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Summary

Background The clinical appearance of cutaneous warts is highly variable and not
standardized.
Objectives To develop and validate a reproducible clinical tool for the standardized
assessment of cutaneous warts to distinguish these lesions accurately.
Methods Nine morphological characteristics were defined and validated regarding
intra- and interobserver agreement. Based on literature and semistructured inter-
views, a systematic dichotomous assessment tool, the Cutaneous WARTS
(CWARTS) diagnostic tool was developed. The validation consisted of two inde-
pendent parts performed with photographs from the recent WARTS-2 trial. In
part A, the CWARTS diagnostic tool was tested by 28 experienced physicians
who assessed photographs of 10 different warts to investigate interobserver con-
cordance. In part B, morphological characteristics were validated by masked and
independent scoring of 299 photographs by six different observers. Part B also
entailed reassessment of the photographs after at least 1 week. The primary out-
come measurement was the intraclass correlation coefficient (ICC).
Results Presence of black dots (capillary thrombosis) had the greatest ICC (0�85) for
interobserver agreement in part A, followed by arrangement (0�65), presence of
border erythema (0�64) and sharpness of the border (0�60). In part B, results were
similar for interobserver agreement with presence of black dots having the highest
ICC (0�68), followed by border erythema (0�64), arrangement (0�58) and colour
(0�55). For intraobserver agreement, presence of black dots had the highest agree-
ment (0�70), followed by presence of border erythema (0�694) and colour (0�59).
Conclusions Wart phenotype can be reliably assessed using the CWARTS diagnostic
tool.

What’s already known about this topic?

• Cutaneous warts are a major public health concern because of their high preva-

lence, recurrence and only moderately effective treatment options.

• Warts are characterized by a wide spectrum of morphological features.

What does this study add?

• Improved agreement among healthcare providers on the definition of warts and

clinical classification was established.
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• This study introduces and validates the Cutaneous WARTS (CWARTS) diagnostic

tool, a new clinical diagnostic tool for warts.

• The CWARTS diagnostic tool will improve head-to-head comparisons of alternative

treatment strategies in future studies.

Cutaneous warts are a common ailment in both children and

adults with a high prevalence of 3%–13% in the general pop-

ulation,1–3 and up to 33% in primary school children.4

Although they are benign and resolve spontaneously, they

may grow into fulminant masses that persist for months to

years, which affects quality of life. Moderate to extreme dis-

comfort is reported in 52% of patients and in 34% social and

leisure activities are affected.5 Warts are caused by human

papillomaviruses (HPV) that inoculate the viable epidermis via

defects in the epidermis. To date, over 350 different HPV

genotypes have been established.6 After infection, warts appear

as hyperkeratotic papillomas within 2–9 months. One can dis-

tinguish common warts, plantar warts, flat warts, filiform

warts, periungual warts and genital warts. In this study we

focused on common and plantar warts, and periungual warts

were also included in the study.

The clinical appearance of common and plantar warts varies

depending on the HPV-genotype and clinical location.7 Com-

mon warts are described as elevated, scaly, rough, brown- to

skin-coloured, spiny papules or nodules and plantar warts as

thick, endophytic, hyperkeratotic, papules with capillary

thrombosis.8

In order to describe cutaneous warts in detail, a dedicated

tool would be helpful for classification purposes. Some time

ago, Jablonska et al. attempted to develop a clinical classifica-

tion of warts, in order to enhance the prediction of natural

course and treatment outcomes.8 However, constructive sup-

portive data for this classification system were lacking and,

therefore, this classification system was not generally accepted

nor used extensively.

In order to create a classification system, morphological

characteristics need to be validated thoroughly and the tool

needs to withstand testing in clinical practice. As no standard-

ized tool to evaluate and describe common and plantar warts

accurately is currently available we aimed to develop such a

novel clinical tool for the phenotypical assessment of cuta-

neous warts. Morphological characteristics of wart lesions

were defined and explored in a small exploratory study,

referred to as a pilot, with a small set of photographs for

interobserver concordance. Subsequently, the characteristics

were validated in a much larger set of photographs and vali-

dated for intra- and interobserver agreement.

Materials and methods

Development of the clinical assessment tool

As available literature did not provide a systematic approach to

describe warts clinically, we first aimed to define accurately

specific morphological characteristics, using the Dutch ‘PRO-

VOKE’ systematic approach to describe skin lesions (File S1,

Appendix S1; see Supporting Information). Based on descrip-

tive studies,8 systematic approaches to other dermatologic dis-

eases9–11 and semistructured interviews with experienced

clinicians, a list of wart characteristics was defined (Table S1;

see Supporting Information). The semistructured interviews

resulted in a list of possible criteria for the diagnoses of warts

(Table S2; see Supporting Information). These criteria were

used in pilots with two general practitioners (GPs) and one

dermatologist and resulted in the selection of 11 characteristics

(Fig. S1; see Supporting Information). Final selection of

appropriate wart characteristics was performed by the two GPs

and one dermatologist (Fig. 1). Based on this selection, a clin-

ical diagnostic and classification tool was developed called the

Cutaneous WARTS (CWARTS) diagnostic tool, which was sub-

sequently validated in two parts.

Source of photographs

For the purpose of this study, digital photographs from the

WARTS-2 trial were obtained from a representative subpopula-

tion (356 warts in 164 patients). The WARTS-2 trial was a

multicentre, randomized trial to investigate the treatment of

cutaneous warts in primary care that has been reported in

detail by Bruggink et al.12 Warts more than 1 cm in diameter

were excluded and all other inclusion and exclusion criteria

and the protocol specification can be found elsewhere.12

Photographs of warts were obtained after informed consent

from the patient at baseline using the Dino-Lite digital micro-

scope (ANMO Electronics Corporation, Hsinchu City, Taiwan),

set to a fixed scale of 20 (resulting in a scale of 5�7 : 1). Pho-

tographs were printed on photo quality paper size A7 and

assessed for morphological characteristics. The study was

approved by the medical ethical committee of the Leiden

University Medical Centre and conducted in accordance with

the principles of the Declaration of Helsinki (version 2008)

and the Medical Research Involving Human Subjects Act.

Validation of the clinical assessment tool

Validation of the characteristics consisted of two parts. Part A

was an initial exploratory study with 28 physicians. In total,

18 dermatologists (eight consultants and 10 dermatology reg-

istrars) and 10 GPs with different backgrounds assessed 10

different standardized photographs of warts independently

(five common and five plantar warts) to test the initial set of

morphological characteristics and their concordance. All

observers were given a short training session with example
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photographs with a variety of characteristics (Fig. 2). A two-

way random intraclass correlation coefficient (ICC) with abso-

lute agreement and 95% confidence interval was calculated to

assess interobserver agreement. The P-values were two-sided

and the alpha level was set at 0�05. All statistics were per-

formed using IBM SPSS Statistics version 23 (IBM, Armonk,

NY, U.S.A.).

In part B, 299 standardized wart photographs from the

WART2-trial were blindly and independently assessed by six

researchers with different medical backgrounds but all with

clinical experience; a GP, a trained medical student, a trained

research physician, a dermatology registrar and two dermatol-

ogists. Three observers from part A participated in the second

part and had prior training, and the other three observers had

received minimal training prior to the electronic wart assess-

ment with the novel tool.

Interobserver agreement and 95% confidence interval

between all six researchers were assessed using a two-way ran-

dom ICC with absolute agreement. The ICC is used to assess

the consistency, or conformity, of measurements made by

multiple observers measuring the same quantity. In addition,

intraobserver agreement was calculated, from four researchers,

using a three-way (partially nested) random ICC with absolute

agreement. The 95% confidence intervals and P-values were

calculated with a delta method manually derived estimator of

the standard error of the Fisher z-transformed intraobserver

ICC.

Results

Development phase

Eleven characteristics of warts with binary scoring options

were defined, of which two characteristics had to be measured

objectively at baseline: size and periungual location. The nine

other characteristics were subjected to individual interpreta-

tion, i.e. arrangement (confluent/solitary), level (skin level/el-

evated), aspect (lobed or rough/not lobed or smooth), border

(sharp/not sharp), white skin flakes (yes/no), black dots (cap-

illary thrombosis, yes/no), colour [not red (skin colour/

light/yellow)/red], border erythema (yes/no) and callus

(yes/no). These nine characteristics were elaborated into a

binary diagnostic model, which was assessed using standard-

ized photographs of warts (Figs 1 and 2).

Validation part A: interobserver agreement exploratory

study

The results of the initial, exploratory validation study are

detailed in Table 1. Presence of black dots (capillary thrombo-

sis) had an excellent agreement for both common and plantar

warts, with ICCs, respectively, being 0�85 and 0�82. For

sharpness of the border the agreement for both common (ICC

0�59) and plantar warts (ICC 0�42) was moderate. Arrange-

ment (ICC 0�65), border erythema (ICC 0�64), aspect (ICC

0�60) and white skin flakes (ICC 0�51) were all characteristics

with a moderate to strong agreement, but only when com-

mon and plantar warts were taken together. If the assessments

of these characteristics were analysed for common and plantar

warts, separately, the ICC was much lower, because of the

low variance among these characteristics in the two separate

wart groups. The small sample set also had limitations for

some other characteristics, callus, colour and level, that cannot

be interpreted correctly because of lack of variance.

Validation part B study population demographics, inter-

and intraobserver agreement

For part B, 356 warts from 164 patients were photographed,

representing 72% of all their warts. Fifteen photographs

A B Example
1

Example
2

Wart 
1

Wart 
2

Wart 
3

Wart 
4

Wart 
5

Wart 
6

Wart 
7

Wart 
8

Wart 
9

Wart 
10

1. Arrangement Solitary Confluent A B
2. Level Elevated Skin level B B

3. Aspect Lobes/Rough Not 
lobed/Smooth

B A

4. Border Sharp Not sharp A B

5. White skin flakes Yes No B A

6. Black dots Yes No B A

7. Colour Skin colour/ 
Light/Yellow Red A A

8. Border erythema Yes No A B

9. Callus Yes No B A
Comments: 

Fig 1. Clinical assessment form for physicians in part A of the study using the final version of the Cutaneous WARTS (CWARTS) diagnostic tool.
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(4�2%), were excluded as a result of poor photo quality and

42 photographs were not used because they showed multiple

warts on the same photograph, leaving a total of 299 pho-

tographs for analysis.

On average patients had 3�05 � 2�8 warts. Of the 157

patients with complete data, 98 (62�4%) patients were

female and 59 (37�6%) male. The mean age was

22�8 � 18�1 years with a median of 15�0 years. The warts

Example 1 Example 2
1. Arrangement Solitary Confluent

2. Level Elevated Skin level

3. Aspect Rough/Lobed Smooth/Not lobed

4. Border Sharply defined Not sharply defined

5. White skin flakes Yes No

Fig 2. Examples of characteristics.
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were equally distributed over both locations with 47% com-

mon and 53% plantar warts. Of the common warts, 45%

were located on the dorsum of the hands, 23% on the pal-

mar side of the hands, 17% on the dorsum of the feet and

15% elsewhere.

In total, 1794 observations from six different researchers of

299 warts were compared in order to investigate interobserver

agreement using intraclass coefficients. Results for interob-

server agreement are shown in Table 2. Agreement differed

per characteristic and also per location. In general, agreement

in common warts was slightly higher than in plantar warts,

with a mean ICC of 0�47 and 0�38, respectively.
A strong interobserver agreement was found for black dots

(ICC 0�68) and border erythema (ICC 0�64). Observers had

moderate agreement on arrangement (0�58), colour (ICC

0�55), aspect (ICC 0�48) and white skin flakes (ICC 0�46).
Level (ICC 0�26), border (ICC .0�16) and callus (ICC 0�02)
had only slight to fair agreement. Altogether there was a mod-

erate to strong interobserver agreement for six out of nine

characteristics when common warts were considered and for

five out of nine characteristics when plantar warts were

considered (Table 2).

In order to investigate intraobserver agreement, four obser-

vers scored 299 warts twice with a 1- to 7-week interval

(2392 observations in total). ICCs were calculated and results

are shown in Table 3. Overall ICC for all observers was 0�50,
with individual ICCs ranging from 0�54 to 0�96. In general,

researchers were slightly more consistent in their assessment

of common warts (mean ICC 0�67) than plantar warts (mean

ICC 0�49), except for the characteristic aspect.

6. Black dots Yes No

7. Colour Skin/Lighter/Yellow Red

8. Border erythema Yes No

9. Callus Yes No

Fig 2. Continued
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Strong intraobserver agreement was found for the character-

istics black dots (ICC 0�70) and border erythema (ICC 0�69)
for both common and plantar warts. For colour (ICC 0�59),
aspect (ICC 0�54), arrangement (ICC 0�54) and white skin

flakes (ICC 0�58) agreement was moderate. In common and

plantar warts a moderate to strong agreement on level (ICC

0�49 and 0�61, respectively) was observed. A moderate agree-

ment was observed for callus (ICC 0�57) in common warts,

but agreement in plantar warts was only slight (ICC 0�02).

Altogether there was moderate to strong intraobserver agree-

ment for eight out of nine characteristics when common warts

were considered and for seven out of nine characteristics

when plantar warts were considered (Table 3).

Discussion

In this study, a large group of GPs and dermatologists agreed

on a definition of wart characteristics. Based on literature and

Table 2 Validation part B, interobserver agreement, six researchers (n = 299 warts)a

Characteristic
All common warts (n = 840) All plantar warts (n = 954) Total (n = 1794)

A B ICC (95% CI) A B ICC (95% CI) A B ICC (95% CI)

Arrangement (A: solitary,
B: confluent)

669 171 0�47 (0�39–0�54)** 719 235 0�68 (0�62–0�73)** 1388 406 0�58 (0�54–0�63)**

Level (A: elevated, B:
skin level)

640 200 0�31 (0�23–0�40)** 543 411 0�19 (0�11–0�28)** 1183 611 0�26 (0�91–0�34)**

Aspect (A: lobes/rough,
B: not lobed/smooth)

582 258 0�43 (0�34–0�52)** 894 60 0�43 (0�36–0�51)** 1476 318 0�48 (0�43–0�54)**

Border (A: sharp, B:
not sharp)

673 167 0�27 (0�20–0�35)** 775b 178b 0�09 (0�05–0�15)** 1448c 345c 0�16 (0�12–0�21)**

White skin flakes
(A: yes, B: no)

492 348 0�51 (0�42–0�59)** 709 245 0�40 (0�31–0�50)** 1057 737 0�46 (0�39–0�53)**

Black dots (A: yes, B: no) 517 323 0�68 (0�62–0�74)** 692 262 0�61 (0�54–0�67)** 1209 585 0�68 (0�64–0�72)**
Colour (A: skin colour/

light/yellow, B: red)

618 222 0�60 (0�53–0�67)** 810 144 0�45 (0�38–0�53)** 1428 366 0�55 (0�49–0�60)**

Border erythema

(A: yes, B: no)

436 404 0�59 (0�51–0�66)** 159 795 0�56 (0�50–0�63)** 595 1199 0�64 (0�58–0�69)**

Callus (A: yes, B: no) 459 381 0�37 (0�28–0�47)** 728b 225b 0�01 (–0�03–0�05) 1109c 684c 0�02 (–0�01–0�06)

CI, confidence interval. aTwo-way random intraclass correlation (ICC), type absolute agreement. < 0 less than chance agreement; 0�01–0�20
slight agreement; 0�21– 0�40 fair agreement; 0�41–0�60 moderate agreement; 0�61–0�80 substantial/strong agreement; 0�81–0�99 excellent

agreement. As a result of missing data: bn = 953; cn = 1793. **P < 0�01.

Table 1 Validation part A, interobserver agreement among 28 physicians (n = 10 warts)a

Characteristic
All common warts (n = 140) All plantar warts (n = 140) Total (n = 280)

A B ICC (95% CI) A B ICC (95% CI) A B ICC (95% CI)

Arrangement (A: solitary,
B: confluent)

135 5 0�04 (–0�02–0�99) 103 37 0�17 (0�03–0�90)** 238 42 0�65 (0�45–0�86)**

Level (A: elevated,
B: skin level)

127 13 0�00 (–0�03–0�62) 93 47 0�22 (0�05–0�93)** 220 60 0�20 (0�09–0�48)**

Aspect (A: lobes/rough,
B: not lobed/smooth)

86 54 0�66 (0�26–1�0)** 124c 15c 0�02 (–0�01–0�92) 210d 69d 0�60 (0�39–0�85)**

Border (A: sharp, B: not sharp) 122 18 0�59 (0�20–0�99)** 87 53 0�42 (0�14–0�97)** 209 71 0�60 (0�40–0�83)**
White skin flakes

(A: yes, B: no)

76 64 0�00 (–0�05–0�96) 113 27 0�54 (0�22–0�98)** 189 91 0�51 (0�31–0�78)**

Black dots (A: yes, B: no) 53 87 0�85 (0�51–1�0)** 107 33 0�82 (0�54–0�99)** 160 120 0�85 (0�72–0�95)**
Colour (A: skin colour/
light/yellow, B: red)

103b 32b 0�11 (–0�01–0�99) 112c 27c 0�41 (0�09–0�99)** 215e 59e 0�35 (0�17–0�70)**

Border erythema
(A: yes, B: no)

49c 90c 0�00 (–0�04–0�92) 23 117 0�00 (–0�03–0�59) 72d 207d 0�64 (0�45–0�86)**

Callus (A: yes, B: no) 60 80 0�01 (–0�03–0�98) 117 23 0�15 (0�02–0�89)** 177 103 0�30 (0�15–0�60)**

CI, confidence interval. aTwo-way random intraclass correlation (ICC), type absolute agreement. < 0 less than chance agreement; 0�01–0�20
slight agreement; 0�21– 0�40 fair agreement; 0�41–0�60 moderate agreement; 0�61–0�80 substantial/strong agreement; 0�81–0�99 excellent

agreement. As a result of missing data: bn = 135; cn = 139; dn = 279; en = 274. **P < 0�01.
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semistructured interviews with experienced physicians, a sys-

tematic dichotomous assessment tool named the CWARTS

diagnostic tool was developed and validated.

Our results show that for most morphological wart charac-

teristics there is moderate agreement between and within

observers. This suggests that scoring of these characteristics in

clinical practice will be reliable. The most reliable characteris-

tic is black dots (capillary thrombosis) with an excellent level

of agreement among 28 physicians and a strong intraobserver

agreement with four observers. The presence of border ery-

thema, white skin flakes and the arrangement and aspect of

the wart were all characteristics with moderate inter- and

intraobserver agreement. Only low inter- and intraobserver

agreement was found for the level of the wart and the pres-

ence of callus.

Agreement on border and colour was different in part A

and B: in part A, border had moderate interobserver agree-

ment and colour only a little agreement, whereas in part B,

this was vice versa. The difference could be because of low

variability in the colour and border of the warts that were

used in part A, as variability of a measurement is required to

test interobserver agreement. Intraobserver agreement for col-

our was moderate and for border slight.

Our results are similar to other dermatological reliability

studies. The ICC of wart characteristics was slightly lower

compared with the interobserver agreement of Fitzpatrick skin

type (ICC 0�9), but in the skin-type study only three observers

were compared.13 The interobserver agreement was stronger

for more morphological characteristics compared with actinic

keratosis.14 Chen et al. found that four out of seven character-

istics in actinic keratosis had an ICC below 0�40.14 For total

count of actinic keratosis, a similar ICC was found: 0�66. Sim-

ilar ICCs were found by Tan et al. in a study for redness in

rosacea with an overall inter- and intraobserver reliability of

0�601 and 0�658, respectively.15
The low agreement for level and callus could be explained

by the fact that warts were assessed from photographs. Despite

this limitation, using photographs also has obvious benefits as

a standardized camera makes it possible to assess all warts

under the same resolution, distance and light conditions,

which makes the wart characteristics more comparable.

In validation part A, a large number of observers were

included, which improved the reliability of the results. For

part B a larger set of warts was included, which increased

variability of the measurements and consequently improved

reliability of the ICC. A possible limitation of part B is the

small number of raters; this was because of practical feasibil-

ity. To minimize risk of selection bias observers from different

sites (part A) or with different levels of experience (part B)

were included. For intraobserver agreement the risk of recall

bias was reduced by using an assessment-free interval of at

least 1 week and including a large set of photographs.

The dichotomous design limits the options to describe the

warts. However, its dichotomous design makes it a very prag-

matic, fast and feasible assessment to identify warts. In future

research the assessment tool needs to be validated for predict-

ing treatment response. It would also be interesting to investi-

gate interobserver agreement between photographs and

clinical assessment.

In conclusion, we successfully developed a new assessment

tool to characterize cutaneous warts – the CWARTS diagnostic

tool. This simple, standardized tool can be easily implemented

Table 3 Validation part B, intraobserver agreement, four researchers (n = 299 warts)a

Characteristic
All common warts (n = 1120) All plantar warts (n = 1272) Total (n = 2392)

A B ICC (95% CI) A B ICC (95% CI) A B ICC (95% CI)

Arrangement (A: solitary,

B: confluent)

904 216 0�49 (0�41–0�56)** 958 314 0�59 (0�52–0�65)** 1862 530 0�54 (0�49–0�60)**

Level (A: elevated,

B: skin level)

856 264 0�49 (0�28–0�65)** 641 631 0�61 (0�24–0�82)** 1497 895 0�56 (0�30–0�75)**

Aspect (A: lobes/rough,

B: not lobed/smooth)

853 267 0�54 (0�46–0�61)** 1199 73 0�51 (0�44–0�58)** 2052 340 0�54 (0�49–0�59)**

Border (A: sharp,

B: not sharp)

944 176 0�25 (0�16–0�34)** 1139b 132b 0�11 (0�05–0�17)** 2083c 308c 0�17 (0�11–0�23)**

White skin flakes

(A: yes, B: no)

626 494 0�61 (0�54–0�68)** 836 436 0�60 (0�49–0�69)** 1462 930 0�58 (0�52–0�64)**

Black dots (A: yes, B: no) 497 623 0�70 (0�64–0�75)** 958 314 0�63 (0�56–0�70)** 1455 937 0�70 (0�65–0�74)**
Colour (A: skin colour/
light/yellow, B: red)

867 253 0�64 (0�58–0�70)** 1133 139 0�52 (0�44–0�59)** 2000 392 0�59 (0�55–0�65)**

Border erythema
(A: yes, B: no)

600 520 0�65 (0�58–0�71)** 211 1061 0�62 (0�55–0�67)** 811 1581 0�69 (0�64–0�73)**

Callus (A: yes, B: no) 505 615 0�57 (0�38–0�71)** 909b 362b 0�02 (0�00–0�06) 1414c 977c 0�04 (0�00–0�83)

CI, confidence interval. aTwo-way random intraclass correlation (ICC), type absolute agreement. < 0 less than chance agreement; 0�01–0�20
slight agreement; 0�21– 0�40 fair agreement; 0�41–0�60 moderate agreement; 0�61–0�80 substantial/strong agreement; 0�81–0�99 excellent

agreement. As a result of missing data: bn = 1271; cn = 2391. **P < 0�01.
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in clinical practice. In combination with genotyping of 23

wart-associated HPV types, the CWARTS diagnostic tool was

recently used to assess whether patient and morphological

wart characteristics can predict the HPV type in a specific wart

and whether these characteristics as well as the HPV type can

predict a favourable treatment result.16
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