8 (72.7) 3 (18.8) 4 (30.8) 34 (38.6)

This table shows the comparison of MRI assessment and clinical evaluation of soft tissue atrophy in different facial subunits. Data are 
presented as n (%). Higher (lower): the soft tissue atrophy grade of clinical score is higher (or lower) than MRI assessment; Total: overall 
differences. MRI, magnetic resonance imaging; PUMC LoSFAI, Peking Union Medical College LoS facial aesthetic index.

P
22

P
17

Figure 6 MRI indicates similar cheek soft tissue involvement in two patients with different clinical assessments. This figure shows an 
example of two localized scleroderma patients (P22 and P17) with similar cheek atrophy index that have distinct zygomaticomaxillary bony 
involvements (inward shift of zygion: P22 =1.9 mm, P17 =5.7 mm; inward shift of maxillozygion: P22 =1.5 mm, P17 =4.8 mm; posterior shift 
of maxillozygion: P22 =3.2 mm, P17 =8.9 mm). The cheek involvement of P22 was rated as grade 2 by MRI (cheek atrophy index: 0.639) 
and grade 2 by PUMC LoSFAI. The cheek involvement of P17 was also rated as grade 2 by MRI (cheek atrophy index: 0.639) but grade 3 by 
PUMC LoSFAI (cheek atrophy index: 0.653). This image is published with the patient’s consent (P22, adult) or the patient’s legal guardian’s 
consent (P17, adolescent). MRI, magnetic resonance imaging; mm, millimeter; PUMC LoSFAI, Peking Union Medical College LoS facial 
aesthetic index.
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Figure 7 Analysis of the soft tissue atrophy index. This figure shows that the correlation matrix of the soft atrophy index revealed a negative 
correlation between forehead and chin involvement and a positive correlation between anatomically adjacent facial subunits (A). The ASTAI 
was derived by summing the atrophy indices of the six subunits of the face (B). ASTAI, accumulated soft tissue atrophy index.

Figure 8 Comparison of ASTAI with LoSDI and PUMC LoSFAI. This figure shows that the ASTAI had significant positive correlations 
with facial LoSDI and PUMC LoSFAI. LoSDI, Localized Scleroderma Damage Index; PUMC LoSFAI, Peking Union Medical College 
LoS facial aesthetic index; ASTAI, accumulated soft tissue atrophy index.

(temporalis muscle) and cheek areas (masseter muscle). The 
results showed that there was no significant correlation 
between the total soft tissue atrophy and muscle atrophy. 
No significance was found in the analysis (Figure 9). The 
severity of the soft tissue involvement in different facial 

subunits was then compared with the corresponding bony 
alterations. Since the supraorbital ridge is at the junction 
of the forehead and the periauricular area, the correlation 
between the two areas was analyzed at the same time. The 
results showed that none of the changes in bony structures 
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Figure 9 Comparison of soft tissue atrophy and muscle atrophy. Atrophy of the temporalis and masseter muscles does not correlate with the 
corresponding temporal and cheek regions.

were significantly correlated with the soft tissue atrophy 
indices at the corresponding sites (Figure 10). The bone 
tissue may vary greatly when the soft tissue involvement is 
similar (Figure 6). Zygomatic atrophy was significantly more 
severe in patient P17 than in patient P22.

CNS involvement is an assignable extracutaneous 
involvement of craniofacial LoS. In this study, two patients 
had a history of epilepsy; one was treated surgically, and 
the other improved with medication. None of the patients 
had headaches or migraines. No abnormalities were found, 
except for in the patient who had undergone surgical 
treatment, in which postoperative changes in the left 
cerebral hemisphere, absence of local structures of the left 
parietal lobe and temporal lobe, thinning of the temporal 
lobe gyrus, and expansion of the left lateral ventricle were 
observed.

Discussion

The purpose of this study was to perform an objective 
assessment of craniofacial LoS based on MRI. The results 
showed that MRI can accurately evaluate the damage in 
different facial subunits at different levels and may be used 

as a new damage assessment method that is more accurate 
than clinical assessment. A more accurate assessment will 
help determine the damage and activity, thus providing 
a more accurate basis for the subsequent treatment. In 
addition to screening for brain lesions, regular MRIs can 
help determine if the damage has worsened and thus assist 
in determining whether the disease is stable or active.

To our knowledge, MRI has not been previously used for 
craniofacial LoS severity assessment. The four sets of images 
in the 3D Dixon sequence provided more information than 
the conventional head MRI. The in-phase and opposed-
phase images showed clear soft tissue structures, and the 
borders of bone were easy to locate. Water images can 
detect potential inflammatory edema, and fat images can 
show subcutaneous fat alone, which is valuable for surgical 
repair, such as fat grafting (22). The application of MRI for 
craniofacial LoS assessment has some unique advantages 
over other objective evaluation methods (27). For example, 
computed tomography (CT) can provide a comprehensive 
assessment of bony structure involvement, but radiation 
limits its application. Ultrasound is convenient and 
economical. However, its consistency usually depends on 
the experience of the examiner. Although a combination 
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Figure 10 Comparison of soft tissue atrophy index and bony atrophy. No significant correlation was found between different facial subunits. 
Ind, index; mm, millimeter.

of examinations, such as CT with ultrasound, allows for a 
thorough and objective assessment, our results suggest that 
a single MRI scan allows for a simultaneous assessment of 
the face and the brain.

We analyzed the degree of atrophy of soft tissues in 
different facial subunits and verified that the ASTAI can 
be used as an objective analytical evaluation index for the 
severity of craniofacial LoS by comparing it with the facial 
LoSDI and PUMC LoSFAI. In particular, the PUMC 
LoSFAI had a high correlation coefficient (r=0.921, 
P<0.001), which may be caused by the same facial partition. 
However, 38.6% of the clinical assessments were inaccurate; 
for example, 72.7% of the cases in the cheek region were 
overestimated (Table 3). It is also worth noting that the 
values of the facial LoSDI in this study were concentrated 
between 3 and 9, which made it difficult to distinguish the 
severity.

The correlation analysis between the severity of the 
different subunits showed that the severity of precipitation 
in adjacent subunits was similar, while there was a significant 
negative correlation between the degree of involvement of 
the two most distant subunits, the forehead and the chin, 

suggesting that there may be polarity in the soft tissue 
involvement of craniofacial LoS (i.e., the lesions tend to 
be concentrated in the upper face or lower face). Although 
facial muscles also showed varying degrees of atrophy, they 
were not correlated with the overall degree of soft tissue 
atrophy. In addition, we found that the severity of soft tissue 
atrophy appeared to be uncorrelated with bony tissue. This 
may have been due to the different ages of onset, where 
onset before facial skeletal maturation may lead to more 
severe skeletal damage. Therefore, increased attention 
to skeletal involvement in juvenile patients is needed, as 
severe atrophy of the facial bones increases the difficulty of 
reconstruction surgery. Further studies are needed to assess 
facial skeletal damage.

Clinical manifestations of craniofacial LoS with 
neurological involvement are usually reported as headache, 
seizure, and migraine. In previous studies, hyperintense 
or hypointense signals were found in some patients (4,28). 
However, in our cohort, none of these manifestations 
were found except for in one patient with surgically 
treated epilepsy, possibly due to the small sample size or 
the patients being in a stable state. Another limitation was 
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that the measurements were based on tissue thickness, and 
whether volume changes could better reflect the disease 
needs further investigation.

Conclusions

Our study presents a new use for MRI in evaluating 
craniofacial LoS, and ASTAI can be a useful and objective 
tool for overall craniofacial LoS evaluation. Further studies 
with larger sample sizes and long-term follow-ups are 
needed to verify our findings. 
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