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ABSTRACT

COVID-19 has involved many aspects of society and, in particular, for most of those who were affected by it, the
disease determined the development of prolonged pulmonary, musculoskeletal, and neurological symptoms, generating
the so-called Long COVID-19 Syndrome. The aim of this study is to evaluate the effects of an Integrated Rehabilitation
Care protocol, applied according to principles of assessment and treatment derived from a Bio-Physico- Metric
approach, in post-COVID patients. Data from a group of 30 patients affected by Long COVID-19 Syndrome were
collected right before the beginning and immediately after the end of an 8-week thermal rehabilitation protocol, performed
5 times a week for a total of 40 sessions of treatment. The Chronic Obstructive Pulmonary Disease (COPD) Assessment
Test (CAT), the Medical Research Council Dyspnea Score (MRC-DS), and the software-assessed head-pelvis alignment
angle were considered as assessment methods of respiratory, musculoskeletal, and neurological symptoms. Data
observation showed a significant improvement in both CAT (p=0.001) and MRC-DS (p=0.001) scores after applying the
Integrated Rehabilitation Care protocol. Therefore, the Integrated Thermal Care rehabilitation protocol seems to be a
promising strategy to reduce symptoms of Long COVID-19 Syndrome and improve patients' quality of life healing from
SARS-CoV-2 infection.

KEYWORDS: COVID-19, long haul COVID-19, rehabilitation, physical therapy, thermal care, balneotherapy, mineral
waters
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) can be considered a multi-system disorder, manifesting commonly with
respiratory, cardiovascular, hematologic, neurological, and neuropsychiatric symptoms, alone or in combination. Several
descriptions of long-term COVID-19 have been documented (1), as well as its multifaceted nature that could involve
multiple organ systems and multiple body functions such as breathing, taste and olfactory perceptions, pain perception,
physical resistance and strength, etc. (2,3). Many patients affected by COVID-19, with different levels of severity and
duration, could develop a so-called Long COVID-19 Syndrome (4-6). In fact, despite improvements in radiologic and
lung function tests, Arnold et al. found that the symptoms of COVID-19 may persist and could even evolve into other
severe pathologies despite the patient having completely recovered from the viral infection underlying the pathology (7).
Although the definition of Long COVID-19 Syndrome is currently still debated and evolving, it is practical and acceptable
to define it as the persistence of symptoms or development of sequelae beyond 3 or 4 weeks from the onset of acute
symptoms of COVID-19, as replication-competent SARS-CoV-2 has not been isolated after 3 weeks (8). The literature
suggests that Long COVID-19 Syndrome could be related to a persistent state of fatigue of the autonomic nervous system
(9), involving the prolonged alteration of neurophysiological pathways (10,11). This chronic fatigue at a nervous level,
which usually manifests itself already during the infection, would seem to favor the establishment and perpetuation of
neurophysiological changes; these modifications are capable of heavily influencing the state of health of the patient, also
impacting his neuro-psychological and musculoskeletal wellbeing through sensory, humoral, performance and postural
alterations.

Considering the spreading of Long COVID-19 Syndrome and the deleterious effects that this can cause on the health
of patients, particularly in the case of frail people already suffering from severe musculoskeletal and neurological
pathologies, it is essential for medical and rehabilitation sciences to find treatment strategies for the Syndrome. These
therapeutic strategies should be equally widespread in various geographical areas, easily applicable, accessible to large
portions of the population, and cheap.

In this context, all over the world, there has been an attempt to investigate new therapeutic approaches based also,
among others, on traditional and complementary medicines, such as herbal medicine, Yoga, and Tai Chi, up to the point
of considering approaches more complex and specific to the field of global wellbeing and rehabilitation falling within the
field of thermal medicine (12).

Thermal medicine is a naturalistic branch of medicine with a wide diffusion worldwide; it is often applied in the
treatment of localized and systemic pathologies in curative, preventive, and rehabilitative fields (13) through the use of
applications of natural techniques and substances that exploit thermal waters rich in minerals, hot mud, steam jets, assisted
ventilation, massages, and swimming pool baths.

According to our previous experiences, a rehabilitation system defined as “Integrated Thermal Care”, based on the
combination of several treatment techniques typical of thermal medicine, seems to be a promising therapeutic approach
in the treatment of many acute and chronic musculoskeletal and neurological pathologies, particularly if combined with
the principles of what we define as “Bio-Physico-Metric” approach (14,15). This operative approach is aimed at
concretely identifying the most dysfunctional areas of the body of the patient, at a somatic level, to intervene quickly,
effectively, and minimally invasively on the neurophysiological and mechano-postural symptoms through mechanisms
involving the balancing of the activity of visceral, somatic and nervous components of the human body.

Therefore, given the ability of thermal medicine and the “Bio-Physico-Metric” approach to improve the state of health
of subjects affected by a multitude of pathological states, the aim of the present study is to monitor the effects of the
“Integrated Thermal Care” approach on pulmonary, musculoskeletal and neuro-physiological signs and symptoms in
subjects affected by Long COVID-19 syndrome.

MATERIALS AND METHODS

This is a retrospective observational study aimed at analyzing the correlation between applying the “Integrated
Thermal Care” approach and modifying the symptoms related to Long COVID-19 Syndrome in patients undergoing a
thermal rehabilitation protocol. The rehabilitation protocol to which the patients were subjected is safe; it is accessible to
all patients who do not highlight specific contraindications to the initial clinical evaluation necessary for all patients who
access the facility where the study is carried out; furthermore, the protocol does not constitute an experimental practice,
as it is the same therapeutic protocol used for all patients who do not present the aforementioned contraindications.
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The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Written
informed consent was obtained at enrolment from participants who were willing and able; alternatively, informed consent
was obtained from caregivers. Because of all these considerations and the lack of incontrovertible national legislation
regarding the need to submit retrospective and/or non-pharmacological observational studies to an ethics committee, the
normal ethics committee clearance was not required (16).

From June to December 2021, in the Thermal Medical Center of Castelnuovo della Daunia (Foggia, Italy), operating
within the National Health Service, a total of 30 post-COVID patients were identified among those about to start a
therapeutic thermal rehabilitation protocol to regain a state of wellbeing in the presence of a generalized malaise following
a previous SARS-CoV-2 infection.

The main inclusion criteria were:

- symptoms associated with Long COVID-19 Syndrome as defined by the current literature on the subject (8), in
particular in terms of perceived respiratory dysfunctions, neurophysiological dysfunctions (such as fatigue or
sleep disorders), musculoskeletal pain and concurrent spinal postural alteration influencing the state of well-
being of the patients. The symptoms that have arisen and can be associated with COVID-19 had to be present in
the patient, in whole or in part, for more than 4 weeks after their onset post-infection, even if the infection is
undetectable by molecular and antigenic swabs.

The exclusion criteria were:

- critical cognitive impairments (severely limited sensory and communication skills) or heavily compromised
immune functions;

- general contraindications to balneotherapy and physical therapies, such as severe cardiovascular problems,
infections, neoplasms and tumors, epilepsy, electronic or metallic-electroconductive implants, pregnancy;

- inability to read and understand own native language;

- concomitant use of other medical treatments during the observation period of the present study.

All patients underwent a specific evaluation of neuro-sensory and motor-postural symptoms resulting from Long
COVID-19 Syndrome. The data collection and the procedures applied were part of the standard clinical routine of the
facility where the study was carried out for patients showing symptoms of Long COVID-19 Syndrome. In order to obtain
data that were easily understandable and interpretable, as well as of rapid collection, the patients observed for the present
study were evaluated through:

- CAT [Chronic Obstructive Pulmonary Disease (COPD) Assessment Test]: used to evaluate the health status of
patients with COPD and other respiratory diseases. Indeed, it contains items focused on respiratory symptoms
and non-respiratory symptoms such as sleeping disturbance or limitations in activities at home. In particular, the
rating scale is made up of 8 items that investigate various aspects related to the respiratory capacity of the patient,
such as cough, mucus, chest tightness, physical resistance to walking, physical resistance to domestic activities,
perceived safety in leaving the home environment, noise of the sleep and perceived energy level. Each item
assesses the severity of the symptomatology with a score from 0 (no symptoms) to 5 (extremely present and
disabling symptom) (17,18). Although the scale was created to evaluate chronic obstructive pulmonary disease,
it has been demonstrated that this score can be a valid evaluation and predictive system in the context of COVID-
19 and the post-infectious symptoms of the same pathology (19).

- MRC-DS (Medical Research Council Dyspnea Scale): a simple and valid method of categorizing patients with
COPD and other respiratory diseases in terms of the influence of the respiratory deficit on their physical capacity.
The scale measures the level of dyspnea perceived by the patient in a classification system divided into 5 levels
of onset of breathing difficulties depending on the intensity of the activity performed (grade 0 = dyspnea after
intense physical activity, grade 1 = dyspnea after walking at fast pace or uphill, grade 2 = dyspnea after walking
at a slow pace on level ground, grade 3 = dyspnea after just 100 meters of walking, grade 4 = dyspnea when
dressing/undressing). This scale has been successfully applied to evaluate dyspnea in many respiratory diseases,
and a new application for COVID-19 monitoring has been recently found (20).

- Sa.B.B. (Safe Bead Balance): it is a postural markers-free assessment tool based on the use of a Microsft Kinect®
camera that, when paired with an exclusive software, possesses the ability to reconstruct a three- dimensional
avatar known as Skeletal View, composed by 20 anatomical landmarks. The software works at a frequency of
30 frames per second, and each single analysis has a total duration of no more than 5 seconds, with an average
capture of 150 frames in a single assessment. The avatar obtained through the combination of all the frames
captured is formed by two projections, a frontal one and a sagittal one, which contain and highlight different
postural setting parameters both of a single body district and of multiple districts in more or less direct
relationship with each other, such as the spine, the shoulders, the hips and various other body parts (21).
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For this study, the evaluation parameter considered in the assessment made through the Sa.B.B. software was the
head-pelvis alignment, understood as the angle that is formed between the line perpendicular to the center of the pelvis
(understood as the center of the bisiliac line) and the line that connects this same point to the ideal center of the skull of
the patient, with values that can take on negative numbering (sloping to the right) or positive (sloping to the left). This
angle is the most intuitive parameter for evaluating the general postural alignment of the patient in relation to his spine,
allowing us to investigate how he positions the skull and, more generally, the upper part of the body compared to the
lower one. Basically, through this parameter, we can guess to what extent the spine of the patient is aligned or in a state
of compensation for musculoskeletal and/or neurosensory alterations.

The subjects were evaluated at times TO (admission and first medical examination in the facility) and T1 (8 weeks
after the beginning of the protocol). All patients underwent the rehabilitation protocol five times a week for a total of 40
sessions of treatment. All patients observed for this study completed the investigated protocol entirely and without side
effects.

The rehabilitation protocol, as defined by the “Integrated Thermal Care” approach, was performed for each daily

session according to the following operative scheme:

1. drinking a total of 4 glasses, 200 ml each, daily of exogenous mineral water (alkaline-earthy-bicarbonate-sulfate),
which promotes the general well-being of the organism, showing anti-inflammatory effects at the gastric,
intestinal, and urological levels (22, 23);

2. steam inhalations with direct hot humid jets that are carried out through individual devices from which the mineral
water comes out from a nozzle in the form of a homogeneous mist at a pressure of 1.5 atmospheres and at a
temperature of 37°-38° (24, 25) lasting about 20 minutes. This phase was coupled with a manual pressure
stimulation of Key myofascial Trigger Points (KTrPs) located in muscles present in the main body areas involved
in breathing (neck, thorax, upper back, lower back, and abdomen). The manual pressure stimulation was performed
for about 30 to 60 seconds on each KTrP previously instrumentally identified as abnormally resistant to the passage
of a current generated by an impedance meter neuromodulation device (ENF Studio Physio, Fast Therapies S.r.1.,
Carpenedolo, Italy). The assessment of KTrPs was made by the physiotherapist right before the beginning of the
inhalation treatment, according to the principles of the Bio-Physico-Metric approach, aimed at re-establishing a
general state of well-being through manual stimulation of so-called KTrPs (26);

3. tympanic insufflations (Polizer), used to reduce inflammation in the upper airways (performed according to
specialist medical indication) (27);

4. pulmonary mechanical ventilation, practiced after inhalation and insufflation therapies with mineral water. The
treatment was applied with an automatic frequency of no more than 14 breaths per minute (according to specialist
medical indication) (28);

5. mud therapy (with thermal water and "Bentonite™ volcanic clay) was applied on body parts where KTrPs
previously identified in phase 2 were located on the region of the neck, thorax, upper back, lower back, and
abdomen (29);

6. assisted hydrokinesitherapy in thermal water, associated with the manual treatment performed by the
physiotherapist on KTrPs previously identified in phase 2 (30);

7. auxiergic vascular path performed in thermal water through underwater ozone-enriched hydromassage jets.

Data were analyzed to assess departure from linearity, using the Skewness and Kurtosis test for linearity (SKTEST
procedure) and accordingly for continuous variables (CAT and Sa.B.B.); since no deviation was found, the Paired T-Test
was applied to assess between times differences. For categorical variables (MRC-DS), a chi-square test for trend was
applied. A statistically significant level was set for p-value <0.05; data analysis was performed using STATA (Statacorp
LLC, College Station, Texas, USA).

RESULTS

The demographic characterization of the sample is detailed in Table I. It is important to underline that, in addition to
the symptoms of Long COVID-19 Syndrome subjectively reported by all the patients considered, some of them, at the
time of admission, had CAT (>10) or MRC-DS (>2) scores considered symptomatic for COVID-19 respiratory
dysfunction according to the standards currently most widespread in the literature (31).
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Table I. Demographic characteristics of participants.

Characteristic Total Males Females
Number of patients (%) 30 (100) 15 (50) 15 (50)
Mean age + SD 58.8+128 58.1+15.2 59.5+10.3
Ethnicity
Caucasian Mediterranean (%) 30 (100) 15 (50) 15 (50)
Other (%) 0(0) 0 (0) 0 (0)
Initial CAT Score >10 (%) 23 (77) 12 (40) 11 (37)
Initial MRC-DS Score >2 (%) 12 (40) 6 (20) 6 (20)
Initial CAT Score >10 + MRC-DS Score >2 (%) 11 (37) 6 (20) 5 (17)

All patients successfully completed the total sessions required for the rehabilitation protocol, and no adverse events
were detected at any stage of the treatment process. CAT score showed a statistically significant reduction
(T0=16.76x8.48; T1=8.73+5.22, p-value <0.001), indicating a halving of the severity of respiratory and fatigue
symptoms perceived by patients in relation to the presence of Long COVID-19 Syndrome. At the same time, the value
of Sa.B.B. head-pelvis alignment angle highlighted a reduction in the value (T0=2.38+3.20; T1= 1.95£3.06, p-value not
statistically significant) which, although not statistically significant, could indicate that the treatment had a modest
effect on the postural setting of the treated patients, particularly at the spine level, despite the very high variability of the
initial and final reference values, highlighted by the large standard deviation values detected during the analysis (Table

).

Table I1. Paired T-Test results for continuous variables.

Variable TO T1 p-value
CAT Score 16.76+8.48  8.73+5.22 <0.001
Sa.B.B. head-pelvis alignment angle 2.38+3.20 1.95+3.06 n.s.

Finally, the categorical variable MRC-DS highlighted a statistically significant (for trend p-value <0.001) reduction
in the severity of dyspnea related to the presence of Long COVID-19 Syndrome in patients (Fig. 1); in fact 20/30 (66%)
subjects improved their symptomatology, whereas 9/30 (30%) were stable and only one subjects worsened, with a general
reduction in the mean value detected before and after treatments (T0=1.53+0.97; T1=0.80+0.66). The reduction of the
two scores evaluated significantly improves the well-being of subjects observed for the study.

Number of
Patients

25

Score
Changes

0

MRC-DS

B Worsened M Stable ®Improved

Fig. 1. Changes in MRC-DS Scores after the rehabilitation protocol (chi-square test for trend analysis).
DISCUSSION
The main results of our study underly that after 8 weeks of rehabilitation through the principles of “Integrated Thermal

Care” combined with the “Bio-Physico-Metric” approach, patients showed a significant improvement in CAT and MRC-
DS scores but only a slight non-significant improvement in the Sa.B.B. head-pelvis alignment angle.
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Long-term management of COVID-19 symptoms requires multiple, multidimensional approaches (32) and can benefit
from evidence-based complementary techniques, such as thermal medicine (12). Thermal medicine has, in fact, a
centuries-old tradition as a therapeutic approach and is widely spread in different parts of the world where thermal realities
constitute an important element of mass therapy. It is relatively simple, economical, and usable by a large portion of the
local population, presenting some differences in the physical-chemical characteristics of the specific thermal
environments (12).

The World Health Organization itself, by virtue of the therapeutic potential of traditional and complementary
medicines, hopes for the development of a scientific investigation regarding the application of these alternative medicines
to identify strategies for the containment of widely spread pathologies, especially in a context of globalization which
could promote the increasingly frequent emergence of pandemics such as COVID-19 (33). It is important to ensure that
the medical environment is prepared as much as possible to face global health emergencies, exploiting every existing
therapeutic approach that is sufficiently effective and scientifically investigated, even in the case of traditional, alternative,
and complementary medicines. It is no coincidence, in this regard, that the World Health Organization has committed
itself to promoting, over the last decade, a program of investigation and development of traditional and complementary
medicines carried out from 2014 to 2023 and extended until 2025 while waiting to evaluate the effects and possible future
developments (33).

Based on these considerations, in this study, we tried to evaluate a methodologically more scientific and structured
approach in the context of rehabilitation for Long COVID-19 Syndrome. In this approach, patients received treatments
typical of thermal therapy combined with manual (somatic) stimulation of KTrPs identified through the Bio- Physico-
Metric pathway, aiming to restore the best possible somato-visceral reflex activity and vice versa.

This approach is based on observing objective measurement parameters to identify dysfunctional areas defined as
KTrPs. These specific points are overstimulated areas within a contracted band found in the myofibrils of a muscle belly
(34), characterized by a chronic circumscribed myofibrillar shortening. KTrPs contribute to establishing and maintaining
musculoskeletal dysfunctions and neurological symptoms directly (from the local inflammatory process and mechanical
alteration) and indirectly (through reflex neurophysiological pathways and systemic inflammation). KTrPs are
characterized by palpatory tenderness, referred tension, motor dysfunction, and autonomic manifestations (34). In
addition to manifesting themselves locally, these symptoms often take on the characteristics of distant irradiation,
following the dermatomal path of the area originally affected and leading to the genesis of Satellite Trigger Points at a
distance from the KTrP. These irradiative and expansive phenomena of KTrPs increase their dysfunctional intrusiveness,
favoring the perpetuation and chronicity of musculoskeletal and neurophysiological symptoms (34). The stimulation of
KTrPs, through manual treatment and/or through instrumental stimulation (electrical, thermal, or mechanical), tends to
reduce pain and functional limitations, as well as neuro-sensory symptoms determined locally and/or systemically by
KTrPs (27).

Indeed, to reduce symptoms from Long COVID-19 Syndrome, subjects were treated with typical thermal medicine
techniques in combination with soft tissue manipulative therapy and mud application on the identified KTrPs through the
use of an impedance meter neuromodulation device.

The improvement of respiratory symptoms and fatigue observed through the CAT and the MRC-DS scores was
obtained through the association of hydroponic and inhalation treatments and a multimodal stimulation (manual, with hot
mud and assisted hydrokinetic therapy) of the KTrPs in the muscle of the areas bodily involved in breathing, as already
observed by us in other pathological contexts (13). In this regard, the current literature on the topic suggests that the
symptoms of Long COVID-19 Syndrome can persist in the human body for very long intervals, on average ranging from
3 months to over 6 months (8,20). Considering that the patients analyzed in this study had respiratory and psychophysical
symptoms of COVID-19 for at least 4 weeks at the time of admission and that the duration of the treatment protocol was
8 weeks, it seems unlikely that the detected improvements of the CAT and MRC-DS scores were purely the result of the
time that has passed since the first assessment was carried out. This appears in agreement with what was highlighted by
a large prospective study on the subject, which showed that in patients suffering from Long COVID-19 Syndrome, CAT
and MRC-DS scores would appear to improve to a limited or non-existent extent in the absence of adequate therapeutic
intervention (20).

Equally interesting are the considerations that can be made regarding the influence of the treatment protocol on the
postural setting of the treated subjects. By observing the variation between TO and T1 of the head-pelvis alignment angle
value detected using the Sa.B.B. system, it seems that the Integrated Thermal Care treatment coupled with the Bio-
Physico-Metric Approach was able to induce positive variations in the postural setting of patients, with an explicit
although not significant tendency towards postural realignment at the level of the spine. This phenomenon was detected
despite a very high variability and lack of homogeneity in the starting postural malalignment values of the 30 patients
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observed in this study, which allows us to assume the possibility of obtaining a clearer and more marked positive effect
in populations that are more homogeneous regarding the degree of postural dysfunction. In fact, the literature highlights
that postural dysfunctions would require to be considered in a very specific way, from an evaluative and therapeutic point
of view, both with regard to the demographic characteristics of the sample analyzed and the body systems and subsystems
involved (35). For example, it is known that Long COVID-19 Syndrome is often associated with the presence of the so-
called Postural Orthostatic Tachycardia Syndrome, in the presence of which it is possible to witness the appearance of
autonomic symptoms in relation to the posture assumed by infected subjects (36, 37).

In a recent review on Long-Covid (38), many of these things were elucidated, also covering the fields of micro-
thrombi (39), mainly IL-1 induced (40), and the rare case of anaphylaxis among the vaccinated population (41). The
proposed project paves the way to devote more attention to the blood white cells, as well-known messenger monocytes
(42-43) and macrophages, through charging from the ACE receptor and P2X7 receptor (44).

Increased fatigue severity is associated with stronger signs of monocyte activation in long COVID patients, potentially
pointing toward monocyte-endothelial interaction. These abnormalities were present against a background of immune
abnormalities common to the entire group of long COVID patients.

The correlations with Long-Covid deserve new insights. The Integrated Thermal Care and Bio-Physico-Metric
Approach for treating Long-Covid is a proposal that can help Long-Covid patients overcome correlated difficulties better.

Considering the reciprocal influence existing between the nervous system and the musculoskeletal system, the results
of this study, although characterized by a mixed magnitude and significance, seem to confirm that an approach based on
both metabolic and musculoskeletal stimulations might be able to positively influence complex pathologies like Long
COVID-19 Syndrome, especially if the stimuli are provided according to specific and organized operative principles,
such as those of the Bio-Physico-Metric Approach (27).

Despite the relatively small sample size, this protocol seems to cover a broad range of positive effects on patient's
health, even for mostly neurologically induced manifestations such as breathing difficulties in the absence of clear
pulmonary anomalies and symptoms such as fatigue and sleep disturbances.

This study, however, presents some limitations. Firstly, the characteristics of the sample appear to be small in relation
to the general diffusion of Long COVID-19 Syndrome and rather heterogeneous by virtue of the observational nature of
the study, which prevented the characteristics of the sample (age, sex, BMI, and comorbidities) from being meticulously
standardized. Secondly, there is a lack of an extended follow-up to observe the effectiveness of the protocol in the
medium-long term, which would be desirable to better monitor the evolution of Long COVID-19 Syndrome characterized
by a duration of specific symptoms that tends to be rather long. Thirdly, there is an evident lack of a control group that
could allow us to evaluate the magnitude of the protocol implemented in speeding up recovery from Long COVID-19
Syndrome. To bypass these limitations, further studies with a larger and more homogeneous sample, subjected to a follow-
up long after the intervention and to the comparison with a control group, would be necessary to define a relevant protocol.

However, we must also consider some important strengths of our study and, more generally, the observational research
in the context of widespread pathologies such as COVID-19 and its syndromic derivations. First of all, observational
studies such as the one proposed allow us to identify and monitor in a real situation the therapeutic potential of some
treatment approaches that would otherwise find little interest in research, bypassed by the predominant pharmacological
and surgical approaches (45, 46). This allows us to identify, at least on a preliminary basis, the complementary and
alternative approaches in which it is worth investing in research, thus reducing the costs and timing of identifying new
therapeutic avenues, especially in rapidly spreading pathologies such as Long COVID-19 Syndrome (45, 46).

Furthermore, it has been observed several times in the literature that, contrary to what is commonly believed in the
scientific field, there is a quite close concordance between the results of well-designed observational studies and
controlled and randomized studies on the same topic, obviously provided that the observations are accompanied by a
correct and honest analysis of potential biases (46). Finally, it should be highlighted that the results of observational
studies in the therapeutic field are often difficult to dispute when the magnitude of the results obtained is so important as
to be incontrovertible (47). Net of this, we believe that our study, without having any presumption of having identified a
new therapeutic gold standard in the treatment of Long COVID-19 Syndrome, could provide the right ideas to investigate
the therapeutic potential of an approach that finds its strengths in its reduced invasiveness and high tolerability by patients.
We may also outline the high level of adherence to the protocol highlighted in the patients under observation.

The timing and the relationship with the health professionals increased curiosity and motivation to undergo the
protocol, providing better adherence to the therapies, which translated into positive therapeutic results in accordance with
the principles of the Biopsychosocial model of health (48). This positive finding of our study is also particularly relevant
since it has been observed that psychosocial symptoms like depression, fear, and kinesiophobia, which are also typically
associated with Long COVID-19 Syndrome, may have a negative impact on the quality of life and pain perception of
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these patients (49). Given the general positivity of the results obtained, the rehabilitation approach proposed in the present
study could represent a new vision of cooperating between thermal care and rehabilitation with a view to defining a new,
structured and scientifically validated alternative therapeutic approach to Long COVID-19 Syndrome.

CONCLUSIONS

Long COVID-19 Syndrome affects multiple organ systems, and its management requires a comprehensive approach.
This may include the association between thermalism and somatic therapy of the dysfunctional reflex areas, which often
represent the expression of internal organic and neurological dysfunctions leading to the genesis of symptoms such as
pain, sensory alterations, fatigue, and postural alterations. This approach can improve health outcomes, at least in the
short term, while reducing unnecessary hospital admissions, thus preventing the depletion of healthcare resources that
have already been significantly strained worldwide during the COVID-19 pandemic.

Since the Long COVID-19 Syndrome can be particularly disabling and also occur in fragile subjects affected by
neuromuscular pathologies that reduce their movement capabilities and tolerance to active work, a minimally invasive
treatment approach such as the one observed in this study could represent a valid complementary or alternative therapeutic
solution compared to classic approaches to date proposed for the syndrome (such as athletic reconditioning through
physical exercise). Larger and more structured studies are needed regarding the approach we observed; confirming the
positive results we obtained in a purely observational setting would allow us to expand the therapeutic arsenal to address
the long-term consequences of a pandemic-wide pathology such as COVID-19. In fact, based on observations of the data
obtained, the proposed “Integrated Thermal Care” protocol could be an innovative approach that improves the health
status of COVID-19 patients, helping them recover even from the long-term effects of the pathology.

Despite the limitations, the high adherence to the protocol and the significant improvements observed in this study
provide a basis for further research. Larger, randomized, controlled trials with longer follow-up periods are needed to
confirm these preliminary results and demonstrate the long-term efficacy and safety of the protocol.

In conclusion, while this study provides promising evidence for the use of Integrated Thermal Care and the Bio-
Physico-Metric approach in the treatment of Long COVID-19 Syndrome, further research is needed to address the
limitations of the current study and to validate the effectiveness of this rehabilitation strategy fully.
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ABSTRACT

Music Therapy (MT) can be used in the presence of many pathologies. It has the ability to stimulate the organism both
through the acoustic vibrations transmitted by the auditory system and through the mechanical vibrations picked up by
the somatic mechanoreceptors. Therefore, we observed data relating to 20 patients (average age 69.6+10.8 years) suffering
from painful musculoskeletal rigidity subjected to a treatment session consisting of the administration of 6 relaxing songs
through a specific Vibroacoustic Therapy (VT) platform. Half of the patients (n=10) carried out the session with music +
vibrations (Intervention, INT) while the other half (n=10) of the sample carried out the session with music only (Control,
CONT). Patients were evaluated before and after the session using Digital Algometry (ALG) at the lumbar paravertebral
level and evaluation of Heart Rate (HR) and Blood Oxygen Saturation (SpO2) with digital pulse-oximeter. At the end of
the session, it was observed that the ALG value detected tended to rise in INT patients, with more mixed results for CONT.
As regards the HR, INT highlighted a lower reduction in the value compared to the CONT. Regarding SpO2, INT showed
a slight increase in the value, in contrast to the slight reduction highlighted in CONT. Therefore, it is possible to state that
MT has modulation effects on pain and basic vital parameters both when administered in the form of music alone and
when administered as a combination of music and contact vibration.
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INTRODUCTION

Vibroacoustic Therapy (VT), as a branch of Music Therapy (MT), represents a relatively new method in the
rehabilitation and occupational area since its foundations were laid in the second half of the 20th century. It uses low-
frequency sound (generally in the range between 30 and 120 Hz) in the audible range to produce mechanical vibrations,
unlike methods that use only infrasonic frequencies (below 20 Hz), which are inaudible to the human ear (1-3). These
vibrations are then transmitted to the body of the person undergoing treatment by direct contact with a platform equipped
with speakers. This system ensures that therapeutic music is not only perceived by the auditory system as a sound vibration
but also as a tactile vibration by many somatic mechanoreceptors due to the direct contact with the transduction platform
itself.

The distinctive feature of VT is the use of low-frequency vibrations in conjunction with listening to music, similar to
Whole-Body Vibrations (WBVs), which are typically applied while standing on an oscillating platform that moves the
individual and alters the gravitational forces acting on the body to produce a modification of muscle tone- tropism (4).
Similar effects can be observed for Focused Mechano-Acoustic Vibrations (FMAVs) therapy, which applies localized
vibrations at the muscular level produced by air pressure variations inside cups positioned on the patient's body and
connected to a turbine (5).

In the field of MT, it is possible to differentiate low-frequency selective music from full-frequency music. Low-
frequency music uses specific frequencies for vibroacoustic stimulation, such as that produced by Skille's equipment (6),
while full-frequency music uses a single sound source and plays music using a wide range of frequencies, as is the case
with the musical vibration platform by Chesky (7).

Regarding selective low-frequency stimulations, an important issue is related to the selection of suitable frequencies.
Although Skille formulated a set of seven frequencies, this set is simply based on practical experiences and lacks
theoretical support (6, 8). However, it has been shown that this therapeutic combination has positive effects on muscle
tone and pain (6).

Music is a therapeutic means capable of determining a series of effects in a multitude of pathological contexts, ranging
from the improvement of cardiovascular parameters (9) and the quality of sleep (10) to the reduction of muscle
hypertonicity (11).

These therapeutic properties of music could be very useful in some pathologies, particularly in the presence of muscle
hypertonicity and musculoskeletal stiffness associated with chronic widespread pain. On several occasions, music therapy
has proven effective in reducing muscle tension and pain perceived by some types of patients (12-14), as has been
achieved by vibratory treatments.

It is assumed that VT can determine its therapeutic effects through different mechanisms. First of all, vibratory
stimulation is received in the body by specific mechanoreceptors, in particular the Pacinian Corpuscles, which have pain
modulation properties and tactile/vibratory perception activity and are sensitive to a wide frequency range, between 60
and 600 Hz (15). Furthermore, the combination of music and tactile vibration as a therapeutic stimulus would seem to
have a strong suppression effect on afferent and efferent neuronal pain activation, as well as an action on pain perception
at the level of the Central Nervous System (15), presumably due to a phenomenon of synchronization of neuronal activity
with the vibrational frequencies of the treatment.

Given the potential therapeutic properties of MT and VT, in this study, we wanted to observe how they could modulate
pain and some basic vital parameters in patients suffering from widespread musculoskeletal stiffness associated with pain.

MATERIALS AND METHODS

This retrospective observational study was conducted in the period from May to October 2021 at Ce.Fi.R.R. (Center
for Physiotherapy, Rehabilitation, and Re-education), located in the headquarters of the “G. d'Annunzio" University of
Chieti-Pescara.

Data were collected from 20 patients aged between 51 and 82 years (mean 69.6+10.8 years) who had received a
medical diagnosis of diffuse musculoskeletal stiffness associated with chronic musculoskeletal pain.

The rehabilitation protocol to which the patients were subjected is safe; it is accessible to all patients who do not
highlight specific contraindications to the initial clinical evaluation necessary for all patients who access the facility where
the study is carried out; furthermore, the protocol does not constitute an experimental practice, as it is the same therapeutic
protocol used for all patients who do not present the aforementioned contraindications. The study was conducted in
accordance with the ethical principles outlined in the Declaration of Helsinki. Written informed consent was obtained at
enrolment from willing and able participants; alternatively, informed consent was obtained from caregivers. Because of
all these considerations and the lack of incontrovertible national legislation regarding the need to submit retrospective
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and/or non- pharmacological observational studies to an ethics committee, the normal ethics committee clearance was not
required (16).

People with active cancer, pacemakers, and atrial fibrillation were excluded from the study. Furthermore, all subjects
who were affected by deafness, cardiovascular disorders, recent stroke, convulsions, shock, and treatment with drugs that
modify cardiac autonomic regulation were also excluded from the research.

Of the 20 patients observed, 10 underwent an MT session without vibrations (Control, CONT), and 10 underwent a
VT session (Intervention, INT). Given the observational nature of the study, there was no randomization of patients; we
simply proceeded with the data analysis once an equivalent number of patients who received an MT or VT prescription
had been reached. The evaluation tools used before (T0) and after the therapeutic session (T1) were:

- pressure Algometer (ALG) (F-Meter, Storz Medical AG, Tagerwilen, Switzerland): it was used to detect the
pressure- pain threshold of the patient for specific assessment points (17). The device was pointed locally and
bilaterally at the level of the lumbar paraspinal muscles, approximately at the point between the L3 and L4
vertebrae. After that, the therapist applied progressive pressure with the tip of the device until the patient reported
a pain sensation. The level of pain reached was then read on the display and marked as a pressure-pain threshold
for that patient at that point, with each unit of pressure consisting of about 200g of applied weight. The algometer
has proven useful for evaluating muscle tenderness in patients affected by painful chronic tone abnormalities, such
as in the case of fibromyalgia and other myofascial syndromes (18, 19);

- digital Pulse-oximeter: (YK-81CEU, Braun GmbH, Kronberg, Germany). It is an indirect and non-invasive method
that allows to measure oxygen saturation of the hemoglobin present in the arterial blood (SpO2) as well as
additional data on other vital parameters of the patient, such as the heart rate (HR), the plethysmographic curve
and the perfusion index. In particular, to monitor changes in vital parameters of observed patients after the
treatment, SpO2 (%) and HR (Beats per minute, Bpm) data were collected (20). The evaluation of basic vital
parameters, such as SpO2 and HR, are considered indicators of the state of psycho-emotional and, consequently,
musculoskeletal relaxation in humans (21, 22) and have often been used in the field of VT for monitoring the
effects of relaxation possibly induced by the treatment (23, 24).

The therapeutic session was carried out in both groups and observed using the Music Vibration Platform (MVP). This
instrument, which was positioned in a specific acoustically isolated room within the premises of the study, is composed
of an audio system, a hollow wooden platform (dimensions: 125x200x54 cm), a computerized system for processing the
transmitted vibrations, and a vibrating membrane. The platform was explicitly handcrafted to meet the operational needs
of the center where the study was carried out.

The MVP can modulate the emission of vibratory stimuli in terms of intensity through a feedback mechanism based
on detecting the patient's weight and its distribution once lying on the platform itself. The precision of the setting is
guaranteed by an automatic calibration carried out with sensors, which can be performed at each treatment session to
compensate for differences in weight and general positioning between subjects lying on the platform.

The vibrating membrane comprises 3 components, which are located respectively under the back, under the thighs,
and the legs of the patient. The membranes transmit contact vibrations determined by the low frequencies of the musical
pieces played to the body of the patient. Instead, the auditory perception of the songs played is entrusted to a set of over-
ear headphones. The vibrational system and the headphones are connected to the same musical source. They can be
separated to work simultaneously (true VT), only with headphones (pure MT), or only with vibrations (almost WBVs).

Given that individual physiological responses to musical stimuli vary due to the unique physiological and
psychological reactivity systems of each person, it was necessary to use a musical selection chosen by the experimenters,
which did not have an influence on the emotionality of the patient (i.e., songs that are fundamentally recognized as
relaxing but unknown to him) to obtain an unconditioned physiological response. The songs selected for the treatment
sessions were the following both for CONT and INT:

1.“Nuvole Bianche” by Ludovico Einaudi (Duration: 6’05”, Peak Frequency: 103 Hz)

2. “People Help the People” by Birdy (Duration: 4°18”, Peak Frequency: 92 Hz)

. “Caribbean Blue” by Enya (Duration: 3°57”, Peak Frequency: 110 Hz)

. “Midnight” by Coldplay (Duration: 5°07”, Peak Frequency: 46 Hz)

. “Weightless” by Marconi Union (Duration: 8’09, Peak Frequency: 110 Hz)

. “Remember Me” by Thomas Bergensen (Duration: 4’29, Peak Frequency: 54 Hz)

The selected pieces were chosen based on their coherence with the definition of "relaxing or sedative music" generally

AN N AW

accepted in literature, which defines it as music characterized by slow tempo, repetitive rhythm, gentle contours, and,
eventually, strings (25, 26).
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By starting playback of the audio sequence on the device, it is transmitted to the mixer, which sends the signal directly
to the membranes in the Music Vibration Table and to the relative headphones.

To perform the treatment, the patient was made to lie down on the platform, in the center of it, in a supine and
comfortable position. The patient was given 1-2 minutes of settling time on the platform and was then subjected to
listening to the musical selection in the form of music + vibrations in the INT group and music only in the CONT group.

At the end of the session, the patient was asked to stand up calmly after 1 or 2 minutes from the end of the last song.
The same therapist assigned to the role carried out all the accommodation procedures, treatment set-ups, and session
monitoring.

Excel software (Microsoft, Redmond, Washington, U.S.A.) was used to analyze the data. The means of the observed
values and the T-Test statistical significance were calculated for data obtained with the Algometer and the Pulse- oximeter.
The corresponding p-value represents the possibility of observing a quantity different from the one observed; if the p-
value is extremely small (<0.05), the variation of the parameter under examination between TO and T1 is assumed to be
significant.

RESULTS

Pressure algometer (ALG)

In the INT group, the pain threshold (ALG) increased in the right hemisome by 5.8% in a non-statistically significant
manner (from 15.4 + 12.6 to 16.3 = 13.2 points, p=0.722); in the left hemisome, it increased significantly by 26.4% (from
12.5+£ 10 to 15.8 + 10.3 points, p=0.001).

In the CONT group, however, the ALG value decreased in the right hemisome by 13.8% in a non-statistically
significant manner (from 9.4 £ 10.1 to 8.1 £ 7.7 points, p=0.519). In the left hemisome, however, the ALG value increased
by 12.7% in a non-statistically significant manner (from 6.3 + 4.7 to 7.1 £ 5.7 points, p=0.23).

Heart rate (HR)

In the INT group, the HR value decreased by 4.4% (from 76.4 + 18.7 to 73 + 13.2 Bpm) in a non-statistically significant
manner (p=0.24). In the CONT group, the HR significantly decreased by 9.6% (from 77.9 + 11.1 to 70.4 + 13.4 Bpm,
p=0.004).

Oxygen saturation (SpO2)

The SpO2 value in the INT group increased by 0.2% (from 96 + 1.8 to 96.2 + 4.6 percent) in a non-statistically
significant manner (p=0.891). In the CONT group, SpO2 decreased by 0.1% (from 96.8 + 0.9 to 96.7 + 1.1 percent) in a
non-statistically significant manner (p=0.853).

DISCUSSION

The present study demonstrates how both MT (CONT) and VT (INT) are able, through a single treatment session, to
produce changes in pressure pain (ALG) and vital parameters (HR and SpO2) in patients with musculoskeletal stiffness
and chronic pain. These effects, however, reach a different magnitude between the two types of neuro-sensory stimulations,
and, in general, the effect of a single session produced significant variations only in 2 cases: in the raising of the pressure
pain threshold of the left lumbar paravertebral point in INT patients and the decrease in HR in CONT patients.

The greater increase in ALG values in INT patients appears to be consistent with a summation effect of the analgesic
properties of music and the vibrations produced by the appropriate treatment platform. A potential analgesic effect induced
by music has already been described in the literature, especially if generally identifiable as relaxing (12), probably based
on psycho-emotional factors connected to a possible involvement of the limbic system as a moderator of abnormal pain
stimuli (12). Furthermore, therapeutic vibrations have also often been associated with analgesic effects; this phenomenon
could have both a direct nature due to phenomena of perceptive overlap between pain and vibration (27) in accordance
with the "gate control theory" (28) and an indirect nature due to the ability to modulate muscle tone: in fact, the increase
of muscular tone over time tends to be associated with forms of chronic musculoskeletal pain (29).

Regarding basic vital parameters, a greater reduction in HR was observed in CONT compared to INT (10% vs 3%).
Current literature would seem to suggest that low-frequency vibrations should induce parasympathetic adaptations
capable of reducing HR in humans (30). However, in our case, CONT, not subjected to contact vibrations, showed a
greater reduction in the HR value, albeit remaining within a clinical normal range. It could be hypothesized that since our
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patients had a relatively high mean age (69.6+10.8 years), the sample observed could have presented an alteration in
tactile and vibratory sensitivity due to aging factors (31,32).

Finally, regarding SpO2 values, a slight reduction in the value was observed in CONT, in contrast to a slight increase
in the same in INT. This difference, even if clinically irrelevant, could be due to a potential improvement of the
oxygenation of the blood circulation induced by the vibrations applied using a vibroacoustic platform in INT (33,34). The
particularities of the results obtained from the observed sample could be traced back to the existence of a state of
inflammaging (35). This condition includes a chronic onset of low-grade inflammation and a decline in metabolic function
(36) in the whole organism (37). Inflammaging plays a key role in the pathogenesis of age-related diseases and is
accompanied by a “2-fold-to-4-fold” increase in plasma levels of pro-inflammatory mediators in healthy elderly people
compared to the healthy adult population.

Accepting the definition of pain as an unpleasant sensory and emotional experience associated with actual or potential
tissue damage and described in terms of such damage, as defined by the International Association for the Study of Pain,
and recognizing the difference between pain-symptom, danger signal for the organism, and pain-illness, that is non-
finalistic and disengaged from the primary cause (38), this study aims to bring new results obtained from customized
treatment based on rigorous patient data framed in a holistic rehabilitation approach. We also took into account the original
experiences of Maffei and his School (39,40), using elastic and/or mechanical waves (acoustic and tactile stimulation) as
an endogenous pharmacotherapy.

The possibility of finding and applying new therapeutic approaches that are minimally invasive, easy to carry out, and
relatively cheap is particularly important in the context of pathologies connected to chronic musculoskeletal pain and
muscle and joint stiffness, which in severe cases may lead to non-musculoskeletal symptoms such as depression and
kinesiophobia (41) and, sometimes, may require interventions based on more invasive approach such as surgery or
infiltrative therapy (42).

Since the present study is characterized by an observational design and was carried out for a limited number of sessions,
it is necessary to point out how the small and non-homogeneous sample observed, in relation to the single treatment
session evaluated, could have influenced the significance of the results. However, given the apparent consistency of what
was observed with what is currently known in the literature, it is appropriate to underline that the present study represents
anew step in the perspective of studying interesting rehabilitation techniques such as MT and VT in the context of chronic
pain from musculoskeletal stiffness.

CONCLUSIONS

The study highlighted how both MT and VT administered with a Music Vibration Platform are able to induce, in the
short term, positive, although not always significant, changes in the health status of patients suffering from chronic pain
resulting from musculoskeletal stiffness. However, given the limitations of this research project, it would be important to
conduct further studies on the subject, possibly in an RCT-type setting with a larger and more homogeneous sample and
the presence of a control group and a follow-up, to better clarify the medium-long term effectiveness of the treatment
methods observed.
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INTRODUCTION

Cleidocranial dysplasia (CCD) is a rare genetic disorder that primarily affects the generation of bones and teeth. CCD
is caused by mutations in the RUNX2 gene, which is essential for bone and cartilage formation and tooth development
(1). The disease can disrupt normal bone remodeling and repair mechanisms. This abnormal biological reaction not only
alters bone formation, but also involves an immune reaction with inflammatory responses. CCD affects both skeletal and
dental structures, with severe disruption of calcium metabolism. Various dysfunctions may occur such as supernumerary
teeth and delayed formation of permanent teeth. In addition, the patient may have an underdeveloped upper jaw and a
protruding lower jaw (prognathic). CCD may also present hypoplasia of the jaw bones with an impact on the placement
of dental implants and delayed formation of permanent teeth complicates standard orthodontic or prosthetic treatments.

DISCUSSION

Implants require osseointegration, a process which can generate an in-sifu immune reaction and acute inflammation
that can progress to chronic inflammation. CCD is a rare genetic disorder caused by mutations in the RUNX2 gene. This
gene is essential for bone and cartilage formation and the development of teeth, and CCD primarily affects the generation
of bones and teeth. CCD patients with chronic inflammation or impaired wound healing have limited osseointegration
between bone and the titanium surface of implants (2).

The RUNX2 genetic mutation can alter the activity of osteoclasts and osteoblasts, affecting the balance between bone
formation and resorption (3). In CCD, the supernumerary teeth can be a vulnerable site for bacterial infections that affect
the entire oral cavity; this increases the risk of infections surrounding dental implants (4). Moreover, the lack of bone in
this disease can increase the inflammatory effect, with destruction of the tissues around the implant, inducing peri-
implantitis.

The increased vulnerability to the inflammatory process that occurs in CCD influences the production of cytokines
with alteration of the RANK-ligand (RANK-L)-Osteoprotegerin (OPG) axis. RANK-L is a protein of the tumor necrosis
factor (TNF) family that is produced by osteoblasts after various stimuli, which can include that by cytokines, growth
factors, and/or hormones. The RANK-L ligand is produced by stimulated osteoblasts and binds to its specific RANK
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receptor expressed on osteoblasts and osteoclasts. This effect is necessary for the maturation and survival of osteoclasts
that carry out the activity of bone resorption.

OPG is structurally similar to RANK and acts as a decoy receptor by binding RANK-L and blocking its biological
activities. The life and activity of osteoclasts depends on the ratio between RANK-L and OPG. In fact, when there is an
excess of RANK-L, bone resorption prevails. However, when OPG levels are higher than those of RANK-L, bone
resorption is slowed down. Therefore, bone remodeling is characterized by a balance between resorption and
neoformation of the mineralized bone matrix.

In CCD, inflammation and the abnormal immune response can alter the activation of nuclear factor-kappa B (NF-«B),
with dysregulated production of cytokines and growth factors. Macrophages and T cells are amongst the immune cells
involved in this inflammatory process, and their activity could delay healing after implant surgery and hinder the
successful outcome of the implant. CCD requires surgical extraction of supernumerary teeth and orthodontic alignment,
with grafts and bone volume augmentation in case of abnormal maxillary bone density. Implants may need customization
depending on the bone alteration. The use of modified implants could be useful for improving osseointegration and
reducing inflammation. The use of anti-inflammatories or immune response modulators could be useful to prevent implant
rejection (5). Additionally, the role that RUNKX2 plays in the immune process needs to be further investigated. Using
implants with biological coatings and antibiotic treatments could improve the outcome of implants in patients with CCD.
Therapies aimed at RUNX2 dysregulation could give better results both at the inflammatory and immunological level.

CONCLUSIONS

Future studies will help to further elucidate the mechanisms that occur in CCD. These may improve the results that
are achieved in dental implantology. A combined study involving orthodontics, surgery, and immune system and
inflammatory inhibition may significantly improve the available therapy for patients affected by CCD.
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INTRODUCTION

In autoimmunity, the immune system mistakenly targets the body's tissues and causes damage (1). Autoimmunity is a
group of very common diseases which occur in response to the body’s production of antibody-producing B lymphocytes
and T lymphocytes against self-antigens or auto-antigens. With autoimmunity, the immune system does not recognize the
body's self-antigens, such as proteins and nucleic acids, which develop autoantibodies. B cells participate in the disease
by producing autoantibodies, while T cells intervene as autoreactive lymphocytes. Autoreactive T cells and autoantibodies
can be present in individuals with no clinical disease state.

DISCUSSION

Autoimmunity and gum infection can occur in periodontal disease. In gingival infection and periodontitis,
autoimmunity can play an exacerbating role in tissue destruction (2). In addition, dental implants can become infected
with bacteria and infection can open the way for autoimmune diseases (3,4).

Porphyromonas gingivalis belongs to the phylum Bacteroidota and is a non-motile, rod-shaped, Gram-negative,
anaerobic pathogenic bacterium. It is found in the oral cavity, as well as the upper gastrointestinal tract, respiratory tract,
and colon, where it is implicated in periodontal disease. P. gingivalis participates in collagen degradation in periodontal
disease, can infect gingival epithelial cells, and is resistant to antibiotics (5).

P, gingivalis invades gingival epithelial cells in large numbers, in which case both bacteria and epithelial cells survive
for long periods. High levels of specific antibodies can be detected in patients harboring P. gingivalis. The bacterium
produces antigens similar to those produced by host tissues, leading the immune system to attack both microbial and
autologous antigens (6). Some bacterial proteins such as bacterial heat shock proteins (HSPs) can mimic human HSPs,
triggering autoimmunity.

Microbial infection induces inflammation that exposes autologous proteins to immune cells, triggering an autoimmune
reaction with activation of T and B lymphocytes that attack periodontal tissues. Autoantibodies can attack gingival
collagen of connective tissue, causing inflammation and tissue dysfunction. The activation of CD4+ T-helper lymphocytes,
Thl and Thl7, leads to a high secretion of inflammatory cytokines such as interleukin (IL)-1, TNF, IL-6 and IL-17,
resulting in tissue destruction. The intervention of regulatory T cells (Tregs) cannot adequately suppress the immune
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response or inflammation. Activated B cells also participate in the autoimmune reaction by producing autoantibodies,
such as anti-citrullinated protein antibodies (ACPAs) that target the gingival connective tissue.

Gum infections are usually triggered by a biofilm of bacteria on teeth and gums. The infection causes a strong immune
and inflammatory response with tissue damage. Certain bacteria, including P. gingivalis, release enzymes such as
collagenases that damage connective tissue.

Lipopolysaccharides (LPS) from Gram-negative bacterial cell walls stimulate an innate immune response via Toll-
like receptors (TLRs). Prolonged activation of the immune system by a persistent infection leads to overproduction of
cytokines, such as IL-1f, IL-6, and TNF, which degrade bone and periodontal tissues. Neutrophils also participate in
inflammation by being recruited to the site of infection and releasing reactive oxygen species (ROS) and proteolytic
enzymes. TLRs on immune cells recognize bacterial LPS, activating the NF-kB pathway to produce pro-inflammatory
cytokines. CD4+ cells, particularly Th17, secrete IL-17, which recruits neutrophils and increases inflammation. Activation
of osteoclasts via receptor activator of nuclear factor k B (RANK) receptor signaling with RANK-L ligand, leads to
alveolar bone resorption.

Bacteria produce enzymes such as citrulline that can act on proteins to generate new antigens that trigger autoimmunity.
Protein citrullination can be increased by peptidylarginine produced by P. gingivalis, with increased levels of new
antibodies. Immune tolerance can be impaired by chronic microbial infections, an effect that causes susceptibility to
autoimmune reactions. During the infection process of the gingiva, ROS can be released that can damage both proteins
and DNA of the host, with the formation of new antigens that can trigger autoimmunity. Bacterial infection causes
inflammation with production of pro-inflammatory cytokines such as IL-1, TNF, IL-6, and IL-17, which can be followed
by the generation of anti-inflammatory cytokines such as IL-10 and TGF-p (7). Bacterial products are recognized by
TLR2 and TLR4 that activate the inflammatory process, and tissue damage is mediated by enzymes that degrade the
extracellular matrix. Bone resorption is regulated by the RANK-RANK-L- osteoprotegerin (OPG) pathway, an effect that
favors the activity of osteoclasts. Individuals with cleidocranial dysplasia (CCD) might develop secondary complications
(e.g., chronic infections or inflammatory responses) that could mimic or contribute to autoimmune-like conditions, though
these are not inherently part of CCD (8).

CONCLUSIONS

Inhibition of inflammatory cytokines can reduce inflammation, even that which occurs in autoimmunity. Reducing
infection with antibiotics, with the restoration of the balance of immunity, can also be helpful. Experimental therapeutic
effects involving stimulation of Tregs and suppression of inflammatory cytokines are still under investigation. The
multifactorial reactions involving autoimmunity and infections of gingival tissue are very complex and require further
studies.
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ABSTRACT

The role of anti-inflammatory drugs and polymer nano-hybrids in dentistry has attracted much interest. Nonsteroidal
anti-inflammatory drugs (NSAIDs) are used in dentistry especially in pain management and gingival inflammation. These
drugs have demonstrated their efficacy with acceptable and non-serious side effects. In addition, NSAIDs regulate the
immune system and do not inhibit it, as occurs with steroid drugs. In dentistry, the combination of NSAIDs with polymer
nano-hybrid molecules represents a new effective therapeutic treatment. Polymer nanohybrids are nanoscale materials
composed of polymers and other compounds, and allow localized and sustained release of anti-inflammatory drugs, and
increased retention in oral sites, with reduced toxicity. They modulate the immune system by targeting immune cells and
other potentially inflammatory cells that release cytokines. Nanohybrids exert antimicrobial activity against bacterial
biofilms. The ombination of NSAIDs with nanohybrid polymers improves therapeutic response in periodontal disease.

KEYWORDS: Anti-inflammatory drugs, dentistry, polymeric nano-hybrid, immune response, inflammation

INTRODUCTION

The mechanisms and pathways of anti-inflammatory drugs and polymer nano-hybrids in dentistry are very interesting
(1). Nonsteroidal anti-inflammatory drugs (NSAIDs) are drugs applied in the management of acute pain in many
conditions, including dentistry (2). They have long been used and are well known for both their efficacy and toxic effects.
They usually exert a therapeutic effect of relief from inflammation and pain.

In otolaryngology, anti-inflammatory drugs in combination with polymeric nano-hybrids could offer promising
advances for the treatment of inflammation and pain. They modulate the immune response and are very useful in the
treatment of pulpitis, periodontal disease and peri-implantitis, all diseases where chronic inflammation plays a crucial
role (3). In inflammatory reactions, mitogen-activated protein kinase (MAPK) and Toll-like receptor (TLR) signaling are
implicated, which are important for the recognition of microbes and for the activation of the immune system. The NLRP3
inflammasome system is also activated in response to pathogens or cellular damage (4). These reactions induce the
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production of pro-inflammatory cytokines such as interleukin (IL)-1, tumor necrosis factor (TNF), and IL-6, and also
stimulate the production of chemokines (5). In inflammation, the polarization of M1 (pro-inflammatory) and M2 (anti-
inflammatory) macrophages occurs. In addition to macrophages, T cells also participate in balancing the activities of pro-
inflammatory Th17 cells and anti-inflammatory Treg cells.

DISCUSSION

In dentistry, NSAIDs inhibit cyclooxygenase-2 (COX-2), preventing the downstream formation of prostaglandins
(PGs) that play a key role in inflammatory and painful diseases. Differently, steroid drugs are potent anti-inflammatory
drugs that act on the blockade of phospholipase A2 and suppress both PGs and leukotrienes. These, as they inhibit protein
synthesis, have an inhibitory action on the synthesis of inflammatory cytokines such as IL-1, TNF, and IL-6. Steroidal
anti-inflammatory drugs and NSAIDs are used to manage periodontitis, and to reduce soft tissue inflammation. They help
control postoperative inflammation after dental procedures. In addition, anti-inflammatory drugs are used in adjunctive
therapy for implant dentistry to mitigate inflammatory responses (6).

Polymeric Nanohybrids in Dentistry

Acrylic teeth are made using polymethyl methacrylate (PMMA) due to its biocompatibility, ease of processing, low
cost, stability and acceptable aesthetics. Polymer nanohybrids are nanoscale materials composed of polymers and
additional components such as ceramics, metals, or bioactive agents. They are characterized by controlled drug release,
multifunctionality, bioadhesion, and biocompatibility. Polymer nanohybrids allow for localized and sustained release of
anti-inflammatory drugs, increased retention at oral sites, reduced toxicity, and potential for simultaneous administration
of multiple therapeutic agents (7). Nanohybrids deliver drugs directly into inflamed tissues, reducing drug dispersion to
other tissues in the body. They modulate the immune system by targeting immune cells such as T and B lymphocytes,
macrophages, and other potentially inflammatory cells that release cytokines. Nanohybrids exert antimicrobial activity
by combating bacterial biofilms that increase inflammation levels. In addition, chitosan-based polymer nanohybrids
promote wound healing and are bioadhesive, and poly (lactic-co-glycolic acid) provides controlled drug release.
Hydrogel-based systems improve water retention and drug stability. Immune and inflammatory pathways in dentistry are
involved through the activation of NF-kB with production of pro-inflammatory cytokines. It is pertinent to think that
combination of anti-inflammatory drugs with bone regenerative factors can improve periodontal therapy.

Nano-hybrids are utilized as both drug carriers and tissue engineering platforms. The use of polymeric nanoparticles
can facilitate RNA-based gene therapy that targets specific inflammatory genes, such as cytokines (8). In the future, it
may also be possible to customize nano-hybrid formulations based on individual patient profiles to achieve optimal
efficacy.

CONCLUSIONS

The use of anti-inflammatory drugs encapsulated in polymeric nano-hybrids represents a new therapeutic weapon
against inflammation (periodontitis) in the field of dentistry. This new method acts with precision on inflammatory
molecules such as cytokines and chemokines, proteins that regulate the immune system. The synergy between anti-
inflammatory drugs and polymeric nano-hybrids minimizes side effects and is an important weapon in the field of
dentistry.
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ABSTRACT

Transplant rejection occurs when the host's immune system attacks the transplanted organ. However, the transplanted
organ can also reject the recipient host. In this case, the reaction is called "graft versus host" (GVH). There are three types
of transplant rejection: acute, hyperacute, and chronic. In chronic rejection, activation of the immune system leads to
fibrosis of the blood vessels of the transplanted organ and loss of the organ. Bone marrow transplantation is a very useful
and life-saving procedure, but it requires careful planning and ongoing monitoring to manage the risks. To reduce the risk
of rejection, the donor must have human leukocyte antigen (HLA) that matches with the recipient, and the recipient must
be treated with immunosuppressants. Bone graft materials attract and stimulate precursor cells from surrounding tissues
and the bloodstream. These materials act as a physical scaffold to participate in the growth and formation of new bone by
providing a surface for attachment and causing osteoblasts to proliferate, which is an important process in implantology
and periodontal therapies. Osteoblasts play a crucial role in bone grafting and regeneration, and successful implant
osseointegration is highly dependent on osteoblasts depositing new bone matrix around the implant surface. The wnt/f-
catenin pathway promotes biological effects on osteoblasts and enhances bone formation and regeneration. Bone
morphogenetic proteins (BMPs) 2 and 7 are strong inducers of osteoblast differentiation from mesenchymal stem cells
and runt-related transcription factor 2 (RUNX2) is a good regulator of osteoblast differentiation. In periodontitis, an
altered level of cytokines occurs, leading to inflammatory phenomena involving osteoblasts. Here, we discuss bone
grafting in dentistry and the problems related to rejection, periodontal tissue regeneration, and the role of osteoblasts.

KEYWORDS: Bone graft, transplant, rejection, bone marrow, immunity, dentistry

INTRODUCTION

Transplant rejection occurs when a transplant recipient's immune system attacks the new organ, recognizing it as
foreign (1). The mechanism of attack is similar to that which occurs when a microorganism enters the human body.
Rejection is classified as acute, hyperacute, or chronic. Acute rejection occurs in a short time (minutes) and is due to an
immune reaction that occurs between lymphocytes and the foreign antigen shown by the transplanted organ (2).

The transplanted organ can also be responsible for rejection, when it carries out a reaction towards the recipient (host),
which is called graft versus host (GVH). In this case, the donor cells fail to engraft properly in the recipient's body.
Rejection is more common in allogeneic transplants because of different immune compatibility. Hyperacute rejection
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usually occurs five to ten days after surgery and, if not treated with immunosuppressants, the transplanted organ is rejected
(3). Chronic rejection can occur long after the transplant and presents persistent activation of the immune system, fibrosis
of the blood vessels of the transplanted organ, and loss of the organ (4). The use of immunosuppressants can not only
prolong the rejection process but can also lead to the success of the transplant (5).

Transplantation can be performed not only with organs, but also with bone marrow stem cells. This is a complex
medical procedure used to treat a variety of diseases, including leukemia and lymphoma, aplastic anemia, and some
genetic or immune system diseases (6). These therapeutic treatments are crucial, but they often have complications,
including rejection of the bone marrow (7). Bone marrow transplantation is a life-saving procedure for many conditions,
but it requires careful planning and ongoing monitoring to manage risks. Causes of rejection include a human leukocyte
antigen (HLA) mismatch between donor and recipient, which increases the risk of rejection (8). Pre-existing antibodies
in the recipient or insufficient immunosuppression can also lead to rejection.

DISCUSSION

In dentistry, bone graft materials recruit precursor cells from surrounding tissues and the bloodstream (9). The
graft material acts as a physical scaffold and participates in the growth and formation of new bone by providing a surface
for osteoblasts to attach and proliferate. The precursor cells of the bone-forming osteoblasts are stimulated by certain graft
materials and growth factors, causing osteogenesis (10). "Fresh" viable osteoblasts, which are present in autografts,
contribute directly to the formation of new bone.

To make a satisfactory graft occur, an appropriate choice of graft is needed. There are various types of grafts such
as autograft directly from the patient, or allograft from the donor (11). In the first case, the cells are alive and natural
growth factors are activated, which offers excellent results. In the second case, treatments are used to maintain
osteoconductive and, in some cases, osteoinductive properties. There is also a third type of graft, the xenograft, with
osteoconductive material from other species. In this case, there is a high probability of rejection (12).

Synthetic grafts such as bioceramics are widely used today and are combined with active biological material to
obtain a good osteoinductive effect (13). To obtain a satisfactory result, it is necessary to use biological growth factors.
Transforming growth factor-beta (TGF-B) and vascular endothelial growth factor (VEGF) are crucial for the
differentiation and formation of new vessels (angiogenesis) (14). In addition, the use of some cytokines that regulate
signaling are important for the activity of precursor cells and osteoblasts.

Osteoblasts

In dentistry, bone regeneration is governed by osteoblasts, which are important in implantology and periodontal
therapies (15). Osteoblasts are precursor cells in bone formation and their activity is essential for maintaining healthy
bone structure and function (16). In dentistry, osteoblasts play a fundamental role in bone grafting and regeneration, which
are methods for implant placement and reconstructive surgery (17). The success of implant osseointegration depends
greatly on osteoblasts that deposit new bone matrix around the implant surface (18).

In periodontal disease, there is a loss of bone regeneration that requires the activation and proliferation of osteoblasts.
Osteoblasts are also important in orthodontics where tooth movement involves a balance between bone resorption by
osteoclasts and bone formation managed by osteoblasts (19). Osteoblast differentiation and activity is due to the wnt/p-
catenin pathway that promotes biological effects on osteoblasts, such as increased bone formation and regeneration (20).

Bone Morphogenetic Protein (BMP) 2 and 7 are strong inducers of osteoblast differentiation from mesenchymal stem
cells (21). BMP2 is a protein present in the human body that promotes the growth of new bone. BMP-2 has been studied
for several years for its ability to repair bone, almost completely eliminating the need for bone grafts from other parts of
the body. This protein has been approved by the FDA and is used in bone grafting. BMP-7 is a member of the TGF-8
family, which is widely expressed during fetal life. It plays an important role in stimulating bone synthesis and can be
used for therapeutic purposes (22). Its active ingredient is called heptotermin alpha, a copy of BMP-7, and has the ability
to induce bone production in recent fractures (23).

A good regulator of osteoblast differentiation is runt-related transcription factor 2 (RUNX2) (24). It is important for
mesenchymal stem cells in the differentiation of osteoblasts. Osteoblasts secrete type I collagen, which forms the organic
framework of bone (25). Osteocalcin and alkaline phosphatase are proteins involved in matrix maturation and
mineralization (26). Additionally, in orthodontics, osteoblasts respond to mechanical insults via integrin-mediated
pathways, promoting bone remodeling (27). Chronic inflammatory phenomena often occur in periodontitis and can
compromise the function of osteoblasts by altering the levels of TNF, IL-1p and IL-6 cytokines and by acting on the
interaction between osteoblasts and the implant (28,29). Other cytokines such as VEGF and TGF-f play a role in
angiogenesis and bone formation at implant sites (30).
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CONCLUSIONS

Bone grafting is characterized by its ability to increase both bone volume and bone density. In addition, it improves

the stability of dental implants and the regeneration of periodontal tissues. These reactions are due to the body's natural
ability to regenerate bone through the stimulation and differentiation of precursor cells. Today, bone grafting is a valuable
and indispensable tool in dentistry.
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ABSTRACT

The growing interest in digital technologies has affected, in recent years, many areas of various fields of work, and
dentistry is one of them; in fact, implantology and modern prosthetics are increasingly turning to digital technology. Both
the traditional and digital impressions are operator dependent, so it is necessary that each prosthodontist, or rather any
dentist, knows how to best capture the anatomical/mechanical details, in the case of implants, of each patient treated.
Failure to do so would mean sending into production an artifact that already has underlying defects inherent in the
impression taken poorly by the dentist or cast incorrectly by the dental technician. The purpose of this study is to compare
analog and digital work-flow, in the design of the surgical and prosthetic procedures using CSR implants (CSR Implant
System, Sweden&Martina, Due Carrare, Padua, Italy) associated with conometric technique. The innovative part of the
CSR implants (CSR Implant System, Sweden&Martina, Due Carrare, Padua, Italy) lies in the DAT connection: a double
internal conical contact interface between the abutment and the implant and between the screw and the abutment. In fact,
the tapered technique that we find in the DAT connection just mentioned allows to obtain an implant-supported fixed
prosthesis without the use of cement or screws fixation between abutment and prosthesis which, at the same time, is easily
removable by the clinician, while still being a fixed prosthesis. The aim of this study is to evaluate the stability of implant
prostheses rehabilitation, comparing the traditional technique (control group) with the digital technique (test group).

KEYWORDS: digital impression, digital workflow, implant-prosthodontic restoration, intraoral scanner, full
archrehabilitation, digital dentistry

INTRODUCTION

Nowadays in the digital age, the reading precision and accuracy of the scanners is becoming increasingly reliable and
accurate, resulting in a precise and reliable fit of prosthetic artifact on abutments (1-7).

According to a recent study conducted by Peter Gehrke et al. in 2021 (8,9,10), it is inferred that the use of a cone-in-
cone interface, analyzed by SEM analysis, avoids the creation of a micro gap at the cone-in-cone junction itself allowing
a clinically and statistically optimal seal to avoid bacterial infiltration (Fig.1).
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Fig. 1. Cone-in-cone interface.

According to various studies by Degidi M. et al. (11,12) the use of the conometric connection allows a fixation of
the crown on the abutment without the use of screws and cement; this feature allows a lower percentage of bacterial
infiltrate and a better accuracy of positioning, subsequently confirmed by endoral radiography. Moreover, the method of
conometric prosthesis allows easier access in case of problematic situations, this is achievable by disassembling the
crown using a dedicated clamp and repositioned with a fixation tool that exerts an axial force on the crown itself.

MATERIALS AND METHODS

50 patients were enrolled in the study, 25 digital cases (DIG group) and 25 traditional cases (AN group). All the
patients in the sample were treated at the Operating Unit of Dentistry and Dental Prosthetics of San Raffaele Hospital in
Milan, Italy.

Every recruited patient underwent placement of an osseointegrated implant, and subsequently prosthesized either with
a conometric technique using digital work-flow (DIG Group) or traditional one (AN GROUP) (Fig.2,3).

Fig. 2. Analogical impression. Fig. 3. Digital impression.

Once they receive the scan (whether it is in .stl or analog format), the dental technician proceeds to design and
fabricate the shelled prosthetic construct within which he will then, using a direct method, cement the conometry coping
using dual composite self-adhesive cement. Once the coping is cemented inside the prosthetic framework directly in the
oral cavity, it is finished in the laboratory and the conometry is reactivated (Fig.4-9).
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Fig. 4. Perimplant tissues. Fig. 5. Vestibular view of the abutment.

Fig. 6. Occlusal view of the abutment with the cap in Fig. 7. Vestibular view of the abutment with the cap in
position. position.

Fig. 8. Crown in position over the cap. Fig. 9. Final result.

A sample size of 25 subjects in each group (DIG and AN, total of 50 patients) allows a test power of 1 - #=0.95 and
1 - #=10.79 for independent and paired comparisons, respectively, corresponding to a significance level of 0.05 and a
Cohen's Effect Size d = 0.8 referring to the duration of prosthesis in relation to the loss or non-loss of the prosthetic
artifact. Given a drop-out probability, estimated from previous clinical experience, of 0.15, the total initial number of
patients to be recruited was 60 subjects (30+30).

Aesthetic assessment by a "blinded" clinician and patient satisfaction were measured during follow-up performed on
the day of the placement of the tapered crown on CSR implant, at 3 (T1), 6 (T2) and 12 (T3) months after completion of
the prosthetic phase.

The following assessments were performed:

1. Keratinized mucosal height (KM): measured from the mucogingival junction to the coronal margin of the free

gengiva;

2. Disto Vestibular Probing Depth (PD-DL): the distance between the gingival margin and the bottom of the pocket

on the disto-vestibular side;

3. Disto Lingual Probing Depth (PD-DL): the distance between the gingival margin and the bottom of the pocket on

the disto-lingual side;

4. Radiographic bone loss around the implant, measured by monitoring changes in marginal bone level through
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radiographs; a healthy implant should have less than 0.2mm of bone loss during the first year;

5. Patient satisfaction: measured by a satisfaction questionnaire.

STATISTICS ANALYSIS

Prosthesis longevity will be analyzed using a Cox proportional hazards model. Considering an overall probability of
failure of ! =0.20 (estimated from clinical experience) and a significance level " = 0.05, the expected sample size (# = 25
+25) will allow a test power 1 - $ = 0.85 corresponding to an In %% = 1.9.

A prosthesis is considered failed if it does not meet one or more of the reliability criteria that a dental prosthesis
necessarily has: stability, function, aesthetics. A prosthesis, therefore, can be considered failed (0) or not failed (X).

RESULTS

All patients included in this study completed surgical-prosthetic treatment by participating in all follow-ups required
by this study; specifically, 14 male and 17 female patients were included for a total of 54 implants. At the time of
implant placement, patients ranged in age from 25 to 70 years (50.5 £ 13.9).

During the predetermined follow-up period, there were 2 failed implants that were replaced after a period of bone
regeneration and a prosthetic survival rate of 100%.

Values for each parameter were assessed by the same operator and with the same techniques to avoid errors in
measurements.

Keratinized mucosal height

In the AN group, mean KM values were 2.90 mm; 3 mm; 3.27 mm respectively in a follow-up of 3, 6 and 12 months.
In the DIG group, mean KM values were 2.51 mm; 3 mm; 3 mm respectively in a follow-up of 3, 6 and 12 months.
Descriptive statistical analysis regarding mean KM values is shown in the table below (Fig.10).

Keratinized mucosal height

3,5

29— ; 2
2‘5 2./‘3"

1,5

0,5

T1 T2 T3

e ANAIOGIC Digital

Fig. 10. Keratinized mucosal height.

Disto-vestibular Probing Depth

In the AN group, the mean PD DV values were 2.43mm; 1.95mm ;1.8 lmm respectively in a follow-up of 3, 6 and 12
months. In the DIG group, the mean PD DV values were 2.14 mm; 1.88mm ;1.7 mm in a follow-up of 3, 6 and 12 months,
respectively. The descriptive statistical analysis regarding the mean PD DV values is shown in table below.

Disto Lingual Probing Depth (PD-DL)

In the AN group, the mean values of PD DL were 1.68 mm; 1.50 mm ;1.59 mm respectively in a follow-up of 3, 6 and
12 months. In the DIG group, the mean values of PD DL were 1.684 mm; 1.69 mm ;1.76 mm respectively in a follow-up
of 3, 6 and 12 months. (Fig.11, Table I)
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Fig. 11. Probing DV.
Table 1. Probing DV during T1; T2; T3.
PD DV GROUP MEAN (mm) STAND DEV
T1 AN 2,43 mm 0,54
DIG 2,14 mm 0,59
T2 AN 1,95 mm 0,50
DIG 1,88 mm 0,55
T3 AN 1,81 mm 0,47
DIG 1,7 mm 0,45

The descriptive statistical analysis regarding the mean PD DV values is shown in table below (Table II, Fig.12).

Table I1. Probing DL during T1; T2, T3.

PD DL GROUP MEAN (mm) STAND DEV
T1 AN 1,68 mm 0,33
DIG 1,684 mm 0,59
T2 AN 1,50 mm 0,28
DIG 1,69 mm 0,51
T3 AN 1,59 mm 0,22
DIG 1,76 mm 0,75
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Probing DL
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Fig. 12. Probing DL.

Evaluation of Radiographic Parameters

In the AN group, the mean marginal bone loss values were 1.50 mm; 1.64 mm; 1.72 mm in a follow-up of 3, 6 and 12
months, respectively. In the DIG group, the mean marginal bone loss values were 1.56 mm; 1.78 mm; 1.8 mm at a follow-
up of 3, 6 and 12 months, respectively. Descriptive statistical analysis regarding the mean bone loss values is shown in
the table below (Table III, Fig.13).

Table IIL Loss of bone in T1; T2; T3.

LOSS OF BONE GROUP MEAN (mm) STAND DEV
T1 AN 1,50 mm 0,54
DIG 1,56 mm 0,55
T2 AN 1,64 mm 0,534
DIG 1,78 mm 0,532
T3 AN 1,72 mm 0,56
DIG 1,80 mm 0,53

Loss of bone

3,5
25
15

0,5

T1 T2 T3

Analogic Digital

Fig. 13. Loss of bone.

Patient Satisfaction
The VAS scale score regarding patient satisfaction (digital vs. analog flow) is summarized in Table I'V.
During impression taking, the digital group reported greater comfort with:
- Mean VAS value of 91+11.60 for the AN group and 98.61+2.72 for the DIG group.
- Gag reflex almost absent in the DIG group with mean values of 99.81+0.25 (vs. 85.7346.57 for the AN group.
- Greater comfort for the DIG group during acquisition with mean value of 99.87+0.34, compared to the AN group in
which we have as mean score 86.13+7.01.
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- Overall, however, the two groups did not differ, from a clinical point of view, in terms of the patient's willingness to

hypothetically undergo the procedure again (mean value AN group 97. 06 + 10. 30 and DIG group 97.06£10.27).

On the other hand, regarding satisfaction in terms of cosmetic and functional outcome, for both AN and DIG groups,
they were both above 95 score (Table IV).

Table IV. Patient Satisfaction.

QUESTION GROUP MEAN + SD
1 AN 95,13+3,37
DIG 97,0042,22
2 AN 93,53+7,83
DIG 96,5+2,60
3 AN 98,4+2,69
DIG 98,542,83
4 AN 86,13+7,01
DIG 99,87+0,34
5 AN 85,73+6,57
DIG 99,93+0,25
6 AN 76,86213,73
DIG 99,81+0,40
7 AN 85,66+17,54
DIG 97,1242,15
8 AN 98,66+5,16
DIG 98,75+5,00
9 AN 97,06+10,30
DIG 97,06+10,27
10 AN 97,00+10,30
DIG 99,3142,49

DISCUSSION

Implant-prosthetic rehabilitations are playing an increasingly prominent role within the dental field both because of
the patient's increasing desire to obtain fixed rehabilitation and because of the implementation of new techniques and
technologies.

Traditional methods, whether in surgical or prosthetic, remain the reference procedures to evaluate efficacy and
accuracy of new technologies and new workflows.

The best way to rehabilitate an edentulous area through implant- prosthetic treatment, whenever feasible, is also
influenced by the superior survival rate compared to removable alternatives. This consideration was also confirmed by a
2021 study by Kurosaki et al. (13,14). This study demonstrated that 6 years after prosthetic rehabilitation, there was a
survival rate of 94.7 percent for fixed implant- supported prosthetic rehabilitation, 77.4 percent for fixed prostheses and
33.3 percent for removable partial dentures. According to the results obtained in this study, 2 implant failures were
recorded out of 54 implants placed.

Eur J Musculoskel Dis 2024 Sep-Dec;13(3):30-39 www.biolife-publisher.it



F. Ferrini et al. 37

Regarding implant failure, however, no significant differences were found between the two groups with a p value of
0.9979 at t1 and 0.9988 at time t2 with mean bone loss values of 1.5+0.54 for AN group and 1.56+0.55 for DIG group
at time t1 and 1.64+0.534 for AN group and 1.7840.532 for DIG group at t2, respectively.

Prosthetic rehabilitations, whether on implants or natural elements, must be meticulously planned and executed in
order to achieve good prosthetic support that succeeds in adequately unloading the masticatory forces; for these
purposes, certainly the digital technologies have been a major help. Indeed, with the introduction of digital
technologies, great precision can be achieved in both implant and prosthetic placement.

Regarding the surgical phase through digital methods, the operator can plan implant placement through software that
allows to simulate the size and position of the implant through the patient's CBCT, and also to mark reference
anatomical points in order to avoid damage, and to make the procedure more predictable and reliable.

During the prosthetic phase, digital technology has taken an even more preponderant role. New technologies can be
used in every phase of treatment such as planning, impression taking, design and follow-up.

During planning, digital technologies can be used for diagnosis, results preview and decision making. Then, moving
on to impression taking, through intraoral scanners which allows to transfer or store information through “.stl” files; this
guarantees clear communication between clinician and dental technician (15-17). Coming to the use of digital devices in
design phase, it’s possible to rely on dedicated software to design and produce a costumed prosthesis that fit perfectly,
esthetically and functionally. Finally, intraoral scanners (I.0.S.) can also be used in follow-ups, where it can be seen if
there are any changes that may affect both the soft tissues and the fit of the prosthetic artifacts (15-17).

However, regardless of the traditional or technological methods used, they must be accompanied by good
professional and home oral hygiene with the dedicated aids recommended by the practitioner (18).

A study by Muhlemann et al. in 2018 (19) shows that when analyzing the advantages that are obtained through
digital technologies for implant-supported rehabilitations, it’s possible to evaluate better efficiency when designing
prostheses through CAD/CAM methodologies compared to conventional workflow. Regarding the results obtained
during this study, there were 2 prosthetic failures in the AN group due to disconnection of the conometric rehabilitation.
This result, however, doesn’t lead to a significant difference between the two groups evaluated, similarly to implant
failure, with p values of 0.9989 at T1 and 0.9979 at T2.

According to a study by Oh T-J et al. in 2005, it was seen that commercially available implant systems recognized as
medical devices have an implant-abutment connection accuracy of 1 to 10 pm. Taking into consideration that the
average size of the most common bacteria colonizing the oral cavity is 0.3-5 um it is predictable a fast and easy
colonization of the implant connection surface.

According to a 2016 study by E.F. Gherlone and P. Capparé¢, 80 implants divided into 8 groups based on connection
and implant type were considered; it was seen that the cone connection had a lower contamination rate than the other 7
types of implants (3). Specifically, bacteria being closely correlated with the presence of bleeding and plaque, we
showed that 35.19% of patients had bleeding and the remaining 64.81% had no bleeding. Similarly, the presence of
plaque was shown for 33.34% and the absence of plaque for the remaining 66.66%.

The presence of plaque and bleeding, and thus inflammation of the peri-implant soft tissues, also negatively affects
the formation of new keratinized tissue around the implant itself. The bacteria colonization of the implant surface leads
to the activation of chemotactic stimuli that brings to the recruitment of inflammatory cells and thus peri-implant
inflammation that, if unchecked, leads to subsequent bone loss or even implant failure (20,21). In this study, the height
of keratinized tissue (KM) was also evaluated, resulting in no statistically significant difference in the mean of KM at
varying impression type (P=0.70) nor at varying time (p=0.19), nor that there is a different outcome comparing the
impression method in different times, T1, T2 and T3(interaction, p=0.55).

Clinical and radiographic results in T3 show no significant differences between an analog and digital workflow in
conometric implant prosthetic rehabilitations on CSR implants.

CONCLUSIONS

The results of this prospective observational study with one year of follow-up and 54 implants placed showed that
there are no statistically significant differences between an analog and a digital workflow in conometric prosthetic
rehabilitations on CSR implants.

This type of implant has been demonstrated in the literature to be superior to traditional connections in terms of
bacterial sealing and micromovements at the implant-abutment interface. Objective clinical and statistical evaluation
demonstrated excellent survival in both implant and prosthetic phases. In addition, data acquired through a patient
satisfaction questionnaire showed a preference for the digital protocol in terms of both comfort and timing.
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In conclusion, the protocol of this prospective observational study will continue with further clinical studies to

confirm the results obtained.
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ABSTRACT

Myofascial Pain Syndrome (MPS) is a pathology characterized by pain and biomechanical-postural alterations in the
presence of myofascial trigger points (MTrPs). Among the treatment techniques for MPS, MTrPs infiltrations with dry
needling or with the injection of pharmacological substances is often used, which however, can present criticalities in
terms of safety and tolerability. However, recent technological developments allow to obtain deeply focused active
ingredient delivery effects through dedicated electromedical devices. This pilot retrospective analytical observational
study aims to evaluate the efficacy of a cycle of 5 sessions of needle-free infiltration (N-Fi) with the delivery of a gel
based on hyaluronic acid, ozone and vitamin C in reducing pain, measured with the Numeric Pain Rating Scale (NPRS),
and postural dysfunction, measured with the computerized calculation of the Postural Biometric Index (PBI). Data from
30 patients (mean age 56=13 years) affected by MPS were considered. At the end of the study, a significant reduction in
the NPRS score (-41.9%) and PBI (-31.1%) values was observed. Therefore, our observations confirm that MPS patients
treated with N-Fi show a significant improvement in pain and biomechanical-postural dysfunction associated with their
pathology. Further in-depth studies on the topic are recommended to confirm the preliminary results of our research.

KEYWORDS: Rehabilitation, physical therapy, trigger point, myofascial pain syndrome, injection
INTRODUCTION

Myofascial pain syndrome (MPS) is a pathology characterized by alterations in the morphology and functionality of
the muscular and fascial tissue of one or more areas of the human body; these qualities determine the appearance of pain
and reduced musculoskeletal function, often accompanied by anxious and depressive states (1,2). It is estimated that the
prevalence of MPS can reach rates of 85% (3), with a fair amount of variability between sexes and between the types of
pathological population considered (3,4).

The main detectable alteration that occurs in the myofascial tissue of subjects affected by MPS is the establishment of
myofascial trigger points (MTrPs), which are typically described as hyperirritable spots in the skeletal muscle that are
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associated with hypersensitive palpable nodules in a taut muscular band. The spot is painful on manual compression and
can give rise to characteristic referred pain, referred tenderness, motor dysfunction, and autonomic phenomena (5). At the
diagnostic level, a MTrP is usually identified when at least two of the three typical features recur during the evaluation:
the presence of a taut band in the muscle, the presence of a hypersensitive spot, and a referred pain pattern evoked by
stimulation of the point examined (6). It follows that the diagnosis of MPS in the presence of MTrPs is predominantly
clinical, by virtue of the good reliability of palpatory evaluation in this pathological context (7); however, even
instrumental examination with imaging techniques such as ultrasound or with impedenziometric assessment devices
would seem to have its relevance in the observation of this complex and insidious syndrome (8,9).

Given the complexity of MPS, numerous therapeutic solutions have been proposed over time, with efficacy that is
often unclear and debated (3). The management of MPS can in fact be based on treatments that range from less invasive
manual, physiotherapy-instrumental and physical exercise methods, to more severe approaches such as pharmacological
and infiltrative treatments (3,10,11).

The infiltrative therapy of MTrPs represents one of the most frequently applied techniques in the clinical field for the
management of MPS (12). In most cases, these techniques are based on the infiltration of substances such as anesthetics,
corticosteroids, NSAIDs and Botulinum into the MTrP (13,14). In other cases, the stimulation technique is based on the
use of so-called dry needling (15). Despite their mixed efficacy, these techniques are not free from side effects and risks
of various kinds such as infections, potential lesions caused to non-muscular tissues, systemic allergic reactions to the
absorption of the injected substances, cellulite and inflammation phenomena at the injection site, pneumothorax in the
torso and inapplicability of the technique in the presence of trypanophobia (14,16,17). Hence, it could be useful in the
clinical field to investigate new methods of chemical stimulation of MTrPs through delivery techniques mediated by
physical means such as electricity, sound waves and light, as occurs, for example, in the case of iontophoresis and
phonophoresis (18,19).

Therefore, given the previously exposed considerations, we aimed to conduct an observational pilot study on the
efficacy in the treatment of MPS of a needle-free infiltration (N-Fi) therapy, applied through a device that integrates
athermic diathermy (AD) and low-level laser therapy (LLLT) for the delivery of a compound based on hyaluronic acid,
ozone and vitamin C.

MATERIALS AND METHODS

This research is a pilot retrospective analytical observational study carried out at the Center for Physiotherapy,
Rehabilitation and Re-Education (Ce.Fi.R.R.), a venue of the “Gabriele d’ Annunzio” University of Chieti-Pescara (Chieti,
Italy), from January to September 2023.

All the procedures applied comply with the national safety regulations regarding health services. The protocol is
accessible to anyone who does not highlight specific contraindications during the initial clinical evaluation necessary for
all patients who access the study venue. The protocol is not an experimental application, since it uses the same procedures
applied at the study facility for all patients who do not present the above-mentioned contraindications. This study was
conducted in accordance with the ethical principles of the Declaration of Helsinki. Written informed consent was obtained
at enrolment from participants who were willing and able. Furthermore, the Ce.Fi.R.R., as the institution in charge for
performing the study, owns the ISO 9001:2015 certification for the realization of "Clinical observational studies in the
rehabilitation field" (Certificate from the Italian Accreditation Body "Accredia" n. IT15/0304). Due to these
considerations and the lack of incontrovertible national legislation regarding the need for the submission of retrospective
and/or non-pharmacological observational studies to an ethics committee (20), normal ethics committee clearance was
not required (21).

Data were collected from 30 patients (9 males and 21 females, Caucasian ethnicity, mean age 56+13 years) confluent
in the study site, affected by MPS, who underwent N-Fi treatments.

Physiatrists in charge of the initial clinical evaluation of each patient diagnosed the presence of chronic MPS
associated with MTrPs, with the presence of frequent muscle pain associated with the presence of knotty and painful
muscle areas upon palpation for at least 6 months (22).

Inclusion criteria were an age between 30 and 80 years and the diagnosis of chronic MPS.

Exclusion criteria were all the typical contraindications for treatment with electrotherapies (cancer, pregnancy,
electronic implants, epilepsy, infections, tuberculosis, serious vascular and cardiac diseases), eventual severe neurological
impairments and primary or secondary sensory alterations.

At the initial clinical evaluation (TO0, before the treatments were performed) and at the final clinical reevaluation (T1,
after the treatments were performed), the observed patients were assessed using the following methods:
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(a) The Numeric Pain Rating Scale (NPRS): it is one of the most widespread tools in clinical practice for assessing
the pain subjectively perceived by patients. It is a derivate of the Visual-Analogue Scale (VAS) divided into ten
levels, usually distributed equidistant on a 10 cm long strip, which correspond to the level of pain perceived by the
patient at the time of the evaluation, where O is the total absence of pain and 10 is the maximum level of pain
imaginable and/or ever experienced by the patient (23). This scale is reliable, effective and easy to apply even in
the presence of dysfunctions of the musculoskeletal system such as MPS (23). In the present study, patients were
asked to express a value from 0 to 10 corresponding to the maximum level of pain perceived at the muscular levels
which resulted the most insidious points for them.

(b) Postural Biometric Index (PBI): this is an index calculated by the software of the Milletrix 3.0 platform (Diasu
Health Technologies, Rome, Italy) on the basis of a stabilometric evaluation carried out using the same device (24).
This index takes into account the parameters of Center of Pressure, Symmetry of Bipodalic Load, Symmetry of
Retro-Forefoot Load, Angle of Centers of Pressure, Podalic Angle, Location of Maximum Pressure Point,
Symmetry of Support Surface and Center of Gravity Deviation - Center of Pressure (24). These parameters are
then calculated to obtain an index that quantifies the patient's postural state, which can often be altered in the
presence of MPS (24). The PBI value is considered healthy from 0 to 10 and dysfunctional if >10.

Patients in the studied population underwent a total of 5 treatment sessions, performed every 48 hours, of N-Fi therapy
applied through a device called Sinapsi 2.0 (Winform Medical Engineering S.r.l., San Dona di Piave, Italy). The N-Fi
handpiece combines a multi-wavelength LLLT emission (450nm, 650nm, 1064nm) with an endogenous stimulating
athermal radiofrequency designed to deliver specific phytocompounds and integrative substances for joints and the
musculotendinous system. Through the N-Fi system, the special compound called TriJALUX Gel (Winform Medical
Engineering S.r.1., San Dona di Piave, Italy), based on a combination of 5% triple molecular weight hyaluronic acid, 10%
ozone, and 2% vitamin C, is conveyed deep into the treated area.

In the observed patients, the N-Fi was performed on multiple body areas in which palpable MTrPs were located.
Following the principles of the Bio-Physico-Metric approach (25,26), the presence of MTrPs was checked by the therapist
before each treatment session, through a palpatory examination of the patient's body aimed at identifying the most painful
and irradiating MTrPs, also defined as key MTrPs. When a potential key MTrP was manually detected, the therapist
performed a functional evaluation of the range of motion of the location area; if the range of motion of the suspect area
appeared to be reduced in comparison to the contralateral one, the palpated MTrP was considered in need of treatment.
The N-Fi was applied on each of the identified key MTrPs for the time necessary for a quantity equal to 1ml of TriJALUX
Gel to be absorbed into the area (on average 5 minutes for each spot).

Once all the data consistent with the observation criteria of the study have been catalogued, statistical analysis was
carried out on collected data using the Wilcoxon Signed Rank test for dependent samples, performed through the Statistics
Kingdom online calculator (https://www.statskingdom.com, Melbourne, Australia).

RESULTS

At the end of the study (T1), a significant reduction in the NPRS score value was observed (p < 0.001) which went
from 6.2 = 1.1 to 3.6 + 1.1, for an overall reduction of 41.9% (Fig.1).
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Fig. 1. Change in NPRS values between T0 and T1.
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Similarly, at time T1, a significant reduction in the PBI value was observed (p < 0.001) which went from 15.5 + 4.4
to 10.7 = 1.9, for an overall reduction of 31.1% (Fig.2).

PBI
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Fig. 2. Change in PBI values between T0 and T1.

DISCUSSION

The observation of the data collected highlights how, in patients with MPS subjected to treatment with N-Fi of key
MTrPs, there is a significant reduction in NPRS pain values and postural dysfunction measured through the PBI.

We have previously reported that the chemical-physical stimulation of MTrPs through physical and infiltrative
therapies appears to be one of the typical management strategies of MPS (3,10-15). The N-Fi treatment strategy adopted
for the patients observed in this study conceptually falls into the same therapeutic category reported above. The chemical
compound vehiculated through the N-Fi technique is in fact composed of a combination of substances whose role has
already been analyzed in literature in the context of MPS and the management of MTrPs.

Several studies have highlighted a very important influence of hyaluronic acid in the genesis and perpetuation of MPS
and MTrPs (27,28). It is believed that a variation in the densification of the hyaluronic acid present in the muscle fascia
can in fact determine a worsening of the mechanical sliding of the tissues involved in MPS, producing phenomena of
functional limitation and pain (27,28). In fact, one of the most interesting options in the management of MTrPs and MPS
is represented by the use of hyaluronidase (alone or in addition to other substances) through localized infiltration in the
painful areas (29,30), with the aim of dissolving any connective thickening from degeneration of hyaluronic acid in situ.
In our case, the delivery of chemically stable and non-pathologically altered hyaluronic acid to the MTrPs sites could
have contributed to restoring optimal viscosity of the soft tissues of the dysfunctional areas.

Furthermore, the use of ozone (alone or in combination with other molecules, such as oxygen or corticosteroids) would
also appear to possess excellent healing properties when applied directly to the muscles, probably due to its anti-
inflammatory properties and its ability to control tissue oxidation (31,32).

Similarly, vitamin C also appears to possess important healing properties, especially of an antioxidant nature, even for
myofascial tissues, especially in the presence of pathologies such as pain and functional limitation as in the case of MPS
(33-35).

We can therefore consider that the metabolic and mechanical rebalancing properties attributable to TriJALUX Gel
delivered with N-Fi in the MTrPs site may have contributed, in the observed patients, to improve the monitored symptoms.
In fact, the pathogenesis of MPS appears to be extremely complex, involving aspects of a mechanical nature connected
to the thickening of the fascial components of the areas involved (36,37), as well as chemical-metabolic aspects due to
oxidative and inflammatory phenomena of the affected tissues (38,39). From the point of view of pain, the improvement
of the NPRS score, which went from a medium-light pain equal to 6.2 points to an almost absent pain equal to 3.6 points,
can be attributed to the anti-inflammatory, antioxidant and elasticizing activity of the delivered product. Similarly, the
same modulation properties of the chemical-physical quality of the treated soft tissues due to the vehiculation of the
TriJALUX Gel through the N-Fi device may have induced an improvement of the PBI score, which went from a totally
dysfunctional value of 15.5 points to one close to the normal cutoff equal to 10.7 points, probably by virtue of better
mechanical resilience of the stimulated areas.

Despite the results obtained are positive and encouraging, it is necessary to specify some weaknesses of the present
study. First of all, the sample might be relatively small in comparison to the general spreading of MPS. Moreover, in
relation to the sample characteristics, it must be highlighted a certain variability in the age of the patients enrolled (ranging
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from 30 to 71 years from the youngest to the oldest patients observed) and in the sex distribution, which was not evenly
spread between males and females. Additionally, it must be considered that the study, due to its observational nature, was
carried out without a control group (either no-treatment or sham) and in the absence of follow-up. To overcome these
weaknesses, it would be useful to conduct new in-depth studies on the topic, which should take into consideration a
randomized and controlled experimental setting with follow-up, perhaps also integrating more specific evaluation
methods dedicated to the histochemical analysis of the treated areas to observe their response to the administration of
TriJALUX Gel through N-Fi.

Despite the critical issues mentioned, overall, the results of this study are positive and encouraging, supporting the
idea that treatment with TriJALUX Gel delivered with the N-Fi system at the level of MTrPs is able to effectively reduce
pain and biomechanical-postural dysfunction in patients affected by MPS. Finally, it should be emphasized that the
observed treatment, together with the intrinsic characteristics of speed and ease of application, has shown a very high
tolerability; in fact, no local or systemic side effects were reported during the entire data collection process, consistently
with the safe and non-invasive nature of the observed treatment.

CONCLUSIONS

The treatment of MPS through the delivery of TriJALUX Gel with the N-Fi system to the MTrPs is effective in
reducing pain and improving the dysfunctional biomechanical-postural setting characteristic of the pathology. Since the
method is easy to apply and reproducible in the absence of all the side effects potentially related to the classic infiltrative
stimulation with needle of the MTrPs, our observations lay the foundations for investigating deeper a method that would
allow to expand the group of subjects affected by MPS who could receive a valid treatment for their condition.
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ABSTRACT

Gluteal tendinopathy, a prevalent cause of lateral hip pain, primarily affects the tendons of the gluteus medius (GMed)
and minimus (GMin). This condition is commonly seen in middle-aged women and athletes, often resulting from
repetitive stress, overuse, or biomechanical abnormalities. Diagnosing gluteal tendinopathy requires a comprehensive
approach including patient history, physical examination, and imaging modalities such as ultrasound (US) or magnetic
resonance imaging (MRI), which are essential for confirming tendon pathology and ruling out other hip pathologies.
Management strategies focus on conservative treatments as the first line of intervention. These include patient education,
activity modification, drugs, and structured physiotherapy programs emphasizing load management and progressive
strengthening exercises. Adjunct therapies like extracorporeal shockwave therapy (ESWT) and corticosteroid (CS)
injections can be considered in persistent cases. Surgical intervention is reserved for refractory cases where conservative
treatments fail. This review aims to consolidate current diagnostic criteria, highlight effective management protocols, and
discuss emerging treatments for gluteal tendinopathy to optimize patient outcomes.

KEYWORDS: tendinopathy, gluteal tendinopathy, gluteal tendinitis, gluteal tendinosis, gluteal bursitis, hip
tendinopathy, greater trochanteric pain

INTRODUCTION

Tendon disorders encompass tears and chronic diseases, representing a very common musculoskeletal issue (1). The
term “tendinopathy” includes all the situations in which there are chronic clinical conditions characterized by pain,
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swelling and functional limitations of tendons and nearby structures (1-7). Both intrinsic and extrinsic factors play a key
role in the pathogenesis of tendinopathy; age, gender and gender are the most prominent non-modifiable factors, while
excessive and/or improper loading, disuse, drugs and smoking habit are the most influent modifiable factors (6,8-12).
Although the term "tendinitis" is often associated with the concept of tendinopathy, in recent years it has been shown that
the inflammatory process only affects the initial stages of the disease, while degenerative and apoptotic phenomena prevail
afterwards because of long-lasting overuse condition related to work and/or sports (7,13-15). Tendinopathy can be viewed
as a failure of the cell matrix to adapt to a variety of stresses as a result of an imbalance between matrix degeneration and
synthesis (16-18).

Gluteal tendinopathy (GT), widely regarded as the primary condition underlying greater trochanteric pain syndrome
(GTPS), and often associated with trochanteric bursitis (19-22), is the most prevalent lower limb tendinopathies (up to
24% of middle-aged women) (23-25). The condition predominantly arises within individuals in their fifth and sixth decade
of life, affecting both active and sedentary individuals (26), with an annual incidence of 1.8 per 1000 individuals (27),
and a global prevalence of 20.2% (28). It affects individuals with an age range of 15—87 years and an average age of 54
to 63 years (17). Women are typically more affected when compared to men (21,23,28).

Although GTPS is a complex condition of uncertain etiology, contemporary thought supports degenerative changes
about the gluteus medius (GMed) and minimus (GMin) tendon insertions; inflammation within the greater trochanteric,
subgluteus medius, and/or subgluteus minimus bursae; and proximal iliotibial band pathology being primary contributors
to the condition (29,30).

It is reasonable to assume that the pathomechanics underlying the development of GT are similar to those proposed
for other insertional tendinopathies: relatively increased (overload) (31,32) or decreased (stress/load shielding) (33,34)
tensile load applied longitudinally along the tendon, excessive transverse load applied across the tendon (compression,
mostly at or near the bony insertion) (33,35), and most often a combination of these factors (36). The combination of
tensile and compressive overload appears to be particularly damaging (37). Matrix degradation associated with any of
these adverse loading scenarios can reduce the tensile load-bearing capacity of the tendon and predispose it to tearing at
relatively lower tensile load (33).

Patients with GTPS experience pain originating in the structures of the lateral hip (22) that can manifests itself
chronically, intermittently or continuously, and may radiate to the distal thigh (38-40) (Fig.1).

GLUTEUS MEDIUS &
MINIMUS TENDONS

LOCATION
OF PAIN =

GREATER
TROCHANTERIC
BURSA

ILIOTIBIAL BAND
(ITB)

Fig. 1. Pain location in gluteal tendinopathy. Retrieved from: https://www.upsidehealth.com.au/blog/pain-profile-
gluteal-tendinopathy

Pain and tenderness on palpation of the greater trochanter are regarded as the main diagnostic criteria for gluteal
tendinopathy (29,40), while the use of imaging techniques such as ultrasound (US) and magnetic resonance imaging (MRI)
is usually reserved for those cases in which severe conditions such as partial or full-thickness tears are suspected (41,42)

(Fig.2).
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Fig. 2. Transverse image over the greater trochanter showing the bony apex (asterisk) between the GMin tendon (double
arrow) insertion onto the anterior facet (A) and the GMed tendon (double arrow) insertion onto the lateral facet (L).
Retrieved from: Yeap PM, Robinson P. Ultrasound Diagnostic and Therapeutic Injections of the Hip and Groin. J Belg
Soc Radiol. 2017 Dec 16,101 (Supp! 2):6.

Gluteal tendinopathy/GTPS can substantially affect a patient's quality of life (22,26,39). Sleep disturbances are a
common symptom because direct pressure on the lateral hip while lying on one's side can cause substantial discomfort
(43,44). Moreover, the pain commonly experienced with weight-bearing activities, such as walking and stair climbing,
can result in reduction of overall physical activity levels, placing patients at risk for the development of general disability
and potentially affecting employment status (39,45).

Current literature suggests that excessive compression and high tensile loads within tendons (46), excessive hip
adduction, and poor muscle and bone quality with increased age can exacerbate abnormal hip biomechanics (26).
Furthermore, a temporal relationship between gluteal tendinopathy and the development of femoroacetabular
osteoarthritis has also been postulated (47). As the average life expectancy continues to rise, there has been growing
clinical recognition of gluteal tendinopathy and expanding interest in treatment options and their scientific support (26).

Several treatments have been described for managing gluteal tendinopathy/GTPS, including topical or systemic
analgesics (38), physical therapy (PT) and exercise programs (29,45,48), extracorporeal shockwave therapy (ESWT) (49-
52), and injections (autologous tenocyte, corticosteroids [CS], and platelet-rich plasma [PRP]) (45,48,53,54). Surgical
management is typically reserved for intractable cases or individuals with imaging findings consistent with substantial
partial-thickness or full-thickness tears of the gluteal tendons (26).

The aim of this narrative review is to give readers a comprehensive overview of the diagnosis and management of GT.

METHODS

All the procedures related to this review were organized and reported after performing a search in the main scientific
electronic databases (PubMed, Scopus, and Web of Science) to identify the available scientific articles about the diagnosis
and management of GT, with no restrictions of time. Only articles written in English were included. Two independent
reviewers (R.A. and R.P.) extracted and evaluated the data. The included articles reported on the diagnosis and treatment
of GT.

The authors also evaluated the reference lists of the included articles but eventually found no extra articles to be
included.

For the purposes of our review, we used several combinations of the following keywords: gluteal tendinopathy, gluteal
tendinopathy diagnosis, gluteal tendinopathy management, gluteal tendinopathy treatment, etc., in combination or using
Boolean operators, such as “gluteal” AND “tendinopathy” AND (“management” OR “treatment”).

All kinds of articles, such as systematic reviews and meta-analyses, randomized clinical trials (RCTs), prospective,
retrospective, and case-series studies were included to give readers the most comprehensive overview about GT’s
diagnosis and management.
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DISCUSSION

Diagnosis

The differential diagnosis of lateral hip pain may be challenging because of the possibility of referral from sources
other than the local soft tissues of the greater trochanter—most commonly, the lumbar spine and hip joint (38,55,56). The
patient interview provides important clues for the differential diagnosis and directs the subsequent physical examination.
Imaging may be required where the diagnosis is unclear, and the patient fails to progress (38).

The most useful features in differentiating GT are the area of pain, behavior of symptoms and absence of other features
that are more indicative of hip osteoarthritis or lumbar-related pain (57).

GT is characterized by pain and tenderness over the greater trochanter, sometimes extending down the lateral thigh
and upper leg. The onset of pain is frequently insidious, tends to worsen over time and is sometimes associated with
changes in training load or physical activity, though it can occur acutely after a strong contraction of the abductor
musculature, such as that occurring during a slip or fall or a forceful sporting action, such as a sidestep (38,58,59). Pain
is often worse at night, with those affected having difficulty sleeping on their side (20).

The impact of this condition can be debilitating, as it typically disturbs sleep and causes functional difficulties
associated with pain on single-leg loading (stair-climbing, walking, dressing) (44,58,59).

Pain on palpation (direct compression) of the soft tissues overlying the greater trochanter is generally regarded as the
most important sign in the diagnosis of GT. There is a consensus that this represents a cardinal sign for the diagnosis of
lateral hip tendinous or bursal pathology (44,56,60-63). An absence of tenderness on palpation of the greater trochanter
should raise suspicion that the source of the pain may be different and would warrant a search for an alternative diagnosis
(38).

Several clinical diagnostic tests are available for the diagnosis of GT: however, a recent meta-analysis of the diagnostic
accuracy of clinical hip tests found only three studies of GT of adequate quality (44,60,61) and reported that the tests
generally possessed weak diagnostic properties (64).

The three studies, considered of adequate quality, included the single-leg stance test and resisted medial and lateral
rotation and abduction (40,60,61). These studies all had imaging evidence of local pathology at the greater trochanter as
the reference test, with a predominance of findings indicating GT. The flexion/abduction/external rotation (FABER) and
Ober tests were evaluated in addition to the above tests (36,38). These diagnostic tests generally impart either a tensile or
compressive load (or a combination of both) across the gluteal tendons. The most useful diagnostic properties were
reported by Lequesne et al. (61), who tested resisted hip internal rotation at 90° hip flexion and maximal external rotation

(Fig.3).

Figure 3. Resisted external derotation test. The hip is flexed 90°, and the patient is asked to return the leg to the axis of
the table against resistance. The test result is positive when the usual pain is reproduced. Retrieved from: Lequesne M,

Mathieu P, Vuillemin-Bodaghi V, Bard H, Djian P. Gluteal tendinopathy in refractory greater trochanter pain syndrome:

diagnostic value of two clinical tests. Arthritis Rheum. 2008 Feb 15;59(2):241-6.
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Radiography, MRI, US, and scintigraphic imaging have all been reported in the literature as helpful adjuncts in
clarifying the diagnosis of GT (36).

Early imaging may be required following acute trauma and/or a marked loss of function (38). Imaging of the hip and
lumbar spine may also assist if the differential diagnosis is unclear. Caution is required, as tendon and lumbar pathology
often coexist and occur frequently in the asymptomatic population (19,65). To be relevant, diagnosis should not rely solely
on imaging studies but should correlate with clinical features (36,38).

US and MRI are the predominant investigations for lateral hip pain. US is usually offered first, because of cost and
availability (38). US is less sensitive than MRI for detection of minor changes in tendon structure, as a consequence of
limitations in the resolution of greyscale imaging (66).

US has been reported to have a high sensitivity of 79% to 100% and a positive predictive value of 95% to 100% for
gluteal tendon tears but requires a skilled practitioner (42,67). MRI has been shown to be an accurate means of diagnosing
gluteal tendon tears, with a reported sensitivity of 73% and specificity of 95% for the presence of tears (68).

Distention of the bursa is readily evident on ultrasound (56), and ultrasound is superior to MRI with respect to imaging
calcifications within the tendon (69) (Fig.4).

Fig. 4. (4) An anteroposterior radiograph of the right hip showing an amorphous calcification (white arrow) adjacent
to the greater trochanter. (B) Ultrasonography of the right hip showing a solid calcific nodule (white arrow) at 2.0
em*(.7 cm in size adjacent to the insertion site of the gluteus medius tendon (asterisk) between the greater trochanter
(GT) and the iliotibial band (arrowheads). Retrieved from: Jo H, Kim G, Baek S, Park HW. Calcific Tendinopathy of the
Gluteus Medius Mimicking Lumbar Radicular Pain Successfully Treated With Barbotage: A Case Report. Ann Rehabil
Med. 2016 Apr;40(2):368-72.

Treatment

The best management of GT is still under debate, since the proposed treatments lack strong evidence-based support.

A recent review could not draw definitive conclusions, because of limited availability of studies of adequate quality
(70). Many of the proposed treatment modalities are yet to be tested in randomized clinical trials. Management techniques
include exercise and strategies to manage tendon load, ESWT, CS and PRP injections, and surgical interventions.

Physical therapy is usually advocated as a first-line therapy given the well reported outcomes in the treatment of lower
limb tendinopathies (71-74). In the context of GT, physical therapy is aimed at reducing compression on the greater
trochanter and to control provocative tensile load. The most useful exercises include isometric, low-velocity, high-tensile
load, strengthening exercises (36) (Fig.5).
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I

Fig. S. Eccentric therapeutic exercise: Piriformis muscle stretching (A); gluteal muscle stretching (B); wall squat with a
ball (C); leg lift (D); and iliotibial band stretching (E). Retrieved from: Notarnicola A, Ladisa I, Lanzilotta P, Bizzoca D,
Covelli I, Bianchi FP, Maccagnano G, Fari G, Moretti B. Shock Waves and Therapeutic Exercise in Greater Trochanteric
Pain Syndrome: A Prospective Randomized Clinical Trial with Cross-Over. J Pers Med. 2023 Jun 10,13(6):976.

D

Especially regarding GT, a recent systematic review and meta-analysis by Patricio Cordeiro et al. (29) showed that
exercise therapy is superior to minimal intervention (sham exercise or wait-and-see) for function/symptom severity in
patients with GT in the short- and long-term. However, this difference was not observed between these interventions for
short- and long-term quality of life.

Similarly, the effect of physical therapy was no different from CS injections for pain intensity in the short- and long-
term, however, exercise showed a higher treatment success rate when compared to CS infiltration both in the short- and
long-term in individuals with GT. However, the authors found low or very low certainty of evidence for these comparisons.

ESWT was reported as effective in reducing lateral hip pain from grades 1 to 3 GT according to the classification of
tendinopathy made by Bhabra et al. (75) and revised by Ladurner et al. (76) (Fig.6).

Fig. 6. The patient is positioned on the side and the treatment probe is placed on the trochanteric area. Retrieved from.:
Notarnicola A, Ladisa I, Lanzilotta P, Bizzoca D, Covelli I, Bianchi FP, Maccagnano G, Fari G, Moretti B. Shock Waves
and Therapeutic Exercise in Greater Trochanteric Pain Syndrome: A Prospective Randomized Clinical Trial with Cross-
Over. J Pers Med. 2023 Jun 10,13(6):976.

In the study by Carlisi et al. (49), pain was significantly lower in both short- and- mid-term using focused ESWT, also
achieving better pain reduction compared with therapeutic ultrasound at short- and mid-term follow-up. However, no
significant benefit in functional scores between the groups was detected.

Seo et al. (50) assessed the tendon abnormality and outcome for patients with GT documented by MRI. In their study,
the use of low-energy ESWT led to a significant decrease of pain at immediate and long-term follow-up. Success rates,
measured with Roles-Maudsley score, also were 83.3% and 55.6% at immediate and long-term follow-up, respectively.
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The authors then suggested that low-energy ESWT can be an effective treatment for pain relief in chronic GT. However,
its long-term effect appears to decrease with time.

Although SWT might be effective for management of GT, high-quality trials are required to test its efficacy, and cost
and availability may also limit its clinical applicability (38).

Furthermore, no standard protocol for ESWT in GT has been established yet according to the current available
literature.

Injections represent another option for the treatment of GT (Fig.7).

Fig. 7. Transverse plane over the greater trochanter. The needle is advanced into the tissue plane between the gluteal
maximus-iliotibial band and GMed tendon from a posterior approach (arrow). Retrieved from: Yeap PM, Robinson P.
Ultrasound Diagnostic and Therapeutic Injections of the Hip and Groin. J Belg Soc Radiol. 2017 Dec 16,101 (Supp! 2):6.

CS injection provides a substantial early reduction in pain for those with GMed tendinopathy, with a 72—75 % positive
response at 4 weeks (77,78). As patients and their medical practitioners aim to achieve early pain relief; it is not surprising
that CS injections are commonly recommended (63,77,79). However, CS injection does not completely alleviate the pain
(average pain reduction 55 % (77), and medium- and longer-term responses are much lower than its initial effects. Positive
responses drop to 41-55 % at 3—4 months (40,63,80), and after 12 months, Brinks et al. (40) showed no difference in
outcomes between subjects receiving CS injection and those receiving usual care (analgesics as required). This pattern of
poorer outcomes in the longer term, with high rates of recurrence, has been shown for other insertional tendinopathies
(38). Furthermore, the way CS injections work for treatment of tendinopathy, and the safety, particularly of repeated use,
remain unclear, given the absence of substantial signs of inflammation in tendinopathies and the tenotoxicity revealed in
several studies (81,82).

Two studies performed by Fitzpatrick et al. (83,84) compared the outcomes of a single leukocyte-rich PRP (LR-PRP)
injection to those of a single CS. The Authors reported favorable 2-year outcomes of a single LR-PRP injection for patients
with grades 1, 2, and 3 tendinopathy. While an equal effect size for LR-PRP and CS was seen up to the 6-week follow-
up, the outcomes were significantly higher in the LR-PRP group at 12 weeks and thereafter from baseline. An ongoing
benefit was observed over a period of 2 years. Instead, the effect of a single CS declined at 24 weeks.

Lee et al. (85) reported favorable results for a single PRP injection with concomitant needle tenotomy of the gluteal
tendons. Statistically significant and clinically important (greater than the minimal clinically important difference)
improvements in the evaluated scores were shown over a mean follow-up time of 19.7 months.

Jacobson et al. (86) found that a PRP injection or sonography-guided tendon fenestration led to an alleviation of pain
in patients with grades 1 and 2 tendinopathy, with no statistical difference between the two treatment methods. However,
the short follow-up of only 2 weeks does not sufficiently support its use.

A retrospective cohort analysis conducted by the same group (87) concluded that 54% of patients treated using tendon
fenestration for grade 2 or 3 tendinopathy of the GMed or GMin tendon reported marked improvement of their symptoms.

The treatment effect of a single PRP injection plus tendon fenestration as reported by Lee et al. (85) was not superior
to the effect of a single PRP injection alone shown by Fitzpatrick et al. (84).
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A promising intervention was performed by Bucher et al. (88) who investigated the effect of autologous tenocyte
injections on clinical outcomes in patients with grade 1, 2, or 3 GT. The authors showed significant improvements in the
considered scores at 12 months from baseline, and clinical outcomes were sustained to 24 months.

For those with GT who have failed conservative treatment, surgical intervention is considered (38). The evidence for
outcomes of surgical repair of gluteal tendon tears is limited to case reports, which provide only weak evidence. Patients
who have failed conservative rehabilitation, had significant abductor muscle weakness and had a muscle tear identified
on MRI are generally reported to do well in the 1- to 2-year follow-up period following surgery.

Gluteal tendon repairs can now be performed endoscopically (89-91), which is less invasive and is associated with
reduced post-operative infection, scarring and pain, and more accelerated rehabilitation (89). Endoscopic techniques,
however, require greater surgical skills and are generally unsuitable for larger tears or tendon detachments where there is
retraction of the muscle and greater visualization is required (91). Endoscopic repairs have returned good to excellent
results in the limited case series available (90,91), but no randomized clinical trials have compared outcomes of open and
endoscopic techniques.

Endoscopic gluteal tendon repair was reported by Thaunat et al. (92) and Hartigan et al. (93) and both achieved
significant improvements in pain and function. The follow-up time was 32 and 38 months, respectively. The reported
failure rate of repair was 4.5%. Complication rates varied. Makridis et al. (94) reported a surgical failure rate of 16%,
while Walsh et al. (91) reported a rate of 19%.

Good results for open repair of partial- and full-thickness tears were also found by Fearon et al. (67), Walsh et
al. (91) and Davies et al. (95), who reported overall high satisfaction after open repair, with postoperative improvements
maintained over 5 years.

Open tendon repair using synthetic augmentation was proposed for high-grade partial- and full-thickness tears by
Ebert et al. (96) The Authors reported good clinical and functional outcomes and meaningful improvements in PROM
scores (96% patient satisfaction) at 12 months. The retear rate was 2.7%, and the overall complication rate was 6.3%
(revision surgery in 1.8%). Bucher et al. (97) and Huxtable et al. (98) achieved excellent results using the same technique.

Surgical interventions performed either as an open or an arthroscopic procedure have also been adopted for patients
without gluteal tears, with the main aim being to remove the trochanteric bursa (especially in case of recalcitrant bursitis)
and usually release the iliotibial band (ITB). All studies (case series) have reported good to excellent short- to medium-
term outcomes.

CONCLUSIONS

GT is a degenerative condition in both sedentary and athletic adults, particularly females aged over 40 years. GT has
major implications on patients’ quality of life. Overall, 10% to 40% of patients with GT have unsuccessful nonoperative
treatment (91).

As the treatment method of choice may change with deterioration of the tendon, early diagnosis of the stage of the
disease and the initiation of a stage-adjusted treatment are fundamental (76).

The evidence for the best management is poor, and the underlying mechanisms of the condition are only beginning to
be understood. Compression and stress shielding of the deep fibers of the gluteal tendons in hip adduction are likely to be
central to the development of tendon degeneration (38).

Nonoperative measures should be applied to treat low-grade GT. According to the available scientific evidence, a
single LR-PRP injection seems to be a reasonable option. ESWT shows promising results. Exercise therapy improves
patient satisfaction; anyway, specific treatment protocols for ESWT and physical therapy are lacking. CS show good
short-term outcomes, while the long-term effect is inferior to results obtained using PRP (76).

Endoscopic or open bursectomy with or without ITB release is a valuable option in low-grade tendinopathy refractory
to nonoperative treatment. The reported complication rates for these soft tissue interventions are low. Surgical
interventions showed favorable outcomes for the treatment of partial- and full-thickness tears (76).

High-quality trials are required to test the short- and long-term efficacy and safety of current and emerging methods
of management. Clarification of underlying mechanisms may guide development of more robust management strategies
(38).
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ABSTRACT

Pes anserinus is an anatomical structure located on the medial aspect of the knee, where the tendons of the sartorius,
gracilis, and semitendinosus muscles conjoin and insert onto the anteromedial surface of the proximal tibia, approximately
5 cm distally to the medial knee joint space. Pathological conditions associated with pes anserinus, most notably pes
anserinus bursitis, are common sources of medial knee pain, particularly among athletes, individuals with osteoarthritis
(OA), and obese patients. Since this peculiar structure is made by the insertion of three tendons, a true difference between
bursitis and tendinopathy is hard to identify in the context of pes anserinus. Diagnosis of pes anserinus syndrome (PAS)
is primarily clinical, supported by imaging techniques like ultrasound or magnetic resonance imaging to rule out other
causes of medial knee pain. Treatment often involves conservative measures such as rest, cryotherapy, nonsteroidal anti-
inflammatory drugs (NSAIDs), physical therapy, and injections. In refractory cases, surgical intervention may be
considered. Understanding the anatomy and pathology of pes anserinus is essential for clinicians to accurately diagnose
and manage conditions affecting this structure. Comprehensive knowledge of its clinical implications can lead to more
effective treatment strategies and improved patient outcomes. This article provides a concise overview of the anatomical
features, common pathologies, diagnostic approaches, and treatment modalities related to PAS, highlighting its
significance in musculoskeletal health and disease.

KEYWORDS: fendinopathy, pes anserinus, pes anserine; pes anserinus syndrome,; anserine syndrome; pes anserinus
tendinopathy, pes anserinus bursitis

INTRODUCTION

Sartorius, gracilis and semitendinous tendons insertion forms a peculiar anatomical structure that refers to the natatory
goose membrane, and is named commonly from latin, pes anserinus (PA), also known as the "goose's foot"(1,2). Tendons
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of these muscles, originating from different parts of the pelvis and femur, extend into the crural fascia and attach
approximately 5 cm distally to the knee joint space medial portion (3,4) (Fig.1).

Fig. 1. PA tendons and their insertion. Retrieved from: Zhong S, Wu B, Wang M, Wang X, Yan Q, Fan X, Hu Y, Han Y, Li
Y. The anatomical and imaging study of pes anserinus and its clinical application. Medicine (Baltimore). 2018
Apr;97(15):e0352.

The configuration resembles a goose's foot, giving the structure its distinctive name. These tendons and their
muscles are knee flexors with a secondary action on the tibia internal rotation, protecting against rotation and valgus
stress (5). Furthermore, PA is essential for various physical activities, from walking and running to complex athletic
maneuvers. The integrity and functionality of the PA are paramount for maintaining knee health and preventing injury.

Pathological conditions affecting the PA, most notably pes anserinus bursitis (PAB), are common sources of medial
knee pain. PAB involves inflammation of the bursa located between the PA tendons and the medial collateral ligament
(6).

The first report mentioning this disease came from Moschcowitz in 1937, which reported knee pain almost
exclusively in women (7).

The term “tendinopathy” instead includes all the situations in which there are chronic clinical conditions characterized
by pain, swelling and functional limitations of tendons and nearby structures (8—12). Both intrinsic and extrinsic factors
play a key role in the pathogenesis of tendinopathy; age, gender and gender are the most prominent non-modifiable factors,
while excessive and/or improper loading, disuse, drugs and smoking habit are the most influent modifiable factors
(8,9,13—17). Although the term "tendinitis" is often associated with the concept of tendinopathy, in recent years it has been
shown that the inflammatory process only affects the initial stages of the disease, while degenerative and apoptotic
phenomena prevail afterwards because of long-lasting overuse condition related to work and/or sports (10,18-23).
Tendinopathy can be viewed as a failure of the cell matrix to adapt to a variety of stresses as a result of an imbalance
between matrix degeneration and synthesis (19,24-28).

A true distinction between PAB and PA tendinopathy (PAT) is hard and the management proposed by the studies in
the current literature is the same for both conditions. Moreover, the exact structures responsible of the symptoms related
to pain in PA area is still under debate, and several articles report doubts regarding the validity of the identification of
the PA disease as an inflammatory or degenerative condition of the bursa and/or tendon (29). For this reason, the term
“pes anserinus syndrome” (PAS), instead of only PAB or PAT, seems to be more appropriate.

PAS seems to be more common in overweight females with knee OA who have a wider pelvis, resulting in greater
knee angulation, which leads to more pressure in the insertion area of the PA (3,5,29,30). However, this condition is also
frequent in athletes (such as long-distance runners) and in the elderly (31,32).

Pain in the PA area is usually the main symptom which can significantly impair daily activities and athletic
performance. The diagnosis of PAS is mainly based on physical examination, looking for tenderness over the PA insertion
site, or performing tests such as the pes anserinus stress test, which involves resisting knee flexion while the leg is
externally rotated, to reproduce pain.
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US can provide clinically useful information in the differentiation between intraarticular versus periarticular or
extraarticular disorders and should be used as a first-line imaging modality as it may reveal bursal swelling, fluid
accumulation, and thickening of the PA tendons (33,34) (Fig.2).

Fig. 2. PA tendons revealed at the US examination. Retrieved from: Zhong S, Wu B, Wang M, Wang X, Yan Q, Fan X, Hu
Y Han Y, Li Y. The anatomical and imaging study of pes anserinus and its clinical application. Medicine (Baltimore).
2018 Apr;97(15):e0352.

Authors suggest that structural changes, i.e. meniscal lesions commonly in OA, may play a role in pain generation in
the medial aspect of the knee (33), so it is important to differentiate from other pathology that may mimic PAS through
an accurate differential diagnosis.

Given the paucity of comprehensive information on PAS, the aim of the present review is to report the actual
evidence on this pathology especially regarding risk factors, diagnosis, and treatment, highlighting the limits in the
understanding on the underlying process and the involved structures.

METHODS

A comprehensive search of scientific databases, including PubMed, Scopus, and Web of Science, was performed by
two independent authors (R.A. and D.T.) to collect relevant articles on the topic. All kinds of articles in English language
were included, with no limitation of time. Two independent reviewers (R.P. and R.M.) extracted and evaluated the data.
The included articles reported on the risk factors, diagnosis and treatment of PAS. The authors also evaluated the reference
lists of the included articles but eventually found no extra articles to be included.

ER I3 CEINT3

Specific keywords including “pes anserinus”, “pes anserine”, “pes anserinus AND bursitis”, and “pes anserinus AND
tendinopathy”, “pes anserinus AND tendinitis” were used during the search. To facilitate the understanding of the results,
we categorized the results into the following sections: risk factors, clinical presentation and diagnosis, conservative and

surgical treatment.
DISCUSSION

Risk factors

Recently, various studies have examined the mechanical and metabolic factors that may influence the development of
PAS, such as valgus knee deformity, alone or in combination with knee collateral instability. The aetiology is not well
understood and may include trauma, posterior thigh muscle retraction, bone exostosis, suprapatellar plica irritation, medial
meniscus injury, pes planus, genu valgum, and infection (35,36).

Metabolic and degenerative conditions such as diabetes mellitus (DM), obesity, and knee OA, classically described as
risk factors for PAS in uncontrolled reports (37), do not seem to be significantly associated with it (38—40). In other cross-
sectional studies, type-II DM was strongly associated with PAS compared with a non-diabetic population (37,41).

Biomechanical alterations of the lower limbs (i.e., knee deformity, instability, collateral instability, and hindfoot
malalignment) were also not found to be associated with PAS development (40).

Eur J Musculoskel Dis 2024 Sep-Dec;13(3):60-69 www.biolife-publisher.it



R. Aicale et al. 63

Medial knee pain has been studied in search of a correlation with PAS, but different articles have failed in this scope,
finding no correlation between PA bursa swelling, as observed via magnetic resonance imaging (MRI), and the presence
of medial knee pain (42). Similar results were found using US imaging, showing no correlation between any PA bursa or
PA tendon degeneration and clinically defined PAS (41,43).

More recently, the medial knee collateral complex, particularly its superficial layer, has been investigated for its close
anatomical relationship with the PA complex, as a structural element that may play an important role in the clinical
presentation of PAS (44).

The medial collateral complex is significantly stressed during valgus loading of the knee, for example in mature
women, in whom a valgus knee deformity, alone or in combination with knee collateral instability, has been identified as
a risk factor for PAS development (40,45).

Clinical presentation and diagnosis

The clinical presentation of PAS is commonly characterized by pain in the medial aspect of the knee and edema at the
anatomical site of PA insertion, which may be exacerbated by going up or down stairs. Despite this, several patients report
posteromedial or medial knee pain without edema. The first criteria for diagnosing PAS were proposed in 1985: pain in
the anteromedial region of the knee (particularly when going up or down stairs), morning pain and rigidity, pain at rest
during the night, difficulty in rising from a chair or getting out of a car, frequently associated with local edema (46).

Diagnosis is primarily clinical and confirmed by imaging exams. Generally, pain is located in the proximal medial
region of the knee, approximately 5 cm below the medial joint line, more frequently in overweight individuals with signs
of degenerative joint disease and OA. Radiographs of the knee are normal in most patients, occasionally showing bony
exostosis or signs of OA in the medial compartment. Although clinical evaluation seems straightforward, diagnosis using
imaging tools such as US or MRI can be used as an adjunct (47) (Fig.3,4).

Thickened pes anserinus
tendon insertion

Fig. 3. PAB with fluid accumulation as showed by the Fig. 4. PAT: The PA tendon insertion is thickened.
marked hypoechoic area. Retrived from: Toktas H, Retrived from: Toktas H, Dundar U, Adar S, Solak O,
Dundar U, Adar S, Solak O, Ulasli AM. Ulasli AM. Ultrasonographic assessment of pes
Ultrasonographic assessment of pes anserinus tendon anserinus tendon and pes anserinus tendinitis bursitis
and pes anserinus tendinitis bursitis syndrome in syndrome in patients with knee osteoarthritis. Mod

patients with knee osteoarthritis. Mod Rheumatol. 2015 Rheumatol. 2015 Jan;25(1):128-33.
Jan;25(1):128-33.

A relatively recent study (43) evaluated 37 female patients using US analysis with a clinical diagnosis of PAS (bursitis
or tendinopathy), considering the thickness of PA insertion, intratendinous morphological characteristics, the presence of
a bursa greater than 2 mm, and changes in the subcutaneous fat of the medial aspect of the knee. Only one patient had
PAT on imaging. Bursitis was found in one asymptomatic knee, one symptomatic unilateral knee, and one with bilateral
pain. The authors concluded that most patients diagnosed with PAB or PAT did not present morphological changes on US,
and that the pain etiology may result from an interaction between structural changes secondary to OA and/or altered
peripheral and central pain processing mechanisms.

In another study, the prevalence of 4 out of 48 patients with type-II DM showed evidence of PAT on US imaging,
suspected after clinical evaluation. The authors highlighted that none of these patients had bursal inflammation (41).

The use of US to detect PA syndrome was recently investigated in a sample of 314 knees with OA (47), classified
according to the Kellgren and Lawrence (K-L) scale. The study evaluated the thickness of PA tendon insertion,
intratendinous tissue characteristics, and pes anserinus bursitis. The researchers found that the mean thickness of the PA
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in knees with OA, both with and without PAS, was significantly greater compared to controls. For K-L grades 3 and 4,
the mean thickness was greater compared to knees with OA graded K-L 1 and 2, independent of the presence of PAS.
Fibrillar echotexture was altered in all cases, but these modifications were more evident in knees with OA and PAS
compared to those without it, which also presented a relatively lower VAS score.

The reported discrepancy between clinical and radiological results may be explained by three mechanisms: (1) US
imaging may not be adequate for asserting the presence of PAT and/or bursitis, with MRI potentially being a better
alternative; (2) the pain-generating tissue may be deeper or not well visualized by US; (3) the pain point on the medial
aspect of the knee may be a tender point with an atypical pain threshold (1).

Based on the reported evidence, there is no doubt that US can be useful in evaluating soft tissues, tendon structure
changes, and small quantities of fluid (48). However, the terms “tendinopathy” or “bursitis” may not be used correctly,
and caution must be exercised when using the expression “PA tendino-bursitis” (43).

Regarding the use of MRI, different studies support its use, although the results are not very promising. One study
found a prevalence of only 2.5% (13 knees) of PAB in about 488 patients (49). The authors emphasized the importance
of the axial view to differentiate the bursa from other medial fluid collections. Similar results were shown in another study,
where the presence of effusion in the PA bursa was reported in 3.7% of 451 symptomatic patients. Although 59 patients
demonstrated changes in imaging, no correlation between clinical symptoms and imaging was found. Therefore, the
authors concluded that clinical findings of PAB or PAT rarely show changes on MRI (42). Another article investigated
the use of computed tomography (CT) and concluded that distension of the PA bursa is not synonymous with bursitis if
patients do not have any symptoms, and that the syndrome could be due to tendinopathy or fasciitis affecting the PA
insertion (50).

For differential diagnosis, many conditions need to be considered, such as medial meniscus tears, OA of the knee's
medial compartment, L3-L4 radiculopathy, and medial collateral ligament complex injuries. Pain located inferomedial to
the medial joint line in PAS differs from that in OA or meniscus tears. Moreover, clinical tests help diagnose lesions of
various structures. In the case of L3-L4 radiculopathy, knee pain is associated with lumbar pain. Pathological cysts and
other soft tissue masses that may mimic cysts can result in symptom overlapping with PAS. Bursae inflammation should
always be included in the differential diagnosis, particularly suprapatellar bursitis and pre-patellar bursitis, which are

better visualized in the sagittal MRI view.

Furthermore, cases of PAB induced by polyethylene after knee arthroplasty have been reported, with an incidence of
5.6% (51). This condition was initially considered an infectious complication after surgery, but it is now regarded as an
inflammatory consequence in patients who receive joint replacements (35).

Other conditions that may be considered include muscle pain, patellofemoral syndrome, patellar chondromalacia,
recurring patellar subluxation, Osgood-Schlatter disease, osteochondritis dissecans, patellar tendinopathy, synovial plica,
lesion of the infra-patellar fat pad, patellar dysplasia, patellar fracture, para-articular chondroma or osteochondroma,
synovitis and synovial haemangioma, and fibromyalgia syndrome (1,52-54).

Conservative and surgical treatment

Conservative management of PAS typically includes rest for the affected knee, cryotherapy for acute cases,
rehabilitation, and anti-inflammatory drugs (corticosteroids and/or non-steroidal anti-inflammatory drugs) (31,55,56). For
obese patients, weight loss is mandatory, as well as the treatment of associated conditions such as deviated knee, pes
planus, and diabetes control. In elderly patients, avoiding muscular atrophy secondary to disuse is a primary goal, and
isometric exercises can be used (31).

Recent literature includes case reports of giant bursae or ruptured bursae due to severe OA of the knee (6,57,58), and
a condition defined as a “snapping” PA tendon evaluated using dynamic US (59).

Local anesthetic injections associated with corticosteroids (CS), such as 20 to 40 mg of methylprednisolone or
triamcinolone in the bursa, no more than three times a year, are safe and effective (60,61).

The injections should be performed under ultrasound guidance to avoid injecting the substance into the PA tendons
(Fig.5,6).
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Fig. 5. US-guided injection, the transducer was Fig. 6. US-guided injection, longitudinal ultrasound
positioned in a longitudinal orientation relative to the image of a needle (white arrow) in the PA bursa (asterisk)
anterior fibers of the medial collateral ligament, with between the medial collateral ligament (MCL) and the PA
an oblique transverse orientation relative to the PA. tendon. Retrieved from: Lee JH, Lee JU, Yoo SW.

Retrieved from: Lee JH, Lee JU, Yoo SW. Accuracy Accuracy and efficacy of ultrasound-guided pes anserinus
and efficacy of ultrasound-guided pes anserinus bursa bursa injection. J Clin Ultrasound. 2019 Feb;47(2):77-
injection. J Clin Ultrasound. 2019 Feb;47(2):77-82. 82.

The interval between injections should be greater than one month, and if there is no response to treatment, one injection
into the knee joint can be beneficial in refractory cases (1).

A significant improvement was noted in a cohort study of 44 patients with PAS managed with naproxen every 12
hours or corticosteroid injections. After one month, resolution was reported in 5% of patients in the naproxen group, while
in the CS group, resolution was reported in 30% of patients (62).

In another study, clinical remission was observed in 11 of 12 patients treated with CS injections, compared to 7 of 17
who did not receive any injections; however, these patients were affected by clinical PAS and OA of the knee (39).

Yoon and Kim (38) reported good results in 17 out of 26 patients with knee OA and PAS, confirmed by US, treated
with injections of triamcinolone acetonide. Only two patients (8.7%) demonstrated US evidence of PAS. All scores
improved significantly after the injections, concluding that only the two patients who reported excellent outcomes had
US evidence of PAS.

A proper rehabilitation program should be characterized by stretching and strengthening exercises for the adductors
and quadriceps, especially focusing on the last 30° of knee extension using the vastus medialis muscle. This includes
stretching the tendons that comprise the PA. Stretching promotes a reduction in tension in the PA tendon complex,
particularly in cases secondary to restricted flexibility and muscle and/or tendon retraction.

A recent article reported the effects on 27 patients treated with kinesiotaping compared to 19 patients managed with
naproxen and physical therapy. The study, which used US diagnosis of PAS, found a significant decrease in pain and
swelling in the kinesiotaping group compared to the naproxen/physical therapy group, with only one case of mild local
skin irritation in the kinesiotaping group (56).

In recent years, new technologies have been developed to treat tendon and muscle conditions (63), such as injections
of platelet-rich plasma (PRP), which have shown overall good results (21,64). PRP injections used for PAS are safe and
effective, demonstrating excellent results in pain reduction (evaluated using the VAS scale) at 6 months follow-up (55).
More recently, a randomized controlled trial compared single versus double injections of PRP, reporting no difference in
terms of VAS score, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), 6-minute walking test
(6MWT), and Likert Scale at one- and three-months follow-up. However, intra-group evaluation showed significant
improvement. (65).

In cases of failure of conservative management (rehabilitation and injections), surgery can be indicated, although there
is no clear evidence regarding the optimal timing for changing management modalities. Typically, an open procedure is
preferred, with simple incisions followed by drainage of the distended bursa providing symptom improvement
(46,60,66,67). This approach is recommended when there is a definitive diagnosis made clinically and using imaging. If
necessary, due to the large size of the lesion or in the case of bone exostosis, the bursa can be removed (35).
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CONCLUSIONS

In conclusion, PAS represents a significant source of discomfort and functional limitation for individuals, particularly
those engaged in activities involving repetitive knee flexion. The actual structures located in the PA responsible for the
symptoms related to PAS are still under debate, as well as its risk factors.

Effective management of this condition involves a multifaceted approach encompassing rest, activity modification,
physical therapy, and possibly adjunctive interventions such as bursal injections.

Understanding contributing factors such as metabolic disorders, biomechanical abnormalities or overuse is crucial for
targeted treatment and prevention of recurrence.

While PAS can pose challenges, timely intervention and adherence to a comprehensive rehabilitation plan can yield
favorable outcomes, facilitating a return to pain-free movement and improved quality of life. Ongoing research and
clinical advancements continue to refine our understanding and treatment strategies for this condition, underscoring the
importance of a collaborative and individualized approach in optimizing patient care.
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ABSTRACT

The objective of this in vitro study is to measure and compare the detectable reading depth from different types of
scanners with different acquisition technology, wireless* vs wired, and the newest technology on the market .
Measurements were made by scanning a cubic-shaped reference solid with sulcus of different depths and widths in the 4
sides, in order to best simulate the possible scenarios found in clinical practice. Specifically, the anterior groove has
dimensions of 1 mm in depth and 1 mm in width, the lateral grooves a width of 0.5 mm with depth varying antero-
posteriorly from 1 to 4 mm, and finally, the posterior groove 1 mm in width and 5 mm in depth. For each type of scanner,
9 scans were taken, by the same operator under constant environmental conditions, in a time interval of 30 sec. For each
reading, 12 measurements were taken, at 12 different points within the grooves traced in the solid. The results show, a
possible overlap of values between wired and wireless scanners used, and a prevailing performance from the newest
scanner. Based on the measurements and the subsequently calculated statistical values, it was found that there is no
statistically significant difference, between the results acquired by the two intraoral scanners from the same series (1700),
but a significant difference between series 1700 and 1900. Given the results obtained, it can be said that: the wireless
scanner represents a future solution for evolution, the practicality of use and, the absence of data dispersion during
acquisition, attests to its validity. Moreover, newest technologies aim on developing and new technologies aim to evolve
and improve upon the limitations of previous models, thus providing breakthrough technologies day after day, leading on
better results in everyday pratictice.

KEYWORDS: Intra-oral scanner, wireless, wired, new technologies, reading depth, gingival sulcus

INTRODUCTION

Intra-oral scanners (IOS) are 3D scanners that, through a scanning process, make it possible to start from a physical
object and obtain a three-dimensional virtual replica of it (1). The acquisition process is made possible by the emission
of a light beam, by the handpiece, which strikes the object of interest; the reflection is then captured by acquisition devices
and transformed, by specific software, into three-dimensional coordinates (2). These consequently produce points that are
transformed into triangles or meshes (3) (Fig.1).
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o

Fig. 1. Points and meshes forming a 3D shape.

IOS are now widely used, but nevertheless knowing their features and functionality is not so common, given the
wide range of devices on the market. They are mainly distinguished into chairside intra-oral scanners and intra-oral
scanners (4), which differ purely in the different workflows used, in that the former bypasses artifact production centers
by providing the impression file directly to a CAD-CAM device, thus being able to deliver the artifact directly to the
chairside (5). Moreover, considering this fundamental aspect, it is important to distinguish and evaluate them based on:
accuracy, precision, resolution, speed, size, image quality, post-processing, cost and maintenance, and depth of reading
understood as the ability to capture images at a certain distance from the emitting source; that is, a whole series of
intrinsic and extrinsic variables (6) that the operator must consider, evaluate, and know, so that he or she can make the
most of the instrument's capabilities (7).

In clinical practice there are countless situations where one may find oneself with grooves of different depths and
widths (8).

As good practice, to make the registration more faithful (9). impression taking is used with the help of retractor
wires (10) in order to have an opening in the depth and width of the gingival sulcus (11) always adapting the size of the
wire to the gingival biotype and the size of the sulcus (12). Equally important for proper registration, it is necessary for
the field to be clear and clean, this is possible with the help of mouth openers, retractors, aspirators, etc. (13,14).

The purpose of this study is to compare intra-oral scanners with different acquisition techniques including wireless,
wired and newest technologies. In particular, it aimed to test the reading perception (15) of these scanners in depth (16),
since one of the main challenges and difficulties in digital impression taking, is the registration of the gingival sulcus
(17,18).

MATERIALS AND METHODS

Development

For this study, a resin reference solid model was made in the shape of a cube with grooves of different widths and
depths (Fig.2).

The shape of the solid was designed to be able to standardize the acquisition and realize several different clinical
conditions in the same scan. Specifically, the anterior groove has dimensions of 1 mm in depth and 1 mm in width, the
lateral grooves have a width of 0.5 mm with depth varying antero-posteriorly from 1 to 4 mm, and finally, the posterior
groove is 1 mm in width and 5 mm in depth (Fig.3).

0,5x1-4mm

N

1x1mm

Fig. 2. Photo of the cast that was used.  Fig. 3. Project of the grooves.
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The creation of the solid was achieved by a digital design using a 3D designing software (PreForm vers. 3.27.1,
FormLabs, Somerville, Massachusetts, USA) and three-dimensional molding with a 3D laser printer model (Form 2,
FormLabs). The intraoral scanners used were: Medit 1700 (Medit corp, Seongbuk-gu, Seoul, Korea) (Fig.4), Medit® 1700
Wireless and Medit 1900 (Fig.5,6). The results were divided into Group 1, Group 2 and Group 3 respectively.

HHHHH

Fig. 4. Medit i700. Fig. 5. Medit i700 wireless. Fig. 6. Medit i900.

To standardize the study and reduce possible variables, the taking of the scans was done under stable environmental
conditions, in an impression time of 30 seconds, and by the same operator; in addition, for the second device, the distance
of the Bluetooth base from the impression-reading handpiece was always 50 cm.

For each scanner, nine scans were carried out according to the previous arrangements. In order to perform accurate
measurements, a reference grid was created on the occlusal face that could serve as a guide for the measurements taken
successively within the grooves (Fig.7).

Fig. 7. Grid for measurements designed on the cast.

Statistical analysis

All measurements were performed on each scan of the cast with Medit Link Compare software (ML Subgroup, vers.
3.0.0, Seoul, Korea), sectioning the scan along the grooves, so that it could be possible to see the depth reached by each
of the scans taken. Every measurement was recorded on an Excel page and three groups were created for the three scanners
used. Nine scans were taken with each scanner and Mean (M) and Standard Deviation (SD) were calculated in order to
perform a t-test calculation method to distinguish and evaluate a significant variance between the two 10S used.

RESULTS

The results obtained show an overlap of values between scanners used in groups 1, 2, and 3 in the anterior groove
(1x1 mm), leading to exclude this value due to the low relevance of this result for this study, as every scanner used
performed an excellent reading of this groove.
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Groups 1, 2, and 3 were compared, as seen in Table I, in the lateral groves (0,5 x 1-4 mm) and the posterior groove
(1x 5Smm) (Table I).

Table 1. Mean and Standard Deviation in reading lateral grooves and posterior groove for each group.

GROUP1 GROUP 2 GROUP 3
M 1,99 1,97 2,51
TOTAL
SD 0,827 0,871 1,135
M 2,101 2,266 2,793
0,5 x 1-4mm
SD 0,618 0,798 1,092
M 1,699 2,388 2,485
1x5mm
SD 0,299 0,762 0,893

Mean and Standard Deviation calculations were made for the furrows of different width and depth detected by the
three groups, and the values found were compared. Respectively for lateral furrows, with width 0.5 mm and depth varying
from 1 to 4 mm, Group 1 results in both the standard deviation and mean collected lower values, compared to Group 2,
and a deeper reading in Group 3. Then, in grooves with widths of 0.5 mm and depth of 4 mm, the result of mean and
standard deviation was similar in group 1 and 2, with a better performance for Group 3, reaching 33% more than the other
2 Groups. In conclusion, for furrows of 1 mm width and 5 mm depth, the devices used for Group 1 and 3 performed
deeper measurements than the device used for Group 2. Based on the measurements and the subsequently calculated
statistical values, it was found that there was no statistically significant difference (p value < 0.05), between the results
acquired by the two intraoral scanners used in Group 1 and 2. On the other hand the device used in Group 3 demonstrated
a deeper reading, especially in narrow and deeper grooves, resulting in reading around 33% more than the other 2 scanners.

DISCUSSION

This study focused on the capacity of reading of two intra-oral scanners, with different acquisition techniques, to
detect furrows of different width and depth.

As seen in various studies, but particularly in the study done by Kan Laohverapanich (16), intraoral scanners have
very good furrow reading capabilities in comparison with traditional analog techniques. This in vitro study showed that
the subgingival depth of an implant significantly influenced the accuracy of the 3D implant position, regardless of
impression techniques. The final evaluations showed that the E3 laboratory scanner had the highest precision, and all the
10Ss, except the DWIO scanner, showed better precision than the conventional impression technique.

A study conducted by Ferrari Cagidiaco (18) on the other hand, based on the results of this clinical trial, the null
hypothesis, that there was no difference in the capability of the IOS independent of the vertical position of the prepared
finish line, was rejected (p < 0.005). It was pointed out that the deeper into the sulcus the position of the margin is, the
more of the part of the prepared root will be lost during the digital impression. Several clinical parameters were kept
under control to ensure uniformity in order to reduce the risk of bias in this RCT. All the soft tissues around preparation
margins were in similarly healthy condition; the operator was a long-time experienced user of IOS and each patient
received detailed instructions before performing the digital impression. The accuracy of digital impression systems has
been extensively studied in recent years. However, the wide majority of studies were performed in vitro and designed to
detect differences among different scanners.

A recent literature review carried out by Garcia-Gil (14) was designed to evaluate the accuracy and efficiency of IOS
for dental implant impression (DI) taking, compared with different impression materials (CI), and to assess the economic
feasibility of introducing digital techniques, most of the studies analyzed obtained results indicating sufficient accuracy,
precision or trueness to guarantee adequate passive fit; especially on partially edentulous models. Several authors
concluded that dental implant angulation and depth did not influence outcomes in terms of passive fit. Regarding the
economic feasibility of DI, in comparisons between DI and CI, only a single in vivo study found that DI allowed a more
efficient workflow than CI.
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As for studies involving comparisons between 10Ss with different acquisition techniques, there are no studies
comparing them for accuracy and precision. Wireless devices were found to be practical in use and, in this case, not
depending on Wi-Fi transmission of data, but instead using Bluetooth transmission, the data line is not interrupted, and
the speed and transmission of data does not depend on bandwidth or internet line. Wireless 1OS offers clinicians a cord-
free, comfortable scanning experience with the same power and capabilities as standard plug-in intraoral scanners. With
a scan area of 15 mm by 13 mm, MEDIT 1700 wireless can capture up to 70 frames per second for a smooth and quick
intra-oral visualization. It utilizes powerful batteries in its 1700 wireless, along with an intelligent power management
function that switches the device to sleep mode when not in use, to save energy and enable up to 1 hour of continuous
scanning. When the batteries are drained, just plug-in and charge the scanner overnight for a fresh start the next day.

The results in this study show a possible overlap of values between the two scanners from the same series (i700) but
a significant difference between series 1700 and 1900.

With three scanners compared to each other in this study, it is appropriate to say that similar clinical studies with a
wider number of 10S are desirable to assess the results acquired from this study.

CONCLUSIONS

A good knowledge of the technology of IOS systems is the basis for being able to understand their operation and the
resulting image creation mechanisms.

There are many factors that can guide the clinician in choosing between one IOS and another, but primary in
importance is the integration or integrability with production devices and 3D file processing applications. Based on this
concept and the results obtained in the study, and the lack of statistical significance of the data, it can be affirmed that
Group 2 scanner represents a future solution for the evolution of IOS technologies, with this leading to develop the newest
scanner used in Group 3. Regarding the interest of this study, i.e., the evaluation of reading ability within the gingival
grooves, it can be affirmed that Group 1 and 2 devices have good reading proficiency even in clinical conditions known
to be difficult for the clinician, and Group 3 devices represent the great ability in developing new technologies in aid to
evolution and improving. Moreover, regarding the ease of use and the absence of data leakage during acquisition, these
further attest to the validity of IOSs.
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