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ABSTRACT

Coccydynia can be attributed to various factors, including fractures, subluxations, and hypermobility within the
sacrococcygeal area. Current treatment options often fall short in effectiveness. Coccygeoplasty (CP) represents a
relatively recent, minimally invasive approach that aims to tackle this challenging clinical issue. The aim of this study is
to evaluate clinical outcomes immediately following the procedure and at 3- and 12-month follow-ups for patients
suffering from coccydynia linked to coccygeal hypermobility and subluxation. Furthermore, we seek to assess any
correlations between imaging results and clinical outcomes at the follow-up intervals. A prospectively maintained
database was used to retrospectively assess all patients who received CP for chronic coccydynia from January 2005 until
December 2023. Each participant exhibited painful hypermobility (greater than 25°) with anterior flexion verified through
radiological assessments. Alternative coccydynia causes were ruled out using CT and MRI imaging techniques.
Procedures were conducted under local anesthesia with a combination of fluoroscopic and CT guidance. Clinical
assessments were performed at 3- and 12-months post-treatment utilizing the Visual Analogue Scale (VAS). A total of 19
patients underwent treatment at a single center. There were no complications linked to the procedures. At both the 3- and
12-months post-treatment, 75% of patients reported substantial reduction in VAS scores compared to baseline, with
average reductions of 3.5 and 4.9, respectively. No instances of pain recurrence were noted at the 12-month follow-up,
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although one patient did not experience any pain alleviation. Post-treatment CT scans confirmed the fusion of
sacrococcygeal segments in 14 patients, yet no significant correlation was identified between the imaging outcomes and
clinical results (p=0.1). Patients suffering from chronic coccygeal pain due to subluxation and hypermobility exhibited
positive clinical outcomes following CP, as evidenced at both the 3- and 12-month evaluations. Additional research is
warranted to validate this technique further and identify factors that predict treatment success. Coccygeoplasty may serve
as a viable alternative to coccygectomy.

KEYWORDS: coccydynia, coccyx, pain, fractures, subluxations, hypermobility
INTRODUCTION

The coccyx, often described as an inverted triangular structure at the base of the spine, typically comprises three
to five fused segments (1). The joint connecting the sacrum and coccyx features an interposed fibrocartilage and synovial
membrane that permits enhanced mobility under certain conditions, such as during pregnancy (2). Since its initial
description by Simpson in 1859, coccydynia has been characterized as pain localized to the coccyx area without
significant radiating discomfort. Pain that endures for more than two months is classified as chronic (3). Women between
the ages of 30 and 40 are the most prevalent demographic affected, thought to be due to their anatomical configuration
making the coccyx more vulnerable to injuries (4-6).

The spectrum of potential causes for coccydynia includes trauma, especially falls while seated, as well as
repetitively induced microtrauma from activities like cycling, motorcycling, or horseback riding (6, 7).

Management options for coccydynia encompass conservative approaches as well as traditional surgical
interventions. Conservative methods for alleviating pain include physiotherapy techniques, such as pelvic relaxation
massage using supportive sitting aids like a donut pillow, non-steroidal anti-inflammatory medications, and warm baths.
Additionally, techniques such as intrarectal manipulation of the coccyx and fluoroscopically guided steroid injections
may be utilized. Although not employed in the patients discussed in this case series, more invasive conservative treatments
are available, including radiofrequency ablation of the coccygeal discs and Walther’s ganglion. In instances of chronic
pain, a surgical procedure to remove the coccyx, referred to as coccygectomy, may be indicated (5-17).

Coccygeoplasty (CP), a technique inspired by vertebral augmentation methods, has recently emerged as a
therapeutic option. This involved the percutaneous injection of polymethylmethacrylate (PMMA) cement into the
sacrococcygeal segments. Although still rare, the limited literature available consists of reports discussing its application.
The procedure aims to provide stability in cases where hypermobility or subluxation contributes to coccygeal pain (18-
21).

The aim of this study is to present clinical outcomes at the procedure's initiation and follow-up periods of 3 and
12 months for individuals diagnosed with coccydynia resulting from subluxation and coccygeal hypermobility. It also
aims to evaluate any associations between the imaging findings and clinical outcomes observed during the follow-ups.

MATERIALS AND METHODS

Eligible patients who underwent coccygeoplasty at a single center from January 2005 to December 2023 were
selected based on a meticulously maintained database. This study included adult individuals over 18 years old with chronic
painful coccygeal subluxation and hypermobility, defined as a greater than 25° difference between standing and seated
X-ray imaging. Patients experienced pain localized to the coccyx region, which was resistant to conservative treatments
for at least six months and led to significant functional impairment (22). All participants exhibited hypermobility and
subluxation, which was evident on CT or dynamic radiographs of the sacrococcygeal region taken in both seated (painful)
and standing positions. Subluxation and hypermobility of the coccyx were characterized by flexion exceeding 25° and
luxation indicated by more than 25% displacement. Additionally, an MRI was conducted for surgical planning and to
exclude other conditions in the sacrococcygeal region that could mimic coccygeal symptoms (Fig. 1).
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Fig. 1. MR before treatment documenting fracture-dislocation of the body of the second coccygeal vertebra (arrow).

MRI scans were performed on a 1.5T machine, acquiring sagittal and axial TISE and T2STIR images without
contrast. Pre-treatment spiral CT scans were obtained at 1 mm intervals, with both 2D and 3D sagittal and coronal
reconstructions, to facilitate procedure preparation. Post-treatment scans were conducted under the same parameters to
evaluate outcomes, including the degree of fusion, cement filling of sacrococcygeal segments, and any cement leakage.
Clinically, outcomes were assessed using the Visual Analogue Scale (VAS) prior to the intervention. This clinical study
adhered to European Union privacy regulations and received approval from the hospital's ethics board.

Coccygeoplasty Procedure

All participants provided informed consent prior to the procedure. Patients were positioned prone on the CT
table. Initially, a spiral CT study was performed to determine the appropriate angulation for the working needle. Although
pre-procedure dynamic studies indicated hypermobility in the target area, once positioned prone, no patient demonstrated
angulation exceeding 25°. A single Jamshidi-type needle was inserted along the midline, from the S4 level through to the
COCCYX.

The procedure was conducted under local anesthesia using lidocaine 2% as the sole agent, with no sedation or
general anesthesia involved. Continuous monitoring of blood pressure, pulse oximetry, and heart rate was performed
throughout the intervention. Antibiotics (1 gram of cefazolin) were administered approximately one hour before the
procedure and continued for two days at 12-hour intervals. The procedure took place in a hybrid operating room utilizing
a C-arm and CT combination for monitoring (20, 23, 24). A 13-gauge beveled trocar and high-density cement were used
for all patients. The needle was introduced through the mid-axis of the sacrum towards the coccyx, and PMMA was
injected while gently withdrawing the needle to fill both the coccyx and the caudal sacrum. The foramina was avoided
due to the medial placement of the needle. Cement injection was carried out under C-arm fluoroscopy. A follow-up CT
scan with 2D reconstruction was obtained immediately after the procedure (Fig. 2-5).
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Fig. 2. CT control: coccygeoplasty was performed with one needle along the midline, from the level of S4, passing through
the coccyx.

Fig. 3. CT control axial view (arrow).
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Fig. 4. Spiral CT, sagittal reconstruction of control of the distribution of medical cement (arrows).

Fig. 5. CT spiral, coronal reconstruction to control the distribution of medical cement (arrows).
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According to institutional protocol, patients were monitored in the hospital for 48 hours post-procedure and were
permitted to ambulate four hours following the intervention. No complications were observed during this period.

Follow-Up

Patients were discharged two days following their procedure, with no subsequent antibiotic treatments required.
Clinical outcomes were documented upon discharge, with follow-up evaluations scheduled for 3 and 12 months afterward,
assessing patient satisfaction alongside VAS scores. A clinical success was defined by a decrease of at least 2 cm in the
VAS scores.

Statistical analysis
Descriptive analyses and comparisons between final imaging findings and clinical outcomes at the 3- and 12-
month follow-ups employed SPSS software, specifically utilizing the chi-square test for correlation analysis.

RESULTS

Baseline characteristics

The cohort comprised 16 women and 3 men, averaging 47 years of age. Preoperative MRI scans revealed no
alternative pathological findings. Each patient had previously engaged in conservative management strategies, including
non-steroidal anti-inflammatory medications, with no clinical improvement. Additionally, out of the 19 patients, 13 had
undergone prior steroid injections targeting the pudendal plexus, while all had received intrarectal coccygeal manipulation
treatments. None had undergone radiofrequency interventions.

Technical findings

Of the patients, 14 achieved complete fusion of sacrococcygeal segments post-procedure, while 5 exhibited
incomplete fusion. PMMA had filled all sacrococcygeal segments, and there were instances of cement leakage into
surrounding areas in 3 individuals, but none into the central spinal canal; these leakages were deemed asymptomatic.

Clinical outcomes

Patients experienced a marked decrease in VAS scores at the 3-month (mean score reduced from 7.5 to 4.0) and
12-month follow-ups (mean score reduced to 2.6). The average changes in VAS scores were —3.5 and —4.9, respectively.
Of the 19 patients, 75% experienced clinical success with a reduction greater than 2. At the one-year mark, 4 patients
reported varying levels of coccygeal discomfort, with one patient experiencing no pain relief and three others achieving
minimal changes below the predetermined threshold at either follow-up.

Analysis identified no meaningful correlation between technical radiographic outcomes and clinical results

(p=0.1).
DISCUSSION

This preliminary study suggests that coccygeoplasty serves as a feasible treatment modality for individuals
suffering from refractory coccydynia due to subluxation and hypermobility. The absence of complications further
underscores the procedure's safety. In this patient group, there was a significant majority who reported notable pain
alleviation, indicating the procedure's potential effectiveness. With additional research, coccygeoplasty has the potential
to become a credible alternative to coccygectomy.

The proper selection of patients is essential for successful outcomes in coccydynia cases. Here, the focus was on
individuals enduring chronic pain for over six months, presenting clear evidence of subluxation and hypermobility
through dynamic imaging. Historical data reflects that a sizeable percentage of those with coccydynia exhibit signs of
subluxation or hypermobility as contributing factors.

The role of MRI in this context remains somewhat ambiguous; it primarily assists in excluding other potential
pathologies rather than providing definitive insights into typical coccygeal conditions (25-28).

Percutaneous vertebroplasty techniques, originally introduced in the late 1980s (28), are currently regarded as
the standard practice for managing certain types of vertebral compression fractures. Drawing parallels between these

procedures, CP aims to provide stabilization in cases of hypermobility or subluxation, which in turn may alleviate pain
(29).
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The methodology described in this study diverges from prior reports on coccygeoplasty, utilizing a single-needle
approach that targets the sacrococcygeal axis directly. No complications were observed from this method, further
validating its safety in the absence of critical structures at the procedural site. CT imaging played a crucial role in securing
accurate needle placement (30-32).

In summary, the lack of symptomatic complications from the treatment suggests coccygeoplasty's suitability for
well-selected patients. While some individuals did not achieve the desired level of pain relief, they did not exhibit
worsening pain, affirming that the technique warrants consideration for those unresponsive to conservative treatments.

Coccygectomy, typically a last-resort measure, carries inherent risks and complications, including prolonged
pain, infections, and rare serious adverse effects. Thus, less invasive alternatives such as coccygeoplasty should be
considered prior to resorting to surgical interventions (33).

The study's limitations include its retrospective design, which may introduce biases. Although utilizing the VAS
as a measure of clinical improvement is widely recognized, additional validation for this specific context may be needed.
The fact that only a single, experienced practitioner conducted all procedures may raise questions about wider
applicability. Furthermore, the lengthy recruitment period of over 18 years for just 19 patients highlights challenges in

organizing such studies.
Despite these considerations, we advocate for the broader application of this approach, which could pave the
way for larger-scale studies in the future.

CONCLUSIONS

Findings from this preliminary experience suggest that coccygeoplasty is a promising treatment for patients
suffering from refractory coccydynia due to subluxation and hypermobility. Most patients reported meaningful pain relief
following the procedure. Further investigations are necessary to substantiate this technique and identify factors that may
influence treatment outcomes. Coccygeoplasty should be explored as a potential preference when considering
coccygectomy for patients experiencing this condition.
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ABSTRACT

In Italy, patients in life-threatening emergencies are primarily managed by the 118 emergency service and pre-
hospital medical facilities. Taking charge begins with the centralized reception of calls, which allows the dispatch of
medical supplies and emergency medical assistance on-site before hospital care. The 118 services ensure that medical
and paramedical units are often the first on-site. At the same time, the professional skills of the sending doctor are essential
to ascertain the patient's clinical condition, preserve their vital functions, ensuring appropriate emergency health care in
nearby hospital facilities. During the COVID-19 pandemic, the first aid service has shown critical issues: extremely
limited medical facilities in some areas of the country, fewer volunteers and doctors, hospital reorganization, limited
funding, and poor skills of "first on scene" responders. This has spotlighted equal healthcare opportunities for all and the
need for more qualified medical training, especially for emergency healthcare personnel, such as assistants, paramedics,
and drivers. COVID-19 has prompted an improvement in the efficiency of the system, with a plan to achieve the goals
and the implementation of an emergency services network with different degrees of emergency healthcare management.
In our experience, following the COVID-19 pandemic, the level of emergency healthcare has opened the need to operate
with high-level equipment managed by highly qualified emergency personnel, also considering the issues related to post-
pandemic problems, such as the "long COVID" syndrome. This paper has highlighted the strategic importance of 118 at
the national level during the recent pandemic, highlighting the efforts and countermeasures adopted by the SET 118 of
the city of Taranto.
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INTRODUCTION

This study describes the territorial emergency healthcare provided by the 118 National Units as a key strategic
actor in emergency medicine in the field; however, even today, local authorities or the central government do not fully
understand the importance of these services. Furthermore, there are few links between academics and the 118 system in
participating in data sharing. Therefore, to be effectively ready for any circumstance that may arise in the future, it is
necessary to promote dynamics to optimize this practice both qualitatively and quantitatively (1).

The COVID-19 pandemic has represented one of the greatest challenges for global health systems in recent
years. In fact, the sudden appearance of a large humber of patients affected by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has revealed the degree of unpreparedness of the Italian health system for such a dramatic
event (2).

Healthcare workers are faced with multiple fronts simultaneously: helping numerous patients with a new, highly
contagious disease, addressing the lack of care for patients with chronic diseases, emergency conditions, or other health
conditions and diseases, and limiting the risk of exposure to SARS-CoV-2 (2, 3).

In the early months of the COVID-19 pandemic, healthcare workers had little certainty to rely on: the clinical
course of patients was highly unpredictable and the greatest concern was the transmissibility of the pathogen. Early reports
suggested that over 40% of hospitalized patients would require supplemental oxygen and up to 15% could require
mechanical ventilation (1-3), procedures for which there is an established risk of disease transmission to healthcare
workers through infectious aerosols (4).

Infection and death rates among healthcare workers, doctors, nurses and paramedics, caring for patients with
COVID-19, reached shocking values in the first months of the pandemic (5, 6). This risk of infection was also
implemented by the extreme difficulties of providing care in a pre-hospital environment: these areas were difficult to
control, patients were undifferentiated, personal protective equipment (PPE), resources were limited and information was
scarce.

During the lockdown period, the number of recorded home infection events also increased significantly (5, 6).
However, there is little scientific data on the impact of the lockdown on COVID-19-related out-of-hospital deaths. Major
changes made in the EMS organization during the pandemic did not cause a significant increase in major trauma mortality
in our large study population (5-7).

Context

The Taranto Provincial Operations Center "118" Territorial Emergency System (SET 118) is the publicly funded
provider of ground ambulance and medical/paramedic services for the municipalities of the city of Taranto and its
provinces in the Puglia region, which collectively comprise a mixed suburban and rural geography of 2467.35 km2, with
a population of approximately 600,000 residents. The service employs over 700 paramedics and primary and advanced
care physicians who operate a total of 65 ambulances and eight rapid response units during peak hours (Fig. 1) (8).

Clinical and Research < |
‘ l_;\

Individuals with symptoms

Population
pre-existing

Consultation at 118

[ ]
[ ]
[ Microbiology, Immunology J
[ ]

pathologies genetic

predisposition screenings

Therapy

l_l—l

T

Fig. 1. The gate model proposed by Taranto's SET 118 assigns a special role of protection of the territory both to the 118
doctors and to the GPs, according to the Anglo-Saxon logic of entrusting the specialist reception unit of the hospital: the
GPs and the doctors of the 118 have been proposed as the diagnostic vanguard to face and solve the first problems acting
as filters before being directed to specialist cares. By this way it was emphasized a new management procedure with the
intent of coordinating territory care and hospital care for implementing a systematic therapeutic plan.
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The province of Taranto is geographically divided into 6 health districts, each with a centralized headquarters
from which crews start their shift in a "hub-and-spoke™ and are then required to move to the territories or points requested
by calling 118.

Ambulances are staffed by two paramedics and a doctor in primary care paramedic (PCP) or advanced clinical
practitioner (ACP) configuration, and rapid response units are equipped with a single PCP. On average, 118 can respond
to approximately 130,000 emergency calls per year (8).

As of April 2020, 118 was operating under a declared state of emergency throughout Italy, while SET 118
Taranto mobilized a joint union and management task force under the Incident Management System framework to develop
local rescue.

Our task force included representatives with experience in medical and paramedical education, occupational
health nurses, and safety professionals, with an immunology team serving as a liaison to the Emergency Operations Center
and the Taranto Central Health Department service response to the crisis (8).

SET 118 Taranto continued to be one of several “hotspots” in the province for the care of community
transmission of COVID-19, in part due to essential emergency personnel and territorial units (8, 9).

Interventions, program and objectives

In April 2020, in the Puglia region, the local hospital SG Moscati and the 118 SET, were operating in a state of
emergency for which they mobilized a joint union and management task force establishing a filter unit under the 118
management system framework to develop emergency first aid prior to hospital admission.

The task force included paramedics, nurses and physicians, medical immunology researchers and service
operations with the leadership acting as a link with the Emergency Operations Center of the Province and the Region (9).
Over 1500 patients were admitted to our COVID-19 SET 118 emergency unit of the SG Moscati Hospital in Taranto from
March 2020 to November 2020. The majority were male (61%), 17 deceased (5%) with an average age of 72 years.

In that period, over 10,000 calls were collected by the Pre-hospital Health Service 118 operating in the province
of Taranto. Patients were managed who reported symptoms attributable to possible respiratory diseases or who claimed
to have had contact with people with suspected or confirmed SARS-CoV-2 infections. With regard to gender: 40.96% of
the calls came from female patients while 59.04% involved male patients (9, 10).

The reported symptoms were fever, cough, general malaise, difficulty breathing, headache, cold, sore throat,
conjunctivitis, alterations in taste and/or smell, gastrointestinal symptoms; a large percentage of these reported having
had contact with patients affected by SARS CoV-2 without showing symptoms of infection. Furthermore, patients who
reported symptoms were divided into different age groups: 0-9 years, 10-19 years, 20-34 years, 35-59 years, 60-69 years,
70-79 years, 80-89 years, = 90 years.

The dynamic development of hospital preparedness and the SET 118 response were essential to ensure the right
effectiveness of healthcare due to COVID-19, to reduce the spread of infection and prevent hospitals from being
overwhelmed due to the large number of severely ill patients infected with COVID-19 (8-10).

A key consideration was the resilience of 118 and its ability to adapt and manage beyond what was normally
possible to provide pre-hospital clinical treatment, as COVID-19 resulted in a short period of rapid growth in demand.
Therefore, the Taranto SET 118 was required to take proactive measures to manage emergency care requests, identify
gaps in territorial intensive care and identify maximum case admission capacities (8, 9).

Our model used data that included city performance indicators such as types of daily emergency calls, clinical
priority level, ambulance types (Dual/ALS/BLS), and EMT/paramedic or physician crew data that were often collected
during the previous non-pandemic period.

Second, we addressed possible limitations found by other Covid studies that may include the recognition and
reporting of early signs and parameters of symptoms (fever, cough, difficulty breathing, loss of taste and smell, extreme
tiredness) (8-11).

The overall program goal for SET 118 Taranto was primarily to prevent COVID-19 infections in the community
while continuing to ensure high-quality care while minimizing the risk of hospital congestion. We identified three specific
program goals: 1): limit physician and paramedic exposure to the virus within the service to the extent reasonably possible;
2): ensure hospital services and safety through frequent exposure to high-risk patient types and procedures; 3): provide
high-quality resuscitation care to critically ill patients, including performing aerosol procedures where they were typically
indicated while avoiding overloading hospital care units (8). In this respect, we tried to solve the underlying medical
intervention and logistics problems based on some previous studies and our experiences before the COVID-19 pandemic.
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The first step was to estimate and predict the travel or response times of ambulances using a coordinated system of
information that changes between the camps and the Central Operations Quarter (COQ).

A specific intervention time interval was established based on the relationship between the number of calls or
counts and the duration (the time elapsed between calls) with the data collected and the symptoms described by the
patients. Between each call and intervention, ambulances and responders were dispatched to each event, recording the
critical times of each intervention.

An innovative operational plan

At the beginning of the pandemic, the regulatory bodies that govern SET 118 practices in Puglia issued a
regulation that recommended limiting ordinary tasks in all but extraordinary circumstances. Included in this file were:
limiting the use of nebulized drugs, continuous positive airway pressure, bag-mask ventilation, and high-flow oxygen
administration, among others (8-11).

The SET 118 emergency response system to the COVID-19 pandemic consisted of multiple interconnected
components, such as: the creation of a special pre-hospital COVID-19 unit that functioned as inpatient clinical treatment,
the creation of an emergency management plan that included the infection prevention and control program, the creation
of a special research unit to collect data, numbers, and scientific information to support clinical case management,
coordination of communications, laboratory and diagnostic services (8-11).

We then conducted a systematic review of the emerging literature by implementing a large medical research
activity that allowed us to come out with new diagnostic and therapeutic methodologies.

The final results allowed us in a short time to reach a complete picture regarding the pleiotropism of SARS-
CoV-2 and to describe recommendations for the management of COVID-19, cardiopulmonary resuscitation and
preventive measures in patients with confirmed or suspected COVID-19 and in the general population.

Through this research work we were able to draw up a clear protocol that informed and prepared our operations
both in the field and in the COVID-19 unit.

Following these recommendations, we structured the team to implement most of them, with the notable exception
of the use of video laryngoscopes for intubation, which is not standard in our service and daily procedure.

We drew inspiration from best human factors practices used by high-performing emergency medical service
systems in Europe, such as the use of pre-procedure checklists and crisis resource management principles. Our task force
developed the operating concept and procedures for the team through consensus building based on emerging literature
and best practice recommendations as described above. This was achieved through teamwork that required regular in-
person meetings, frequent engagement with ambulance staff and frontline paramedics and supervisors from other
departments (intensive care, pulmonology and infectious disease) within the paramedic service, and simulation of the
proposed procedures to identify potential points of failure.

The SET 118 COVID-19 pre-hospital filter unit

The COVID-19 Special Unit we built is equipped with a negative pressure system to handle the immense flow
of patients entering the 24-hour SG Moscati Hospital. Unlike normal operations, the Unit’s crews were deployed outside
of normal dispatch procedures and were autonomous in triaging patients for care based on physical and diagnostic
parameters to identify high-acuity patients likely to require initial aerosolization and medical care.

The crew was alerted via text messages from our ambulance or field team for calls involving “clear immediate
threat to life” criteria, including dry cough, fever, cardiac arrest, altered level of consciousness, severe respiratory distress,
and existing comorbidities, among others.

Physicians and nurses in the admissions room could also request a COVID-19 Special Unit crew to respond to
the scene. The COVID-19 Special Unit was a “first-in” response that arrived promptly. The medical crew discussed the
risk assessment with the paramedics already present while it was anticipated that patients would require the required full
testing and diagnostic procedure.

A special “COVID zone” was created divided into two designated wings, “area A” where only our special staff
were present during patient care and a “B or hot zone” area where ICU patients with PPE transported by air would remain
and require high flow O2 masks.

Once the aerosolization procedures were completed, the staff on the scene would assist with mask removal, and
the patient would be transported to the central hospital wards. In COVID-19 SET 118, the physician in charge was
responsible for liaising with the receiving facility staff to arrange the transfer procedure along with a detailed care plan
before the patient was removed from the facility (Fig. 2, 3).
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Tme of first Consulwtlon at 118
symptoms » SET COVID-19 UNIT

Molecular swab by RT-PCR
Thoracic MRI
O2 supplementation,

.[ Diagnosis ] Corticosteroids, Antibiotics,
First Symptoms N-acetylcysteine,
.[ Hospitalization J Enoxaparin, Lysine

.[ Therapy ]

cBC
<1.300 Patients b=
ABG test IL-6

> pH, PaO;and _eGRF

Fibrinogen

PaCO, Neutrophilia
Lymphopenia

Fig. 2. The above algorithm allowed the 118 SET to reach tremendous results, proceeding with multi-disciplinary
approaches by setting up a multi-centered therapy that combined O2 support, antioxidants, antiretroviral, cortisone, and
antibiotics to arrest systemic inflammation and prevent multi organs decay, a model that was posing the base of an
epidemic preventing action for the upcoming winter season.

Prehospital emergency care of suspected COVID-19 patient with acute respiratory failure
Objective

Ensure the patient classified as a suspected or full-blown case with an initial clinical picture of acute respiratory
failure and/or shock the appropriate and continued emergency therapeutic support during the phases of
protected transport and temporary management pending the taking charge of the dedicated hospital units.

Methodology
At home and in a mobile station (ambulance) SET-118 » acute respiratory failure > therapeutic protocol
Oxygen therapy, as needed (Sp0O2> 90%):

- low flow (P/F > 300 mmHg): with nasal goggles: 2 - 4 L/min
- high flow (P/F < 300 mmHg): with face mask with reservoir: 15 L/min

Non-Invasive Mechanical Ventilation (Sp02< 90% or P/F < 200 mmHg + severe dyspnoea, use of accessory
respiratory muscles - sternocleidomastoid, scalenes, paradoxical breathing-, RR > 35 breaths/min, pH < 7.35,
pH> 7.2, Kelly 1-2) > CPAP: 5- 10 cm H20, with FiO2 of 60 - 90%

In more severe cases

In the presence of severe hypercapnia, altered mental status, hemodynamic instability, invasive mechanical
ventilation IMV > ETl is indicated.

If the clinical picture compatible with bilateral interstitial pneumonia:
dexamethasone: 6 mg iv (associated with gastroprotection with pantoprazole 40 mg iv)
acetylcysteine 1300 mgiv: 2 flev in 250 ml of saline

enoxaparinafl: 1 fl4000 IU sc (in the absence of specific contraindications)

Intravenous drip with 5% glucose solution for nutritional purposes, in case of prolonged hospitalization.

Where an emergency vehicle with a non-medicalized but nursed crew intervenes on an unstable COVID-19
patient, the 118 Operations Center can guarantee remotely, through the CO118 doctor or even through the SET
doctor specifically dedicated in service at the CO118 to carry out operations of "medical control online”, real-
time medical support for the administration of emergency therapy.

Fig. 3. The admission to the pre-hospital unit was created to avoid the overload into the hospital of the Taranto
areas. The admission phases were based on the clinical condition of each patient at the moment of 118 COVID-
19 Unit acceptance. Based on symptoms and ABG parameters the therapies could be delivered home or
organized and performed at the site.
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Measures, analysis, and research, what we have achieved

We did not find much evidence on how measures were managed by area and population as the pandemic
progressed, although some researchers and laboratories have already reported changes during the evolution of Covid and
during the advanced stages of the pandemic.

Therefore, our evaluation, screening, and research program was based on a manual review of all patient
electronic health records (ePCR) data, convincing laboratory results conducted with a careful peer-review search of
published works in viruses, microbiology, and immunology regarding similar viral infections. The data we focused on
most was the percentage of calls involving high-risk COVID-19 with the intention of predicting, preventing and treating
COVID-19 infection (11, 12) .

To provide a contextualized basis for comparison, we manually examined PCRs for all admissions where
COVID-19 patients were performed in the first and second waves (February-May 2020 and September-November 2020)
of the pandemic, which led to the drafting of articles for international publication. We subsequently continued to explore
both the scientific hypothesis related to the unique pleiotropism of SARS-CoV-2 and to create a new RT-PCR diagnostic
method. To do so, a collaboration was established with several departments, laboratories, and universities (national and
international), such as Aldo Moro University of Bari (Italy), Phan Chau Trinh University of Medicine (Vietham), and
Lincoln University (Oakland, California, USA). This teamwork allowed us to collect critical information that gave us a
clearer picture of the situation.

SARS-CoV-2 pathogenic traits emerged slowly, helping us to assess a faster diagnosis and realize a more
effective therapy. The results confirmed the distinctive patterns of the virus' mode of infection and its ability to evade
immune surveillance and host responses (11, 12). From our research, we learned about gender-based differences in
COVID-19: male patients were at higher risk of developing severe disease with increased mortality rate, and the time to
intervention was crucial, 36 hours maximum from the first signs.

The results of retrospective cohort studies from March to November 2020, which assessed the mortality rate in
over 1300 ICU patients with confirmed SARS-CoV-2 infection, reported a higher mortality rate in male patients (12.5%)
compared to female patients (9.6%) (8, 9).

We promptly highlighted the phenomenon known as “happy hypoxia”, coined by J. Couzin-Frankel (8,13,14).
“Happy hypoxia” was an event that many patients experienced characterized by a sudden decline saved by high-flow
oxygen support performed in intensive care. The etiopathogenesis was then related to a severe endothelitis, considered
the main causal factor affecting the microcirculatory mechanism, followed by a silent and rapid necrosis process linked
to a generalized increase in uncontrolled inflammatory processes leading to microvascular thrombosis, coma, and then
death (8, 13, 15). By monitoring many patients who showed rapid deterioration, we started to implement the use of arterial
blood gas (ABG) analysis: it helped us to clarify some specific dynamics of the infection functional to the adoption of
more effective therapies and treatments. The ABG results were atypical, a sign of an acute hypocapnic respiratory state
accompanied by a hypoxemic condition with a compensatory alkalosis.

This picture suggested a progressive pulmonary microembolism, specular to an ongoing internal
hypercoagulability with endothelial activation due to an uncontrolled increase in proinflammatory cytokines, the infamous
"cytokine storm" (16, 17).

The hypoxemic state has been described as an increase in minute ventilation leading to an uncontrolled
hypocapnia, due to the rapid diffusion of CO; into the tissues, CO, moving about 20 times faster than O». This allowed
us to understand the pathoanatomical and pathophysiological basis of COVID-19 respiratory failure, characterized by the
presence of progressive and widespread damage to multiple organs and tissues and alveoli with interstitial thickening,
deep vein thromboembolism, and impaired gas exchange. This scenario was often accompanied by atelectasis and lung
consolidations, visible on CT images with typical ground-glass opacities (8,9). Eventually, the combination of ABG
analysis (partial saturation level of oxygen and carbon dioxide - PaO, and PaCO>) and CT proved to be a better tool in
diagnosing COVID-19 than RT-PCR swabs alone (8, 9).

The complete blood count of COVID-19 patients performed immediately after ABG tests indicated the presence
of an infectious-inflammatory condition with involvement of the lungs, heart, and kidneys. The most common picture
was a high total white blood cell count (WBC > 10,000 cells/mcL), with marked neutrophilia and lymphopenia.

Laboratory results confirmed low levels of eGFR and 250H-vitamin D, increased levels of troponin, IL-6, D-
dimer and ESR and an increased level of fibrinogen. At that time, we were able to highlight a secondary phase of the
infection triggered by aggressive bacteria, which was later confirmed by other teams worldwide.
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The rapidity of multiorgan involvement with the contextual septic course was related to the presence of several
pathogens identified in the BALF and blood culture, such as Klebsiella spp, Candida albicans, Aspergillus, Pseudomonas
spp, which have proven to be a prerogative feature of the final phase of SARS-CoV-2 infection (8, 9).

The mechanism of Sars-CoV-2 infection affects all cell types (epithelial, neuronal and myocyte) via the
angiotensin-converting enzyme-2 (ACE2), followed by the cleavage of S by the transmembrane serine protease 2
(TMPRSS2). This explains the multiplicity of symptoms that characterize COVID-19 disease (8, 9, 13, 15, 16, 18).

Our investigation allowed us to explain a very unusual phenomenon consisting of the aberrant increase in
erythroid progenitors and an anomalous decrease in platelet circulation in critical hospitalized cases and after receiving
the vaccine injection (18). Such observations, together with hypoxia, hypocapnia, alkalosis, iron deficiency anemia, and
coagulopathies, were seen as highly correlated with an alarming degree of risk of death (16).

We were able to highlight the increased mean platelet volume (MPV) and platelet hyperactivity that we often
found in COVID-19 patients with a reduced level in overall platelet count since erythroid and myeloid lineage progenitors
appear to be the only cell types expressing both ACE2 and TMPRSS2 among the cells present in the bone marrow (16,
17, 19-22).

Events that ultimately demonstrated the contamination of the erythroid lineage by the virus during the
differentiation phase and the reduced number of platelets due to the autoimmune attack by T cells, neutrophils, and NK
cells (17, 19-22) (Fig. 4). The panel of cytokines considered also revealed an association with hospitalization time, age
and sex.

The typical COVID-19 patient

anosmia, ageusia, light fever, light headache and dry cough, deep fatigue;

marked alkalotic, hypoxic, hypocapnia, the ABG profile with hyperventilation at the time of admission;

the laboratory and microbiology results showed lymphopenia, neutrophilia;

fibrinogen, ESR, CRP, vitamin D and eGFR were markedly anomalous;

markedly high IL-6 levels;

thrombocytopenia, anemia;

BALF showed the presence of few opportunistic pathogens Klebsiella spp, Candida albicans, Aspergillus,
Pseudomonas spp.

Total number of CD4+ and CD8+ T cells showed a drastic decrease in COVID-19 patients with levels lower than the normal
range delimited by 400/uL and 800/uL, respectively, and were negatively correlated with blood inflammatory responses;
low level of B lymphocytes, low level of T-reg CD4+CD25+high and high level of T killer cells, high level of CD8+CD57+
suppressor, high level of CD8+ CD38+DR+, and monocytes were seen in COVID-19 patients.

Patient with mild to severe COVID-19 infection revealed the carry a precise genetic make-up of SNPs related to those
genes regulating the immune responses

Fig. 4. The overall picture of affected patients was a result that we reached gradually based on the clinical, laboratory,
and investigative approaches.

Patient-associated cytokine signatures were partially and included molecules that have been implicated in the
pathogenesis of COVID-19, such as IL-6, eGFR, vitamin D3, and fibrinogen, as well as molecules that are more generally
associated with inflammation/infection, such as ESR, D-dimer, CRP and iron (23).

Thus, the cell-mediated immune response significantly increases in COVID-19 cases compared to other patients.
In this case, we assumed the necessary existence of a lung-kidney-heart cross-talk; this simultaneously explains the whole
complexity of COVID-19 disease and its mechanism of progression along with uncontrolled autoimmune responses under
the guidance of IL-6 leading to the well-known “cytokine storm” (1-5, 12, 13, 15, 16).

The data obtained from our analysis aligned with the results of observational studies, which confirmed that a
reduced vitamin D level, in a concentration lower than 20 ng/mL, was a distinctive feature in COVID-19 patients and was
related to a poor prognosis (19).

Regarding our main clinical findings, a clear reduction of platelets and erythrocytes was observed, an event
related to the deficit found in the immune system response towards its own affected cells infected by SARS-CoV-2.
Initially, all the focus was on containing the spread of autoimmune reactions and uncontrolled inflammatory flare-ups,
providing a therapy based on both anti-inflammatories, antioxidants, and two types of antibiotics to stop a secondary type
of bacterial infection often associated with COVID-19 to meet the increasing need for lost immune modulation as a
consequent reduction of the lack of immunoregulatory cells and cytokines (3, 4, 7, 9-11).

The results showed profoundly compromised immune system during SARS-CoV-2 infection, lymphopenia
(64%), low level of B lymphocytes (60%), low level of CD4+CD25+high T-reg (37.8%) and high level of killer T cells

Journal of Orthopedics 2024 January-April; 16(1): 9-18 www. labpublisher.com ISSN 1973-6401



http://www.labpublisher.com/

M.G. Balzanelli et al. 16

(73.3%), high level of CD8+CD57+ suppressor (64.44%), high level of CD8+CD38+DR+ (80%) and monocytes (28.9%)
were obvious features observed in COVID-19 patients (15). As lung capacity begins to decay due to the lack of
microvascular homeostasis, cardiovascular functions also worsen, affecting the reuptake of filtered 25-hydroxyvitamin D
in renal proximal tubules (20, 21, 23).

Vitamin D has endocrine, paracrine and autocrine functions. RAS is inhibited by vitamin D due to its
involvement in preventing angiotensin Il (Ang-I1) accumulation via inhibition of renin release, a very common event in
COVID-19 patients (23, 24). Increased Ang-ll in cholesterol plaque accumulation along arteries, veins and visceral
glomerular epithelial cells (podocytes) is a well-known phenomenon that induces cholesterol metabolism dysfunction
leading to renal and cardiovascular injury (23). In this scenario, we then considered the increased toxic effects of the spike
protein, which is known to promote Ang Il accumulation, explaining cardiac hypertrophy and heart failure. Indeed, Ang-
Il is produced within the myocardium; Ang-ll is activated within the hypertrophic heart in myocardial failure;
pharmacological inhibition of RAS and Ang-I1I in animal models and in patients with hypertrophic hearts presenting with
myocardial failure have shown to be highly effective (25-28).

The great disparity of individuals affected by COVID-19 contributed to confusing the scene. Exposure to the
virus could not explain the variety of responses to the virus and the profound differences between those who showed the
disease and those who, on the contrary, did not show it, despite their direct contact with the infected.

The pre-infection health status and the state of immune defenses were soon confirmed as key players in the
progression of the disease. However, there was a need to explain the genetic composition of the hosts concerning
susceptibility and risk of COVID-19 (22, 23).

The results of genetic tests performed on patients highlighted that the genetic composition of the host was shown
to exert a direct influence on the degree of predisposition and outcomes of COVID-19. One of the best results in this
direction was to investigate and highlight the presence of single nucleotide polymorphisms (SNPs) of those genes
involved in the immune regulation mechanism. In fact, the degree of severity of the disease was soon observed in relation
to the presence of specific SNPs (21).

The overall results showed the following: ACE-1 (higher prevalence of I/D in the COVID-19 group), Serpina3
(higher prevalence of G/T in the COVID-19 group), CRP (higher prevalence of G/G in the healthy group), IL6 rs1800795
(higher prevalence of G/G-G/C in the COVID-19 group) and IL10 (higher prevalence of G/A in the healthy group; higher
prevalence of A/A in the COVID-19 group) and IL1RN (higher prevalence of C/T-T/T in the COVID-19 group; higher
prevalence of C/C in the healthy group), IL6R (lower prevalence of A/A in the COVID-19 group), VDR (higher
prevalence of Fok1 TC in the COVID-19 group and higher prevalence of T/T in the healthy group; higher prevalence of
Tagl A/G in the COVID-19 group, higher prevalence of G/G in the healthy group). healthy group), IFNy (lower
prevalence of A/A in the COVID-19 group), A/T higher prevalence in the healthy group), and TNFa (G/G higher
prevalence in the COVID-19 group) (Fig. 3) (21, 22).

Final consideration and the problem of the “Long COVID”

One of the lessons of the COVID pandemic is the importance of multidisciplinarity to achieve effective
diagnosis, treatment, and prevention (28-30). Cooperation between primary emergency care and secondary care is
indispensable; thus, cooperation between different departments and disciplines, such as emergency medicine,
immunology, and microbiology departments (31-33).

Many COVID-19 patients had comorbidities at the time of admission, but many others reported long-term effects
of the infection, later called long COVID syndrome. These patients showed a very particular clinical picture and were
often severely ill. Management of patients with comorbidities and long COVID requires a multidisciplinary approach and
treatment to achieve complete recovery.

Recently, some symptoms have been described in patients a few months after being affected by COVID-19. In
the literature, many symptoms recur and vary from foggy thoughts, anemia, neuromyasthenia, vegetative neuritis, post-
viral fatigue syndrome, sleep disturbances, raphe nucleus encephalopathy, chronic lung conditions (pulmonary interstitial
fibrotic scarring) and chronic mononucleosis syndrome among others (34, 35).

This virus (RNA-virus) and the vaccines (mMRNA) that are analogous can start with uncontrolled immune
responses that lead to extreme "“central” decay, a picture that also includes a reduction in B lymphocytes, an increase in
pro-inflammatory cytokines (IL-6, IL8, TNFa), an increase in glial macrophages (M1) (responsible neural inflammation)
and activation of autoreactive T cells (cytotoxic T cells and Thl) (34, 35).

From these results, we assume that the post-COVID condition will surely represent another challenge for
healthcare professionals since these signs should also refer to pre-existing comorbidities that are deeply linked to a higher
correlated burden.
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This varied symptomatic picture indicates a common Long-COVID condition, suggesting that the SARS-CoV-
2 variants may be connected. We suggest that the pathogenic spike protein of SARS-CoV-2 and the cell-cell mechanisms
associated with the Long-COVID syndrome may be similar but not the same among the different SARS-CoV-2 variants
(34).

The data and overall outcomes would support this hypothesis: individuals affected by the early variants showed
a higher number of post-COVID symptoms, especially respiratory symptoms such as dyspnea, fever, and fatigue,
compared to patients infected by the later variants. Many showed lung fibrotic tissues validated by chest CT even after
12 months of COVID-19 infection (36, 37). However, exposure to infection alone failed to support the great variety of
each individual's responses to the virus and the huge diversity of signs and symptoms (22).

Consequently, it is expected that the development of infection and post-infection symptoms will be higher not
only in the presence of historical variants and pre-existing conditions but also with mRNA vaccines. All of this is
influenced by a predisposing genetic environment (22, 23, 36-38). Proposing innovative, albeit complex, research
strategies and clinical procedures to address and solve the abovementioned problems has not been easy. However, despite
the difficulties, 118 SET demonstrated that this approach was effective in reducing mortality and generating a new
effective and deliberate discussion on the COVID-19 pandemic by stimulating new perspectives and concrete actions on
future plans, priorities, and strategies (36-39).

The proposed emergency plan algorithm helped keep everyone involved and raise awareness and questions,
allowing concrete goals to be achieved step by step for various health problems. Our health services' complex challenges
were enormous and could not be achieved without multidisciplinary exchanges and debates.

Teamwork was of great help in standardizing health procedures and improving network governance in the
province of Taranto, strengthening the impact of health services on population health, which in the post-COVID era is
more necessary than ever. So, with this article, we proposed a new procedure that could become a "Know-how" tool for
the formation of well-organized interdisciplinary teams of health professionals. The effectiveness of this procedure during
the pandemic has been tested. Hence, we sincerely hope that it will be used in the future to help healthcare professionals
solve the next new global challenges.
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ABSTRACT

This document presents an overview of oxygen-ozone (O»-0s) therapy for spinal pathologies, focusing on ultrasound-
guided infiltration techniques. The ultrasound method appears to be suitable alongside traditional closed-sky, X-ray, and
Computer Tomography (CT)-guided techniques due to its characteristics, such as the absence of ionizing radiation,
enhanced specificity in targeting pain points, and a reduced number of required treatment sessions. The procedure entails
detailed patient preparation, informed consent, and careful ultrasound guidance for infiltration at lumbar, cervical, and
dorsal levels, along with considerations for potential complications and contraindications. Indications include
zygapophyseal syndromes and extruded disc herniations. Overall, this therapeutic approach is positioned as a valuable
option in treating spinal disorders, maximizing efficacy while minimizing risks.

KEYWORDS: pain, therapy, oxygen, ozone, infiltration techniques, oxygen-ozone therapy, spine, disorders
INTRODUCTION

In addition to traditional closed-sky, X-ray, and Computed Tomography (CT)-guided techniques employed in
paravertebral spinal ozone infiltration therapy (1-20), the ultrasound-guided method warrants particular attention due to
its evolving role in contemporary clinical practice (21-26).

This article intends to delineate the authors' experiences in applying oxygen-ozone therapy for the management
of spinal pathologies. The objective of this document is to conduct a comparative analysis of the various protocols and
procedures that have been established within this domain.

By engaging with existing methodologies, practitioners may critically evaluate and enhance their clinical
approaches, informed by empirical evidence and the latest advancements in the field. Such examination not only
contributes to the state of the art in spinal therapy but also fosters the optimization of patient outcomes through more
refined and targeted treatment strategies. The main peculiarities of this method are as follows:

1. absence of exposure of the operator and patient to ionizing radiation;

2. the possibility of performing paraforaminal infiltrations (especially at the lumbar level) and zygapophyseal
infiltrations;

3. reduction in the number of sessions required due to the greater specificity and precision of the infiltrations
compared to classic paravertebral intramuscular injections (a maximum of 2-3 infiltrations required for facet

syndromes).
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INFILTRATIVE TECHNIQUE

Upon securing comprehensive informed consent from the patient, steps are undertaken to proceed with the
infiltrative technique.

Lumbar and lumbosacral level

The patient is placed in the prone position, and a thorough disinfection of the skin in the area to be treated is
performed. A 2-4 MHz curved probe is used, protected with an appropriate transparent sterile probe cover. In the
longitudinal section, the spinous processes are counted in a caudo-cranial direction starting from the posterior margin of
the sacral profile (Fig. 1).

Fig. 1. Sacral (S); spinal process L5 (PS L5); spinal process L4 (PS L4); paravertebral muscle (PM).

Once the spinous process of the level to be treated has been reached, the probe is rotated on the transverse plane,
and the profile of the vertebra with the central spinous process, laminae, zygapophyseal joints, and transverse processes
appears (Fig. 2).

TiIs 03

Fig. 2. Spinal process (SP); lamina (l); articular process (AP); transverse process (TP); paravertebral muscle (PM).

An eco-reflective needle (21-22 G, 100-120 mm) is introduced laterally to the probe and directed with a lateral-
medial inclination of 15-20° under ultrasound guidance at the joint, transverse, or paraforaminal level depending on the
pathology to be treated. Once the correct position of the needle has been documented with a photo (Fig. 3), 5 ml of a
concentrated oxygen-ozone (O»-Os) mixture (20 mcg/ml) is infused (mono or bilaterally) at a deep level, after aspiration,
and 5 ml of the same mixture on a paravertebral intramuscular level after retracting the needle by 3-5 cm. At the end of
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the procedure, the needles are removed and the area is kept compressed for 30-60 seconds. The expansion of the gas can
cause transient lumbar pain, potentially radiating to the groin or abdomen and more rarely to the lower limbs; the patient
must be informed of this before the procedure.

Fig. 3. Needle (N); transverse process (TP); superior articular process (SAP); intra spinal ligament (ISL).

The patient is then placed in a sitting position, after which he is placed in an upright position and after approximately
10 minutes of observation, discharged from the outpatient setting. The procedure can be repeated for three sessions spaced
7-10 days apart.

Cervical level

After obtaining adequate written consent as specified above, the patient is placed in a prone position with a
pillow under the chest, hyperflexing the head with hands crossed under the forehead. A 5-7 MHz linear probe, protected
by an appropriate sterile probe cover, is used to count the spinous processes in a cranio-caudal direction from C1 to C7

(Fig. 4).

e —————— | T T ——————

o ’.%“. ™ o

Fig. 4. Spinal process C1-C2-C3.

Once the level to be treated has been identified, the probe is placed in a cross-section to visualize the central
spinous process, the two lateral laminae, and the horizontal articular processes (Fig. 5).
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Fig. 5. needle (N); articular process (AP); lamina (L); spinal process (SP); paravertebral muscle (PM).

A 22 G L 50 mm echo-reflecting needle is inserted into the side of the probe and, under ultrasound guidance, is
advanced in the muscular plane with a 10-15° inclination towards the articular process (seeking bone contact and
documenting the correct position of the needle with photos) (Fig. 6).

Fig. 6. Needle (N); articular process (AP); lamina (L); spinal process (SP); paracervical muscle (PM).

A second possible technique is the paravertebral one. Still using a 5-7 MHz linear probe in the longitudinal
section, the spinous processes are highlighted, followed by placing the probe in the paravertebral position until the
articular processes (convexity) and the intervertebral foramina (concavity) are highlighted (Fig. 7).

Fig. 7. Needle (N); articular process (C1, C2/3); third occipital nerve (TON).

Intra-articular processes from C2-C3 to C6-C7 are counted, and the level to be treated is identified. The needle
is positioned (inserted in a cranio-caudal direction) on the caudal margin of the joint convexity, always seeking bone
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contact (Fig. 8). At this point, 5 ml of a gaseous O»-O3 mixture (concentration 15 mcg/ml) is infused mono or bilaterally;
3 mlis injected at the joint plane, and 2 ml at the intramuscular plane after retracting the needle by 2-3 cm.

For zygapophyseal syndrome at the single-level cervical, the closed technique is more suitable in cases of cervicalgia
due to cervicouncoarthraosis, as it is simpler and less burdened by side effects. An ultrasound-guided technique with 3
sessions spaced 7-10 days apart is often sufficient.

i

Fig. 8. transverse process (TP); paravertebral muscle (PM).

Dorsal level

After obtaining adequate written consent, the patient is positioned prone, with a cushion placed at the epigastric
level to accentuate physiological dorsal kyphosis. Back pain localized to one segment may be due to a MID (Minor
Intervertebral Disorder) or, less frequently, to zygapophyseal arthrosis or an extruded herniated disc. Therefore, it is
essential, at the lumbar and cervical levels, to evaluate MRI for correct diagnosis.

Once the point to be treated has been identified and marked (often unilateral), a 5-7 MHz linear probe is
positioned in the transverse plane to visualize the spinous process, laminae, zygoapophyseal processes, and costo-
transverse joints (Fig. 9).

Fig. 9. spinal process (SP); articular process (AP); transverse process (TP); rib (R); needle (N).

The 21 or 22 G L 50-70 mm needle is inserted laterally to the probe and, with a 10-15° inclination, is directed to
the lateral angle of the vertebral profile, the site of the zygoapophyseal joint, looking for bone contact and documenting
the position of the needle (Fig. 9).

Then, 5 ml of O,-O3 gas mixture (concentration 15 mcg/ml) is infused: 3 ml on the joint plane and 2 ml on the
paravertebral intramuscular plane, after retracting the needle by 2-3 cm, depending on the type of patient.

Ultrasound-guided dorsal infiltrations are particularly indicated, as noted earlier, in cases of DIM or facet
syndrome at a single level or extruded disc herniations with intercostal neuritis. In the case of diffuse, multilevel, and
bilateral back pain, the closed technique is more suitable due to fewer side effects.
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Indications and advantages of ultrasound-guided techniques

As previously mentioned, ultrasound-guided ozone infiltration techniques are particularly indicated in treating
extruded disc herniation and vertebral zygoapophyseal syndrome. In these cases, they can represent a valid alternative to
closed-air and X-ray or CT-guided techniques, even if these latter two remain the most effective for the treatments
mentioned above.

A significant advantage of ultrasound-guided techniques is the patient’s non-exposure to ionizing radiation.
Compared to closed-air techniques, the needle is placed closer to the area to be treated (intra-articular and paraforaminal),
which should increase the therapeutic efficacy of the ozone while reducing the number of sessions required.

DISCUSSION

The combination of oxygen-ozone therapy and ultrasound-guided infiltration represents a contemporary
approach allowing precise intervention in various spinal pathologies. Compared to traditional methods, this technique
provides advantages regarding safety and patient comfort. The reduced exposure to ionizing radiation and greater
specificity in infiltrating target areas can potentially lead to better clinical outcomes, including reduced pain and fewer
repeat procedures.

This article aims to demonstrate that the choice of technique can affect patient safety and treatment efficiency. By
comparing different protocols, practitioners can gain insights into their effectiveness, optimize their practices, and
enhance patient care.

CONCLUSIONS
Ultrasound-guided ozone infiltration techniques are the middle ground between closed-sky methods and guided X-

ray and CT techniques. They are particularly indicated in treating facet syndromes and vertebral extruded disc herniation
compared to classic paravertebral intramuscular injections.
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ABSTRACT

This case report details the presentation, diagnosis, and management of a lumbar pedicle stress fracture in a 19-
year-old male soccer player. Lumbar pedicle stress fractures are uncommon in young athletes, and their diagnosis can be
challenging due to subtle clinical manifestations. This report aims to contribute to the understanding of this specific injury
pattern, emphasizing the importance of early recognition and appropriate management in young individuals engaged in
high-impact sports.
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INTRODUCTION

Lumbar pedicle stress fractures represent a unique subset of spinal injuries characterized by microstructural
damage resulting from repetitive mechanical loading. They consist of the breakage of one or both vertebral pedicles, the
bony structures connecting the posterior arch of the vertebra to the vertebral body (1-12). Most spinal injuries typically
involve the posterior elements, while lumbar pedicle fractures stand out due to their unique location and potential impact
on spinal stability. The most common causes are spondylolysis (13-18), congenital anomalies (19, 20), and previous spinal
surgery (21-24).

Lumbar pedicle stress fractures are often subtle and may elude initial detection, posing a diagnostic challenge
for clinicians. Stress fractures in weight-bearing bones are well-documented; conversely, the literature on lumbar pedicle
stress fractures remains limited.

The underlying etiology, biomechanics, and optimal management strategies for such fractures remain areas of
active investigation. Through the detailed examination of this case, including the patient's clinical history, imaging
findings, and therapeutic interventions, we aim to elucidate the complexities of lumbar pedicle stress fractures.

Our report underscores the importance of a heightened clinical suspicion for such injuries and the implications
of early detection ensuring favorable patient outcomes. Lumbar pedicle stress fractures are rare occurrences, particularly
in the younger population. This case involves a 19-year-old male soccer player who presented with persistent lower back
pain following an intense training session. The atypical nature of these fractures in young athletes presents an interesting
challenge that merits exploration.
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CASE REPORT

A 17-year-old soccer player was referred to our radiology department for an activity related low back and right
leg pain suddenly appeared during an intense football match. Despite initial attempts at conservative management, the
pain persisted, prompting further investigation. His height was 176 cm and BMI was 23. The patient had no history of
previous traumatic injury, orthopedic surgery, underlying metabolic disorders. His soccer training routine involved high-
intensity drills, frequent accelerations, and sudden stops, likely contributing to the repetitive stress on the lumbar spine.
Clinical examination revealed localized tenderness over the left lumbar region without neurological deficits. Lasegue and
Wasserman’s test allow us to exclude slipped discs.

The young man was not responsive to non-steroidal anti-inflammatories to manage his pain. Initial assessments,
including conventional radiographs, were inconclusive. Spinal radiography showed no signs of vertebral pathologies as
spondylolisthesis. Initial radiographs did not show any overt abnormalities. However, recognizing the possibility of a
stress fracture, advanced imaging studies, including magnetic resonance imaging (MRI) and computed tomography (CT)
scans, were ordered (Fig. 1A-C).

Fig. 1. A): CT scan pedicle fracture line longitudinal course (arrow); B-C): axial CT scans with reconstruction algorithm
for bone, bipenducular fracture of L3 (arrows).

The MRI revealed a subtle linear hyperintensity in the left lumbar pedicle, consistent with bone marrow edema,
a characteristic found in stress fractures. Confirmatory evidence was obtained through CT imaging, which displayed a
well-defined fracture line through the left pedicle of the L3 vertebra. No focal bony lesion or osteopenia were observed

(Fig. 2).

Fig 2. A-B): Flair sagittal MRI scans (A right, B left) documenting the post-traumatic edema at the pedicle level (red
arrows), and the longitudinal stress fracture line (blue arrows); C): coronal MRI scan: confirmation of pedicle stress
fractures (red arrows).
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Considering the clinical presentation and imaging findings, a diagnosis of lumbar pedicle stress fracture was
established. The rarity of this condition in a young athlete and the potential impact on his sports participation raised
questions about the most appropriate management strategy, necessitating a comprehensive and individualized approach.

This case highlights the importance of a thorough clinical evaluation, including advanced imaging, in diagnosing
subtle spinal injuries such as lumbar pedicle stress fractures, particularly in the context of high-impact sports. The
subsequent management decisions were tailored to address both the unique characteristics of the fracture and the patient's
athletic aspirations, leading to a multidisciplinary treatment plan.

DISCUSSION

Lumbar pedicle stress fractures, though infrequent in young athletes, necessitate careful consideration due to
their potential impact on performance and long-term spinal health. In this case, the patient's involvement in soccer, a sport
demanding rapid changes in direction, frequent accelerations, and abrupt decelerations, likely contributed to the
development of stress fracture.

The diagnostic challenges associated with lumbar pedicle stress fractures are noteworthy. Initial radiographic
assessments may not reveal the subtle nature of these fractures, emphasizing the importance of advanced imaging
modalities, such as MRI and CT scans, for accurate diagnosis. Understanding the biomechanics of stress fractures and
their varied presentations is crucial for clinicians to promptly identify and appropriately manage these injuries.

This case prompts a discussion on the optimal management of lumbar pedicle stress fractures in young athletes.
Conservative management, as employed in this instance, involves activity modification, physical therapy, and a gradual
return to sports. It is essential to balance the need for recovery with the athlete's eagerness to return to play, ensuring that
the healing process is not compromised. Monitoring the patient's progress through regular follow-ups and imaging
assessments is vital to gauge the effectiveness of the rehabilitation program and to identify any potential complications.

Additionally, the psychological impact of a stress fracture on a young athlete should not be overlooked. The
extended period of restricted activity and potential fears of re-injury may contribute to emotional stress and anxiety.
Incorporating psychological support into the overall management plan can be beneficial in addressing these aspects and
promoting a holistic recovery.

This case report contributes to the growing body of literature on lumbar pedicle stress fractures in young athletes,
emphasizing the need for a comprehensive approach to diagnosis, management, and rehabilitation. Further research is
warranted to establish standardized protocols for the prevention, early detection, and effective management of lumbar
pedicle stress fractures, with a focus on optimizing the return-to-play process while prioritizing the long-term
musculoskeletal health of the athlete.

Management

The patient was managed conservatively with a tailored rehabilitation program, including activity modification,
physical therapy, and gradual return to sports. Regular follow-ups and imaging assessments monitored the healing
process, ensuring a safe and successful return to soccer activities.

CONCLUSIONS

In conclusion, this case report highlights the importance of recognizing and managing lumbar pedicle stress
fractures in young athletes, particularly those involved in high-impact sports. The diagnosis of this condition can be
challenging due to its subtle nature, and advanced imaging modalities such as MRI and CT scans are often necessary for
accurate diagnosis. A multidisciplinary approach, involving sports medicine specialists, orthopedic surgeons, and
physiotherapists, is essential for developing a comprehensive treatment plan that addresses both the unique characteristics
of the fracture and the athlete's athletic aspirations. Conservative management, including activity modification, physical
therapy, and gradual return to sports, can be effective in promoting healing and facilitating a successful return to athletic
pursuits. Further research is needed to establish standardized protocols for the prevention, early detection, and effective
management of lumbar pedicle stress fractures in young athletes.
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ABSTRACT

Sport practices without basic training, training with large loads, with high and little recovery time, can provoke
traumatic injuries. Damage to the anterior cruciate ligament is a very common traumatic injury in many sports disciplines.
In recent years we have seen an increasing trend of its injury from the practice of sports by non-professionals caused by
non-compliance with pre- and post-workout preparation stages. The purpose of this article is to highlight through clinical
cases the effectiveness of treatment through proprioceptive rehabilitation after intervention of ligament reconstruction of
the anterior cruciate ligament. To gather theoretical information, bibliographic research based on literature after the 2000s
and selected online materials obtained from recent studies has been conducted. The study is based on clinical cases and
was conducted during the period September 2023-January 2024, in which five patients were studied. Subjects were treated
at the physiotherapy center “Orthomed Sport”. Assessment of functional progression in patients has been performed every
week, where pain, goniometer articular Range of Motion (ROM), muscle strength, and intra-articular bleeding have been
measured. Exercises were performed gradually and under the control of a physiotherapist. From the result of the therapy,
it is evident how proprioceptive reeducation is very important in the chronic phase of rehabilitation, as it improves engine
control, postural stability, sensitivity after movement, and muscle strength.

KEYWORDS: genu articulation, ACL, post-operative, rehabilitation, physiotherapy
INTRODUCTION

Over the past few years, rehabilitative treatment following anterior cruciate ligament (ACL) surgery has
accelerated, but the primary objective of the physiotherapist remains the same: to restore the patient to their pre-injury
functional level. To achieve this goal, normal recovery of joint mobility, muscle strength, and knee stability must be
ensured, allowing the patient to return to activity as quickly as possible.

The reconstructed ligament must be carefully protected to allow for proper healing and prevent damage to the
transplanted tissue. However, prolonged immobilization is not advisable due to several side effects, such as muscle
hypotrophy, alterations in articular cartilage and ligaments, and reduced joint mobility resulting from intra-articular scar
adhesions.

Previously, patients who underwent ACL surgery were immobilized for a long period to protect the new
ligament. Brotzman (1) noted that quadriceps femoris muscle atrophy after 5 weeks of immobilization was 40%, while
atrophy of this muscle due to immobilization in knee flexion was even greater at 60%. Additionally, he reported that using
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an accelerated rehabilitation protocol results in a reduction of knee stiffness in flexion by 10° and a decrease in joint
fibrosis from 12% with classical treatment to 4% with accelerated treatment (1).

Recent studies show that the bundles of the anterior cruciate ligament (ACL) perform different roles during knee
movements: the anteromedial bundle is stretched during flexion, while the posterolateral bundle is stretched during
extension; the latter also has greater resistance to hyperextension (2).

The most common mechanisms of ACL injury are:

e external rotation in knee valgus;

e  knee flexion combined with internal rotation;

e hyperextension combined with internal rotation.

In these cases, the ligament can be damaged in less than 2/100 a second, making it impossible for the athlete to
execute a voluntary corrective muscular response that requires more than 200 milliseconds.

The most frequent and traumatic injury to the knee joint is ACL rupture. The consequences of this ligament rupture are:

e joint instability leading to mechanical stress on other structures such as the menisci and cartilage. The patient
experiences a sensation that the knee is shifting forward or out of its natural position each time they stand up;

e pain localized in the joint, with the patient reporting a numb feeling in the lateral part of the thigh;

e joint blockage (reduction in range of motion or ROM) resulting from joint pain during movement and the lack
of integrity of a crucial component of joint function, such as the ACL;

o swelling (joint effusion): typically, it does not appear immediately but a few hours after the injury. The swelling
may decrease on its own after a few days, but the knee will remain unstable, and returning to sports activity
without proper physiotherapeutic treatment may lead to further knee problems;

e muscle hypotrophy (quadriceps femoris) because of joint immobility due to pain and walking with slight knee
flexion (2).

As aresult of the rupture, knee stability is reduced, and the tibia shifts forward by 0.5-1 cm relative to the femoral
surface. This forward shift constitutes the so-called anterior drawer syndrome, which is provoked as follows: the knee is
flexed to 90°, and with the hands placed on the popliteal fossa, the tibia is pulled forward. If the tibia shifts forward, it
indicates an ACL rupture. Often, ACL rupture is accompanied by medial collateral ligament rupture and medial meniscus
rupture (3).

Thanks to arthroscopic techniques, ACL reconstruction has become a very common procedure. The most modern
surgical treatment for ACL injury is arthroscopic reconstruction using the patient’s own tendon.

The most commonly used grafts are those from the semitendinosus-gracilis tendons and the patellar tendon (4).

Recent studies have confirmed the effectiveness of both types of interventions in the functional recovery of the
injured knee joint(5).

ACL injury results in joint instability and, over time, in the absence of proper surgical treatment, leads to
progressive reduction in joint mobility, degeneration of articular cartilage, meniscal damage, and the development of
post-traumatic osteoarthritis (6).

In addition to the quadriceps femoris muscle, strengthening of the hamstring and gastrocnemius muscles is also
addressed. The main objective is to ensure that the strength of the flexor muscles matches that of the extensor muscles
(7).

Classic rehabilitation protocols are based on the concepts of strength and movement, while accelerated protocols
also incorporate proprioceptive exercises, making the rehabilitative treatment more functional. Proprioceptive exercises
should be performed progressively.

Given that there is no definitive base protocol for ACL rehabilitation, physiotherapists rely on various protocols
aimed at:

e rapid mobilization and loading;

o swift control of edema;

e muscle strengthening;

e  proprioceptive re-education;

e cardiovascular training.

This article aims to provide a comprehensive overview of ACL rehabilitation following surgical intervention. In this
work, the ACL has been examined by describing its function, methods of injury, incidence, symptoms following injury,
types of surgical intervention, and rehabilitation according to accelerated protocols.

Five patients were studied as case examples to highlight the importance of proprioceptive treatment. Thanks to
proprioceptive treatment, these patients achieved good results in knee joint functionality following surgical intervention.
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MATERIALS AND METHODS

In this study, the selected therapeutic protocol is the Campbell Clinic protocol, as it includes mobilization,
extension, loading, and functional rehabilitation in the early stages. This protocol is not considered "aggressive" regarding
the rehabilitative phase and returns to sports activity.

The article examines and treats five patients aged 19 to 32, four of whom are professional athletes, and one is an
office worker. All patients, in addition to having an ACL injury, also had a medial meniscus tear. The study is a case
study conducted from September 2023 to January 2024. The subjects were treated at the physiotherapy center '‘Orthomed
Sport'. All patients were presented at the clinic following ACL surgical intervention. The subjects were informed about
the study's purpose and that their personal data would not be published. They were assessed through questionnaires and
various measurements (goniometer, tape measure, etc.). Their treatment at the clinic lasted for 12 weeks, with the first 8
weeks at a frequency of 5 days per week and the remaining 4 weeks at a frequency of 3 days per week, alternating
physiotherapy with hydrotherapy.

The physiotherapeutic protocol used is Campbell Clinic because it includes mobilization and knee joint extension
in the early stages. It also allows for a return to sports activity without the use of a brace 6 months after surgical
intervention.

After taking the patient's history, a static postural assessment and a dynamic postural assessment were conducted.
Following the visit and objective examination, the patients began treatment with Continuous Passive Motion (CPM),
which helps to increase the joint ROM of the knee. In addition to CPM, an electrical stimulator was used as an adjunct to
achieve quadriceps femoris muscle contraction. Functional progress was evaluated weekly, focusing on pain, ROM with
a goniometer, muscle strength, and intra-articular bleeding.

Rapid joint mobilization not only promotes tissue nourishment but also maintains good muscle tone. Once a
good, pain-free active mobilization of the knee joint is achieved, patients perform muscle strengthening exercises through
isometric contractions of the quadriceps to achieve good tonotrophy. In addition to strengthening the quadriceps femoris
muscle, emphasis was also placed on other muscles in the femoral region, without neglecting the gastrocnemius and
gluteus muscles, which play a role in stabilizing the knee joint. At the end of each session, patients performed stretching
exercises and cryotherapy.

Once a full, pain-free ROM and good muscle strength are achieved, patients perform proprioceptive exercises
using tools such as the Freeman Table, Bosu, resistance bands, balance boards, etc. The exercises are conducted in a
gradual and controlled manner, with 8-10 repetitions for 3 sets.

During the "motor reprogramming" phase through proprioceptive exercises, patients also engage in sport-
specific training related to their activity. They perform directional changes, stationary jumps, diagonal jumps, step
exercises, etc. These patients perform proprioceptive exercises on the Freeman Table before each workout or match;
specifically, they complete bipodal exercises for one and a half minutes and monopodal exercises for one and a half
minutes. The aim of these exercises is to enhance the effectiveness of proprioceptive treatment in post-surgical
rehabilitation of the ACL.

For each patient, two physiotherapy records were used: one at the initial assessment (in) for evaluating the patient
and one at discharge (out) to assess the effectiveness of the treatment. At the conclusion of the rehabilitation program,
conclusions for all five patients are presented with corresponding tables (Table I) and Graphs (1-10).

RESULTS

By observing the results of the treated clinical cases, the use of a well-designed rehabilitation protocol combined
with a robust proprioceptive program yields satisfactory results in patient recovery following ACL reconstruction.
From the data, it is evident that proprioceptive re-education is crucial in the rehabilitation phase, as it enhances
motor control, postural stability, movement sensitivity, and reduces the risk of re-injury.
Proper proprioceptive re-education is essential for achieving good functional outcomes in the knee joint
following surgical intervention.
All treated patients utilized the same rehabilitative techniques, and at the conclusion of the rehabilitation cycle,
the following results were observed:
e patients who experienced significant pain: 80% achieved complete pain relief, while 20% experienced partial
improvement in knee pain;
e patients with joint limitation: 100% achieved full recovery of joint mobility;
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e patients with intra-articular bleeding: 100% achieved complete resolution of the bleeding;
e patients with reduced muscular capacity: 100% achieved full improvement in muscle strength.

Table I. Descriptive statistics.

Age

Mean
Minimum
Maximum

25.2 years
19 years
32 years

Patient Type

Sports
Employed
Unemployed

Gender

Female
Male

Pain

Total reduction
Partial reduction

Joint Limitation

Full recovery
Partial recovery

Muscular Capacity

Full recovery
Partial recovery

Use of Assistive Devices

Crutches

Braces

Crutches + Braces
None

Intra-Articular Bleeding

Full recovery
Partial recovery

Type of Intervention

Patellar tendon graft
Semitendinosus/Gracilis tendon graft

Physiotherapy Description

Kinetek/Patellar mobilization
Electrical stimulator/Bike
Isometric contractions
Isotonic contractions

Squat (single/double leg)
Freeman table/Motomed/Bozu
Bands/skimmy/Hydrotherapy
Balance exercises

Theraband exercises

Final degree leg extensions
Cryotherapy post-exercise
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DISCUSSION

Numerous aspects of rehabilitation following ACL reconstruction have been investigated with Level | and 1l
clinical trials. As with most systematic reviews, including published studies often involves a publication bias in favor of
positive findings. This is less relevant when studying rehabilitation, as both positive and negative findings are deemed
important. Although many of the included studies have a selection bias, it is still possible to draw some valuable
conclusions.

Overall, no brace or length of brace wear demonstrated an advantage over another type of brace, another duration
of bracing, or no bracing. Bracing does not provide any benefit and is not necessary. Accelerated rehabilitation has shown
no deleterious effects, and it is likely safe for patients to begin immediate postoperative weight-bearing, move the knee
from 0 to 90 of flexion, and perform closed-chain strengthening exercises.

Eccentric quadriceps muscle strengthening and isokinetic hamstring muscle strengthening were safely
incorporated three weeks after surgery; they may be safe sooner, but further research is needed.

Neuromuscular exercises are not likely to harm patients; however, their impact was small, making them unlikely
to yield large improvements in outcomes or help patients return to sports faster.

Neuromuscular exercises should not be performed to the exclusion of strengthening and range-of-motion
exercises.

The studies presented in this paper focused on improving rehabilitation following ACL reconstruction, with a
goal of safely allowing expeditious return of mobility, strength, and ultimately sport participation.
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However, few studies measured the ability to return to sports and its timing following the interventions. The
availability of such data could strengthen the conclusions of studies and should be considered in future research. Despite
the large number of randomized trials, further investigations of the timing of rehabilitation and supplemental rehabilitation
exercises are needed to continue to improve the care and function of patients following ACL reconstruction.

CONCLUSIONS

Following ACL reconstruction, patients often exhibit deficits in muscle strength, activation, power, postural
stability, and biomechanical alterations. These factors negatively impact the psychological aspect, and decreased mobility
increases the risk of re-injury.

This study confirmed that proprioceptive and balance exercises improve postural stability during the initial
rehabilitation phase following ACL reconstruction. It was also confirmed that there are no contraindications for
neuromuscular exercises, which can be safely used in patients who have undergone ACL surgery. At the final assessment,
it was noted that all patients who used proprioceptive exercises fully regained muscle strength and joint mobility,
resolving intra-articular bleeding. Regarding pain, 80% of patients experienced complete relief, while 20% had partial
improvement.

It was observed that while proprioceptive rehabilitation is crucial, it alone does not complete knee joint
rehabilitation. It is important to find a balance between proprioceptive exercises and strength training exercises.

The study results show that muscle strength is a significant factor that enhances knee joint performance during
sports activities, reducing the risk of repeated injury. By incorporating proprioceptive exercises that specifically stimulate
movement gestures, as well as external and internal stimuli that athletes encounter daily during activity, an optimal
biomechanical function of the knee joint can be achieved. For example, Patient 1 was recommended to resume running
on soft terrain after 3 months post-surgery and to restart sports activity after 5 months, given the good muscle strength,
joint mobility, and knee stability.

Good proprioception and knee joint stability help reduce stride length, especially in backward walking. Although
this type of walking is infrequent, it helps understand motor control during walking.

Based on the analysis of clinical cases, the following conclusions were drawn:
e proprioceptive rehabilitation is highly important during the rehabilitation phase as it improves motor control,
postural stability, and movement sensitivity and reduces the risk of re-injury;
e proprioceptive rehabilitation does not shorten the return-to-sport time, so it is recommended to combine these
exercises with strength and ROM exercises;
e proprioceptive rehabilitation aids in the recovery of stabilizing reflexes, facilitating functional recovery of the
knee to its pre-trauma state;
e proprioceptive rehabilitation helps modify muscle strength, proving effective in managing repetitive injuries and
preventing subsequent trauma.
All these factors enable patients to regain the necessary stability, strength, and proprioceptive sensitivity, thereby
reducing the risk of new injuries to the knee joint.
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ABSTRACT

Neurofibromatosis (NF) is a group of rare genetic disorders characterized by the formation of benign tumors,
predominantly neurofibromas, along the peripheral and central nervous system, as well as in other mesodermal and
ectodermal tissues. The main clinical forms of NF include NF type 1 (NF1), NF type 2 (NF2), and schwannomatosis,
each with specific genetic and phenotypic characteristics. NF1, the most common form, has an incidence of 1 in 3,000
live births and is associated with mutations in the NF1 gene on chromosome 17, responsible for the production of
neurofibromin. This protein regulates the RAS-MAPK signaling pathway. Aberrant activation of this pathway leads to
uncontrolled cellular proliferation, with clinical manifestations such as café-au-lait spots, neurofibromas, optic gliomas,
and skeletal dysplasias.

KEYWORDS: neurofibromatosis, neurofibromas, NF, schwannomatosis, mutation, chromosome
INTRODUCTION

Neurofibromatosis 2 (NF2) has an incidence of approximately 1 in 25,000 individuals and is caused by mutations
in the NF2 gene on chromosome 22, responsible for merlin, a tumor suppressor protein. Loss of merlin function is
associated with schwannomas and meningiomas, with a 90% prevalence of bilateral vestibular schwannomas, leading to
an increased risk of deafness and postural instability (1-13). Schwannomatosis is the rarest form of the disease,
characterized by the presence of schwannomas along peripheral nerves, which can cause neuropathic symptoms such as
chronic pain, often associated with mutations in the SMARCB1 and LZTR1 genes (3, 11, 12).

Early diagnosis of neurofibromatosis (NF) is of fundamental importance for the management of the disease and
for the mitigation of the risk of associated complications. Imaging plays a crucial role, allowing not only the monitoring
of tumor growth but also the timely identification of any complications (14). When analyzing localized portions of the
body, different imaging modalities should be used. Magnetic resonance imaging (MRI) is recommended for the
characterization of intracranial or spinal lesions, while computed tomography (CT) represents a secondary choice. For
the preliminary evaluation of skeletal lesions, the use of radiography (XR) is indicated. Furthermore, ultrasonography is
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a useful option for evaluating superficial lesions and for characterizing peripheral and intra-abdominal nerve tumors (14,
15).

In situations where it is necessary to analyze the entire body, methods such as whole-body MRI are used, which
allows a global evaluation of the growth pattern and extension of the peripheral nerve sheath tumor (PNST). Positron
emission tomography with fluorodeoxyglucose (FDG PET) or CT is used as a tool for differential diagnosis, proving
particularly useful in the evaluation of potential malignant transformation, as in the case of malignant peripheral nerve
sheath tumor (MPNST) (14, 15).

In recent years, innovative therapeutic approaches, such as MEK kinase inhibitors, have demonstrated efficacy
in reducing tumor volume in patients with NF1 (16). Despite these advances, the management of NF remains complex,
due to phenotypic variability and unpredictability of disease progression.

Currently, there are no standardized protocols for imaging NF. Diagnostic strategies may vary depending on the
type of NF and the presence of clinical symptoms (15-17). This variability represents a significant obstacle to progress in
research and technology, making NF a particularly complex disease to diagnose. It is, therefore, imperative to follow
standardized protocols based on empirical evidence derived from clinical practice to improve patient management and
therapeutic outcomes. The present study aims to illustrate a clinical case of neurofibromatosis type I (NF1) in which the
efficacy of the diagnostic sequences employed led to an accurate diagnosis, highlighting the importance of a systematic
and targeted diagnostic approach.

CASE STUDY

SD, male, born October 2005, presents to clinical attention due to neck pain; this was the reason why the doctor
requested a cervical MRI, which revealed the presence of ectasia of the dura mater, that is, an enlargement of the dural
sac, such as to determine posterior vertebral bone scalloping associated with herniation of the nerve root sheaths with the
formation of cervical meningoceles at the C5-C7 passage on the left hemiside, (Fig 1A-C, Fig. 2A, B), this picture enters
into the differential diagnosis with Marfan syndrome and Ehlers-Danlos syndrome.

Fig. 1. A-C): Sagittal MRI T2, posterior vertebral bone scalloping of C5, C6, C7 (arrows) and left meningocele at C6-
C7 (*).
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Fig. 2. A, B): Axial T2 MRI; posterior vertebral bone scalloping of C5, C6, C7 (arrows) and left meningoceles at C5-C6
and C6-C7 (*).

In light of these findings, to reach a diagnosis of the nature of the disease, the investigations are completed with
an MRI of the brain and an ultrasound of the subcutaneous soft tissues of the lateral cervix.
Brain MRI allows us to appreciate the presence of four focal areas of altered signal intensity at the subtentorial level with
cerebellar localization, compatible with UBO (unidentified bright objects). These areas appear characterized by signal
hyperintensity in T2 and Flair sequences that do not exert mass effect on adjacent structures (Fig. 3A, B) and do not show
enhancement after intravenous administration of contrast medium (Fig. 4).

Fig. 3. A): Axial T2 MRI; B): Flair, focal areas of altered signal intensity at the infratentorial level with cerebellar
localization, compatible with UBO (arrows).

Fig. 4. Axial MRI after intravenous contrast medium administration: there is no enhancement of the lesions.
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Therefore, by adding the results of the cervical and encephalic MRI investigations, we tend towards a possible
diagnosis of NF1, which is also confirmed by the support of the ultrasound investigation of the subcutaneous soft tissues
of the lateral carpi, which allows us to appreciate the presence of some small subcutaneous neurofibromas.

DISCUSSION

NF1 is a well-documented genetic condition, but its clinical presentation can vary significantly, making it
possible to make late or incorrect diagnoses. In the case presented, neck pain was the only initial clinical manifestation, a
symptom that is not always directly and immediately associated with NF1. This situation highlights the importance of
accurate diagnosis, considering that initial symptoms may be atypical and overlap with those of other musculoskeletal or
neurological pathologies. Targeted MRI revealed significant findings, such as dural ectasia and the presence of
meningoceles, information that directed the diagnosis toward a more complex condition.

The finding of infratentorial UBOs in correspondence with the cerebellar hemispheres in brain MRI further
supported the diagnosis of NF1, as this finding is well-known and frequently associated with this pathology. Finally, the
presence of subcutaneous neurofibromas, documented by ultrasound, completed the clinical picture, highlighting the
importance of performing multimodal investigations for an accurate diagnosis. The systematic approach that led to the
diagnosis is in line with current recommendations for managing NF1, in which early identification of lesions and
associated complications is crucial for timely therapeutic intervention.

Furthermore, the phenotypic variability in patients with NF1 requires continuous monitoring and adaptation of
diagnostic and therapeutic strategies. The implementation of standardized protocols based on consolidated evidence can
improve not only diagnostic accuracy but also long-term clinical outcomes.

CONCLUSIONS

The clinical case analyzed demonstrates the importance of an accurate diagnostic evaluation of NF 1, highlighting
how common symptoms, such as neck pain, can mask more serious conditions. The combined use of imaging techniques,
such as MRI and ultrasound, has proven to be essential for the timely and accurate identification of the pathology.

This study highlights the need to develop standardized and appropriate imaging protocols that can guide
clinicians and radiologists in the early diagnosis of NF1 and in managing associated complications. Early identification
of visceral alterations and predisposition to develop malignancies require regular surveillance and timely therapeutic
intervention.

In conclusion, a systematic and targeted diagnostic approach is essential not only to confirm the diagnosis of
neurofibromatosis but also to improve the overall management of patients and to optimize long-term therapeutic
outcomes. Future research should focus on the definition of practical guidelines for monitoring and treatment of NF1
based on scientific evidence and consolidated clinical experience.
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ABSTRACT

The prevention of musculoskeletal disorders (MSDs) is a topical issue among dental professionals. Carpal tunnel
syndrome (CTS), the most common disabling hand disorder, appears to have a high incidence in dental practitioners. This
review critically examines the literature on CTS, focusing on its epidemiology, risk factors, diagnosis, and treatment.
Preventive strategies and measures are also discussed to mitigate the risk of CTS among dental healthcare personnel. It
is crucial for clinicians to possess a comprehensive understanding of ergonomics and to develop an acute awareness of
their own body. The ability to modify inappropriate, harmful postures in order to prevent the onset of MSDs should be as
fundamental as providing quality dental care.

KEYWORDS: CTS, carpal tunnel syndrome, wrist pain, preventive measures, injury
INTRODUCTION

Musculoskeletal disorders (MSDs) represent a significant occupational health issue in the dental profession. The
prevalence of general musculoskeletal pain has been reported to range between 64% and 93%. During clinical practice,
Hayes et al. found that dentists experienced the most significant prevalence of pain in the back (36.3-60.1%) and neck
regions (19.8-85%), whereas for dental hygienists, the most common areas affected were the hand and wrist (60-69.5%)
(1). Carpal tunnel syndrome (CTS) represents the most prevalent disabling disorder affecting the hand, and dental practice
appears to be associated with an increased risk (2).

The carpal tunnel (CT) is an osteofibrous canal in the volar wrist. This structure offers attachment for the thenar
and hypothenar muscles and acts as a restraint for the bowstringing of the extrinsic flexor tendons. The carpal bones and
the transverse carpal ligament (or flexor retinaculum) delineate the floor (the carpal arch) and the roof of the CT space.
The flexor retinaculum is about 3-4 cm wide and takes insertion into the scaphoid tuberosity, the trapezium, the pisiform,
and the hook of the hamate. The CT contains 9 tendons and one nerve: the flexor pollicis longus, the four flexor digitorum
superficialis, the four flexor digitorum profundus, and the median nerve (Fig. 1). As a natural consequence, any condition
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that will lead to an increase of the volume of such structures can cause compression of the median nerve. The median
nerve gives sensory branches to the thumb, index, middle, and half of the ring fingers (Fig.1). Given that the palm of the
hand is supplied by a sensory cutaneous branch of the median nerve, which arises proximally to the flexor retinaculum
and remains superficial, this area is not affected by changes of pressure within the CT. The flexor carpi radialis tendon,
and the palmaris longus tendon are other important structures that travel outside the CT but are in close contact with it
(3) (Fig. 1).

This review aims to critically analyze the available scientific literature and synthesize the most reliable evidence
on the epidemiology, diagnosis, and treatment of CTS. In addition, several strategies are proposed to prevent or reduce
related symptomatology.

Transverse  Palmaris  Flexor Flexor

Carpal ONgus  Carpis Pollicis
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0
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) Digitorum
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Fig. 1. Cross section of CT area. The yellow spot represents the Median nerve responsible for the cutaneous innervation
of the thumb, index, middle, and half of the ring fingers.

MATERIALS AND METHODS

By conducting an electronic search on the MEDLINE bibliographic database (Pubmed), 202 articles with a time
span from 1983 to 2024 were selected using the following algorithms: "Carpal Tunnel Syndrome™ AND ("dental” OR
"dentistry"). Titles and abstracts of articles were subjected to an initial selection process considering relevance, type of
study, and population considered. References of selected studies were also scanned to retrieve other eligible studies.

DISCUSSION

CTS appears to be the most common peripheral mononeuropathy reported between 30 and 50 years of age (4,
5). Several studies show that approximately 3.8 % of the population complaining of pain, numbness, and tingling in their
hands may have CTS(6). Such a syndrome seems to be more frequent in women than in men (7) (prevalence rate of 9.2%
Vs 6 %) and is associated with moderate/heavy manual work (4), such as dental practice.

The incidence of CTS and MSDs among dental healthcare personnel is relatively high. A meta-analysis
conducted by Chenna et al. (8) reported that potentially 1 out of 7 dental practitioners may be affected by CTS. Although
this syndrome is widely known, its etiology is not clearly defined.

Prolonged wrist flexion or extension, repetitiveness of certain movements (9), forceful executions, mechanical
stress, poor posture, and vibration exposure appear to be some of the main risk factors involved in the genesis of the
condition, particularly in the dental health care personnel (10). Medical risk factors include extrinsic factors, intrinsic
factors, conditions that can alter the contour of the tunnel, and neuropathic factors. Extrinsic factors, such as pregnancy,
menopause, obesity, renal failure, hypothyroidism, the use of oral contraceptives, or congestive heart failure, can increase
the volume within CT, eliciting the syndrome. Intrinsic factors within the nerve, such as tumors or tumor-like lesions, and
other extrinsic factors that can directly alter the contour of the tunnel (i.e., the aftermath of fractures of the distal radius
and/or posttraumatic arthritis) represent additional causative factors that should be taken into account. Neuropathic
factors, especially diabetes, also have an important role in the onset of the condition, affecting the nerves without
increasing the interstitial pressure (11).
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A mixture of mechanical trauma and ischemic injury to the median nerve is thought to be fundamental for the
pathogenesis of CTS (12). Experimental studies have reported that neural dysfunction is directly proportional to the
duration and magnitude of pressure (13). In addition, chronic compression can lead to fibrosis and adhesion of the nerve
to the surrounding tissues. This condition inevitably leads to nerve traction during wrist flexion and extension, allowing
the tethered median nerve test to be used as a diagnostic tool for chronic CTS (11).

Symptoms vary according to the severity of the neuropathy. A general reduction in grip strength and hand
function with pain, unpleasant tingling, or numbness in the palmar aspect of the thumb, index, median, and radial aspect
of the ring finger are the main symptoms reported, which tend to be worse at night. Most CTS patients report flicking the
affected wrist as an effective maneuver to reduce pain and discomfort (14).

Patients may experience atypical signs of CTS, such as pain in the shoulder (15), forearm, or numbness in the
third finger only (16). In a latent form, referred to as “dynamic CTS”, symptoms may be transient, and the condition is
directly triggered by stressful movements (17).

In CTS, both the somatic (sensory and motor) and sympathetic fibers are affected by the compression. However,
unmyelinated sympathetic fibers are thought to be more resistant to mechanical or ischemic injury than myelinated,
somatic ones. This may be the possible explanation for the reported poor involvement of the sympathetic system in CTS
(18).

Interestingly, in a large multicenter Italian study, patients with a more severe disease reported less severe
symptoms but more important functional hand limitations than patients with mild, moderate CTS. Although it may appear
contradictory, the worsening of functionality and improvement of symptoms can be explained according to the intuitive
effect of the reduction in nerve fiber function (19).

The diagnosis of CTS is based on specific clinical findings and electrodiagnostic evaluation, which are necessary
to distinguish it from other focal neuropathies of the upper extremities, such as cervical radiculopathy, ulnar neuropathy
at the elbow, proximal median neuropathy (especially at the level of the pronator teres) and brachial plexopathy as well
as Thoracic Outlet Syndrome (TOS) and Central Nervous System (CNS) disorders (multiple sclerosis, small cerebral
infarction) (20, 21).

The symptom questionnaires, such as the hand diagram by Katz and Stirrat (22) or the CTS diagnostic scale
adopted by Kamath and Stothard (23), based on self-reported symptoms of patients, may have high reliability. Still, their
main limitation is based on the subjective component.

Based on clinical observation, since the abductor pollicis brevis is innervated by the median nerve and located
superficially on the radial aspect of the thenar mass, the presence of thenar atrophy with symptoms may be sufficient to
confirm the presence of moderate to severe CTS (24). Phalen’s and Tinel’s tests are the most common provocative tests
used to diagnose the condition. In Phalen’s test, the patient is asked to flex the wrist and hold it in this position for 60
seconds. Pain or paraesthesia in the distribution of the median nerve represents a positive response (25) with reported
sensitivity and specificity values in the range of 68% and 73%, respectively (26).

The Tinel test seems more specific than sensitive (77% vs 50%) (26). It is performed by tapping over the volar
surface of the wrist; tangling or electric shocks in the area innervated by the median nerve represent the response of
regenerating nerve fibers, which are more susceptible to triggers.

Similar values of sensitivity and specificity (48% vs 76%) were reported by the tethered median nerve stress
test, which elicits a response hyperextending the index finger (and wrist) by pressing on the distal end with the forearm
supinated (26). However, as the test assesses the presence of adhesion between the nerve and the flexor tendons, it may
not be as effective in detecting the acute phases of CTS, and the general trend is to consider it more as an etiological test
rather than a routine diagnostic test (26).

Other clinical signs and provocative tests have been described; however, according to Mondelli et al., none
appear to be relevant on their own (27). To overcome these limitations, specific diagnostic algorithms, based on the
integration of symptoms, signs, and diagnostic tests, were proposed by some authors to determine the likelihood of carpal
tunnel syndrome (11).

In addition, clinical neurophysiological assessments using tests such as the vibrometry threshold, current
perception, Semmes-Weinstein monofilament, tactile sensitivity, and two-point discrimination test are described in the
literature. However, such diagnostic analyses generally require skill in both administration and interpretation of results
(12).

Nerve Conduction Studies (NCS), in which the conduction across the nerve is assessed by surface electrodes,
represent the gold standard for confirming a suspected CTS clinical condition. In addition, such exams can provide critical
information on the severity of the neuropathy, on prognosis, and helpful insight to eventually assess alternate or associated
diagnoses (e.g., ulnar neuropathy, cervical radiculopathy, brachial plexus lesion, or generalized polyneuropathy). On the
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other hand, the reported invasiveness, costs, and relatively high false-negative rate (up to 30%) of such examinations have
prompted clinicians to develop more practical and less invasive evaluative methods (28-30).

Ultrasound is a useful method for assessing the median nerve cross-sectional area at various levels of the CT.
Cross-sectional areas in CTS patients were shown to be significantly wider than those in healthy controls. However, due
to the lack of standardization and a plethora of proposed cut-off values, wide ranges of sensitivity and specificity of such
diagnostic methods have been reported (31). Since some studies have shown that non-pathological median nerve area is
the same at the wrist and in the forearms (32), a direct comparison between the areas of the nerve within these structures
(33) or the determination of a “swelling ratio” (34) have been proposed by some author to reduce the discrepancies.
Ultrasound elastography has been shown to be an effective tool for overcoming these limitations.

Orman et al., evaluating the mean tissue strain in CTS patients, reported that it was significantly lower than in
healthy controls, with the median nerve stiffer and less elastic (35). Strain elastography provided reliable cut-off strain
ratios with high sensitivity and specificity values.

The same trend was found using shear wave elastography (36, 37), where an excellent accuracy in differentiating
patients with and without CTS was reported in analyzing the median nerve stiffness cut-offs (37). However, these
examinations do not seem to provide a clear relationship with the severity of the disease (38, 39). Despite these limitations,
elastography, particularly the shear wave, has proved to be a valuable tool for diagnosing the condition and overcoming
the limitations of conventional ultrasound.

Magnetic resonance imaging (MRI) can also be used in limited cases to determine the site of nerve entrapment
after failed surgical procedures, for differential diagnosis in cases of vague symptoms, and to confirm the presence of
space-occupying lesions (e.g., fibrolipomatous hamartoma of the median nerve (40, 41).

Treatment

Treatment of CTS is based on severity, staging of the pathology, and patient’s preferences. Mild or moderate
symptoms can be generally treated by non-surgical procedures such as splinting, acupuncture, steroid injections (42),
vitamins B6 and B12, non-steroidal anti-inflammatory drugs (NSAIDs), ultrasound, yoga, or carpal bone mobilization
(4). However, even though they can significantly relieve CTS symptoms in the short term, the durability of such beneficial
effects is hardly determinable in the long term (43).

Marshall et al. reported that steroid injections produced a more significant clinical improvement in symptoms
one month after the injections compared with placebo (44). However, the effects appeared to be transient, and no
significant symptom relief was observed beyond one month (44). When conservative treatment fails, surgery is indicated
(41). Surgical treatment is considered more effective than non-surgical treatment, especially when compared with
splinting (45). With both an endoscopic or an open technique, the transverse carpal ligament is divided to increase the
space and relieve pressure in the CT.

Open procedures have been shown to be effective in almost all patients (from 70 % up to 90%) with excellent
long-term results (46). The endoscopic procedures, even if the technique is well performed (47), seem to have more
drawbacks and a higher risk of nerve damage related to the insertion of the cannula in the CT (especially in the case of
adherence) (41).

Preventive strategies

By analyzing the reported evidence, maintaining a neutral position with the forearms and wrist in a straight line
is the most effective preventive measure, as it prevents increased pressure in the CT and reduces the risk of injury. The
selection of larger, round-tapered, and lighter instruments with multiple accentuated angles or long terminal shanks can
reduce muscle workload and pinch force (48). Rather than employing a ‘one-size-fits-all’ approach, the instrument design
should be tailored to the operator (49). Owing to its ability to increase blood flow, inter-procedural stretching, turning the
palm upward while slowly extending the elbow, is another reliable method for relieving symptoms and preventing injury
(50).

CONCLUSIONS

The prevention of MSDs such as CTS is a topical issue in dentistry. Some preventive measures can be highlighted
and recommended. CTS can be prevented by tailoring instruments and adopting a proper inter-procedural stretching plan.
It is essential for clinicians to have a comprehensive understanding of ergonomics and develop an acute awareness of his
or her own body. Being able to adjust inappropriate, harmful postures to prevent the onset of MSDs should be as
fundamental as providing quality dental care.
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