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Sonographic characteristics of pilomatricomas

and their association with symptom duration
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Abstract \
This study aimed to investigate the associations between the sonographic findings and duration of symptoms in children with |
pilomatricoma.

This study included 86 children with 95 lesions confirmed to be pilomatricoma after pathological examination. The associations
between symptom duration and sonographic observations, including the presence or absence of peritumoral hyperechogenicity,
calcification, and vascularity were investigated. The internal echogenicity of each pilomatricoma was scored using a 5-point scale
based on echogenic spots and calcification with posterior acoustic shadowing. The Mann-Whitney U and Kruskal-Wallis tests were
used for statistical analysis.

We found that the absence of peritumoral hyperechogenicity and severity of calcification were associated with increased symptom
duration. Calcification, (present, 19.19+18.99 months vs absent, 4.31 +3.24 months; P < .01) and peritumoral hyperechogenicity
(present, 5.02 +5.80 months vs absent, 16.17 +18.24 months; P <.01), and grade of internal echogenicity (grade 0/1/2/3/4 = 3
months [1 patient]/4.33 + 3.26 months [range, 1-12]/4.57 +3.46 months [range, 2—-12]/10.89 + 9.17 months [range, 3-28]/35.27 +
19.16 months [range, 9-60], respectively; P = .01 and <.01) were associated with significant differences in symptom duration. There
were no significant between-group differences in vascularity (6.01 +7.24 months; range, 1-48 vs 15.50+ 19.12 months; range,
1-60; P = .08).

Pilomatricomas with a relatively short symptom duration were more likely to exhibit peritumoral hyperechogenicity and calcification
with less severe posterior acoustic shadowing compared to lesions with a longer symptom duration. These sonographic findings

provided useful information that facilitated the correct and rapid diagnosis of pilomatricoma.

Abbreviation: SD = standard deviation.
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1. Introduction

Pilomatricoma, also known as pilomatrixoma or pilomatricoma
of Malherbe, is a benign tumor arising from hair matrix cells.!"
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It is one of the most commonly occurring superficial mass lesions
in children.** Pilomatricoma usually presents as a lesion that
develops slowly over several months or years, but occasionally
demonstrates rapid growth,!"**= similar to other soft tissue
malignancies such as fibrosarcoma or malignant transformation
of pilomatricoma.®'?! Surgical resection is the treatment of
choice for pilomatricoma, similar to other malignant diseases that
usually need rapid surgical intervention.!®'3! However, piloma-
tricoma is a benign tumor and commonly occurs in cosmetically
sensitive areas; thus, the decision to perform surgical intervention
should be made after careful consideration.['*"*! Therefore, it is
important to differentiate pilomatricoma from malignant
diseases such as fibrosarcoma or malignant transformation of
pilomatricoma.®!

Knowledge of the imaging characteristics of pilomatricoma is
essential for accurate diagnosis. Recent studies have investigated
the accuracy of ultrasonography, computed tomography, and
magnetic resonance imaging for identifying pilomatricoma.%=1”!
They found that pilomatricoma was associated with calcification
around the edematous stroma, but substantial variations were
evident among the cases reported.['>17!

Ultrasonography is usually the first imaging modality used
for evaluating pediatric patients with a superficial mass.!'%!?!
To the best of our knowledge, no study has focused on the
association between sonographic findings and the duration
of symptoms of pilomatricoma. This knowledge could be
useful in ensuring correct and rapid diagnosis of piloma-
tricoma. The purpose of the present study was to investigate
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the associations between the sonographic characteristics of
pilomatricoma and duration of symptoms in pediatric
patients.

2. Materials and methods

2.1. Patients

The relevant ethics committee approved the study. The
requirement for informed consent was waived owing to the
retrospective nature of the study. The medical records of 86
children with 95 lesions that were confirmed to be pilomatri-
comas upon pathological examination, who underwent ultraso-
nographic examination between April 2012 and November 2019
were included in the study. One patient was excluded from the
analysis due to inadequate medical data.

2.2. Diagnosis, size, location, and duration of symptoms of
pilomatricoma

The diagnoses of pilomatricoma were confirmed by pathological
examination. The lesion volume of the surgically resected tissue
was estimated using the following ellipsoid formula, where a, b,
and c are the orthogonal radii:

Volume = 4/3rabc.

The location of the lesion (head, face, neck, trunk, upper
extremity, and lower extremity) and symptom duration were
ascertained from the medical records. The duration of symptoms
was defined as the time-interval between the observation of the
lesion by the patients or parents and acquisition of the
sonographic scan.

2.3. Ultrasonography

All sonograms were obtained using 9 to 15MHz linear
transducers (LOGIQ E9, and E10; GE Healthcare, Waukesha,
WI). Sonographic examinations were conducted by 4 pediatric
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radiologists with 20, 15, 10, and 7 years of clinical experience in
performing ultrasonography for children.

2.4. Evaluation of sonography results

The following sonographic parameters were evaluated, based on
previous reports describing the sonographic, computed tomog-

raphy, and magnetic resonance appearance of pilomatri-
comal715-17:201,

(1) presence or absence of peritumoral hyperechogenicity,

(2) presence or absence of calcification with acoustic shadowing,
and

(3) presence or absence of vascularity on Doppler examination.

An echogenic spot with posterior acoustic shadowing was
defined as a calcification on ultrasound.

The internal echogenicity within the pilomatricoma was
assessed using a S-point scale based on echogenic spots and
calcification, where grade 0=no echogenic spot (Fig. 1), grade
1=tiny echogenic spot without posterior acoustic shadowing
(Figs. 2 and 3), grade 2 =echogenic spot with posterior acoustic
shadowing occupying <50% of the lesion’s width (Fig. 4), grade
3 =echogenic spot with posterior acoustic shadowing occupying
>50% of the lesion’s width but not 100% (Fig. 5), and grade 4=
echogenic spot with posterior acoustic shadowing indicating
complete calcification (Fig. 6). Calcification is easily detected by
sonography in the presence of acoustic shadowing, but tiny
echogenic spots in the pilomatricoma were reported to be small
calcifications in the pathological specimens, and these small
calcifications were detected as calcification without posterior
acoustic shadowing by sonography.®2%2!l Therefore, the
internal echogenicity of the pilomatricomas was classified into
2 groups as follows: grades 0 and 1 represented the absence of
calcification with acoustic shadowing (Figs. 1-3), and grades 2, 3,
and 4 represented calcification with acoustic shadowing (Figs. 4—
6). The degree of vascularity observed on Doppler examination
was classified into 4 categories, where 0 =absent (Figs. 1 and 6),
1 =peripheral vascularity only, 2=central only (Fig. 3), and 3=

Figure 1. Sonography of a 70-mo-old boy with a pilomatricoma located on the neck. The duration of symptoms was 3 mo. The power Doppler image is seen on the
right panel. Transverse sonography shows the absence of peritumoral hyperechogenicity and calcification with posterior acoustic shadowing. Internal echogenicity
was classified as grade 0: no echogenic spot within the lesion. Vascularity was classified as type O (absent).
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Figure 2. Sonography of a 55-mo-old girl with a pilomatricoma located on the trunk. The duration of symptoms was 1 mo. The color Doppler image is seen on the
middle panel. Scanning view of pathologic specimen is seen on the right panel. Transverse sonography shows the presence of peritumoral hyperechogenicity
(arrows) and echogenic spots without posterior acoustic shadowing. Therefore, calcification with acoustic shadowing was deemed to be absent. Internal
echogenicity was classified as grade 1: echogenic spot without posterior acoustic shadowing. Vascularity was present and was classified as type 3: peripheral and
central. The pathological specimen shows transition from basaloid cells to shadow cells. Dense calcium deposition such as bony transformation is not seen.

Figure 3. Sonography of a 62-mo-old girl with a pilomatricoma located on the face. The duration of symptoms was 3 mo. The color Doppler image can be seen on
the right panel. Peritumoral hyperechogenicity is absent, while calcification without posterior acoustic shadowing can be observed on transverse sonography.
Therefore, calcification with acoustic shadowing was deemed to be absent. Internal echogenicity was classified as grade 1: echogenic spot without posterior
acoustic shadowing. Vascularity can be observed on sagittal sonography, which was classified as type 2: central.
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Figure 4. Sonography of a 132-mo-old girl with a pilomatricoma located on the upper extremity. Scanning view of pathologic specimen is seen on the right panel.
The duration of symptoms was 4 mo shows the absence of peritumoral Hyperechogenicity is absent, while calcification with posterior acoustic shadowing
(arrowheads) is observed on transverse sonography. Therefore, calcification with acoustic shadowing was deemed to be present. Internal echogenicity was
classified as grade 2: echogenic spot with posterior acoustic shadowing occupying <50% of the lesion’s width. The pathological specimen shows the
transformation of most basaloid cells into shadow cells. Dense calcium deposition is observed.
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Figure 5. Sonography of a 52-mo-old girl with a pilomatricoma located on the trunk. The duration of symptoms was 6 mo. The color Doppler image is seen on the
right panel. Transverse sonography shows the presence of both peritumoral hyperechogenicity (arrows) and calcification with posterior acoustic shadowing
(arrowheads). Therefore, calcification with acoustic shadowing was deemed to be present. Internal echogenicity was classified as grade 2: echogenic spot with
posterior acoustic shadowing occupying >50% of the lesion’s width. Vascularity was classified as type 3: peripheral and central.

peripheral and central vascularity (Figs. 2 and 5). Associations
between the above-mentioned sonographic parameters and the
duration of symptoms were evaluated.

2.5. Review process

Two radiologists with 15 and 10 years of clinical experience
reviewed all images on a 1600 x 1200 Picture Archiving and
Communication System monitor (GE Healthcare). Any disagree-
ments were resolved through discussion. Radiologists were
blinded to the medical data or other imaging findings during the
review process.

2.6. Statistical analysis

Continuous variables were expressed as the mean+SD (range)
and categorical variables were expressed as frequencies and
percentages. Associations between the duration of symptoms,

patient characteristics, and lesion volume were evaluated using
Pearson correlation coefficient, the Mann—Whitney U test, and
Kruskal-Wallis test, depending on the type of variable
(continuous or categorical). The patient’s age and volume of
the pilomatricoma were continuous variables. Sex, lesion
location, calcification, peritumoral hyperechogenicity, and
vascularity (determined via Doppler examination) were categor-
ical variables. The significance level adopted for all tests was 5%
(2-sided). All data were analyzed using the commercially
available SPSS statistical analysis software, version 24 (IBM,
Armonk, NY).

3. Results

3.1. Participant characteristics

The participants’ mean age was 83.0 +£47.0 months (range 6-231
months), and the mean duration of symptoms for all the lesions

Figure 6. Sonography of a 138-mo-old girl with pilomatricoma located on the head. The duration of symptoms was 60 mo. The power Doppler image is seen on
the middle panel. Scanning view of pathologic specimen is seen on the right panel. Sagittal sonography reveals the absence of peritumoral hyperechogenicity and
presence of calcification with posterior acoustic shadowing (arrowheads). Therefore, calcification with acoustic shadowing was deemed to be present. Internal
echogenicity was classified as grade 4: echogenic spot with posterior acoustic shadowing extending across the complete width of the lesion. Vascularity was
classified as type 0: absent. Few basaloid cells could be detected on the pathological specimen. Ossification is observed with the formation of typical trabecular

bony spicules.
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Patient characteristics.

Characteristics
Total number of patients and lesions 86 patients, 95 lesions
Sex
Female; n (%) 48 (55.8%)
Male; n (%) 38 (44.2%)

Patient age (mo)
Duration of symptoms (mo)

82.97 +47.98 (range 6-231)
8.54+12.36 (range 1-60)

Location
Head; n (%) 47 (49.5%)
Neck; n (%) 11 (11.6%)
Upper extremity; n (%) 26 (27.4%)
Lower extremity; n (%) 4 (4.2%)
Trunk; n (%) 7 (7.4%)
Volume of pilomatricoma (mm?®) 2740.55+4479.51

(range 56.52—29473.50)
65 (68.4%)
27 (28.4%)

Presence of peritumoral hyperechogenicity; n (%)
Presence of calcification with

posterior acoustic Shadowing; n (%)
Presence of vascularity; n (%)#
Internal echogenicity”

64 (71.1%)

Grade 0; n (%) 1 (1.1%)
Grade 1; n (%) 67 (70.5%)
Grade 2; n (%) 7 (7.4%)
Grade 3; n (%) 9 (9.5%)
Grade 4; n (%) 11 (11.6%)
Classification of vascularity
Type 0: absent; n (%) 26 (28.9%)
Type 1: peripheral only; n (%) 24 (26.7%)
Type 2: central only; n (%) 8 (8.9%)
Type 3: peripheral and central; n (%) 32 (35.6%)

) Doppler examination was not performed for 5 lesions.

¥ Grade 0=no echogenic spot, grade 1=tiny echogenic spot without posterior acoustic shadowing,
grade 2=echogenic spot with posterior acoustic shadowing occupying <50% of the lesion’s width,
grade 3 =echogenic spot with posterior acoustic shadowing occupying >50% of the lesion’s width
but not 100%, grade 4=echogenic spot with posterior acoustic shadowing indicating complete
calcification.

was 8.54+12.36 months (range 1-60 months). Half of the
lesions were located on the head. The patients’ characteristics are
shown in Table 1.

3.2. Associations between symptom duration and
categorical or continuous variables

The results of the analyses for the associations between
symptom duration and categorical variables are shown in
Table 2. The absence of peritumoral hyperechogenicity and
severe calcification were associated with increased symptom
duration. There was no significant difference between symptom
duration and sex (P=.27). No significant association was
observed between symptom duration and age (r=0.11, P=.29)
and lesion location (P=.13). A weak association was observed
between lesion volume and symptom duration (r=0.22,

P=.04).

4. Discussion

Pilomatricomas with a relatively short history had a greater
tendency to exhibit peritumoral hyperechogenicity and calcifica-
tion with little posterior acoustic shadowing than those with a

www.md-journal.com

relatively long history. These sonographic findings are useful for
the differentiation of pilomatricomas from other malignant
diseases, which usually progress rapidly and require early
surgical resection.

Earlier studies have suggest that peritumoral hyperechogenic-
ity is caused by the surrounding edematous stroma,!'®!”! and is
associated with inflammation./*>72%! Some patients in the present
study had a relatively longer symptom duration but exhibited
peritumoral hyperechogenicity on sonography. Pilomatricomas
are sometimes accompanied by chronic inflammation with
foreign body reaction and proliferation of multinucleated giant
cells and lymphocytes.'®*”1 Therefore, inflammation may
contribute to the variation in peritumoral echogenicity in
pilomatricomas, which are usually located in subcutaneous
tissue.

The degree of calcium deposition in pilomatricomas shows
some variation.'®! Histologically, pilomatricomas consist of
centrally located basophilic cells and shadow cells.!**! Basaloid
cells are transformed into shadow cells. Chronic inflammation
with foreign body reaction can be seen around the shadow cells
and stroma, which may result in calcium deposition.>>7-2%-2%1
Therefore, calcium deposition may occur in patients with a
long symptom duration. In this study, dense calcium deposi-
tion of greater severity was observed in the patient described in
Figure 6 than those described in Figures 2 and 4, and the
patient described in Figure 6 had a longer symptom duration
than that of the other patients. Although there was no
significant difference in symptom duration in lesions with or
without vascularity, lesions with longer symptom duration
tended to have decreased vascularity. Vascularity could not be
detected in case of calcification with posterior acoustic
shadowing or small lesions, which might have influenced this
result.!”!

This study had some limitations. First, it included a small
sample size and used only univariate analysis for the statistical
analysis of the sonographic findings. Thus, additional studies
with a larger population that include multivariate analysis of
the sonographic findings are needed to confirm these
preliminary results. Second, the quality of sonography
depended on the child’s cooperation and the sonographer’s
skill. Third, the duration of symptoms was based on the
patients’ or parents’ observations. The lesion may have been
present for some time before being noticed by the patients or
parents. Thus, it is difficult to accurately define the time of
onset of small subcutaneous lesions such as pilomatricomas.
Fourth, we did not include malignant transformation of
pilomatricoma in the present study. Further studies are needed
to evaluate the differences in sonographic findings between
various cutaneous lesions including malignant transformation
of pilomatricoma, in order to confirm the utility of these
sonographic findings.

5. Conclusion

Sonographic characteristics such as peritumoral hyperechoge-
nicity and calcification with posterior acoustic shadowing were
associated with symptom duration in the present study. The
sonographic findings of pilomatricoma showed variations,
depending on symptom duration. These sonographic findings
were useful in establishing an accurate and rapid diagnosis of this
disease.


http://www.md-journal.com

Hosokawa et al. Medicine (2020) 99:40

Medicine

Univariate analysis for the associations between duration of symptoms and categorical variables.

Categorical variables Duration of symptoms (mo)  P-value
Sex
Female 10.73+15.26 (range 1-60) 27
Male 5.38+4.83 (range 1-12)
Location
Head 9.68+14.71 (range 1-60) .80
Neck 5.00+3.74 (range 2-12)

Upper extremity
Lower extremity

9.27 +11.59 (range 1-48)
3.50+1.29 (range 2-5)

Trunk 6.57 +9.64 (range 1-28)
Peritumoral hyperechogenicity
Present 5.02 +5.80 (range 1-36) <.01
Absent 16.17 +18.24 (range 1-60)
Calcification with acoustic shadowing
Present 19.19+18.99 (range 2-60) <.01
Absent 4.31+3.24 (range 1-12)
Vascularity
Present 6.01+£7.24 (range 1-48) .08
Absent 15.50+£19.12 (range 1-60)

Internal echogenicity within pilomatricoma”
Grade 0 3.00 <.01

Grade 1 4.33+3.26 (range 1-12)

Grade 2 4.57 +£3.46 (range 2-12)
Grade 3 10.89+9.17 (range 3-28)
Grade 4 35.27+19.16 (range 9-60)

Degree of vascularity determined via Doppler examination®*
0: absent 15.50+19.12 (range 1-60) 13
1: peripheral only 7.50+9.48 (range 1-48)
2: central only 6.38+7.63 (range 1-24)
3: peripheral and central 4.25+3.28 (range 1-12)

>0.99 (0 vs 1) >0.99 (0 vs 2);
>0.99 (0 vs 3) 0.64 (0 vs 4); >0.99 (1 vs 2)

013 (1vs 3); < 0.01 (1vs4)
>0.99 (2 vs 3); 0.01 (2 vs 4) 0.53 (3 vs 4)

" Grade 0=no echogenic spot, grade 1 =tiny echogenic spot without posterior acoustic shadowing, grade 2 = echogenic spot with posterior acoustic shadowing occupying <50% of the lesion’s width, grade
3=echogenic spot with posterior acoustic shadowing occupying >50% of the lesion’s width but not 100%, grade 4 = echogenic spot with posterior acoustic shadowing indicating complete calcification. vs =

Versus.

¥ Associations between the previous 3 sonographic findings and the duration between sonographic examination and onset of symptoms were evaluated.

*Doppler examination was not performed for 5 lesions.
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