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Background and objective: Our previous histological studies indicated that near-infrared 

(NIR) irradiation stimulates collagen proliferation in rat and human skin for 3 months. High 

collagen density in the dermis and smoothing of the epidermis were observed in irradiated rat 

skin, and appeared to last up to 6 months. Epidermal smoothness in irradiated rat skin seems 

to resemble scarring. Here, we performed a long-term histological comparison between NIR 

(1100 to 1800 nm) irradiated skin and scar tissues.

Materials and methods: Rat skin was irradiated using a NIR device. Scar tissues were har-

vested from wounded areas and were compared with irradiated skin. Histological changes up 

to 180 days post-treatment were evaluated with hematoxylin and eosin, Azan-Mallory staining, 

and collagen type I and III staining.

Results: In nonirradiated control skin, the dermis showed a low density of type I and III col-

lagen, the surface of the epidermis was rough, and no significant changes were observed over 

time. In irradiated skin, both type I and III collagen increased significantly, and persisted up to 

180 days. The density of type I collagen was significantly higher than that of type III collagen, 

whereas type I and III collagen of the control group did not differ significantly. Epidermis was 

thickened for 30 days, and epidermal smoothness persisted up to 180 days. In scar tissues, the 

density of type III collagen was higher than that of type I collagen. The number of fibroblasts 

remained high and the glial fibrils were dense until 180 days after injury compared with irradi-

ated skin. Significant increases in both type I and III collagen and epidermal flattering persisted 

until 180 days.

Conclusions: NIR irradiation induced high collagen density in the dermis, resulting in long-term 

epidermal smoothness without scar formation. Results indicated that NIR irradiation provides 

safe, consistent, and long-term effects of skin rejuvenation.

Keywords: near-infrared irradiation, long-term effects, collagen, scar, skin rejuvenation

Introduction
Skin aging is a complex biological phenomenon that affects the different components 

of the skin, and consists of photoaging and intrinsic aging.1,2 Skin aging is commonly 

associated with skin wrinkling, sagging, and laxity. Skin laxity is a common 

complaint of patients who request skin rejuvenation.3 Many studies reported that 

a near-infrared (NIR) device with contact cooling is effective in the treatment of 

skin laxity.3–8 Nonablative lasers and radiofrequency devices work by thermally 

stimulating dermal collagen remodeling.9 Thermal damage, including NIR irradiation, 

denatures the collagen and encourages the generation of new collagen, resulting in 

tighter skin.5,6 NIR irradiation produces clearly measurable elevations in markers of 
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collagen production.10 NIR irradiation increases the amounts 

of collagen in human dermal fibroblasts, and can result in 

clinical improvement of skin texture.11

We previously reported that NIR irradiation induces an 

injury response in the skin and subcutaneous tissues.12,13 

NIR irradiation also induces preferential production of type 

I collagen without a long-term increase in type III collagen 

production for 3  months following NIR irradiation in 

rat skin.12 High collagen density in the dermis and smoothing 

of the epidermis were observed in irradiated skin at postir-

radiation day 30 (P30),12 and appeared to last up to P180. 

Smoothness of the epidermis for such a long period may be 

thought of as scarring. However, irradiated skin appeared 

different from scars.

We hypothesized that NIR irradiation induces long-term 

high collagen density in the dermis and smoothing of the epi-

dermis without scar formation. To verify this hypothesis, we 

examined the histological changes over time after NIR irradia-

tion and compared the results with those of scar tissues.

Materials and methods
Animal preparations
This study was approved by Shinshu University Institutional 

Review Board for Animal Study. Thirty male Wistar rats 

(Rattus norvegicus albino) were prepared for this study. 

Animals were housed in a temperature-controlled environ-

ment under a 12-hour light/dark cycle with free access to 

water and standard rat chow. Before treatments and tissue 

sampling, the rats were anesthetized using intraperitoneal 

injection of 50 mg/kg pentobarbitone. Tissue samples were 

obtained from a rectangular fragment of treated skin and 

subcutaneous tissue measuring approximately 30 × 20 mm 

in the median region of the back. Scar tissue samples were 

harvested from the intentionally wounded skin measuring 

approximately 20 × 10 mm in the back. National and inter-

national principles of laboratory animal care were followed 

throughout this study.

Near-infrared irradiation
Animals were divided into 2 groups: control group (n = 5) 

and irradiated group (n = 25). The irradiated group received 

treatments at 40 J/cm2, while the control group received no 

irradiation. Rats in the irradiated group received 3 treatments 

on days 0, 7, and 14. Treatments consisted of 2 passes of 

NIR irradiation. All groups were monitored and measured 

simultaneously.

NIR irradiation was performed with a broadband NIR 

source (Titan; Cutera, Brisbane, CA). The NIR device emits 

a spectrum of NIR between 1100 and 1800 nm, with filtering 

of wavelengths between 1400 and 1500 nm that are strongly 

absorbed by fluid and hemoglobin. Surface temperature was 

regulated with an integrated temperature-controlled sapphire 

window to prevent epidermal burns during irradiation.4–6,8 

This specific wavelength and cooling system enabled deeper 

penetration of NIR and sufficient NIR delivery without any 

pain or epidermal burns.

Fluence ranges for the study were determined based 

on clinical experience with the device and our previous 

report. We reported that NIR irradiation at a dose of 

20 J/cm2 is sufficiently high to induce histological changes 

in the epidermis, but that higher energies have a greater 

response, and are preferable for dermal effects, such as skin 

tightening.12 Therefore, the irradiated group was treated at a 

dose of 40 J/cm2 in the present study.

Histological investigation
Over 60  skin samples were obtained for microscopic 

investigation. Biopsies were taken on postirradiation 

days 0, 7, 30, 45, and 180 (P0, P7, P30, P45, and P180, 

respectively). The specimens were fixed in 20% neutral 

buffered formalin and processed for paraffin embedding. 

Specimens were then serially sectioned in the sagittal 

plane (3–4 µm thick) and evaluated with hematoxylin and 

eosin, Azan-Mallory staining, and immunohistochemical 

staining. Collagen staining was performed with purified 

rabbit anti-rat collagen type I and III polyclonal antibodies 

(Novotec, Lyon, France) at a dilution of 1:500. The sections 

were examined and photographed with a digital camera 

system and processed with Adobe Photoshop (Adobe, San 

Jose, CA).

To calculate the area of the stained regions in the dermis, 

an optimized color threshold was applied to each image to 

distinguish between the stained areas and background. The 

proportion of the selected color was calculated as a per-

centage of the total area and used as a measure of collagen 

density. Collagen synthesis was scanned and quantified in 

5 representative fields per section. The scores of the 5 fields 

were then averaged to obtain a final score for each section. 

Two independent physicians performed the histology inter-

pretation and the image analysis.

Statistical analysis
Data presented are means ± SD. We performed statistical 

analyses with Stat View system (SAS Institute Inc.). 

The differences between groups at each time point were 

examined for statistical significance with the Mann–Whitney 
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U-test test. P , 0.05 was considered to indicate statistical 

significance.

Results
Histological investigation exhibited changes over time as 

shown in Figures 1 to 3. Results of measurements of types I 

and III collagen are shown Figure 4.

In the control group, the layer of keratin was very rough 

and uneven (Figures  1 and 3). The dermis showed a low 

density of type I and III collagen (Figure 1). No significant 

changes were observed in the epidermis or dermis in the 

control group throughout the present study.

In irradiated skin, smoothing and thickening of the epi-

dermis, hyperplasia of fibroblasts, lymphocytes, and small 

blood vessels in a wide area of the dermis were detected 

in biopsies taken on P0 and P7 (Figure  3). The dermis 

was edematous up to P7. Smoothing of the epidermis and 

hyperplasia of fibroblasts with large nuclei in a wide area 

of the dermis were also observed in biopsies taken on P30. 

Further smoothing of the epidermis and bunch-shaped 

increases in glial fibrils were identified with Azan-Mallory 

staining on P45. The number of fibroblasts decreased and 

most of their nuclei became spindle-shaped on P45, which 

approached those in the controls. Both type I and III collagen 

increased compared with the control group. High collagen 

density in the dermis and smoothness of the epidermis were 

still observed on P180.

The histological appearance of irradiated skin appeared 

different from that of scar tissues. In scar tissues, epi-

dermal atrophy, follicular plugging, f ibroplasia, and 

Azan-Mallory Type I collagen Type III collagen
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Figure 1 The histology of control and near-infrared (NIR) irradiated skin 
(×200  magnification). The left column shows Azan-Mallory staining, the middle 
column shows type I collagen staining, and the right column shows type III collagen 
staining. Images from top to bottom show control, postirradiation day 30 (P30), 
postirradiation day 45 (P45), postirradiation day 180 (P180). Scale bar = 50.0 µm.
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Figure 2 The histology of scar tissues (×200 magnification). The left column shows 
Azan-Mallory Staining, the middle column shows type I collagen staining, and the 
right column shows type III collagen staining. Images from top to bottom show 
postinjury day 7 (P7), postinjury day 30 (P30), postinjury day 45 (P45), postinjury day 
180 (P180). Scale bar = 50.0 µm.
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angioplasia with dense collagen bundles were identified 

(Figure 2 and 3). The number of fibroblasts remained high and 

the glial fibrils were dense until P180 after injury compared 

with irradiated skin (Figure 3). Both type I and III collagen 

increased compared with the control group, and the density of 

type III collagen appeared higher than that of type I collagen. 

High collagen density in the dermis and flattering of the epi-

dermis were also still observed until P180 in scar tissues.

Investigation of the percentages of collagen density in 

irradiated skin revealed that significant increases in both 

type I and III collagen persisted up to P180 compared with 

the control group (P , 0.05). The density of type I collagen 

was significantly higher than that of type III collagen in 

irradiated skin at P30, P45, and P180 (P , 0.05), whereas 

type I and III collagen of the control group did not differ 

significantly (P  =  0.251) (Figure  4). In scar tissues, the 

density of type III collagen was higher than that of type 

I collagen (Figures 2 and 4). Significant increases in both 

type I and III collagen persisted until P180 compared with 

the control group (P , 0.05). The density of type III col-

lagen was significantly higher than that of type I collagen 

at P30 (P , 0.05), whereas a significant difference was not 

observed between type I and III collagen at P7, P45, and P180 

(P = 0.754, 0.0758, 0.251, respectively) (Figure 4).

Discussion
The safety and efficacy of modern lasers are attributable to 

the work of Anderson and Parrish.14 Utilizing a wavelength 

range of 1100 to 1800  nm and contact cooling, this NIR 

device is able to target water without targeting melanin or 

hemoglobin, allowing safe treatment of the deep dermis 

without risk to the basement membrane.

Some authors reported that clinical improvement fol-

lowing dermabrasion of photo-aged skin is correlated with 

synthesis of collagen I.15,16 Orringer et  al reported that 

both type I and type III collagen are important in dermal 

proliferation after ablative laser resurfacing.17 We previ-

ously reported that NIR irradiation induces preferential 

production of type I collagen without a long-term increase 

in type III collagen 3 months following NIR irradiation in 

rat skin.12 Type I collagen stimulation persists for 90 days 

in rat tissue, while type III collagen stimulation shows no 

significant difference from controls by P45.12 However, in 

the present study, the density of type I collagen remained 

high compared with type III collagen, and high collagen 

density in the dermis and smoothness of the epidermis were 

still observed up to 180 days after NIR irradiation. Although 

we performed evaluations for 180 days in the present study, 

these effects may last longer.

Many different NIR devices and lasers were used in 

previous studies, typically utilizing wavelengths between 

750 and 3000 nm. Wavelength selection directly influences 

target selection and penetration depth. Wavelengths below 

1100  nm are absorbed preferentially by melanin in the 

superficial layers of the skin. Wavelengths between 1400 

and 1500 nm and above 1850 nm are absorbed strongly by 

water, resulting in heating of the superficial layers of the 

skin, which can lead to painful sensations and burns.18 In this 

study, we used a NIR device that emits a spectrum of NIR 

from 1100 to 1800 nm, with filtering of wavelengths between 

1400 and 1500 nm that are strongly absorbed by fluid and 

hemoglobin. Filtering out these wavelengths below 1100 nm, 
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Figure 3 The histology of control, near-infrared (NIR) irradiated tissues,  
and scar tissues with hematoxylin and eosin staining (×400 magnification). The left 
column shows control skin and NIR irradiated skin, and the right column shows 
scar tissues. Images from top to bottom show control, P7, P30, P45, and P180.  
Scale bar = 20.0 µm.
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around 1450 nm and above 1850 nm enables delivery of light 

energy or NIR safely to the deeper tissues.19 Without filtering, 

too much energy is absorbed in the superficial layers of the 

skin, limiting NIR delivery to deeper tissue. Further, contact 

cooling helps further prevent severe increases in the surface 

temperature,6 to allow delivery of NIR safely and efficiently 

to the deeper tissues.5,19 This specific wavelength and cooling 

system enable NIR to penetrate to deeper tissues without any 

pain or epidermal burns.

The energy produced by the Titan infrared handpiece 

penetrates into the skin and is absorbed primarily by water 

within the dermis, resulting in heating throughout the skin.4,5 

This absorption increases the temperature, causing the release 

of inflammatory chemical mediators that stimulate the colla-

gen healing process. These inflammatory mediators released 

from vascular endothelial cells induce new dermal collagen 

production by fibroblasts.20 Dermal injury after a single NIR 

irradiation treatment indicates that NIR irradiation affects 

various aspects of the healing process, including the degree 

of inflammation, formation and organization of the collagen, 

neovascularization, and epithelization.21

To evaluate the effects of NIR irradiation, we investi-

gated biopsies taken on each of P0, P7, P30, P45, and P180. 

Hyperplasia of fibroblasts, lymphocytes, and small blood 

vessels, and edematous changes in a wide area of the dermis 

were observed on P0 and P7. These findings suggest that the 

period around P0 and P7 represents the inflammation stage 

in rat tissue. Demir reported that the breaking strength used 

for biomechanical evaluation of wounds in the maturation 

phase increases significantly after the third week of healing 

in rats.22 In the present study and our previous investigations, 

hyperplasia of fibroblasts and small blood vessels in a wide 

area of the dermis were observed, and the nuclei of fibro-

blasts were still large on P30, suggesting that P30 is within 

the proliferation stage.

On P45, the number of fibroblasts decreased and most 

of their nuclei became spindle shaped, and increases in 

glial fibrils were identified with Azan-Mallory staining, 

although the glial fibrils were thin on P30. These observations 

suggest that the proliferation stage lasts for 1 month, and 

the maturation stage begins at day 45  in rat tissue.12,13 

In human tissue, the proliferation stage is thought to last 

for about 1 to 3 months, and the maturation stage begins at 

around 2 to 3 months.13 Thus, the human healing period is 

about 2 to 3 times longer than that in rats.13 The effects of 

NIR irradiation on type I collagen were estimated to fade 

gradually over 3 to 4 months in rat tissue, extrapolating to 

roughly 1 year in human tissue.12,13

These findings are consistent with those of the previous 

report that collagen remodeling in humans continues for 6 to 

12 months after traumatic stimulation of fibroblasts.11 High 

collagen density and epidermal smoothness for such a long 

period may be thought of as scarring. However, histological 

appearance of irradiated skin appeared different from that 
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Figure 4 The percentages of type I collagen (yellow), and type III collagen (brown). Left: the results of control, and near-infrared (NIR) irradiated skin, right: the results of 
scar tissues. 
Note: Asterisks indicate statistical significance (P , 0.05) compared to the controls.
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of scar tissues. Hypertrophic scars are characterized by epi-

dermal atrophy, follicular plugging, fibroplasia, and angio-

plasia with dense collagen bundles replacing the dermis.23 

In the present study, all of these findings were identified in 

scar tissues, whereas follicular plugging, fibroplasia, and 

angioplasia with dense collagen bundles were not identified 

in irradiated skin.

Furthermore, our previous study and the present histo-

logical investigation suggest that NIR irradiation does not 

induce scar formation because of the very small amounts of 

type III collagen observed on P45, P90, and P180, which is 

usually seen in scar tissues. An increase in type III collagen 

was observed in scar tissues,24,25 and the same results were 

observed in the present study. The skin of elderly subjects 

shows an increase in type III collagen in normally sun-

protected skin, and a marked increase in type III collagen 

in sun-exposed sites compared with sun-protected sites.25,26 

Type I collagen appears to be a softer form of collagen, 

while type III collagen is more rigid and is found frequently 

in scar tissue.12 Therefore, it is preferable to stimulate type I 

collagen production for skin rejuvenation. As the density of 

type I collagen remained high compared with type III col-

lagen and smoothness of the epidermis was still observed 

up to 180  days after NIR irradiation, the results support 

the conclusion that this NIR irradiation method can induce 

safe and long-term skin rejuvenation effects. High collagen 

density in the dermis may support long-term smoothness 

of the epidermis, and further investigations in this area are 

therefore warranted.

It should be noted that this was a preliminary study based 

on animal experiments in a limited number of biopsies. Future 

studies could include additional assays, such as qPCR or 

western blotting to obtain more quantitative evidence. Also, 

functional measurements such as the elastic modulus of the 

treated skin would be highly informative. Other areas of 

possible investigation include evaluating dose effects and 

other laser parameters.

In conclusion, the results of the present study indicated 

that a specialized wavelength of NIR 1100 to 1800 nm with 

filtering of wavelengths between 1400 and 1500 nm, induces 

long-term high collagen density in the dermis, resulting in 

long-term smoothness of the epidermis without scar forma-

tion. Clinical application of the results from our experiments 

indicate that this NIR irradiation method using specialized 

wavelengths does not result in scar, and provides safe, 

consistent, and long-term skin rejuvenation effects. This is 

preferential for cosmesis in patients wishing improvement of 

laxity and wrinkles with smoother, more youthful skin.
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