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Abstract
Lichen sclerosus (LS) is a severe, chronic, dermatosis characterised by inflammatory, sclerotic, pruritic lesions that causes
significant morbidity in patients of all genders and ages. In boys, the lesions typically affect the foreskin and glans (termed
balanitis xerotica obliterans (BXO)), leading to phimosis and potentially meatal stenosis. The incidence of the disease is not well
reported but the average age of affected boys is 8 years (range 1–16). Diagnosis can often be made clinically, although
histological study remains important to rule out important differential diagnoses. Complications include genital scarring, urinary
and sexual dysfunction as well as the development of carcinomas in adult life. Circumcision has been regarded as definitive
management of BXO in boys, but this may be supplemented with medical therapies such as topical steroids, immunemodulators,
intralesional triamcinolone and ozonated olive oil. Supportive measures including emollients, avoidance of irritants, surveillance
of complications and recurrence as well as education and counselling remain important.

Conclusion: BXO remains an important cause of phimosis in boys. The frequency of this condition appears unclear but seems
likely to be less than 1% of males. Treatment generally involves circumcision, with some evidence that topical steroids or
immunomodulators may decrease the incidence of recurrent meatal stenosis.

What is Known:
• Surgical circumcision is considered the definitive management of BXO
• Many aspects of BXO are still in contention or require further study including the epidemiology and aetiology.

What is New:
• There is increasing awareness of non-surgical modalities that may be used in adjunct to surgery including topical corticosteroids, immune modulators,

intralesional triamcinolone and ozonated olive oil
• Awareness of meatal stenosis-related BXO has led to the development of surgical techniques such as preputioplasty as well as buccal mucosal inlay

grafts
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Abbreviations
BXO Balanitis xerotica obliterans
CI Confidence interval
LS Lichen sclerosus

OR Odds ratio
OZOILE® cream Ozonated olive oil with vitamin E acetate
RANTES Regulated on activation, normal T cell

expressed and secreted

Introduction

Lichen sclerosus (LS) is a chronic, inflammatory dermatosis
characterised by white, sclerotic plaques that can occur in both
genders across all age groups [19, 39]. In males, LS that af-
fects the penis is used interchangeably with the term balanitis
xerotica obliterans (BXO) and the lesion typically affects the
prepuce and glans penis leading to phimosis, meatal stenosis,
painful erections and difficulties with intercourse in adults [4,
15]. LS was first described in 1887 and cases affecting chil-
dren have been reported since 1934 [10, 19]. In this article, the
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literature on the epidemiology, clinical presentation, manage-
ment and complications of BXO has been reviewed.

Methodology

A search of the literature was conducted of online databases
including Medline. Search terms included “lichen sclerosus”,
“balanitis xerotica obliterans”, “phimosis”, “pediatrics”, “chil-
dren” and “males”with application of the appropriate Boolean
operators. Forty-two articles were included in this review, with
their bibliographies hand-searched for an additional 12 arti-
cles. Only papers written in English were included. Articles
that discussed the aetiology, pathology, presentation and man-
agement of lichen sclerosus exclusively in girls were
excluded.

Epidemiology

BXO has been reported to affected 0.3/1000 boys per year (0.5%
affected before their 15th birthday) in the UK, between 0.1 and
0.4% in Germany and 0.06% among boys aged less than 10 in
Texas, USA [3, 34, 48]. Prevalence is also a statistic difficult to
determine. In Denmark, of 181 boys circumcised in 2014, 36 of
49 suspected cases of BXOwere confirmed histologically, equiv-
alent to a population rate of 0.37% [51]. The diagnosis appears
infrequently made by general practitioners and paediatricians,
indicating that the incidence of BXO may be higher than previ-
ously thought [22, 41]. This appears supported by a retrospective
analysis of 346 foreskin samples by Jayakumar et al., which
found an incidence 3.01/1000 boys under the age of 15 [30].

Ethnically, Black American and Hispanic patients have
been reported to have twice the risk of developing BXO: al-
though this may be confounded by lower circumcision rates in
this population which may impact on both the risk of devel-
opment of BXO and its progression [13, 25, 34]. Those with a
Fitzpatrick phototype 1–2 also appear to have a higher risk of
developing BXO (odds ratio (OR) = 0.232; 95% confidence
interval = 0.124–0.435) [55]. These seemingly contradictory
risk factors would be better clarified with a large-scale epide-
miological study of boys with BXO.

The average of age of affected boys is 6.8–9 years old
(range 1–16), with a peak incidence at 7 years of age [27,
28, 30, 33, 35, 52]. In the paediatric population, LS affects
more females than males, although this generalisation has
been challenged in some studies and affected girls might be
more likely to present to a paediatrician or paediatric derma-
tologist than a paediatric surgeon [3, 38].

Several studies have looked at the incidence of BXO in pa-
tients presenting with phimosis. Kuehhas et al. reported an inci-
dence of BXO in 17.4%of 76 boyswith phimosis (mean age 3.7,
range 1–10) [35]. In a prospective study,Mattioli et al. found that

44% of 100 patients with phimosis (mean age 7, range 1–13) had
BXO [38]. A study with a larger cohort by Kiss et al. found that
40% of 1178 patients with phimosis (mean age 8.7, range 2–16)
had BXO [33].

Aetiology and pathology

Folaranmi et al. attributes the development of BXO lesions to
altered fibroblast activity in the dermis leading to fibrosis and
atrophy [20]. Celis et al. postulated the involvement of lym-
phocytes in causing chronic inflammation of the foreskin [8].
The exact cause and aetiology of BXO remain unknown.

BXO seems likely to have a genetic component: in women,
there has been an established association with autoimmune dis-
eases (including autoimmune thyroiditis, alopecia areata and vit-
iligo) but the evidence for such an association in males appears
weaker [11, 13, 19, 31]. Other potential associations with BXO
include being overweight or obesity, hypertension, hypothyroid-
ism, family history of BXO as well as higher levels of education
[21, 57]. In boys, there has been an established link between
atopic dermatitis and the development of BXO [4, 31]. With
regards to other penile pathology, up to 15% of boys with hypo-
spadias may also develop BXO [38]. Mechanical retraction of
the foreskin (defined as retraction at least 5 times per month in
the year preceding circumcision) was reported to increase the risk
of developing BXO (OR = 5.344; 95%CI = 2.860–9.99) in a
retrospective study of 297 children undergoing circumcision,
although the age range and range of these boys were not stated
[55].

In the past, the development of BXO was thought to be
associated with infectious agents (including human papilloma
virus, Epstein-Barr virus, acid-fast bacilli and spirochetes) but
their role in disease development remains unproven [8, 9, 13,
19].

Under microscopic examination, histopathological changes in
BXO are mostly confined to the inner mucosal surface and the
mucocutaneous junction: the outer preputial area appears rela-
tively spared [50]. The key histological characteristic in BXO is
the presence of a subepidermal layer with homogenised collagen
and oedema (Fig. 1). Other features include atrophy,
dermoepidermal clefts and dermal bands of lymphocytes [18].
The fibrosis witnessed in BXO in boys is associated with in-
creased levels of bone morphogenetic protein 2 (and its corre-
sponding receptor); matrix metalloproteinases 1 and 9; tissue
inhibitor of metalloproteinases 1; cytokine chemokine ligands 5
(RANTES, regulated on activation, normal T cell expressed and
secreted) and interleukin 4; transforming growth factor-β2 (and
its corresponding receptor); transglutaminase 2 and interferon-
gamma [44, 46]. Decreased levels of transglutaminase 1,
transglutaminase 3 and E-cadherin have been found in the fore-
skins of boys with BXO [46].
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Symptoms

The signs and symptoms of BXO are summarised in Table 1.
The clinical presentation of BXO can also be remembered
using the 6 S mnemonic (Table 2) [40]. The key differential
diagnoses for BXO include physiological phimosis, infective
balanitis, lichen planus, atopic or contact dermatitis, psoriasis,
erythroplasia of Queyrat (carcinoma in situ of the glans) and
leukoplakia [9, 31, 34]. The average duration of symptoms
appears to be about 6.5 months (range 2–48 months) [45].

Prognosis and complications

The natural course of BXO is one of the chronically progres-
sive or relapsing episodes: spontaneous remissions appear rare
[19]. Scarring of the genitals, ulceration of the glans, contrac-
tion of the frenulum and phimosis have been described [9].
This scarring and sclerosis can also lead to painful erections,

urinary retention and retrograde damage to the ureters and
bladder [9]. The obstructive urinary complications of BXO
are rare but cause high morbidity if present. Singh et al. report
on the urinary complications of 237 patients with BXO (age
range from 7 to 79, mean age 37) and found that 22.5% had
obstructed flow, 23.4% had acute urinary retention and 21.5%
had chronic retention or overflow incontinence. They did not
delineate between the rates of these complications in adults
and children [49]. A literature review by Christman et al.
found 7 documented cases of boys (mean age 12, range 11–
13) with urinary complications of BXO, 5 had complete uri-
nary obstruction, 1 had complete urinary obstruction with re-
nal failure and 1 developed secondary enuresis with obstruc-
tive urinary symptoms [12].

While circumcision is considered an important element of
surgical treatment for this condition, 20% of boys with con-
firmed BXO on histological examination receiving circumci-
sion will require subsequent surgery for meatal stenosis [28].
This contrasts with 6% of boys who received circumcision for
other penile pathology (e.g. recurrent bacterial balanitis,
paraphimosis) (p < 0.05). As the prognosis is significantly
different between BXO and other pathologies, this is impor-
tant evidence for histological analysis of all surgically re-
moved foreskins [28].

A rare complication of male genital BXO is the develop-
ment of epithelial carcinomas in adult life [9, 19]. A recent
review by Charlton et al. estimates that the rate of malignant
transformation is between 3 and 8%, which is similar to the
rate in vulvar LS, although the data on risk of this

Fig. 1 The presence of a subepidermal layer with homogenised collagen
and oedema

Table 1 Signs and symptoms of
BXO [9, 12, 18, 19, 27, 45, 49] Presenting symptoms of BXO:

• Phimosis

• Dysuria (23%)

• Ballooning of foreskin

• Deviation of urine stream

• Irritation and soreness

• Urinary symptoms (51.6%)

• Constipation

• Behavioural problems

Signs on physical examination:

• White, atrophic plaques or scars on distal foreskin (62.6–100%)

• Glans and urethral lesions (erythematous or hypopigmented)

• Meatal stenosis (21.4%)

• Telangiectasias and purpura of the glans

• Perianal lesions (extremely rare in boys)

• Extragenital lesions (6% of all BXO cases)

- Buttocks

- Thighs

- Neck

- Back

- Shoulders

- Oral BXO

Table 2 6 S mnemonic
of BXO [40] 1. School age

2. Secondary phimosis that occurs as

3. Severe

4. Sclerotic

5. Sclerogenous glandular lesions

6. Stenosis of the meatus
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development in those males that acquired BXO in childhood
appears limited [9]. In retrospective review of BXO biopsies
from two studies, Fistarol et al. found a variety of malignan-
cies, including squamous cell carcinoma (5.4–7%),
erythroplasia of Queyrat (0.8–1%) and verrucous carcinoma
(1–1.5%) [2, 19, 43]. In Barbagli et al., the mean age of diag-
nosis of premalignant or malignant lesions in these studies
was 52 (the mean time from diagnosis of BXO to presentation
of cancer was 12 years) [2]. In Nasca et al., all re-examined
biopsies were from adults (average age of BXO diagnosis was
51 and the lag time to development of cancer was 17) [43].

Diagnosis and management

BXO may be diagnosed clinically but histological confir-
mation is important to rule out differential diagnoses
(Table 3). Conversely, BXO may be diagnosed on histo-
pathology in cases previously not suspected on the basis
of clinical examination [7, 9, 19, 30, 35]. Typically, the
boy will present with a scarred narrowing of the foreskin
which has a pearly white, oedematous appearance around
the opening of the foreskin with more proximal erythema.
If the glans remains visible, there may also be evidence of
pallor and similar thickening of the glans surface (Fig. 2).
Failure to diagnose BXO can lead to further progression
of the disease and recurrent unsuccessful management of
meatal stenosis [6, 22].

Medical management

Whilst the most common treatment of BXO involving the
foreskin is considered to be circumcision, medical treatment
has been studied by several authors [20, 23, 28, 54]. Several
studies have suggested medical treatment as a safe alternative
to circumcision, but acknowledge that this remains controver-
sial [20, 42]. The aims of medical treatment of BXO are to
reduce scarring and atrophy and provide symptom relief, as
well as prevent the occurrence of malignancy [54]. The med-
ical treatment options include topical corticosteroids, topical
immune modulators and other agents.

Topical corticosteroids

Topical corticosteroids have anti-inflammatory properties and
may reverse the histologic changes in BXO [54]. It is the first-
line medical treatment along with immune modulators [54].
Additionally, it is recommended to reduce voiding discomfort
[27].

A double-blinded, placebo-controlled randomised study by
Kiss et al. looked at 0.05% mometasone furoate ointment
versus placebo in 40 boys with scarring phimosis and found
that the topical steroid was effective and statistically signifi-
cant (p < 0.0004) in improving symptoms [11, 32]. The au-
thors concluded that steroids were effective in patients with
mild to moderate BXO and either ineffective or slowed pro-
gression in severe disease; however, confirmation of BXO
was conducted only at the end of treatment in those having a
circumcision, and therefore, it is impossible to ascertain if
BXO was treated in all patients.

Ghysel et al. conducted a large study of 0.05%
betamethasone cream and skin stretching in 462 prepubertal
boys with phimosis with follow-up at a median 22 months
[23]. In the BXO subgroup (12/462), the boys were initially
diagnosed clinically and confirmed to have BXO with micro-
scopic examination if requiring circumcision: 67% of boys in
the BXO subgroup (9/12) responded to treatment with 0.05%
betamethasone cream and stretching after 6-week treatment
[23]. The low numbers of boys with BXO treated with the
steroid cream as well as the lack of a control group were
limitations.

In a study of 56 boys with BXO, Vincent et al. suggested
that topical corticosteroid creams were shown to be effective
in patients with mild BXO; however, a variety of topical ste-
roids (including 2.5% hydrocort isone cream and
betamethasone cream of an unknown concentration) were

Table 3 Differential
diagnoses of BXO [13,
31]

• Physiological phimosis

• Infective balanitis

• Lichen planus

• Eczema

• Psoriasis

• Leukoplakia

Fig. 2 Evidence of pallor and similar thickening of the glans surface
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used, making it difficult to draw solid conclusions from any
one of them [56]. Additionally, these patients also did not have
BXO confirmed before initiating treatment [56].

A review of 89 patients with BXO treated with topical
corticosteroids across six studies (two of which were
discussed in previous paragraphs) found that circumcision
was avoided in 34.8% of cases [20]. However, severity of
disease was not analysed comprehensively or evenly across
those studies and a variety of topical steroids were used; this
comparison makes it difficult to suggest which steroid was
more effective. Reflecting generally across the studies, the
small sample size (n = 89) and a median follow-up of only 4
months (range 6 weeks to 5 years) prevented evaluation of
long-term recurrence, the development of later complications
and eventual circumcision rates [20].

The use of steroids as an adjunct to surgical management
has been suggested but efficacy remains unclear. In a study by
of 7893 boys having surgery for BXO, Green et al. found that
intralesional steroids (dose and formulation unspecified) dur-
ing primary preputioplasty were associated with a reduction in
requirement for subsequent circumcision (13.9% vs. 30.3%, p
< 0.001), although the risk of further surgical intervention was
high, with 22% requiring a circumcision for recurrent disease
within a mean of 2 years following preputioplasy [24]. This
result is in contrast to the findings of Pradhan et al., who
showed that most of their procedures following circumcision
(72.2%) occurred in patients who were treated post-
operatively with topical corticosteroid creams [45]. Both stud-
ies were retrospective and did not detail the type and formu-
lation of the steroid creams used.

The adverse effects of topical corticosteroids include skin
atrophy, striae, telangiectasias, infection and suppression of
the hypothalamic-pituitary axis [26]. Systemic side effects
are very unlikely to occur with a short course (2–8 weeks)
application of topical corticosteroids twice daily [16]. The
timeline of the development of local adverse effects from ap-
plying topical steroids to the genital region is unclear [29]. The
application of topical steroids to the mucosal surfaces (glans
penis) is generally safe, as mucosal skin is resistant to atrophy
[54].

Topical immune modulators

Topical medications such as tacrolimus or pimecrolimus have
anti-inflammatory and immune-modulatory effects that can be
used in the management of BXO [54]. The mechanism of
action involves the inhibition of interferon-γ and interleukins
2, 4 and 10 which leads to suppression of T cell activity.
Pimecrolimus 1% cream was found to be as effective as
clobetasol propionate 0.05% ointment once a day in relieving
symptoms: coupled with the advantage of not causing skin
atrophy, these medications are second-line medical therapy
for BXO [11, 54]. In Australia, topical tacrolimus remains

comparatively expensive and relatively hard to access;
Pimecrolimus is part of the Australian Pharmaceutical
Benefits Scheme but requires an authority script and is only
indicated for use under this scheme on the patient’s face or
eyelid.

The adverse effects of these immune modulators include
burning and stinging upon initial treatment [54]. Tacrolimus
0.1% ointment was found to be safe in a pilot study of 20 boys
with BXO; none of the patients reported any burning and 4
boys (20%) reported itching that self-resolved [17]. In the
United States, topical tacrolimus and pimecrolimus are la-
belled with a warning of potential risk of malignancy with
use of these medications; this is a theoretical adverse effect
based upon the oral formulation of these medications and is
unlikely to occur in their topical use [36, 37].

Other medical treatments

Oral retinoids and topical hormonal medications have been
described in the treatment of adult BXO, but are generally
not recommended in children due to the side effect profile
[13, 54].

Systemic retinoids such as etretinate, isotretinoin and
acitretin are believed to work by ultimately inhibiting interleu-
kin 6, interferon-γ and migration inhibitory factor-related pro-
tein 8, thereby reducing inflammation and cell proliferation.
Their side effects include teratogenicity and thus are not ap-
proved for use in children [54].

Additionally, intralesional triamcinolone (10 mg/mL, 1–3
mL) injected at the end of preputioplasty has been proposed as
an alternate treatment of BXO in a retrospective case study by
Wilkinson et al. [58]. In their study, 81% of 104 patients un-
dergoing preputioplasty and triamcinolone injection had fully
retractable foreskin and no macroscopic signs of BXO at
follow-up (median 14 months) [58].

Ozonated olive oil with vitamin E acetate (OZOILE®
cream) was observed to reduce the upregulation of inflamma-
tory cytokines (tumour necrosis factor-α, interleukin-1β and
interferon-γ) and increase regenerative factors (hypoxia in-
ducible factor 1-α, vascular endothelial growth factor and E-
cadherin) compared to untreated controls in a study involving
30 children with BXO (mean age 9.9, range 5–15) [14].

Surgical management

Among paediatric surgeons and urologists, the definitive man-
agement of BXO in children remains circumcision [8, 9, 20,
28, 35]. In 92–100% of patients, surgical management is cu-
rative or is at least disease stabilising [12]. Patients with
meatal stenosis may also require a urethroplasty or
meatoplasty [9]. In the state of Victoria, Australia, the Royal
Children’s Hospital Melbourne guidelines indicate that cases
of pathologic phimosis (including BXO) refractory to topical
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corticosteroids should be referred to a paediatric surgeon for
circumcision [53].

There are also drawbacks to circumcision as treatment for
BXO: haemorrhage in patients receiving circumcision for
BXO was higher than patients undergoing circumcision for
other reasons (2.3% vs 0.3%, respectively, p < 0.0003, relative
risk 6.08) [52]. It is also possible that circumcision alone does
cause complete resolution of BXO. Between 20 and 47% of
patients receiving circumcision for BXO require a subsequent
operation for meatal pathology [27, 28]. A case study Sandler
et al. described a 1-month course of twice daily hydrocorti-
sone cream as effective in treating meatal stenosis following
circumcision for BXO prior to meatal dilatation under anaes-
thesia [47]. Bochove-Overgaauw et al. also describe using
post-operative topical corticosteroids [7].

Surgical treatment of severe meatal stenosis associated
with BXO has been explored in several studies. In the expe-
rience of Green et al., the authors showed that preputioplasty
was also a safe, initial option [24]. In their study, none (0%) of
the 326 patients undergoing preputioplasty had any post-
operative bleeding compared to 7567 boys undergoing cir-
cumcision (61, 0.8%) [24]. However, the patients undergoing
preputioplasty had a higher rate of subsequent surgical proce-
dures compared to those with complete circumcision (27.9%
vs. 7.9%, p < 0.001) [24]. Buccal mucosal inlay grafts were
reported to successfully treat meatal stenosis in five patients
following circumcision (median age 13, range 10–17) with
BXO [1]. None of those patients reported recurrence of
BXO and all had improvement in urine flow [1].

Supportive management

The use of emollients, minimisation of contact with irritants
(such as alkaline soaps or stale urine), treatment of infections
and long-term surveillance for recurrence or development of
epithelial neoplasia are recommended measures [19]. Any
pruritus symptoms should be treated with antihistamines, such
as diphenhydramine or hydroxyzine [5, 54]. Additionally, it is
important that parents and patients be counselled and educated
about the disease, its treatment and complications; intense
pruritus and pain can be distressing in children and the poten-
tial development of erectile dysfunction as boysmature should
also be addressed [31, 54].

Ongoing clinical review is poorly documented in the liter-
ature but is highly important; in one study, up to 47% of
patients required further intervention (meatotomy or dilata-
tion) at 11 months post-circumcision, and without follow-up,
they may not have received the necessary treatment [27]. In
the same study, the authors suggested that boys receiving cir-
cumcision be followed up at 3 months and discharged if
voiding and appearance are normal. Patients with a scarred
meatal lumen or requiring further meatoplasties should be
followed up for at least 2 years [27].

Future research

Few topical corticosteroids have been studied as part of a
randomised controlled study in the medical management of
BXO. Apart from mometasone furoate and clobetasol propi-
onate, it is unclear if other corticosteroids are effective for
BXO and more studies could broaden the range of treatments
offered for BXO [8].

There is no agreed system to classify the severity of BXO;
this has made it difficult for many studies to categorise their
patients into subgroups that would allow for comparison of
treatment between different disease burdens [38]. In several
prospective studies, a 4-grade system has been used to classify
the severity of phimosis (Table 4) [28, 46]. Such a system
could be further evaluated and may be correlated with the best
treatment for the patient.

Conclusions

BXO is an uncommon but potentially severe disease that can
cause significant morbidity in children. The general prognosis
is positive in boys with prompt diagnosis and treatment, al-
though ongoing disease and meatal stenosis remain important
complications. The paucity of randomised controlled trials for
the management of BXO indicates the need for further
research.

Acknowledgements The authors would like to thank Dr Jack Garland
from the Department of Anatomical Pathology at Liverpool Hospital,
NSW, Australia, for his assistance with the histological slide.

Authors’ contributions Alexander T M Nguyen - Literature search,
Drafting of manuscript, Final approval of manuscript.

Andrew J A Holland - Concept for article, Literature search, Critical
revision of article, Final approval of manuscript.

Compliance with ethical statements

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Table 4 Grading system
of phimosis in patients
with BXO [33, 40]

Grade 1–Full retractability of the prepuce
and stenotic ring in the shaft

Grade 2–Partial retractability with incom-
plete exposure of the glans

Grade 3–Partial retractability with expo-
sure of meatus only

Grade 4–No retractability
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