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ABSTRACT
Laser therapy has been widely used 
in many different fields of medicine 
and has proved to be effective in var-
ious pathologic conditions through 
its anti-inflammatory, anti-edema, 
and analgesic effects. Despite the 
richness of literature and the nu-
merous clinical trials that prove the 
effectiveness of phototherapy, the 
molecular and cellular mechanisms 
underlying the therapeutic effects 
induced by laser emissions of differ-
ent wavelengths are not completely 
understood. The study these molec-
ular mechanisms is rather complex 
due to the different characteristics 
of the various tissues and body ar-
eas (in particular, the different op-
tical properties) and the variety of 
parameters used in clinical trials, 
such as wavelength, continuous or 
pulsed mode, frequency, time of 
exposure. The aim of this review is 
to focus on the Nd:YAG laser source 
used for Hiltherapy and to analyze 
different studies, both preclinical 
research and clinical applications, in 
order to help understand the mech-

anisms of action of this laser source 
and the therapeutic effects when it 
is applied in clinics.

INTRODUCTION
In the course of history, different civ-
ilizations have learned that light can 
have a strong effect on cells and tis-
sues. Starting from Romans, Greeks, 
and Egyptians, ancient people often 
used exposure to sun with the aim 
to obtain positive therapeutical ef-
fects. During the 19th century, red 
light was used to prevent scarring 
in patients affected by smallpox [1]. 
Throughout the 20th century, many 
advances were made with a rapid 
evolution from arc lamps to mod-
ern lasers, which allow us to use 
high-intensity (when needed), focal-
ized, monochromatic radiation, or 
to use multiple wavelengths. Since 
the 70s lasers have been used both 
in surgery, for tissue ablation, and 
in many other medical fields, such 
as physiotherapy, sports medicine, 
rehabilitation medicine, etc., thanks 
to the development of laser systems 
with improved emission modalities. 

The effect of laser radiation on bio-
logical tissues depends on various 
parameters, such as wavelength, 
power, frequency, emission regime 
(continue or pulsed), exposure time, 
and, last but not least, tissue opti-
cal properties. Proper choice of the 
treatment parameters allows phy-
sicians to control photochemical, 
photothermal, and photomechani-
cal effects produced by laser irradi-
ation to achieve therapeutic efficacy 
avoiding or minimizing side effects. 
When radiation hits the surface of 
a biological tissue, about the 3% of 
it is reflected, due to the change in 
the refractive index between air 
and tissue. The remaining radiation 
propagates within the tissue, where 
it is partly adsorbed and partly scat-
tered. The absorption of light ener-
gy is essential for an effect to occur 
at cell and tissue level. Light is ab-
sorbed by chromophores. They are 
molecules belonging to the tissues 
and responsible for tissue proper-
ties (e.g. coloring), vary from tissue 
to tissue, and determine the re-
sponse of the tissue to the radiation 
of a given wavelength.
Generally speaking, laser radiation 
can induce three different kinds of 
effects in biological tissues: photo-
chemical, photothermal, and pho-
tomechanical effects [2]. The pho-
tochemical effects occur when the 
light energy absorbed by a molecule 
(chromophore) is used for a struc-
tural or conformational rearrange-
ment of the molecule, or for a chem-
ical reaction. The photothermal 
effect takes place when the energy 
associated with the photons is con-
verted into heat. At tissue level, the 
results of photothermal interactions 
depend on the interaction time and 
the thermal relaxation time of the 
tissue [3]. The photothermal inter-
actions have been studied under dif-
ferent points of view, since they are 
crucial in surgery for tissue ablation, 
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while in other medical applications 
they are useful for inducing moder-
ate peripheral vasodilation, muscle 
relaxation and enhancement in the 
rate of biological reactions. Photo-
thermal interactions are also import-
ant in laser safety. In non surgical la-
sers, the temperature of the treated 
tissues should not exceed 43°C to 
avoid side effects [3]. In addition to 
the above effects, the photothermal 
interactions are also responsible 
for secondary photomechanical ef-
fects. Heating can induce transient 
modifications of extracellular matrix 
(ECM) components, such as collagen 
and other macromolecules, as well 
as transient fluid dynamics in the 
ECM, effects that in turn cause me-
chanical  stress  on  cells, modifying 
cell morphology and tissue texture. 
While photochemical effects are 
mostly induced by Ultraviolet (UV) 
and Visible (Vis) wavelengths, Near 
Infrared (NIR) wavelengths, such as 
that of the Nd:YAG laser emission 
(1064 nm wavelength), mostly in-
duce photothermal effects and, con-
sequently, photomechanical effects. 
However, effects of the NIR wave-
lengths closest to the visible spec-
trum on mitochondrial enzymes 
have been reported [4].
In more recent years, lasertherapy 
has been defined as a form of pho-
tobiomodulation (PBM), a generic 
term to indicate effects of light ir-
radiation on tissues. The term re-
fers to the changes that light (from 
many different surces) can elicit in 
biological processes, inducing their 
stimulation or inibition. PBM is a 
fashinating way to stimulate and 
cure tissues pathologies, and new 
frontiers emerge in a wide range of 
cellular responses, pain processes, 
inflammation pathways, and wound 
healing.
Hilterapia® is a distinguished High 
Intensity Laser Therapy (HILT) with 
patented laser pulse (FDA approved 

in 2003). The laser source is a solid 
crystal, Nd: YAG, with pulsed, NIR 
emission at 1064 wavelenght. It falls 
in the so called “therapeutic win-
dow”, where the absorption by the 
major tissue cromophores is lower, 
allowing  laser  radiation  to  pene-
trate  deeper. The emission wave-
length (1064 nm), and the related 
photon associated energy, mostly 
induces photothermal effects. The 
pulsed emission is characterized by 
very high peak power, allowing the 
propagation of high density pho-
ton packages in deep tissues. These 
properties ensure some advantages. 
Indeed, high power pulsed radiation 
cycles permit to penetrate tissues in 
depth without damaging or disrupt-
ing them. In order to analyze photo-
thermal and consequent photome-
chanical effects, pulse duration and 
duty cycle need to be considered. 
The pulse duration (t:on 200 µs) is 
shorter than the interval between 
pulses (t:off in the order of ms). 
Therefore, heat is dissipated with-
out side effects and can diffuse in 
the targeted tissues producing tem-
perature gradients. The transmitted 
heat can induce transient modifi-
cations of the biological microenvi-
ronment [3,5]. These modifications 
mostly involve the extracellular ma-
trix (ECM), which can translate them 
into changes in mechanical stress 
acting on cells, which are connected 
to ECM via membrane proteins. It 
has long been known that the ECM 
performs structural functions, but 
more recently it has been demon-
strated that the ECM has a key role 
in tissue homeostasis and in the 
regulation of cell behavior. Thus, 
the secondary photomechanical 
effects caused by the Nd:YAG laser 
can promote ECM remodelling and 
influence cell-matrix interactions.
In vitro preclinical studies investigat-
ed in depth the efficacy of Nd:YAG 
laser in inducing photothermal and 

photomechanical effects (see § 2). 
Contextually, clinical applications 
of Hilterapia® showed very good 
results in osteoarticular and neuro-
muscuar diseases, with consequent 
improvement of patient quality of 
life. Years of daily use by clinicians 
and many studies published in na-
tional and international journals 
demonstrate the effectiveness of 
Hilterapia® in rehabilitative medi-
cine and other fields of application 
(see § 3). Its first clinical applications 
were developed in sport traumas 
and pain therapy, but quickly its 
effectiveness has been confirmed 
in degenerative and inflammatory 
osteoarticular and musculoskeletal 
diseases. 
The aim of this paper is to review 
both preclinical research and clinical 
trials on HILT that can help shed light 
on the mechanisms of action and 
therapeutic effects, respectively. 

2. EFFECTS OF HILTERAPIA® AT 
CELLULAR AND MOLECULAR LEVEL 
It is well-known that mechanical 
factors are necessary for maintain-
ing tissue homeostasis. Cells are 
continuously exposed to compres-
sive stress, shear stress, stretching, 
gravity etc. Consequently, cells reor-
ganize their morphology and repro-
gram their functions for adapting 
dynamically to the environmental 
conditions. Internal and external 
forces regulate cell shape and many 
studies have shown that mechanical 
forces can affect apoptosis, gene 
expression, protein synthesis, dif-
ferentiation etc [6]. 
As reported above, Hilterapia® is 
based on a high power, pulsed 
Nd:YAG laser source. Its emission 
induces in the tissues photothermal 
effects, which can produce photo-
mechanical effects in the cell mi-
croenvironment. Considering the 
importance of mechanical stimula-
tion on tissue homeostasis, some 
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in vitro studies on the action mech-
anisms of Hilterapia® at cellular and 
molecular level have been devoted 
to compare the effects of pulsed 
Nd:YAG emission with those in-
duced by mechanical/gravitational 
stress due, in particular, to loading/
unloading conditions.
In a study of Monici et al. [7], car-
ried out on human mesenchymal 
stem cells (hMSC), the authors an-
alyzed and compared the effect of 
Nd-YAG laser radiation with those 
caused by gravitational factors in 
order to help understand the mo-
lecular mechanisms of hMSC differ-
entiation and the role of mechanical 
factors in regulating this process. 
Cell differentiation is the process 
during which immature (unspecial-
ized) cells take on individual char-
acteristics and reach their mature 
(specialized) shape and function. 
During this process, a differentiat-
ing cell undergoes an epigenetic re-
programming which causes major 
changes in cell phenotype and func-
tion [8]. In the study, cells were cul-
tured in a Random Positioning Ma-
chine or in a hyperfuge to simulate 
microgravity (unloading conditions) 
and hypergravity (increase in load-
ing, gravity > 1xg), respectively, or ir-
radiated with a pulsed Nd:YAG laser 
(73 seconds, 1064 nm wavelength, 
200 µs pulse duration, 10 Hz repeti-
tion rate, 458,65 mJ/cm2 energy flu-
ence, laser source: Hiro 3, ASA, Ar-
cugnano, Italy) . The results showed 
that gravitational alterations and 
photomechanical stress were both 
effective in inducing specific dif-
ferentiation patterns in hMSCs. In 
fact, the expression of Sox9 and 
Runx2, which are major differenti-
ation markers of chondrogenesis 
[9] and osteoblastogenesis [10], re-
spectively, was lower than controls 
in samples exposed to simulated 
microgravity (unloading conditions), 
but it was significantly increased 

in samples exposed to hypergravi-
ty (gravity > 1xg) and Nd:YAG laser 
treatment [7]. In addition to this, the 
genes MEN1, NF1 and GLI1, involved 
in the commitment of hMSCs into 
the osteoblast lineage [11], bone 
development and remodelling [12], 
control of chondrocyte and osteo-
blast differentiation [13], resulted 
significantly upregulated after expo-
sure to hypergravity and laser treat-
ment. In contrast, the nuclear recep-
tor PPARγ, the major differentiation 
marker of adipogenesis [14], sig-
nificantly increased after exposure 
to modeled microgravity, whereas 
it decreased following hypergravity 
exposure and Nd:YAG laser treat-
ment. The same behaviour was ob-
served in other genes involved in 
the regulation of adipocyte biologi-
cal function [15], such as FABP4 [7]. 
Following the exposure to Nd:YAG 
laser treatment, an overexpression 
of Runx-2 and other genes encoding 
typical osteoblastogenesis mark-
ers, such as ALP and BMP-2, was ob-
served also in a later study where 
hMSC were cultured in 3D scaffold, 
consisting of decellularized equine 
bone. This study demonstrated that 
Nd:YAG laser treatment can stimu-
late the differentiation towards the 
osteoblastic lineage and can favor 
and accelerate the development of 
three-dimensional bone constructs 
(data not published). Together with 
the above changes in expression of 
major differentiation markers of ad-
ipogenesis, chondrogenesis and os-
teoblastogenesis, the authors found 
that the exposure to gravitational/
photomechanical stress induced 
cytoskeleton alterations in hMSC 
[16]. The outcomes of these stud-
ies demonstrate that Nd:YAG laser 
radiation induces photomechanical 
effects. In fact they are comparable 
to those induced by hypergravity 
(gravity > 1xg, that is in load increase 
conditions), while unloading con-

ditions (microgravity) produce op-
posite effects. It is well known that 
mechanical stress, such as loading, 
is of key importance in maintaining 
the homeostasis of tissues with anti-
gravity functions, such as bone, car-
tilage and muscle. 
It has long been known that the cy-
toskeleton plays a key role in mecha-
notrasduction due to its complex and 
dynamic network of proteins and its 
ability to sense and mediate cell-cell 
and cell-matrix interactions [6].

The results of a further study fo-
cused on cytoskeleton and extracel-
lular matrix, showed that exposure 
to Nd:YAG laser treatment induced 
reorganization of the microtubule 
network and increase in actin stress 
fibers [17]. As it is known, stress fi-
bers are involved in the formation 
of focal adhesions, structures com-
posed by integrins and responsible 
for cell-matrix interactions [18]. The 
authors explored also the possibility 
to utilize pulsed Nd:YAG laser irradi-
ation for modulating the production 
of extracellular matrix (ECM) mole-
cules by cells of the connective tis-
sues. The ECM is a complex network 
consisting of numerous proteins 
(such as collagen and fibronectin), 
glycoproteins, proteoglycans. It has 
a key role in providing structural 
support, but more recently it has 
been demonstrated that the ECM 
is also important for cell adhesion, 
intercellular communication, and 
cell migration. ECM components 
are produced and released by cells, 
but mechanical forces also take 
part in the process and alterations 
of such forces can influence the 
ECM composition [19, 20]. In fact, 
the increase in mechanical stress 
acting on cells generally induces an 
increase in ECM production. By us-
ing the above reported laser treat-
ment parameters, authors analyzed 
the expression of some major ECM 
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components in different cell types. 
Collagen II and aggrecan were as-
sessed in chondrocytes while the ex-
pression of collagen I and fibronec-
tin was studied in fibroblasts. The 
results showed that laser treatment 
significantly increased the ECM mol-
ecules in both cell types. Fibronectin, 
a protein that binds integrins and is 
involved in different processes, such 
as cell adhesion, migration, and dif-
ferentiation, also changed its distri-
bution. Following laser treatment, it 
assembled in thick and ordered fas-
cicles around fibroblasts instead of 
the randomly distributed network 
of fascicles observed in control sam-
ples. A significant decrease of metal-
loproteinases 1 (MMP-1) expression, 
the major lytic enzyme involved in 
ECM degradation [21], was found in 
the treated samples. In addition, the 
expression of α5β1 integrin, which 
has a key role in fibronectin matrix 
assembly, was also evaluated. Im-
mediately after laser treatment, a 
decrease in α5β1 integrin expres-
sion and changes in its distribution 
on the cell surface were observed in 
fibroblasts and chondrocytes. This 
result suggests that laser treatment 
can induce a reorganization of the 
fibronectine network associated 
with a redistribution of its mechan-
ical receptor on the cell membrane. 
Moreover, given the enhanced ex-
pression of aggrecan, which is con-
sidered a marker of chondrocyte 
maturation, authors assayed the 
expression of Sox 9, a transcription 
factor involved in chondrocytes dif-
ferentiation and functions, as the 
synthesis of ECM molecules. As ex-
pected, a significant increase in ex-
pression of Sox-9 was found after 
laser treatment. The findings of this 
study demonstrated that irradiation 
by pulsed Nd:YAG laser affects fi-
broblast and chondrocyte behavior 
similarly to mechanical stress [17]. 
Further support to the hypothesis 

that cell sense pulsed Nd:YAG laser 
irradiation as a mechanical stress, 
and respond to it by activation of 
mechanotransduction machinery, 
was supplied from the results of an-
other research where the effect of la-
ser treatment (73 seconds, 1064 nm 
wavelength, 200 µs pulse duration, 
10 Hz repetition rate, 458,65 mJ/cm2 
energy fluence) on the production 
of ECM molecules by fibroblasts and 
chondrocytes was compared with 
the effect of loading. Again, the au-
thors found that photomechanical 
stress induces cytoskeleton remod-
elling, redistribution of membrane 
integrins, increase in production of 
ECM molecules and the effects are 
similar to those observed in the 
same cells exposed to cyclic hyper-
gravitational stress (10×g) [22] 
A further study was carried out on 
fibroblasts and endothelial cells, 
which have a key role in tissue re-
pair process, being the major syn-
thesizers of ECM molecules and 
cooperating to the formation of 
new vessels [23]. The cells were ex-
posed to Nd-YAG laser irradiation or 
to unloading conditions, which can 
also strongly affect the composi-
tion of the ECM because it changes 
the balance of mechanical forces in 
the cell microenvironment, and the 
effects of the two treatments were 
compared. The results confirmed 
that in cultured fibroblasts and en-
dothelial cells exposed to Nd:YAG la-
ser treatment there was a reorgani-
zation of fibronectin fibrils with the 
formation of ordered fibronectin 
fascicles, while unloading induced a 
strong, but less organized, increase 
in fibronectin fibrils. Interestingly, 
the same research revealed that, 
in sub-confluent endothelial cell 
cultures, Nd:YAG laser irradiation 
induced cell spreading and forma-
tion of an organized cell monolayer 
with “paved” appearance, while un-
treated cells in control samples re-

mained randomly distributed[23]. In 
conclusion the set of results collect-
ed in the above described research 
demonstrate that cell response to 
Nd:YAG laser irradiation is very sim-
ilar to that induced by loading and 
often opposite to the one produced 
by unloading, thus suggesting that 
the biological response occurs via 
mechanotransduction machinery, 
as proved by the involvement of cy-
toskeleton modification and reorga-
nization of integrin receptors. 

2.1 SUMMARY
Summarizing, the findings of the 
studies presented above support 
the hypothesis that HILT can induce 
photomechanical effects. Firstly, 
the data collected from research 
conducted so far show evidence 
of cytoskeleton remodelling and 
changes in the expression level of 
cytoskeletal proteins, such as tubu-
lin, vimentin and actin [16, 17]. Since 
it is well known that changes in me-
chanical stress affect the cytoskel-
eton structure [20], the results ob-
tained in fibroblasts, chondrocytes 
and endothelial cells demonstrate 
that the Nd:YAG laser radiation can 
modulate mechanical forces acting 
on cells, thus promoting the reshap-
ing of cytoskeleton. Secondly, all 
the results presented in this review 
demonstrate that laser treatment 
promotes major changes in ECM 
components, such as collagen, fi-
bronectin and aggrecan. More spe-
cifically, the studies reveal that the 
Nd:YAG laser treatment induces a 
significant increase in collagen II 
and aggrecan expression in chon-
drocytes and a significant increase 
in collagen I and fibronectin in fi-
broblasts[17]. Moreover, after laser 
treatment, there is a reorganization 
of fibronectin fibrils in different cell 
lines [23]. Changes in ECM compo-
nents as well as in their assembly 
could translate into modifications 
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of cell-ECM interactions and could 
influence important cell processes, 
like cell spreading, adhesion and 
motility. This hypothesis is also sup-
ported by the results obtained as-
sessing integrin α5β1, which shows 
a decreased expression and redis-
tribution after laser treatment [17]. 
Finally, the outcomes presented 
above also show that the Nd:YAG 
laser treatment promotes Sox9 and 
Runx2 expression in hMSCs, where-
as it reduces PPAR-γ expression[7]. 
Sox9, Runx2 and PPAR-γ are major 
differentiation markers of chondro-
genesis, osteoblastogenesis, and 
adipogenesis, respectively. Interest-
ingly, according to these studies, the 
effect of laser treatment on the ex-
pression of these markers is compa-
rable to that of hypergravity (load-
ing conditions, g > 1), but opposite 
to that of microgravity (unloading 
conditions). The fact that laser treat-
ment promotes chondrogenesis 
and osteoblastogenesis, maturation 
processes of cells belonging to tis-
sues with antigravitational function, 
further supports the hypothesis 
that cell response to pulsed Nd:YAG 
laser irradiation occurs, at least in 
part, via mechanotransduction ma-
chinery [6]. Even if further studies 
are needed, the findings of the stud-
ies conducted so far are an essential 
first step to understand the molecu-
lar and cellular mechanisms of Hil-
therapy. 

3.0 HILTERAPIA® CLINICAL 
RESULTS
Tissues and cellulars finding pro-
duced by laser light irradiation 
through Hilterapia® make it an ex-
tremely useful tool in a lot of med-
ical field, in particular in rehabilita-
tive practice. Positive clinical results 
are found in sport traumas, osteo-
arthritis and musculoskeletal disor-
ders, wound and chronic ulcers, and 
in some other struggling conditions.

3.1 SPORT TRAUMAS AND LESIONS
First clinical experiences started in 
the late 90’s, mainly in sportsman 
affected by lower legs traumas or 
lesions, in muscles or tendons. In 
this field main objective is to heal 
the athlete and reduce the recov-
ery time, allowing a fast return to 
competitive activity in optimal con-
ditions. 
Most sports injuries involve mus-
cles, tendons, ligaments and joints. 
Injuries are often related to the type 
of practiced sport, such as epicon-
dilitis in tennis, knee suffering in 
jump, shoulder problems in volley-
ball. Moreover acute injuries, such 
as contusions, distorsions, and mus-
cle strains are common.
In 1997 efficacy of Hilterapia® was 
described in 97 injured athletes [24] 
were pain and oedema were re-
duced with excellent results in 73% 
of cases, allowing a rapid return to 
agonistic activity. A wider sport trau-
matology cases serie was studied in 
a later study [25]: in 405 cases af-
fected by sports traumatology, clini-
cal and instrumental evaluation was 
conducted. Improvement was con-
firmed in 85% of the cases, revealed 
by subjective and clinical assess-
ment, and confirmed by throught 
instrumental evaluation.
Studies were also conducted in var-
ious selected districts, as pubalgia 
[26], ankle ligaments [27], patellar 
tendinopathy [28], muscle strains 
[29], intersection syndrome [30]. 
Pubalgia, today defined as “groin 
pain syndrome”, is a specific inser-
tional tendinopathy, a relevant and 
common complaint in sportsmen, 
caused by inflammation in tendons 
of the muscles at the level of the pu-
bis, due to repeated microtrauma 
in this area. This condition is very 
frequent in football player, due to 
typical athletic gesture, and it is of 
difficult resolution. A rest period is 
always requested, toghether with 

phisiotherapy, and often complete 
recovery time is quite long. In 31 
athletes affected by pubalgia treat-
ed with Hilterapia® [26], research 
found a complete and rapid recov-
ery in 14 cases, partial but finally 
complete recovery in 13, while only 
4 athletes needed a longer time to 
recovery.      
In sport ankle lesions recovery time 
speeding up was revealed [27]: in 
acute ligamentous lesions same re-
sults were obtained in three weeks 
laser treatment instead of six weeks 
traditional treatment. Also in patel-
lar tendinopathy in sportsman [28], 
faster recovery was found com-
pared to C02 laser treated patients, 
and effective results were reached 
in muscle lesions in atlethes with 1st 
degree muscle strain [29].
Thanks to its effectivenes, rapidity 
of pain relief and recovery fasten-
ing, Hilterapia® has been currently 
used in sport settings from ninety 
onwards, with public testimonials in 
football, motorcycle championship, 
national fencing team, and so on.
Beyond the studies on sports le-
sions, research applied during years 
also on degenerative and inflamma-
tory joint disease, and in soft tissues 
disorders.

3.2 OSTEOARTHRITIS AND 
MUSCULOSKELETAL DISORDERS
From the first 2000’s onwards, Hil-
terapia® has been studied and ap-
plied in the management of all the 
main osteoarthritis sites, both in 
degenerative forms and flogistic pa-
thologies, such as Juvenile arthritis 
or Lupus arthropaty, and in soft tis-
sue pathologies. Hilterapia® clinical 
effectiveness is sustained by several 
studies conducted in a wide range 
of troublesome and common dis-
eases, such as knee osteoarthritis, 
shoulder affections, low back pain 
and spinal disorders, osteoporo-
sis, muskuloskeletal pain, as far 
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as inflammatory arthropathy (LES, 
juvenile arthritis) or emophilic ar-
thropathy. 

Knee diseases
A considerable number of interna-
tional studies in last years focused 
on lasertherapy in knee OA, because 
it is a major cause of disability in the 
elderly, considering its global preva-
lence and incidence. Cartilage alter-
ations are a main topic in orthopae-
dic and physiatric research, and PBM 
therapy is one of the most studied 
approach between non-surgical and 
non-pharmacological interventions 
[31].  Hilterapia® has been studied 
and confirmed as an optimal re-
source therapy in this field. Sugges-
tions in cartilage regeneration were 
found [32,33], and clinical results like 
reductions in knee pain, increases 
in ROM, and increased functional-
ity were consistently observed: VAS, 
Womac Score, ROM goniometry im-
provement were reported [34-43].

A randomized controlled clinical trial 
[35] compared the effects of Hiltera-
pia® vs viscosupplentation in 41 pa-
tients suffering from symptomatic 
knee OA. Positive results of the two 
type of treatment were analogous: 
improvement was found in Womac 
and Lequesne Scale at the end of 
the treatment and at 4 months fol-
low-up, with Hilterapia® being less 
invasive and safer than articular 
infiltrations. Analogous study was 
conducted later [36], comparing two 
treatment protocols, only differing in 
the number of sessions (10 sessions 
or 5 Hilterapia® sessions). Hiltera-
pia® was found to produce a rapid 
antalgic effect, in the very first ses-
sions. Furthermore the duration of 
HILT effects seemed to be dose-re-
lated, because the shorter protocol 
showed a rapid pain relieve, but a 
tendency to regression. A clinical in-
vestigation was conducted [37] in 30 

Knee OA patients, comparing Hilter-
apia®, LLLT and ultrasound therapy 
results. In this study Hilterapia® had 
a more analgesic effect compared to 
LLLT e US, toghether with functional 
test improvement (walking distance 
and squat), and a better patient’s 
satisfaction index. 
Many other experiences confirmed 
the efficacy and safety of Hilterapia® 
in painfull knee [34-43], because 
knee pain is approachable accord-
ing to the clinical phase, in a periar-
ticular soft tissues approach or with 
the objective of treating intraartic-
ular space, benefiting from regen-
erative properties of the device. 
Results of LLLT and HILT treatment, 
in combination with exercises were 
compared in knee OA patients [41]: 
Hilterapia® resulted more effective 
(VAS and WOMAC Scale) than LLLT 
treatment. Efficacy of pulsed Nd:YAG 
laser, Hilterapia®, in the treatment 
of patients with knee osteoarthri-
tis was evaluated also in another 
study [42]. The study included 50 
patients with diagnosed grade II to 
III arthrosis, were treated, and con-
clusions were that HILT significantly 
reduced pain, stiffness and prob-
lems with normal daily activities. In-
vestigation of the effects of pulsed 
Nd:YAG laser plus glucosamine/ 
chondroitin sulfate in patients with 
knee osteoarthritis was carried out: 
the addition of HILT determined a 
plus in patients improvement. In 96 
gonarthrosis patients HILT enabled 
prompt analgesic effects in KOA 
treatment [43].
All these researches showed high effi-
cacy and safety in KOA patients treat-
ment, inside rehabilitative settings.

Shoulder diseases
Acute or persistent Shoulder pain is 
a very common condition, associat-
ed with high social cost and patient 
burden. It is mostly due to tendon 
inflammation (bursitis or tendini-

tis), glenohumeral osteoarthritis, or 
rotator cuff tendon tear. So painful 
shoulder is a very common com-
plaint, increasing after the age of 50 
especially in working populations. In 
this affection a lot of studies found 
efficacy and safety of Hilterapia®, 
from the first reported studies [44-
50], till nowadays [51-53]. Painful 
shoulder syndromes were sever-
al times investigated. Subacromial 
Impingement Syndrome (SAIS) was 
studied in some forms: Hilterapia® 
showed its advantage versus ultra-
sound (US) therapy in the treatment 
of SAIS [53]: participants diagnosed 
with SAIS showed greater reduction 
in pain and improvement in articular 
movement, functionality and mus-
cle strength of the affected shoulder 
after 10 treatment sessions of HILT 
than did participants receiving US 
therapy over a period of 2 consec-
utive weeks. Hilterapia® and manual 
therapy were found to be more ef-
fective than other interventions in 
minimizing pain and disability and 
increasing ROM in patients with 
SAIS. The effect of HILT is confirmed 
in a study [49] on seventy patients 
with SAIS, evaluated with SPADI 
Scale and subscales. Forty patients 
who were diagnosed with 1 - 2 stage 
impingement syndrome pain were 
treated and analized [51]: post-pro-
gram comparation revealed a sta-
tistically significant reduction in 
ultrasonography dimension of su-
praspinatus and VAS and significant 
increase in ROM of shoulder flex-
ion and abduction, in favour to the 
treated group with Hilterapia®. 
It’s possible to conclude that high lev-
el laser therapy produces great im-
provement in shoulder mobility in im-
pingement syndrome. Improvement 
is found in the short and long term.

Spinal disorders
Neck and Low back pain treatment 
remains a struggling argument in 
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medical literature, and internation-
al guidelines don’t totally agree [54]. 
Back pain represent a main topic of 
rehabilitative treatmens, and the 
various proposed protocols gener-
ally combine physiotherapy with in-
strumental options.
Almost 20 years of clinical practice 
and demonstrations, support the 
efficacy of HILT trough Hilterapia® 
in spinal pain of various origin. Spe-
cial efficacy was reported in several 
studies on low-back pain [55-63]: 
in mechanical LBP wheter acute o 
chronic form [61-63], in LBP from 
disck erniation [55], in sciatic nerve 
radiculopaty [56, 57] pain decrease 
and improvement in functional 
tasks were reported. Its efficacy, in 
terms of VAS, and disability scores 
(Roland Disability Questionnaire 
and Modified Oswestry Disabili-
ty Questionnaire) is reported in 
several researches [60-63], were 
lasertherapy is combined with ex-
ercises and compared with other 
standard physical therapies. 
Also in neck pain Hilterapia® showed 
high efficacy, in combination and 
compared with other classical inter-
vents. It was compared with ultra-
sound and trancutaneous electrical 
stimulation in 84 cervical spondilo-
sis patients [64]: HILT plus exercise 
was more effective than US/TENS 
plus exercise. Other studies report 
efficacy of Hilterapia® in chronic 
neck syndrome [65], cervical myo-
fascial pain syndrome [66], in cer-
vical radiculopathy, [67], in cervical 
spondilosis [68].      
A recent systematic review and me-
ta-analysis in the treatment of spinal 
disorders confirmed the efficacy of 
this type HILT treatment [69]. Oste-
oporosis, which is a main source of 
vertebral pain, also improved with 
Hilterapia® [70-72].
Analogous positive results were 
found in soft tissues and musco-
loskeletal disorders [73-82], such 

as epycondilitis [73, 74], plantar 
fascitis [75,76], carpal tunnel syn-
drome [78]. Particularly severe ten-
don and ligament injiuries (triceps 
tendon rupture, Achilles tendon 
partial rupture or fibrillar degener-
ation, subachillar bursitis and par-
tial abruption of Achilles tendon 
insertion, medial collateral ligament 
partial rupture, lateral and medial 
meniscus and MCL partial rupture) 
were assessed by musculoskeletal 
examination, thermography, mus-
culoskeletal sonography and VAS 
[79, 80]. Results showed promoting 
repair in tendon and ligament struc-
tures in all cases, reducing pain in all 
cases and favouring restoration of 
the function in all cases. An interest-
ing case report on Tieze Syndrome 
patient was conducted [77]: Hiltera-
pia® allowed managing severe pain 
not responding to drugs treatment. 
The result obtained in 9 sessions 
was a complete elimination of pain, 
which persisted at 40 days follow 
up, and the patient returned to her 
normal activities. 

3.3 REGENERATIVE TREATMENT 
Hilterapia® efficacy in regenerative 
treatments is mainly attributable to 
its photomechanical effect. In fact 
a distinguishing characteristic of 
Hilterapia® is its capability to pro-
duce photomechanical effects on 
the treated tissues. Entity of such 
effect is directly proportional to la-
ser emission intensity, and inversely 
proportional to impulse duration. 
Hilterapia® impulse presents ideal 
features to produce such stimula-
tion, that leads to cellular cytoskel-
eton reorganization in endothelial, 
mesenchimal and connective cells, 
and promote extra-cellular matrix 
production, similarly to mechanical 
stimulus. It induces connective cells 
differentiation and endothelial lay-
ers formation, thus promoting tis-
sue repair processes. The efficacy 

of Hilterapia® in stimulating tissue 
regeneration and healing has been 
demonstrated in wound healing 
[83], chronic ulcers [84], diabetic 
[85] or neurogenic ones [86], which 
are generally non healing or long 
lasting and disabling conditions. 
Although regenerative and prolife-
riative effect is evident in skin le-
sions, regenerative properties are of 
main relevance also in rehabilitative 
treatment, favouring healing of non 
directly visible soft tissues lesions 
(tendons, burses, etc), whether of 
degenerative or traumatic origin, 
and stimulating cartilage repair. 

3.4 OTHER CONDITIONS
Inter alia, Hilterapia® showed posi-
tive results in many other rehabili-
tative domain such as balance [87], 
post mastectomy pain syndrome 
[88], postburn pruritus [89], linphoe-
dema [90], haemophilic arthropaty 
[91,92], bells palsy [93], pain man-
agement [94], confirming wide and 
various direct and indirect effects. 
In all the cited studies a very high 
level of safety was reported, consid-
ering that it was used also in hemo-
philic arthropatic patients without 
side effects. 

3.5 SOME PRACTICE DETAILS
From a practical point of view Hil-
terapia® devices are character-
ized by pre-imposted programs, 
togheter with personalized possi-
bilities from the operator. This fact 
allows a customized treatment. La-
ser power emission and erogation 
modality consent a lot of approach-
es and time saving, for the operator 
and for the patients. Its particulari-
ty are intensity and depth of treat-
ment (some centimeters) which al-
lows healing of deeper structures. 
Treatment is typically distributed 
in three phases: the first phase is 
directed to control muscle contrac-
ture in periarticular group muscles 
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and relax trigger points. The sec-
ond phase is more specifically ad-
dressed to the suffering tissue (es 
tendon, or articular components, 
oedema, etc), even through optical 
windows. Third and last phase is 
direct to pain irradiation areas. The 
first session treatment leads to an 
immediate improvement in pain 
level reduction, up of 50%. A few 
laser sessions obtain further pain 
control, which increases as the 
sessions continue. This fact makes 
it possible to start mobilization, 
while antiinflammatory and restor-
ative effects occurs, so implement-
ing and stabilizing results over the 
time, in a virtuous circle. Mean ses-
sion number reccomended is 8-10, 
carried out daily or every other 
day. According to cited literature 
Hilterapia® is an extremely flexible 
technology, because it allows mod-
ulation in intensity, frequency and 
energy according to the clinical sit-
uation and the type of pathology, 
both in acute and chronic phase.
Adding co-intervention is usual in 
clinical rehabilitative practice, as 
combined interventions generally 
obtain better functional results. 
Hilterapia® is easily and safely 
combined with ultrasounds, TENS, 
ECSWT, and other common phys-
ioterapy devices.This is just a sum-
mary of ascertained Hilterapia® 
clinical effects on musculoskeletal 
system diseases. In this review we 
outlined the researches of main 
interest, were Hilterapia® showed 
interesting results in various af-
fections of rehabilitative concern. 
Positive influence of adding Hilter-
apia® to physiotherapy interven-
tions in musculoskeletal pain man-
agement is well recognized. 

3.6 SUMMARY
Hilterapia® is a main tool in rehabili-
tative settings as part of an integrat-
ed rehabilitation program, for pain 

management and tissues healing. 
Beyond the typical effects of LLLT, 
its specific advantages are: 
Transfer in depth of higher energy 
amount, which enables deep tissues 
treatment. A strong photomechani-
cal effect, which allows specific tis-
sues reactions A very rapid effect on 
pain, the basis for carrying out mo-
bilization and exercises. Reduction 
of treatment times, much appreciat-
ed in patients and operators, and a 
long lasting effect.
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