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Structured Abstract

Objective – To investigate the amount of the cementum layer formed

over the rat’s dental root surfaces by daily application of low-level laser

therapy (LLLT) for 2 weeks.

Methods – Twelve female Sprague-Dawley (SD) rats were divided into

two groups: six rats received daily LLLT (Ga-Al-As, 830 nm), and six rats

received no treatment (control). The treatment lasted 2 weeks. In vivo

Micro-CT imaging analyzed the root’s hard tissue volumetric changes.

The cementum thickness was evaluated histologically.

Results – Total cementum thicknesses in the LLLT group increased

significantly (p = 0.015) compared to the control group. This significant

increase in the cementum thickness, verified histologically, was not

detectable during in vivo Micro-CT imaging, which showed no significant

difference between the groups regarding the root hard tissues volumetric

changes over the 2-week evaluation period.

Conclusion – Two weeks of daily application of LLLT significantly

increased rat’s dental root cementum thickness as determined histologi-

cally. However, in vivo Micro-CT imaging failed to accurately reveal this

cementum growth as it was not possible to differentiate dentinal changes.
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Introduction

The dental root is covered by a thin mineralized avascular con-

nective tissue layer, known as cementum (1). The major func-

tion of cementum layer is to connect the inert root surface,

biologically and structurally, with the surrounding alveolar bone

through an interposing soft connective tissue, known as the

periodontal ligament (1, 2). Cementum has also important adap-

tive and reparative roles in maintaining the integrity of the root
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surface and thus preserving the proper tooth

supporting apparatus (2).

Unlike bone, cementum slightly increases in

thickness throughout life but does not show a

continuous physiological remodeling (1, 3). The

cementum matrix is deposited by specialized

cells called cementoblasts, which are continu-

ously recruited from specialized cementoprogen-

itor cells within the same root-related area of

the mature and intact periodontal ligament (1,

4). Many studies have investigated the effect of a

direct topical application of different growth and

differentiation factors in order to induce cemen-

tum formation and growth around a previously

exposed dental root surface due to periodontal

disease (5–9). A major limitation of applying bio-

active molecules directly to root surface is that

they need to bind efficiently in the target loca-

tion and remain bio-available for long period of

time (2). On the other hand, several in vitro and

in vivo applications of low-level laser therapy

(LLLT) in dentistry have been reported (10, 11).

It has been shown that LLLT significantly pro-

motes the remodeling abilities of the mineralized

tissues around dental roots, by influencing

appropriate cellular functions and reducing the

production of inflammatory molecules (12–14).

Therefore, the non-pharmacological mechanism

of action of LLLT could offer a non-invasive

alternative to stimulate the growth of cementum

around dental roots. Theoretically, to stimulate

cementum cells which are located deeply in the

periodontal space, the near-infrared continuous

wave gallium–aluminum–arsenide (Ga-Al-As)

low-level laser at 830 nm wavelengths with 100

mW output power and exposures dose of 6

joules/cm² would provide justifiable parameters

to insure the appropriate energy absorption by

the cells and thus stimulate the tissue remodel-

ing around dental roots (15–17).

The aim of this in vivo study was to evaluate

the application effect of LLLT on the amount of

cementum thickness over 2 weeks in rats. Using

a rat model would offer the potential advantage

of comparing our results to previous studies

using a similar model. On the other hand, the

small physical size of the rat could enable the

use of micro-CT imaging as a potential non-

invasive modality to investigate the cementum

growth in an in vivo setting.

Materials and methods
Experimental procedures

The animal experiment protocol was approved

by the Animal Care and Use Committee for

Health Sciences at the University of Alberta.

A total sample of 12 female Sprague-Dawley

(SD) rats (Biosciences Animal Service, Edmon-

ton, Alberta), aged 6 weeks old, was used. The

animals were randomly distributed into labeled

cages, two rats per cage, and ear notching iden-

tified each animal. All animals were exposed to

the standard 12-hour light/dark cycles and were

given 7 days, before treatment start, to adapt to

the new environment. The animals were given

water ad libitum and fed regular diet.

The animals were then randomly divided into

two treatment groups of six animals (n = 6):

In the LLLT Group 6, rats received a daily dose

of low-level laser therapy (LLLT) for 2 weeks.

For the low-level laser source, a gallium–alumi-

num–arsenide (Ga-Al-As) continuous wave laser

system (MediCom Maestro) was used. The wave-

length of this laser source is 830 nm, at 100 mW

output power, with 0.05 cm2 beam spot area.

The output power was measured before each

application by a gauge connected to the same

laser system. A rigid light guide delivered the

laser beam by placing the end of this guide tip

in contact with the gingiva over the roots of both

right and left maxillary first molars at four differ-

ent points, the mesial, buccal, distal, and lingual

sides, for each molar. Irradiation was performed

for 3 s at each point, with total energy density

dose of 6 joules/cm2 for each point once a day

for 2 weeks. The aforementioned energy density

is considered within the optimum LLLT dose

needed to stimulate any target tissue at an ideal

cellular response threshold (18). Moreover, the

wavelength of this LLLT system was proved to

be capable of reaching and stimulating the tis-

sues remodeling around rat’s dental root (12,

14). Animals of this group were anesthetized

by isoflurane inhalation daily prior to laser
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treatment to prevent device biting by the animal

during the treatment.

In the control group 6, rats received no treat-

ment for 2 weeks. Animals in this group did not

receive any treatment in order to evaluate the

root hard tissues volume changes and the

amount of cementum thickness formation due

to normal growth.

Micro-CT imaging

In vivo Micro-CT imaging was performed for all

the animals immediately before treatment start

(Time 0) and at the end of 2 weeks treatment

(Time 1). Rats were placed in the Micro-CT ima-

ger (Skyscan 1076) under general anesthesia (Iso-

flurane inhalation), to avoid movement during

imaging procedure. The images were obtained at

18 lm resolution with a 1-mm-thick aluminum

filter. After that, the raw image dataset was

reconstructed and analyzed by software provided

by the same Micro-CT imager company. The

mesial roots of all maxillary right and left first

molars were projected and sliced in cross sec-

tions. Root volume was analyzed at each time

point by including all the slices below the furca-

tion area (Fig. 1a) toward the root apex until the

end of the root (Fig. 1b). After that, a region of

interest was selected and drawn by including the

area of each root (Fig. 2a) through all produced

A B

Fig. 1. Micro-CT volume of inter-

est consists of all the cross-sec-

tion root slices below the

furcation area. Starting from this

slice (a) where the roots com-

pletely separated and proceed

toward the root apex until the

end of the root (b)

A B

Fig. 2. As shown in (a): select and

draw to include the root area. (b):

applying a threshold value to out-

line the root area; red area in (b)

represent the area of root hard

tissues
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root slices. A contrast threshold value was

adjusted, fixed, and applied to all slices to

include the root area and exclude the non-root

area (Fig. 2b). The threshold value was set to dis-

tinguish and include the area of root hard tissues

from the surrounding periodontal soft tissues.

Moreover, the area representing the soft tissues

inside the radicular pulp was excluded because

its density degree was similar to that displaying

the periodontal soft tissues on the radiograph

images. As a final step, the computer aggregated

the included root area of all indicated slices and

end up with a volume of interest that represents

the root hard tissue’s volume.

Histomorphometric analysis

All animals were then euthanized by CO2

asphyxiation at the end of the 2-week follow-up

period. After that, the mesial roots of all maxil-

lary right and left first molars were dissected

and processed for histological evaluations. Ten

cross-section slices, 5 lm thick, were taken at

50-lm intervals through the whole length of

each mesial root starting below the furcation

area toward the root apex until the end of the

root. The sections were mounted on glass slides,

stained with hematoxylin and eosin (H&E), and

examined under a light microscope. The cemen-

tum thickness was calculated by measuring and

averaging the extent of the cementum layer at

mesial, buccal, distal, and palatal root surfaces

in each slide. The total cementum thickness of

each root was the average of cementum thick-

ness of all its slides.

Statistical analyses

In order not to violate the independency

assumption of the variables for the statistical

tests, the average root value of the right and left

molars of the same rat in the first experiment

was calculated and used in all the following sta-

tistical analyses. For this reason, the final total

sample size remained 12 roots (total: n = 12).

Each group sample size was 6 roots (for each

group: n = 6). Due to the small sample size, a

nonparametric Mann–Whitney test was used.

Results

The means and standard deviations (SD) of the

root hard tissues volume obtained from the

Micro-CT analyses at each observation time are

summarized in Table 1. Root-Volume-Differ-

ence-Proportion values were calculated mathe-

matically by subtracting of the root volume

value, obtained from Micro-CT analyses, at the

end of 2 weeks treatment, from the volume

value of the same root immediately before treat-

ment start; then divide this emerging value by

the root volume before treatment start. There

was no statistical significant difference

(p = 0.240) in the Root-Volume-Difference-Pro-

portion when comparing the treatment group to

the control.

The means and SD of cementum thickness

obtained from the histomorphometric analyses

for each group are summarized in Table 2. LLLT

group showed a significant increase in the

cementum thicknesses (p = 0.015) on the total

surfaces of dental roots compared to control.

The cross-section slide pictures in Figs 3 and 4

are samples of different mesial roots (form dif-

ferent animals) from LLLT and control groups,

respectively, at the same magnification values.

Discussion

The present study evaluated the effect of low-

level laser therapy (LLLT) on the formation of

rats’ dental root cementum for 2 weeks. Histo-

Table 1. Root volume (mm3) from in-vivomicro-CT analyses

Treatment

Root volume Root volume

difference

proportionTime 0 Time 1

Control 0.76 � 0.06 1.17 � 0.08 0.55 � 0.09

LLLT 0.71 � 0.18 1.20 � 0.13 0.73 � 0.23†

Data are presented as mean � SD, when n = 6.
LLLT, low-level laser therapy.
Time 0: immediately before treatment start, Time 1: at the end
of 2 weeks treatment.
Root-Volume-Difference-Proportion = (Time 1�Time 0)/Time 0.
†Statistically significant compared to control, p-value < 0.05.
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logically, we found that LLLT stimulated the rat’s

dental root surfaces remodeling by significantly

increasing the cementum layer thickness. How-

ever, when analyzing the in vivo Micro-CT

images from the same samples, no significant

change in the growth of root hard tissues vol-

ume between the groups was noted.

The histological analyses of our study showed

a significant increase in the cementum thickness

in the LLLT group in comparison with the nor-

mally growing cementum from the control ani-

mals. The expected mechanism behind LLLT is

that laser radiation, with wavelength longer than

600 nm, has a capability to stimulate favorable

cellular activities and metabolic rates by absorb-

ing light energy (15, 19–21). It has been previ-

ously reported that the surface application of

LLLT, with wavelength spectrum between 660

and 905 nm, can increase the local production

of some growth factors around dental roots,

such as transforming growth factor-b (TGF-b),

platelet-derived growth factors (PDGFs), insulin-

like growth factor-1 (IGF-1), and basic fibroblast

growth factor (b-FGF) (22–24). These factors

Table 2. Cementum thickness (lm) from histological analyses

Treatment

Averages of root’s cementum thickness

Mesial surface Buccal surface Distal surface Lingual surface Total surfaces

Control 113 � 16 133 � 41 72 � 21 77 � 27 99 � 20

LLLT 197 � 68 215 � 30‡ 115 � 28† 126 � 30† 163 � 34†

Data are presented as mean � SD, when n = 6.
LLLT, low-level laser therapy.
†Statistically significant compared to control, p-value < 0.05.
‡Statistically significant compared to control, p-value < 0.01.

Fig. 3. Cross-section histological slides from LLLT treatment group. This view shows cementum thickness at the mesial (M), buc-

cal (B), distal (D), and lingual (L) surfaces.

Fig. 4. Cross-section histological slides from different animals in control group. Notice the cementum thickness at the mesial

(M), buccal (B), distal (D), and lingual (L) surfaces
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have been recognized as having a role in the

cementum formation and development (25).

The noted increase in cementum thickness in

LLLT group was following a normal cementum

growth pattern. The growth of cellular intrinsic

fiber cementum (CIFC), covers the apical portions

of the root surfaces, was more evident than acellu-

lar extrinsic fiber cementum (AEFC), which is nor-

mally confined to the coronal half of the root. It is

known that the CIFC plays an important reparative

role in preserving the root surface against resorp-

tive defect, due to the ability of its cellular content

to grow much faster than the other cementum

types (1). Several laboratory studies and clinical

investigations have found that LLLT is able to opti-

mize the local biological conditions that lead to a

considerable increase in tissue growth by influenc-

ing the activity of several cell types simultaneously

(10, 11, 26). Many reports confirmed the ability of

LLLT (Ga-Al-As) to provide the favorable local

environment that accelerate the process of miner-

alized tissue formation, by influencing the appro-

priate cellular behaviors, stimulating tissue

vascularity, promoting the activity of alkaline

phosphatase, increasing the tissue ATP level, and

reducing the production inflammatory molecules

(13, 27–32). It has been shown that LLLT (Ga-Al-

As), at 830 nm wavelength, could significantly

accelerate the orthodontic tooth movement by

stimulating mineralized tissues formation, as indi-

cated by increase cellular proliferation around

dental roots (12, 14). On the other hand, a double-

blind clinical study found that application of

830 nm wavelength LLLT can reduce the intensity

of orthodontic pain (33). This decrease in pain

level was connected to the ability of the same

wavelength LLLT in inhibiting the production of

some inflammatory molecules such as prostaglan-

din (PGE2) and interleukin-1 (IL-1) (13). Therefore,

the 830 nm wavelength LLLT can increase the

cementum growth by providing a protective role

against physiological cementum resorption,

because the high levels of both PGE2 and IL-1 are

not only involved in pain induction but also

increase the susceptibility of mineralized tissue

toward resorption (34–37).

The root volume in the present study refers to

the hard tissue of the dental root that comprises

both radicular dentine and cementum. Root’s

formation of rats’ molars complete before

6 weeks of age, and after that the root hard tis-

sues continue to grow slowly by secondary den-

tine apposition at the root internal surface by

specialized cells located inside the dental pulp

(38). At the same time, new cementum is contin-

uously formed over the root external surface

throughout life by cementoblasts, which are

continuously recruited from specialized progeni-

tor cells located in the periodontal ligament (4).

For this reason, the use of a control group was

justifiable.

Limitations

We found it difficult to distinguish between den-

tin and cementum from the images obtained

with the Micro-CT scanning parameters used in

this study. It is possible that our images failed to

identify some fine details that otherwise could

be detected in images at a higher resolution.

However, acquiring higher resolution in vivo

images by the same Micro-CT imager would

require increasing the radiation exposure time

and the length of anesthetic session at each

observational point, which in turn may affect

the animals’ health and the study results (39).

Therefore, our utilization of Micro-CT system as

a non-invasive modality to obtain in vivo longi-

tudinal imaging at 18 lm resolution has not

shown to be a precise tool to directly assess the

growth of cementum layer volume.

A sham control group could have been used.

There could have been some level of tissue

responses due to the effect of the rat’s stress lev-

els. If the control group had been anesthetized

daily but not otherwise treated, this potential

factor could have been controlled.

Clinical implications

Our findings suggested that the non-invasive nat-

ure of LLLT, in combination with its ability to

enhance tissue remodeling and repair, could

make it a useful method to stimulate new cemen-

tum formation in dental root surfaces. This con-

cept could be useful clinically in regenerative
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periodontal therapy or toward reducing root

resorption caused by orthodontic tooth move-

ment. A word of caution is advised, as extrapola-

tion from animal studies to humans is not always

straightforward or completely accurate. How the

above-discussed mechanisms would work in

humans should be explored in future research.

Conclusion

We concluded that 2 weeks of daily application

of LLLT, at 830 nm wavelength, significantly

increased rat’s dental root cementum thickness

as determined histologically. On the other hand,

our analyses of the obtained Micro-CT images at

18 lm resolution failed to detect the volumetric

cementum growth.
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