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ABSTRACT 

The analgesic role of PBMT for breastfeeding women with nipple pain is inconclusive. This study 
aimed to determine the efficacy of PBMT at 660 nm in postnatal women with nipple pain planning to ex-
clusively breastfeed. A randomised, placebo-controlled clinical study was initiated at a tertiary hospital in 
Brisbane, Australia on the inpatient maternity wards from May 2020 to September 2020. Eligible partici-
pants were randomised into two groups, an intervention group receiving usual care and PBMT (Group 
A) and a control group receiving usual care and sham PBMT (Group B). Usual care involved consultation
with a midwife and/or lactation consultant to assist with infant latching and breastfeeding positioning.
PBMT (660 nm; 250 Hz; 17 mW; 0.5 cm2 spot size) was administered three times within 24 hours. Nipple
pain was the primary outcome measure analysed using a Visual Analogue Scale (VAS). Quality of life
(QoL) and the participants’ perceived efficacy of treatment were secondary outcome measures evaluated
using the PROMIS Global Short Form and a combined 5-point Likert scale and thematic analysis, respec-
tively. Due to the impact of COVID-19, only 10 participants were recruited. Compared to sham, three ap-
plications of PBMT at 660 nm provided no significant difference to participants’ nipple pain, QoL or
perceived efficacy of treatment. Three key themes of PBMT treatment were simplicity, safety and support.
This study was unable to demonstrate the impact of PBMT at 660 nm on relieving nipple pain due to
low participant numbers. An adequately powered RCT with COVID-19 modifications, is recommended.

Key words: photobiomodulation therapy; low-level laser therapy; laser, breastfeeding; nipple pain; nip-
ple trauma.
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Introduction 

Breastfeeding has unequalled preventative health and 
wellness benefits to the mother and infant they feed1 and 
is estimated to have an economic value in excess of $3 
billion per annum in Australia alone.2 Despite most 
women initiating breastfeeding, only 35% of infants in 
Australia are exclusively breastfed at the first six months 
of life.3 Nipple pain is one of the leading causative factors 
of premature weaning with a prevalence rate of 27-53% 
of breastfeeding mothers.4 The highest incidence of nip-
ple pain occurs at day two and day three postnatally with 
risk factors including primiparity, ethnicity and inade-
quate handling between the mother and infant.4

Physiological manifestations of nipple pain can neg-
atively influence maternal sleep, mood, and general ac-
tivity.5 If not managed, nipple trauma and pain can lead 
to the production of inflammatory cytokines and stress 
hormones which in turn can predispose the mother to a 
heightened risk of depression.6 Early in-hospital manage-
ment of nipple pain serves as a crucial factor to foster 
exclusive breastfeeding rates and nurture holistic mater-
nal wellbeing.7

A 2014 Cochrane Database systematic review recognised 
that there is no clarity regarding the most effective treat-
ment for nipple pain.8 Based on a systematic review con-
ducted by Niazi et al., effective treatment options for 
nipple pain included the use of warm water compresses, 
menthol and breastfeeding correction yet these studies 
are dated.9 Studies regarding other interventions are also 
limited and require further research to draw firm conclu-
sions.9 In the absence of a gold standard intervention for 
nipple pain, Photobiomodulation Therapy (PBMT) has 
received some attention in recent years as a potential 
treatment for nipple pain and trauma. 
PBMT is the delivery of a specific wavelength of light, 
red and/or Near-Infrared (NIR), to a biological tissue to 
promote cellular restoration, reduce pain and minimise 
swelling.10 Whilst red and NIR light both deliver non-
thermal energy, red light targets more superficial tissue 
and is visible compared to NIR which purportedly pen-
etrates deeper and is invisible to the human eye.10 In ad-
dition to wavelength, there are multiple other parameters 
to consider when utilising PBMT including application 
time, time interval between treatments and frequency. 
The effectiveness of PBMT is dependent upon the treat-
ment settings, which is complex considering optimal pa-
rameters remain unclear for many conditions10 and past 

research methods vary significantly.11-17 Disparate ev-
idence suggests that PBMT using NIR wavelengths can 
reduce nipple pain,11-13  and red wavelengths have re-
duced14-16 or had no effect on nipple pain.17 
Within the hospital inpatient model of PBM treatment, 
there are pragmatic levers for the intervention delivery 
and opportunity for repeated application in the immedi-
ate post-partum period. Previous studies utilising PBMT 
for nipple pain during in-hospital admissions have deliv-
ered treatments >24 hrs apart, which has led to signifi-
cant drop-out rates for subsequent treatments due to 
participant discharge from hospital.16 In the community 
setting, Buck et al. published a case study of a woman 
at three days post-natally with acute nipple pain.15 The 
authors applied PBMT at three separate sessions over a 
24-hour period, and demonstrated a significant reduction 
in pain and improved healing after this regimen of treat-
ment.15 If proven effective, such a regimen of treatment 
would be a suitable approach to utilise within a hospital 
setting, given the median baby-maternal length of stay 
(pre-COVID-19) in Australia is three days post-delivery.18

A leading cause of early breastfeeding cessation is nip-
ple pain. PBMT offers a potential method to enhance 
breastfeeding uptake through tissue restoration and re-
ducing pain. PBMT using red wavelengths is preferen-
tially absorbed into superficial tissue compared to NIR 
and is under-investigated as a treatment for nipple pain 
and trauma.  This study aims to investigate the effect of 
three sessions of PBMT at 660 nm within a 24-hour 
period during the mothers’ early post-natal hospital ad-
mission. We also set out to understand the impact of 
PBMT on QoL in the participant groups, and to ascer-
tain stakeholders’ perception of effectiveness of PBMT 
for their symptomology. 

Materials and Methods 

This study was designed as a randomized, triple-blinded 
trial with sham control. Informed consent was obtained 
from all participants. All procedures were conducted at 
the Mater Mothers’ Private Hospital in Brisbane, Aus-
tralia and were approved by the Mater Misericordiae 
Limited Human Research Ethics Committee 
(HREC/MML/54337 (V3)). The study was registered on 
the Australian New Zealand Clinical Trials Registry 
(ACTRN12619000981123) and commenced recruitment 
in May 2020. 
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Participants 

Participants were recruited from new mothers by an in-
dependent physiotherapy research assistant with no prior 
knowledge of the patient. Eligible participants were ran-
domly allocated to Group A (standard care+660 nm 
PBMT) or Group B (standard care+sham PBMT) through 
computed block randomization developed by an inde-
pendent statistician. Randomisation of participants oc-
curred after the consent process. Participants were 
screened prior to consent for inclusion if they were >18 
years old with fluent English, had nipple pain after infant 
latching, delivered their baby through a participating ob-
stetrics group practice, planned to exclusively breastfeed, 
and were to remain an inpatient for >24 hours with their 
infant rooming-in. Potential participants were excluded if 
they had breast malignancy, nipple tattoos, light photo-
sensitivity, or any unmanaged psychological disorder.  
Sample size was calculated for the primary pain outcome 
measure19 and assumed a significance level of 0.05, 80% 
power, a moderately strong within-subject correlation 
(ρ=0.6), a within-standard deviation of 2.1 based on pre-
vious research findings16 and a predicted dropout rate 
up to 15%. We calculated that 46 participants would be 
required to detect a 2-point difference in VAS pain scores. 

PBMT specifications and application protocol 

A MID-LITE 6565 active laser device (Irradia Australia) 
was utilized (Table 1). In the absence of a suitable sham 

for red light, an inoperable MID-LITE 904 laser device 
was used for the placebo. Both devices are similar in 
appearance, portable and have audible signals. All 
stakeholders were advised that the study was compar-
ing red with NIR light. 

Procedure 

The participant, treating physiotherapists and assessor 
were blinded to group allocation. Blinding was achieved 
by a process of ‘necessary deliberate deception’ wherein 
participants and treating physiotherapists were led to be-
lieve that the study was comparing two wavelengths of 
PBMT, i.e., red and NIR. All stakeholders were informed 
of the necessary deception at the end of the study. All 
participants received standard care consisting of midwife 
and/or lactation consultant assistance with breastfeeding 
positioning and infant latch correction occurring as nec-
essary throughout the participants’ hospital admission. 
No change was made to usual care procedures. 
Hospital infection control procedures were followed 
and to ensure a standardised non-contact application a 
Medela 24 mm contact nipple shield (Medela Australia) 
was positioned over the participants’ nipple and areola 
during the treatment for the diode to rest upon. The 
nipple shield was single patient use and washed and 
air dried between use. Diode output with the nipple 
shield in situ, was verified using a NOVA II laser 
power/energy meter (Ophir Australia) before com-
mencement of the study, and at weekly intervals during 

Table 1. Parameters of photobiomodulation therapy for nipple application. 

Parameter Red LASER Sham NIR LASER 

Diode type and number GaAlInPh x 2 Not applicable 

Wavelength 660 (± 10 nm) Nil output 

Pulse frequency 250 Hz - 

Average output power 17 mW each diode - 

Peak power 300 mW each diode - 

Spot size of each diode (cm2) 0.5 cm2 - 

Irradiation time per site 39 s - 

Energy per site 1.33 J - 

Number of sites 3 - 

Total irradiation time 132 s - 

Total dose applied to nipple 4 J - 

Beam shape Divergent -
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the study. 
Participants received three PBMT treatments in the first 
24 hours after study enrolment. Time between treat-
ments ranged from 7-17 hours. The affected nipple re-
ceived three repeated applications at each treatment, 
and a single dose to three parts of the areolar (Figure 1) 
based on the dual diode design of the active MID-LITE 
6565 PBMT device (Figure 2).  

Outcome measures 

The primary outcome measure was a Visual Analogue 
Scale (VAS) from 0 (no pain) to 10 (worst pain imagina-
ble) of nipple pain whilst breastfeeding (after infant 
latching) before PBMT, and then after each subsequent 
PBMT application. The VAS is a reliable tool for the as-
sessment of acute pain and is a commonly used meas-
urement tool for evaluating nipple pain in breastfeeding 
women.20,21 
Quality of life was measured with the PROMIS Global 
Short Form (GSF) questionnaire prior to the first and after 
the final PBMT application. The PROMIS GSF has been 
validated in the postnatal cohort for its two subscales 
being physical and mental health which have good in-
ternal consistency and reliability of α=0.75 and α=0.87, 
respectively.22 
Participants’ acceptability of PBMT was assessed after the 
last treatment by using a 5-point Likert scale, and an 
open comment for the participants’ response. Open com-
ments were analysed thematically. 

Statistical analysis 

All categorical variables using counts and percentages, 
and all continuous variables were described using means 
and standard deviations for variables likely to be nor-
mally distributed, and medians and inter-quartile ranges 
otherwise. As both the primary and one of the secondary 
outcome measures, VAS and QoL respectively, are con-
tinuous and were collected longitudinally, linear mixed 
modelling was used to examine the treatment effect, and 
how the treatment effect varied over time.  
Participants’ responses to the 5-point ordinal scale were 
analysed using the non-parametric Wilcoxon Sum of 
Ranks tests. Analysis was conducted using the R statistical
package23 with Linear Mixed modelling performed using 
the R library lme4.24 A significance level of 0.05 was em-
ployed throughout all inferential analysis.  
A thematic analysis was undertaken to analyse qualitative 

data using a widely recognised approach by Brawn & 
Clare.25 This approach provides a robust stepwise 
method for identifying, analysing, and reporting themes 
within the data.25 Data was independently reviewed by 
two members of the research team (MR+SG). Key themes 
were identified, and the research team together discussed 
these themes in relation to the data set and relevance to 
the research question.  

Figure 1. Photobiomodulation treatment configuration to nipple and 
surrounds.

Figure 2. Active photobiomodulation device (left) and sham photo-
biomodulation device (right).
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Results 

Power output of the active laser device remained stable 
throughout the study. 

Participant characteristics 

Due to the COVID-19 pandemic in 2020, a significant 
change to the length of hospital stay of new mothers oc-
curred after recruitment commenced, and it became im-
possible to recruit the required participant numbers for 
successful completion of the study protocol. Recruitment 
was stopped in September 2020. Participant demo-
graphics and final number of participants in each group 
are shown in Table 2.  

Pain visual analogue scale 

Figure 3 shows the average pain (of left and right-side 
nipples) for each group over time.  There was no signifi-

cant difference between the two treatment groups on 
average (mean difference=1.09; 95%CI: −1.35,3.53; 
χ2LRT=0.914; df=1; p=0.339); nor was there evidence to 
suggest a significant difference in overall pain at specific 
treatment times (χ2LRT=2.120; df=3; p=0.548).  

Quality of life 

There is no evidence to suggest that 660nm PBMT im-
proved overall QOL (Overall QOL mean difference 
=-0.007; 95%CI: −0.81,0.79; χ2LRT=0.004; df=1; p=0.984); 
nor was there any evidence to suggest that the 660nm 
PBMT had a cumulative effect, nor a significant increase 
in the treatment effect over time (χ2LRT=2.124; df=1; 
p=0.624). 
There was no evidence to suggest a difference among 
the groups for the specific Physical and Mental QoL do-
mains, either overall (Physical QOL mean diff=0.013; 
95%CI: −0.09,0.92; χ2LRT=0.002; df=1; p=0.963 (Figure 4); 
and Mental QOL mean diff=0.004; 95%CI: −1.1,1.08; 

Table 2. Participant characteristics (SD=standard deviation; SC=skin colour; IQR=interquartile range). 

Characteristic Level Overall (n=10) Control (n=5)            Intervention (n=5) 

Age (mean [SD]) - 32.80 (4.52) 33.00 (4.24) 32.6 (5.27) 

Parity (%) 1 6 (60.0) 2 (40.0) 4 (80.0) 
2 4 (40.0) 3 (60.0) 1 (20.0) 

AreolaSC (median [IQR]) 2.00 [2.00, 4.00] 2.00 [2.00, 3.00]            3.00 [2.50, 3.50] 

Delivery mode (%) Vaginal 4 (40.0) 2 (40.0) 2 (40.0) 
Caesarean section 6 (60.0) 3 (60.0) 3 (60.0) 

Days.PostNatal (median [IQR]) - 2.00 [1.25, 3.00] 2.00 [1.00 3.00]             2.00 [2.00, 3.00]

Figure 3. Average pain (combined left and right-side nipples) for each 
group over time (Ax=assessment).

Figure 4. PROMIS Global Short Form (overall) quality of life score for 
each group (1=prior to treatment commencement; 2=after final treat-
ment).
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χ2LRT=0.001; df=1; p=0.996, respectively) or in the 
Physical and Mental QOL profiles over time (χ2LRT 
=0.210; df=1; p=0.647 and χ2LRT =0.500; df=1; p=0.479, 
respectively).  

Perceived effectiveness of PBMT 

There was no difference in perceived effectiveness of 
treatment between groups (W=12, p=0.661, median dif-
ference=0). No-one who participated found PBMT unac-
ceptable with seven of the nine participants agreeing it 
was acceptable, and two were undecided as they didn’t 
experience any change in their nipple pain (both were 
in the sham group). All active group participants com-
mented on signs of reduced symptoms after treatment 
exemplified by one participant stating, “I felt better after 
the third treatment so it definitely helps.” 

Thematic analysis 

There were three key themes in the qualitative data being 
i) simplicity, ii) safety and iii) support. Participants de-
scribed the simplicity of PBM treatments as quick, pain-
less, uncomplicated, and easy to administer. An
advantage of treatment identified by the participants is
the positive safety profile of PBMT that it is low risk and
non-invasive. Lastly, participants appreciated having a
potential treatment to support their breastfeeding goals
exemplified by a participant commenting PBMT has “low
inconvenience to a new mother and helps achieve con-
tinued breastfeeding.”

Discussion 

The primary aim of this study was to investigate the ef-
fectiveness of PBMT at 660 nm compared to a sham con-
trol for nipple pain in post-natal women planning to 
exclusively breastfeed. The secondary aim was to com-
pare PBMT at 660 nm to sham PBMT on its impact on 
QoL and to ascertain stakeholders’ perceived efficacy of 
the therapy. Our study was significantly affected by the 
initial COVID-19 pandemic, and we were unable to re-
cruit the planned numbers to the study. There is value in 
comparing our work with that of others to inform future 
research of the effect of red wavelengths of PBMT for 
nipple pain and/or trauma. 
Whilst we were unable to determine if three applica-
tions of PBMT at 660 nm within 24 hours compared to 

sham influenced pain scores due to low participant 
numbers, we were able to show that the novel 
frequency of parameters previously utilised in a case 
study15 was practical to utilise within an inpatient hos-
pital setting evidenced by nil participant dropouts due 
to early discharge. A larger, adequately powered study 
would be required to demonstrate the effectiveness of 
the frequency utilised. 
To our knowledge, ours is the first study to investigate 
the impact of QoL using the PROMIS GSF in women who 
have received PBM treatment for nipple pain and trauma. 
Post-partum QoL is important and can be impacted by 
infant feeding difficulties.6 Although our findings were 
inconclusive, we believe that QoL should be evaluated 
in future studies. The PROMIS-GSF is translatable to a 
health utility value.  
There was no difference in the participant perceived 
efficacy of treatment when comparing sham and con-
trol. Thematic analysis from nine out of ten participants 
revealed that PBMT had a positive safety profile and 
supported their breastfeeding goals. In our study, one 
participant reported an increase in nipple pain from 
4/10 to 7/10 during the feed following the first appli-
cation of PBMT, and she withdrew from the study. We 
adjusted our study protocol to record nipple and are-
olar skin tones and side effects for all other partici-
pants, although none occurred. Increased nipple pain 
was deemed to be a neural sensitivity response to 
PBMT, given the neuroanatomy of the nipple-areola 
complex and the role it has in breastfeeding26 and has 
been reported in previous research.17 However, given 
the disparate literature regarding nerve supply and sen-
sitivity of the female breast, future studies of PBMT 
should consider the protocol and outcomes (including 
a plan of when to unblind and report side effects) 
based on participant skin tone/colour and how this 
may influence light absorption, response to treatment, 
and with consequences for guiding individualised 
PBMT doses.27 
Placebo-controlled studies are considered the optimal 
way to investigate clinical interventions but much like 
acupuncture research, there is no effective inert sham 
for clinical studies of red light PBMT.28 Theoretically, 
even small amounts of photonic energy delivered to 
biological tissues might influence those tissues de-
pending on the state of the tissues and the amount of 
delivered energy. Given that the evidence regarding 
visible red-light wavelengths for nipple pain was nas-
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cent,9 we felt that further research investigating its ef-
fectiveness on nipple pain was required to understand 
the anecdotal and limited published research findings. 
We chose to do so by an ethically approved method 
of ‘deliberate participant deception’ to reduce the ex-
pectations that seeing light was important for an ex-
perimental or placebo effect. Hence, we led our 
participants and clinicians applying the treatment to 
believe the study was comparing red (visible) and NIR 
(invisible) PBMT. In fact, the NIR device was inoper-
able and served only as the sham intervention to miti-
gate the potential placebo effect of the visible red 
PBMT application. 
Deliberate participant deception is appropriate in clinical 
research in only limited circumstances. In Australia, these 
circumstances are covered under the National Health and 
Medical Research Council National Statement on Ethical 
Conduct in Human Research, Section 2.3.1 “Limited Dis-
closure”.29 In particular, the Statement permits the use of 
deception or limited disclosure where “there are no suit-
able alternatives involving fuller disclosure by which the 
aims of the research can be achieved”, “the precise extent 
of the limited disclosure is defined” and “participants will 
not be exposed to an increased risk of harm as a result 
of the concealment or deception”.29 The authors were re-
quired to provide to participants at the end of the study 
“a full explanation, both of the real aims and/or methods 
of the research, and also of why the concealment or de-
ception was necessary”.29 All research ethics require-
ments for deliberate participant deception were met for 
our study, and although we were unable to demonstrate 
whether the deception would have influenced the results, 
the recruited participants expressed no concerns once 
informed. We contend that the deception protocol is a 
method potentially suitable for blinding in other studies 
of visible wavelengths of light but the approach needs 
to be implemented carefully and under stringent ethical 
guidelines. 
The main limitation of this study was that recruitment oc-
curred during the peak Australian lock-down period of 
the 2020 COVID-19 pandemic, resulting in the recruit-
ment pool of post-natal women being discharged earlier 
from hospital precluding the researchers’ access to them. 
As a result, a decision was made by the investigators to 
cease recruitment and to report the work as a case series. 
We are undertaking further research in the study pop-
ulation in a community-based setting where factors re-
lated to COVID-19 can be mitigated. 

Conclusions 

This study was not able to demonstrate the effect of 660 
nm PBMT compared to sham PBMT for nipple pain or 
QoL. Further adequately powered studies investigating 
the efficacy of PBMT impact on nipple pain are re-
quired to support anecdotal and limited research re-
ports. This study provides guidance on designing a 
participant-, therapist- and assessor-blinded protocol in 
this field of women’s health. This protocol is an ethically 
acceptable method for application for red PBMT with a 
suitable sham intervention to mitigate the potential 
placebo effect of visible light. The design if utilised in 
future research protocols will make trials of red light 
more robust.  

Funding: this investigator-initiated study was supported 
by a small seeding grant from Mater Research Limited. 
The active and sham laser devices were provided for this 
study by Irradia Australia (now known as SYMBYX Pty 
Ltd, Australia). 

Conflict of interest: MR: no competing interests. Em-
ployed at Mater Health at the time of the research. 
Supported by a Mater Allied Health Services Research 
Seeding grant; SG: Employed at Mater Health at the 
time of the research. No other competing interests. CH: 
No competing interests. KG: Employed at Mater Health 
at the time of the research. No other competing 
interests; E-LL: Is a 1% shareholder in Symbyx Pty Ltd 
(Australia). 

Ethics approval and consent to participate: the Mater 
Misericordiae Limited Human Research Ethics Committee 
approved the present study (HREC/MML/54337 (V3)). 
The study was registered on the Australian New Zealand 
Clinical Trials Registry (ACTRN12619000981123). 

Informed consent: all patients participating in this study 
signed a written informed consent form for participating 
in this study. 

Patient consent for publication: the patients gave 
their written consent to use their personal data for the 
publication of this case report and any accompanying 
images. 

Availability of data and materials: all data underlying 
the findings are fully available. 

Non
-co

mmerc
ial

 us
e o

nly



pISSN 0898-5901 | eISSN 1884-7269 
Indexed in Scopus

Volume 30 - N. 1 - April 2023

Laser Therapy8

Acknowledgments: the authors would like to thank staff 
from HATCH and Kindred for approving their private pa-
tients to form the recruitment pool for our study cohort. 
We also thank the participants for their contribution to 
the study.  

References 

1. Council of Australian Governments (COAG) Health Council.
Australian National Breastfeeding Strategy 2019 and Beyond.
Canberra: Department of Health; 2019. Version current 9 Janu-
ary 2023. Accessed 9 January 2023. Available from: chrome-ex-
tension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.heal
th.gov.au/sites/default/files/documents/2022/03/australian-na-
tional-breastfeeding-strategy-2019-and-beyond.pdf

2. Smith JP (2013): “Lost milk?” counting the economic value of
breast milk in gross domestic product. J Hum Lact 2013;29:
537-46.

3. Australian Bureau of Statistics. Breastfeeding. Canberra: ABS;
2020-21 Financial year. Accessed 9 January 2023. Available from:
https://www.abs.gov.au/statistics/health/health-conditions-and-
risks/breastfeeding/latest-release#data-download

4. Dias JS, Vieira TD, Vieira GO. Factors associated to nipple
trauma in lactation period: a systematic review. Rev Bras de
Saude Matern Infant 2017;17:27-42.

5. McClellan HL, Hepworth AR, Garbin CP, et al. Nipple pain dur-
ing breastfeeding with or without visible trauma. J Hum Lact
2012;28:511-21.

6. Kendall-Tackett K. A new paradigm for depression in new
mothers: the central role of inflammation and how breastfeed-
ing and anti-inflammatory treatments protect maternal mental
health. Int Breastfeed J 2007;2:1-4.

7. Coca KP, Pinto VL, Westphal F, et al. Bundle of measures to
support intrahospital exclusive breastfeeding: evidence of sys-
tematic reviews. Rev Paul Pediatr 2018;36:214-20.

8. Dennis CL, Jackson K, Watson J. Interventions for treating pain-
ful nipples among breastfeeding women. Cochrane Database
of Systematic Reviews 2014;12:CD007366.

9. Niazi A, Rahimi VB, Soheili-Far S, et al. A systematic review on
prevention and treatment of nipple pain and fissure: are they
curable? J Pharmacopuncture 2018;21:139-150.

10. Chung H, Dai T, Sharma SK, et al. The nuts and bolts of low-
level laser (light) therapy. Ann Biomed Eng 2012;40:516-33.

11. Pietschnig B, Pani M, Käfer A, et al. Use of soft laser in the ther-
apy of sore nipples in breastfeeding women. Adv Exp Med Biol
2002;478:437–438.

12. Chaves ME, Araújo AR, Santos SF, et al. LED phototherapy im-
proves healing of nipple trauma: a pilot study. Photomed Laser
Surg 2012;30:172-178.

13. Araujo AR, Nascimento AL, Camargos JM, et al. Photobiomod-
ulation as a new approach for the treatment of nipple traumas:
a pilot study, randomized and controlled. Fisioter Bras 2013;14:
20-29.

14. Gonçalves AS, Filipini R, Posso MB. Dor mamilar durante a
amamentação: ação analgésica do laser de baixa intensidade.
Rev Dor 2009;10:125-129.

15. Buck ML, Eckereder G, Amir LH. Low level laser therapy for
breastfeeding problems. Breastfeed Rev 2016;24:27-31.

16. Coca KP, Marcacine KO, Gamba MA, et al. Efficacy of low-level
laser therapy in relieving nipple pain in breastfeeding women:
a triple-blind, randomized, controlled trial. Pain Manag Nurs
2016;17:281-9.

17. Camargo BT, Coca KP, Amir LH, Corrêa L, Aranha AC (2020)
The effect of a single irradiation of low-level laser on nipple
pain in breastfeeding women: a randomized controlled trial.
Lasers Med Sci, 2020; 35: 63-69.

18. Australian Institute of Health and Welfare. Australia’s mothers
and babies - Baby length of stay in hospital. Canberra: AIHW;
2022. Accessed 9 January 2023. Available from: https://www.
aihw.gov.au/reports/mothers-babies/australias-mothers-
babies/contents/baby-outcomes/baby-length-of-stay-in-hospital.
Version current 9 January 2023

19. Diggle P, Heagerty P, Liang KY, Zeger S. Analysis of longitudinal
data. Edn 2, 2002, Oxford University Press, Oxford.

20. Bijur PE, Silver W, Gallagher EJ. Reliability of the visual analog
scale for measurement of acute pain. Acad Emerg Med 2001;8:
1153-7.

21. Coca KP, Amir LH, Alves MD, et al. Measurement tools and in-
tensity of nipple pain among women with or without damaged
nipples: A quantitative systematic review. J Adv Nurs 2019;75:
1162-72.

22. Slavin V, Gamble J, Creedy DK, et al. Measuring physical and
mental health during pregnancy and postpartum in an Austral-
ian childbearing population - validation of the PROMIS Global
Short Form. BMC Pregnancy Childbirth 2019;19:1-9.

23. R Core Team. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria: GBIF. 2018. Accessed 9 January 2023. Available from:
https://www.R-project.org/

24. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-
effects models using lme4. arXiv preprint 2014;arXiv:1406.5823.

25. Braun V, Clarke V. Using thematic analysis in psychology. Qual
Res Psychol 2006;3:77-101.

26. Kuzbari R, Schlenz I. Reduction mammaplasty and sensitivity
of the nipple-areola complex: sensuality versus sexuality? Ann
Plast Surg 2007;58:3-11.

27. Liebert A, Waddington G, Bicknell B, et al. Quantification of
the absorption of low-level 904 nm superpulsed laser, light as
a function of skin colour. In: E-L Laakso and C Young (Eds).
Proceedings, World Association for Laser Therapy 9th World
Congress of Laser Therapy, Gold Coast, Australia September 28-
30, 2012. 2013; pp. 11-15.

28. Zhang CS, Tan HY, Zhang GS, et al. Placebo devices as effective
control methods in acupuncture clinical trials: a systematic re-
view. PloS One 2015;10:e0140825.

29. National Health and Medical Research Council. National State-
ment on Ethical Conduct in Human Research (2007) - Updated
2018. Canberra: NHMRC; 2018. Accessed 9 January, 2023. Avail-
able from: https://www.nhmrc.gov.au/about-us/publications/
national-statement-ethical-conduct-human-research-2007-up-
dated-2018

Non
-co

mmerc
ial

 us
e o

nly




