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Abstract

Background: To construct a prediction model based on the clinical characteristics of epidermoid cysts
to identify pathologic infections, evaluate the diagnostic accuracy of the model, and conduct preliminary
verification.
Patients and Methods: We conducted a retrospective analysis of 314 patients diagnosed with epidermoid cysts
that had been removed surgically. The clinical and pathologic data of all patients were collected. The patients
were divided randomly into modeling group and verification group in a 75:25 ratio. In the modeling group, the
multifactor logistic regression method was used to construct a prediction model for identifying epidermoid cyst
pathologic infection, and the receiver operating characteristic (ROC) curve was used to evaluate the diagnostic
accuracy of the model, which was then validated in the verification group.
Results: All 314 patients with epidermoid cysts were divided into non-infected group (183 cases) and infected
group (131 cases) according to the pathologic results. Logistic regression analysis showed that the disease
course, growth trend, redness, and texture of epidermoid cysts were independent factors affecting pathologic
infection. The above four indicators were selected to construct the prediction model of epidermoid cyst
pathologic infection. In the modeling group, the prediction model showed an area under the curve (AUC) of
0.898, with the sensitivity of 0.830, specificity of 0.890, positive likelihood ratio of 7.523, and negative
likelihood ratio of 0.191. The AUC of the prediction model in the verification group was 0.919, which was not
significantly different from that of the modeling group (p = 0.886).
Conclusions: The prediction model based on the clinical characteristics of epidermoid cysts had good diag-
nostic accuracy and high specificity; it can be used to identify pathologic infections of epidermoid cysts.
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Epidermoid cysts are a common skin inflammatory dis-
ease, which mostly occurs in young people. The cyst is

highly enriched in keratin, which is arranged in a ring-like layer;
its outer layer is wrapped by lamellar squamous epithelium or
non-lamellar squamous epithelium.1 Most epidermoid cysts are

located in the dermis, some protrude to the superficial fascia
layer, and a few epidermoid cysts on the hip can reach the
muscle layer. The true epidermoid cyst has no skin appendages
on the wall, and mostly occur on the face, neck, peri-ear area,
and upper trunk, however, nipple, genitals, and palm areas may
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also be affected. Most epidermoid cyst lesions are spontaneous,
but some could be caused by genetic factors, especially in in-
dividuals with multiple lesions. For example, in Gorlin syn-
drome, 1% of epidermoid cysts transformed into squamous cell
carcinoma and basal cell carcinoma.2

Some imaging examinations are used to evaluate the condi-
tions of soft tissue masses. Ultrasound and magnetic resonance
imaging (MRI) can be used to assess the anatomic position of
the mass and its relation to surrounding structures; these tech-
niques can also reveal the characteristics of the mass, including
echo, size, edge, and the nature of the mass,3–5 all of which
greatly improve the accuracy of epidermoid cyst diagnosis.

Most epidermoid cysts grow slowly and appear as painless
subcutaneous masses, which are mostly ignored by patients.
The fact that these cysts are benign could suggest a conserva-
tive management with planned follow-up.6,7 However, as time
passes, epidermoid cysts tend to expand and some patients
actively seek treatment because of health concern and cosmetic
needs. In addition, once the cyst is infected, it will grow rapidly,
and intervention is necessary. At present, surgical treatment is
still the only radical treatment. For uninfected cysts, the whole
cyst wall can be removed easily, and the surgery often results in
minimal scarring and low recurrence rate, which can satisfy the
patients. On the contrary, the infected cyst wall is highly fragile
and ruptures easily during the infection, which leads to the
spread of its contents and the formation of severe adhesions.
Therefore, it is difficult to remove the infected cyst completely
and the rate of residual cyst wall increases.

There is no doubt that the risk of cyst recurrence and local
scars also increases after surgery. If the infection is severe and
cysts are ruptured, abscesses can form, which may further cause
skin ulceration. In this case, the wound is difficult to heal by itself
and often requires incision, drainage, and long-term dressing
changes, which prolongs the disease course; a second operation
might be necessary. In addition, postponed surgery can lead to
prolonged treatment time, increased medical costs, and cosmetic
and functional impairment. Therefore, if the susceptible cases
can be identified early, and the wound can be closed via the
resection method combining sharp and blunt dissection, patients
can often achieve stage 1 healing.8 Especially for facial cysts,
early resection will not affect the appearance.

The gold standard for diagnosing cyst infection is patho-
logic examination. However, the imaging methods including
ultrasound and MRI still lack the relevant parameters to assess
infection accurately; moreover, these examinations are usually
performed repeatedly, which increases economic burden for
patients. So far, most current studies focus on the improvement
of treatment method after the occurrence of infection events,
but few studies discuss the prediction of infection before cyst
resection,9 and early prediction of infection can help patients
choose proper treatment strategies. This study analyzed ret-
rospectively the clinical characteristics of patients with epi-
dermoid cyst and the morphologic characteristics of the mass
and constructed a prediction model for identifying epidermoid
cyst infection, to improve the predictive accuracy for the
pathologic infection of epidermoid cyst.

Patients and Methods

Clinical data

This study analyzed retrospectively patients who were
diagnosed with epidermoid cysts that had been surgically

removed from July 2018 to August 2019. The inclusion cri-
teria included: patients met the clinical diagnostic criteria of
epidermoid cyst; the lesion had been surgically removed; the
epidermoid cyst was confirmed by pathologic diagnosis. The
exclusion criteria were: basic information and pathologic
data were incomplete; severely infected epidermoid cyst that
could not be completely surgically removed and required
multiple dressing changes; patients with epidermoid cysts in
internal organs and skull; patients with infectious diseases;
patients with immune system disease, or had recently taken
oral and intravenous antibiotic agents; and patients with ne-
phropathy and renal insufficiency.

The following data were collected from each patient: age,
gender, cyst morphology and structural characteristics
(maximum diameter, shape, location, disease course, growth
trend, redness, pain, fluctuating sensation, itching, skin
damage, higher skin, texture), and post-operative pathologic
results. Growth trend is limited to seven days. Epidermoid
cysts that grow quickly within seven days are considered as
rapid growth, and those that grow in more than seven days are
considered as gradual growth. Because this was a retro-
spective analysis, it did not require the consent of patients nor
the approval of the ethics committee.

Surgical treatment

All patients received epidermoid cyst excision under lo-
cal infiltration anesthesia, with 2% lidocaine and 1:200,000
epinephrine. The surgery procedure was as follows. The
incision opening point on the cyst skin was determined
according to the size of the mass, and the incision direction
along the dermatoglyph was determined. Afterwards, a
narrow fusiform incision including the opening point was
made, and the skin was separated along the surface of the
mass. If the mass envelope was intact, it could be peeled off
as a whole. If the mass was infected and ruptured, the mass
was removed along with the surrounding normal tissues to
ensure that no cyst contents remained in the surgical field.
When the opening was not visible, the suspicious area was
also resected. All excised tissues were sent for pathologic
examination.

Criteria for pathologic infection

The excised surgical specimens were used for pathologic
examination. There are lymphocytes, neutrophils, macro-
phages, plasma cells, and other inflammatory cells infiltrated
in the interstitium. Patients with acute infection were mainly
infiltrated by lymphocytes and neutrophils,10 whereas pa-
tients with chronic infections were mainly infiltrated by
macrophages and plasma cells.

Statistical analysis

For continuous data, the normally distributed variables
were expressed as mean – standard deviation (SD), and the
non-normally distributed variables were expressed as P50
(P25, P75). Categorical variables were expressed as fre-
quency (%). For continuous variables, unpaired Student t-test
or Mann-Whitney non-parametric test was used to compare
between groups; and for categorical variables, Pearson w2 test
or Fisher exact test was used for comparison between groups.
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The multifactor logistic regression method was used to es-
tablish a prediction model, and the optimal model parameters
were selected according to the minimal Akaike’s information
criterion (AIC), using the bootstrap re-sampling (times = 500)
method recommended by the TRIPOD report specification to
verify the model internally. The odds ratio (OR) and 95%
confidence interval (CI) were calculated. The nomogram of
prediction model was plotted, which can visually display the
prediction results of each patient. In addition, the calibration
curve was plotted to show the prediction accuracy of the
nomogram. The receiver operating characteristic (ROC)
curve of the prediction model was plotted, and the area under
the curve (AUC) and its 95% confidence interval were cal-
culated. The z statistic, Hanley, and McNeil programs were
used to compare the AUC of modeling group and verification
group.11 All statistical analysis was performed using R 3.4.3
software package. All statistical tests were two-sided, and
p < 0.05 was considered statistically different.

Results

Comparison of baseline data between modeling group
and verification group

This study included 314 patients with epidermoid cysts,
including 201 males and 113 females, with an average age
of 48.3 – 17.5 years. Among all patients, males accounted
for 64.0% (201/314); most cysts were round/quasi-circular,
accounting for 76.8% (241/314); head and neck cysts ac-
counted for 41.4% (130/314), chest and abdomen cysts ac-

counted for 27.1% (85/314), and limb cysts accounted for
29.9% (94/314). Disease course longer than 30 days ac-
counted for 77.4% (243/314); for symptoms, 24.5% (77/
314) had redness and swelling, 25.5% (80/314) had pain,
4.5% (14/314) had itching, 5.7% (18/314) had fluctuating
sensation, 26.4% (83/314) had broken skin, and 82.2% (258/
314) had masses higher than skin (Fig. 1); 298 patients
underwent incisions and the whole tissue was removed,
achieving stage 1 healing.

Although 16 patients underwent wound expansion, inci-
sion and drainage, multiple dressings, and wounds reached
stage 2 healing in four to six weeks. All patients were divided
randomly into the modeling group (230 cases) and the veri-
fication group (84 cases) by split-sample function of R soft-
ware at a 75:25 ratio. According to post-operative pathologic
results, all patients were divided into infection group (131
cases, 41.7%) and non-infection group (183 cases, 58.3%).
The comparison of baseline data between the two groups is
shown in Table 1. There was no statistical difference in the
clinical data and epidermoid cyst morphologic parameters
between the modeling group and verification group (all
p > 0.05).

Comparison of infected and non-infected patients
in the modeling group

The proportions of epidermoid cyst cases with redness,
swelling, pain, and toughness were higher in the infected
group than that in the non-infected group (p < 0.001), and the
number of cases with disease course longer than three years

FIG. 1. (A) The appearance of an uninfected epidermoid cyst. (B) Gross surgical specimen of an uninfected epidermoid
cyst, showing an intact fibrous cyst. (C) Cross-section of an uninfected epidermoid cyst, showing a uniformly colored white
keratin. (D) Pathologic examination of non-infected epidermoid cyst: there were lamellar keratins in the fibroepithelial cyst
wall, and no obvious inflammatory cells were seen around it; original magnification was 100 · ; the specimen was stained with
hematoxylin and eosin. (E) Epidermoid cyst with infection. (F) Surgical specimen of the infected epidermoid cyst, with rough
surface and uneven color; part of the capsule was damaged. (G) Cross-section of the surgical specimen was grayish-white and
grayish-brown, with uneven keratin, irregular base, and no continuous envelope. (H) Pathologic examination of infected
epidermoid cyst: proliferation of fibrous tissue around the cyst wall, residual mesh-like keratin, diffuse infiltration of lym-
phocytes and plasma cells; original magnification was 250 · ; the specimen was stained with hematoxylin and eosin.
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was higher than that in the infected group (p = 0.001). There
was no difference between the two groups in age, gender,
maximum diameter of cyst, shape, location, growth trend,
fluctuating sensation, itching, skin damage, higher than skin,
etc. (all p > 0.05; Table 2).

Construction and verification of a multifactor model
based on epidermoid cyst characteristics

By using pathology result as the dependent variable, and 15
indicators of clinical and morphologic characteristics of cysts
as independent variables, we performed a binary multivariable
logistic regression analysis, and established a regression model
to obtain the independent factors distinguishing epidermoid
cyst infection, odd ratio value, and 95% confidence. The re-
sults are shown in Table 3. The disease course, growth trend,
swelling, and texture of epidermoid cysts were the independent
factors predicting pathologic infection. The formula of the
prediction model is: Logit(P) = -1.277–0.551 · [(<30 day) = 1]

-0.436 · [(30 day to 3 month) = 1] - 1.439 · [(3 month to 3
year) = 1] - 2.630 · [(>3 year) = 1] + 0.884 · (gradual en-
largement = 0, rapid enlargement = 1) + 2.604 · (no red-
ness = 0, yes = 1) - 1.639 · (soft quality = 0, toughness = 1)
-0.581 · (softness = 0, hardness = 1).

The ROC curve of the prediction model in modeling group
was plotted. The AUC was 0.898 (95% CI, 0.853–0.943),
with a sensitivity of 0.830, specificity of 0.890, positive
likelihood ratio of 7.523, and negative likelihood ratio of
0.191. The ROC curve of the prediction model in verification
group was also plotted. The AUC was 0.919 (95% CI, 0.862–
0.976), with a sensitivity of 0.892, specificity of 0.787, pos-
itive likelihood ratio of 4.192, and negative likelihood ratio of
0.137. There was no difference in the diagnostic accuracy of
the prediction model between modeling group and verifica-
tion group (AUC, 0.898 vs. 0.919; p = 0.886; Fig. 2). The
diagnostic performance of the predictive models in the
modeling group and the verification group was better than
that by the single factor index white blood cell (WBC) count

Table 1. Comparison of Baseline Data Between Modeling Group and Verification Group

Clinical features D set (n = 230) V set (n = 84) p

Age (y) 48.42 – 17.43 48.22 – 17.51 0.936
Male, n (%) 142 (61.739%) 59 (70.238%) 0.165
Maximum diameter (mm) 13.74 – 7.38 14.23 – 4.62 0.572
Shape

Round like, n (%) 182 (79.130%) 59 (70.238%) 0.131
Irregular, n (%) 48 (20.870%) 25 (29.762%)

Location 0.785
Head and neck, n (%) 92 (40.000%) 38 (45.238%)
Chest and abdomen, n (%) 62 (26.957%) 23 (27.381%)
Limbs, n (%) 72 (31.304%) 22 (26.190%)
Perineum, n (%) 4 ( 1.739%) 1 ( 1.190%)

Course of disease 0.601
Acute course, <10 d, n (%) 17 ( 7.391%) 5 ( 5.952%)
Subacute course, 10–30 d, n (%) 34 (14.783%) 15 (17.857%)
Intermediate course, 30 d to 3 mo, n (%) 48 (20.870%) 19 (22.619%)
Medium- and long-term course, 3 mo to 3 y, n (%) 51 (22.174%) 23 (27.381%)
Long-term course, >3 y, n (%) 80 (34.783%) 22 (26.190%)

Growth trend 0.72
Gradually increase, n (%) 140 (60.870%) 53 (63.095%)
Rapidly increase, n (%) 90 (39.130%) 31 (36.905%)

Redness, n (%) 55 (23.913%) 22 (26.190%) 0.678
Pain, n (%) 57 (24.783%) 23 (27.381%) 0.64
Fluctuating, n (%) 12 ( 5.217%) 6 ( 7.143%) 0.164
Itching, n (%) 8 ( 3.478%) 6 ( 7.143%) 0.516
Higher than skin, n (%) 187 (81.304%) 71 (84.524%) 0.509
Broken skin, n (%) 0.251

No 166 (58.985) 65 (77.381)
Broken to the superficial layer of the skin 56 (24.348%) 14 (16.667%)
Broken to the entire skin, with rupture of the cyst wall 8 ( 3.478%) 5 ( 5.952%)

Texture 0.126
Soft, n (%) 109 (47.4%) 38 (45.2%)
Tough, n (%) 103 (44.8%) 33 (39.3%)
Hard, n (%) 18 ( 7.8%) 13 (15.5%)

Pathologic infection 0.613
No 136 (59.130%) 47 (55.952%)
Yes 94 (40.870%) 37 (44.048%)
WBC ( · 109/L) 6.527 – 2.083 6.418 – 2.140 0.741
n (%) 59.520 – 7.661 59.296 – 7.524 0.85

D set = modeling group; V set = verification group; WBC = white blood cell.
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and neutrophil ratio (AUC, 0.898 vs. 0.558 vs. 0.555; AUC,
0.919 vs. 0.518 vs. 0.537; p £ 0.001; Fig. 3).

Furthermore, the nomogram (Fig. 4) and calibration curve
(Fig. 5) of the prediction model were plotted. The calibration
curve showed that there was good consistency between the
predicted value and observed value in the modeling group
and verification group.

Discussion

An epidermoid cyst is a common intracutaneous or sub-
cutaneous benign tumor. Its wall is composed of epidermis or
follicular funnel on the skin surface. Epidermoid cysts are
more common in males, and mostly occur on the face. Sur-
gical resection is the main treatment method. An epidermoid

cyst without infection can be removed easily. However, be-
cause the wall of an infected cyst is fragile and easily broken,
it is difficult to remove the cyst wall and its contents com-
pletely. Therefore, identifying non-invasive indicators such
as clinical and morphologic characteristics of epidermal
masses to predict infections can help clinicians make better
treatment choices. This study analyzed retrospectively the
morphologic characteristics and clinical data of 314 patients
with epidermoid cyst. Based on the post-operative pathology
examination, we constructed a prediction model based on the
clinical features of epidermoid cyst that had been removed
surgically to identify pathologic infection. The diagnostic
accuracy of the model was confirmed in the modeling group
and verification group, and the stability was confirmed by
calibration curve.

Table 2. Single-Factor Analysis of the Clinical Characteristics and Epidermoid Cyst Features

of Infected and Non-Infected Patients in Modeling and Verification Group

Clinical features

Modeling group

p

Verification group

p
No infection

group (n = 136)
Infection

group (n = 94)
No infection

group (n = 47)
Infection

group (n = 37)

Age (y) 47.8 – 17.2 49.3 – 17.8 0.284 48.898 – 17.386 46.680 – 18.020 0.598
Male, n (%) 89 (65.441%) 53 (56.383%) 0.977 35 (74.468%) 24 (64.865% 0.339
Maximum diameter (mm) 13.87 – 7.300 13.56 – 7.536 0.745 14.44 – 8.098 14 .09 – 7.643 0.489
Shape 0.148 0.151

Round-like, n (%) 112 70 36 (76.596%) 23 (62.162%)

Irregular, n (%) 24 24 11 (23.404%) 14 (37.838%)
Location 0.654 0.790

Head and neck, n (%) 57 (41.912%) 35 (37.234%) 20 (42.553%) 18 (48.649%)
Chest and abdomen, n (%) 33 (24.265%) 29 (30.851%) 13 (27.659%) 10 (27.027%)
Limbs, n (%) 43 (31.618%) 29 (30.851%) 13 (27.659%) 9 (24.324%)
Perineum, n (%) 3 ( 2.206%) 1 ( 1.064%) 1 ( 2.128%) 0 ( 0%)

Course of disease 0.001 0.883
Acute course, <10 d, n (%) 5 ( 3.676%) 12 (12.766%) 3 ( 6.383%) 2 ( 5.405%)

Subacute course, 10–30 d, n (%) 13 ( 9.559%) 21 (22.340%) 7 (14.894%) 8 (21.622%)
Intermediate course, 30 d

to 3 mo, n (%)
19 (13.971%) 29 (30.851%) 10 (21.276%) 9 (24.324%)

Medium- and long-term course,
3 mo to 3 y, n (%)

32 (23.529%) 19 (20.213%) 13 (27.659%) 10 (27.027%)

Long-term course, >3 y, n (%) 67 (49.265%) 13 (13.830%) 14 (29.787%) 8 (21.622%)
Growth trend 0.088 0.227

Gradually increase, n (%) 89 (65.441%) 51 (54.255%) 27 (57.447%) 26 (70.270%)
Rapidly increase, n (%) 47 (34.559%) 43 (45.745%) 20 (42.553%) 11(29.730%)

Redness, n (%) 9 ( 6.618%) 46 (48.936%) < 0.001 18 (38.298%) 4 (10.811%) 0.006
Pain, n (%) 20 (14.706%) 37 (39.362%) < 0.001 10 (21.276%) 13 (35.135%) 0.157
Fluctuating, n (%) 3 ( 2.206%) 9 ( 9.574%) 0.279 5 (10.638%) 1 ( 2.703%) 0.222
Itching, n (%) 2 ( 1.471%) 6 ( 6.383%) 0.067 4 ( 8.511%) 2 ( 5.405%) 0.69
Higher than skin, n (%) 115 (84.559%) 72 (76.596%) 0.910 40 (85.106%) 31 (83.784%) 0.999
Broken skin, n (%) 0.116 0.760

No 102 (77.941%) 64 (63.830%) 37 (78.723%) 28 (75.676%)
Broken to the superficial

layer of the skin
32 (20.588%) 24 (25.532%) 8 (17.021%) 6 (16.216%)

Broken to the entire skin,
with rupture of the cyst wall

2 ( 1.471%) 6 ( 6.383%) 2 ( 4.255%) 3 ( 8.108%)

Texture < 0.001 0.034
Soft, n (%) 45 (33.088%) 64 (68.085%) 16 (34.042%) 22 (59.459%)
Tough, n (%) 79 (58.088%) 24 (25.532%) 24 (51.064%) 9 (24.324%)
Hard, n (%) 12 ( 8.823%) 6 ( 6.383%) 7 (14.894%) 6 (16.216%)

WBC ( · 109/L) 6.355 – 2.072 6.774 – 2.086 0.134 6.351 – 2.089 6.609 – 2.357 0.189
n (%) 58.905 – 7.352 60.410 – 8.044 0.144 58.068 – 8.031 60.561 – 7.034 0.281

WBC = white blood cell.
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In this study, the growth trend, redness, and swelling were
independent risk factors for epidermoid cyst infection. The
rapid growth, redness, and swelling symptoms of cysts were
associated with higher possibility of infection, which is
consistent with the pathology of infection. In addition, dis-
ease course of more than three years, tough quality, and
hardness were predictive factors for pathologic infection. The
possible reason is that this type of epidermoid cyst has a
thicker wall, which prevents the overflow of the contents. As
the disease course extends, the substance in the cyst becomes
tough, hard, and stabilized. In addition, this study also plotted
the nomogram of the prediction model, which integrated
multiple predictive indicators such as disease course, redness,
texture, and growth trend, and used scaled line segments to
represent them on the same plane with a certain ratio. After
assigning a value to each influencing factor, the total score of
infection probability for each individual was calculated. At
the same time, the calibration curve showed that the model
had good prediction accuracy in the modeling group and
verification group.

The pathogenesis of epidermal cysts is still unclear. It is
generally believed that the epidermal cyst originates from the
infundibular portion of the hair follicle, but this hypothesis
does not explain the epidermal cysts that occur in glabrous
skin. Some studies proposed another etiological hypothesis
that human papillomavirus (HPV) infection may be closely
related to the palmoplantar epidermoid cyst.12,13 To investi-
gate the mechanism of epidermoid cyst infection, Brook14

cultured 231 epidermoid cyst abscesses, and found the an-
aerobic bacteria and Staphylococcus aureus were important
for cyst infections. However, Dayna et al.15 found that the
microbiologic characteristics of infected and non-infected
epidermoid cysts were similar and hypothesized that the
rupture of the cyst wall and the extrusion of the cyst contents
into the dermis were the causes of inflammation. Therefore,
more large-scale etiologic and prospective controlled studies
on the pathogenesis of infection are needed for the future
study.

The early diagnosis of infectious lesions can help optimize
the treatment strategy. When there are vague signs of infec-
tion around the cyst, such as simple erythema or pain, the
choice of treatment usually depends on the operator. How-
ever, in many patients, the infection is more serious than
expected, and the cyst cannot be completely removed. Min
et al.16 found that there was a strong positive correlation
between the thickness of epidermis and the thickness of the
cyst wall in people with a history of infection. Therefore,
when the facial infected epidermoid cyst is removed, a
complete stripping operation should be performed to prevent
the recurrence of the cyst.

The epidermoid cysts in this study were all located on body
surface. The head and neck cysts were most common, fol-
lowed by chest, abdomen, and limbs. There was no relation
between cyst location and infection. According to the liter-
ature, epidermoid cysts have also been found in various in-
ternal organs, including brain,17 cecum,18 kidney,19 and
thymus.20 We also found that there were more patients with
fluctuating sensation, itching, and skin breakage in the in-
fected group, but these factors were not included in the pre-
diction model. This may be due to the small number of cases
with these factors, which is also a limitation of this study.
Moreover, this study is a single-center retrospective study,
and it is necessary to conduct a multicenter study to expand
the sample size further to optimize the prediction model and
conduct external verification. In addition, the development of
radiomics and artificial intelligence3,21 also promotes the

Table 3. Multivariable Analysis of Independent Influencing Factors for Epidermoid

Cyst Infection in Modeling Group

Estimate OR 95% CI p

Intercept -1.2766 0.279 0.068–1.134 0.074
Subacute course, 10-30 d, n (%) -0.5505 0.5767 0.119–2.792 0.494
Intermediate course, 30 d to 3 mo, n (%) -0.4362 0.6465 0.143–2.920 0.571
Medium and long-term course, 3 mo to 3 y, n (%) -1.4392 0.2371 0.052–1.093 0.065
Long-term course, >3 y, n (%) -2.63 0.0721 0.015–0.342 0.001
Rapidly increase 0.8841 2.4209 1.019–5.754 0.045
Redness 2.6043 13.522 4.860–37.622 0.001
Tough -1.639 0.194 0.088–0.430 0.001
Hard -0.581 0.559 0.164–1.908 0.354

OR = odds ration; CI = confidence interval.

FIG. 2. Receiver operating characteristic (ROC) curve of
the prediction model in the development and validation sets.
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accurate measurements of cyst features. These inspection
indicators can be integrated to develop a model with better
predictive performance.

In summary, this study constructed and verified a prediction
model based on the clinical characteristics of epidermoid cyst
to identify cyst infection. The disease course, growth trend,
redness, and texture of epidermoid cysts were independent
factors for predicting infection. The constructed model had

good diagnostic accuracy and high specificity. It can detect
infection cases in early phase, avoid abscesses formation, fa-
cilitate stage 1 healing, and prevent disease progression.

This study is limited by its retrospective nature, and future
multicenter and prospective investigation is needed to con-
firm the findings. Furthermore, this study did not establish
other prediction models (such as random forest, cluster
analysis, etc.) to objectively evaluate the accuracy of the

FIG. 3. Receiver operating characteristic (ROC) curves evaluate the white blood cell (WBC) count, neutrophil ratio (N),
and the prediction model’s accuracy in predicting pathologic infection.

FIG. 4. The nomogram of the prediction model for identifying epidermoid cyst infection.
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prediction model. Finally, uninfected epidermoid cysts may
have early inflammatory reactions, but they have not yet
shown clinical symptoms or characteristics.
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