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Abstract
Introduction: Poor positioning of the child in relation to the breast and improper suckling are the main causes of nipple fissure.
Treatment options for nipple fissures include drug therapy with antifungal and antibiotics, topical applications of lanolin, glycerin gel,
creams and lotions, the milk itself, hot compresses, and silicone nipple shields. Studies involving light-emitting diode (LED) therapy
have demonstrated anti-inflammatory properties, the enhancement of the wound repair process, and the control of pain. As it does
not cause discomfort, is relatively inexpensive and may impede the discontinuation of breastfeeding, phototherapy could be a viable
option for the treatment of nipple fissures.

Aim: The principal objective of the proposed study is to evaluate the effectiveness of LED therapy for the treatment of nipple fissures
in postpartum mothers.

Materials and methods: One hundred patients treated with a medical diagnosis of bilateral nipple trauma classified as nipple
fissures or cracks will participate in the study, randomized into 2 groups: The control group will receive orientation regarding breast
care and adequate breastfeeding techniques. The experimental group will receive the same orientation and phototherapy sessions
using a device developed especially for the treatment of nipple trauma. Both groups will be followed up for 6 consecutive weeks.

Abbreviations: LASER = light amplification by stimulated emission of radiation, LED = light-emitting diode, SPIRIT = Standard
Protocol Items for Randomized Trials, UNICEF = United Nations Children’s Fund, VAS = visual analog scale, WHO = World Health
Organization.
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1. Introduction Nipple fissures tend to appear in the second or thirdweek of the
postpartum period and are a frequent cause of pain that often
During pregnancy and in the postpartum period, care is
fundamental to minimizing problems, such as nipple trauma[1]

due to the occurrence of fissures associated with an inflammatory
process of the upper layer of the dermis.[2] Around 98% of
women can physiologically breastfeed, but many mothers avoid
this practice. Nipple fissures are the second major cause of the
discontinuation of breastfeeding, followed by the sensation of
insufficient milk that many mothers have, leading to the habit of
bottle feeding.[3] Nipple fissures are classified as either circular or
longitudinal and vary in size. A circular fissure is commonly
located at the nipple-areolar junction, whereas a longitudinal
fissure is situated throughout the entire length of the nipple either
vertically or horizontally, dividing it into 2 halves.[4]
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leads to premature discontinuation of breastfeeding.[2] Poor
positioning of the child in relation to the breast, an inadequate
frequency or duration of breastfeeding, and improper suckling
are the main causes of nipple fissure.[1] Since 1991, both the
World Health Organization (WHO) and the United Nations
Children’s Fund (UNICEF) have dedicated international efforts
to protecting, promoting, and supporting exclusive breastfeeding
until an infant reaches 6 months of age.[5]

The discontinuation of breastfeeding deprives an infant of the
essential nutrients, growth factors, and important immunological
components in breast milk. For the mother, not breastfeeding
hinders uterine involution, increases the risk of postpartum
hemorrhage, and increases the risk of ovarian and breast cancer,
not to mention the affective aspect of the mother–child bond that
is created through the breastfeeding experience.[6]

Treatment options for nipple fissures include drug therapywith
antifungal agents and antibiotics, topical applications of lanolin,
glycerin gel, creams and lotions, the milk itself, hot compresses,
silicone nipple shields, and phototherapy.[7,8] It should be
stressed that nipple fissures can be a gateway for bacteria, which
could lead to more serious conditions, such as abscess and
mastitis.[9,10]

Phototherapy is the use of electromagnetic waves within the
red and infrared spectra that are applied to biological tissues with
the aid of low-level light devices, such as light amplification
by stimulated emission of radiation (laser) and a light-emitting
diode (LED). Studies have demonstrated the anti-inflammatory
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properties of phototherapy, with the enhancement of the wound
repair process[11–13] and the control of pain.[14,15] As it does not
cause discomfort, is relatively inexpensive, and may impede the
discontinuation of breastfeeding, phototherapy could be a viable
option for the treatment of nipple fissures.[16]
2. Methods/Design

The principal objective of the proposed study is to evaluate the
effectiveness of LED therapy for the treatment of nipple fissures in
postpartummothers. The secondary objectives are to evaluate the
effect of LED therapy on the healing of nipple fissures in
postpartum mothers; evaluate the effect of LED therapy on the
control of pain during breastfeeding in postpartum mothers with
nipple fissures; and evaluate the impact of the treatment of nipple
fissures with LED therapy on the quality of life of postpartum
mothers.
This protocol follows the SPIRIT (Standard Protocol Items

for Randomized Trials) recommendations displayed in Fig. 1 and
Table 1.

2.1. Methods

A controlled clinical trial will be conducted to evaluate the effects
of LED therapy on tissue healing, pain, and quality of life in
postpartum mothers with nipple fissures. One hundred patients
treated at the Mandaqui Hospital in the city of São Paulo, Brazil,
with a medical diagnosis of bilateral nipple trauma classified as
nipple fissures or cracks will participate in the study. All patients
must sign an informed consent form.
All participants will answer a questionnaire addressing basis

information (age, gestation time, and infant’s age) and history of
nipple fissures, will indicate their pain at baseline using the Visual
Analog Scale (VAS), and will answer a quality-of-life question-
naire. All participants will sign a statement of informed consent
before the onset of the study.
2.2. Eligibility criteria

The following will be the inclusion criteria:
(1)
(2)
Nursing mothers aged 18 years or older;
Diagnosis of nipple fissure and nipple pain with a minimum

score of 1 on the Store and Champion scales;
Having given birth to a healthy, full-term child;
(3)

(4)
 Performing exclusive breastfeeding;

(5)
 Newborn with no oral, palatal or maxillofacial abnormalities;

(6)
 Newborn weighing between 2500 and 4000g.
The following will be the exclusion criteria:

(1) History of psychological disorder;

(2)
 Presence of mastitis;

(3)
 Bacterial or fungal infection in breasts;

(4)
 Use of breast pump or plastic nipple.
The participants will be randomly allocated to either the
experimental or control group using a randomization site (http://
www.randomization.com). The control group will receive
orientation regarding breast care and adequate breastfeeding
techniques. The experimental group will receive the same
orientation and phototherapy sessions using a device developed
especially for the treatment of nipple trauma. Both groups will be
followed up for 6 consecutive weeks. The information will be
registered in an Excel Program.
2

The patients will be submitted to an initial evaluation by an
examiner blinded to the group allocation. The aim of the
evaluation will be to characterize the participant (age, skin color,
number of children, schooling, type of birth, previous breastfeed-
ing experience, and time of puerperium) and the nipple [color and
type (protruded, semi-protruded, inverted, or hypertrophic)].
After the evaluation, the participants will be sent to begin the
interventions.
The patient will be instructed not to use creams, soaps, or any

type of ointment on the nipples, to wear bras with wide, firm
straps to support the breasts, to remain in a comfortable position
during breastfeeding with the infant’s body turned completely
toward the mother. Secure the breast in a C shape to facilitate the
infant’s latching, wait for the infant to empty the first breast
offered completely before moving to the other breast, and place
the tip of the little finger in the corner of the infant’s mouth to
facilitate its removal from the breast. This information will be
given to the women at the initial evaluation as well as in the third
and sixth weeks always by the same researcher in both oral and
printed (educational brochure) form.[16]

The strategy to adherence to the intervention protocol will
be information about nipple fissures and complications.
All participants, regardless of group, will be part of a support
group for the mother and baby with educational activities
and care.
2.3. Ethical aspects

This study received approval from the human research ethics
committee (certificate number: 2.540.438) and is registered with
ClinicalTrials (number: NCT03496753).
2.4. Intervention
2.4.1. Phototherapy - LED. The following will be the photo-
therapeutic parameters: total spot area: 1.44cm2; continuous
emission mode; output power: 10mW; infrared wavelength
(880–904nm); fluence: 4J/cm2; and application time: 10minutes/
session. Sessions will be held 3 times a week on alternating days
for 6 consecutive weeks, totaling 18 sessions.

2.4.2. Clinical parameters for evaluation of fissures. Nipple
fissures will be measured in the first, third, sixth, ninth, 12th,
15th, and 18th sessions using digital calipers (Black Bull)
and classified at the beginning and end of the study based on
Pereira et al [17]: small (� 3mm), medium (> 3 and � 6mm), or
large (> 6mm).

2.4.3. Pain scale. Pain will be measured using the Visual Analog
Scale in the first, fourth, seventh, 10th, 14th, and 17th sessions by
a single researcher. In the experimental group, pain will be
measured before the administration of phototherapy.

2.4.4. Quality of life. The impact of nipple fissures on the quality
of life of the participants will be evaluated using the self-
administered EQ-5D questionnaire in the third and sixth weeks
of the study. The EQ-5D is a generic health-related quality-of-life
assessment tool developed in Europe that has been translated and
validated in different languages, including Portuguese.[17]
2.5. Outcomes

The main outcomes of the study will be the treatment of nipple
fissures and a reduction in nipple pain. The secondary outcomes
will be related to the quality of life of the participants.
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*t1 -1st session                                             *t10 – 10th session

*t2- 2nd session                                            *t11 – 11th session

*t3- 3rd session                                             *t12 – 12th session

*t4 -4th session                                             *t13 – 13th session

*t5 -5th session                                              *t14- 14th session

*t6 - 6th session                                            *t15- 15th session

*t7 - 7th session                                            *t16- 16th session

*t8 - 8th session                                             *t17- 17th session

*t9 - 9th session                                             *t18- 18th session

Study Period

Enrolment Allocation Post-allocation

TIMEPOINT -t1 0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16 t17 t18

ENROLMENT: x

Eligibility screen X

Informed consent X

[List other 
procedures]

X

Allocation X

INTERVENTIONS:

[LED]

[Orientation] X X X

ASSESSMENTS:

[nipple trauma] X X X X X X X X

[quality of life] X X

[pain] X X X X X X

Figure 1. Schedule of enrolment, interventions, and assessments of the study.
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2.6. Sample size
The sample size was calculated based on the results of previous
studies[18] and considering a possible dropout rate of 10% to
15% throughout the follow-up period. For a 95% confidence
interval, 80% test power, and a=0.05, it was determined that 50
women would be needed for each group (total: 100 participants).
3

2.7. Statistical analysis
The statistical analysis will be performed with the aid of SPSS
20.0 (IBM Corporation, Armonk, NY). The Kolmogorov–
Smirnov test will be used to determine the normality of the
data. Depending on the distribution, the data will be expressed as
mean and standard deviation for continuous variables. Repeated-
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Table 1

SPIRIT 2013 checklist: recommended items to address in a clinical trial protocol and related documents
∗
.

Section/item Item no. Description Pag

Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable,

trial acronym
Ok 01

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry Ok 06
2b All items from the World Health Organization Trial Registration Data Set Ok 06

Protocol version 3 Date and version identifier Ok 06
Funding 4 Sources and types of financial, material, and other support Ok 04
Roles and responsibilities 5a Names, affiliations, and roles of protocol contributors Ok 01

5b Name and contact information for the trial sponsor Ok 02
5c Role of study sponsor and funders, if any, in study design; collection, management,

analysis, and interpretation of data; writing of the report; and the decision to submit the
report for publication, including whether they will have ultimate authority over any of
these activities

Ok 04

5d Composition, roles, and responsibilities of the coordinating center, steering committee,
endpoint adjudication committee, data management team, and other individuals or
groups overseeing the trial, if applicable (see Item 21a for data monitoring committee)

NA

Introduction
Background and rationale 6a Description of research question and justification for undertaking the trial, including

summary of relevant studies (published and unpublished) examining benefits and harms
for each intervention

Ok 04

6b Explanation for choice of comparators Ok 05
Objectives 7 Specific objectives or hypotheses Ok 04
Trial design 8 Description of trial design including type of trial (e.g., parallel group, crossover, factorial,

single group), allocation ratio, and framework (e.g., superiority, equivalence,
noninferiority, exploratory)

Ok 04

Methods: participants, interventions, and outcomes
Study setting 9 Description of study settings (e.g., community clinic, academic hospital) and list of

countries where data will be collected. Reference to where list of study sites can be
obtained

Ok 04

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study
centers and individuals who will perform the interventions (e.g., surgeons,
psychotherapists)

Ok 05

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and
when they will be administered

Ok 06

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant
(e.g., drug dose change in response to harms, participant request, or improving/
worsening disease)

Ok 06

11c Strategies to improve adherence to intervention protocols, and any procedures for
monitoring adherence (e.g., drug tablet return, laboratory tests)

Ok 06

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial Ok 06
Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (e.g.,

systolic blood pressure), analysis metric (e.g., change from baseline, final value, time to
event), method of aggregation (e.g., median, proportion), and time point for each
outcome. Explanation of the clinical relevance of chosen efficacy and harm outcomes is
strongly recommended

Ok 07

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts),
assessments, and visits for participants. A schematic diagram is highly recommended
(see Figure)

Ok 06

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was
determined, including clinical and statistical assumptions supporting any sample size
calculations

Ok 04

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size Ok 05
Methods: assignment of interventions (for controlled trials)
Allocation
Sequence generation 16a Method of generating the allocation sequence (e.g., computer-generated random numbers),

and list of any factors for stratification. To reduce predictability of a random sequence,
details of any planned restriction (e.g., blocking) should be provided in a separate
document that is unavailable to those who enroll participants or assign interventions

Ok 05

Allocation concealment mechanism 16b Mechanism of implementing the allocation sequence (e.g., central telephone; sequentially
numbered, opaque, sealed envelopes), describing any steps to conceal the sequence
until interventions are assigned

Ok 05

Implementation 16c Who will generate the allocation sequence, who will enroll participants, and who will assign
participants to interventions

Ok 05

(continued )
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Table 1

(continued).

Section/item Item no. Description Pag

Blinding (masking) 17a Who will be blinded after assignment to interventions (e.g., trial participants, care providers,
outcome assessors, data analysts), and how

Ok 05

17b If blinded, circumstances under which unblinding is permissible, and procedure for
revealing a participant’s allocated intervention during the trial

NA

Methods: data collection, management, and analysis
Data collection methods 18a Plans for assessment and collection of outcome, baseline, and other trial data, including

any related processes to promote data quality (e.g., duplicate measurements, training of
assessors) and a description of study instruments (e.g., questionnaires, laboratory tests)
along with their reliability and validity, if known. Reference to where data collection
forms can be found, if not in the protocol

Ok 07

18b Plans to promote participant retention and complete follow-up, including list of any outcome
data to be collected for participants who discontinue or deviate from intervention
protocols

Ok 06

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to
promote data quality (e.g., double data entry; range checks for data values). Reference
to where details of data management procedures can be found, if not in the protocol

Ok 05

Statistical methods 20a Statistical methods for analyzing primary and secondary outcomes. Reference to where
other details of the statistical analysis plan can be found, if not in the protocol

Ok 07

20b Methods for any additional analyses (e.g., subgroup and adjusted analyses) Ok 07
20c Definition of analysis population relating to protocol non-adherence (e.g., as randomized

analysis), and any statistical methods to handle missing data (e.g., multiple imputation)
Ok 06

Methods: Monitoring
Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting

structure; statement of whether it is independent from the sponsor and competing
interests; and reference to where further details about its charter can be found, if not in
the protocol. Alternatively, an explanation of why a DMC is not needed

NA

21b Description of any interim analyses and stopping guidelines, including who will have access
to these interim results and make the final decision to terminate the trial

Ok 04

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously
reported adverse events and other unintended effects of trial interventions or trial
conduct

Ok 05

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will
be independent from investigators and the sponsor

Ok 05

Ethics and dissemination
Research ethics approval 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval Ok 06
Protocol amendments 25 Plans for communicating important protocol modifications (e.g., changes to eligibility

criteria, outcomes, analyses) to relevant parties (e.g., investigators, REC/IRBs, trial
participants, trial registries, journals, regulators)

Ok 06

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorized
surrogates, and how (see Item 32)

Ok 04

26b Additional consent provisions for collection and use of participant data and biological
specimens in ancillary studies, if applicable

NA

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared,
and maintained in order to protect confidentiality before, during, and after the trial

Ok 05

Declaration of interests 28 Financial and other competing interests for principal investigators for the overall trial and
each study site

NA

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual
agreements that limit such access for investigators

Ok 05

Ancillary and post-trial care 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who
suffer harm from trial participation

NA

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, health care
professionals, the public, and other relevant groups (e.g., via publication, reporting in results
databases, or other data sharing arrangements), including any publication restrictions

Ok 05

31b Authorship eligibility guidelines and any intended use of professional writers Ok 04
31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and

statistical code
NA

Appendices
Informed consent materials 32 Model consent form and other related documentation given to participants and authorized

surrogates
Ok 05

Biological specimens 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic
or molecular analysis in the current trial and for future use in ancillary studies, if applicable

NA

∗
It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. Amendments to the protocol should be tracked and

dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
NA = not applicable.
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measures analysis will be performed considering group and
evaluation time. The Mann–Whitney test, t test for independent
samples, and Fisher exact test will be used for the comparisons,
and a P value < .05 will be considered indicative of statistical
significance. The statistical analysis will be blinded.

3. Discussion

This article describes the protocol for a randomized, controlled,
clinical trial for the evaluation of the effect of LED therapy for
the treatment of nipple fissures in nursing mothers. One of
the advantages of the study is the action of LED therapy in the
control of nipple pain and the induction of healing of the
traumatized breast tissue.[16]

Nipple fissures and pain can occur during the lactation period,
especially in the initial days of breastfeeding and can even lead to
premature weaning. Breast milk is nutritionally ideal for the
healthy development of a child and breastfeeding is ideal for
orofacial growth and development.[8,13]

Nipple pain is generally reported 3 to 6 days after giving birth and
can persist for up to 6 weeks.[1] Untreated fissures can compromise
the infant’s nutrition and can lead to complications, such asmastitis,
bleeding, infection, and abscess.[19] The treatments described in the
literature include medications, natural extracts, compresses, and
lanolin. However, these treatments are not effective with regard to
both tissue healing and the control of pain.
Considering the importance of breastfeeding and the high

prevalence of nipple fissures, this study proposes a novel way to
control nipple pain and accelerate the healing process of nipple
fissures through the use of LED therapy, which is a noninvasive
technique with no side effects, such as the allergic reactions that
can be caused by the ingestion of substances.
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