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A histological evaluation of a low-level laser therapy
as an adjunct to periodontal therapy in patients
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Abstract Diabetes mellitus (DM) and chronic periodontitis
are common chronic diseases in adults in the world popula-
tion. DM has a strong influence on the oral cavity and repre-
sents a risk factor for gingivitis and periodontitis. Low-level
laser therapy (LLLT) has proven effective in the reduction of
inflammation and swelling. The aim of the present study was
to evaluate the efficacy of LLLT in diabetic periodontitis
through histological analysis. A total of 300 diabetics with
chronic periodontal disease and teeth indicated for extraction
were assigned into six equal groups. In the groups 1 and 4,

indicated teeth were extracted before treatment, and in the rest
of the groups upon completion of the entire treatment. All
patients received oral hygiene instructions and full-mouth
conservative periodontal treatment. In groups 3 and 6, LLLT
was applied (670 nm, 5 mW, 2 J/cm2, 16 min, 5 days).
Histologic findings of gingival tissue treated with LLLT
showed expressed healing, as is evident by the absence of
inflammatory cells. Tissue edema could not be seen, and the
number of blood vessels was reduced. In the gingival lamina,
propria pronounced collagenization and homogenization were
present. It can be concluded that LLLT has shown efficacy in
the treatment of periodontitis in diabetics. Because of more
pronounced alterations of periodontium in diabetics, the use of
LLLT is of particular importance.
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Introduction

Diabetes mellitus (DM) and chronic periodontitis are com-
mon chronic diseases in adults in the world population. DM
is a complex disease with both metabolic and vascular
components characterized by hyperglycemia due to defects
in insulin secretion, insulin action, or both. The influence of
DM on the oral cavity has been well researched, and studies
have reported DM as a risk factor for gingivitis and perio-
dontitis [1, 2]. Several epidemiological studies have pre-
sented a positive correlation between degree of glycemic
control and periodontitis prevalence and progression [3–5].

The mechanisms by which hyperglycemia can induce
periodontal destruction are not yet fully understood, but is
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thought to have an association with altered immune func-
tion, advanced glycation end products (AGEs), and changes
in collagen [6–8]. The diabetic state impairs the gingival
fibroblast synthesis of collagen and glycosaminoglycan,
enhances crevicular fluid collagenolytic activity, results in
the loss of periodontal fibers and loss of the alveolar sup-
porting bone [9, 10]. This predisposes to chronic inflamma-
tion, progressive tissue breakdown, and diminished tissue
repair capacity [11]. Taken collectively, these mechanisms
cause periodontal tissue breakdown, loosening, and finally
exfoliation of the teeth [9–11]. Patients with DM exhibit
poorer periodontal health and poorer therapeutic response
than systemically healthy patients [5]. Close collaboration
between the patient, the primary health care and oral health
professionals, and application of new therapeutic modalities
could be a way of improving general and oral health in
patients with DM.

Low-level laser therapy (LLLT) was introduced as a
therapeutic modality as early as 1968 [12]. LLLT includes
wavelengths between 500 and 1,100 nm and typically
involves a dose of 1–4 J/cm2 using lasers with output
powers of 10–90 mW. The infrared portions of the spectrum
have been shown to have highly absorbent and unique
therapeutic effects in living tissues and seem to provide
the best results [12]. LLLT has shown to be effective in
the treatment of impaired microcirculation, wound healing,
pain relief, fracture healing, and reduction of inflammation
and swelling [13–19]. It is widely accepted today that the
inflammation is a basic response of periodontal tissue to
damage. LLLT reduces gingival inflammation and better
therapeutic results are achieved when LLLT was applied
during conservative periodontal therapy compared to apply-
ing conservative periodontal therapy alone [20]. Until now,
there has been little histological evidence pertaining to a
study of LLLT patients with DM.

The aim of the study

With an increased number of patients presenting with DM, a
more proper understanding on its pathophysiology is a key
for an appropriate treatment approach. Therefore, the aim of
the present study was to evaluate the efficacy of low-level
laser therapy and conservative periodontal therapy in
patients with DM through histology.

Subjects and methods

Study design and subjects

This clinical study was carried out as a joint collaboration
between the Department of Endocrinology and Department

of Periodontology and Oral medicine, Niš University, Fac-
ulty of Medicine. The Ethics Committee of the Faculty of
Medicine Niš approved the study protocol (evidential num-
ber 01-2800-7). Patients with periodontitis and DM were
selected randomly from the pool of followed patients at the
Department of Endocrinology, Niš University Medical
Center.

Patients who underwent antibiotic and corticosteroid
therapy within the last 3 months or who had acute systemic
illness, hemorrhagic disorders, autoimmune diseases as well
as pregnant patients, or underwent periodontal treatment
less than 6 months prior to the study were not included in
the study. After taking the history and clinical examination,
300 diabetic patients who had chronic periodontal disease
and teeth indicated for extraction (because of advanced
periodontitis and poor treatment prognosis) signed an in-
formed consent form. There were 150 subjects with perio-
dontitis and DM type 1 that were assigned into three groups
(groups 1, 2, and 3), and 150 subjects with periodontitis and
DM type 2 assigned into three groups (groups 4, 5, and 6).

Oral examination protocol

Oral examination was done by a single examiner for all fully
erupted permanent teeth (third molars excluded). In groups
1 and 4 the teeth were extracted before treatment, and in the
rest of the groups upon completion of the entire treatment.
All patients in the study received oral hygiene instructions
and full-mouth conservative periodontal treatment (removal
of dental plaque followed by scaling and root planing).
Afterwards, in groups 3 and 6, GaAlAs LLLT (Mils 94,
670 nm, 5 mW, 16 min, 2 J/cm2) was applied to gingival
tissue surrounding investigated tooth, for five consecutive
days. After completing the therapy in groups 2, 3, 5 and 6,
teeth were extracted and gingival material from the socket
was taken. After standard processing, material H&E staining
was applied.

Diabetes-related variables

The following information was collected from medical
records: type of DM and duration (years since diagnosis),
glycosylated hemoglobin (HbA1C), patient age, and sex.

Results

Subjects with periodontitis and DM type 1 were 54% wom-
en and 46% men with the mean age of 25.54±3.65 years,
HbA1C value 9.87±0.32% and the mean DM duration was
19.01±1.22 years. Subjects with periodontitis and DM type
2 were 48% women and 52% men, with the mean age of
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62.57±8.57 years, with HbA1C value 8.70±0.45% and the
mean DM duration was 14.68±3.43 years.

Histological observation before therapy (groups 1 and 4)

In the lamina propria between pseudocystic formations
and fibrosclerotic areas, an inflammatory cell infiltrate
was observed. The inflammation was intense and the
inflammatory infiltrate was composedmainly of lymphocytes,
fibroblasts, and a few plasma cells. Fibrosclerotic areas had a
gnarly appearance, and were characterized by collagen bundle
hyalinization. Thickening of the basement membrane of blood
vessels was also noticed. Small, locally confluent and large,
pseudocystic formations were seen at the place of the colla-
genolysis. Its content seemed to be a homogeneous, structure-
less material similar to serous liquid filled with fresh and old
erythrocytes. Nerve bundles and collagen structures sur-
rounded these areas. In the dilated capillaries, marginalization
of agglomerated erythrocytes and rare Russell’s cells were
also seen. There was no histological difference between
groups 1 and 4. (Figs. 1 and 2)

Histological observation after conservative periodontal
therapy (groups 2 and 5)

A reduction of inflammatory cells and tissue edema was
observed. Lymphocytes and plasma cells with a small number
of leukocytes were present in the stroma. The representation
of blood vessels was lower compared to the state before
treatment. Collagenization of the stroma was moderately
expressed. There was no histological difference between
investigated groups 2 and 5. (Figs. 3 and 4)

Histological observation after conservative periodontal
therapy and LLLT (groups 3 and 6)

Disappearance of tissue edema with a minimal number of
inflammatory cells in the lamina propria was observed. The
number of blood vessels was reduced, with distinguish
collagenization and homogenization of the stroma. There
was no histological difference between groups 3 and 6.
(Figs. 5 and 6)

Discussion

It is widely accepted today that the primary etiological factor
for the onset of periodontitis is dental plaque, although the
exact mechanism of damage remains unknown. Also, several
risk factors, such as DM play an important role. Prevention of

Fig. 1 Histological observation before therapy in patients with DM
type 1 (H&E × 200)

Fig. 2 Histological observation before therapy in patients with DM
type 2 (H&E × 200)

Fig. 3 Histological observation after periodontal therapy in patients
with DM type 1 (H&E × 400)
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periodontitis in patients with DM is fundamentally important
due to its potential adverse effect on glycemic control and
promotion of diabetic complications. The dynamics of peri-
odontal tissue destruction in patients with DM is complex and
has been not clearly elucidated [21–23]. Understanding its
causative pathways plays a crucial role in determining an
effective treatment approach.

Periodontitis is characterized by gingival inflammation,
periodontal tissue destruction, and alveolar bone loss [22,
23]. Inflammation is a basic response of periodontal tissue to
damage and serves as a fast first line of defense against
damage and infections. Marked inflammation affects both
the epithelial and connective tissues, causing degeneration of
the dermal papilla, increase in the number of inflammatory
cells, destruction of reticulin fibers, and accumulation of dense
collagen fibers (fibrosis). These changes are worsened by
DM, apparently by hampering the inflammatory response

and affecting tissue repair of the affected tissues [24, 25].
Similar changes were noticed in this study: in the gingival
lamina propria inflammatory changes (tissue edema, inflam-
matory cell infiltrate, thickening of the basement membrane of
blood vessels, collagenolysis and hyalinization of the collagen
bundles) were more pronounced before therapy compared to
the state observed after both therapeutic protocols.

The gingival lamina propria is subject to a great range of
structural patterns. Because of its vascularity, this tissue
exhibits considerable lability and may be considered to
reflect, in an even greater degree than lamina epithelialis,
responses to both systemic and local conditions. Differences
in connective tissue density and organization, the degree of
polymerization of matrix, show many different patterns
which further studies may correlate biochemically, physio-
logically, and clinically. Gingival lamina propria in this
study showed leukocyte inflammation with small lympho-
plasmatic infiltrate and a lot of fibroblasts and the plasma-
cytoma. Before the therapy, this inflammatory cell infiltrate
was observed in the lamina propria between the fibroscler-
otic areas and pseudocystic formations due to very pro-
nounced lysis of collagen. Similar alterations in the
gingival epithelium and connective tissue with DM have
been reported by several authors [26, 27]. Atrophy and
pleomorphism of the gingival epithelium, with inflammato-
ry infiltrate and increased intercellular spaces, have been
seen in patients with DM. The lamina propria in normal
gingival is generally less cellular than in patients with DM,
and the collagenous tissue, chiefly in papillary crests, is
coarsely textured and densely packed. According to Silva
et al. [24], diabetic animals presented a compromised
differentiation of the epithelial cells, reduction in soluble
collagen, and distortion of reticular fibres.

The treatment of gingivitis and periodontitis has gone
through various stages: from the simplest, conservative

Fig. 4 Histological observation after periodontal therapy in patients
with DM type 2 (H&E × 400)

Fig. 5 Histological observation after periodontal therapy and LLLT in
patients with DM type 1 (H&E × 400)

Fig. 6 Histological observation after periodontal therapy and LLLT in
patients with DM type 1 (H&E × 400)
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treatment methods, through improved surgical interventions,
to a new era marked by laser technology. The purpose of the
present study was to evaluate the efficiency of periodontal
therapy and LLLT in patients with DM. After applied LLLT
and conservative periodontal therapy, more pronounced signs
of gingival tissue healing were observed than after applying
only conservative periodontal therapy. Similar findings were
observed by other investigators. Pesevska et al. noticed [28]
suppression of TNF-alpha in gingival tissue after low-level
laser treatment (1.875 J/cm2) as adjunct to scaling and root
planing. Data may suggest beneficial anti-inflammatory
effects of the laser treatment when used as adjunctive peri-
odontal treatment. Angelov et al. [29] assessed the effects of
low-level laser treatment in combination with scaling and root
planning in patients with periodontitis. The plaque index,
gingival index, and sulcular bleeding index were recorded,
and all three clinical parameters showed that a low-level diode
laser can have a beneficial effect for treating inflammatory
chronic advanced periodontitis. There are an insufficient num-
ber of studies analyzing histological changes in the inflamed
human gingival tissue after LLLT [20, 26, 30, 31]. Clinical
studies have shown beneficial effects of laser therapy in
inflammatory pathology, such as bursitis, tendinitis, and other
syndromes [32, 33]. In this study, histological findings of
gingival tissue treated with LLLT showed expressed healing
and pronounced collagenization as confirmed by the work of
other authors. Logan et al. [34] examined the production of
collagen after the application of laser radiation and noticed
release of inflammatory mediators in the interstitium, and
increased activity of fibroblasts after absorption of laser light
in the superficial dermis. Reddy et al. [35] noted that LLLT
significantly stimulates proliferation of fibroblasts, collagen
production, and connective tissue stabilization. Byrnes et al.
[36] investigated the effects of LLLT on cutaneous wound
healing in an animal model of DM type 2. Significant im-
provement in wound healing histology and wound closure
were found following treatment with 4 J/cm2. The results
demonstrate that LLLT at an energy density of 4 J/cm2 is
effective in improving the healing of cutaneous wounds
in an animal model of DM type 2, suggesting that LLLT
(632 nm, 4 J/cm2) would be effective in treating wounds
in diabetic patients [36]. Maiya et al. [37] investigated
the effect of low-energy He-Ne laser treatment on wound
healing dynamics (histological and biochemical) in diabetic
rats and concluded that LLLT promotes tissue repair
processes [37].

In order to be more certain of this hypothesis, further
animal and human experiments with a larger sample size
should be performed including immunohistochemical anal-
ysis of related cytokines and chemokines. Moreover, the
blood glucose level in patients with DM should be further
investigated to correlate glycemic level, periodontal tissue
destruction, and response to therapy.

Conclusions

It can be concluded that low-power lasers have shown
efficacy in the treatment of periodontitis in patients with
diabetes mellitus. Because of more pronounced alterations
of periodontium in patients with diabetes mellitus, the use of
low-power laser is of particular importance.

LLLT together with conservative periodontal therapy
may lead to better and longer-lasting therapeutic results,
and the usage of LLLT as a standard form of adjuvant
periodontal therapy can be recommended in patients with
diabetes mellitus. Further LLLT studies are needed to
demonstrate improvement in measured standard clinical
periodontal parameters in these patients over time.
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