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Abstract

Introduction: There are only two publications in Pubmed on the effectiveness of cryotherapy in ingrown toenails, and they present
conflicting results. We aimed to clarify the clinical effectiveness of cryotherapy in onychocryptosis.

Methods: This study retrospectively examined the visual analogue scale (VAS), dermatological life quality index (DLQI), other
medical records, and photographs taken before each cryotherapy session and 6-month follow-up in 59 adult patients with ingrown
toenails that underwent cryotherapy with a 3-week interval. Cryotherapy effectiveness was assessed by the clinicians’ decisions,
improvements in VAS and DLQI scores, and granulation tissue. Other factors related to effectiveness and recurrence were also
investigated.

Results: After excluding approximately 20% of patients, for whom the treatment was not effective, this study revealed that recur-
rence rates in unilateral and bilateral onychocryptosis were 34.2% and 88.9%, respectively, 6 months after treatment. In patients
that responded to the treatment, about 75 to 80% had excellent symptomatic responses. Excellent symptomatic responses were
maintained in about 80% of patients in remission. We found that foot or toe deformity was associated with treatment ineffective-
ness (p = 0.019). Age younger than 20 years and bilateral ingrown toenails were also related to recurrence (p = 0.042 and 0.003,

respectively).

Conclusions: Cryotherapy can be used to greatly and consistently improve the DLQI in suitable ingrown toenails.
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Introduction

Onychocryptosis or ingrown toenail (IGTN) is a common, painful
health problem that causes patients severe discomfort. In 80%
of cases, IGTN is unilateral (1). IGTN is usually associated with a
thin spicule formed in the distal-lateral part of a toenail after the
oblique cutting of the large, slightly concave nail (2).

Patients usually present with severe pain that greatly affects
their quality of life (3). Heifetz divided distal-lateral IGTN, which
is the most common form, into three stages (4): stage 1: pain only,
stage 2: presence of inflammation, stage 3: presence of granula-
tion tissue.

Depending on the disease severity and the patient’s expecta-
tions, the various treatment options range from conservative to
surgical options. Some of the conventional conservative treat-
ments include taping, cotton wisp, tube insertion, and nail brace
(5—8). The advantages of conservative treatments are that they are
easy, fast, low-cost methods, and they improve the patient’s qual-
ity of life. However, there is no strong evidence for the effective-
ness or superiority of these conservative methods. The choice of
techniques depends on the severity of the clinical status, previ-
ous treatments, patient preferences, risk of recurrence, physician
skills, and the physical healthcare facilities available.

Cryotherapy is a fast, inexpensive, and simple method that can
be used as one of the conservative treatment options, although it
is not commonly used in IGTN. There are only two articles in Pub-
med, one of which is a letter to the editor, about the effectiveness of
cryotherapy for IGTN, and their findings are contradictory (9, 10).
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This study’s primary aim is to evaluate the clinical effective-
ness of nail-fold cryotherapy in IGTN and this method’s impact
on improvements in the visual analogue scale (VAS), dermatology
life quality index (DLQI), and granulation tissue. The secondary
aim is to determine the factors associated with effectiveness and
recurrence.

Methods
Study population and design

This retrospective study was carried out by examining the records
of patients that presented to the outpatient clinic with IGTN be-
tween February 2016 and 2018. This study was conducted in ac-
cordance with approval from the Ankara Hospital’s Educational
Planning and Coordination Board (347/2018). The inclusion cri-
teria were: 17 years or older, lateral subcutaneous IGTN, and ab-
sence of active paronychia or completed antibiotic therapy. Exclu-
sion criteria were bilateral IGTN in at least one toe, pincer nail,
distal or posterior IGTN, and any treatment for ingrown nails in
the past 3 months.

Of 141 outpatients diagnosed with IGTN, 59 (41.8%) were en-
rolled in the study. A total of 82 patients were excluded due to
age (n = 14), treatment by other methods (surgery, n = 44; nail
brace, n = 11), missing follow-up data (n = 5), and other reasons
(n = 8). Regardless of the stage, whether patients undergoing
nail-fold cryotherapy had a response to treatment was evaluat-
ed by the decreases in the DLQI (with a score of o to 30 points)
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and VAS (with a score of o to 10 points for pain) recorded in their
files. For patients that did not respond to cryotherapy adminis-
tered at 3-week intervals, other conservative or surgical treatment
options were performed. Data such as demographic characteris-
tics, systemic comorbidities, stage, suspicious predisposing fac-
tors, previous treatment, clinical notes at the pre- and post-treat-
ment visits (pain, inflammation, granulation tissue), and VAS and
DLQI at every follow-up were obtained from the patient files.

The patients that were followed up after treatment were con-
tacted by telephone 6 months later and information about their
latest clinical status, recurrence, and their last DLQI and VAS were
obtained. Other treatment options were performed for all patients
presenting with increasing complaints within 6 months.

The clinical response after cryotherapy, which is the primary
outcome variable of the study, was evaluated based on VAS/DLQI,
regression of the granulation tissue, and the clinician’s decisions
regarding effectiveness or recurrence. Patients were also assessed
for cryotherapy-induced pain and other complications.

Cryotherapy procedure in IGTN

Informed consent was obtained from all patients that underwent
cryotherapy. Liquid nitrogen was applied to the lateral nail fold
and adjacent nail bed using the open-spray method for 10 seconds
regardless of the stage of IGTN, with a double freeze-thaw cycle
(CRY-AC®, Brymill Cryogenic Systems spray tank and 102-B spray
probe). The entire procedure took an average of 3 to 4 minutes. Lo-
cal anesthesia was not performed before cryotherapy. The study
was conducted in line with the latest versions of the Declaration
of Helsinki and the Guidelines for Good Clinical Practice.

Statistical analysis

Data were collected for 59 patients. Pearson’s chi-squared test and
Fisher’s exact test were used for category variables where appro-
priate. After checking the scale variables with the appropriate nor-
mality tests (Kolmogorov—Smirnov or Shapiro-Wilk), independ-
ent samples were compared using the appropriate significance
tests (Mann-Whitney U test, Kruskal-Wallis H, and Spearman’s
rank correlation coefficient). The Wilcoxon test and Friedman test
(with the Dunn-Bonferroni test) were utilized for dependent sam-
ples. We also performed a univariate logistic regression for the
effectiveness and recurrence variables (as dependent), establish-
ing the crucial influencing factors such as age, sex, predisposing
factors, granulation tissue size, stage, bilateral IGTNs, excellent
response according to VAS/DLQI results (independent variables),
and their odds ratios (OR). A p-value < 0.05 was considered sta-
tistically significant. All procedures were conducted using IBM
SPSS Statistics 21.0 (IBM Corp. Released 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp.) and MS-Excel
2010. We showed the change in granulation tissue in the controls
by bar chart and the mean points given to each DLQI question by
radar chart.

Table 1 | Distribution based on clinical decision.

Results

The study involved 59 patients (28 males and 31 females; 47.5% vs.
52.5%). The participants’ ages ranged from 17 to 75 years (mean +
standard deviation; 36.0 * 15.4 years), with 15 patients (25.4%) 20
years or younger. Mean body mass index (BMI) was 27.8 + 5.4 kg/
m2.

The mean duration of complaints was 6.0 + 6.14 months,
ranging from 1 to 24 months (median [interquartile range]; 3 [11]
months). It was found that six (10.2%) women patients had sought
medical advice from someone that is not a doctor for treatment.

We performed cryotherapy on 71 nail folds (47 unilateral
[79.7%], 12 bilateral [20.3%]) of 59 patients. Granulation tissue
was present in 34 (47.9%) of 71 IGTNs.

Cryotherapy was performed at an average of two sessions
(ranging from one to five sessions). During follow-up, 37 patients
(62.7%) had bullae at least once due to the procedure, and 22
(37.3%) had no bullae. The mean recovery time of the blisters was
3.5 + 1.7 days (ranging from 1 to 7 days). The mean cryotherapy-
induced VAS was 8.8 + 1.1 points. We determined that the pain af-
ter cryotherapy lasted 2.6 + 1.38 hours (ranging from 1 to 8 hours).
No additional complications related to cryotherapy were detected
except for secondary infection in three (5%) patients.

Evaluation of effectiveness and recurrence
Distribution based on clinical decision

A patient-based approach was preferred to a nail-based approach.
Namely, if there was no effectiveness in any nails of patients with
bilateral IGTNs or if they presented with recurrence, the patient
was excluded from the follow-up. The 59 patients included in the
study were evaluated by the clinician for the effectiveness of cryo-
therapy in the treatment sessions. We found treatment to be clini-
cally ineffective in 12 (20.3%) patients. Patients with treatment ef-
fectiveness were followed up for 6 months. Whereas nine (15.3%)
of the patients presented with recurrence during the follow-up
period, 12 (20.3%) patients did not present to our outpatient clinic
despite recurrence; 26 patients (44.1%) were still in remission at
the 6-month follow-up. After the exclusion of patients for whom
treatment effectiveness was not achieved, recurrence rates in the
unilateral and bilateral IGTNs were found to be 34.2% and 88.9%
respectively, and remission rates were 65.8% and 11.1% respec-
tively at the end of 6 months (Table 1).

Distribution based on excellent symptomatic response

We considered patients with zero to one points on the VAS or DLQI
upon follow-up to have excellent symptomatic responses. Of 59
patients, 40 (67.8%) had excellent symptomatic responses to the
VAS at the first or second follow-up (VAS;-,) and 36 (61.0%) to the
DLQI at first or second follow-up (DLQI;—,). After the exclusion of
patients for whom treatment effectiveness was not achieved, of

. Patient distribution, n (%) Toenails, n
After cryotherapy Patient status 11GTN 21GTNs Total failed/treated
Ineffective Removed from follow-up 9(19.2) 3(25.0) 12 (20.3) 13/15
Effective, 6-month recurrence Presented to clinic 5(10.6) 4 (33.3) 9(15.3) 10/13
Did not present to clinict 8(17.0) 4 (33.3) 12(20.3) 13/16
Effective, no recurrence Remission 25(53.2) 1(8.3) 26 (44.1) 0/27
Total 47 (100.0) 12 (100.0) 59 (100.0) -/71

IGTN = ingrown toenail, t records updated by telephone at 6-month follow-up.
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the remaining 47 patients, 39 (82.9%) had excellent symptomatic
responses to VAS;—, and 35 (74.5%) to DLQI;—,. Of the 26 patients
that were still in remission at the end of 6 months, 22 (84.6%) had
excellent symptomatic responses to VAS at the 6-month follow-up
(VASg) and 21 (80.8%) to DLQI at the 6-month follow-up (DLQIs)
(Table 2).

We found that there was a statistically significant relationship
between the complete regression of granulation tissue and excel-
lent symptomatic response to VAS,, and DLQI;-, in 27 patients
with unilateral stage 3 IGTNs (p = 0.018 and p < 0.001, respective-
ly). There was no statistically significant difference between the
presence and size of granulation tissue (> 5 mm) and the number
of cryotherapy sessions (p = 0.227 and 0.244, respectively).

Evaluation of regression in granulation tissues

Grade of regression according to the size of the granulation tissue
and the distribution of clinicians’ decisions related to effective-
ness are shown in Table 3. Although 88% (< 5 mm: 93.8%; > 5 mm:
77.8%) effectiveness was obtained according to the clinician’s de-
cisions, of 25 nails with stage 3 IGTNs, 52.0% (< 5 mm: 68.8% vs. >
5 mm: 22.2%) of granulation tissues completely disappeared.

The regression rates obtained in the first and second sessions
according to granulation tissue size are shown in a bar chart (Fig.
1). In patients with granulation size of 5 mm or less, the complete
regression rate increased from 27.3 to 81.8% after the second ses-
sion; however, the complete regression rate increased from o to
22.2% in patients with granulation tissue larger than 5 mm.

Investigation of factors related to effectiveness and recurrence

The findings of all factors thought to be related to effectiveness
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Figure 1 | Regression of the granulation tissue within two consecutive sessions.

Table 2 | Distribution based on excellent symptomatic response (0-1 point).

and recurrence and the logistic regression analysis of the con-
firmed factors are shown in Table 4 and Table 5, respectively.

Number of IGTNs

Although there was no statistically significant difference in ef-
fectiveness between patients with unilateral and bilateral IGTNs,
there was a statistically significant higher recurrence rate in pa-
tients with bilateral IGTNs (p = 0.695 and 0.003, respectively). We
found that the presence of bilateral IGTNs increased the risk of
recurrence by 15.4 (confidence interval; 1.73; 136; 67) times (p =
0.014).

Predisposing factors

The 59 patients included in the study were asked about the pres-
ence of possible predisposing factors for IGTN. The two most com-
mon risk factors were being overweight or obese (BMI > 25 kg/m?)
in 69.5% of patients, and incorrect nail cutting habits in 66.1%
of patients. Subsequent risk factors continued as follows: the
presence of thick or thin nails (54.2%), increased nail curvature
(49.2%), wearing inappropriate footwear (44.1%), tinea unguium
(42.4%), plantar hyperhidrosis (40.7%), family history in first or
second-degree relatives (33.9%), callus in the plantar area (27.1%),
acute trauma (25.4%), and foot/toe deformity (11.9%). Two (7.1%)
of the 28 women with a partner were pregnant.

Because of the high risk of recurrence in patients with bilateral
IGTNSs, the factors associated with effectiveness and recurrence
status were investigated in patients with unilateral IGTN. Among
the predisposing factors mentioned above, only the presence of
foot/toe deformity was found to be significantly associated with
ineffectiveness (p = 0.019). Foot/toe deformity increased the risk
of ineffectiveness by 18.50 (1.642; 208.462) times (p = 0.018). No
predisposing factor was found to be statistically significant in ex-
plaining recurrence.

Other possible parameters

Although there was no association between age and effectiveness,
there was a negative relationship between age and recurrence (p
= 0.705 and 0.042, respectively). The risk of the recurrence was
found to increase 6.3 times (1.239; 31.956) in those 17 to 20 years
of age (p = 0.027).

It was revealed that effectiveness and recurrence did not show
a statistically significant relationship with the duration of the
complaint, the presence and the size of granulation tissue, any
previous treatment failures, the number of cryotherapy sessions,

Patients by scale or index, n (%)

After cryotherapy VAS1-2 DLQl1-2 VASs DLQls
Ineffective, n =12 1(8) 1(8) - -

Effective, 6-month recurrence, n =21 15(71) 13 (62) 1(5) 3(14)
Effective, no recurrence, n = 26 24(92) 22 (85) 22 (85) 21(81)
Effective, total, n = 47 39 (83) 35 (74) 23 (49) 24 (51)
Total, n =59 40 (68) 36 (61) 23 (39) 24 (41)

VAS;_, = visual analogue scale at first or second follow-up, VAS¢ = visual analogue scale at 6 months, DLQI;-, = dermatological quality of life index at first or

second follow-up, DLQl¢ = dermatological quality of life index at 6 months.

Table 3 | Evaluation of regression in granulation tissues.

Basal granulation Clinically effective, n (%)

Regression of granulation tissue, n (%)

tissue size Yes No Complete Partial None Total

<5mm 15(93.8) 1(6.2) 11 (68.8) 4(25.0) 1(6.2) 16 (100.0)
>5mm 7(77.8) 2(22.2) 2(22.2) 7(77.8) 0(0.0) 9(100.0)
Total 22 (88.0) 3(12.0) 13 (52.0) 11 (44.0) 1 (4.0) 25(100.0)
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comorbidities, or the formation of bullae due to the procedure.  Evaluation of VAS and DLQI
There was no significant reduction in the risk of recurrence in pa-

tients with excellent symptomatic responses. The mean VAS at baseline (VAS,) was 5.94 + 0.25 (median 6.5 [3],
Table 4 | Investigation of factors related to effectiveness and recurrence.
Effectiveness Recurrence

Factor — " p-value " — p-value
Ingrown toenails, n

Unilateral 9 38 12 26

Bilateral 3 9 0.695t 8 1 0.0031

Total 12 47 20 27

Predisposing factors

BMI 2 25 kg/m2 ; Z ig 0.704% 2 169 0.270t
Incorrect nail cutting, n ;\S g fg 1.000t g 187 0.191
Thick or thin nails, n ;\: g fz 0.486t1 ? 196 0.290
Increased nail curvature, n ;\2 Z ;g 0.724t 2 12 0.207
Inappropriate footwear, n ;\S g ;g 1.000t g 1(5) 0.715
Tinea unguium, n ;\: g ;g 1.00071 g 1: 0.428
Plantar hyperhidrosis, n ;\: : ;2 0.704% ; 187 0.730%
Family history, n ;\S 213 ;2 0.410% ; 178 0.714%
Plantar callus, n ;\: z 299 0.674% 112 187 0.126t
Acute trauma, n ;\2 ; ;g 0.663t 121 187 0.441t
Foot/toe deformity, n ;\S Z 317 0.019t 103 214 1.000%
Duration of shoe wear, h (IQR) 8 (6) 8 (6) 0.461% 8(7) 9 (6) 0.525%
Total patients, n 9 38 13 25
Other possible parameters
Age, y (IQR) 36 (36) 35(19) 0.705% 24 (18) 36 (19) 0.042%
Sex, n A;‘ g ;g 1.000t ; 3 0.428
Complaint duration, m (IQR) 2(2) 2(8) 0.216% 6(11) 2(5) 0.321%
Systemic comorbidity ;\: g ;Z 0.716 121 g 0.077%
Diabetes mellitus ;\1 § 353 0.6051 103 250 0.144%
Presence of granulation tissue ;\2 g f; 0.713% Z 1;‘ 0.899
Granulation tissue size f ; rr11nlr1n1 ; 165 0.3671 g 140 1.000%
Inflammation at admission ;\1 g 13 1.000t g g 0.732
Previous any treatment failure ;\2 ; 371 1.000% 130 241 0.672t
Bullae at least 1 time due to procedure ;\: g fg 0.135% 2 158 0.440t
Sessions, n (IQR) 2 (0) 2(1) 0.247% 2(1) 2(1) 0.759%
Sem DT -4 oow
e R A

Y =yes, N = no, BMI = body mass index, M = male, F = female, h = hours, y = years, m = months, IQR = interquartile range, VAS1_, = visual analogue scale at first
or second follow-up, DLQI;-, = dermatological quality of life index at first or second follow-up, tFisher’s exact test, #Mann-Whitney U test. Significant values are
shown in bold.

Table 5 | Factors related to effectiveness or recurrence.

Umvarlzjlte IOgIStIC. Reg.rt.esswn 0dds ratio 95% Cl Wald value pvalue
regression analysis coefficient (B/) Lower Upper
Effectiveness Foot
Toe deformity 2.92 18.50 1.64 208.46 5.58 0.018
Recurrences
Bilateral ingrown toenails 2.73 15.39 1.73 136.67 6.02 0.014
Age <20 1.84 6.29 1.24 31.96 4.91 0.027

Cl = confidence interval.
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ranging from 1.5 to 9 points). The mean DLQI at baseline (DLQI,)
was 9.47 + 5.24 (the median 9 [8], ranging from 1 to 24 points).
Also, there were statistically significant positive correlations (low,
medium, medium, and very high, respectively) between the peer-
to-peer points on the VAS and DLQI at the baseline exam, the first
and second follow-ups, and the 6-month follow-up (VASo-1-2-6
and DLQIy-1—-6) (baseline: r = 0.359, p = 0.005; first follow-up: r
= 0.637, p < 0.001; second follow-up: r = 0.683, p < 0.001; 6-month
follow-up: r = 0.920; p < 0.001, respectively). Although the VAS, of
the 12 patients that were switched to alternative treatments due to
ineffectiveness was statistically significantly higher than the last
VAS in the follow-up, the DLQI, did not show a statistically sig-
nificant difference from the last DLQI in the follow-up (p = 0.009,
0.009, and 0.385). Indeed, no statistically significant correlation
was found between the last VAS and DLQI in patients with treat-
ment ineffectiveness (r = 0.498; p = 0.099).

When factors that could potentially affect VAS and DLQI such
as age, sex, BMI, number of IGTNs, stage, and complaint duration
were evaluated statistically, it was found that there was a weak
positive correlation only between complaint duration and VAS,
and DLQI, (r = 0.323, p = 0.012; and r = 0.301, p = 0.021, respec-
tively).

The patients were categorized according to their DLQI, points
into five groups as no impact (0-1 point, 1.7%), small impact (2-5
points, 25.4%), moderate impact (6-10 points, 33.9%), very large
impact (1120 points, 37.3%), and extremely large impact (21-30

Question 3 (1.32 + 1.12), Question 7 (1.14 + 1.01), Question 5 (0.98 +
1.09), Question 2 (0.89 + 1.12), Question 6 (0.81 + 1.17), Question 8
(0.41 + 0.90), and Question 9 (0.38 + 0.26). Question 10 received no
points from the patients. The mean scores recorded were 9.47 for
DLQIo, 4.58 for DLQI,, 2.07 for DLQI,, and 3.29 for DLQIe.

There were statistically significant differences between the
peer-to-peer points on the DLQIy—3—>-¢ and VAS,-1»-¢ (Table
6). When compared using the appropriate statistical tests, only
DLQI¢ was not different from DLQI; and DLQI,. Similarly, VASe
was not different from VAS, and VAS, (Table 7). When VAS,, VASg,
DLQIo, and DLQIs were compared in patients that had recurrences
after 6 months, the baseline mean ranking scores were found to be
significantly higher than those of the 6-month follow-up (p = 0.04
and 0.04, respectively).

Discussion

Cryotherapy reduces regional pain by causing reversible function-
al changes in the peripheral nerves. It is also beneficial in eradi-
cating infection and destroying granulation tissue (11, 12). Sonnex
et al. proceeded from the idea that cryotherapy would be effective
on three components: pain, inflammation, and granulation tis-
sue, which are the main features of IGTN, when they published
the first report on using cryotherapy in IGTN in 1985 (9). Using the
same method, Masters reported disappointing results in 1991 and
described the process as a waste of time (10).

Q1: Overthe last week, how itchy, sore,

painful or singing
has your skin been?

Q10: Over the last week, how much of 2
problem has the
treatm ent for your skin been, for example by
making your
hom e messy, or by taking up time?

257

Q9: Over the last week, how much has your .1
skin caused any
sexual difficulties?

Q8: Over the last week, how much has your

skin created K /

problems with your partner or any of your
close friends or A

relatives? ’

Q7: Over the last week how much has your,_, ) . ’
skinbeena ~
problem at work or studying?

Joor e T =X

Q2: Over the last week, how embarrassed or
self conscious
have you been because of your skin?

Q3:Over the last week, how much has your
skin interfered with
you going shopping or looking after your

T~ hom e or garden?

[ \T‘

sl v

7> . Q4: Over the last week, how much has your
skin influenced the

clothes you wear?

—

Q5: Over the last week, how much has your
- skin affected any
social or leisure activities?

Q6: Over the last week, how much has your
skin made it difficult
for youto do any sport?

————— DLQI1 ——DLQI2

DLQI6

Figure 2 | Mean points of answers to each question of dermatological quality of life index.

Table 6 | Differences by scale/index between peer-to-peer points on the VAS_1-2-¢ and DLQlg-1-2-¢.

n Median (IQR) X2 p-value

Baseline First follow-up Second follow-up 6-month follow-up
VAS 23 7.0 (3.5) 3(2.0) 0(1.0) 0.5 (2.5) 56.8 <0.001
DLQI 23 8.5(8.8) 3(5.3) 0(1.0) 0.5 (2.5) 46.1 <0.001

n =number of patients, IQR = interquartile range, VAS = visual analogue scale, DLQI = dermatological quality of life index. Significant values are shown in bold.

points, 1.7%) on the patient’s life.

The radar chart in Figure 2 was made by placing each of the 10
DLQI questions in a corner and marking the diagonals’ distance
from the center to the corner, limited to three units for the maxi-
mum score of each question (o = not at all, 1 = a little, 2 = a lot,
3 = very much). It can be imagined that the area of the polygon
formed by connecting the mean DLQI points obtained from each
question consecutively with one another corresponds to the per-
ceived impact on patients’ dermatological quality of life.

When DLQI, in the figure was examined, the patient scores
were ranked from the highest to the lowest by question, result-
ing in this order: Question 1 (2.08 + 0.77), Question 4 (1.66 + 1.14),

Table 7 | Differences by visit between peer-to-peer points on the VAS and
DLQl.

VAS p-valuet DLQI p-valuet
VASo-VAS; 0.005 DLQlo-DLQI; 0.021
VASo-VAS2 <0.001 DLQIlo-DLQI2 <0.001
VAS(-VASs <0.001 DLQlo-DLQlg <0.001
VAS1-VAS2 0.002 DLQI;-DLQI2 0.010
VAS1-VASs 0.208 DLQI;-DLQlg 0.371
VAS2-VAS¢ 0.920 DLQI2-DLQlg 1.000

VAS = visual analogue scale, DLQI = dermatological quality of life index, VAS,
=VAS at baseline, VAS; = VAS at first follow-up, VAS, = VAS at second follow-
up, VAS¢ = VAS at 6 months, DLQlp = DLQI at baseline, DLQI1 = DLQI at first
follow-up, DLQI, = DLQI at second follow-up, DLQIl¢ = DLQI at 6 months, T post-
hoc analysis and Bonferroni correction applied. Significant values are shown
in bold.
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e s
Baseline First control Baseline Second control

Figure 3 | Complete regression of granulation tissue (s 5 mm).

I. VAS(-VAS1-VAS;: 5-4-1 points, DLQlo-DLQI41-DLQI,: 12-6-0 points, respec-
tively. II. VASo-VAS1: 3,5-0 points, DLQIo-DLQI1-DLQI>: 2-0 points, respectively.
Il. VASo-VAS1-VAS,: 7,5-3-1 points, DLQIlo-DLQI1-DLQI,: 24-7-1 points, respec-
tively. IV. VASy-VAS1-VAS,: 5-3-0,5 points, DLQIlo-DLQI;-DLQIy: 7-5-1 points,
respectively.

VAS =visual analogue scale, VAS, = VAS at baseline, VAS; = VAS at first control,
VAS, = VAS at second control, DLQI: dermatological quality of life index, DLQIlo
=DLQI at baseline, DLQIl; = DLQI at first control, DLQI, = DLQI at second control.

Second control

Effectiveness and recurrence

The publications on this subject to date are summarized in Table
8. Itis difficult to compare these studies because of their differenc-
es, such as performing the cryotherapy with different protocols,
including patients with single or double IGTNs, and handling the
two effectiveness criteria (granulation tissue and pain) differently.
In Table 8, effectiveness and recurrence rates are given by the pro-
portion of the number of patients at risk, regardless of the number
and stage of IGTN. The number of sessions, freezing time, number
of patients, and stage of IGTN varied in the studies; consequently,
the effectiveness and recurrence rates varied significantly, rang-
ing between 71.4 and 100% and between 30 and 75%, respectively
(9, 10, 13). Because cryotherapy was performed in a different pro-
tocol from Sonnex et al. (10 seconds freezing time, double freeze-
thaw cycle; mean two sessions), treatment effectiveness may have
decreased from 100 to 79.7%. In our study, after excluding approx-
imately 20% of patients with no treatment effectiveness, 65.8 and
11.1% of patients with unilateral and bilateral IGTNs were still in
remission after 6 months, respectively.

The results of conservative treatments can be objectively eval-

Table 8 | Findings of similar studies to date.

Baseline . Second control y

r'th control

Figure 4 | Partial regression of granulation tissue (> 5 mm).

1. VAS(-VAS1-VAS;: 2,5-1-0 points, DLQlo-DLQI;1-DLQI,: 13-4-0 points, respec-
tively. Il. VASo-VAS;: 7,5-2,5-1,5 points, DLQlo-DLQI1-DLQI,: 13-7-2 points,
respectively. Ill. VASo-VAS1-VAS,: 3-2-0,5 points, DLQIlo-DLQI;-DLQIy: 3-1-1
points, respectively. IV. VASo-VAS1-VAS,: 3,5-2,5-0,5 points, DLQIlo-DLQI1-
DLQI,: 3-1-0 points, respectively. Patients Il and Il were excluded from follow-
up due to lack of treatment efficacy.

VAS =visual analogue scale, VAS, = VAS at baseline, VAS; = VAS at first control,
VAS; = VAS at second control, DLQI: dermatological quality of life index, DLQIo
=DLQI at baseline, DLQI, = DLQI at first control, DLQI, = DLQI at second control.

uated on a scale. This is because, unlike the results of surgical
methods, it is possible to obtain partial responses and difficult
to estimate the limits of success. However, no scales such as the
VAS or the DLQI were used in any prior study, and treatment suc-
cess was interpreted subjectively according to the clinician’s deci-
sion. In this study, the VAS and DLQI points obtained during the
follow-up decreased significantly after each session. At the end
of 6 months, VAS¢ and DLQI¢ were not statistically different from
VAS;-; and DLQI;-,, and were significantly lower than the baseline
level. Although there was a significant correlation between peer-
to-peer points on the VAS and DLQI, there was no correlation be-
tween patients with no effectiveness. The statistically significant
decrease in VAS in these patients did not clinically reflect in the
DLQI, and these patients were then excluded from follow-up. Of
patients with effectiveness, 83 and 74% had excellent symptomat-
ic response according to VAS;—, and DLQI;-,, respectively. After 6
months, excellent symptomatic responses were maintained in 49
and 51% of patients in the same group, respectively. From another
point of view, excellent symptomatic responses were maintained

Sample

characteristics Protocol

Study

Effectiveness

Recurrence time /

Recurrence
follow-up

Complications

Sonnex & Dawber 1985 44 patients, 48 IGTN 30 seconds open 44 patients 20/44 patients 1-3 / 13-18 months Onycholysis (9%),
(stage 1-3) spray method, single (100%) (45.5%)1 leukonychia (11%),
freeze-thaw cycle, pain
1 session
Masters 1991 20 patients, ? IGTN 30 seconds open ? 15/20 patients ? Pain
(stage?) spray method, single (75%)
freeze-thaw cycle,
1 session
Kaya et al. 1999 14 patients, 14 IGTN  15-25 seconds open 10 patients 3/10 patients ? / 8.5 months Pain, secondary
(stage 3 only) spray method, double (71.4%) (30%) infection
freeze-thaw cycles,
1-2 sessions
This study 59 patients, 71 IGTN 10 seconds open 47 patients 21/47 patients 1-4 / 6 months  Secondary infection
(stage 1-3) spray method, double (79.7%)* (44.7%) (5%), bullae (63%),

freeze-thaw cycles,
1-5 sessions

pain

IGTN = ingrown toenail, t successful results obtained in 28 (63.6%) patients due to absence of recurrence in four of six patients that underwent second session
after recurrence, ¥ effectiveness criterion was complete regression in granulation tissue.
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in 85 and 81% of patients in remission according to the VASg and
DLQIs, respectively.

Unlike other studies, Kaya et al. evaluated the effectiveness
of the procedure in patients with only stage 3 IGTN that under-
went cryotherapy with a similar protocol but with longer freezing
time (15—25 seconds). However, success was defined as complete
regression of granulation tissue in their study. In this case, they
were able to attain an effectiveness rate of 71.4%. In our study, the
treatment was effective in 93.8% of those with granulation tissue
less than 5 mm, whereas 68.8% had complete regression response
after two sessions. Only 22% of the patients with granulation tis-
sue larger than 5 mm had complete regression of granulation tis-
sue. Complete granulation tissue response was obtained in 52%
of stage 3 IGTNs, and effectiveness was achieved in 88% of the
patients, assuming adequate symptomatic response despite the
partial regression of granulation tissue in 36% of the patients. In
other words, 75% of the patients with partial regression of granu-
lation tissue were included in the effective treatment group. That
the number of cryotherapy sessions was not different according
to the stage and granulation tissue size indicates that the patients
discontinued treatment with the improvement in pain. In Figures
3 and 4, a total of eight patients with complete and partial regres-
sion of granulation tissue are presented with their VAS and DLQI
points.

The complete regression rate increased from 27.3 to 81.8% after
the second session in patients with granulation tissue of 5 mm or
less; however, this rate increased from o to 22.2% in patients with
granulation tissue larger than 5 mm. Based on this, it appears that
a higher rate of complete regression response was obtained in pa-
tients with smaller granulation tissue, and that the response rate
could be increased by repeated applications. On the other hand,
it is important to keep in mind that patient compliance decreases
as the number of required sessions increases.

The complete formation of cryonecrosis is essential in order for
treatment to be effective (12). For this reason, connective tissue
damage must occur in order to obtain complete regression in the
granulation tissue. Although cryotherapy is a procedure that does
non-specific damage to the cell, because the physiology of each
cell and tissue is different, it can cause damage at different tem-
peratures or application times, depending on the cell types. Al-
though melanocytes and pilosebaceous glands are very sensitive
to cryotherapy, the temperature required to damage fibroblasts,
nerve cells, and neoplasms is much lower (12). As applied in our
study, the method’s effectiveness can be increased by using a dou-
ble freeze-thaw cycle to reach sufficient cryonecrosis. However,
our findings also show that if the freezing time was kept short—
even if a double freeze-thaw cycle was used—the effectiveness did
not increase sufficiently, especially in those with granulation tis-
sue larger than 5 mm. It appears that in the case of IGTN, it is nec-
essary to keep the freezing time longer than 30 seconds and apply
multiple sessions in order to achieve granulation tissue damage.

In our study, recurrence was detected in 34.2 and 88.9% in the
unilateral and bilateral IGTNs after 6 months, respectively. In the
study of Sonnex et al., only four patients had bilateral IGTNs, and
45.5% of the patients had a recurrence within 13 to 18 months after
one session. Masters reported that he tried the same technique in
20 patients but abandoned it after observing a 75% recurrence rate
and noting that the procedure was very uncomfortable without
local anesthesia (10). However, Masters did not share data on the
characteristics of the patients studied. The recurrence rate of bi-
lateral IGTNs in our study makes us think that the high recurrence

rate reported by Masters may be related to the patients’ number of
IGTNs. Although it was evaluated only in a small sample with uni-
lateral stage 3 IGTN, the lowest recurrence rates were reported as
30% within 8.5 months by Kaya et al. (13). Because VAS and DLQ],
rather than granulation tissue, were evaluated in the detection of
recurrence in our study, it would be inappropriate to compare our
results with those of Kaya et al.

Complications

Periungual cryotherapy is known to be a very painful proce-
dure. In this study, cryotherapy was performed with a 10-second,
double-freeze-thaw cycle in order to reduce complication rates,
increase patient compliance, and allow the procedure to be per-
formed without local anesthesia. The cryotherapy-induced VAS
was calculated as 8.8 + 1.1 points. There was a mean of 2.6 + 1.4
hours of ongoing pain. It was determined that 62.7% of the pa-
tients had minimum of one bulla, which healed within a mean of
3.5 = 1.7 days. A secondary infection developed in 5% of patients
during follow-up. No additional complications such as scarring,
neuropathy, pigmentation disorder, leukonychia, onycholysis,
pyogenic granuloma, or nail dystrophy due to cryotherapy were
observed. Sonnex et al. reported that patients needed analgesics
for a maximum of 2 days after the procedure. In addition, leuko-
nychia developed in 11% and painless onycholysis in 9% of the
patients, but these two complications resolved spontaneously in
2 to 3 months. It was reported that scarring did not develop de-
spite freezing for 30 seconds (9). In our study, only three patients
needed analgesics on the day of cryotherapy. Damage to the ony-
cho-dermal band is involved in the pathogenesis of onycholysis
(14). When 30 seconds of freezing time was used, it was thought
that 9% of the patients had experienced excessive tissue damage.
Therefore, individualization of the freezing time would be neces-
sary to prevent this complication. In our study, leukonychia and
onycholysis did not develop due to the use of a freezing time of 10
seconds. The procedure seems to be well tolerated except for short
but severe pain. Serour et al. reported in a randomized, double-
blind, placebo-controlled study that topical anesthetic cream ap-
plication with occlusion for 1 hour before digital nerve block in
IGTN did not lead to a reduction in pain due to the injection. They
determined the mean VAS points due to digital block anesthesia
performed without topical anesthesia as 3.2 + 1.0 (15). Considering
that pain resolved after approximately 2 hours, performing digital
block anesthesia will increase comfort during and after the pro-
cedure, and it will be feasible to work with long freezing times
of 30 seconds and achieve more effective results. As Serour et al.
reported, VAS due to digital infiltration anesthesia is substantially
lower than the cryotherapy-induced VAS detected in this study.
Given these data, we concluded that digital block anesthesia must
be performed before cryotherapy to the nail fold.

Conditions associated with effectiveness/recurrence

Among the accepted predisposing factors for IGTN given in Ta-
ble 4, only the presence of foot/toe deformity increased the risk
of ineffectiveness by 18.5 times (1.642; 208.462). No predisposing
factors were associated with recurrence. Although there was no
significant relationship between age and effectiveness, the risk of
recurrence decreased with increasing age. The risk of recurrence
increases by 6.3 (1.239; 31.956) times in patients 17 to 20 years of
age. This finding raises the question of whether adolescents expe-
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rience more frequent recurrence of IGTNs after the procedure. Al-
though there is no significant relationship between the number of
IGTNs and effectiveness; the risk of recurrence was increased by
15.4 (1.73; 136.67) times in bilateral IGTNs. Therefore, this method
should not be preferred in the treatment of patients with foot/toe
deformity or multiple IGTNs. Similar to our study, Kayalar et al.
reported that the risk of recurrence was significantly increased by
8.9 times in patients with multiple IGTNs that underwent partial
surgical matrixectomy; although there was no statistically signifi-
cant relationship between recurrence and age, previous surgery,
stage, or duration of complaints (16).

In this study, the presence and size of granulation tissue were
not associated with effectiveness and recurrence. Thus, we at-
tached more importance to the VAS and DLQI compared to granu-
lation tissue response in detecting effectiveness and recurrence.
Moreover, the last granulation tissue responses of some patients
with effectiveness were not recorded, and no granulation tissue
could be evaluated after 6 months. Kaya et al. reported that the
recurrence risk of granulation tissue was increased in those with
large granulation tissue size, according to their observations (13).
In this study, it was not possible to evaluate how granulation tis-
sue affected the risk of recurrence.

VAS and DLQI

Despite its high incidence, the effect of IGTN on the DLQI was
discussed in only one study in the literature. Patients are most
uncomfortable with the impact of IGTN on daily activities (Ques-
tions 3 and 7) such as shopping, household and garden work, and
social life. These are followed by difficulty wearing shoes and a
sense of embarrassment, and a negative impact on sports, work,
and school life. It was found that IGTN affects relationships with
close friends and relatives very little and does not affect sexual life
at all (3). The Turkish validity and reliability study of DLQI was
conducted by Oztiirkcan et al. (17). In our study, the patient scores
on individual DLQI questions were ranked from the highest to the
lowest as follows: Question 1 (pain), Question 4 (shoe preference),
Question 3 (shopping, household and garden work), Question 7
(work and school life), Question 5 (social activity), Question 2
(sense of embarrassment), Question 6 (sports), and Question 8
(relationships with close friends and relatives).

In our study, the mean VAS, was 5.94 + 0.25, and the mean of
the DLQI, was 9.47 * 5.24. Borges et al. calculated the mean of
the DLQI in IGTN as 8.3 + 5.7 (21). The mean DLQI, points in IGTN
(9.47 + 5.24) were higher than in chronic urticaria (4.8 + 5.1), at-
opic dermatitis (6.1 + 5.5), alopecia areata (6.3 + 6.3), and chronic
hand eczema (7.1 + 6.0), but lower than chronic leg ulcer (13.4 +
2.6) (18-21).

According to this study, only 25% of patients with IGTN sought
treatment when their complaints were mild. These results confirm
that IGTN is a neglected disease (1, 22). This is further supported
by the fact that the VASo and DLQI, of patients with recurrence
at the end of 6 months were significantly higher than their VAS¢
and DLQIe. The reason that these patients did not seek treatment
despite experiencing recurrence is that their quality of life was not
affected as much as it had been 6 months before. This positive
and important but weak correlation between the duration of IGTN
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and VAS, and DLQI, may contribute to our understanding of the
delay in outpatient admissions. It was also remarkable that the
presence of granulation tissue and the number of ingrown nails
did not affect VAS, and DLQI,.

Advantages and limitations of the study

This investigation is noteworthy because it offers useful results for
daily clinical practice. The study, which uses the shortest freezing
time in the indication of the IGTN, provides essential clues to de-
termine procedure protocols comparable to other studies in terms
of success rates. This study is the first to determine the factors
associated with effectiveness and recurrence in patients treated
with cryotherapy and provide comprehensive results. The correla-
tion between VAS and DLQI in IGTN has not been evaluated previ-
ously, and the value of these two scales in the treatment follow-up
was demonstrated for the first time.

This study has some limitations, such as a small number of pa-
tients and short follow-up time. Granulation tissue response was
considered less important than the VAS and DLQI in the evalua-
tion of effectiveness. The last status and recurrence of granulation
tissue could not be evaluated. Prospective studies with more pa-
tients are needed to demonstrate the effectiveness of cryotherapy.

Conclusions

Many conservative treatment methods are simple and inexpen-
sive, but the duration of administration is long, and the recur-
rence rate is high (5, 6). Cryotherapy is an easy and quick out-
patient procedure. The cost is less than other conservative and
surgical methods. The most important advantages of cryotherapy
are that it eliminates subjective complaints in a short time, does
not cause loss of working days, and is a very practical method, as
stated in other studies (9, 13). Another important advantage is that
it can be used effectively during pregnancy, which is a risk factor
for IGTN (23). It is also possible to use cryotherapy in combina-
tion with other conservative or surgical treatment methods, thus
achieving better results (24). If not used as the preferred treatment
in patients with foot/toe deformity, 20 years of age and younger,
with multiple IGTNs, and granulation tissue larger than 5 mm, the
effectiveness rate will increase, and the recurrence rates will de-
crease. Performing infiltration anesthesia with at least 30 seconds
of freezing time, especially in patients with stage 3 IGTNs, will
increase the effectiveness of the procedure, reduce the number
of necessary sessions, and increase patient compliance. As seen
in this study, long-lasting improvement in DLQI can be achieved
even with short freezing time applications. Therefore, individu-
alizing the freezing time according to the presence and size of
granulation tissue with the experience gained will increase ef-
fectiveness without increasing complication rates. To summarize,
cryotherapy can be used to greatly and consistently improve the
dermatological quality of life in suitable IGTNs.

This study was presented as a talk at the twenty-seventh National
Dermatology Congress. (Regnum Carya Hotel, Antalya, Turkey, Oc-
tober 16th—20th, 2018)
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