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Abstract

Background

Corns are a common foot problem and surveys have indicated that bé#dvé8%o of peopl
suffer from them. Many of these will seek podiatry treatmemivever there is little eviden
to indicate which current treatments provide long term resolutibims $tudy compared
‘usual’ treatment (enucleation with a scalpel) with the apgtinaof 40% salicylic aci
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plasters to corns to investigate which is the most effectiverins of clinical, economic ar
patient-centred outcomes.

Methods

A parallel-group randomised controlled trial was carried out in ®vitres where adults wih
presented with one or more corns and who met the inclusion cuitereaallocated to eithg
‘usual’ scalpel debridement or corn plaster treatment. All @pants had measurements

corn size, pain using a 100 mm visual analogue scale (VAS) afiti-helated quality of lif¢

(EQ-5D) measures by an independent podiatrist, blind to treatnecatedn at baseline,
6, 9 and 12 months.

Results

202 participants were randomised to receive scalpel debridementrnoplester treatmer
(101 in each group). At 3 months 34% (32/95) of corns had completely reésoltiee corr
plaster group compared with 21% (20/94) in the scalpel gnowp0.044), and 83% (79/9
had reduced in size in the corn plaster group compared with 56% (53/8é)soalpel grou
(p < 0.001). At 12 months, time to corn recurrence was longer in theptaster groupg <
0.001). Pain from the corns was significantly lower in the corn plgsteip at 3 monthg(<
0.001) and EQ-5D scores changed (improved), from baseline, by 0.09 (SD afd3@)01
(SD %0.25) points in the corn plaster and scalpel groups respedjvel.056). By montl
12, EQ-5D scores had changed by 0.12 and -0.05 in the corn plaster and grcalps
respectively§ = 0.005). The EQ-5D, VAS scores and the four domains of the Foot Dis
Scale were similar in both groups at 3 and 12 months. The economisiamatijcated tha
corn plasters were a cost effective intervention.

Conclusions

The use of corn plasters was associated with a higher paparfi resolved corns,
prolonged time to corn recurrence, less pain and reduced corn sizb@eviestt6 months i
comparison with ‘usual’ scalpel treatment and this intervention seas effective. Use
under supervision of a podiatrist on appropriate patients, corn plastersanf effective
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alternative to scalpel debridement.
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Background

Approximately 3.6% of the UK population may be seen by NHS pod&fd$tand corns
account for a large part of podiatrists’ everyday workload [2]. iflbe&lence of corns has

been reported at between 14-48% [3] and pain associated with foamsoisicluding corn

S

has been cited as the main reason for people to seek podiatryetreptrs]. Corns can also

reduce mobility and health-related quality of life for some individuals [7].



Despite corns being such a common foot complaint, there is éXildence for the most
effective treatment for long term resolution. The ‘usual’ treatt is removal with a scalpel
by a podiatrist, and this is often repeated at regular intervals as the cacurs-

There is evidence to suggest that plasters containing salemyticfor the treatment of corns
have been available for nearly 200 years [8] and continue to be ued twe general
population as a self treatment. Studies have found that corn pleatetse more effective
than a placebo and result in between 62-95% removal of corns [9,10]. Thatcatioe of
salicylic acid within the plasters ranges from 10-50%, with édpgimum formulation
recommended at 40% [11]. The time the corn plaster needs to beadtihnéne corn has also
been investigated and a seven day application has been shown to produgledsteniimber
of corn removals [10]. Podiatrists however, are still reluctantédhem or recommend them
as a self treatment, due to a belief of the potential for complications [12].

Although there is evidence that corn plasters resolve corns, thisfisst large scale study to
investigate their effectiveness. No comparisons have been madeehetorn plasters and
the ‘usual’ scalpel removal of corns, in terms of patient bieaetost effectiveness, and the
majority of evidence has only considered immediate and shortdatoomes. This study
compared the clinical and cost effectiveness of 40% saliaglid corn plasters with scalpel
debridement for corns for up to 12 months.

Methods

This was a multi-centre parallel-group randomised controlleddaialed out in one podiatry
service and one school of podiatry in the United Kingdom. The studynebtaathical
approval from Leicestershire, Northamptonshire and Rutland Resedrcls Ebmmittee 2
(09/H0402/07), Medicines and Healthcare Products Regulatory AgenciRAYlEnd local
research governance approval. The study sponsor was Sheffield &tehlBocial Research
Consortium. All participants gave informed consent before taking part inahe tri

Participants and randomisation

Adults with one or more corns and able to give informed consent, a@ngted to the study
from existing podiatry patients in one National Health ServiceIN podiatry service.
Recruitment was later expanded to include patients attending omersityi school of
podiatry clinic and the local population of the two localities toease the number of eligible
participants. The recruitment period was also extended for thereas@n and was between
September 2009 and October 2011. Participants were excluded if they afadesli or
rheumatoid arthritis; poor peripheral circulation or peripheral neungpat history of foot
ulceration; were taking oral steroid medication; had a markedadelogical condition (e.g.
eczema, psoriasis, etc.), were allergic to zinc oxide plasadicylic acid, peanuts or soya;
were unable to reach their own feet; had callus rather than corostns that were infected
or neurovascular; or were pregnant or breastfeeding.

Treatment allocations were concealed by a secure web-basgonrisation system hosted
within the Sheffield Clinical Trials Research Unit. Eligilpatients who gave written consent
were allocated treatment by a simple randomisation sequence.



Intervention

Corn plaster

Participants randomised to the corn plaster group had a corn p(€steration corn
plasters®, Cuxson Gerrard & Co) applied to each corn (up to thres per person) by the
podiatrist and appropriate dressings applied if necessary to kegpagters in place. The
plasters contain 40% salicylic acid. Participants with multjolens were asked to nominate
one corn post-randomisation, usually the most painful or largest, wlashclassed as the
‘index’ corn and used as the primary outcome measure. Each partieigsuaidvised to keep
the corn plasters dry until they returned a week later. Advae given about removal and
neutralisation of the salicylic acid with a warm salt foothbd&tany adverse reaction was
experienced. At the next appointment new corn plasters were agpiedcorns were still
present and this was repeated for up to four weeks or until the cautts be lifted off via
blunt debridement by the podiatrist. The participants then returnecteavals of three
months for a year and received ‘usual’ scalpel debridement ibfatfne corns remained. Any
participant that had a reaction to the corn plaster or was umatiéetate the treatment had
the corn plasters removed and resorted to the ‘usual’ scalpel treatmgmt grou

‘Usual’ scalpel debridement

Participants randomised to the ‘usual’ scalpel debridement groupaskee to identify an
‘index’ corn post-randomisation if they had more than one corn andvdssused as the
primary outcome measure. All corns were treated with a ddaype podiatrist and this was
repeated at three monthly intervals for twelve months if the corns were estidirpr

Standard foot health and footwear education was given at each appuininell
participants.

Outcomes

The primary outcome was the presence at three months post-rartdmmigaan improved
index corn. For the purpose of the analyses, two definitions of an isgpmrn were used:
resolution (the index corn had not recurred or was measured at a widthsahkas 1 mm)
andreduction (the index corn measuring a width less than the baselineursea@nt). Both
were assessed by an independent podiatrist ‘blind’ to the treagmemt who measured the
site and size of the corns at baseline and at each three maoltbly-Gip appointments.
Secondary outcomes were pain experienced from corns; health-cplaléay of life and foot
related disability, patient and podiatrist satisfaction with theatinents, and cost
effectiveness. Participants were asked to complete a paial\asalogue scale (100 mm
VAS) for the index corn, the EQ-5D health-related quality fef juestionnaire [13] and the
Foot Disability Questionnaire [14] at baseline and at three monttdrvals (3, 6, 9 and 12
months). The EQ-5D is a measure of health utility derived fronanisgver to five questions,
in which 1 relates to perfect health and 0 to death; negative valkie%a(state worse than
death”) are allowed, with the minimum possible score being —0.59. ThBLEVAS is a
visual analogue scale measure of current state of healthM@st imaginable, 100 = best
imaginable). A simple satisfaction questionnaire was also coedpktt each post-baseline
follow up for patients and one questionnaire was given to podiatridigerdey the
interventions at the end of the study. The treating podiatristded the time taken for each



appointment and the type and number of podiatry instruments or cotarplased for each
treatment on a resource form.

Sample size

The primary outcome was the presence, at 3 months post randomisatonuifiealed or
recurrent corn that required further or on-going treatment. Two studige shown that
between 60-90% of corns can be resolved at 3 months using corn p[8si®s We
assumed that there could be a 3 month recurrence rate of up tm 4008ccorn plaster group
and 60% in the scalpel group and that a 20% absolute difference inecomnence rates
between the groups is of clinical and practical importance, which ponds to an odds ratio
(OR) of 2.25. To have 80% power to detect this difference in corn esmarhealing/rates
between the two groups as statistically significant at thg[t88-sided level), required 100
participants in each treatment arm.

Statistical analysis

The difference in the proportion of participants with a healed index &ibeach time-point
was analysed using logistic regression, adjusting for cemdesize of the index corn at
baseline. The sensitivity of findings to missing data was asddsg several imputation
strategies including best case/worst case scenario aniglmutiputation as described in the
results. Time to corn recurrence, defined as the time at wichdrn size was greater than
or equal to the size at baseline, was analysed using Coxgiegresth the same covariates.
The corn size, pain and health-related quality of life outcomesaeh time-point were
analysed using the same covariates. Statistical significance &g $20.05.

A cost-utility analysis was undertaken to assess the caesitigness of corn plasters
compared to ‘usual’ scalpel debridement considering the economic dimerfsom the
perspective of the podiatry service. The timeframe of the pyimwaalysis is the same as the
clinical analysis (12 months). Cost and outcome data were colldotedndividual
participants in the trial. Resource use covers number and lengtidiattry appointments and
equipment used. Unit costs were identified for one minute of a poti&attisie and
associated consumables. Podiatrist time was costed using Q6itend inflated to 2010/11
prices, whilst consumable prices were obtained from Sheffieldhlreg Hospitals (NHS)
Foundation Trust. Quality-adjusted life years (QALYs) werteudated from the EQ-5D
scores using the trapezium rule, with QALYs gained calculatedsubtracting baseline
utility.

The baseline economic analysis was based on costs and outcomes olrseheedrial.
However, this is problematic as those visits occurring afteluesn of the corn would not
take place in practice; these were therefore excluded in agsidrgeanalysis of ‘normal
practice’. There were further problems due to missing datan &itampt to overcome this, a
further analysis of normal practice was undertaken; with ngsgata imputed using the last-
observation carried forward method.

Patient and podiatrist satisfaction were reported as frequeEmegponse categories. Patient
satisfaction was compared between treatments using the chi-squared test.



Results

In total, 202 participants were recruited and randomised (101 per gragywe E shows the
flow of participants through the trial. Twenty participants (10%) m@adorn assessment at 3
months; of these, 7 attended at 6 months and 13 (6%) were lost to folloovapbetely. The
primary analyses took a conservative approach to the former: aodes that had improved
at 6 months were assumed also to have improved at 3 months and othestviSdne
remaining 13 participants that were lost to follow-up were notuded in the primary
analysis (i.e. not intention-to-treat analysis). Further anslgssessed the sensitivity of the
findings to other imputation methods and assumptions. The baseline demogaaghic
clinical characteristics of the trial participants wéreadly similar in the corn plaster and
scalpel debridement groups (Table 1).

Figure 1 Flow of participants through the trial.

Table 1Baseline characteristics of participants

Corn Plaster Scalpel Total
(n=101) (n=101) (N =202)
Gender
Male 42 (42%) 42 (42%) 84 (42%)
Female 59 (58%) 59 (58%) 118 (58%)
Centre
1 58 (58%) 53 (53%) 111 (54%)
2 1 (1%) 1 (1%) 2 (1%)
3 7 (7%) 4 (4%) 11 (5%)
4 5 (5%) 4 (4%) 9 (4%)
5 10 (10%) 13 (14%) 23 (12%)
6 7 (7%) 6 (6%) 13 (6%)
7 13 (13%) 20 (20%) 33 (16%)
Number of corns evaluated
1 48 (48%) 66 (65%) 114 (56%)
2 28 (28%) 23 (23%) 51 (25%)
3 24 (24%) 12 (12%) 36 (18%)
Missing 1 (1%) 0 1 (<1%)
n Mean (SD) n Mean (SD) N Mean (SD)
Age 101 58.5 (15.6) 101 59.7 (17.5) 202 59.1 (16.6)
Size of index corn (mm) 99 3.9(1.7) 101 3.8(1.8) 200 3.8(1.8)
VAS pain (0-10) 100 5.71 (2.92) 101 4.87 (2.97) 201 5.29(2.97)
EQS5D tariff 98 0.64 (0.30) 101 0.68 (0.28) 199 0(6£9)
EQ5D VAS (0-100) 100 74.3 (19.6) 99 73.5(20.3) 199 73.9(19.9)

Primary outcome

At 3 months post-randomisation, 34% (32/95) of participants had a resmuedh the corn
plaster group compared with 21% (20/94) in the scalpel group (OR 2.00, 95%0CZIto
3.93,p = 0.044) in favour of the corn plaster group, indicating that the oddsahpletely
healed index corn among participants allocated corn plasterstwiees that of that of
participants in the scalpel group at three months post-randomisatginty-Hiree per cent
(79/95) of participants in the corn plaster group and 56% (53/94) ircéihges group had a



reduction in corn size at three months (OR = 4.42, 95% CI 2.17 toB<90;001) (see Table
2).

Table 2 Comparison of corns that were healed and improved over 12 months by group

Corn Plaster Scalpel Difference

(n=101) (n=101)
No (%) with completely healed index corn* OR (95% Cl)*** P
3 months 32/95 (34%) 20/94 (21%) 2.00 (1.02,3.93) 0.044
6 months 27174 (36%) 24/80 (30%) 1.59 (0.76,3.32) 0.215
9 months 18/55 (33%) 22/64 (34%) 0.99 (0.44,2.20) 0.973
12 months 20/43 (47%) 16/51 (31%) 1.94 (0.78,4.79)  0.153
No (%) with improved index corn** OR (95% Cl)*** P
3 months 79/95 (83%) 53/94 (56%) 4.42 (2.17,8.97) <0.001
6 months 62/74 (84%) 54/80 (68%) 2.74 (1.19,6.28) 0.017
9 months 44/55 (80%) 49/64 (77%) 1.24 (0.48,3.25) 0.655
12 months 33/43 (77%) 39/51 (76%) 0.97 (0.34,2.75)  0.948
Mean (SD) size of index corn (mm) Mean diff. (95% CI)**** P
Baseline 3.9@1.7) 3.8(1.8)
3 months 1.7 (1.6) 2.7 (2.3) -1.0 (-1.5,0.5) <0.001
6 months 1.7 (1.6) 2.4 (2.2) -0.7 (-1.2,-0.2) 0.006
9 months 1.7 (1.6) 2.2(2.1) -0.5(-1.2,0.1) 0.107
12 months 1.3 (1.5) 2.3(2.2) -1.0 (-1.7,-0.2) 0.010

* Defined as a corn size <1 mm. ** Defined as a reduction from baseline in corn size.
*** From logistic regression, adjusted for centre and baseline corn size.

**** From analysis of covariance on change from baseline, adjustedefare and baseline
corn size.

The difference in complete corn resolution was not robust to coniservatputation
strategies. Of the methods used, only multiple imputation includirgment group as a
predictor approached a statistically significant effect ©R.97, 95% CI 1.00 to 3.8, =
0.050). By contrast, the statistical significance of the cornrethection was maintained even
in the most extreme missing data imputation (index corns redocée scalpel group, not
reduced in the corn plaster group).

Secondary outcomes

Recurrent corns were retreated by scalpel debridement wbeded, and consequently the
differences between the two groups diminished with time. At 6 Imonhe percentage of
participants with a completely resolved corn was 36% in the corteplg®up and 30% in
the scalpel group (adjusted OR = 1.59, 95% CI 0.76, to B.82).215). The corresponding
percentages for size reduction were 84% versus 68% (adjusted Z0RL, 95% CI 1.19 to
6.28,p = 0.017). The size of the index corn was reduced over the durationtoathend the
time taken for the corn to be considered recurrent (i.e. to revétd size at baseline) was
longer (hazard ratio = 0.40, 95% CI 0.24 to 0j6%,0.001; Figures 2 and 3). Pain measured
by the 100 mm VAS was significantly lower in the corn plagt@up at 3 months (mean
difference = 1.0; 95% CI -1.5 to —0j6< 0.001).

Figure 2 Time to corn recurrence.

Figure 3 Corn size at different time points (means and standards errors).




At 3 months, mean EQ-5D scores had improved by 0.09 (SD +0.31) and 0.010(&Z3) +
from baseline in the corn plaster and scalpel groups respecteglgting to a mean
difference between the groups of 0.08 (95% CI: 0.00 to 0.16, p = 0.056). At 12 mbaths, t
EQ-5D scores had changed by 0.12 and -0.05 in the corn plaster and gcalje
respectively (mean difference = 0.17, 95% CI 0.05 to 0.29, p = 0.005). TH®R@S and

the four domains of the Foot Disability scale were similaosthe groups over the course
of the study. Mean EQ-5D scores had improved from baseline by @020 S1) and 0.01
(SD %0.25) points in the corn plaster and scalpel groups respectaigting to a mean
difference between the groups of 0.08 (95% CI: 0.00 to 0.£6).056).

For the economic analysis, mean costs were UKE£24 higher in th@lestar group as these
participants attended the clinic approximately 3 times more tth@se in the scalpel group.
QALYs gained were slightly higher in the corn plaster group hadritervention was cost-
effective at different funding thresholds. The typically used tulelsof UKE£20,000 for cost-

effectiveness found that corn plasters were 98% cost effective [16].

Participant satisfaction was high for both treatment groups, v88%6>stating they were
either satisfied or very satisfied at each time point; noifstggnt differences were observed
at any time. Self-reported improvement was more common in theptaster group at 3
months (80% versus 56% in scalpel grqup,0.001) but not thereafter; >50% of participants
in both arms believed their corn had improved since the previotgtisonth 6, 9 and 12.
Nearly all participants (>95%) reported they would be happydeive the same treatment
again, irrespective of group. Of the eight research podiatristtotilapart in this study, 7 out
of 8 stated that they preferred corn plasters rather thanet¢edptment, the main reasons
stated were ease of use and better outcomes for participaats df pain and healing of
the corn.

Compliance and adverse events

The majority of participants in the corn plaster group were #bltolerate the plasters and
keep them in place as requested. There were 4 related adverse ivdr® corn plaster
group, these were; maceration at the site, development of a haematoneptiarbasakdown
and itching. They were rated as either mild or moderate andsalvesl within a few days
after the corn plasters were removed. No suspected unexpeciedssadverse reactions
were reported by participants in either group.

Discussion

We compared the effectiveness of corn plasters with scalpetidetant for the treatment of
corns and found that corn plasters were associated with a higher propdtiealed corns, a
prolonged time to recurrence, less pain and reduced corn size ovéirsth@ months
compared with standard care (scalpel treatment). Long temafiteeindicated that those who
had corn plasters were 60% less likely to have recurrenceahaat 12 months. There was
some evidence of an increase in QALYs, and that the interventiakelg to be cost
effective.

There were a number of differences in this trial compared tagque studies. This study
included corns on all sites of the foot (dorsal and plantar asmeudsysed ‘usual’ scalpel
treatment as the comparator, whereas prior research has datleshdigital corns and either



no comparator or a placebo [9-11,17]. This study is also the firstmipare the long and
short term effectiveness of corn plasters for up to a yearg led al’'s study [10] was a
randomised controlled trial, but participants applied their own corteptast daily intervals
for up to 10 days and the mean size of corns at baseline was nargellythan in this trial
(8.04 mm versus 3.90 mm). They also reported the number of enucleatedga@roorns
using corn plasters at 10 days (62%), whereas our trial consigkeetiveness to be a
reduction in size or the continued resolution of corns at 3 months and upnoritBs.
Potter’'s study [11] was also a controlled trial and used dasimmethod, where podiatrists
applied the corn plasters and carried out blunt debridement to reheweacerated lesions.
In that study the plasters were reapplied 3 times per waelipf to 2 weeks and the main
outcome was corn resolution; a reduction in the size of the corn was not included.

Given that the corn plasters contain salicylic acid, we warécplarly interested in any
adverse effects. Our trial found that corn plasters were dade applied under professional
supervision and well tolerated by participants with only four edl@dverse events reported.
Similar results relating to adverse events were found in eamdjs trial [10] and none were
reported in Potter’s study [12]. Adverse events recorded were milteor moderate and all
resolved quickly.

The results of this trial need to be considered with the followmgadtions in mind. This
trial did not investigate repeated corn plaster usage: paritsipandomised to corn plasters
who subsequently required follow-up treatment received this withlpesctn addition, the
recruitment was slower than expected, resulting in a curtailéoWwfolp of less than the
planned 12 months for 83 (41%) of the participants and correspondingly ancisepre
estimate of longer-term impact of corn plasters. On the pesside, the resultant missing
data can be considered as random and therefore the figures presentechateiabiased.

Conclusion

The results of this trial show that corn plasters used under podiapfgrvision are an
effective treatment for corns in suitable participants \glter outcomes, especially short
term, when compared with scalpel debridement alone. Corn plasteesfaueid to be safe
and well tolerated by the majority of participants and most pugtmthought that they were
a more successful treatment than scalpel removal of corns. Thoiliglly participants
required more frequent visits, appointments were shorter, outcomesm@oved, and there
was an increased chance of resolution or reduction in corn sizecalthéslead to long-term
benefits, not only in a better outcome for patients, but in ternsavad appointment times
and discharge of patients. Cost analysis also showed that this treatmentfieciat.e
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Assessed for eligibility

(n=317)
Excluded (n=115)
e Did not meet criteria (n=6)
> e Declined (n=104)
e Did not attend appointment (n=5)
A
Randomised

(n=202)

A 4

v

Allocated to corn plaster group (n=101)

Received corn plasters according to schedule (n=95)
e Unwilling to attend clinic for corn plasters (n=1)
e Received one course, unable to tolerate (n=2, one
switched to scalpel)
e Received one course, unable to keep plasters on
(n=2, both switched to scalpel)
e Did not complete full course (n=1)

Allocated to scalpel group (n=101)

Received scalpel according to schedule (n=101)

A 4

A

Included in primary analysis at 3 months (n=90)
Reason for exclusion (n=11)
e Missed 3 month visit, 6 month data available (n=4)
e No baseline data available (n=1)
e Self-discharged (n=2)
e Did not attend/lost to follow-up (n=4)

Included in primary analysis at 3 months (n=91)
Reason for exclusion (n=10)
e Missed 3 month visit, 6 month data available
(n=3)
e Did not attend/lost to follow-up (n=7)

A 4

Included in 6 months analysis (n=73)
Reason for exclusion (n=28)
e Trial ended before 6 month visit (n=10)
¢ No baseline data available (n=1)
e Self-discharged (n=2)
Lost to follow-up (n=15)

Included in 6 month analysis (n=80)
Reason for exclusion (n=21)
e  Trial ended before 6 month visit (n=8)
e  Self-discharged (n=2)
e Lost to follow-up (n=10)

A 4

A 4

Included in 12 months analysis (n=42)
Reason for exclusion (n=59)
e  Trial ended before 12 month visit (n=48)
e Self-discharged (n=3)
e Lost to follow-up (n=8)

Figure 1

Included in 12 month analysis (n=51)
Reason for exclusion (n=50)
e Trial ended before 12 month visit (n=35)
e  Self discharged (n=4)
e Lostto follow-up (n=11)
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