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Abstract

Background: Toenail deformities are a frequent reason for medical consultation. The etiol-
ogy is not always well understood, particularly in cases without trauma, where abnormal
nail growth conditions have been excluded, and microbiological cultures yield negative
results. Thus, identifying the underlying cause of toenail anomalies can be challenging.
Patients often do empirical treatments—i.e., antifungals—for extended periods without
achieving remission. Subungual exostoses, on the other hand, are an important considera-
tion in the differential diagnosis of subungual pain, particularly in the first toe. Although
exostoses have been well documented in the literature, studies specifically examining their
role in nail deformity and discomfort are lacking. Methods: A retrospective analysis was
conducted on 173 feet of patients with weightbearing lateral radiographs. These radio-
graphs were classified into two groups based on the presence or absence of subungual
exostoses, and we collected patient history data focusing on the presence or absence of
pain localized beneath the nail and associated nail abnormalities. Results: Subungual
exostoses were observed in 52% of the sample, whereas nail disorders were identified in
18.5%. Notably, among patients with nail disorders, 78% (25 patients) also presented with
subungual exostoses. Subungual pain was reported in 25 patients (14.5%), of whom 76%
had subungual exostoses. Conversely, the prevalence of subungual exostoses was lower in
patients without nail abnormalities (46%) or subungual pain (48%). Statistically significant
associations were found between nail abnormalities and the presence of exostoses and
subungual pain and exostoses, as well as pain and nail deformities (p < 0.05). Conclusions:
Both pain and nail abnormalities may be considered to have a high positive predictive
value for the presence of subungual exostoses.
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1. Introduction

During embryogenesis, the distal phalanx and the hallux nail develop in a coordinated
manner, enabling the nail to adopt a configuration that protects the underlying phalanx.
The nail matrix, which is responsible for producing the nail plate, is anchored to the dorsal
surface of the distal phalanx. This anatomical arrangement is crucial, as the structure of the
distal phalanx directly influences the shape and growth of the nail plate [1].

The prevalence of subungual exostoses remains largely unknown and may vary
depending on geographic region and age group. It is estimated to affect approximately 1%
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of the population, with 80% of cases occurring in the first ray of the foot. The condition
is most commonly observed in individuals during the second and third decades of life,
often associated with factors such as tight footwear or physical activity. Some studies
suggest that subungual exostosis accounts for approximately 30% of all surgical procedures
involving the nail apparatus.

Subungual exostoses were first described by Dupuytren in 1847 [2,3]. It is an isolated
bony prominence that predominantly occurs on the distal phalanx of the big toe, with a
range of clinical and radiological manifestations [4]. This outgrowth of normal bone tissue,
occasionally covered by a thin cartilaginous cap, can cause a volume increase beneath the
nail, leading to potential conflicts [5]. The pathogenesis of subungual exostoses remains
a topic of debate, with chronic infections, trauma, tumors, and hereditary abnormalities
contributing to uncertainty regarding its reactive versus benign neoplastic etiology [6,7].

Regarding trauma as a potential pathogenic factor, various theories have been pro-
posed. Some authors, such as De Palma et al. [8], could not establish a causal relationship
between microtrauma and the development of exostoses, despite most of their cases in-
volving athletes. Conversely, Multhopp-Stephens [3] and Wu [9] et al. suggested that these
exostoses often arise after trauma and are particularly common in young individuals.

Although pain is one of the main symptoms leading patients to seek medical attention,
it remains unclear whether dorsal exostosis is merely an incidental finding on simple radio-
graphs or is directly associated with subungual symptoms due to exostosis being able to ex-
ert pressure on surrounding soft tissues, potentially causing chronic inflammation [10,11].

To address this controversy, Garcia et al. [12] proposed a clinical classification of
subungual exostoses. However, despite their clinical significance, evidence regarding their
management remains limited. Furthermore, no definitive causal relationship has been
established between subungual exostoses and nail deformities or the painful symptoms
experienced by some patients.

Differentiating subungual exostoses from conditions such as osteochondroma, enchon-
droma, onychopapilloma, and glomus tumor involves a combination of clinical evaluation,
imaging studies, and histopathological examination. As previously mentioned, subungual
exostosis is a benign bony outgrowth originating from the distal phalanx beneath the nail,
often associated with pain and nail deformities.

In contrast, osteochondromas are also benign bone tumors that consist of both bone
and cartilage. However, osteochondromas are often asymptomatic unless they cause pain
by impinging on adjacent structures. A key distinguishing feature is the cartilaginous cap
that covers the bony growth, visible on X-ray. This feature differentiates osteochondromas
from subungual exostosis, which is exclusively osseous. Additionally, osteochondromas
typically affect the long bones, particularly around the knee or shoulder, rather than the
distal phalanx.

Enchondromas, on the other hand, are benign cartilage tumors usually located within
the bone, often in the phalanges. Unlike subungual exostoses, enchondromas do not
typically project outward beneath the nail. Enchondromas may also have a central cartilage
component, which can be identified on MRI or CT scans, further distinguishing them from
the purely bony nature of subungual exostoses.

Finally, soft-tissue tumors such as onychopapillomas and glomus tumors do not
present the bony growth characteristic of subungual exostoses. Onychopapillomas are often
associated with superficial, epithelial growths beneath the nail, whereas glomus tumors
are vascular in nature and typically present with tenderness, particularly in response
to cold exposure. Both of these soft-tissue tumors lack the ossified component seen in
subungual exostoses.

https://doi.org/10.3390/japmal16050077


https://doi.org/10.3390/japma116050077

J. Am. Podiatr. Med. Assoc. 2026, 116, 77 30f8

Although subungual exostoses may be an incidental finding when performing weight-
bearing X-rays of the feet for other indications, their presence becomes particularly signifi-
cant in cases where they are associated with pain or nail abnormalities, as their treatment is
crucial for pain disappearance and nail abnormalities correction.

This article aims to explore the connection between subungual exostoses, pain, and
nail abnormalities, and emphasizes the importance of precise diagnosis and appropriate
therapeutic approaches to improve clinical outcomes for affected patients.

2. Material and Methods

We designed a retrospective cohort study including 173 feet from patients who were
admitted at our outpatient clinic, Clinica Universidad de Navarra, Pamplona (Spain),
a tertiary hospital between May 2014 and June 2024. This study was approved by the
Research Ethics Committee of the hospital (Approval No. 2020.106 Thesis).

Medical records provided detailed information on the presence or absence of nail
abnormalities (defined as changes in the color, thickness, or integrity of the nail plate) or
pain (defined as an unpleasant sensation in the nail, whether at rest or under pressure), and
all patients enrolled had weight-bearing foot radiographs available for evaluation.

Exclusion criteria included any history of foot fractures, previous foot surgeries, or
highly advanced hallux valgus where toe rotation could obscure the presence of exostoses
on lateral radiographs. Demographic variables such as age, sex, and laterality (right or left
foot) of the radiographed foot were collected (Table 1).

Table 1. Demographic data.

Women 98 (56.6%)
Sex
Men 75 (43.4%)
Arithmetic average 49.8 years old
Age
Range [4-83]
Right 93 (53.8%)
Laterality
Left 80 (46.2%)

On lateral X-rays, we assessed the presence or absence of subungual exostoses of the
first toe as described in the literature [13] (Figure 1).

A. Absence of exostoses ‘ ’ B. Presence of exostoses ‘

Figure 1. Lateral weight-bearing radiographs. (A): Absence of exostoses. (B): Presence of exostoses.

Statistical analyses were conducted using Stata version 14 (StataCorp LP, 2015; Stata
Statistical Software: Release 14, College Station, TX, USA). All statistical tests were two-
sided, and p values less than 0.05 were considered statistically significant. Data normality
was tested using the Kolmogorov—Smirnov and Shapiro-Wilk tests.

This is a retrospective series, which may introduce biases or result in missing data. Ad-
ditionally, this study’s temporal design prevents the estimation of factors such as whether
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the duration of exostoses is associated with increased symptom intensity over time. While
weight-bearing X-rays of the feet with both frontal and lateral projections were performed
for all patients, other imaging techniques—such as CT or MRI, which have been recom-
mended by other authors for more challenging cases—were not utilized. Finally, although
this is a relatively large series, a larger sample size could help to further validate and
strengthen the findings of this study.

3. Results

The study sample included 173 feet from patients with a mean age of 49.8 years
(SD =+ 15) . Among the entire cohort, 56.6% of the feet belonged to women, and 53.8% were
right feet (Table 1).

Subungual exostoses were observed in 52% of the total sample. Of the entire series,
32 patients (18.5%) exhibited nail abnormalities in the first toe, while 141 patients (81.5%)
had nails with no detectable changes.

Regarding subungual pain, 14.5% (25 patients) reported or exhibited it during physical
examination. Notably, not all patients with nail abnormalities experienced pain. The
relationship between the presence or absence of subungual exostoses and nail abnormalities
is presented in Table 2.

Table 2. Number of feet with and without nail abnormalities based on the presence or absence of
subungual exostoses.

Nail Disorders Normal Nails Total
Presence of subungual exostoses 25 65 90
Absence of subungual exostoses 7 76 83
Total 32 141 173

Among patients with nail abnormalities—including pincer nail, subungual hyperk-
eratosis, and distal onycholysis (Figure 2)—78.1% had subungual exostoses. In contrast,
91.6% of patients without exostoses had normal nails. The distribution of subungual pain
based on the presence or absence of subungual exostoses is shown in Table 3.

Table 3. Number of patients with and without subungual pain based on the presence or absence of
subungual exostoses.

Subungual Pain No Pain Total
Presence of subungual exostoses 19 71 90
Absence of subungual exostoses 6 77 83
Total 25 148 173

Regarding patients with subungual pain, 76% had subungual exostoses. Conversely,
92.8% of patients without exostoses had nails without abnormalities. The distribution of
subungual exostoses was similar among patients lacking nail abnormalities or pain, with
46% in the group without nail abnormalities and 48% in the group without subungual pain.

Finally, all patients with subungual pain (1 = 25) exhibited nail abnormalities, while
95.3% (141 patients) without pain had normal nails (Table 4).

There was a statistically significant association between having nail abnormalities
and the presence of dorsal exostoses (p < 0.05), between experiencing subungual pain and
the presence of dorsal exostoses (p < 0.05), and between having pain and nail dystrophy
(p < 0.05).
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Table 4. Number of patients with and without subungual pain based on the presence or absence of
nail abnormalities.

Nail Disorders Normal Nail Total
Presence of subungual pain 25 0 25
Absence of subungual pain 7 141 148
Total 32 141 173

Nine patients who underwent open surgical resection [14-16] of the exostoses
(Figure 3) experienced progressive resolution of symptoms without associated compli-
cations. Pain subsided almost immediately, although nail abnormalities persisted for
nearly a year (time required for full nail regeneration), improving its final appearance. No
recurrences were observed during the 2-year follow-up period.

Figure 2. Examples of three patients with nail abnormalities, showing subungual exostoses on

lateral radiographs.

&

Figure 3. Example of a surgically treated patient. (A): Preoperative X-ray showing exostoses.
(B): Intraoperative X-ray showing exostosis resection. (C): Nail with onychogryphosis and incision
under the nail. (D): Approach and the exostoses (arrow).
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4. Discussion

Subungual exostoses is a relatively uncommon osseocartilaginous tumor that primarily
affects the distal phalanx of the first toe, with its exact pathogenesis remaining unclear [1].
The most common presentation involves a tender, small, painful nodule that typically
projects beyond the free edge of the nail. However, these lesions are not always visible
and sometimes can only be identified through imaging. Therefore, their presence should
be always considered and ruled out in patients presenting with a pathology involving the
first toe, even in those with no evident deformities. Moreover, uncommon presentations of
subungual exostoses, such as pincer nail dystrophy and onycholysis, may also occur, as
observed in this series [17].

Pincer nail is a form of dystrophy characterized by thickening of the nail plate, a
reduction in nail width, and an increase in height. This condition is both aesthetically and
clinically significant, as the altered nail plate exerts pressure on the surrounding soft tissues,
leading to severe pain, increased risk of infections, discomfort, and potential changes
in nail color. Mechanical forces play a key role in influencing nail configuration and its
progression [18]. Therefore, the presence of subungual exostoses may further exacerbate
these forces.

On the other hand, distal onycholysis is characterized by the separation of the nail
plate from the underlying nail bed. In toenails, it is often of traumatic origin, typically
caused by mechanical stress [19]. As observed in this study, distal onycholysis may also
result from damage to the nail plate associated with subungual exostoses [20].

Our findings demonstrate a statistically significant association between the presence
of nail abnormalities and subungual exostoses. Furthermore, given the role of compressive
forces exerted by the exostoses on the nail matrix in the pathophysiology of nail plate
alterations, it is unsurprising that significant relationships were also observed between the
presence of exostoses and subungual pain, as well as between pain and nail abnormalities.
Nevertheless, the novelty of this study lies in the issue that while subungual exostoses are
clearly pathological in this context, they may also represent incidental findings, as they
were observed in nearly half of the patients without pain or nail abnormalities. Therefore,
although they are not always pathological, this condition should be suspected in patients
presenting with nail deformity or subungual pain in the first toe. In addition, in cases
where its presence is confirmed, it is likely to have a causal role, and symptoms may resolve
following surgical treatment, as described in the patients treated in the context of this study.
Conversely, in cases where exostoses are an incidental findings, no treatment is required.

Measurement, precise localization of the tumor and evaluation of its relationship with
surrounding structures are essential for guiding subsequent surgical intervention. While
weight-bearing radiographs with lateral projections are generally sufficient for diagnosis,
ultrasound and, particularly, magnetic resonance imaging (MRI) offer advanced tools for
assessing the pathology of the nail apparatus. Regarding treatment, a conservative ap-
proach may be appropriate in asymptomatic cases; however, surgery remains the definitive
solution when the exostosis is associated with symptoms such as pain or changes in the
nail plate. For small subungual exostoses without involvement of the nail bed, a simple
excision with direct closure is a viable surgical technique, as it minimizes damage to the
nail bed. In contrast, when the tumor leads to destruction of the nail bed, resulting in a
significant defect post-excision, reconstructive procedures such as a bed flap or a partial or
full-thickness skin graft are necessary to promote healing, prevent postoperative infections,
and mitigate the risk of nail deformities.

Surgical treatment is considered the definitive solution for subungual exostoses, with
the indication for surgery being primarily based on the presence of symptoms, such as
pain. In some asymptomatic cases, however, alteration in the nail plate alone may warrant
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consideration for surgical intervention. Incidental exostoses that do not result in anatomical
or functional repercussions generally do not require treatment. For smaller exostoses
where surgical intervention is not indicated, alternative management strategies such as
pain control with analgesics or infiltrations, along with correction of nail plate pathology
through the use of antifungal treatments, urea solutions, or salicylic acid, as appropriate,
may be considered.

5. Conclusions

Subungual exostoses may be considered in patients showing pain and/or nail abnor-
malities, especially after ruling out other potential causes. Diagnosis is straightforward and
can be easily confirmed with a lateral X-ray of the affected toe.

If exostosis is confirmed, surgical excision is the only effective treatment.

In conclusion, both pain and nail abnormalities may be considered to have a high
positive predictive value for the presence of subungual exostoses.
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