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Abstract

Background Ingrown toenails are a common nail pathology. When conservative treatments are ineffective, a surgical
approach is often utilised. Despite recent narrative reviews, there is a need for an up-to-date and rigorous systematic
review of surgical methods for treating ingrown toenails.

Methods Five databases (MEDLINE, Embase, CINAHL, Web of Science and CENTRAL) and two registers (Clinical-
trials.gov and ISRCTN) were searched to January 2022 for randomised trials evaluating the effects of a surgical
intervention(s) for ingrown toenails with a follow-up of at least 1 month. Two independent reviewers screened
records, extracted data, assessed risk of bias and certainty of evidence.

Results Of 3,928 records identified, 36 (3,756 participants; 62.7% males) surgical interventions were included in the
systematic review and 31 studies in the meta-analysis. There was very low quality evidence that using phenol with
nail avulsion vs nail avulsion without phenol reduces the risk of recurrence (risk ratio [RR] 0.13 [95% Cl 0.06 to 0.27],
p<0.001). No favourable effect was observed between chemical or surgical vs conservative management (0.55 [0.19
to 1.61], p=0.280; 0.72 [0.33 to 1.56], p=0.410), chemical or surgical vs other (e.g., CO, laser, electrocautery) (1.61 [0.88
t0 2.95], p=0.120; 0.58 [0.25 to 1.37], p=0.220), chemical vs surgical (0.75 [0.46 to 1.21], p=10.230), surgical vs surgi-
cal (0.42 [0.21 to 0.85]), chemical vs chemical (0.19 [0.01 to 3.80], p=0.280), surgical vs surgical +chemical (3.68 [0.20
to 67.35], p=0.380), chemical vs surgical +chemical (1.92 [0.06 to 62.30], p=0.710), local anaesthetic vs local anaes-
thetic+adrenaline (1.03 [0.22 to 4.86], p=0.970), chemical timings 30 s vs 60 5 (2.00 [0.19 to 21.41]) or antibiotics vs
no antibiotics (0.54 [0.12 to 2.52], p=0.430). Central toenail resection was the only procedure to significantly relieve
symptoms (p=0.001) but data were only available up to 8 weeks post-surgery.

Conclusion Despite the high number of publications, the quality of research was poor and the conclusions that can
be inferred from existing trials is limited. Phenolisation of the nail matrix appears to reduce the risk of recurrence fol-
lowing nail ablation, and with less certainty 1 min appears to be the optimum time for application. Despite this being
a widely performed procedure there remains a lack of good quality evidence to guide practice.
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Introduction

An ingrown toenail, or onychocryptosis, is a common
problem that occurs when the nail plate punctures the
periungual skin causing substantial pain, inflamma-
tion, discomfort and increased risk of infection if left
untreated [1]. Most cases occur in the hallux and typi-
cally present in teenagers and young adults, although
may present at any age [2, 3]. Several factors have been
proposed as contributory to the occurrence or worsen-
ing of ingrown toenails with varying degrees of evidence.
These include poor nail cutting technique, hyperhidrosis,
ill-fitting footwear, nail deformity, trauma, obesity, and
peripheral oedema [4, 5].

Multiple semi-quantitative classification systems have
been developed to classify ingrown toenails. Most focus
on the severity of ingrown toenails, and generally have
three stages: mild (stage I), moderate (stage II) and severe
(stage III) [6-8]. Although, more recently an alternative
approach has been suggested that focusses on the shape
of the nail plate and aetiology of the pathology [8]. The
performance of these classification systems has not been
evaluated but have been proposed as a basis upon which
to base treatment decisions.

Conservative approaches in the form of appropriate
nail cutting and spicule removal, soaking in warm water,
guttering, and orthonyxia (nail bracing) have all been
advocated in the literature for use in mild to moder-
ate stages (stage I and II) with varying success rates and
quality of evidence [5, 8]. However, when conservative
treatment fails, where there is nail deformity, or in more
severe cases (stage II and III), a surgical approach is often
recommended aiming to remove the problem part of the
nail and destroy the underlying matrix to avoid recur-
rence [8—10].

Multiple surgical interventions have previously been
described with most including either partial or total avul-
sion of the nail plate, that is often combined with abla-
tion of the nail matrix to stop regrowth. Nail surgery is
performed by a range of health professionals including
GPs (general practitioners), orthopaedic surgeons, der-
matologists, and podiatrists. Indeed nail surgery forms
a substantial part of the workload of podiatrists, having
been identified as the tenth most commonly performed
procedure performed by the profession [11]. Whilst
there is little published data to describe how this com-
mon nail pathology is treated in practice, it is clear that a
large number of small studies have been published on the
topic. Systematically searching for and reviewing these

studies, pooling estimates of effectiveness, and provid-
ing recommendations for practice and future research is
essential to enable evidence-based practice.

A Cochrane review published 10 years ago suggested
that use of phenol reduced the likelihood of recurrence
but did not differentiate between regrowth of the nail
plate (which may be asymptomatic) with recurrence
of symptoms [4]. The authors also found that there was
insufficient evidence to make recommendations on
whether more radical surgery was more effective in cases
of more severe disease, or how key patient reported out-
comes such as relief of symptoms, patient satisfaction,
and post-operative pain were affected by nail surgery.
More recent narrative reviews have been written [8, 12],
and a systematic review specific to the use of phenol used
a very limited search strategy, and did not adhere to key
methodological principles such as prospective registra-
tion of their review [13]. Accordingly, there is a need for
an up-to-date and rigorous systematic review of surgical
methods for treating ingrown toenails. The aim of this
study, therefore, was to systematically search and synthe-
sise the literature relating to the effectiveness/efficacy of
surgical methods for treating ingrown toenails.

Methods

The Cochrane Handbook for Systematic Reviews of
Interventions [14] was used to guide the conduct of this
review. The review was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [15], This review was prospec-
tively registered at https://www.crd.york.ac.uk/prospero/
[CRD42021251938].

Eligibility criteria

Randomised controlled trials (RCTs) that evaluated
the effects of a surgical intervention(s) for ingrown toe-
nails with a follow-up period of at least 1 month were
included. Trials comparing one form of surgery with
another form of surgery, or a non-surgical intervention,
or no intervention were included. Unpublished trials
and conference abstracts were only included if the meth-
odological descriptions were adequate to determine eli-
gibility. Where such information was missing from the
abstract, it was sought through direct contact with the
author. There were no restrictions on the setting, age, or
gender of participants. Studies were restricted to Eng-
lish, pertaining to human participants, and must have
reported one of the following outcomes for inclusion.


https://www.crd.york.ac.uk/prospero/

Exley et al. Journal of Foot and Ankle Research (2023) 16:35

Relief of symptoms, and symptomatic regrowth (nail
spicules/nail spikes) were considered co-primary out-
comes in advance of conducting the searches. Healing
time, postoperative complications (e.g., infection and
haemorrhage), pain of operation, postoperative pain
(duration and intensity) and participant satisfaction
were defined as secondary outcomes. After completing
searches, and screening it became clear that the major-
ity of papers did not differentiate symptomatic/asymp-
tomatic regrowth of the nail plate, but instead frequently
conflated these and considered ‘recurrence. This was
therefore adopted as a co-primary outcome rather than
‘symptomatic regrowth’

Search strategy

Electronic databases were searched from inception
to January 2022: MEDLINE (Ovid), EMBASE (Ovid),
CINAHL, Web of Science and Cochrane Central Regis-
ter of Controlled Trials (CENTRAL). The search strat-
egy (Supplementary File 1) was conducted using Medical
Subject Heading (MeSH), truncation and Boolean opera-
tors. Other relevant completed and ongoing studies were
also sought through screening of clinicaltrials.gov, the
International Clinical Trials Registry [ISRCTN] and for-
ward and backwards citations of included studies.

All searches were carried out by the same author and
search results generated by the electronic databases were
exported to Rayyan, where duplicates were removed.
Abstract, titles and full text screening were conducted
independently by two review authors, who recorded rea-
sons for exclusion. Discrepancies were discussed with a
third author and resolved by consensus. Review authors
were not blinded to the author, institution, or the publi-
cation source of the study.

Data extraction
A modified Cochrane data extraction form was piloted
and then used to extract and record information. Data
extracted included: (a) general information such as
author(s), title, journal and study funding; (b) trial char-
acteristics such as study aim and objectives, study design,
unit of allocation and ethical approvals; (c) participant
characteristics such as setting, inclusion/exclusion crite-
ria, sample size (number of participants and nail folds),
age, gender, baseline imbalances, severity of ingrown
toenails; (d) intervention and comparison group(s); (e)
outcome measures including as time points, unit of
measurement, outcome definition, data at baseline/fol-
low-up and statistical methods.

Two review authors independently extracted data
from the included studies, with disagreements resolved
through consensus of a third review author. Where data
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were missing or unclear, the corresponding author(s)
was contacted via email and relevant information
requested. If after initial request no response was forth-
coming, at least one further email was sent.

Data synthesis and analysis

Meta-analyses were conducted using Review Manager
(RevMan V5.3 Cochrane Collaboration, Oxford, UK).
The RevMan programme is designed to allow inde-
pendent data entry by different reviewers. This ensures
blinded data entry and highlights any discrepancies
in values entered by reviewers. Any discrepancies
between entered values was rechecked and discussed.
For continuous data, pooled results were expressed as
mean differences (MD), 95% confidence intervals (CI)
and p values, with <0.05 considered significant. For
dichotomous outcomes, pooled results were expressed
as risk ratios (RR) and corresponding 95% CI, generated
by RevMan. Where studies used a different assessment
tool to measure the same construct, the standardised
mean difference (SMD) and corresponding 95% CI was
calculated. Where studies had multiple assessment
time points, data were extracted for the final follow-up
time point from randomisation.

Statistical heterogeneity and consistency were deter-
mined by interpreting the I statistic, and the following
thresholds were identified a priori: 0-40% may not be
important, 30-60% may represent moderate heteroge-
neity, 50-90% may represent substantial heterogeneity,
75-100% considerable heterogeneity [14]. If statisti-
cal heterogeneity was noted (I>>40%) for a particular
treatment comparison, a random-effects model was
used for analysis to account for expected heterogene-
ity between studies. Where there was no or little evi-
dence of statistical heterogeneity, a fixed-effects model
was used. The fixed-effect model assumes all studies
are measuring the same treatment effect and that all
differences between studies are due to random (sam-
pling) error. The Mantel-Haenszel methods [16] is the
default fixed-effect method implemented in Revman.
The random-effects model assumes the treatment effect
varies between the studies. This model estimates the
mean of the distribution of effects and is weighted for
both within-study and between-study variation. This
approach uses the variance within each study and adds
a second measure known as Tau®. Sensitivity analysis
was performed if a substantial heterogeneity (I*>75%)
was detected. Where data aggregation was not possible
due to methodological heterogeneity, these results were
summarised narratively. Potential publication bias for
each outcome with more than ten studies was evaluated
by visual inspection of funnel plots [17].



Exley et al. Journal of Foot and Ankle Research (2023) 16:35

Certainty of evidence

The Grades of Research, Assessment, Development and
Evaluation (GRADE) approach was used independently
by two review authors to analyse the certainty of evidence
against six domains: risk of bias/ certainty, indirectness of
evidence, heterogeneity or inconsistency of effect, impre-
cision and publication bias [18, 19]. Disagreements were
resolved by a third author.

Risk of bias

The Cochrane Risk of Bias tool (RoB 2.0) was assessed
independently by two review authors to determine
the validity and methodological rigor [18]. Discussion
between the two review authors was utilised to resolve
any discrepancies, with any disagreements resolved by a
third author. Included studies were assessed on the ran-
domisation process, deviations from the intended inter-
ventions, missing outcome data, measurement of the
outcome and selection of the reported result, with each
domain judged as ‘low; ‘some concerns; or ‘high’ risk. The
overall RoB judgement was derived from the highest clas-
sified domain.
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In this paper we present analysis for our primary out-
comes and secondary outcomes are presented in a subse-
quent paper.

Results

Search results

A total of 3,928 records were identified, with 1,641
remaining after de-duplication, 70 studies were retrieved
and examined for full-text screening leaving 36 studies
eligible for inclusion (Fig. 1 and Supplementary Table 1).
Of these, 31 were included in the meta-analysis for recur-
rence and 5 were reported narratively. In accordance
with Cochrane Handbook guidance [Section 23.3], the
study by Tatlican and colleagues [20] was not included
in the meta-analysis for the following reasons: 1) groups
could not be combined due to the similarity in groups,
comparison of the same chemical at different applica-
tion timepoints, 2) all groups were relevant therefore it
was not possible to include only relevant groups, and 3)
as all groups were being compared there was no single
comparator to spilt the ‘shared’ group into two or more
groups. Other reasons for exclusion from the meta-
analysis included not assessing the outcome measure

{ Identification of studies via databases and registers } { Identification of studies via other methods ]
—
Records identified from: Records identified from:
g Database (n = 3799) Citation Tracking (n =0)
= Reasons removed
‘g [MEDLINE n = 621, EMBASE n = 1479, CINAHL n = 120, before screening:
= WoS n = 1203, CENTRAL n = 247]
_5 Duplicates: (n =2287)
= Registers (n =129)
[Clinicaltrials n = 129, ISRCTN n = 0]
-
) I
Records Screened: Records Excluded:
(n=1641) (n=1574)
I ,
=l . .
2 Reports sought for retrieval and Full-text articles excluded, with Records sought for retrieval Full-text articles excluded,
=1 S
%3 SESS N 1 Q* i
n assessed for eligibility: reasons: (n = 34) and assessed for eligibility: —» with reasons: (n = 0)
= (n=0)
(n=70) e Notan RCT/ Wrong study design
n=18
e Not in English n=2
e  Wrong outcome n=1
e Quasi randomised n=9
Y e Trial registration n=3
L . L. e Not enough information (abstract
Studies included in qualitative only) n=1
- synthesis*: (n = 36)
e
T:’ Studies included in quantitative
- synthesis [meta-analysis]: (n =
31)

Fig. 1 PRISMA flow diagram of literature search and study selection phases. n, number; WoS, Web Of Science; CENTRAL, Cochrane Central Register
of Controlled Trials; WHO ICTRP, World Health Organisation International Clinical Trials Registry Platform; ISRCTN, International Standard Randomised
Controlled Trial Number Registry
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[21], heterogeneity in terminology reporting [22—24] and
three trial arms [20].

In addition, synthesis of evidence for relief of symp-
toms was reported narratively due to the small number of
studies reporting this outcome.

Study characteristics

Characteristics of included studies are summarised
in Table 1. Of the 36 RCTs, published between 1979 to
2021, studies were conducted across 14 countries with
Turkey being the most frequent (16.6%). Included studies
comprised of 3,756 participants, with a sample size rang-
ing from 10 to 125 per study. Five studies [22—26] did not
report gender. Of the remaining 31 studies, 62.7% of par-
ticipants were male.

Interventions

Of the 36 included studies, 5 compared a conservative
intervention: orthonyxia [46], nail tube splinting [29],
nail elevation and flexible tubing [36], or gutter method
[24, 52] to either chemical or surgical matrixectomy.
Eleven studies [26, 28, 35, 38, 41, 45, 47, 49, 50, 53, 55]
compared chemical matrixectomy to surgical matrix-
ectomy, using various techniques. Two studies [39, 43]
compared chemical matrixectomy to avulsion only, and
two studies [31, 41] compared chemical matrixectomy to
a combination of surgical and chemical matrixectomy.

One study compared a surgical intervention to another
surgical intervention [40], two added the use of phenol
to a surgical intervention [32, 41]. Three studies com-
pared the same surgical intervention, one adding phenol
alongside partial nail avulsion [43], another compared
nail avulsion with phenol or trichloroacetic acid [33]
and one introduced a new suturing technique alongside
a Winograd procedure [54]. One study compared chemi-
cal matrixectomy with phenol or trichloroacetic acid
[27]. Four studies compared the same surgical interven-
tion and introduced a chemical matrixectomy at different
application timings [20, 22, 23, 51].

Five compared an alternative intervention: CO, laser [42]
or electrocautery [25, 34, 44, 48] to either chemical or sur-
gical matrixectomy. There were 2 studies [30, 37] compar-
ing local anaesthetics (4 mL solution of 2% mepivacaine;
2% plain lidocaine, respectively), with or without epineph-
rine and 2 studies [21, 35] looked at pre- and postoperative
use of antibiotics following a surgical intervention.

Recurrence

Recurrence was reported in all but one study [21].
The definition of recurrence varied between studies
(Table 2) and two studies were unclear and reported
the ‘number of successes/number of failures’ [24] and
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‘number symptom-free’ [22, 23], respectively. There-
fore, these studies were reported narratively. Follow-up
ranged from 1 to 24 months.

Chemical matrixectomy vs conservative manage-
ment Two studies [29, 36] found that phenol matrixec-
tomy did not significantly decrease the rate of recurrence
when compared to a conservative approach such as nail
tube splinting or nail elevation and flexible tubing (RR
0.55 [95% CI 0.19 to 1.61], I? 0%; p = 0.280) (Fig. 2).

Surgical — matrixectomy vs conservative manage-
ment Two studies [46, 52] compared surgical
matrixectomy to a conservative approach, however
neither method was significantly more effective at pre-
venting recurrence (RR 0.72 [95% CI 0.33 to 1.56] I? 34%;
p=0.410) (Fig. 2). Conversely, one study [24] that could
not be included in this meta-analysis reported the wedge
resection (27/32, 84%) to be superior to the gutter treat-
ment (20/36, 56%) in terms of ‘number of successes’
(p<0.05).

Chemical matrixectomy vs surgical matrixectomy Com-
bining the eleven studies [26, 28, 35, 38, 41, 45, 47, 49,
50, 53, 55] where chemical matrixectomy was compared
to surgical matrixectomy, found no significant difference
in their ability to prevent recurrence (RR 0.75 [95% CI
0.46 to 1.21] I? 55%; p=0.230) (Fig. 3). In addition, funnel
plots suggest an absence of publication bias (Supplemen-
tary File 2) as these data are symmetrically distributed.

Chemical matrixectomy vs chemical matrixectomy Two
studies [27, 33] compared phenol to trichloroacetic acid,
however neither chemical proved to be more effective
at preventing recurrence (RR 0.19 [95% CI 0.01 to 3.80]
p=0.280) (Supplementary Fig. 1).

Surgical matrixectomy vs other (e.g, CO, laser, electro-
cautery) In three studies [34, 42, 44], a surgical inter-
vention (partial nail matrixectomy or curettage) did not
significantly decrease the rate of recurrence when com-
pared to an alternative method of matrixectomy such
as electrocautery or CO, laser (RR 1.61 [95% CI 0.88 to
2.95] 12 37%; p=0.120) (Supplementary Fig. 2).

Chemical matrixectomy vs other (e.g, CO, laser, electro-
cautery) Similarly, when comparing chemical matrix-
ectomy to an alternative method of matrixectomy in two
studies [25, 48], there was no significant difference in
prevention of recurrence (RR 0.58 [95% CI 0.25 to 1.37] I
0%; p=0.220) (Supplementary Fig. 3).
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Table 2 Recurrence definitions

Ahsan (2019) [27]
Akkus (2018) [28]
AlGhamdi (2014) [29]
Altinyazar (2010) [30]

Alvarez-Jimenez (2011) [31]

Anderson (1990) [32]
Andre (2018) [33]
Awad (2020) [34]
Bos (2007) [35]

Ceren (2013) [36]
Cordoba-Fernandez (2015) [37]

Gem (1990) a [22]

Gem (1990) b [23]
Gerritsma-Bleeker (2002) [38]
Greig (1991) [39]

Habeeb (2020) [40]

Hamid (2021) [25]

Issa (1998) [41]

Kavoussi (2020) [42]
Khan (2014) [43]
Kim (2015) [44]
Korkmaz (2013) [45]
Kruijff (2008) [46
Leahy (1990) [47
Misiak (2014) [48]
Morkane (1984) [49]
Muriel-Sanchez (2020) [50]

]
]

Muriel-Sanchez (2021) [51]
Peyvandi (2011) [52]
Shaath (2005) [53]

Tatlican (2009) [20]

Uygur (2016) [54]

Van der Ham (1990) [55]
Varma (1983) [26]

Wallace (1979) [24]

No definition provided
No definition provided
No definition provided

Recurrence was defined as occurrence of any clinical sign of regrowth of the treated nail edge, such as pain, discom-
fort, erythema, or drainage. Spicule formation, which shows the inadequate destruction of the germinal matrix, was
also accepted as recurrence

Recurrence rate was evaluated as growth of the released nail (or of a piece of the released nail) even though that
recurrent nail might be asymptomatic

Recurrence was defined as any evidence of nail growth
Recurrence was defined as the presence of a nail spicule or any sign of ingrowing nail
No definition provided

No definition applied at the study start; applied definition to see the impact on study results “If regrowth or spike
formation at the site of the removed part of the nail was also considered as recurrence, together with recurrence of
IGTN, the effect of antibiotics was not significant (P=0-876) and phenolization remained significantly better than
matrix excision (P<0-001). The increase in number of recurrences when this definition was applied was mainly due to
the significantly higher chance of nail regrowth when matrix excision was used (P=0-019)

No definition provided

Recurrence rate-was considered present when there was symptomatic regrowth (including nail spicules/inclusion
cysts) or asymptomatic nail spikes after a minimum post-operative follow-up of 1 year

Unclear in their reporting of recurrence recording the ‘number symptom-free’
Unclear in their reporting of recurrence recording the ‘number symptom-free’
Recurrence was defined as evidence of ingrowth of the nail edge or spicule formation
Recurrence was defined as evidence of ingrowth of the nail edge or spicule formation
No definition provided

No definition provided

Recurrence was defined by the presence of nail growth on the affected side, whether or not symptomatic, i.e. an
asymptomatic nail spike was considered a recurrence

No definition provided

No definition provided

No definition provided

No definition provided

Recurrence was defined as evidence of ingrowth of the nail edge or spicule formation

Number of spicules or spiked regrowth’s of nail occurring at the nail bed edge, remote from the main nail
No definition provided

Number of nail spikes out of total procedures

To measure recurrence, a relapse of clinical reappearance during a follow-up of a minimum of six months was con-
sidered. Likewise, the growth of an asymptomatic nail spicule was regarded as a post-operatory sequel and not as a
recurrence

The growth of asymptomatic nail spicule was considered a sequel and not a recurrence
No definition provided
No definition provided

Recurrence was defined as the formation of a new nail particule and the presence of any sign related with the re-
ingrowth of the operated nail such as pain, erythema or spicule formation

No definition applied at the study start; applied definition to see the impact on study results “Had recurrence been
defined as a need for repeat surgery, the recurrence rate of the group treated using our new technique would be zero”

No definition provided

Symptomatic recurrence was defined as recurrence of a nail spike associated with persistent discomfort, pain and/or
inflammation over a period of at least 8 weeks, for which the patient opted to have another operation

Unclear in their reporting of recurrence recording the ‘number of successes/number of failures’

Avulsion vs avulsion + chemical matrixectomy Avulsion reduction of recurrence in favour of phenol matrixec-
with phenol matrixectomy was compared with nail avul- ~ tomy (RR 0.13 [95% CI 0.06 to 0.27] I* 0%; p<0.001)
sion alone in two studies [39, 43]. There was a significant  (Supplementary Fig. 4). Although Greig and colleagues
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Chemical Conservative Risk ratio

Risk ratio
e Studyor Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

M-H, Fixed, 95% CI

1.1.1 Lateral nail avulsion with phenol vs Nail tub splinting

AlGhamdi et al 2014 23 133% 0.77[0.05,1162]

Subtotal (95% CI) 30 2 133% 0.77[0.05,1162)
Total events 1 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.19 (P = 0.85)

1.1.2 Nail avulsion with phenol vs Nail elevation and fiexible tube

Ceren etal 2013 4 63 7 57 867%  052[0.16,167]
Subtotal (95% CI) 63 57 867%  0.52[0.16,167]
Total events: 4 7

Heterogeneity: Not applicable

Test for overall effect: Z = 1.10 (P = 0.27)

Total (95% CI) 83 80 1000%  0.55[0.19,1.61)

Total events. 5 8

Page 13 of 19

surgical Conservative Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 96% CI M-H, Fixed, 95% CI
2.1.1 Partial nail extraction with matrix excision vs orthonyxia

Kruijft et al 2008 4 58 8 51 630%  0.44(0.14,137) =t
Subtotal (95% Cl) 58 51 63.0% 0.44[0.14,1.37) -.
Total events 4 8

Heterogeneity: Not applicable

Test for overall effect: Z = 1.41 (P = 0.16)

2.1.2 Winograd vs Sleeve (gutter)

Peyvandi et al 2014 6 50 5 50 37.0%  120(0.39,368] —
Subtotal (95% CI) 50 50 37.0%  1.20[0.39,3.68] -
Total events 6 5

Heterogeneity: Not applicable

Test for overall effect: Z = 0.32 (P = 0.75)

Total (5% CI) 108 101 1000%  0.72[0.33,1.56] S
Total events 10 13

Heterogeneity: Chi* = 0.07, df = 1 (P = 0.79); 1= 0%
Test for overall effect: Z = 1.09 (P = 0.28)
Test for subgroup differences: Chi = 0.07, df = 1 (P = 0.79), I = 0%

001 0.1 1 10 100
Favours Chemical Favours Conservative

Chit=1.52,df=1(P=022), 1= 34% 001 01
Test for overall effect: Z = 0.83 (P = 0.41) Favours Surgical
Test for subgroup differences: Chit = 1.52, df = 1 (P = 0.22), I* = 34.1%

10 100
Favours Conservative

Fig. 2 Meta-analysis comparing A Chemical matrixectomy vs Conservative management and B Surgical matrixectomy vs Conservative

management

[39] called their procedure ‘Nail edge excision’ the proce-
dure described was the same as partial avulsion.

Surgical matrixectomy vs surgical matrixectomy One
study [54], compared the Winograd procedure using a
new suturing technique, compared to the same surgical
intervention and a traditional suturing technique. After
12 months, participants were asked to report any recur-
rence via telephone. The new suturing technique was
more effective at preventing recurrence compared to
the traditional technique (RR 0.42 [95% CI 0.21 to 0.85])
(Supplementary Fig. 5).

Another compared central toenail resection to wedge
toenail resection [40]. After 6 months, the central toenail
resection was considered more effective at preventing
recurrence compared with the wedge toenail resection
(RR 0.05 [95% CI 0.0 to 0.79]) (Supplementary Fig. 6).

Surgical matrixectomy vs surgical+ chemical matrixec-
tomy Two studies compared a surgical intervention,
either nail bed excision or wedge resection, with the same
surgical intervention plus the addition of phenol [32, 41].
However, addition of phenol was not significantly more
effective at preventing recurrence (RR 3.68 [95% CI 0.20
to 67.35] I* 76%; p = 0.380) (Supplementary Fig. 7).

Chemical matrixectomy vs surgical+chemical matrix-
ectomy In two studies [31, 41], surgical matrixectomy
plus phenolisation did not significantly decrease the rate
of recurrence when compared to phenolisation alone (RR
1.92 [95% CI 0.06 to 62.30] I? 62%; p=0.710) (Supple-
mentary Fig. 8).

Local anaesthetic vs local anaesthetic+ adrenaline (epi-
nephrine) Two studies [30, 37] compared local anaes-
thetic (4 mL solution of 2% mepivacaine; 2% lidocaine,
respectively), with a combination of the same local

anaesthetic plus adrenaline (epinephrine). The use of
adrenaline did not significantly decrease the rate of
recurrence (RR 1.03 [95% CI 0.22 to 4.86] I 0%; p=0.970)
(Supplementary Fig. 9).

Chemical application time: 30 vs 60 s Four studies used
the same surgical intervention but varied the duration
that the chemical was applied during the matrixectomy
[20, 22, 23, 51]. Of these, three studies [20, 22, 23] could
not be included in the meta-analysis, and none reported
significant differences in chemical timing applications.
The study by Gem and colleagues [22] compared chemi-
cal ablation with either 3 min of 80% phenol or 2 min of
10% sodium hydroxide and the second [23] compared
either 1 or 2 min with 10% sodium hydroxide. Of the 422
procedures, 148 were lost to follow up, leaving 248/274
(study 1 n=140/157; study 2 n=108/118) who were com-
pletely asymptomatic at 18 months. No significant differ-
ences were found between the interventions. The numer-
ical data was reproduced faithfully from the publication.
There is an arithmetical error, but this has not been cor-
rected due to uncertainty where it occurs. Lastly, Tatlican
and colleagues [20] compared phenol with partial nail
avulsion at 1, 2 and 3 min on rates of recurrence, assessed
every 6 months over 24 months, and found no significant
difference between the three groups (p=0.092).

Of the one study [51] that was included in the meta-anal-
ysis, Muriel-Sanchez and colleagues compared the recur-
rence rate between phenol applications of 30 or 60 s, find-
ing the 60-s application was more effective at preventing
recurrence compared to the 30-s phenol application (RR
2.00 [95% CI0.19 to 21.41]) (Supplementary Fig. 10).

Antibiotics vs no antibiotics Bos and colleagues
explored the use of topical antibiotics (5.3 mg solu-
ble tablet of gentamicin applied locally) on recurrence,
with and without matrix excision and phenol [35]. After
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Chemical Surgical Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

3.1.1 Chemical matrixectomy with NaOH vs Wedge Resection

Akkus et al 2018 2 42 1 33 3.4% 1.57[0.15,16.59)
Subtotal (95% CI) 42 33 3.4% 1.57 [0.15, 16.59]
Total events: 2 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.38 (P = 0.71)

3.1.2 PNA + phenol vs PNA with excision of matrix

Bos et al 2006 7 33 16 38 12.8% 050[0.24,1.07) —
Subtotal (95% CI) 33 38 12.8% 0.50 [0.24, 1.07] ’
Total events 7 16

Heterogeneity: Not applicable

Test for overall effect: Z = 1.78 (P = 0.08)

3.1.3 Partial nail ion with isation vs Partial nail ion with matrix excision

Gerritsma-Bleeker et al 2002 7 29 7 34 1M1% 1.17[0.47 ,2.95) ——
Subtotal (95% CI) 29 34 11.1% 1.17 [0.47 , 2.95] ’
Total events: 7 7

Heterogeneity: Not applicable

Test for overall effect: Z = 0.34 (P = 0.74)

3.1.4 isation vs Wedge

Issa et al 1998 4 53 7 55 8.9% 0.59[0.18,1.91] —_—
Subtotal (95% Cl) 53 55 8.9% 0.59[0.18,1.91] ‘
Total events: 4 7

Heterogeneity: Not applicable
Test for overall effect: Z = 0.88 (P = 0.38)

3.1.5 Segmental phenolisation vs Partial matrix excision

Korkmaz et al 2013 1 22 1 17 27% 0.77 [0.05 , 11.48)]
Subtotal (95% CI) 22 17 2.7% 0.77 [0.05 , 11.48]
Total events: 1 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.19 (P = 0.85)

3.1.6 Chemical ablation (phenol) vs Surgical ablation

Leahy et al 1990 4 39 7 32 91% 0.47[0.15, 1.46] =l
Subtotal (85% Cl) 39 32 9.1% 0.47 [0.15, 1.46] ‘.

Total events 4 7

Heterogeneity: Not applicable

Test for overall effect: Z = 1.31 (P = 0.19)

317 or angular isation vs Wedge

Morkane et al 1984 16 54 4 53 10.1% 3.93[1.40,10.98] —_—
Subtotal (95% Cl) 54 53 10.1% 3.93 [1.40, 10.98] ‘
Total events: 16 4

Heterogeneity: Not applicable

Test for overall effect: Z = 2.61 (P = 0.009)

3.1.8 Chemical matrixectomy with phenol vs 'Aesthetic reconstruction’

Muriel-Sanchez et al 2020 1 36 2 76 3.4% 1.06 [0.10, 11.26] —_—
Subtotal (95% CI) 36 76 3.4% 1.06 [0.10, 11.26] ’
Total events: 1 2

Heterogeneity: Not applicable

Test for overall effect: Z = 0.04 (P = 0.96)

3.1.9 Chemical ablation with NaOH vs Zadik procedure

Shaath et al 2005 7 45 23 38 131% 0.26[0.12,0.53] —_—

Subtotal (95% CI) 45 38 13.1% 0.26 [0.12, 0.53] ‘

Total events: 7 23

Heterogeneity: Not applicable

Test for overall effect: Z = 3.66 (P = 0.0003)

3.1.10 Segemental phenol cauterisation vs Wedge excision

Van der ham et al 1990 12 125 20 124 13.7% 0.60[0.30, 1.16] e
Subtotal (95% Cl) 125 124 13.7% 0.60 [0.30, 1.16] ‘

Total events: 12 20

Heterogeneity: Not applicable

Test for overall effect: Z = 1.52 (P = 0.13)

3.1.11 Phenol wedge cauterisation vs Surgical wedge excision

Varma et al 1983 7 28 9 3% 11.8% 0.97[0.41,228] —_—
Subtotal (95% Cl) 28 3 11.8% 0.97 [0.41, 2.28] ‘

Total events: 7 9

Heterogeneity: Not applicable

Test for overall effect: Z = 0.06 (P = 0.95)

Total (95% CI) 506 535 100.0% 0.75[0.46, 1.21]

Total events: 68 97

Heterogeneity: Tau® = 0.32; Chi* = 22.00, df = 10 (P = 0.02); I* = 55% 0.01 0.1 10 100
Test for overall effect: Z = 1.19 (P = 0.23) Favours Chemical Favours Surgical

Test for subgroup differences: Chi* = 21.90, df = 10 (P = 0.02), I*= 54.3%

Fig. 3 Meta-analysis comparing Chemical matrixectomy vs Surgical matrixectomy

12 months the use of topical antibiotics alongside a  Relief of symptoms

chemical or surgical matrixectomy did not significantly  Five studies assessed relief of symptoms [22, 23, 38, 40, 46].
decrease the rate of recurrence (RR 0.54 [95% CI1 0.12 to  Two studies assessed symptoms using a visual analogue
2.52] 12 58%; p=0.430) (Supplementary Fig. 11). scale ranging from 0 to 10 [38, 46], the remaining three
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studies did not specify the instrument used [22, 23, 40]. No
definitions were provided for relief of symptoms.

Chemical procedures In two studies [22, 23], no sta-
tistically significant differences were identified between
patients receiving 3 min application of 80% phenol, 2 min
of 10% sodium hydroxide and 1 min of 10% sodium
hydroxide. However, Gem and colleagues did report 91%
of all participants were asymptomatic after a minimum
follow up time of 12 months (study 1) [22] and 18 months
(study 2) [23].

Chemical and surgical procedures Despite a tendency
in the matrix group to have fewer persisting symptoms,
the study by Gerritsma-Bleeker and colleagues [38] found
no significant differences between partial nail extrac-
tion with phenolisation and partial nail extraction with
matrix excision at 1, 3 or 12 months (p=0.130, p=0.270,
p=0.290, respectively).

Surgical procedures Habeeb and colleagues [40] showed
central toenail resection was significantly better in reliev-
ing symptoms compared to wedge toenail resection after
4 and 8 weeks (both p=0.001).

Surgical and conservative procedures Following receipt
of either partial nail extraction with partial matrix exci-
sion or orthonyxia, no differences were noted in Kruijff
and colleagues [46] study after 12 months.

Ongoing studies

One ongoing clinical trial (CTRI/2017/09/009951) of
interest was identified. Registered in 2017, this study
remains classified as ‘Not yet recruiting’ Attempts were
made to obtain an update on progress from the listed

Domain Key

1. Bias arising from the randomisation process [l
2. Bias due to deviations from intended interventions
3. Bias due to missing outcome data
4. Bias in measurement of the outcome
5. Bias in selection of the reported result

6. Overall bias [l

0% 10%
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investigators but with no success. Three trial regis-
tries of interest were also identified (NCT03732313;
IRCT201604176403N6; ACTRN12619001719123),
however results were already included in this review
[40, 42, 51].

Risk of bias

We used the used the Cochrane RoB 2.0 tool and
assessed six domains for each study. No study was rated
as low risk, for reasons such as not or providing infor-
mation surrounding the randomisation process, not
including all participants in the final analysis and failing
to provide information on blinding of participants or
the outcome assessor. Risk of bias summaries are pre-
sented in Fig. 4 and risk of bias table in Supplementary
Table 2.

Certainty of evidence

The certainty of evidence (Supplementary Table 3)
for the outcome recurrence was: very low for meta-
analyses comparing surgical vs conservative (2 RCTs,
n=209), chemical vs surgical (11 RCTs, n=1041), sur-
gical vs other (3 RCTs, n=388), chemical vs avulsion (2
RCTs, n=263), surgical vs surgical + chemical (2 RCTs,
n=171), chemical vs other (2 RCTs, n=160), chemi-
cal vs surgical + chemical (2 RCTs, n=191), epineph-
rine vs without epinephrine (2 RCTs, n=114). Low
for chemical vs conservative (2 RCTs, n=173), phenol
vs trichloroacetic acid (2 RCTs, n=187) and surgical
vs surgical +suturing (1 RCT, n=128). Moderate for
surgical vs surgical (1 RCT, n=100), chemical timings
(1 RCT, n=108) and antibiotics (1 RCT, n=117). The
main reasons for downgrading the evidence were risk
of bias, indirectness of evidence and imprecision.

20% 30% 40% 50% 60% 70% 80% 90% 100%

Risk of Bias Summary Plot: RoB 2.0 Tool

. Low Risk

Fig. 4 Risk of Bias Summary Plot: RoB 2.0 Tool

Some Concerns . High Risk
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Discussion

Ingrown toenails, or onychocryptosis is a common nail
pathology. Surgical resolution is often sought when con-
servative measures fail, or even as a first line intervention
in more severe cases. As such, nail surgery is one of the
most commonly performed procedures by podiatrists
in the UK [11]. Despite the high number of publications
on the topic, there has been a lack of robust systematic
reviews covering the spectrum of surgical options in the
decade since the last Cochrane review [4].

This review followed Cochrane methodology and con-
ducted a prospectively registered systematic review with
meta-analysis of surgical treatments for ingrown toenails.
This paper includes a detailed description of our method-
ology and presents findings from our predefined primary
outcomes: recurrence and relief of symptoms. Analy-
sis of secondary outcomes will follow in a subsequent
publication.

The systematic, search identified 1,641 potential pub-
lications which, after screening, enabled 36 studies with
3,756 participants covering a range of techniques that
were included in the review. This is a substantial increase
on the 24 and 18 studies in the previous Cochrane review
[4], and the review by Vinay and colleagues [13], respec-
tively. Recurrence was reported in all but one study,
although there were variations in how this was defined
and captured. Meta-analysis did not demonstrate a differ-
ence in risk of regrowth for most comparisons. Perhaps
unsurprisingly, phenolisation was a notable exception to
this pattern and when compared to nail avulsion alone,
there was a very low certainty of evidence that use of
phenol significantly reduced the risk of recurrence [39,
43]. However, use of phenol combined with surgical exci-
sion offered no benefit over phenolisation alone [31, 41].
In terms of how long to apply the phenol for, there was a
moderate certainty of evidence that application of 1 min
had lower risk of regrowth compared to 30 s [51], but
there was no additional benefit when it was applied for
2 or 3 min [20]. Studies of peri-operative factors beyond
the actual procedure such as use of different local anaes-
thetic with / without adrenaline [30, 37] and topical anti-
biotics [35] did not affect rates of regrowth even with
such an atypical application technique.

Surprisingly, symptom relief was only reported in five
[22, 23, 38, 40, 46] of the 36 studies and in three of those,
it was not clear whether this was patient reported, or
determined by the clinicians [22, 23, 40]. Even in these
studies, exactly what ‘symptoms’ refers to is often unclear.
Ingrown toenails are intensely painful though, and that
this is rarely captured is a poor reflection on the quality
of research in the field: it is no longer acceptable for stud-
ies to fail to capture key outcomes that matter to patients,
and instead only focus on clinician reported outcomes.
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The importance of PROMs is well recognised by major
national health policy and regulatory authorities [56, 57].
The authors question whether it is acceptable for future
trials in ingrown toenails to continue to omit patient
reported outcomes. It is important that future clinical tri-
als differentiate between regrowth, which may be asymp-
tomatic, and regrowth which causes pain and infection.

Clinical conclusions from this paper should be inter-
preted in line with our second paper that considers the
secondary outcomes from our review: healing time, post-
operative complications, pain of operation, postoperative
pain (duration and intensity), and participant satisfaction.
Only with these can a broader, more holistic, assessment
of outcome be fully appreciated so these are essential for
guiding practice.

All 36 studies included in the review were assessed as
being either high risk or having some concerns about
bias when assessed with the Cochrane RoB 2.0 tool. Sim-
ilarly, out of the 15 comparisons made here, most were
considered to have either very low, or low certainty of
evidence when assessed with the GRADE system. Only
three reached moderate, and none were considered to
have high certainty. The main reasons for downgrading
the evidence were risk of bias, indirectness of evidence,
and imprecision. In addition, surgical technique was
often poorly described, and there was large variation in
the use of terms such as recurrence. It is also important
that future clinical trials differentiate between regrowth
that may be asymptomatic and regrowth that causes pain
and infection. To put this another way, 3,756 people have
taken part in research studies that do little to guide clini-
cal practice. Some of this may be due to poor reporting,
but poor design also plays a major role. Regardless, both
of these reasons can, and should be avoided and this
topic has been widely discussed in the literature with rec-
ommendations made to improve research across health-
care [58-60]. Findings from this review differ from those
of previous reviews. In part, this may be explained by
the publication of new research in the decade since the
Cochrane review [4] and a broader focus than the review
by Vinay and colleagues specific to phenol [13]. However,
the risk of bias assessment was also different as was the
grading of strength of recommendations that could be
made. Whilst there would inevitably be some variation in
these relatively subjective assessment systems the authors
stand by this assessment and have discussed some of the
methodological limitations in the existing evidence base
that have led us to this conclusion. More, high qual-
ity clinical trials to inform clinical decision making are
urgently needed in nail surgery.

This review and meta-analysis both have strengths
and limitations. The authors consider the robust meth-
odology of the search, screening, extracted data,
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synthesis, meta-analysis, and use of tools such as RoB
2.0 and GRADE as methodological strengths. Deliber-
ate attempts have been made to ensure that comparisons
within the meta-analysis are clinically meaningful. Whilst
some readers may disagree with how these studies have
been compared, or want additional comparisons, they
have been made in an open and transparent way. As a
further note, this process was made more difficult due
to the poor procedure descriptions, with many describ-
ing more than one procedure i.e., stated as nail edge exci-
sion but partial avulsion was described. Well established
reporting guidelines such as the SUPER and IDEAL
frameworks should be followed in the future [61, 62].

Conclusion

This paper presents the co-primary outcomes from a sys-
tematic review with meta-analysis that should be inter-
preted in conjunction with its second paper. Despite
the high number of publications on this topic, the qual-
ity of research was poor and the conclusions that can
be inferred from existing trials is limited. Phenolisation
of the nail matrix reduces the risk of recurrence follow-
ing nail ablation, and 1 min appears to be the optimum
time for application but there is less certainty around this
recommendation. Further research is needed to explore
the effectiveness of other commonly used ablative agents
such as sodium hydroxide and to systematically explore
the optimisation of post-operative care.
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