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Onychomycosis is a common chronic fungal infection of the nails, causing significant physical
and psychological morbidity. In Pakistan, access to fungal culture and molecular diagnostics is
limited, creatinganeed for non-invasive, rapid, and cost-effective diagnostic tools. Objectives:
To determine the association between onychoscopic features and KOH positivity in clinically
suspected onychomycosis. Methods: This cross-sectional observational study was conducted
inthe Department of Dermatology, Ghurki Trust and Teaching Hospital, Lahore, Pakistan, from7
August 2025 to 10 January 2026. A total of 52 patients with clinically suspected onychomycosis
were enrolled. Each patient underwent onychoscopic examination followed by nail plate
potassium hydroxide (KOH) testing for fungal confirmation. Onychoscopic features, including
onycholysis, jagged edge with spikes, longitudinal striae, subungual hyperkeratosis, and
chromonychia, were documented. Sensitivity, specificity, predictive values, and diagnostic
accuracy were calculated for each feature using KOH microscopy as the reference standard.
Results: KOH test was positive in 82.7% of cases. Onycholysis had the highest sensitivity (86.1
%)whilejagged edge with spikes demonstrated the highest specificity(88.9%). Onycholysis was
significantly associated with KOH positivity (p=0.026), and jagged edge with spikes also showed
a highly significant association (p=0.002). The combination of jagged edge and onycholysis
yielded an accuracy of 76.9%. Chromonychia(p=0.160) and longitudinal striae (p=0.716) showed
weaker associations. Conclusions: Specific onychoscopic features, particularly jagged edges
with spikes and onycholysis, demonstrated a significant association with KOH positivity.
However, given variability in sensitivity and specificity, these findings should be interpreted
alongside confirmatory testing (culture or PCR, where available) rather than as standalone
diagnosticcriteria.

INTRODUCTION

Onychomycosis is a chronic fungal infection of the nails
with a global prevalence of 2-13% [1-3]. It is characterized
by the invasion of pathogenic fungi into the nail unit. The
primary causative agents are dermatophytes such as
Trichophyton, Epidermophyton, and Microsporum, with
Candida species contributing a smaller proportion [4, 5].
Predisposing factorsinclude prolonged exposure to humid

environments, impaired immunity, disturbed peripheral
circulation, poor hygiene, and compromised nail integrity
duetotrauma or pre-existing nail disorders[5, 6]. The main
clinical subtypes are distal and lateral subungual
onychomycosis (DLS0) involving the distal and lateral
edges, proximal subungual onychomycosis (PSO0)
manifesting as white/yellow patches at the nail base,
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superficial white onychomycosis presenting as powdery
nail surface patches, and total dystrophic onychomycosis
(TDO)in which the whole nail is deformed and crumbled [4,
71. Clinically, onychomycosis manifests with progressive
alteration in nail appearance and texture, including
brittleness, thickening, discoloration, accumulation of
subungual debris, and separation of the nail plate from the
underlying nail bed. These changes lead to discomfort, foul
odor, pain, functional impairment, and significantly impact
the patient's psychological well-being and social
interactions [2]. Onychomycosis can be diagnosed using
several methods, such as potassium hydroxide (KOH)
mount testing, fungal culture, and polymerase chain
reaction(PCR)[8-10]. Nail plate KOH test is an inexpensive,
rapid method, involving the microscopic examination of
nail clippings after treating with KOH solution, which
dissolves the nail keratin and preserves the fungal
elements[11]. However, KOH testing has limited specificity
(38-78%) and relatively high false-negative rates,
particularly in early or subtle infections. In contrast, fungal
culture is traditionally considered the reference method
for confirming the presence of fungal infection but has
drawbacks of low sensitivity (31-59%) and requires
prolongedincubation time, limiting its utility forimmediate
diagnosis[12,13]. PCRis a highly sensitive method, but it is
constrained by accessibility due to technical requirements
and cost. These limitations highlight the need for more
accessible and rapid adjunctive diagnostic approaches.
Onychoscopy is a non-invasive diagnostic technique in
which a handheld dermoscope (a magnifying device with a
built-inlight source)is used to examine the nail morphology
[14]. The characteristic onychoscopic features include
longitudinal striae, jagged edges with spikes, onycholysis,
subungual hyperkeratosis, and chromonychia [15].
Onychoscopy helps distinguish different types of
onychomycoses as well as differentiate them from other
nail disorders [16, 17]. This minimizes the need for
unnecessary biopsies while simultaneously optimizing
diagnostic accuracy [15, 18]. Accurate and cost-effective
diagnostic strategiesare essential to prevent misdiagnosis
andinappropriate therapy[19,20].

In resource-limited settings such as Pakistan,
confirmatory testing is not routinely available for all
patients, which may contribute to inadequate
management. Additionally, without laboratory
confirmation, treatment failure cannot be reliably
differentiated from misdiagnosis. The diagnostic
performance of individual onychoscopic features in
predicting KOH positivity has not been adequately
evaluated in the local population. This study aimed to
determine the association between onychoscopic features
and nail plate KOH positivity in patients with clinically
suspectedonychomycosis.

DOI: https://doi.org/10.54393/pjhs.v7i8.3925

METHODS

This cross-sectional observational study was conductedin
the Department of Dermatology, Ghurki Trust Teaching
Hospital, Lahore, Pakistan, from 7 August 2025 to 10
January 2026. Ethical approval was obtained from the
Institutional Review Board (IRB no: 16981/23 ; dated 9th
October 2023). The target population comprised all adult
patients presenting with clinically suspected
onychomycosis to the Dermatology Outpatient
Department during the study period. Sample size of 52
patients was calculated with WHO calculator using the
formulan =Z7%xp x (1 - p)/ e? where Z = 1.96 for 95%
confidence level, e = 9.4% as margin of error, taken as
0.094, and p=proportion(expressed asadecimal), takenas
0.862 assuming a sensitivity of 86.2% for dermoscopy[2].
Substituting these values: n =(1.96)? x 0.862 x (1 - 0.862) /
(0.094)4, n=51.7, which was rounded up to 52 participants.
Non-probability consecutive sampling was employed.
Written informed consent was obtained from all
participants. Eligible participants were adults older than 18
years of either sex who presented with clinical features
suggestive of onychomycosis, such as nail discoloration,
onycholysis, or subungual hyperkeratosis. Patients were
excluded if they had pre-existing nail disorders such as
psoriasis or lichen planus, onychodystrophy secondary to
systemic disease, a history of systemic antifungal therapy
within the previous 3 months, or if they were pregnant or
lactating. All onychoscopic assessments were performed
by a single trained observer to ensure consistency, with no
blinding. Onychoscopy was performed using a handheld
dermoscope (Heine Delta, 10x magnification) in both non-
polarized and polarized modes. Onychoscopic features,
including onycholysis, jagged edges with spikes, subungual
hyperkeratosis, longitudinal striae, chromonychia, and
distal irreqular termination, were documented as present
or absent and photographed. Following this, nail clippings
and subungual debris were collected using a nail clipper
and probe. The samples were immersed in 20% KOH
solution for 24 hours to facilitate the clearing of thick
keratinized tissue to ensure thorough keratin dissolution
[21]. Microscopic examination was performed at 10x and
40x magnification for the presence of fungal hyphae or
spores. The KOH test results were classified as either
positive (presence of fungal structures) or negative
(absence of fungal structures).

Data were analyzed using SPSS version 20.0. Categorical
variables were summarized as frequencies and
percentages. The association between onychoscopic
features and KOH test positivity was assessed using
Fisher's exact test. Estimation of population parameters
was performed by calculating 95% confidence intervals
using the exact binomial (Clopper-Pearson) method for
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sensitivity and specificity. Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
were calculated to assess diagnostic performance.
Combinations of onychoscopic features were evaluated
using ANDlogic(both features had to be presentinapatient
to be considered positive). A p-value of <0.050 was
considered statistically significant.

RESULTS

A total of 52 patients were included, with a female
predominance(80.8%). The KOH test was positive in 43/52
cases (82.7%). KOH positivity was observed in 36/42
females(85.7%)and 7/10 males(70%). The results show the
distribution of KOH results according to gender. Columns
indicate the number of KOH-positive and KOH-negative
casesamongfemales(n=42)and males(n=10)(Figure1).
KOH Test Results

: ’ K
0 =)

KOH positive
M Female, n=42

Figure1: Distribution of KOH Results by Gender

The most common age group was 20 - 30 years. KOH
positivity across age groups was 15/17 (88.2%) in 20 - 30
years, 4/6(66.7%) in 30 - 40 years, 11/15(73.3%) in 40 - 50
years, 6/6(100%)in 50 - 60 years, and 7/8(87.5%)in 60 - 70
years. Distal lateral subungual onychomycosis (DLSO) was
the most common clinical subtype, followed by total
dystrophic onychomycosis (TDO). KOH positivity varied
across clinical subtypes, with 33/37 DLSO cases (89.2%)
and 8/11 TDO cases (72.7%) testing positive. Both
superficial white onychomycosis (SWQ) cases were
positive, whereas neither of the two proximal subungual
onychomycosis (PS0O) cases showed KOH positivity.
Demographic and clinical characteristics of study
participantsare summarized(Table1).

Table 1: Demographic and Clinical Characteristics of Patients,
Including Gender, Age Group (Years), Disease Duration, and
Subtype Classification

KOH negative
Male, n=10

Parameters Category n(%)
Female 42(80.8%)
Gender

Male 10(19.2%)

20-30 17(32.7%)

30-40 6(11.5%)

Age Group (years) 40-50 15(28.8%)
50-60 6(11.5%)

60-70 8(15.4%)

DOI: https://doi.org/10.54393/pjhs.v7i8.3925

<6 Months 14(26.9%)
) ) 6-12 Months 22(42.3%)
Disease Duration
12 - 24 Months 11(21.2%)
>24 Months 5(9.6%)
Distal %nncillc_ﬁ(t)enzilus):ibsungual 37(71.2%)
Clinical Subtype Total Dystrophic Onychomycosis 11(21.2%)
Proximal Subungual Onychomycosis | 2(3.8%)
Superficial White Onychomycosis 2(3.8%)

Among the observed onychoscopic features, onycholysis
(76.9%), jagged edge with spikes (67.3%), and
chromonychia (55.7%) were the most frequent findings.
The findings summarize the frequency distribution of key
onychoscopic features stratified by KOH status. Columns
show counts of cases with the feature, stratified by KOH
status (positive or negative); percentages in parentheses
indicate proportion of total sample with that feature
(Figure 2).

Frequency of Onychoscopic Features

25
20
15
10
5
0

Onycholysis(76.9%)  Jagged Edge with Chra Distal I
Spikes (67.3%) (55.7%) (53. 8/i Hyperkeratosis Termmanon 42 3/)
(42.3%)

M KOH positive ® KOH negative

Figure 2: Frequency Distribution and KOH Positivity of Key
Onychoscopic Features

Onychoscopic patterns appeared broadly similar across
gender and age groups but demonstrated variation across
clinical subtypes. DLSO showed higher frequencies of
onycholysis (94.6%) and jagged edge with spikes (78.4%),
whereas TDO more commonly demonstrated distal
irregular termination (90.9%) and subungual
hyperkeratosis (72.7%). Interpretation for PSO and SWO
was limited due to small case numbers. Representative
clinical photographs are provided. (A) Longitudinal striae
(black arrow)and distal onycholysis(red arrow). (B) Jagged
edges with spikes (black arrow) and distal onycholysis (red
arrow). (C) Jagged edges with spikes (black arrow) and
distal irreqular termination (red arrow). (D) Chromonychia
(yellowand blackdlscoloratlon)(Flgure3)

Foaiee
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highest specificity (88.9%) and positive predictive value
(97.1%). The features like subungual hyperkeratosis and
distal irregular termination also showed statistically
significant associations; however, both demonstrated low
specificity and modest accuracy. Chromonychia showed
moderate diagnostic performance (sensitivity 60.5%,
specificity 66.7%) and did not demonstrate a strong
association with KOH positivity. Longitudinal striae,
although frequently observed, showed limited specificity
and no statistically significant association with KOH
results. Detailed sensitivity, specificity, positive predictive
value, negative predictive value, p-values, and diagnostic
accuracy foreachfeature are presented(Table 2).

Figure 3: Representative OnychoscopicImages(A-D)

Both onycholysis and jagged edge with spikes
demonstrated significant statisticalassociations with KOH
results. Onycholysis showed the highest sensitivity(86.1%),
whereas jagged edge with spikes demonstrated the

Table 2: Sensitivity, Specificity, PPV, NPV, and Diagnostic Accuracy for Each Onychoscopic Featurein Comparison with KOH Positivity

Jagged Edge with Spikes 79.1(63.9-89.9) | 88.9(56.5-98.0) 97.1% 47.0% 0.002 80.7%
Onycholysis 86.1(72.1-94.7) | 66.6(29.9-92.5) 92.5% 50.0% 0.002 82.6%
Longitudinal Striae 55.8(40.0-70.4) | 55.5(21.2-86.3) 85.7% 20.8% 0.716 55.7%
Subungual Hyperkeratosis | 32.5(20.2-48.0) | 11.1(0.3-48.2) 63.6% 3.3% 0.002 28.8%
Chromonychia 60.4(44.4-74.9) | 66.6(29.9-92.5) 89.6% 26.1% 0.160 61.5%
Distal Irreqular Termination | 34.9(22.9-49.6) | 22.2(2.8-60.0) 68.2% 6.6% 0.026 32.6%

Legend: Cl=Confidence Interval

To evaluate whether combinations of multiple features
improved predictive performance, predefined
combinations were analyzed. Combinations such as
onycholysis with jagged edge, longitudinal striae with
jagged edge, and onycholysis with chromonychia were
evaluated. Among these, the combination of onycholysis
and jagged edge demonstrated the highest diagnostic
accuracy (76.9%). The study reports the diagnostic
performance of combined onychoscopic features using
KOH positivityasthe reference standard(Table 3).

Table 3: Diagnostic Accuracy of Combined Onychoscopic
FeaturesUsingand Logic

Sensitivity Specificity Diagnostic

Combinations % % Accuracy %
Jagged Edge + Onycholysis 74.4% 88.9% 76.9%
Longitudinal Striae + Jagged Edge| 44.2% 88.9% 51.9%
Chromonychia + Onycholysis 53.5% 88.9% 59.6%

Legend: AND Logic=Bothfeatureshavetobe present

DISCUSSION

This study evaluated the association between specific
onychoscopic features and KOH positivity in patients with
suspected onychomycosis. The observed female
predominance(80.8%)in our study may partly be related to
socioeconomic factors, including frequent wet work and a
greater likelihood of seeking medical care for nail-related
cosmetic concerns [22]. The high KOH positivity rate

(82.7%) likely reflects the predominance of DLSO, which
constituted the majority of cases and demonstrated high
positivity (89.2%). The limited number of other subtypes
restricts meaningful comparison across clinical patterns.
Among individual patterns, jagged edge with spikes
demonstrated the highest specificity (88.9%), while
onycholysis showed the highest sensitivity (86.1%).
Although subungual hyperkeratosis and distal irregular
termination showed statistically significant association
with KOH positivity, both showed low specificity and
modest overall accuracy, limiting their usefulness as
standalone predictors. These patterns may reflect non-
specific or advanced nail dystrophy rather than definitive
fungal infection and should therefore be interpreted
cautiously. The combined presence of jagged edge with
spikes and onycholysis improved overall accuracy (76.9%),
suggesting that clustered feature patterns may enhance
predictive association compared with isolated findings.
The current study findings align with previously reported
diagnostic metrics evaluating individual onychoscopic
features. Ma et al. reported high overall sensitivity but
limited specificity for onychoscopic diagnosis, reflecting
variability in predictive strength across features [2].
Similarly, pooled analysis by Lim et al. demonstrated high
specificity for spike patterns and longitudinal striae,
supporting our observation that jagged edges with spikes
represent one of the most specific individual findings [19].
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Minor differences in sensitivity across studies may be
attributed to variations in feature definition, inclusion
thresholds, and disease severity. Systematic analyses have
also highlighted that certain less frequent features may
demonstrate very high specificity. Litaiem et al. reported
extremely high specificity for “ruin appearance”,
corresponding to distal irreqular termination [17]. While
statistically significant in our cohort, this pattern was
infrequent, limiting its contribution to overall predictive
performance. Regional studies have consistently
identified spike patterns and longitudinal streaks as
common findings[16, 23]. However, our results emphasize
that prevalence does not necessarily equate predictive
association. Longitudinal striae were frequently observed
in our cohort but did not show statistically significant
association with KOH positivity, underscoring the need to
distinguish between frequency and diagnostic relevance.
Similarly, lorizzo et al. reported onycholysis, chromonychia,
and subungual hyperkeratosis as the most frequently
observed features in their prospective cohort, supporting
our observation that commonly encountered patterns do
not necessarily demonstrate the strongest predictive
association [7]. Comparative approaches incorporating
artificial intelligence and clinician-based assessment have
demonstrated diagnostic metrics comparable to
onychoscopic evaluation [9]. The high specificity for
jagged edges with spikes observedin ouranalysis suggests
that targeted evaluation of well-defined patterns may
enhance predictive association as compared with
generalized pattern recognition. Overall, the current
analysis reinforces that individual features contribute
differently to predictive strength and clustered feature
assessment may provide a reliable association with KOH-
confirmedinfection.

This study has several limitations that should be
considered when interpreting the findings. It was a single-
center study with a relatively small sample size, which may
limit the statistical power and generalizability of our
findings. Future studies would benefit from a multicenter
design and a larger sample size to improve robustness.
Incorporating multiple observers with inter-observer
reliability testing would further enhance reproducibility in
feature recognition. Reliance on KOH as the sole
confirmatory test may have limited the diagnostic
precision, although KOH microscopy remains widely used
in clinical practice. Onychoscopy, while valuable for
detecting characteristic patterns of onychomycosis, is
limitedinits ability to differentiate between fungal species
or subtypes. Lack of fungal culture or PCR may have
affected diagnostic accuracy. Future studies could benefit
from combining onychoscopy with these confirmatory
tests to improve accuracy. The absence of long-term

DOI: https://doi.org/10.54393/pjhs.v7i8.3925

follow-up alsolimitedinsightsinto pattern evolutionandits
associationwithtreatment outcomes.

CONCLUSIONS

In this study, specific onychoscopic features
demonstrated a significant association with KOH-
confirmed onychomycosis, with onycholysis showing high
sensitivity and jagged edge with spikes showing high
specificity. While these findings highlight the predictive
relevance of certain patterns, confirmatory testing, such
asfungal culture or PCR, where available, remains essential
for diagnosis and treatment planning. Further multicenter
studies with larger sample sizes are required to validate
theseassociationsinbroader populations.
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