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Abstract
The effects of low-level laser on the wound healing and burn injuries have been previously examined to demonstrate some 
satisfactory results. Despite there are a few articles available to study photobiomodulation (PBM) effects on the pain relief 
of cesarean sectioned wound, however no systematic examination has been carried out so far regarding its healing. Here, the 
aim of this clinical study was to evaluate PBM effect on the cesarean-sectioned wound healing. PBM effects of semiconduc-
tor lasers are investigated at 658 and 660 nm with 100, 150 and 350 mW output powers on 40 patients. Due to the global 
increasing number of cesarean sections, we have decided to investigate the effect of laser as a reliable technique to recover 
the wounds fast. We considered women as the target group who had their first delivery giving the birth of their children by 
cesarean section. We selected patients are who treated by laser therapy using indium gallium aluminum phosphide (InGaAlP) 
semiconductor linear scanning type with beam cross section of 12 cm2 and the output power of 100 mW at 658 nm exposing 
a therapeutic dose of 2 J/cm2. The purpose is to accelerate the healing process of the wounds after delivery as an intervention 
group against the people who chose the conventional methods (using ointments, pills, etc.) to heal their cesarean sectioned 
wounds as the control group. Regarding the wounds of these two groups, the questionnaires were filled by patients to assess 
the severity of pain from visual analogue scale (VAS) based on the healing of wounds from redness, edema, ecchymosis, 
discharge, and distance between the two edges of the wound (REEDA) scale in the early hours after surgery and the post-
treatment follow-up on the third, seventh, and the tenth days. The data collected by these questionnaires were analyzed using 
statistical package for social science)SPSS( as a statistical software to give out the comparative histograms. This study reports 
a clinical examination of PBM under intervention group of 40 patients ranging 18–40 years old with body mass index (BMI) 
of 29–36, during post-cesarean surgery to elucidate successful healing of the wounds and scars against conventional methods 
which considered as control group. Comparison of mean REEDA scores on the third day (p = 0.035), seventh day (p = 0.03), 
and tenth day (p = 0.02) after delivery exhibits that the two groups benefit a statistically significant difference with each other. 
For instance, the mean wound healing score in the intervention group was almost half of the mean wound healing score on 
the tenth day in the control group (1.09 ± 0.586 vs. 2.25 ± 0.422). The post-cesarean follow-up indicates that the patients 
treated by the laser therapy (intervention group) encounter better recovery than the control group.
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Introduction

The effect of low-level laser therapy (LLLT), also as known 
as photobiomodulation (PBM) therapy, on the wound heal-
ing and burn injuries has been previously examined to 
demonstrate some satisfactory results. Despite there are a 
few articles available to investigate low-level laser effects 
on the pain relief of cesarean sectioned wound, however 
no extensive study has been carried out so far regarding its 
healing [1–3]. PBM is one of the non-invasive treatment 
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methods using light sources, which is performed by biologi-
cal stimulation effects in photochemical processes. It basi-
cally does not increase the temperature at the macroscopic 
level. In medicine, light absorption reactions by receptors 
that can absorb light at specific wavelengths are widely 
used. The absorbing molecule in a light-activated form can 
cause chemical reactions that result in the treatment of a 
specific disease. This molecule should be a part of a main 
structure that can regulate the metabolic pathway. PBM or 
photobiomodulation effects do not increase the macroscopic 
temperature of the tissue, because the power density used 
in this method is low (the cooling rate of the irradiation 
tissue is faster than the rate of receiving energy from the 
radiation source). But it can cause a change in temperature 
at the microscopic level, which causes the start of cellular 
and molecular processes. The primary mechanism of PBM 
with intracellular receptors occurs as follows: Absorption of 
photon by intracellular compounds, creation of temperature 
difference in nearby points due to absorbed energy, release 
of Ca+2 from intracellular sources, initiation of processes 
dependent on Ca+2, increases in biological factors, forma-
tion of tissue metabolic glands, and regulation of nerve 
hormones. Radiation parameters, such as intensity, wave-
length, and pulse mode, have important role in PBM. Fig-
ure 1 illustrates a simple model of PBM for enhancement 
of wound/scar recovery. The wound healing includes three 
phases: inflammation, proliferation, and restoration. During 
laser exposure, the movement of immune cells towards the 
wound becomes faster (inflammation phase), the produc-
tion of fibroblasts and macrophages increases (proliferation 
phase), and collagen production will also enhance (restora-
tion phase). The main effect of laser in wound healing is the 
release of cytokines and biological responses that reduce 
healing time. In both open and closed wounds and soft tissue 
injuries, PBM can be effective according to the following 
enhancement processes: increasing the activity of leukocytes 

and the activity of macrophages and stimulating collagen 
synthesis and angiogenesis and as a result oxygen delivery 
improvement, the proliferation of fibroblasts due to speed-
ing up the collagen production, and the generation rate of 
epithelial cells alongside the reduction and the wound and 
infection, growth factors, and cell proliferation by ATP syn-
thesis as well as keratinocytes proliferation. In these cases, 
lasers or LEDs are used with spectral range of 630–910 nm.

Photobiomodulation (PBM) addresses the non-thermal 
laser-tissue interactions when low-level laser exposure is 
applied on the tissue of interest. The mechanism of PBM 
and low level laser therapy has been previously reviewed 
[4, 5]. In fact, PBM is a form of medicine that applies low-
level coherent sources to the surface of the skin. On the 
other hand, Monte Carlo simulation of photon densities 
inside the dermis in PBM was carried out. It was shown 
that the backscattered photons in dermis layers, as highly 
scattering media, notably contribute to change the photon 
density along propagation axis due to the multiple scatter-
ing [6]. The interaction of photons with highly scattering 
media includes backscattering and the multiple scatter-
ing which deviate from Lambert law. In fact, the multiple 
scattering causes the photons accumulate in subcutaneous 
layers. Increasing the proliferation of different tissue cells 
after laser treatment accounts as the major mechanism of 
laser effect on the tissue. To evaluate the cell proliferation 
resulting from treatment, the number of cells is examined 
using cell counting method. Collagen which is mainly made 
from fibroblast leads to tissue/tensile strength. There have 
been many studies on the effect of laser on the proliferation 
of fibroblast, the amount of collagen released in the tissue, 
and the organization of collagen fibers. The low-power laser 
stimulates fibroblasts and accelerates the onset of cell prolif-
eration following by alleviating inflammatory reactions and 
consequently the increase in collagen fibers [7].

Many laboratory and clinical studies have emphasized the 
acceleration of repair takes into account as the main reason 
for the effectiveness of the laser in the cell proliferation. The 
presence of fibroblasts and collagen fibers quantitatively/
qualitatively are the evidences of the wound mechanical 
strength and tissue tensile strength. However, there is more 
consensus on the role of low-power lasers in the synthesis 
phenomenon. Not only the presence of fibroblasts is effective 
in the phenomenon of collagen production and mechani-
cal strength of the wound, but also causes the formation of 
myofibroblasts to contract and accelerate its closure. Despite 
one believes that wound closure is not a good measure of 
wound healing, many studies have examined the effect of 
laser treatment on wound surface size. Rocha et al. [8] also 
mentioned the acceleration of wound surface closure in the 
animal model after 4 consecutive days using He–Ne laser 
treatment. Hopkins et al. [9], Simunovic et al. [10], and 
Al Watban et al.[11] and Bisht and Pereira et al. [12, 13] 

Fig. 1   A simple PBM model for the enhancement of wound/scar 
recovery



Lasers in Medical Science (2023) 38:171	

1 3

Page 3 of 15  171

reported separate studies on human specimens giving rise 
to the accelerated surface closure of the wound after He–Ne 
laser therapy. In separate studies, Demir et al. [14] reported 
an increase in the number of fibroblasts in the cell prolifera-
tion phase against the control group after laser treatment. 
Bayat et al. [15] also pointed to the increase in the number 
of fibroblasts and the improvement of maximum tissue ten-
sion after laser treatment using low-power laser at 780 nm.

Reddy [16] examined the effects of two low-power lasers 
gallium arsenide (Ga-As) and helium neon (He–Ne) lasers at 
21 J/cm2, 5 days a week for 3 weeks on a diabetic rat wound. 
It was concluded that both types of lasers improve the bio-
mechanical properties, scaling up the amount of collagen. 
This attests that the effect of He–Ne lasers on biomechani-
cal parameters is significantly greater than that of Ga-As 
ones. Stadler et al. [17] reported an increase in tissue tensile 
strength after laser treatment at 830 nm in diabetic female 
rats. Abergel et al. [18] investigated the effect of Ga-As and 
He–Ne lasers on fibroblast cultures with different intensi-
ties. An increase in collagen production by fibroblasts in 
both laser therapy groups is observed against the control 
one. Akio Yasukawa et al. [19] also studied the effect of 
He–Ne laser on rat’s surgical wound and reported a signifi-
cant increase in tissue tensile strength and collagen fiber 
formation as well as tissue cohesion using 17 mW laser on 
the treated group. Hosseini et al. [20] showed that Ga-As and 
He–Ne lasers improve biomechanical properties following a 
10-day treatment period on a daily basis and concluded that 
this event arises from the collagen production. The com-
bination of two lasers would speed up the closure of the 
wound surface in full-thickness. Carvalho et al. [21] also 
reported the effect of He–Ne laser on rat surgical wounds 
and found an increase in collagen levels in laser-treated sam-
ples compared to the control wounds. Ikeuchi [22] examined 
the effect of lasers on surgical wounds elucidating that the 
tissue was more mature in the treatment group than in the 
control one on day 14th. In addition to the collagen secretion 
and growth factors, the myofibroblasts exhibit a direct con-
tractile effect leading to the wound contraction and closure. 
However, Moulin et al. [23] concluded that the effect of the 
contractile process on the wound closure in human skin was 
less than that of other mammals.

Although the wound healing is reported to be enhanced 
by PBM in normal rodents [24, 25], PBM significantly 
improves wound healing in both diabetic rats [26, 27] and 
diabetic mice too [28, 29]. Eventually a case–control clinical 
trial and in vivo study of cesarean wounds reveal that PBM 
appears to increase proclatin secretion in those with low 
prolactin levels treated three times under 15–25-min laser 
exposure for 10 days [1].

The aim of this work is to treat systematically the scars 
of cesarean sectioned wound by making use of PBM under 
LLLT leading to the wound healing, following up day by 

day observations, relying on the regular assessment of the 
patients’ questionnaires. In fact, the conventional post-
cesarean surgery wound management strategy includes 
the treatment of surgical site infection and the reduction of 
the number of complications clinically and physiologically 
using regular laser exposure on the wound area as well as 
the optimization of the laser parameters. Here, the biomod-
ulation effect of semiconductor lasers at 658 and 660 nm 
with 100, 150, and 350 mW output powers is investigated 
on 40 patients who have been operated by cesarean. The 
clinical follow-up emphasizes that the laser therapy leads to 
the reduction of the recovery time and removal the scars as 
well as the notable pain alleviation.

The observed groups were selected among women with 
their first delivery, healthy and without underlying diseases, 
without high excess weight or severe underweight, and being 
in the appropriate age range. Surgical conditions, includ-
ing the type of suture thread, were considered the same for 
all subjects under observation. Conventional assessments 
and treatments were started just after cesarean section for 
both groups. The intervention group received their first 
laser therapy on the first hours after surgery. Post-cesarean 
wound infection includes wound cellulitis or wound abdomi-
nal abscess causing redness, swellings, pain, and discharge 
from the wound. Cesarean may notably increase risk of 
asthma, systematic connective tissue disorders, and immune 
deficiencies.

Materials and methods

The patients’ consent is received before laser treatment 
according to typical testimonial given in the Appendix 1. In 
addition, we have no access to confidential personal infor-
mation of the patients except their age, weight, height, and 
BMI. The 3 × 4 m2 laser treatment room has a patient bed 
that is disinfected with a portable UV lamp for each use. All 
sheets are disposable and have been disinfected before. The 
therapist was one of the expertized nurses of the hospital and 
was familiar with all laser safety and infection prevention 
protocols. She was not aware of the research objectives and 
performed therapy and completed the questionnaire blindly 
and presented it to the research team. In each therapy ses-
sion, she changed his mask, gloves, and gown. The patient 
was required to use a disposable sterile patient’s gown for 
each therapy session. The bodies of linear and pen laser 
devices were placed under UV lamp radiation (Kyutee port-
able UV-C sterilizer, 35 µW/cm2 intensity at 6", 254 nm) 
before being turned on for therapy. The lighting of the room 
was provided by using 6 ceiling LED lamps, each with a 
power of 20 watts. This was adequate to create the normal 
lighting of the therapy room. The clinical observations 
alongside the filled questionnaires are assessed accordingly. 
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In the course of assessment, as much as possible, an attempt 
has been made to prevent allocation bias by hiring a person 
who is unaware of the research objectives for therapy and 
data collection. The patients were not informed about the 
expected result of the laser therapy and had a vague idea of 
the outcome of the research, which prevented the placebo 
or cohort study in a large scale. The selectable conditions 
were set so that indicators such as age, weight, and condi-
tions of cesarean sections for all patients undergo an almost 
reasonable range. The effect of placebo is neglected in this 
research. The assessor does not know which patient is within 
the control or intervention group. The questionnaires are 
arranged based on the number encoding to be blind for the 
assessor.

This research is a clinical trial that is non-randomized 
and one-sided on 80 people (40 individuals are in the inter-
vention group, and 40 cases lie in the control group). The 
primiparous women are selected in Sarem Gynecology, 
Obstetrics, and Infertility Hospital for cesarean section. The 
parameters of the report are tabulated in Table 1.

The sample size is calculated using the mean difference 
method by the following formula.

The sample size is calculated using the mean difference 
method by the following formula.

REEDA scale is a tool for assessing perineal healing 
[23]. It includes five items related to the healing process 
such as hyperemia, edema, ecchymosis, discharge, and the 
apposition of the wound edges [24]. The research variables 
include the wound healing rate, quantitative variable of 
discrete scale type (total REEDA score for each person), 
pain intensity, and quantitative variable of discrete scale 
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type (according to VAS questionnaire). REEDA question-
naire is an indicator as the quantitative variable of discrete 
scale type, quantitative variable of continuous scale type, 
weight, and quantitative variable of continuous scale type. 
Note that the typical questionnaire form is presented in the 
Appendix 2.

This trial is one-sided blind, because people decide 
according to their own opinion or their doctor’s opinion to 
do laser therapy or to be treated in the usual way to heal 
their wound, so it is not possible for a person not to know 
which group (control or test) she is placed in assessor blind. 
However, the laser treatment is performed by someone other 
than the researcher who is not aware of the objectives of the 
study.

The inclusion criteria for the study are primiparous 
women aged between 18 and 40 years with a normal body 
mass index; not having diseases that interfere with wound 
healing such as chronic systemic diseases, heart, kidney, 
liver, respiratory, coagulation, connective tissue, diabetes, 
anemia, cancer, and mental illnesses; no use of drugs effec-
tive on wound healing such as glucocorticoids, anticoagu-
lants, immunosuppressants, broad-spectrum antibiotics, and 
chemotherapy; no reconstructive surgery in the abdomen; 
and no use of drugs and alcohol.

The exclusion criteria include in the following: not 
attending laser treatment on time, occurrence of allergy 
due to laser treatment, new trauma during the study for any 
reason, getting diseases that require antibiotic prescription 
during the study, failure to go to the clinic for follow-up, 
mother’s refusal to continue participating in the research, or 
expressing dissatisfaction for personal reasons.

In the intervention group, patients are required to 
visit the laser center of Sarem Hospital for 10 days, with 
1 day in between, and undergo laser therapy by two types 
of low-power semiconductor lasers InGaAlP, from the 
Heltschl company, made in Austria, with a radiation cross 
section of 12 cm2 and the output power of 100 mW at 

Table 1   Report parameters
Confidence factor of study 95%
Z1-α/2

1.96

Study power factor 80%
Z1-β

0.84

Range of pain reduction scores 49–7 = 42
Range of wound healing scores 50–5 = 45
Standard deviation (pain reduction, wound healing)
S

1.6 range of changes 
(pain reduction, wound 
healing)

Standard deviation of the control group
S1

45/6 = 7.5

Standard deviation of the intervention group
S2

42/6 = 7

Accuracy or maximum acceptable error
d

4.5



Lasers in Medical Science (2023) 38:171	

1 3

Page 5 of 15  171

660 and 658 nm with a therapeutic dose of 2 J/cm2. The 
therapeutic window is located at 600–1200 nm [30]. In 
this spectral range, light penetrates into the biological 
tissues with less loss, and therapeutic work is carried 
out in deeper layers. In favor of an 8-cm long wound, the 
laser scans the first 4-cm section for 4 min, and then, it 
repeats for the adjacent section similarly. The laser expo-
sure is carried out on one side of the wound in 4 min, 
and then, the head of the device is move to provoke the 
other side of the wound for another 4 min. If the length 
of the wound is longer, the duration of radiation will also 
increase. Since the doctor considers a specific cut length 
for the cesarean section based on the conditions of the 
patient and the baby, the duration of the laser radiation 
varies from person to person. The output power of the 
laser in linear mode is 100 mW, and the optimal irradia-
tion time is 10–12 min at 658 nm achieving therapeutic 
laser dose. According to the size of the wound and the 
healing status of the wound, each person is exposed to 
laser radiation for 15–25 min. The method of laser radia-
tion to the target area relies on: first, a rectangular cross 
section of 3 cm × 4 cm is covered by linear scanning by 
an InGaAlP laser. Figure 2 depicts a schematic of the 
irradiation set-up. The area of ​​the cesarean section is 
exposed by laser radiation for a period of time deter-
mined by the doctor. Then, the areas where the depth of 
the wound is greater or the areas with more inflamma-
tion, such as the corners of the wound that have protru-
sion, are again exposed to radiation by the pen diode 
laser.

For laser treatment of cesarean section wounds, first, 
we set the area laser to the linear mode (rectangular), and 

according to the length of the wound, we have selected the 
duration of the laser radiation.

After finishing the linear laser beam, we start illumina-
tion by the pen or point laser. The laser pen is situated over 
the wound in a contact manner and press it down a little. 
If the wound is fresh and the person spends the first few 
days of treatment, let avoid the pressure exertion. The laser 
moves at intervals of 1 min along 1 cm. The output power 
of the pen laser is selected ranging from 150 to 350 mW 
at 660 nm. The laser parameters are tabulated in Table 2. 
The optimal time of exposure of the pen laser on the wound 
lasts 5–9 min. In order to have a better idea of ​​the clinical 
conditions governing this study, some photos of the heal-
ing stages of the patients of both groups were taken. All 
the photos were taken by a digital camera (Sony Cyber-shot 
DSC- RX10 IV).

The basic evaluation to determine the pain intensity and 
the condition of the wound of the research units was carried 
out immediately before the start of the intervention; i.e., early 
hours after the cesarean section and the intervention begins 
10 h after the cesarean section. The evaluation of the pain 
level on the third, seventh, and tenth days using the VAS 
visual measurement criteria and the degree of recovery using 
the REEDA scale on the third, seventh, and tenth days are 
examined and recorded. VAS visual pain assessment is a 
scale using points ranging 0–10 and is completed by patients. 
The REEDA scale was used to measure the healing rate of the 
cesarean wound, which examines redness, edema, ecchymo-
sis, discharge, and the distance between the two edges of the 
wound, and gives a score between zero and three, where zero 
means “absence of variable” and 3 addresses “the presence 
of the maximum variable value”. REEDA’s scoring criteria 

Fig. 2   A schematic of the 
irradiation set-up. Semiconduc-
tor lasers InGaAlP, 658 nm, 100 
mW, 3 × 4 cm2 cross section, 
and 4-min exposure time for 
therapeutic dose of 2 J/cm.2

Table 2   Laser parameters Laser Wavelength Cross section Power Exposure time

Linear CW InGaAlP 658 nm 12 cm2 100 mW 15–25 min
Pen CW laser 660 nm 1 cm2 150–350 mW 5–9 min
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are tabulated in Table 3. After summing up the scores, their 
classification is as follows: a score of zero means “improve-
ment”, a score of 1–5 indicates “moderate improvement”, 
score of 6–10 indicates “weak recovery”, and number 11–15 
declares no recovery. After collecting the required data, the 
results are analyzed using SPSS software and independent T 
and χ square statistical tests.

Results and discussion

During this study, none of the subjects left the study due to 
exclusion criteria, and all 80 people (40 in the control group 
and 40 in the intervention group) helped us fulfill the study.

Cesarean section examination of patients referred to Sarem 
obstetrics and gynecology hospital in Tehran shows that on 

Table 3   REEDA scoring criteria

Variable Redness Edema Ecchymosis Discharge Apposition
Score

0 Absence Absence Absence Absence Closed wound
1 2.5 mm from the wound 

edge
Less than 10 mm from the 

cutting edge
About 2.5 mm on both 

sides or 5 mm on one 
side of the cut

Clear-serous fluid Separation of 3 mm and less

2 5 mm from the wound 
edge

10 mm from the cutting 
edge

About 10 mm on both 
sides or 20 mm on one 
side of the cut

Serous-purulent Separation of the skin and 
fat layer under the skin

3 More than 5 mm from the 
wound edge

More than 20 mm from 
the cutting edge

More than 10 mm on both 
sides or 30 mm on one 
side of the cut

Bloody-purulent Separation of subcutaneous 
fat and fascia

Fig. 3   Image of the third day of 
cesarean section without laser 
therapy (left) and with laser 
therapy (right)

Fig. 4   Image of the seventh 
day of cesarean section without 
laser therapy (left) and with 
laser therapy (right)
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the first day after delivery, none of the variables were red-
ness, edema, and bruising, and the distance between the two 
edges of the wound and discharge was not significantly dif-
ferent between the two groups. It means that the basal wound 
of both groups was approximately the same, and in the two 
groups of cesarean wounds, there was no difference in terms 
of redness, edema, ecchymosis (bruising), discharge, and the 
distance between the two edges of the wound. This makes it 
easier for us to continue, because we have tried as much as 
possible to keep the two groups in the same conditions.

On the third day of the study, the two groups studied the 
variables of redness, edema, ecchymosis, and discharge; the 
distance between the two edges of the wound demonstrates a 
significant difference; and in all cases, the intervention group 

shows better conditions. Figure 3 depicts two pictures of a 
cesarean section of two patients of the two groups of interest 
on the third day.

Fig. 5   Image of the tenth day of 
cesarean section without laser 
therapy (left) and with laser 
therapy (right)

Table 4   Comparison of the mean scores of the five variables of the REEDA scale on follow-up days by intervention/control groups

Variable Number of days after 
delivery

Significance level Intervention group
Mean ± standard deviation

Control group
Mean ± standard deviation

Redness 1
3
7
10

0.104
0.010
0.008
0.002

1.80 ± 0.591
1.50 ± 0.591
1.10 ± 0.672
0.090 ± 0.639

2.33 ± 0.764
2.75 ± 0.809
1.90 ± 0.028
0.75 ± 0.905

Edema 1
3
7
10

0.801
0.008
0.002
0.002

2.23 ± 0.832
1.28 ± 0.716
0.18 ± 0.607
0.13 ± 0.594

2.280 ± 0.905
1.80 ± 0.791
0.48 ± 0.751
0.30 ± 0.607

Ecchymosis 1
3
7
10

0.235
0.001
0.001
0.001

1.88 ± 0.833
0.95 ± 0.794
0.43 ± 0.949
0.13 ± 0.335

1.5 ± 0.87
0.925 ± 0.797
0.425 ± 0.549
0.277 ± 0.280

Discharge 1
3
7
10

0.120
0.040
0.004
0.000

0.430 ± 0.549
0.480 ± 0.679
0.380 ± 0.628
0.280 ± 0.506

0.750 ± 0.266
0.350 ± 0.483
0.425 ± 0.500
0.450 ± 0.597

Distance between the two 
edges of the wound

1
3
7
10

0.946
0.030
0.000
0.000

0.52 ± 0.628
0.38 ± 0.572
0.33 ± 0.816
0.23 ± 0.423

0.48 ± 0.679
0.48 ± 0.640
0.40 ± 0.591
0.30 ± 0.564

Table 5   Comparison of mean cesarean wound healing score on fol-
low-up days intervention/control groups

Variable group The sig-
nificance 
level

Intervention 
group
Mean ± stand-
ard deviation

Control group
Mean ± stand-
ard deviation

REEDA score (1st day) 0.126 2.75 ± 0.741 2.80 ± 0.758
REEDA score (3rd day) 0.035 1.70 ± 0.483 2.75 ± 0.464
REEDA score (7th day) 0.030 1.50 ± 0.632 2.30 ± 0.453
REEDA score (10th day) 0.020 1.09 ± 0.586 2.25 ± 0.422
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Fig. 6   Redness, edema, ecchymosis, discharge, and apposition of the wound edges during the follow-up of treatment days
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On the seventh day after cesarean section, the situation 
was the same for the variables. The two groups have a sig-
nificant difference with each other, and the wound healing 
process of the intervention group is clearly scaled up, indi-
cating an enhancement of the healing process of cesarean 
section. Figure 4 illustrates two images of the cesarean sec-
tion of two patients from the two groups on the seventh day.

On the tenth day (the last day) of follow-up on the control 
and intervention groups, the conditions evidenced again in 
favor of the intervention group. There was a significant dif-
ference between the intervention and control groups over 
all variables of redness, edema, ecchymosis, discharge, and 
wound edge distance. Thus, the intervention group lucidly 
healed faster than the control group. On the tenth day after 
delivery, their wounds reached the desired level of healing. 

Table 6   Mean pain intensity after cesarean section in intervention/
control groups

Days Intervention group
Mean ± standard deviation

Control group
Mean ± stand-
ard deviation

1 7.63 ± 2.38 7.65 ± 2.547
2 5.55 ± 2.64 6.50 ± 2.612
3 4.15 ± 2.95 5.25 ± 3.002
4 4.10 ± 2.85 4.35 ± 2.287
5 3.23 ± 2.75 3.78 ± 2.91
6 3.38 ± 2.42 2.98 ± 2.61
7 2.10 ± 2.20 2.48 ± 2.56
8 1.90 ± 2.16 1.93 ± 2.35
9 1.35 ± 1.91 1.90 ± 2.33
10 0.9 ± 1.78 1.80 ± 2.07

Fig. 7   Patients’ basal wound condition according to REEDA mean based on recovery percentage in the intervention group (left) and the control group 
(right)

Fig. 8   Patients’ wound condition according to REEDA mean based on recovery percentage intervention group (left) and the control group (right) 
on tenth day
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Figure 5 displays a couple photos of a cesarean section of 
two patients from the two groups of interest on the tenth day.

Comparison of the total scores obtained from 5 vari-
ables of REEDA scale (redness, edema, ecchymosis, dis-
charge, and distance between the two edges of the wound) 
showed that the comparison of mean REEDA score on 
the first day after delivery was not significantly different 
between the two groups (p = 0.126). Comparison of mean 
REEDA scores on the third day (p = 0.035), seventh day 
(p = 0.03), and tenth day (p = 0.02) after delivery exhibits 
that the two groups had a statistically significant differ-
ence with each other. The mean wound healing score in 
the intervention group was almost half of the mean wound 
healing score on the tenth day in the control group (1.09 
vs. 2.25). Therefore, after 10 days, the intervention group 
shows an improvement as much as twice against the con-
trol group, and this is a satisfactory result. Tables 4 and 
5 tabulate the comparison of the mean scores of the five 
variables of the REEDA scale on follow-up days, after 
delivery, by group, and compare the mean score of cesar-
ean wound healing on the follow-up days by group, respec-
tively. Figure 6 illustrates redness, edema, ecchymosis, 
discharge, and apposition of the wound edges during 
the follow-up of treatment days. The mean pain inten-
sity in the first days after delivery is not much different 
between the control and intervention groups (up to the first 
three days), but in the following days, the pain intensity 
decreases more rapidly in the intervention group, which 
are presented in Table 6.

Figure 7 depicts the percentage of cesarean section basal 
wound healing in the intervention/control groups, which 
is obtained according to the average of REEDA. As can 
be seen, the moderate recovery in the intervention group 
is ~ 23%, poor recovery ~ 50%, and non-recovery ~ 27%. On 
the other hand, the percentage of cesarean section basal 
wound healing in the control group is based on REEDA’s 
average. In this group, the moderate recovery is ~ 40%, poor 
recovery is ~ 40%, and non-recovery is ~ 20%. The graphs 
emphasize that there is no significant difference in recovery 
status between intervention and control groups for the basal 
wound.

Figure 8 represents the percentage of cesarean section heal-
ing after 10 days in the intervention and control groups. These 
graphs are based on REEDA averages too. In the intervention 
group, the percentage of perfect recovery is ~ 43%, moderate 
recovery is ~ 53%, and poor recovery is ~ 4%. In the control 
group, these percentages are 28%, 60%, and 12%, respectively. 
These findings indicate that the rate of perfect recovery in the 
intervention group is lucidly higher than the control group, 
whereas the average recovery rate in the two groups is almost 

the same. Furthermore, the poor recovery in the control group 
demonstrates to be greater than that of the intervention group.

Conclusion

Patients always complain of permanent scars due to abdomi-
nal cesarean sections alongside the recovery elongation and 
the beauty failure. Hence, one makes attempt to find the 
ways to palliate the pain during the recovery as well as to 
efface the trace of suture at the end of treatment. Here, the 
aim is to use laser treatment based on PBM to biostimulate 
the tissues surrounding the section giving rise to the fading 
of surgical scars, reduction of pain, rapid healing of cesarean 
wound, and reduction of discharge. In fact, PBM enhances 
the activity of leukocytes and macrophages as well as stimu-
lating collagen synthesis and angiogenesis. In addition to the 
short-term positive results, the aforementioned advantages 
reduce the use of drug uptake such as painkillers and anti-
biotics, to level down the side effects of medication in the 
long term. Not only the fading of the cesarean scar affects 
the patient’s consent, but also notably decreases the time 
and financial costs of cosmetic surgeries prescriptions after-
math. Here, in the course of the clinical study, according to 
REEDA and VAS criteria, PBM enhances the recovery suc-
cess up to 15% for cesarean wounds 10 days after the opera-
tion against the patients who did not receive the laser treat-
ment. Eventually, this clinical research gives us an insight to 
examine the larger statistical population to validate PBM as 
an effective post-cesarean treatment. Comparison of the total 
scores obtained from 5 variables of REEDA scale (redness, 
edema, ecchymosis, discharge, and distance between the two 
edges of the wound) showed that the mean REEDA score 
on the first day after delivery was not significantly different 
between the two groups (p = 0.126). Discrepancy of mean 
REEDA scores on the third day (p = 0.035), seventh day 
(p = 0.03), and tenth day (p = 0.02) after delivery elucidates 
that the two groups demonstrate a statistically significant 
difference with each other. The mean wound healing score 
in the intervention group was almost half of the mean wound 
healing score on the tenth day in the control group (1.09 vs. 
2.25) which indicates the rapid recovery under laser therapy. 
Furthermore, regarding the statistical populations of inter-
vention and control, around 17% of the patient population 
exhibits to be far of the average data. Thus, those are taken 
as out of range and to be improper for true statistical analy-
sis. As a consequence, we come to conclusion that REEDA 
suffers from 17% systematic error. According to the statis-
tical analysis given in this work, the competence of PBM 
process in hospitals and medical centers is well verified.
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