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Abstract

synthesis was then conducted.

ammonium lactate being next (7 studies).

Background: Xerosis, literally dryness of the skin, of the foot is a common condition encountered clinically, which can
lead to discomfort and predisposition to infection. Currently, there are no evidence-based recommendations on which
moisturiser formulations best alleviate xerotic symptoms. The aim of this review was to guide clinical practice in the
treatment of primary and diabetes related foot xerosis, by identifying from the existing literature the most effective
ingredient or formulation of topical treatments for symptoms of primary foot xerosis in the general population.

Methods: A systematic review of published experimental trials was undertaken. Only studies pertaining to
primary xerosis, classified within levels Il — IV of the NHRMC hierarchy were reviewed. EMBASE, AMED, Cochrane,
MEDLINE, CINAHL, Ageline and SCOPUS were searched using relevant search terms and keywords and pearling of
reference lists was undertaken. Studies were evaluated for methodological quality using a critical appraisal tool.
Individual active ingredients were identified from all studies, along with observed reported outcomes. A narrative

Results: A total of 22 experimental studies were included, from which 12 different active ingredients were
identified. Study literature consisted of mainly comparative studies against other active interventions or
controls, or pre-post-tests and was of a poor-to-moderate methodological quality as assessed by the
Epidemiological Appraisal Instrument. Urea was the most researched active ingredient (14 studies), with

Conclusions: No conclusive recommendations were possible due to wide variation in study quality,
methodologies and outcome measures. A synthesis of available literature suggests that treatments containing
urea as a primary active ingredient have been the most researched. The poor quality of literature generally,
however, precludes recommendation of any active ingredient over another.

Keywords: Dermatology therapy, Diabetes complications, Emollients

Background

The term xerosis is used to describe dryness in the epider-
mal layers of the skin. It is a common condition, which
can result in scaling, flaking and itching [1]. Risk factors
for xerosis include sunlight, friction, low humidity, and
use of soaps [2]. Xerosis also presents as a symptom of
cutaneous conditions such as psoriasis, dermatitis and
ichthyosis [3] with accompanying signs of inflammation
and pain. The plantar area of the foot is particularly
susceptible, due to its reliance on sweat secretions to
remain hydrated [4].
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It is important to adequately manage xerosis so that
epidermal barrier function is maintained, serving to
protect underlying tissues and structures from infec-
tion and physical damage [5]. Topical moisturisers are
of benefit in managing xerosis [6], with many studies
showing a demonstrable improvement in skin condi-
tion when comparing use of a moisturiser with a
‘sham’ base cream [7, 8].

Moisturising products achieve their hydrating and/or
moisture barrier properties from active ingredients in-
cluded in the formulation. These ingredients are broadly
classed as occlusives, humectants, emollients or rejuve-
nators [5]. Categorised examples of some common
active ingredients are shown in Table 1.
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Table 1 Examples of common active ingredients in respective
categories

Humectants Occlusives Emollients Rejuvenators
Glycerin Lanolin Petrolatum Collagen
Urea Paraffin Vegetable oil Keratin
Ammonium lactate  Petrolatum Dimethicone Elastin
Gelatin Cholesterol Propylene glycol

Hyaluronic acid Stearyl alcohol  Castor oil

Occlusives form a hydrophobic barrier over the skin,
preventing trans-epidermal water loss. Their limitations
include a ‘greasy’ feel, odour and possible inclusion of
potential allergens [9]. Humectants enhance water trans-
fer upward from the dermis to the epidermis and in-
wards from the external environment [9]. Emollients
improve skin texture by filling gaps and fissures [9].
Rejuvenators are reported to act to replenish depleted
essential skin proteins. These aid appearance by filling in
fine lines [5].

An effective moisturiser will ideally include at least
both an occlusive and humectant to achieve beneficial
hydrating properties [10]. Although many products on
the market include diverse combinations of these active
ingredients [11], it appears no specific ingredient, formu-
lation or product has been identified in the literature as
optimal or superior for the treatment of plantar foot
xerosis. One systematic review [12] that investigated
treatments for dry skin found that moisturisers in gen-
eral are effective, but no particular recommendations
could be made due to lack of evidence. American guide-
lines on the treatment of atopic dermatitis state there
are a lack of trials comparing moisturising agents in
xerosis treatment (a prominent symptom of dermatitis),
and the few that do exist do not display significant
differences in efficacy [13].

The objective of this systematic review was to identify,
collate and critically appraise relevant literature investi-
gating efficacy of treatments for primary foot xerosis in
a general and diabetic population. The aim was to iden-
tify any particular ingredient or formulation that gave
superior results in treating primary xerosis symptoms in
the current literature. The following specific review
question was formulated as the focus of the review:
What is the most effective ingredient or formulation of
topical treatments for symptoms of primary foot xerosis
in the general population?

Methods

A flowchart of the search strategy is included in Fig. 1.
A systematic search was undertaken to identify literature
relevant to the review question. A synthesis of the litera-
ture was then conducted to identify active ingredients
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tested and the treatment results. The goal was to identify
any ingredient that had been evaluated across multiple
studies for treating xerosis.

It was decided to include literature from all experi-
mental study designs, as no well conducted randomised
controlled trials were identified. Particular outcome
measures could not be specified as a pre-requisite for in-
clusion, as the literature concerning the rating of xerosis
severity varied markedly. There was an array of subject-
ive and objective measurements described in the litera-
ture, and it was decided to include studies regardless of
their specified outcome measures and allow them to be
appraised using a rigorous critical appraisal tool. A nar-
rative synthesis of included studies was then conducted
to answer the clinical question.

It should be noted that while studies discussing xerosis
as secondary to other diseases (such as eczema, psoriasis
and ichthyosis) were excluded, studies focused on dia-
betic participants were allowed as the presentation and
treatment of diabetic xerosis closely approximates that
of xerosis in the non-diabetic population [6]. In both in-
stances, the treatment goal is to increase and retain
moisture and therefore, structural integrity [6]. Treat-
ments for xerosis secondary to psoriasis or eczema often
include corticosteroids and anti-inflammatory agents
that counteract immunological responses in the skin,
which are of little benefit to people outside of these
populations [14].

Full exclusion and inclusion criteria for studies are
included in Table 2.

Registration

The systematic review was registered with the PROS-
PERO International prospective register of systematic re-
views on 15/02/2015, registration no. CRD42015017032.

Databases

A PICO question (population, intervention, comparator,
outcome) (Table 3) was devised to inform keywords,
which were then used to search the following databases
between September 20 and October 1 2014: EMBASE,
AMED, Cochrane, MEDLINE, CINAHL, Ageline and
SCOPUS. Search terms used were “xerosis” OR “dry
skin” OR “ichthyosis” AND “feet” OR “foot” AND
“moisturi*” OR “emollient” OR “humectant” OR “occlu-
sive” OR “skin cream”. The following limits were applied
when allowed: English language, years between 1970 —
present, experimental trials, humans. A complete search
strategy for Medline is shown in Fig. 2.

Intervention studies from Levels II through to IV of
the National Health and Medical Research Council
(NHMRC) Hierarchy of Evidence [15] were included.
After duplicate references were removed, a title and ab-
stract search was conducted by the principal investigator
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta — Analyses (PRISMA) diagram
A

(JP). Articles that did not meet the eligibility criteria
were then excluded. Included articles then underwent
a ‘pearling’ process in which their reference lists were
checked for articles missed in the initial search. All
included articles were reviewed in full text by two
independent assessors (JP and RS) against the Epi-
demiological Appraisal Instrument (EAI), a validated
critical appraisal tool.

Data extraction
Data were extracted to give an overview of the content
of the included studies. Categories included were

Table 2 Inclusion and exclusion criteria for article search result

Inclusion

Exclusion

Experimental, quantitative study
design

Xerosis in foot/ft assessed by any
method

Studies after and including 1970
Primary xerosis or xerosis secondary
to Diabetes mellitus only

Published in English

Human participants

Full text articles

Xerosis in area other than foot/ft
Xerosis secondary to disease (e.g.
psoriasis, eczema)

evidence level (as dictated by NHMRC) [15], population
studied, interventions tested, sample size, study duration,
outcome measures utilised, inclusion criteria and study
results.

Results

Thirty three articles qualified for full text review. Twelve
were excluded for not meeting the eligibility criteria.
Pearling through reference lists revealed 1 extra article,
resulting in a total of 22 studies.

Appraisal tool

Due to the varied nature of experimental designs in
studies included in this review, it was necessary to find a
critical appraisal tool that could be utilised across

Table 3 PICO format clinical question

Population General population and diabetics with foot xerosis

Intervention Topical moisturisers
Comparator Other moisturisers, placebo, no treatment

Outcome Clinical scoring, instrumental measures
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1. exp Foot/

2. (foot or feet).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, , unique identifier]

3.1or2
4. exp Ichthyosis/

5. (xeros* or Ichthyos* or xeroderma).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, , unique identifier]

6. (scaly or scaliness or rough* or dry* or itch*).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, , unique identifier]

7. exp Skin/

8. skin.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept word, rare disease supplementary

concept word, , unique identifier]
9.40r5

10. 7 or 8

11. 6 and 10

12.90r 12

13. Cosmetics/

14. Skin Cream/

16. hydration.mp.

18. 13 or 14 or 150r 16 Or 17

19.3 and 12 and 18
Fig. 2 Medline search strategy

15. (lotion* or cream* or ointment*).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, , unique identifier]

17. (pedimed or eulactol or sorbolene).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, , unique identifier]

multiple experimental study designs. The Epidemiological
Appraisal Instrument (EAI) developed by Genaidy et al.
[16] was chosen as the validated and reliable methodo-
logical appraisal tool to determine risk of bias in these
studies. Appraisal of methodological bias was performed
using the EAI by two independent reviewers (JP and RS).
Any discrepancies were discussed and resolved at a face-
to-face meeting.

Appraisal results

The results of the methodological appraisal have been
condensed in Fig. 3. Of 22 studies, 15 scored in the
‘average’ category and 7 scored as ‘poor’.

Populations

Nine [7, 8, 17-23] out of the 22 included studies featured
samples with diabetes, with 2 of those solely focusing on
Type 2 diabetes [17, 22]. Three studies were female—only
[4, 19, 24] with one including only menopausal women

[19]. Six studies had populations aged 40 years and over
[1, 17, 21, 25-27]. The youngest reported age in any study
was 13 [28] while the oldest was 97 years [25].

Study designs

The included studies fell into levels III -2. III -3 or
IV in the NHMRC hierarchy of evidence [15] for
intervention studies, consisting of mainly comparative
studies against other active interventions or controls,
or pre-post-tests. Whilst several studies claimed to be
randomised controlled trials, the descriptions indi-
cated that these studies had no true controls or un-
satisfactory randomisation of groups, and therefore
could not be classified as level II evidence as defined
in the NHMRC hierarchy. A large number of study
designs featured participants testing different treat-
ments on opposite feet, or having treatment applied
to one foot while the other served as an untreated
comparator. The least rigorous designs included were
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of a pre-post study design with no concurrent com-
parison groups (four studies).

Study durations ranged from 14 days to 7 months,
with 28 days the most common duration (11 studies).
Sample sizes ranged from 10 to 75 participants. Only
one study [17] included a prospective sample size calcu-
lation to obtain estimates of cohort numbers required to
detect clinically important differences between groups.

Outcome measures

A range of outcome measurements were utilised through-
out the literature. Primary outcome measures were either
objective clinical scoring methods to rate xerosis symptom
severity, or instrumental measurements to evaluate physio-
logical characteristics, such as moisture loss. Outcomes
measured clinically as indicators of skin dryness included
flakiness, callosity, cracking, fissuring, scales, flexibility and
tenderness. These were evaluated visually and by palpation,
individually assigned a score and then summed together as
part of a ‘composite’ scoring system. Examples of composite
scoring systems were the XAS (xerosis assessment score)
and Overall Dryness Severity Score [7, 8, 29]. A number of
studies appeared to implement ad-hoc composite scoring
methods, devised by individual study investigators to suit
the needs of their experiment [18, 24, 28, 30].

Outcomes measured instrumentally as indicators of skin
dryness included moisture retention, evaporation time,
epidermal conductance, epidermal thickness, transcutane-
ous O, and CO, and skin pH.

No articles included in this review contained data per-
taining to the validity or reliability (either inter or intra-
rater) of the clinical or instrumental outcome measures
utilised.

Interventions

Table 4 lists the interventions used in each study. Most
studies had interventions with different formulations of
the tested products. All studies had some description of
the most ‘active’ ingredients, and this review focused on
these as being the most likely to contribute to any bene-
ficial effect of the moisturiser. ‘Minor’ ingredient ele-
ments in each study have not been listed as it was
beyond the scope of this study to investigate the individ-
ual physiological effects of these.

Twelve major active ingredients were identified in the
literature. Urea was the most frequently listed primary
active or co-active ingredient - it was tested in interven-
tions across 14 of the included studies. This should not
be construed as implying that urea is the most effective
product, however, merely the most researched.

Alphahydroxy acid, arginine, carnosine and salicylic
acid all appeared individually once in the literature. It
should be noted that all were combined with urea,
and hence it is likely that any beneficial effects ob-
served cannot be solely attributed to them. Arginine
and carnosine in particular were both combined with
urea in comparison studies against a glycerol formula-
tion. It is unclear what effect these ingredients may
have when used individually.
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Follow up periods

Two studies [2, 28] featured a follow—up period, in
which the longevity of beneficial effects was assessed
after treatment stopped. Both studies found no statistical
difference.

Discussion

The aim of this systematic review was to identify the
most effective ingredient or formulation of moisturiser
to treat dry skin of the foot. The heterogeneous nature
of populations, methodologies and outcome measures
made meta-analysis of the literature impossible as a
method of answering the review question.

Populations varied in the included literature, particu-
larly in terms of age and diabetic status. One study [19]
focussed on menopausal diabetic women, although it
was not clarified how this group differed to other popu-
lations. Both increasing age and diabetes exacerbate the
occurrence and severity of xerosis [26]. Including these
alongside healthy younger populations in the review was
deemed acceptable as the underlying pathophysiology
and course of treatment for primary xerosis is similar re-
gardless of age or diabetic status [6].

Out of the 22 studies included, only one [17] included
a prospective sample size calculation. Without such a
calculation, a study may have insufficient statistical
power to be able to detect a clinically worthwhile differ-
ence between groups [31]. Accordingly, the results from
the studies included in this review, even though some
are statistically significant, may not reflect clinically
worthwhile effects.

Outcome measures were particularly variable, includ-
ing instrumental measurements, clinical scoring systems,
‘expert opinion’ and photographs. None of the studies
reported validity or reliability testing of outcome mea-
sures or reporting of previous scores. This was curious
for studies involving instrumental measures, as there is
available literature validating several of these measures
for epidermal hydration [32].

Numerous studies [3, 7, 17, 33] claimed to use a ran-
domised trial design, but upon review were found to be
randomising allocation of moisturisers to the left and
right feet of participants, rather than randomising partic-
ipants into distinct groups as dictated by NHMRC
criteria [15]. As such, there were no true level II rando-
mised controlled trials included in this review.

The overall quality of articles was ‘poor’ to ‘average’
when tested against a validated critical appraisal tool
[16] with none appraised as ‘good’. Recruitment, ran-
domisation and blinding techniques (if used) were often
not explained in sufficient detail. Not all studies ex-
plained the criteria by which a diagnosis of ‘xerosis’ was
made and how it was differentiated, for example, from a
fungal infection or systemic disease.
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Most studies in this review relied on the participant
applying cream to their own feet. While self-
application seems the most practical method for daily
intervention application (especially when a study ex-
tends for weeks or months), there is no guarantee the
participant will be compliant to the extent dictated by
their respective trial, which may impact on efficacy
data. Efforts were often made to control for this, by
asking participants to fill out diaries and by weighing
the contents of moisturiser bottles pre and post-trial.
Application of cream by a blinded third party would
appear the ideal method in these experimental study
designs. The patient acceptance of the product will
also have an impact on the compliance of the patient,
should the product be greasy or difficult to apply, this
may influence the patient applying the moisturiser
regularly [34], and should be the subject of further
studies.

Studies only mentioned major active ingredients.
However, many treatments in these studies included
an array of ‘minor’ ingredients. These included addi-
tives such as emulsifiers, alcohols and fats [35]. These
additional ingredients may play a part in determining
product efficacy and subsequently affect the outcomes
of the studies.

As well as ingredient effectiveness, the question of
ideal individual ingredient concentrations may also be
raised. Two studies compared urea creams of different
concentrations [20, 24], both showing that higher con-
centration urea creams had a superior effect. A 40% urea
cream was shown to have a dramatically increased kera-
tolytic effect on skin when compared to 10% urea cream
[14]. Evaluating ideal ingredient concentrations to treat
specific skin conditions would require the attention of
more focussed studies.

It is not only desirable to identify the most effect-
ive moisturising ingredients, but also those with the
longest-lasting effects after treatment cessation.
Considering the ongoing nature of skin dryness and
the challenge of patient compliance in treatment, it
may be of clinical interest for a future paper to
examine which ingredients or formulations produce
the longest—lasting skin hydrating effects between
applications.

Limitations of this review include the selection of ar-
ticles by one author only and only full text and English
language papers being included. A further limitation,
due to the poor quality of the literature available with
disparate outcome measures and minimal reporting of
results, is that analysis methods such as effect size
calculation could only be conducted on a small amount
of the literature. Meta-analysis was unable to be con-
ducted, thus limiting what could be construed with re-
gard to most effective moisturiser from the review.
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Conclusion

A synthesis of available literature reveals that treatments
containing urea as a primary active ingredient are the
most prolifically researched for treating symptoms of
xerosis in the foot. However, this observation is based
on literature of a poor to average methodological quality.
Larger-scale randomised trials comparing competing
treatments would help ascertain optimum formulations
and concentrations of ingredients for the treatment of
foot xerosis. Furthermore, these trials should endeavour
toward higher quality study designs in which they: (i)
use validated and reliable outcome measures, (ii) con-
duct and report prospective power calculations for re-
quired sample numbers, (iii) treat individual participants
as one sample, and (iv) have the intervention applied in
a controlled environment to facilitate compliance.
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