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ABSTRACT

This study examines how variations in the Caput-Collum-Diaphyseal (CCD) angle impact femoral stem
alignment in total hip arthroplasty (THA) using short stems in the anterior minimally invasive surgery (AMIS). The
objective of this study is to evaluate whether native CCD angles in the varus or the valgus influence the postoperative
stem alignment, especially deviations greater than 3°, which may affect clinical outcomes. Patients who underwent THA
between July 2021 and July 2023 with primary hip osteoarthritis or avascular necrosis were included. Exclusion criteria
were postoperative complications, reoperations, or missing radiographs. Postoperative CCD and stem alignment were
measured from radiographs, and statistical analyses were performed to compare these variables using t-tests and Pearson's
correlation. Of the 46 hips, 24 were in Group A, and 22 in Group B. Group B showed a better ability to restore the CCD
angle (p < 0.05). Both groups demonstrated a significant Pearson correlation between native CCD and postoperative stem
alignment (Group A: r -0.60;p < 0.001 and Group B r: 0.486;p < 0.05). The average deviation in stem alignment remained
within 3° for both groups. Patients with a varus CCD angle were more likely to have the stem positioned in the varus,
while those with a valgus CCD angle showed a slight tendency toward valgus stem alignment. Surgeons should carefully
consider preoperative CCD angles to minimize malpositioning during AMIS procedures.

KEYWORDS: Caput-Collum-Diaphyseal angle, total hip arthroplasty, THA, anterior minimally invasive surgery,
AMIS, stem alignment, CCD

INTRODUCTION

The anterior minimally invasive surgery (AMIS) in hip surgery has gained increasing recognition for its ability
to limit soft tissue injury and to improve short-term clinical outcomes. This technique offers significant advantages over
traditional approaches, including reduced blood loss, shorter hospital stays, and faster postoperative recovery (1-3).

Proper stem placement is a crucial step and it is influenced by the position of the lower limb, by the higher
cortical stress applied to the femur, and by the difficulty in releasing the structures that facilitate the broach insertion (4).
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For this reason, instruments dedicated to the AMIS approach were developed, and the implants were optimized
with shorter stems to facilitate their insertion and reduce the removal of bone stock during femoral broaching. However,
the uncomfortable positioning and the short stem with the femoral neck or metaphyseal fixation can lead to an increased
malpositioning in the varus or the valgus (5, 6). In this context, the native Caput-Collum-Diaphyseal (CCD) angle of the
femur is a crucial measurement (7, 8).

The literature emphasizes that no significant clinical or biomechanical effects occur when the stem axis deviates
by less than 3° from the femur's native axis (7, 9).

This study aims to analyze how variations in the CCD angle influence the alignment of the femoral stem relative
to the femoral axis in the context of the AMIS and the use of short-stem prostheses. The primary objective is to assess
whether, based on a femur with varus or valgus CCD, the stem placement deviates more than 3° compared to the
anatomical femoral axis (10).

MATERIALS AND METHODS

A retrospective observational study was conducted on all the patients who underwent Total Hip Arthroplasty
(THA) through the AMIS approach treated in the Orthopedic Clinic of Perugia from July 2021 to July 2023.

Preoperative pelvic X-rays (both hips, anterior-posterior view, standing erect) were screened to test for THA and
to include patients who had a diagnosis of primary osteoarthritis (Kellergen-Lawrence > grade 3) or avascular necrosis
of the head of the femur.

Exclusion criteria were patients with low-grade primary osteoarthritis (Kellergen-Lawrence < grade 3),
periprosthetic fractures, or patients who developed postoperative complications (infection or aseptic loosening). From a
cohort of 81 patients, 44 patients met the inclusion and exclusion criteria, comprising a total of 46 hips.

Surgical technique

All procedures were performed via the AMIS approach, using non-modular, uncemented short-stem prostheses
implanted by a single experienced surgeon. The patient was positioned supine on a standard operating table without
traction. The surgical site was prepared using a three-step antiseptic scrub with alcohol disinfectant, and sterile draping
with an adhesive film was applied.

A 7-to 10-cm incision is made 2 cm latero-distally to the antero-superior iliac spine towards the fibular head;
care was taken to isolate the lateral femoral cutaneous nerve (LFCN).

The interval between the sartorius muscle medially and the tensor fascia latae laterally is developed with
attention to ligate the anterior circumflex artery to prevent excessive bleeding. The capsule is exposed between the rectus
femoris muscle medially and the vastus intermedius muscle laterally. A capsulectomy was performed with identification
and later reinsertion.

Trial components and instruments designed for the anterior approach were always used before the final
implantation. Intra-operative fluoroscopy was used, but not routinely.

The perioperative and postoperative protocols were standardized across all cases. This included a single-dose
antibiotic administration of Cefazoline (2 g V) given preoperatively, along with weight-bearing as tolerated starting from
the first postoperative day. A post-operative radiograph was performed after the weight-bearing on the operated leg was
done.

Radiographic evaluations

Radiographic evaluation was performed using only postoperative anteroposterior (AP) pelvic radiographs, as
validated by Lu et al. (11). Radiographs were taken with the patient lying flat on the radiography table, with the pelvis
and legs in a neutral position. The tube-film distance was set at 110 cm to include both hips, centering the beam on the
symphysis. Each radiographic measurement was taken by three of the authors (G.A, L.G, and F.M) in a randomized and
blinded fashion. The radiographs were analyzed and measured through the PACS (Impax Enterprise; Agfa, Mortsel,
Belgium) program.

To determine the CCD angle, according to Merle et al. (12), as the angle between the femoral neck axis and the
femoral shaft axis on the AP radiograph, the hip center of rotation (COR) was defined using a circular instrument that
determines the diameter of the femoral head and its center then the anatomical axis of the femoral shaft was determined
by using two bisections of the femoral shaft at different locations (Fig. 1). These patients were then divided into two
groups based on the native CCD angle from the radiograph of the hip; A normal CCD angle was considered between 120°
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and 135° (12-17). The series was divided into Group A, with a varus tendency (CCD < 127°), and Group B (CCD > 128°),
with a valgus tendency.

Fig. 1. A): angle measurements of the CCD (caput-collum-diaphyseal); B): stem alignment angle a): stem axis; b):
anatomical femoral axis.

On postoperative radiographs, stem alignment was measured as the difference in degrees between the anatomical
femoral shaft and the vertical axis of the stem. Negative values were considered for valgus stems.

Statistics

Statistical analysis was performed using SPSS (IBM Statistics). Native CCD and post-operative CCD were
compared through a t-test analysis, and stem alignment was compared with a Pearson's analysis of the native CCD. A
statistical confidence level of 95% was selected, and a p-value of < 0.05 was considered statistically significant.

RESULTS

After the radiological measurements, a total of 24 hips were assigned to Group A, and 22 to Group B. Results
are shown in Table I.

Radiographic evaluations showed a greater ability to restore the CCD angle in Group B ( p < 0.05). In
comparison, Group A showed less ability to restore the same parameter while maintaining a significant correlation (p <
0.001).

Regarding the post-operative stem alignment, Pearson's r in Group A was -0.60 (p < 0.001), and in Group B was
0.486 (p < 0.05), also showing a significant correlation.

A native varus CCD angle resulted in an average varus stem implant, while a valgus-leaning CCD angle resulted
in an average valgus stem implant (Group A: 1.5 in varus; Group B: 1.1 in valgus; p<0.001). In neither group was an
average deviation of more than 3° in varus or valgus measured.

Table I. Results correlated with Native CCD.

Group Native CCD Post-Operative CCD p Value Stem alignment *Pearson's r
< {o)
‘S (_\;aius <127%) 1202025 130.29 + 4.35 <0.05 15420 -0.60 (p<0.001)
> (o)
E (_Vz"‘égus = 128%) 13354 £5.0 129.18 £ 3.6 <0.001 -1.09+1.77 0.486 (p < 0.05)
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DISCUSSION

Proper reconstruction of hip geometry and femoral stem positioning in THA is critical as it affects clinical
outcomes, dislocation risk, range of mation, bone impingement, abductor muscle strength, and polyethylene wear (18-
20). In the literature, there is high heterogeneity for the cut-off values of varus or valgus stem alignment (9, 21, 22). The
main reason for varus stem positioning is still a topic of debate. Reduced surgical exposure in minimally invasive
approaches may lead to broaching in a more varus position (23).

Moreover, both Murphy et al. (24) and Luger et al. (10) stated that one of the main reasons for varus stem
alignment could be the preoperative CCD angle, showing that low CCD angles and deformities like coxa vara, led to
varus implantation.

The results of this study confirm that the native CCD angle of the femur can influence postoperative femoral
stem alignment in AMIS approach surgeries using short stems. At the same time, a valgus-leaning CCD appears to
influence valgus alignment, although in a less pronounced way.

The group with a preoperative varus-leaning CCD had greater varus stem positioning than those with a higher
CCD. A statistically significant correlation analysis confirmed this finding. (p < 0.001).

Another aspect that emerged from the study is restoring the postoperative CCD, which is particularly significant
in Group B (p <0.001). Again, this suggests that despite a slight tendency for valgus stem alignment, overall positioning
is easier to control than in patients with a varus CCD. However, usually in our surgical practice, the absence of collars
with an angle below 126° is critical for a tailored stem alignment.

Some authors, however, tend to attribute femoral component malpositioning to the use of straight stems and a
steep learning curve (25). In our case, these issues were avoided by including only short stems in the study and selecting
patients treated by a single experienced surgeon rather than a group of professionals with varying levels of expertise;
Others emphasize the importance of using offset instruments and (26) in our clinical practice, these instruments were
routinely employed; however, no comparison with standard instruments was made, which could be a subject of future
discussion.

Intraoperative fluoroscopy to evaluate component positioning was not routinely used in the cases included in the
study. In the literature, few studies have analyzed this possibility, but they have not shown significant improvements in
the final clinical and radiological outcomes (27). Nonetheless, further research could demonstrate that routine fluoroscopy
use may significantly reduce implant malpositioning. In our case series, a traction table was never used; however, the
literature reports that the outcomes and complications associated with the standard table and traction table are comparable
(28, 29).

Some authors, such as Haversath et al. (21), have also identified the critical trochanter angle (CTA) as a predictor
of varus stem alignment risk in anterior approach THA. Nevertheless, the literature shows that the CCD angle has a higher
sensitivity, with only a marginally lower specificity, in predicting varus stem alignment in short-stem THA, making it a
more reliable tool (7).

Several study limitations were addressed. Primarily, the patient inclusion criteria restricted the analysis to
patients with primary hip osteoarthritis and avascular necrosis. Thus, caution is necessary when applying these findings
to secondary osteoarthritis or other conditions with dysplastic features of the hip joint. Moreover, our study lacks clinical
outcome measures or patient-reported outcomes, even though our analysis focused purely on radiographic assessments.

CONCLUSIONS

This study demonstrated how the native CCD angle of the femur significantly influences the postoperative
alignment of the stem in THA, which performed an AMIS approach using short stems. Patients with a varus CCD angle
were more likely to have the stem positioned in the varus, while those with a valgus CCD angle showed a slight tendency
toward valgus stem alignment. Consequently, we hypothesize that a reduced preoperative CCD angle may be a risk factor
for varus stem positioning in THA with short stems. Surgeons should pay particular attention to this parameter during
preoperative planning for the AMIS approach and maintain the alignment deviation of the threshold 3°.

The data obtained by our study could provide valuable insights for future prospective studies aiming at a more
detailed analysis of the femoral morphology and to the femoral stem alignment and its impact on long-term outcomes.
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ABSTRACT

The facet joint syndrome represents a significant cause of chronic low back pain. This study outlines the available
interventional treatments, as well as the potential role of ozonotherapy in the management of these patients. Additionally,
an initial case series of patients treated with CT-guided intra-articular and deep paravertebral infiltration of an O,-O3
mixture is presented.

KEYWORDS: Facet syndrome, low back pain, ozonotherapy, infiltrations, Oz, O3
INTRODUCTION

Low back pain (LBP) is a significant health issue that affects a large portion of the general population; it poses
a substantial socio-health problem in Western countries, particularly in light of the progressive aging of the population.
Lumbar facet joint syndrome represents a common cause of low back pain, which is often underdiagnosed and improperly
treated. Some studies have shown a prevalence of 27-40% of pain arising from the facet joints in patients with LBP. This
results in costs for society due to a lack of accurate diagnosis, excessive requests for radiological examinations,
unnecessary surgeries, and loss of work capacity, making it the most significant source of healthcare expenditure in
industrialized countries.

It is defined as unilateral or bilateral low back pain that radiates to the buttocks, groin region, and thighs up to
the knee. The most common etiology is osteoarthritis (1, 2).

Many spinal structures can be responsible for pain; some conditions, such as herniated and protruded discs, can
be easily diagnosed with neuroimaging studies; however, other conditions, including facet joint syndrome, are difficult
to evaluate with diagnostic imaging alone. Although various diagnostic techniques exist, there is no effective correlation
between clinical symptoms and the degree of spinal degeneration. Therefore, clinical evaluation and identification of
painful trigger points remain fundamental for guiding treatment.

Interventional radiological treatments for lumbar facet joint syndrome begin with anesthetic joint blocks and
steroid injections at the intra- or periarticular level and may escalate to neurolysis treatments (physical or chemical) (3).
Infiltrative treatments with O,-O3 have demonstrated good efficacy in the treatment of low back pain over the years (4-
8), particularly in cases of protrusions or herniated discs. They can be performed under radiological guidance or using
anatomical landmarks. Radiological guidance ensures greater precision in needle placement and allows for assessment of
gas distribution once injected, thereby increasing clinical efficacy and reducing the risk of complications in treatment.
Furthermore, in conditions affecting the posterior compartment, infiltrative treatment with O,-O3z has also shown
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effectiveness in managing patients with LBP; thus, radiologically guided infiltration of O,-O3 may constitute a valid
supplementary and supportive alternative to other interventional treatments for patients with posterior compartment
pathology, especially facet joint syndrome, considering its low cost, minimal complication rate, and ease of application
(9, 10).

Facet joint syndrome includes localized pain with pseudoradicular irradiation and variability in territorial distribution;
it typically involves one or both sides of the gluteal and trochanteric regions (from L4), the groin, and the thighs (L2-L5),
terminating above the knee, without neurological deficits. Painful trigger points are often present at the site of interest.
The pain is exacerbated during flexion-extension and rotation movements, improves with rest, and worsens in the morning
and after periods of inactivity, leading to movement stiffness or after excessive physical exertion; it is aggravated by
prolonged standing (11-20).

IMAGING

Pain originating from the zygapophyseal joints, however, is challenging to diagnose based solely on clinical findings,
as symptoms and physical examination often lack specificity. This can lead to inefficient use of imaging studies, which
may Yyield incidental findings that may be irrelevant in certain clinical contexts. Moreover, numerous pathological
conditions (e.g., vertebral fractures, discopathies, neoplastic lesions) can initially present with overlapping clinical
manifestations. Therefore, it is essential to make an appropriate choice of imaging in relation to the clinical context and
to establish a clinico-radiological correlation to identify the potential cause of pain in the patient.

X-ray/CT

The initial radiological assessment of a patient with facet joint syndrome includes radiographic studies in the
AP, LL, and oblique projections. This can be supplemented by a CT scan, which allows for better evaluation of the
anatomy of the joint. Articular degeneration is manifested by narrowing of the joint space, subchondral sclerosis and
erosion, the presence of calcifications in the joint capsule, cartilage thickening, hypertrophy of the articular processes and
the yellow ligament, and osteophytes. Secondary signs include the presence of intra-articular gas degeneration, joint
effusion, and degenerative spondylolisthesis. Synovial cysts may extend posteriorly but, in some cases, also anteriorly,
involving the spinal canal or the neural foramen (Fig. 1. A-D).
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Fig. 1. A-B: A): spondylolisthesis L4-L5; B): facet joint hypertrophy and sclerosis; C): axial CT with the bone algorithm:
vacuolar degeneration of the facet joint; D): axial CT with soft tissue algorithm: ligamentum flavum hypertrophy.

MRI

MRI serves as a second-level modality in assessing patients with facet joint syndrome; compared to CT imaging,
it allows for a better evaluation of the relationship between the joint and neural structures, particularly in cases of radicular
compression due to foraminal or canal stenosis. Additionally, MRI facilitates the assessment of the inflammatory
processes affecting the joint, including the synovium and adjacent bone, through the use of T2 sequences with fat
saturation; subchondral edema is, in fact, present in 14-41% of patients with low back pain. The presence of diffuse joint
effusion may suggest instability, although it is not specific to the site of origin of the pain (Fig. 2 A, B).

Fig. 2. A-B: MRI sagittal (A), axial (B): facet syndrome (arrows).

The study can be enhanced through the injection of a paramagnetic contrast agent with T1-weighted acquisitions
with fat saturation (useful for the diagnosis of synovitis); it also allows for a better delineation of the inflammatory status
of the degenerative process, thereby aiding in the identification of the therapeutic target for percutaneous treatments.
However, administering gadolinium in this context is not routine and is reserved for selected cases.
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INTERVENTIONAL TREATMENTS

First-line therapy is conservative, involving pharmacological approaches with the administration of NSAIDs
(non-steroidal anti-inflammatory drugs) and muscle relaxants, followed by systemic corticosteroids if necessary. In cases
of ineffectiveness, various percutaneous treatments may be implemented, depending on the operator's experience.
Imaging-guided techniques enhance technical and clinical efficacy while reducing potential complications, such as
hemorrhage, infections, and vasovagal syncope.

Medial branch blocks

Since it is often not entirely clear whether a facet joint is painful or not based on clinical assessment or imaging,
a controlled nerve block can assist in the etiological diagnosis of low back pain. However, it does not address the
pathogenesis of the pain.

There are several open questions:

o degree of response: authors do not fully agree on the clinical criteria for response to nerve blocks; some consider
a response positive if there is a complete reduction of pain, while others do so for partial reduction;

o target of the block: it is currently believed that blocking the medial branch is more specific than intra-articular
injections, and this target is thus utilized in selecting patients who are candidates for neurolysis;

o number of blocks and levels: various authors suggest performing blocks in two different sessions. Additionally,
due to the dual innervation of the facet joint, the diagnostic block should be performed at a minimum of two
levels per single block;

e type of drug to be injected and volume: diagnostic blocks include local anesthetics (lidocaine and/or
bupivacaine); some authors find it advantageous also to combine steroids. There is no consensus on the volume
of anesthetic to be injected, with recommendations varying from 0.25 ml to 0.5 ml per single block. However,
there are potential false positives for various reasons: placebo effect, diffusion of the injected drug to other
structures that may also be responsible for pain, and excessive administration of local anesthetic.

Articular steroid injections

The infiltrations of the articular facets include long-acting steroids and local anesthetic. They can be performed
intra-articularly, periarticularly, or along the medial branch of the dorsal ramus, using radiographic, CT, or ultrasound
guidance (Fig. 3 A, B).

Fig. 3. LL X-ray (A) and AP X-ray (B): assessment of proper needle positioning for treatment of the facet joints (arrows).

Steroids allow for the interruption of nociceptive inputs at both central and peripheral levels and reduce the pro-
inflammatory environment present in the affected joint; a short- to medium-term reduction in pain can be achieved with
these treatments (4). Multilevel injections have demonstrated greater efficacy compared to single injections; however, the
long-term efficacy is limited. No significant differences exist in the treatment site, as no real difference in outcomes has
been observed between intra-articular and periarticular injections.
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Neurolysis

Itis performed on patients who have had a positive response in cases of anesthetic nerve block. When conducted
after proper patient selection, it allows for pain reduction, improvement in disability, and decreased reliance on analgesics.
However, regardless of the technique employed, it does not provide a definitive resolution of pain, as the damaged nerve
may potentially regenerate. Two main techniques of physical neurolysis are primarily utilized:

e radiofrequency: this technique involves positioning an electrode under radiological guidance, followed by
releasing a sinusoidal current. It can be performed as either ablative or pulsed radiofrequency, the latter allowing
the avoidance of any potentially damaging effects on the nerve roots and possible spinal instability due to muscle
denervation. Literature data demonstrate a significant reduction in pain in approximately 90% of patients with a
duration of effect lasting up to 12 months. Potential complications include painful dysesthesia or cutaneous
hyperesthesia, formation of neuromas, deafferentation pain, and accidental damage to the nerve root;

e cryoneurolysis: this technique consists of applying cold to the nerve to induce denaturation through the rapid
decompression of a gas released at the tip of the needle. An ice ball is formed at the needle tip, which leads to a
conduction block. Similar to radiofrequency, the success of the treatment relies on appropriate indication and
patient selection. It shows results that are substantially comparable to those of radiofrequency. The advantages
include being reversible, repeatable, and having a lower incidence of complications.

Surgery

There is no compelling evidence regarding the role of surgery in degenerative facet joint pain. In cases of
spondylolisthesis, surgical intervention may be warranted if interventional therapies have failed, utilizing treatments such
as lumbar decompressive laminectomy and arthrodesis. Other surgical treatments include endoscopic neurotomy.

OZONE THERAPY

Ozone therapy has progressively established itself in the treatment of spinal pain, primarily for cases of low back
pain and sciatica due to herniated or protruded discs; the first use in this clinical field dates back to 1985, subsequently
confirmed by numerous clinical studies that have supported its effectiveness both in alleviating symptoms and in
progressively reducing the size of herniated disc tissue in follow-up imaging. The efficacy of the treatment has also
progressively emerged in the management of non-discogenic pain caused by pathologies of the posterior compartment.

Over the years, infiltration treatments with O2-O3 have been performed with or without radiological control; in the
former case, the gas injection is performed into the paravertebral musculature using anatomical landmarks, while in the
latter case, radiographic, CT, or ultrasound guidance is employed to assess the correct positioning of the needle. A meta-
analysis from 2021 showed that imaging-guided techniques provided a better reduction in pain compared to unguided
methods, allowing for more accurate and deeper positioning of the needle; particularly, a greater difference in outcomes
was noted in older patients, presumably due to anatomical changes related to osteoarthritis, scoliosis, vertebral collapse,
etc., which may occur and thus make needle positioning even less accurate in unguided procedures.

Bonetti and colleagues (2, 4), demonstrated the efficacy of O»-Os treatment in a cohort of 416 patients with
pathologies of the posterior compartment, including facet joint synovitis, Baastrup's syndrome, spondylolysis,
spondylolisthesis, and degenerative pathology of the facet joints, who were selected through accurate clinical and imaging
evaluation. The subgroup of 326 patients with facet joint syndrome showed a significant reduction in initial pain in 74.5%
of cases, even after a single treatment under CT guidance; in cases with insufficient reduction, a second infiltration further
increased the percentage of clinical success, thus suggesting oxygen-ozone treatment as a valid alternative to other
interventional and conservative treatments, given the minimal complication rate, low cost, and no exclusion for
subsequent treatments such as steroid injections, radiofrequency, or surgical interventions.

Mechanism of action

The osteoarthritic degeneration of the facet joints begins at the level of the cartilage, leading to subsequent
reduction of the joint space and increased vascularization, with multiple inflammatory mediators involved. In the late
stages, this process culminates in articular hypertrophy, osteophyte formation, and progressive thickening of the
subchondral bone tissue, resulting in sclerosis and erosion.

Various studies have demonstrated an increase in the infiltration of immune system cells and pro-inflammatory
cytokines (TNF-a, IL-1B, IL-6, and prostaglandins) as well as enzymes contributing to cartilage degradation. In addition,
anti-inflammatory cytokines and inhibitors of the aforementioned enzymes are upregulated in an attempt to generate a
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reparative response. Angiogenic factors are also present, which contribute to inflammation by enhancing the local influx
of inflammatory cells and promoting neurogenesis.

Moreover, the development and progression of osteoarthritis are associated with an increase in oxidative stress
and overproduction of reactive oxygen species (ROS). In normal cartilage, chondrocytes produce low levels of ROS,
maintaining a balance with the body's physiological antioxidant systems, thus contributing to the maintenance of cartilage
homeostasis, modulating the aging and apoptosis of chondrocytes, as well as the synthesis of the extracellular matrix. In
osteoarthritic cartilage, abnormally high levels of ROS are produced in response to increased mechanical stress,
fluctuations in the partial pressure of oxygen, and immunomodulatory mediators; concurrently, a reduction in antioxidant
enzymes is observed. The increase in oxidative stress subsequently leads to apoptosis and premature aging of
chondrocytes and synoviocytes. It also causes the activation of NF-kB, which contributes to the increase of pro-
inflammatory factors. Ozone therapy acts through various mechanisms:

e activation of cellular metabolism;

e reduction of the synthesis of pro-inflammatory cytokines and prostaglandins;

e increase in immunosuppressive cytokines;

o reduction of oxidative stress in response to chronic oxidative stress;

e improvement of oxygen supply to tissues.

In the clinical context of osteoarthritis, it acts as a regulator of the inflammatory response, enhancing the synthesis
of TNF-p and reducing pro-inflammatory cytokines (TNF-a and IL-8). Furthermore, it intervenes in the regulation of the
NF-kB pathway, through which the production of pro-inflammatory cytokines is favored, implicating the inhibition of
extracellular matrix synthesis and resulting in cartilage damage, alterations in the cartilage matrix, and apoptosis. The
NF-kB pathway is directly activated by ROS or through pro-inflammatory mediators such as TNF-a. O,-Os directly
reduces the production of ROS or indirectly inhibits TNF-a, thereby blocking the NF-kB pathway.

The administration of low doses of O,-O3 also stimulates the organism's response by inducing the production of
antioxidant enzymes, enabling the organism to adapt to chronic oxidative stress, and normalizing the redox balance.
Finally, it enhances the effective utilization of oxygen in the mitochondrial respiratory chain, stimulating glycolysis in
damaged cells and thus preventing cellular death.

PRELIMINARY EXPERIENCE

We present a preliminary experience involving 11 patients with a clinical and radiological diagnosis of low back
pain due to facet joint syndrome, treated with CT-guided deep periarticular and paravertebral injections of O2-Os.

Technique

e an anamnesis interview is conducted with the patient, highlighting any contraindications to treatment that may
be present in the medical history (remote pathological anamnesis);

o the evaluation of the medical history is then performed (recent medical history), with particular attention to the
onset of symptoms, location and characteristics of the pain, and any previous treatments (conservative or
minimally invasive) undertaken;

e an assessment of the radiological documentation is necessary, including an MRI study of the lumbar spine or, if
contraindicated or not feasible for other reasons, a CT study. The patient is informed about the mechanism of
action and effects of the treatment with O»-Os, including the efficacy rate and possible rare side effects;

o informed consent is obtained through the patient's signature;

e the patient is then accompanied to the CT room, positioned in the prone position on the table;

e preliminary low-dose scans are obtained to determine the correct centration of the level of interest and
measurement of the injection site (Fig. 5).
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Fig. 5. Preliminary CT scan prior to treatment.

e marking on the patient's skin to identify the entry point based on the measurements taken, followed by
disinfection of the skin with povidone-iodine and superficial anesthesia using ethyl chloride spray;
o placement of the needles (Fig. 6).

Fig.6. Placement of the needles

o verification of the correct positioning of the needle at the level of the joint interline through targeted CT scanning
(Fig. 7).
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Fig. 7. CT control of needle positioning.

e repositioning if necessary;
e using a sterile 20 ml syringe, inject 2-3 ml into the intra- and periarticular sites and 4-5 ml into the deep

paravertebral site of a mixture of O,-O3 at a concentration of 25 pg/ml;
o withdrawal of the needle with compression;
o control with CT scans to verify the correct distribution of the gas (Fig. 8);

Fig. 8. CT control of the distribution of the gaseous mixture O,-O3 (arrows).

o implementation of physiotherapy treatment using a diamagnetic pump (CTU) or laser;
o clinical assessment of the patient's condition and discharge.
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RESULTS

From January to May 2024, 11 patients (7 females and 4 males) with a clinical diagnosis of lumbar facet joint
syndrome were treated. All patients underwent MRI or, if contraindicated or unavailable, CT imaging, which
demonstrated radiological evidence of periarticular bone edema or other signs of joint overload. The treatment site was
determined through clinical evaluation that identified a painful trigger point correlated with radiological findings;
treatments were administered in a single session across a minimum of 1 level to a maximum of 3 levels.

Patients underwent a minimum of 2 to a maximum of 4 injections, with the treatment proposed at time 0, after
7-10 days, after an additional 15-20 days, and the last one after 20-30 days, within a total timeframe of approximately 2
months; in some patients, due to organizational reasons, the treatment intervals were extended beyond the initially agreed
schedule.

In 8 out of 11 patients (72%), a reduction in pain of varying degrees was reported during the treatment, with the
most significant improvement observed between the second and third injections, resulting in an overall subjective clinical
improvement compared to the initial condition, a partial resumption of physical activity (commensurate with the patient’s
age), and a reported decrease in analgesic consumption. The total number of procedures was agreed upon with the patient
based on clinical response.

The three cases of clinical failure were characterized as follows:

e a patient with a neurological condition, with a long history of low back pain and multiple prior treatments,
underwent bilateral injection at 3 levels (L3-L4, L4-L5, and L5-S1); after the first treatment, there was a
worsening of symptoms in the 5 days following;

e a patient with a depressive syndrome, suffering from chronic pain for years, received 2 injections without
clinical benefit, after which she chose to discontinue treatment;

e a patient with chronic pain for years experienced mild improvement after the first 2 treatments; however,
following physical exertion, symptoms recurred during the execution of the third injection, which proved to be
ineffective. The scheduled fourth injection was canceled and replaced with a periarticular steroid injection.

No significant post-procedural complications were observed.
DISCUSSION

The data present in the literature support the possibility of using infiltrative treatments under radiological control
with O,-Os in patients with lumbar facet joint syndrome. CT guidance ensures correct positioning and identification of
the injection site, as well as verification of the distribution of the medical gas, increasing the treatment efficacy rate while
minimizing the risks of accidental puncture of neural or vascular structures and the rate of complications. The use of a
low-dose scanning protocol significantly reduces the risk associated with the administration of ionizing radiation, which
is considerably lower than the safety benefits provided by radiological guidance for the procedure.

Deep periarticular and paravertebral infiltration guided by CT has proven to be easily and swiftly applicable and
has not shown technical issues compared to other infiltrative procedures such as medial branch blocks or corticosteroid
injections; intraarticular injection in some patients has proven challenging due to the presence of osteophytes that hindered
access to the joint space, as well as due to the presence of joint sclerosis, which prevented direct injection or minimized
the quantity injected.

Given the progressive improvement observed with subsequent infiltrations, it may be advisable to propose to the
patient a guided CT treatment cycle consisting of a minimum of two sessions and a maximum of four, as the most
significant results have been noted between the second and third treatments. To reduce the risk of post-treatment pain,
particularly in cases of multiple injections across several levels, it may be prudent, especially during the first treatment
session, to reduce the injection volumes.

CONCLUSIONS

The limited follow-up period did not allow for the evaluation of medium- and long-term effects of the treatment
and the potential need for a repetition of the infiltration cycles. Despite the low number of patients treated and the short
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follow-up duration, considering the preliminary results achievable with this methodology and the extremely low
complication rate, it can be suggested that O,-Os infiltrations guided by CT, both peri- and intra-articular, be used as a
first-line therapy in patients diagnosed with facet joint syndrome who are poorly responsive to medical therapy. In
particular, compared to intra-articular treatment with corticosteroids combined with anesthetic injections, O,.03 does not
present systemic side effects (e.g., hypertension, elevated blood glucose levels, etc.) or local effects (such as periarticular
accumulation and calcifications) and has no risk of allergic reactions; compared to neurolysis procedures, it also offers
the advantages of reduced costs, the possibility of outpatient treatment, and speed of execution.
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ABSTRACT

This study aims to compare the diagnostic capabilities of the emerging natural language Al model, ChatGPT,
with Qure.ai, an established reference standard Al model, in the classification of fractures from plain radiographs.
Employing a retrospective cross-sectional design, this diagnostic accuracy study was set in the Orthopedic Department
of IRCSS San Raffaele Milano. A sample of 200 de-identified anteroposterior and lateral femur radiographs was utilized,
equally divided into fractured and normal. Two Al models independently evaluated the radiographs, classifying them as
fractured or normal, against the radiologist reports serving as the reference standard. The reference standard Al, Qure.ai,
exhibited a marginally superior sensitivity (0.89 vs 0.73, p<0.01) and overall accuracy (0.92 vs 0.84) compared to
ChatGPT. Both models demonstrated high specificity (>0.90), with the reference Al achieving closer-to-ideal diagnostic
discrimination (AUC 0.92 vs 0.84). Fracture complexity diminished accuracy, and a strong inter-model concordance was
noted. Both AI models showed a performance surpassing established clinical benchmarks, with the reference Al model
slightly outperforming ChatGPT. The study's robust methodological framework offers essential insights for the clinical
application of Al in radiographic fracture diagnosis. Further studies, particularly expanded multi-center trials, are
recommended to validate these findings.

KEYWORDS: artificial intelligence, Al fracture detection, ChatGpt, LLM, femur fracture

INTRODUCTION

Quickly recognizing femur fractures (FF) in a clinical setting is crucial in emergency care medicine. The femur
is identified as the most frequently fractured long bone, often requiring surgical intervention, which underscores the
criticality of accurate diagnosis and prompt management (1). The predominant approach to managing femoral shaft
fractures is intramedullary femoral nailing (IMN), which is hailed for favorable clinical outcomes and union rates.
Nevertheless, this method is not devoid of perioperative complications, thereby necessitating meticulous recognition and
management strategies to mitigate such adversities (2).
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Literature has explored different facets of FF recognition and management. An accurate assessment of FF
requires a thorough consideration of loads, physiological and morphological parameters, and their interplay (3). The usage
of Al in interpreting orthopedic X-rays has shown remarkable promise in enhancing the accuracy and efficiency of fracture
diagnosis. These Al algorithms, hinging on vast datasets of annotated images, have exhibited prowess in accurately
classifying and diagnosing abnormalities (4).

Furthermore, the emergence of advanced language models like ChatGPT has marked a notable milestone in
medical practice. A digital assistant should represent a reliable solution to support physicians in clinical decisions. The
early applications of ChatGPT have shown a promising capacity in automating written responses to medical queries, with
performance on medical exams nearing the passing threshold, making it a potential asset in medical education and
research (5).

FFs are a common injury associated with significant morbidity and healthcare costs (6). Early and accurate
diagnosis is critical for prompt treatment and positive patient outcomes. However, manually reviewing imaging studies
to identify fractures is time-consuming and subject to human error and fatigue. There is a need for reliable automated
tools to assist clinicians in fracture recognition (7). Recent advances in artificial intelligence (AI) show potential, but
rigorous validation on diverse clinical datasets is lacking. In a narrative review, the application of deep learning to fracture
detection on radiographs and CT examinations was discussed, shedding light on the value deep learning brings to this
field and hinting at the prospective directions of this technology (8).

The aim of this study is to evaluate and compare the performance of ChatGPT versus Qure.ai, an established
reference model, for classifying FF from x-ray images. Secondary aims are to quantify the sensitivity, specificity, and
accuracy of both models relative to radiologist interpretation of imaging studies, to assess how factors like fracture
characteristics impact classification accuracy, to analyze agreement with radiologist judgment and clinical usefulness, and
to provide robust evidence to guide safe and effective integration of Al for augmenting fracture identification.

MATERIALS AND METHODS

Study Design and setting
The study design is summarized in Fig. 1.

200 X-ray images (100 fractures and
100 normal) were extracted from HSR

database DATABASE EXTRACTION

Images were classified by Chatgpt-4
and Qure.ai as 0 (no fracture) or 1 Al RECOGNITION
(fracture)

Ai classfication was compared to

radiological reports RADIOLOGIST VALIDATION

Fig. 1. A cross-sectional study was conducted at the Orthopedic Department of San Raffaele Milano Hospital.

The study incorporated 200 X-ray images of the femur, of which 100 were positive cases for fractures, and 100
were negative cases. The sample size was determined based on statistical power analysis to ensure adequate power to
detect clinically meaningful differences in the performance metrics between the two Al models (9). All images were
anonymized to ensure patient confidentiality.
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Eligibility criteria

The inclusion criteria encompassed X-ray images of the femur with both anteroposterior and lateral views.
Exclusion criteria included poor-quality images and those with foreign objects or artifacts. X-ray images were retrieved
from the hospital's radiology database and subjected to image preprocessing to enhance visibility and standardize
dimensions. Corresponding radiology reports were used as the gold standard for validation.

The primary dependent variables were the accuracy, sensitivity, specificity, and concordance of each algorithm.
The independent variable was the algorithm used for image analysis, either ChatGPT Image Recognition or Qure.ai.

Two algorithms, ChatGPT Image Recognition and Qure.ai, were employed for image analysis. Each algorithm
independently analyzed the set of 200 X-ray images. The results were then compared to the standard radiology reports to
evaluate the algorithms' performance metrics.

Statistical analysis

Descriptive statistics, including frequencies, percentages, means, and standard deviations, were calculated for all
study variables. Inferential statistical tests were performed. All statistical tests were two-sided, and a significance level
of p<0.05 was adopted.

RESULTS

The study retrospectively analyzed 200 de-identified X-ray images demonstrating FFs sampled from the clinical
data repository. The cohort encompassed diversity across age, gender, fracture locations, and other parameters. Two
artificial intelligence models - ChatGPT and Qure.ai - were utilized to classify images as either fractured or normal. Their

predictions were compared to radiologist interpretations, considered the reference standard. Results are summarized in
Table I.

Table L. The table summarizes key performance metrics for ChatGPT and Qure.ai in detecting PFF. Qure.ai outperformed
in sensitivity, accuracy, and radiologist agreement, while both models showed high specificity. McNemar's test indicated
significant differences and strong inter-model agreement was confirmed by Bland-Altman analysis.

Metric/Analysis ChatGPT Value Qure.ai Value Significance in Study

0.73 (95% CI 0.89 (95% CI Higher sensitivity in Qure.ai suggests better performance in detecting true

Sensitivi
ensitivity 0.644-0.810)  0.828-0.948)  positive PFF.
Specificit 095 (95% CI 095 (95% CI Both models demonstrated high specificity, indicating low rates of false
P y 0.899-0.989) 0.899-0.989) positives.
Qure.ai showed marginally higher accuracy, although the largely
084 (95% CI 092 (95% CI . . . L
Accuracy (95% (95% overlapping Cls indicate that the differences may be statistically

0.785-0.890) 0.885-0.955) insignificant

MeNemar’s Test Chi-Sq:  12.34, Chi-Sq:  12.34, The significant p-value suggests non-random discrepancies between the

p=0.0004 p=0.0004 two models, emphasizing the need for careful model selection.
Indicates substantial-to-nearly perfect agreement with radiologist
Cohen's Kappa 0.68 0.84 interpretations, suggesting potential complementary roles for Al in clinical
practice.
AUC (ROC) 0.84 0.92 Both models showed good to excellent diagnostic capabilities, with Qure.ai

slightly outperforming.

Reflects patterns similar to overall accuracy. A t-test yielded a non-
F1 Score 0.82 0.92 significant p-value of 0.56, suggesting the observed differences might be
due to chance.

Bland-Altman Mean diff: Mean diff: Demonstrates strong inter-algorithm agreement, suggesting either model
Agreement 0.0092 0.0092 could be a reliable diagnostic tool.

A separate ANN model achieved an accuracy of 97.5% in mimicking
ANN Performance Not applicable  Not applicable  radiologist decisions, suggesting the potential for complex diagnostic
algorithms.
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Performance metrics

Overall, Qure.ai marginally outperformed ChatGPT across the key metrics of sensitivity, specificity, and
accuracy. Specifically, ChatGPT demonstrated a sensitivity of 0.73 (95% CI 0.644 - 0.810), specificity of 0.95 (95% CI
0.899 — 0.989), and overall accuracy of 0.84 (95% CI 0.785 — 0.890). In comparison, Qure.ai exhibited numerically
superior metrics with a sensitivity of 0.89 (95% CI 0.828 — 0.948), identical specificity of 0.95 (95% CI 0.899 — 0.989),
and marginally higher accuracy of 0.92 (95% CI 0.885 — 0.955).

Sensitivity evaluates the proportion of true positives correctly identified, which is clinically important to
minimize false negative findings that could delay diagnosis and treatment. While both models performed well, Qure.ai's
higher sensitivity indicates it may be better suited for settings where maximal fracture detection is paramount. The
identical specificities suggest both models effectively ruled out false positives. When considering overall accuracy across
both positive and negative cases, Qure.ai again achieved slightly enhanced performance. However, the largely overlapping
confidence intervals indicate that differences may fall within the realm of statistical variation.

Comparative analysis

To formally compare differences between ChatGPT and Qure.ai, McNemar’s test was conducted given the paired
nature of the data. This yielded a statistically significant chi-square value of 12.3 (p<0.001), providing evidence to reject
the null hypothesis of no difference between the models' performances. The significant p-value implies that discrepancies
in the tools' abilities to identify the neck of the femur (NOF) accurately are unlikely due to chance alone. Clinically, this
suggests that the choice of Al system could substantively influence diagnostic outcomes, warranting careful validation
and selection.

Inter-rater reliability

Inter-rater reliability was assessed between the Al tools and radiology reports via Cohen’s kappa. The coefficient
was 0.68 for ChatGPT, indicating substantial agreement with radiologist interpretations. Meanwhile, Qure.ai achieved a
kappa of 0.84, suggesting almost perfect agreement. The higher kappa for Qure.ai suggests its classifications more closely
mirrored those of experienced clinicians reviewing the imaging studies. Both values support potential complementary
roles for Al in clinical practice, subject to appropriate oversight.

Diagnostic performance

To evaluate the models’ capacities to discriminate NOFs from normal studies, receiver operating characteristic
(ROC) curves were generated, and the area under the curve (AUC) was calculated. ChatGPT achieved an AUC of 0.84,
while Qure.ai showed an AUC of 0.92 (Fig. 2).

ROC Curve

0.8

@
o

True Positive Rate
o
&

0.2

ChatGPT (AUC = 0.84)
- Qure.ai (AUC = 0.92)
0.0 -=-- Random Classifier (AUC = 0.50)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Fig. 2. ROC curve representing the true positive and false positive rate of ChatGPT and Qure.ai.

Both models exhibited good to excellent diagnostic discrimination based on conventional ROC interpretation
schemas. However, Qure.ai again demonstrated slightly enhanced performance, nearing ideal fracture identification. The
ROC curves provide insight into the tradeoffs between sensitivity and specificity at different classification thresholds.
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F1 score analysis and hypothesis testing

The F1 score, calculated as the harmonic mean of precision and recall, provides a singular balanced measure of
classification performance. Scores for ChatGPT and Qure.ai mirrored the patterns observed for overall accuracy.
Specifically, ChatGPT registered an F1 score of 0.82 compared to 0.92 for Qure.ai. To determine if differences reached
statistical significance, a two-sample t-test was conducted. This yielded a non-significant p-value of 0.56 (t = -0.70).
Therefore, there is insufficient evidence to conclude that the observed divergence in F1 scores exceeds chance variation
at the a. = 0.05 significance level.

Agreement analysis
Bland-Altman plotting was utilized to assess the agreement between ChatGPT and Qure.ai’s individual fracture
classifications (Fig. 3).

Bland-Altman Plot

1.001
0.75
0.50
0.25

0.00

Differences

=0:25
=0.50F

-0.75
Mean Difference (0.0092)

-=-=- Lower 95% Limit (-0.0326)
=== Upper 95% Limit (0.051)
Differences
0.0 0.2 0.4 0.6 0.8 1.0
Mean of ChatGPT and Qure.ai

-1.00 X

Fig. 3. Bland-Altman plot illustrating the agreement between ChatGPT and Qure.ai in fracture classification. The mean
difference is negligible, and 95% of differences fall within a narrow range, indicating strong inter-algorithm agreement.

The mean difference between the two algorithms' predictions is remarkably small, approximately 0.0092. This
negligible difference suggests a high degree of concordance between ChatGPT and Qure.ai in fracture identification. The
scatter points are uniformly distributed across the plot without any discernible pattern of clustering or trend. This
uniformity suggests that the differences between the two algorithms are random and not influenced by any systematic
bias. The strong inter-algorithm agreement implied by the plot indicates that either algorithm could potentially serve as
a reliable tool for the automated identification of fractures.

Decision curve analysis was performed to determine the clinical usefulness and net benefit of the models across
different threshold probabilities for recommending treatment. The net benefit curves for ChatGPT and Qure.ai were
strikingly similar across the spectrum of threshold values. This suggests both models may have analogous utility in
guiding clinical decision-making for suspected FFs, though direct outcome data is needed.

Artificial neural network

The developed Artificial Neural Network (ANN) aims to predict radiologist classifications of fractures with an
accuracy of 97.5%. It utilizes a multilayer perceptron architecture comprising an input layer, two hidden layers, and an
output layer (fig. 4).
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Artificial Neural Network (ANN) Architecture

Radiologist

H11 H12 H13

ChatGPT Qure.ai AO Code Descriptors

Fig. 4. ANN architecture visualizes a four-node input layer, two hidden layers, and a single-node output layer. The model
achieves a 97.5% accuracy in predicting radiologist fracture classifications, highlighting its effectiveness in capturing
complex relationships among variables

The input layer has four nodes: ChatGPT Prediction, Qure.ai Prediction, AO Classification System, and Basic
Descriptors like patient demographics. The two hidden layers further refine these inputs, capturing intricate relationships
among variables. The output layer represents the radiologist’s fracture classification, serving as the target outcome for the
model.

The high accuracy achieved by this ANN model suggests its potential effectiveness in a clinical setting for
fracture identification. By leveraging multiple types of data, the network can mimic the complex decision-making process
of radiologists with a high degree of accuracy. This could facilitate more accurate and rapid diagnoses, enhancing patient
care and resource allocation in healthcare settings.

DISCUSSION

This study provides salient insights into the comparative performance of ChatGPT and Qure.ai for the automated
classification of FF from plain radiographs. Across key performance indicators, i.e., sensitivity, specificity, and overall
accuracy, Qure.ai marginally surpassed ChatGPT. Nevertheless, it is noteworthy that both computational models exhibited
proficiency that surpasses established benchmarks in the extant literature, albeit requiring further validation for clinical
applicability (10, 11).

In the benchmark tests, Qure.ai manifested a sensitivity of 0.89 compared to ChatGPT's 0.73. This distinction
reached statistical significance, thereby suggesting that Qure.ai is potentially better suited for clinical workflows where
maximizing the detection of true fractures is imperative (11). The ramifications of missed or delayed diagnoses can be
severe, leading to inappropriate clinical management and suboptimal patient outcomes. These observations are consistent
with the findings of Guermazi et al., who reported a significant 10.4% improvement in fracture detection sensitivity when
Al was used to assist radiographic interpretation across multiple anatomical regions (10). However, another study still
showcased a modest superiority of human radiologists over standalone Al (12). Both models showcased high specificity,
indicating a minimal propensity for false positives that could trigger unnecessary clinical interventions. This high
specificity is parallel to the findings by Hussain et al., who also reported a high specificity greater than 0.90 for both Al
systems under investigation (11).

As for overall accuracy, Qure.ai slightly outperformed ChatGPT with scores of 0.92 versus 0.84, respectively.
While these figures are promising, they still call for cautious interpretation given the proposed minimum accuracy
thresholds for secure clinical Al integration, which range from 0.90 to 0.96 (11). The largely overlapping confidence
intervals further substantiate that the current evidence is insufficient to assert that the observed differences in accuracy
are statistically significant.

Our findings are consonant with a growing body of literature emphasizing the indispensability of rigorously
evaluating Al systems on heterogeneous datasets before their clinical incorporation (10, 11). The narrative of comparable
or superior Al performance to human radiologists, as echoed in 61 of the 81 studies identified in a systematic review by
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The BMIJ, underscores the potential of Al, albeit also highlighting the necessity for rigorous, real-world clinical
evaluations to ascertain the reliability and robustness of Al systems (13). Although performance metrics were robust on
the initial dataset used in this study, broader testing on more extensive and diverse samples from various institutions is
essential. This will account for increased variability attributable to technical and demographic factors, thus corroborating
the models' robustness and reliability.

A limitation of our study was the exclusive utilization of anteroposterior and lateral radiographic views.
Additional radiographic projections could potentially enhance diagnostic accuracy. Future research endeavors should
extend to assessing performance across multiple imaging modalities such as CT and MRI. This notion aligns with the
work of Guermazi et al., who found that AI's performance varied across different anatomical regions and that multiple
fractures per patient remained a relative weakness for both human and AT interpretation (11).

In conclusion, our study contributes an objective framework for transparently benchmarking Al systems using
impartial local data to clarify realistic capabilities and limitations. Both ChatGPT and Qure.ai show promise in
augmenting fracture detection capabilities. The imperative for continued rigorous evaluation and direct correlation with
patient outcomes cannot be overstated, as this will elucidate the most appropriate pathways for clinical integration and
optimize the potential of human-AlI collaboration in enhancing musculoskeletal imaging.

CONCLUSIONS

This study sought to rigorously benchmark the emerging Al system ChatGPT against the established FF classifier
Qure.ai using local clinical data.

In a head-to-head comparison, both models demonstrated strong capabilities, with Qure.ai achieving a marginally
higher sensitivity of 0.89 versus 0.73 for ChatGPT and overall accuracy of 0.92 versus 0.84. Specificity was high for both
at 0.95. Statistical tests affirmed that Qure.ai's superior sensitivity was a significant differentiator. Bland-Altman analysis
demonstrated strong inter-algorithm agreement in fracture classifications.

For clinical integration, Qure.ai currently appears better positioned to maximize safe fracture detection based on
higher sensitivity and near-perfect agreement with radiologists. However, both systems exhibited competency exceeding
established performance minimums, contingent on expanded validation.

This rigorous benchmarking provides vital insights into strengths, limitations, and appropriate applications to
guide safe Al adoption. Both ChatGPT and Qure.ai show immense promise for augmenting FF identification. Continued
transparent evaluation and correlation with clinical impacts will further elucidate optimal collaborative roles for AI and
physicians in enhancing patient care.
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ABSTRACT

In recent years, there has been an increase in reports on the use of oxygen-ozone therapy for the treatment of non-discogenic
low back pain. The aim of our observational study was to compare the therapeutic efficacy of combined oxygen-ozone treatment with
the oral administration of 800 mg/day of alpha-lipoic acid (ALA), 600 mg/day of palmitoylethanolamide (PEA), and 200 mg of myrrh
in patients with first-degree spondylolisthesis secondary to spondylolysis, against the results obtained with oxygen-ozone treatment
alone. From March 2021 to March 2024, we recruited 286 patients diagnosed with first-degree spondylolisthesis secondary to
spondylolysis, confirmed through CT and/or MRI studies. All patients were experiencing low back pain and sciatica. Specifically, we
treated 161 men and 125 women, aged between 36 and 74 years (mean age: 47.6). All participants in the study received Oxygen-Ozone
Therapy, monitored by CT, along with an oral regimen of alpha-lipoic acid (ALA), palmitoylethanolamide (PEA), and myrrh, taking
two capsules per day for 30 days. The 286 treated patients were evaluated at the time of recruitment using the Visual Analog Scale
(VAS). Clinical outcomes were assessed in the long term at six months, utilizing both the VAS and the modified MacNab method. The
results obtained were then compared with those reported in the literature for patients receiving only oxygen-ozone treatment under CT
guidance. The VAS questionnaire showed satisfactory clinical results after treatment (M = 8.47, SD = 0.76 pre-treatment; M = 2.48,
SD = 1.32 after treatment). These data were also confirmed using the modified Mac Nab method, with which we obtained an excellent
result in 185 (64.70%), while in 40 it was satisfactory (13.95%). Out of 286 patients, 38 patients (13.3%) did not report any benefit as
reported by the VAS test. These results were then compared with those reported in the literature with oxygen-ozone treatment alone.
In light of the results obtained from our observational study involving 286 patients, we compared our findings, combining Oxygen-
Ozone Therapy under CT guidance with oral administration of ALA, PEA, and myrrh, to data reported in the literature regarding
oxygen-ozone therapy alone. We conclude that this combination therapy results in further improvement over the already excellent
outcomes achieved with oxygen-ozone treatment alone. Therefore, we consider this therapeutic combination of ALA, PEA, and myrrh
to be a valid alternative to standalone oxygen-ozone therapy.

KEYWORDS: oxygen, ozone, ozone therapy, spondylolysis, spondylolisthesis
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INTRODUCTION

Oxygen-Ozone (02-O3) therapy for herniated and protruding discs has become a consolidated clinical practice
and is utilized in many countries as a first-line therapeutic approach for patients suffering from this condition. Introduced
for the first time in 1985, numerous case studies have been published over the years, reporting positive results ranging
from 75% to nearly 90% in the treatment of low back pain, with or without sciatica, due to herniated discs (1-11). In the
last fifteen years, many reports have also highlighted excellent therapeutic outcomes achieved with O,-Oj3 therapy in
treating pathologies of the posterior spinal compartment (12-21).

In fact, there can be numerous ctiologies linked to the vertebral pathology of the posterior compartment:
pathology of the articular facets, spondylolysis-olisthesis, stenosis of the spinal canal, radicular cysts, intra and
interapophyseal synovitis, Baastrup syndrome, etc. (1-3, 6, 8, 9, 11, 16, 17, 20, 21). It is, therefore, essential to reach a
precise diagnosis formulated after a careful objective examination and supported by appropriate instrumental tests, such
as (in addition to standard spinal radiographs) Computerized Axial Tomography (CT) and/or Nuclear Magnetic Resonance
(MRI) (18) (Fig. 1 A-E, Fig. 2 A-C).

Fig 1. Meyerding grade I anterolisthesis of L5 on SI with bilateral isthmic lysis. A-B): sagittal reconstructions with
algorithms for both bone and parenchyma documenting the listhesis of L5 on S1 (arrows); C): axial projection
documenting bilateral isthmic lysis (arrows); D-E): sagittal reconstructions with algorithms for bone right (D) left (E)
isthmic lysis (arrows).
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Fig 2. A): millimetric anterolisthesis of L5 on S1 (arrows); B): bilateral isthmic lysis (arrows); C): accompanying
bilateral paramedian median protrusion (arrows).

As indicated in scientific literature, the therapeutic action of the 0,-O3 mixture (1-21) is well-established.
Furthermore, several studies have also considered the therapeutic potential of ALA, PEA, and myrrh when administered
orally in the management of pain (22-37).

ALA has been shown to reduce oxidative stress, thereby preventing damage from oxygen free radicals and
providing thioctic acid with a broad spectrum of antioxidant activity (22-35). In contrast, PEA functions as a biological
modulator that promotes the physiological response of tissues (36-39). MyrLiq® myrrh is a dry extract derived from the
gummy resins of Commiphora myrrha, characterized by a high content of bioactive furanodienes, which are preserved
through a patented extraction process that maintains the properties of the original raw material (40-42).

In the observational study, the authors present results from treating patients with low back pain and/or sciatica
secondary to first-degree spondylolisthesis with associated spondylolysis, which may be responsible for the observed
symptoms. The outcomes of CT-guided O,-O3 therapy were compared with those from a combined treatment regimen
that involved O,-Oj3 therapy, along with oral administration of ALA, PEA, and myrrh over a 30-day period within a three-
year cohort. Patients were evaluated long-term, six months post-treatment.

The research design aims to explore the integration of two therapeutic approaches. This association has begun to
be studied (21), driven by the intention to optimize patient recovery through a combined approach that addresses
immediate symptoms and underlying pathogenic factors.

Long-term observation of patients, six months post-treatment, allows for the assessment of not only the immediate
efficacy of the combined therapy but also its sustainability over time. This research design intends to provide more
detailed clinical evidence and better understand the mechanisms through which these substances can work synergistically,
thus offering a more comprehensive framework for treating chronic pain related to spondylolisthesis and spondylolysis.
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MATERIALS AND METHODS

In this observational study, we evaluated the therapeutic efficacy of treatment in patients with first-degree
spondylolisthesis (antelisthesis less than 33%), bilateral isthmic lysis (Fig. 2 A-B-C), and associated disc pathology
(herniated disc or protrusion). The treatment comprised oxygen-ozone therapy administered under CT guidance,
combined with alpha lipoic acid (ALA), palmitoylethanolamide (PEA), and oral myrrh for 30 days in a cohort of patients.

Clinical evaluations were conducted using the Visual Analog Scale (VAS) questionnaire and the modified MacNab
method both prior to treatment and six months post-therapy. We then compared the results of our treatment approach with
those reported in the literature for cases that involved only CT-guided infiltrative treatment with oxygen-ozone therapy.

Infiltration technique

Following the acquisition of written informed consent from the participants, the appropriate injection level was
determined based on comprehensive neuroradiological findings and the presenting clinical symptoms. This selected level
was further confirmed through preliminary computed tomography (CT) scans conducted with the patient positioned in
the prone stance, enabling accurate identification of the needle entry point.

Subsequently, the skin over the targeted site was meticulously disinfected with a polyvinylpyrrolidone iodine solution,
after which local anesthesia was administered via ethyl chloride spray to ensure patient comfort during the procedure. A
CT-guided puncture was then executed utilizing 22-gauge needles, with real-time CT guidance employed to verify the
precise positioning of the needle within the anatomical structures (Fig. 3, 4).

Fig 3. CT scan check of correct needle
placement (arrows).

Fig 4. CT scan check of correct needle placement (arrows).

To uphold stringent aseptic standards, a 10 ml polyethylene syringe was prepared, containing a 3 ml oxygen-ozone gas
mixture at 25 pg/ml concentration. This mixture was injected through a microporous filter to minimize any potential
contamination risk during the procedure.

Following the infiltration, additional CT scans were performed to confirm the correct distribution of the gas mixture at
the designated treatment site, ensuring that the therapeutic agent was adequately administered (Fig. 5, 6). Post-procedure,
the patient was observed for approximately 30 minutes to monitor for any immediate adverse effects or complications,
after which they were safely discharged.
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Fig 5. Control of the gas mixture distribution at the foraminal level and in correspondence with the paravertebral

muscles (arrows).

The clinical outcomes in all patients were assessed through long-term follow-up over six months. This evaluation was
conducted using a modified version of the McNab method (Table I). The Visual Analog Scale (VAS) questionnaire was

utilized to quantify pain levels.

Fig 6. Control the gas mixture distribution at the foraminal level and in correspondence with the paravertebral muscles

(arrows).

Table 1. Modified McNab method.

Items

Explanation

a) Excellent

Resolution of pain and return to normal activities performed
prior to the onset of pain.

b) Good or Satisfactory

Pain reduction greater than 50%.

¢) Fair or Poor

Partial pain reduction of less than 50%.
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RESULTS

Analysis of results

After therapy with local O»-Oj3 infiltrations and the use of ALA, PEA, and myrrh, as for the experience of pain
measured by the VAS scale, the ratings before treatment ranged from 7 to 9, with a mean score of 8.47 (SD = 0.76), while
after treatment the mean score was 2.48 (SD = 1.32). Only 38 patients (13.3%) reported no benefit, as indicated by VAS
scores that were unchanged (Table II, III).

Table I1. VAS test results before treatment.
Instrument Scale Mean Score (Standard Deviation) Range Of Scores
VAS 8.47 (0.76) 7-9

Table IIL. VAS test results after treatment.
Instrument Scale Mean Score (Standard Deviation) Range Of Scores
VAS 2.48 (1.32) 1-7

Using the modified Mac Nab method in the long term (clinical follow-up at 6 months), 185 patients (64.70%)
continued to report an excellent clinical result obtained with the therapy, while 40 (13.95%) reported a satisfactory result,
and 61 (21.35%) were patients who had not experienced substantial benefits (Table V).

Table IV. McNab test results after treatment.

02-03 treatment and ALA+PEA+Mirrh in 286
patients

outcome excellent good poor

at 6 months 185 (64.70%) 40 (13.95%) 61 (21.35%)

In particular, the control CT in patients who, in addition to listhesis, presented a herniated disc (84 patients, 29.33%
of the total) documented a complete dehydration of the hernia in 50 patients (17.48 % of the total), obviously without any
change in the degree of listhesis. After six months, we requested a neurosurgical evaluation of the situation, and in 17
cases (5.94%), the neurosurgeon-surgeon colleague opted for a spinal stabilization intervention, while in 40 cases
(13.99%), the patients continued exclusively a rehabilitation program of physiokinesitherapy.

DISCUSSION

In this observational study, we compared the results obtained with the combined treatment of oxygen-ozone under CT
guidance associated with oral treatment with ALA+PEA+myrrh in 286 patients monitored six months after the end of
therapy using both the VAS questionnaire and the modified Mac Nab method and then compared the results obtained with
those recommended in the literature with oxygen-ozone treatment alone.

In literature, at a six-month clinical follow-up, studies analyzing the association between O,-O3, ALA, PEA, and myrrh
demonstrated effectiveness from an exclusively analgesic perspective in 58.3% (21) of the treated patients. Our study
achieved a therapeutic success rate of 78.65%.

In this regard, we believe that intraforaminal ozone administration in CT-guided mode guarantees perfect control of the
needle path. In this regard, the possibility of curative oxygen-ozone is high for the improvement of local circulation with
eutrophication in the proximity of the nerve root, compressed and suffering from both muscle spasms. It can normalize
the level of cytokines and prostaglandins with anti-inflammatory and analgesic action. It increases the production of
superoxide dismutase (SOD) with minimization of oxidizing reagents (ROS). Finally, the proximity to the
herniated/protruded material causes accelerated dehydration or destruction of non-vascularized tissue that justifies the
good final result.

Therefore, confirming how the rapid resolution of pain without complications, the ease of execution of the method and
the complete control of the infiltration by CT allow today to propose the technique of oxygen-ozone therapy guided by
CT as a method of choice among conservative therapies in the treatment of first-degree spondylolisthesis with associated
spondylolysis.

The association with a minimally invasive therapy such as oxygen-ozone therapy under CT and the oral administration
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of 800 mg/day of ALA + 600 mg/day of PEA + 200 mg of myrrh to these patients can be considered an excellent
therapeutic solution capable of further improving the good final clinical result with better control of symptoms. Certainly,
this result is attributable to the combined action of ALA+PEA+myrrh which consists in further and effectively alleviating
neuropathic symptoms.

Based on the results we obtained in this observational study on a sample of 286 patients, we believe this additional
therapeutic option can be offered to patients with Meyerding's first-degree listhesis. We also believe that to obtain a
satisfactory clinical result, a multidisciplinary therapeutic approach to this problem is highly effective and that the support
of the physiotherapist colleague is essential to plan a subsequent postural re-education intervention aimed at maintaining
the acquired therapeutic result over time. In cases where the therapeutic result has been poor or unsatisfactory, in addition
to the intervention of the physiatrist colleague, a neurosurgical reassessment of the situation is essential to decide whether
or not a spinal stabilization intervention is necessary.

CONCLUSIONS

In consideration of the findings from our observational study involving 286 patients who were evaluated six
months post-therapy, we analyzed the therapeutic outcomes associated with a treatment regimen that incorporated 0,-O3
therapy administered under CT guidance, in conjunction with the oral supplementation of ALA, PEA and myrrh.

Subsequently, we performed a comparative analysis of our results with existing data in the literature pertaining
to the efficacy of O,-O; therapy as a standalone treatment.

Our investigation indicates that the combination of these oral adjuncts, i.e., ALA, PEA, and myrrh, yields a
significant enhancement of the already favorable outcomes observed with O,-Oj; therapy alone. Thus, we can conclude
that this integrated approach not only maintains but also amplifies the therapeutic benefits of O,-Oj3 treatment in patients
with the specified conditions.
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ABSTRACT

Proximal humerus fractures often require open reduction and internal fixation using plates and screws. This study
compares the deltopectoral approach (DP) and the modified transdeltoid approach (MDS) in 54 patients, evaluating
clinical and radiographic outcomes, operative time, and complications. Clinical outcomes, assessed with the Constant-
Murley Score and VAS scale, were comparable between the two approaches at 1, 3, and 6 months. Postoperative pain
improved progressively, with no significant differences between groups. However, operative time was significantly
shorter for the MDS group (65 + 5 minutes) compared to the DP group (92 £ 4.3 minutes). Complications, such as
malunion, avascular necrosis, and screw penetration, were minimal and showed no significant differences between
approaches. Importantly, no neurovascular injuries were observed in any patients. In conclusion, DP and MDS approaches
are safe and effective for treating proximal humerus fractures. The MDS provides a notable advantage in reduced
operative time, making it a valuable alternative, particularly for fractures involving the posterior humerus. The choice of
approach should consider fracture type and surgeon experience. Further research is needed to validate these findings.

KEYWORDS: shoulder, deltoid-splitting approach, proximal humerus fracture, traumatology, deltopectoral approach
INTRODUCTION

Proximal humerus fractures represent one of the most challenging injuries to manage in skeletal trauma, being
the third most common fracture and accounting for approximately 4-10% of all fractures (1). The incidence, ranging
between 31 and 250 cases per 100,000 inhabitants per year, steadily increases due to population aging. This type of
fracture predominantly affects individuals over 60 years of age, with a female-to-male ratio of 4:1 in older women, often
associated with osteoporosis. Conversely, high-energy fractures are more frequent in younger individuals and typically
require more complex surgical treatments (2).

The treatment of proximal humerus fractures, particularly those involving the epiphysis or metaepiphysis,
commonly relies on open reduction and internal fixation with plates and screws, although in some cases, especially in
older patients with lower functional demands, the external fixation (3) or the reverse shoulder arthroplasty can be used
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(4). Among the most widely used surgical options is the deltopectoral (DP) approach, which allows for extensive exposure
of the anterior and lateral regions of the shoulder. However, this approach requires significant soft tissue dissection and
muscle retraction to achieve adequate visualization, increasing the risk of devascularization of fracture fragments,
particularly the humeral head. Furthermore, the DP approach does not provide direct visualization of the posterolateral
portion of the humeral head, making it challenging to reduce large retracted fragments, such as the greater tuberosity,
especially in muscular patients.

An alternative to the DP approach is the deltoid-splitting (DS) approach, which provides 270° exposure of the
proximal humerus with less extensive soft tissue dissection. However, the traditional use of the DS approach has been
limited by the perceived risk of injury to the anterior branch of the axillary nerve, particularly when distal extension of
the split is required for plate placement. To overcome these limitations, a modified transdeltoid (MDS) approach has been
developed, combining the advantages of the DS approach with greater safety for the axillary nerve, minimizing excessive
retraction and preserving neurovascular integrity.

Classification and preoperative planning play a crucial role in the surgical management of these fractures.
Standard radiographic methods are essential for initial assessment, but computed tomography (CT) with 3D
reconstruction provides indispensable details for identifying fracture morphology and planning the intervention. Among
the most commonly used classifications are the Neer classification (5), based on fragment displacement, and the Hertel
classification (6), which integrates anatomical and vascular criteria, offering a more detailed understanding of fractures
and their associated risks.

This study aims to compare the clinical and radiographic outcomes of patients undergoing surgical intervention
using the MDS and the DP approaches. By analyzing intraoperative parameters, such as surgical time and complications,
as well as clinical and radiological follow-ups at 1, 3, and 6 months, this study seeks to evaluate which approach ensures
better results in terms of efficacy, safety, and preservation of shoulder function.

MATERIALS AND METHODS

The study included patients treated at the Orthopedics and Traumatology Units of the Policlinico di Bari and San
Giacomo Hospital in Monopoli (BA) between November 2022 and March 2024.

Study design and patient selection

A total of 92 patients underwent surgical treatment for proximal humerus fractures with open reduction and
internal fixation (ORIF) using PHILOS plates (Synthes Medical). Of these, 20 patients were excluded due to the absence
of preoperative CT scans required for radiological classification. The remaining 72 patients had proximal humerus
fractures classified as Neer type 3-4 (tuberosity displacement > 5 mm and humeral head angulation > 45°) by an
experienced senior musculoskeletal radiologist.
Exclusion criteria included:

e absence of a preoperative CT scan;

o dislocations or open fractures;

e psychiatric disorders;

e associated injuries to the ipsilateral upper limb;

e comorbidities preventing surgery;

e polytrauma cases.

A total of 54 patients met the inclusion criteria and were enrolled after providing informed consent. Patients treated
at the San Giacomo Hospital were operated on using the MDS approach, while those treated at the Policlinico di Bari
underwent surgery using the DP approach. All surgeries were performed by two senior surgeons (DO and VG)
specializing in upper limb trauma.

Study objectives

The primary objective was to evaluate whether one surgical approach provides superior clinical and radiographic
outcomes by analyzing follow-up results at 1, 3, and 6 months.

The secondary objectives included:

1. comparing the operative time between the MDS and DP approaches;

2. analyzing postoperative hospital stays to determine differences in recovery time;

3. assessing postoperative pain levels using the Visual Analog Scale (VAS);
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4. comparing functional recovery times using standardized scales, including the Constant-Murley Shoulder Score
(7) and QuickDASH (8);
5. evaluating the incidence of reoperations in both groups.

Clinical protocol

Postoperative follow-ups were conducted at 1, 3, and 6 months. In some patients, the B-STEP protocol for the follow-
up was used (9). The following evaluation tools were used:

e  Constant-Murley Shoulder Score to assess shoulder function;

e Quick DASH to evaluate disability;

e VAS to measure pain intensity.

Complications such as infections, instability, and nerve injuries were recorded. Muscle strength in abduction was
tested by measuring maximum resistance. Functional outcomes were classified based on the difference in Constant scores
between the operated and contralateral shoulder:

e excellent: <11

e good: 11-20
e fair: 21-30
e poor: >30

Radiographic protocol

Radiographic assessments were performed preoperatively and at follow-ups using standard anteroposterior,
transthoracic, and CT imaging. Postoperative radiographs evaluated malunion [defined using Beredjiklian criteria (10)]
and other complications. Follow-up radiographs included anteroposterior views in neutral, internal, and external rotation.

Rehabilitation protocol

Post-surgery, all patients followed a standardized rehabilitation program. Pendulum exercises were initiated
immediately after surgery, followed by supervised progressive range-of-motion and muscle-strengthening exercises,
mainly targeting the deltoid muscle. Lifting heavy weights was discouraged during the recovery period. Periodic clinical
and radiographic evaluations were conducted at 1, 3, and 6 months.

Statistical analysis

Descriptive statistics were used to summarize patient demographics and clinical data. Mean and standard
deviation were calculated for continuous variables. The Student’s t-test was used to compare pre- and postoperative
outcomes, with a statistical significance of p<0.05. Mean values for Constant-Murley, Quick DASH, VAS, and range of
motion were rounded to two decimal places.

The results of this integrated protocol provided a comprehensive analysis of the comparative efficacy of the MDS
and DP approaches for the surgical treatment of proximal humerus fractures.

DELTOPECTORAL APPROACH

The deltopectoral approach is widely used for open reduction and internal fixation of proximal humerus fractures.
The incision, typically 10-12 cm long, extends from the coracoid process toward the humeral insertion of the deltoid,
parallel to the deltoid muscle along the deltopectoral groove. The groove can be located by marking the skin to identify
the "valley" of the interval. However, this incision crosses Langer's skin tension lines obliquely, potentially resulting in
wider scar formation and less favorable cosmetic outcomes.

The richly vascularized subcutaneous adipose tissue can be exposed by retracting the pectoralis major medially
and the deltoid laterally. A fat triangle in the proximal part of the dissection, extending obliquely across the incision,
identifies the cephalic vein, which should be preserved to minimize postoperative arm edema. Preferably, the dissection
is performed medially to the vein, with fewer branches than the lateral side.

The deltoid and pectoralis muscles are bluntly dissected to expose the clavipectoral fascia, which is incised
laterally to the conjoint tendon and inferior to the coracoacromial ligament. Subacromial and subdeltoid spaces are
carefully opened with adequate hemostasis to prevent excessive bleeding. Care is required to avoid injury to the posterior
circumflex humeral artery during subdeltoid dissection. The subacromial bursa must be removed to visualize the rotator
cuff adequately.
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Visualization of the fracture

Lateral retraction of the deltoid with a modified Hohmann retractor and medial retraction of the conjoint tendon
with a Langenbeck retractor allows visualization of the fractured humeral head. Particular attention is needed to protect
the musculocutaneous nerve, which enters the coracobrachialis approximately 2.5 cm distal to the coracoid process.
Excessive retraction under the conjoint tendon may cause neuropraxia of the nerve.

Abduction of the shoulder facilitates lateral exposure by reducing deltoid tension. Exposure can be improved if
needed by partially releasing the deltoid or pectoralis major insertions.

Fracture reduction and fixation
Temporary reduction of the fracture is achieved by placing traction sutures on the osteotendinous junctions of
the subscapularis, supraspinatus, and infraspinatus tendons. Kirschner wires may be temporarily used to maintain
reduction. Once satisfactory reduction is achieved, the plate is placed along the lateral surface of the proximal humerus,
aligned with the humeral shaft and lateral to the bicipital groove, ensuring proper alignment with the greater tuberosity.
This approach provides excellent exposure for managing complex fractures while requiring careful attention to
neurovascular structures and the subacromial region.

MODIFIED TRANS-DELTOID APPROACH

The modified transdeltoid approach provides a minimally invasive alternative for open reduction and internal
fixation of proximal humerus fractures. An 8 cm incision is made along the palpable anterolateral edge of the acromion,
extending distally in line with the deltoid fibers.

Exposure and visualization

Once the proximal fibers of the deltoid muscle are exposed, the anterior, lateral, and posterior portions of the
deltoid are identified. The fibrous raphe between the anterior and middle heads is divided along the fibers, creating a
proximal window for visualizing the lateral wall of the humerus. The lateral portion of the deltoid displays an oblique
orientation, running craniocaudally from posterior to anterior. Blunt dissection along the lateral and posterior heads of
the deltoid creates a distal window, allowing visualization of the proximal metadiaphysis of the humerus.

For the proximal window, Hohmann retractors are placed anteriorly and posteriorly to the proximal humeral
epiphysis, retracting the anterior and middle heads of the deltoid, respectively. Retractors separate the middle and
posterior deltoid heads for the distal window, enabling access to the humeral diaphysis (Fig. 1).

Fig. 1. Development of the proximal and distal window.
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Fracture reduction and fixation

Through the proximal window, manipulation of the humeral head and reduction of the associated fracture is
performed. Traction sutures are placed at the osteotendinous junctions of the subscapularis, supraspinatus, and
infraspinatus tendons to reduce multi-part fractures. In cases of cancellous bone loss, artificial bone substitutes may be
used.

Temporary Kirschner wires can be inserted to maintain fracture reduction without interfering with plate
placement. The plate is slid through the proximal window along the bone plane, deep to the lateral deltoid head, and
positioned on the lateral surface of the humerus. Proper alignment along the humeral shaft, the bicipital groove, and the
apex of the greater tuberosity is confirmed.

Through the distal window, the reduction of metadiaphyseal fractures or placement of a clamp for humeral neck
fracture management is achieved. The distal window also facilitates direct visualization of plate positioning along the
humeral axis (Fig. 2).

Fig. 2. Placement of the plate.

Neurovascular safety
This approach avoids isolating the neurovascular bundle (NVB), including the anterior branch of the axillary
nerve and the posterior circumflex humeral artery. The NVB is protected throughout by the lateral head of the deltoid.
Cranial mobilization of the lateral deltoid head enables the placement of screws in the calcar region of the
humerus, providing secure fixation. This approach offers effective exposure for fracture management while minimizing
soft tissue dissection and reducing the risk of neurovascular injury.

RESULTS

All 54 patients completed the follow-up at 1, 3, and 6 months, allowing for a comprehensive analysis of
demographic, clinical, functional, and surgical outcomes.

Demographic and clinical data

The mean age was comparable between the two groups (65.71 + 10.29 years for the DP group vs. 65.27 + 9.59
years for the MDS group, p = 0.92), indicating that age did not significantly influence the outcomes. A significant
difference was observed in gender distribution (p = 0.00002), with a slightly higher percentage of males in the DP group
(44.8%) compared to the MDS group (40.7%). However, this difference did not appear to affect the primary clinical
outcomes (Table I).
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Table I. Preoperative details of the analyzed samples.

Patient details Group DP (n=28) Group MDS (n=26) p-value
Age 65.71 + 10.29 65.27 £ 9.59 0.92
Gender 0.00002
Male (%) 13 (44.8%) 11 (40.7%)
Female (%) 15 (51.7%) 15 (55.6%)
Neer’s Classification 0.694
3 fragments 51.7% 51.9%
4 fragments 44.8% 44.4%
Side 0.00002
Right 55.2% 59.3%
Left 41.4% 37.0%
Days between fracture and 5 5 , 4 43 2.35+1.90 0.052
surgery
Comorbidities 15 1.7 0.617

Outcomes
Tables Il and I11 report results at 1- and 3-month follow-ups, whereas Table 1V reports results at 6-month follow-
ups.

Table I1. One-month follow-up.

Outcome Group DP Group MDS p-value
Relative Constant-Murley Score 22.28 £2.23 21.98 +2.20 0.8231
Internal Rotation 242 +0.24 248 +0.25 0.6784
External Rotation 2.46 £0.25 251+0.25 0.7712
Strength Recovery (%) 21.33 21.00 N/A
Abduction 2.57+0.26 2.58 £ 0.26 0.9546

Table I11. Three-month follow-up.

Outcome Group DP Group MDS p-value
Relative Constant-Murley Score 52.00 = 5.20 51.28 £5.13 0.8341
Internal Rotation 5.63 +0.56 5.80 + 0.58 0.6235
External Rotation 5.74 £ 0.57 5.87 £0.59 0.7632
Strength Recovery (%) 49.77 49.00 N/A
Abduction 5.99 £ 0.60 6.03 £ 0.60 0.9071

Postoperative complications

Postoperative complications were similar across the two groups. Major complications such as malunion, screw
penetration, and avascular necrosis (AVN) showed no statistically significant differences (p = 1.0). Notably, no cases of
axillary nerve paralysis or stupor were observed, addressing a common concern with the transdeltoid approach. These
findings suggest that both techniques carry a low risk of complications.
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Operative time
A significant difference was observed in operative time between the two approaches. The DP approach required
a mean duration of 92 + 4.3 minutes, while the MDS approach averaged 65 + 5 minutes (p < 0.05). This demonstrates
that the MDS technique is significantly faster without compromising functional or radiographic outcomes.

Pain assessment (VAS)
Pain levels, assessed using the Visual Analog Scale (VAS), showed progressive improvement in both groups
over the follow-up period. At 1 month, mean VAS scores were 6.2 + 0.6 for DP and 6.5 £ 0.7 for MDS (p = 0.4572), with
no significant difference. By 6 months, pain levels were minimal, with VAS scores of 1.0 + 0.3 for DP and 1.1 + 0.4 for

MDS (p = 0.5913), indicating comparable clinical outcomes in pain control (Table IV).

Table IV. Final results of the study at 6 months.

Outcome Group DP Group MDS p-value
Relative Constant-Murley Score (mean *
S.D) 74.27 £8.19 73.26 £ 8.02 0.8227
Degree of Functional Outcome

9 11
Excellent 7 6
Good 8 7
Fair 4 2
Poor 8.05+0.95 8.28 £1.23 0.6428
Internal Rotation (mean £ S.D.) 8.2 +1.03 8.38+ 0.9 0.7433
External Rotation (mean £ S.D.) 711 70.0
Strength Recovery (%) 8.55+1.19 8.61+1.03 0.9132
Abduction (mean + S.D.) .

1
Malunion 0 1
Screw Penetration 1 1
AVN 92+43 65+5 significativa

Summary of results
Both the deltopectoral and modified trans-deltoid approaches provided similar functional and radiographic
outcomes with low complication rates. The MDS approach demonstrated a significant advantage in operative time,
making it a more efficient alternative without compromising patient safety or long-term results. These findings support
the efficacy and safety of both techniques while highlighting the time-saving benefit of the MDS approach (Table V, Fig.

3).

Table V. VAS evaluation.

Follow-up DP (mean VAS+SD) MDS (mean VAS+SD) p-value
1 month 6.2+0.6 6.5+0.7 0.4572
3 months 34+05 3.6+0.6 0.6087
6 months 1.0+0.3 1.1+04 0.5913
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Follow-up results
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Fig. 3. Clinical parameters compared.
DISCUSSION

The DP approach has historically been the most commonly used technique for the treatment of proximal humerus
fractures. However, its limited exposure can reduce posterior fragments, particularly the greater tuberosity (GT), which
is challenging. In such cases, significant retraction of the deltoid is often required to access the posterolateral region of
the proximal humeral epiphysis. The MDS approach was developed to address these limitations as a viable alternative for
managing complex fractures.

The MDS approach provides direct exposure to the lateral surface of the humeral head, enabling 270°
visualization while minimizing periosteal stripping and facilitating the reduction of the posterior GT fragment.
Mobilization of the middle deltoid bundle allows direct access to the fracture lines, and the use of a wide-tipped Cocker
clamp permits indirect elevation of the humeral head and temporary fixation with a Kirschner wire in the correct position
relative to the glenoid. Hohmann retractors placed between the anterior and middle deltoid heads further assist in the
reduction of the tuberosities. The plate is advanced along the lateral cortical surface of the proximal humeral metaphysis
without compromising the neurovascular bundle during placement.

One technical issue encountered with the MDS approach is that the holes for the calcar and central screws in the
plate are often obscured by the middle deltoid bundle. Mobilizing this bundle allows access to these holes without risking
injury to the axillary nerve. Despite these technical peculiarities, our findings demonstrate that the MDS and DP
approaches yield comparable functional outcomes and pain relief.

Follow-up data at 1, 3, and 6 months showed similar clinical results between the two groups, as measured by the
Constant-Murley Score and the VAS. Both techniques proved to be safe and effective, with a minimal incidence of
complications. Cases of malunion and avascular necrosis (AVN) requiring reoperations with reverse shoulder arthroplasty
were exclusively observed in patients with four-part fractures, a type already associated with higher complication rates
according to Neer's classification.

From a practical standpoint, each approach offers distinct advantages depending on the fracture’s location. The
DP approach is preferable for anterior fracture-dislocations of the proximal humerus, providing superior visualization of
the anterior aspect of the humeral head. Conversely, the MDS approach is better suited for fractures involving the posterior
portion of the proximal humerus, enabling direct management of the posterior GT fragment, which is challenging to
address with the DP approach.

Further studies are needed to evaluate whether implant removal following the MDS approach may present
challenges. The dissection of the axillary nerve through scar tissue could prove difficult, potentially complicating implant
removal.

Journal of Orthopedics 2024 September-December; 16(3): 135-144 www.labpublisher.com ISSN 1973-6401 (print) 3035-2916 (Online)



http://www.labpublisher.com/

O. De Carolis et al. 143

Another critical distinction between the two approaches is operative time. The MDS approach allows for a faster
procedure due to direct visualization of the fracture and more intuitive reduction maneuvers, requiring less fluoroscopy.
This reduction in operative time may translate into lower surgical stress and reduced patient anesthesia duration (Fig. 4).

Duration of Surgery (min + S.D.)

DP (n=28)

MDS (n=26)

0 20 40 60 80 100
Duration (min)

Fig. 4. Intervention duration compared.

Despite the strengths of our study, its retrospective design and relatively small sample size represent limitations.
Nonetheless, it includes patients with complex four-part fractures as per Neer's classification, documenting the
effectiveness of plate and screw fixation for these challenging injuries when performed by experienced surgeons.

In conclusion, both approaches are valid options for the surgical treatment of proximal humerus fractures. The
choice of surgical approach, type of fixation, or materials (11) should be tailored to the specific fracture configuration
and the surgeon’s expertise. The MDS approach provides distinct advantages for posterior fractures and offers significant
time efficiency without compromising safety or clinical outcomes.
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Case Report
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ABSTRACT

Patellar instability is a complication after total knee replacement and a clear causative factor for patients’
dissatisfaction. With modern implants, the design of the components does not appear to be a causative factor, as it can
often be due to technical surgical errors such as the mispositioning of the components (mostly in internal rotation). To
treat patellar instability and restore the proper geometry and biomechanics of the replaced knee, we performed the
proximal “tube” realignment of the patella, as described by Insall. Preoperatively, knees were studied for any malrotation
with CT, according to Berger’s protocol. Satisfactory clinical outcomes were recorded, with no recurrence at the last
follow-up, with the technique described and the use of a dome-shaped patellar component that can be forgiving for
stability despite its propensity for increased contact stress.

KEYWORDS: patellofemoral instability, TKA, arthroplasty, knee biomechanics, Insall, proximal realignment, TT-TG
angle

INTRODUCTION

Patellofemoral (PF) instability after total knee arthroplasty (TKA) has been reported in up to 20% of TK As. Most
often, it is caused by technical errors during surgery. Given the complexity of TKA biomechanics, several technical
parameters are susceptible to error. Therefore, in most cases, PF instability cannot be traced back to a single cause. More
likely, multiple contributors play a role (1, 2).

The major risk factors of PF instability after TKA are the following:
1. excessive preoperative valgus alignment;
2. individual components mispositioning;
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3. improper patella preparation for prosthetic substitution;

4. soft-tissue imbalance.

Excessive preoperative valgus alignment leads to a mismatch of the trochlear groove and the extensor vector of the
leg, the fact that encumbers proper patellar tracking and may cause the patella to tilt, subluxate, or even dislocate. A
similar mechanism takes effect when a normal Q-angle is not restored. Especially patients with severe preoperative valgus
or external rotational deformity, preoperative mal tracking, and loss of bone stock in the distal lateral condyle are at risk.
In patients with pronounced preoperative valgus, the main culprit for this predisposition is usually the retraction of the
lateral retinaculum.

Beyond the overall leg alignment, individual component positioning is the most important contributor. Internal
rotation of the femoral or the tibial component, medialization of the femoral component and incorrect placement of the
patellar component appear the most obvious. An internally rotated femoral component shifts the trochlear groove
medially, thus increasing the distance to the patella, which tracks laterally relative to the femur. Through the tension
exerted by the lateral retinaculum, the patella is pulled sideways. This may lead to patellar tilt, subluxation, or even
dislocation. On the other hand, an internally rotated tibial component causes the tibia to rotate externally during knee
flexion. This drives the tibial tubercle laterally, which increases the Q-angle and thus leads to lateral tracking. Depending
on the severity, this may again lead to patellar tilt, subluxation, or dislocation (1, 3).

Placement of the prosthetic patella also plays a decisive role in determining PF stability. A patellar button that is too
far laterally placed will increase the tension in the lateral retinaculum. This, in turn, can displace the center of the patella
medially and thus lead to a lateral pull and subsequent lateral tracking with the known consequences (3, 4).

Resection of more bone from the medial facet is necessary to obtain a symmetric patellar cut parallel to the
anterior surface since the medial facet is thicker than the lateral one in a normal patella. Overstuffing of the PF joint
tightens the lateral retinaculum and increases the risk of lateral patellar tracking. In the knee with optimal femoral
component size, this can be caused by increased thickness of the resurfaced patella. In the knee with an optimal patella
size, this may be due to the use of an oversized femoral component (5, 6). Medialization of the patellar component on the
cut surface of the patellar bone allows the patellar button to be centralized in the trochlear groove and improves patellar
tracking by decreasing lateral patellar subluxation forces (1, 7).

CASE PRESENTATION

The case involves a 68-year-old female patient who underwent TKA surgery in March 2021 at another hospital
and came to our attention one year after surgery due to knee pain and instability during daily activities. The Corin brand
prosthesis used for TKA surgery consisted of a cemented size 4 femoral component, a cemented size 5 tibial component,
and an 11-mm polyethylene insert. Preoperative X-rays taken in October 2022 (Fig. 1) and an objective examination
performed demonstrated lateral patella instability. CT scan pointed a tibial tuberosity—trochlear groove (TT-GT) angle of
20.7°, which, together with the intra-rotation of the tibial component, justified the lateral dislocation of the patella.
Clinically, the patient showed permanent patella instability in both knee flexion and extension (Fig. 2).

Fig. 1. Preoperative X-rays, October 2022.
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Fig.2. Pre-operative patellar lateral
instability in extension and flexion

The surgical procedure we chose involved Insall proximal
realignment of the patella for recurrent dislocation or subluxation, consisting
of a lateral release and advancement of the vastus medialis. First, a prosthetic
29x8 mm dome-shaped Nexgen All-poly patella was implanted to compensate
for limited degrees of patellar tilt and rotation by maintaining acceptable
contact congruency, especially in the mid-flexion range. Consequently, the
proximal “tube” realignment was performed. A lateral parapatellar incision of
skin and a detachment of the fibers of the iliotibial tract and the lateral
retinaculum from the lateral patella were achieved, followed by a medial
capsular incision extending from the quadriceps tendon over the patella into
the patellar ligament. Finally, the vastus medialis was advanced and sutured
onto the middle and distal aspects of the patella (Fig. 3). This surgical
procedure ensured the achievement of patellar tracking, as confirmed by
postoperative X-rays (Fig. 4).

Dx
post op

Fig. 4. Post-operative X-rays: patellar tracking achieved.

Fig. 3. Suture of the advanced vastus medialis on the

middle-distal aspect of the patella.

Fig. 5. Three-month follow-up.

At a six-week clinical follow-up, the patient showed complete extension and flexion of the knee in both seated
and supine positions. During the early postoperative six weeks, the patient was instructed to wear a knee brace locked in
extension with the recommendation of protected loading through crutches for the first four weeks. She kept the brace
unlocked and rehabbed with the Kinetec CPM device 0-90° for the last two weeks. Six weeks after surgery, the patient
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was advised to wear a knee brace with a patellar hole for the subsequent six weeks. At the three-month clinical follow-up
(Fig. 5), the complete flex extension of the knee was preserved, and a normal alignment of the prosthetic components
with a slight lateral patellar dislocation in axial projection was appreciated on X-rays. Finally, one year after surgery, the
patient reached a full range of motion of the knee with no pain and functional restrictions (Fig. 6).

Fig. 6. One-year follow-up.

DISCUSSION

According to the literature, component malposition during surgery is one of the most common causes of patellar
instability (8-12). A tendency to place the components in internal rotation in the transverse plane increases the Q angle of
the knee joint. It predisposes to lateral patellar mal-tracking and patellar instability (2). Radiographic evaluation of the
patella primarily uses the lateral view and the sunrise or Merchant’s view. Computed tomography is the most reliable
method of assessing component alignment and positioning (13) and rotation. The latter is determined using 4 scans: the
medial and lateral epicondyles, the tibial plateau immediately below the tibial base plate, the tibial tubercle, and through
the tibial insert (14). The rotation of the femoral component is determined by measuring the angle formed by the line
drawn through the medial and lateral epicondyles and the line connecting the posterior flanges of the implant. Tibial
component rotation is determined by superimposing the geometric center of the proximal tibia onto the image with the
tibial tubercle. On the patient’s CT, we measured the tibial tuberosity (TT) to trochlear groove (TG) distance, given its
diagnostic accuracy to guide the treatment of PF instability. After drawing the line along the posterior femoral condyles
and the two lines perpendicular to it, the first bisecting the TT and the second bisecting the trochlear TG, we measured a
TT-TG angle of 20.7° (Fig. 7).

T GT

Fig. 7. TT-GT angle measured on the pre-surgery CT scan.

The femoral component showed no improper rotation in both pre-operative (CT scan) and intra-operative
examination. Although we noticed an intra-rotated tibial component, which, together with the pathological TT-TG angle,
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might have warranted a total/tibial revision, we thought it worthwhile to perform soft tissue surgery as described by Insall
and implant patellar prosthesis only since the femoral and tibial components were well fixed and stable. Axial radiographs
of the patella in follow-up show slight lateralization of the patella. Still, despite this, the clinical examination is suitable,
and the patient is pleased, has resumed normal activities of daily living, and no longer complains of pain and sensation of
sagging/instability, which depicts the success of the choice of intervention.

CONCLUSIONS

Although patellar instability is a relatively uncommon complication after TKA surgery, its causes lie in multiple
risk factors, such as preoperative anatomical conditions, intraoperative positioning of the prosthetic components, and
unhealthy soft tissue. Before any prosthetic revision, techniques such as Insall proximal realignment of the patella should
be considered, as they can provide satisfactory short- and long-term results.
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ABSTRACT

Proximal femoral fractures are common in elderly patients and are associated with significant morbidity and
healthcare costs. Hip arthroplasty, including hemiarthroplasty and total hip arthroplasty, is a standard treatment for
displaced femoral neck fractures, particularly in older adults. A critical aspect of these procedures is the selection of the
femoral stem, which influences early mobility recovery and long-term implant outcomes. This review discusses the key
considerations in femoral stem selection, including cemented versus cementless fixation, stem geometry, material
composition, and modularity. Cemented stems are favored in elderly patients with osteoporotic bone due to their ability
to provide immediate mechanical stability. In contrast, cementless stems are preferred in younger patients due to their
potential for long-term biological fixation through osseointegration. Modular stems offer intraoperative flexibility but
present a higher risk of mechanical complications. Femoral stem selection should be tailored to the patient's age, bone
quality, and functional demands to minimize complications and optimize clinical outcomes.

KEYWORDS: proximal femoral fractures, arthroplasty, hemiarthroplasty, total hip arthroplasty, stem
INTRODUCTION

Proximal femoral fractures are among the most prevalent injuries encountered in the orthopedic field, especially
in patients above 50 years old. The incidence of these fractures is 2-3 times higher in females compared to the male
population (1). These fractures often result from low-energy trauma, such as a fall from a standing height, although can
also occur due to high-energy trauma, especially in younger male individuals. Given the growth of the elderly population
globally, the incidence of proximal femoral fractures, particularly hip fractures, continues to rise, contributing
significantly to morbidity, mortality, and healthcare costs (2).

Various techniques and implants have been described to assist the management of proximal femoral fractures,
with the primary goal of restoring function and mobility as quickly and safely as possible while minimizing complications
and the need for reoperation.

Hip arthroplasty, either as hemiarthroplasty (HA) or total hip arthroplasty (THA), is the standard treatment for
medial displaced femoral neck fractures (Garden type 3-4) among the elderly population. It has been demonstrated to
promote quick mobilization and satisfactory long-term outcomes (3). The selection of the appropriate femoral stem is a
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key aspect of this decision-making process, impacting both short-term outcomes, such as mobility recovery, and long-
term consequences, such as implant survival and the risk of revision surgery (4).

Since this type of fracture primarily affects the elderly population, on the one hand, HA is indicated for very old
patients due to poor bone quality and frailty; on the other hand, THA provides a reliable option for individuals with medial
neck fractures who have painful hip osteoarthritis.

Internal fixation with cannulated screws or sliding hip screws is recommended in medial partial fractures or
minimally valgus displaced fractures (Garden type 1 and 2) affecting young individuals with no signs of hip osteoarthritis
(5). Delayed fracture treatment (more than 24-48 hours) should be treated with THA for compromise of the blood supply
of the femoral head (6). A delayed internal fixation of medial fractures may lead to nonunion or avascular necrosis (5, 6).
The choice of femoral stem approaching hip arthroplasty in medial femoral fractures is crucial.

This narrative review discusses the various femoral stem options available for treating proximal femoral
fractures, their advantages and disadvantages, and the clinical implications of selecting the optimal stem for different
patient populations.

Classification of femoral stems

The classification of femoral stems is key in determining the most suitable implant for a given patient. The
classification system proposed by Radaelli et al. (7) describes 3 relevant characteristics of the femoral stem: geometry,
location of modularity, and length. Each feature has significant implications for the surgical approach, postoperative
recovery, and long-term outcomes.

The choice of femoral stem is especially important in the context of femoral fractures, where the condition of
the surrounding bone and the patient's ability to bear weight postoperatively must be carefully considered.
Stems are further classified by their method of fixation.

Cementless femoral stems rely on 3 key principles: achieving primary stability, facilitating mid-term biological
fixation through osseointegration (bone growth occurs on the porous surface of the stem), and ensuring balanced femoral
stress distribution for long-term survivorship. Most cementless femoral stems are made of either titanium aluminum
vanadium alloy or cobalt-chrome molybdenum alloy.

In a randomized controlled trial, Healy et al. (8) demonstrated that titanium stems are associated with lower rates
of stress shielding, reducing bone resorption around the implant. However, there is no significant correlation between
titanium stem and thigh pain or functional outcomes.

Titanium alloy’s biocompatibility and its lower modulus of elasticity play a key role in promoting osteoinduction,
osteoconduction, and oxygenation (9). In contrast, among the cobalt-chrome stems, there is a high risk of loosening and
implant failure (8). Stainless steel, though available, is less commonly used due to its lower biocompatibility and
susceptibility to corrosion (7-9). Radaelli cementless classification system (7) (Fig. 1) identifies 6 primary stem
geometries and subtypes:

. Type A: flat taper — fixation achieved through medial to lateral metaphyseal cortical bone engagement and by 3-
point fixation along the stem’s length;

o Type B: quadrangular tapers — fixation is obtained by filling the metaphyseal and proximal diaphysis in the coronal
plane, with enhanced filling in the sagittal plane. This provides a more uniform load transfer on proximal cortical
bone and high torsion stability;

. Type C: fit-and-fill — archives rotational stability through the complete filling of the metaphyseal canal and close
engagement with the femoral cortex both proximally and distally;

. Type D: conical — short conical stems are designed for cases with abnormal proximal femoral morphology, such
as development dysplasia of the hip or high valgus femoral necks. The fixation and rotational stability are reached
at the level of the lesser trochanter. Short conical stems are typically monoblock, even if there has been a recent
resurgence in the use of long monoblock, which is relatively simple to implant and avoid modularity complications;

. Type E: cylindrical - features a circular cross-section and aims for full diaphyseal engagement;
. Type F: calcar-guided short stems — designed to preserve bone stock and to restore physiological biomechanisms,

resembling flat-wedge stems but they are smaller with a pronounced medial curve.
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Fig. 1. Schematic drawing representing Radaelli cementless classification according to femoral stem geometry.

Anatomical femoral stems

Anatomical femoral stems are designed to closely mimic the natural anatomy of the femur closely, replicating
its natural curvature. They are typically selected when preserving the natural biomechanics of the hip (10). Their
anatomical shape promotes improved load transfer and alignment, resulting in a more physiological distribution of
torsional forces. These stems are shaped to match the unique geometry of an individual's proximal femur, aiming to
provide better fit and load distribution by replicating the natural curvature and contours of the femoral canal. Differing
from straight or conventional femoral stems, anatomical stems often feature specific angulations and offsets that
accommodate individual variations in femoral anatomy, such as femoral anteversion and medullary canal shape (10).

Anatomical femoral stems adapt proximal geometry with a curvature mimicking the natural anatomy of the
metaphyseal region of the proximal femur. These stems provide excellent offset adjustment, improving stability and
biomechanics, and distribute loads more naturally along the femoral canal, reducing stress shielding. The anatomical
design aims to improve patient outcomes by reducing complications associated with implant misalignment and promoting
better functional results (Fig. 2).

Fig. 2. Post-operative X-ray of 80-year-old female patients after cemented THA with anatomical Lubinus Il (Link,
Hamburg, Germany) femoral stem for proximal femoral fracture.

Monoblock versus modular stems
The choice between monoblock and modular stems can impact the surgical approach and the patient outcomes.
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Monoblock stems, made of a single solid piece, reduce the risk of fretting and micromotion at the junctions but
restrict the surgeon’s ability to make intraoperative adjustments. In contrast, modular stems provide surgeons greater
flexibility during implantation, offering customizable options for length and version and providing greater intraoperative
adaptability. However, they may be more susceptible to mechanical issues such as modular devices, intraoperative
fractures, modular junction fatigue fractures, corrosion, and higher implant costs (11).

Modular stems are seldom utilized to manage proximal femoral fractures but are particularly useful in revision
or complex cases (Fig. 3).

Fig. 3. Post-operative X-ray of a 78-year-old patient who sustained displaced proximal femoral fracture 2 years after
nailing of the proximal femur. Modular Lima revision stem (Lima Corporate, Villanova di San Daniele del Friuli, Udine,
Italy) was chosen to manage proximal femoral weakening after nailing.

Modular and monoblock stems in the revision setting showed similar re-revision rates and Harris Hip Scores for
hip function. The intraoperative fracture rate was significantly higher with modular stems (11.6%) than monoblock stems
(5.0%). Subsidence more significant than 10 mm occurred more frequently in the monoblock group. The application of
extended trochanteric osteotomy was more popular in monoblock stems (22.7% vs 17.5%, P =0.003). The incidence of
postoperative complications, such as periprosthetic femoral fracture and dislocation, was similar between both stems.
Overall, postoperative hip function and survivorship were similar between the modular and nonmodular groups (12).

Modular stems

Regarding stem modularity, femoral components have been designed to optimize limb-length equalization,
femoral offset, femoral anteversion, impingement-free ROM, and soft tissue tension.

An increased femoral offset (perpendicular distance between the center of the femoral head and a line drawn
down the center of the femoral shaft) has been shown to reduce the hip abductor force and hip reaction force without
significantly impacting bone strains. Studies show no significant radiographic differences between increased- and
standard-offset components, making the increased-offset approach a valuable option in improving hip joint mechanics
without adverse effects on stability or bone integration. These biomechanical studies support using an increased-offset
femoral component with cementless fixation (13). Common forms of modularity include head modularity, neck
modularity, and subtrochanteric modularity.

o Head modularity allows for attaching different diameters and neck lengths to any given stem size or geometry.
However, this type of modularity is associated with a higher risk of mechanical issues, such as dislocation,
reduction, taper fracture, and corrosion;

. Neck modularity enables the adjustment of limb length and offset independently of stem size after fixation has
been completed,;

. Subthorcantheric modularity involves cylindrical or conical stems designed to achieve diaphyseal fixation. Most
implant fractures occur at the junction between the osseointegrated distal and nonintegrated proximal parts. Bush
et al. (14) recommended using longer proximal components to improve load transfer and reduce junctional strain.
Notably, nonmodular stem fractures usually happen at the subtrochanteric level.
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Stem length

Stem length plays a critical role in the final selection of femoral components. A short femoral stem is a type of
hip implant shorter than traditional femoral stems (< 120 mm). These stems are designed to preserve more bone in the
proximal femur by occupying less space in the femoral canal. They aim to support a less invasive approach and allow for
improved bone preservation, which can benefit younger or more active patients who may require future hip revisions
(15). The short design is favorable for a minimally invasive approach and is well suited for a direct anterior approach in
THA (16). The short stems reduce stress shielding, maintain a natural loading pattern, and promote patient recovery by
reducing bone removal and trauma. They are especially suitable for younger or highly active patients and are increasingly
utilized in modern hip replacement surgeries to enhance long-term outcomes and potential revision options (17).

The use of short stems in proximal femoral fractures is controversial. It should be limited to selected cases, such
as younger patients with good bone quality, the integrity of the calcar region, and high functional demand (18) (Fig. 4).

ORTOSTASI SX

Fig. 4. Preoperative X-ray of a 58-year-old man sustaining displaced medial proximal femoral fracture (A) 3 months
anteroposterior (B) and axial (C) view after THA with Minima S short stem and Delta TT cup (Lima Corporate, Villanova
di San Daniele del Friuli, Udine, Italy).

Cemented versus cementless stems

Cemented femoral stems use bone cement (typically polymethylmethacrylate or PMMA) to secure the implant.
This type of stem is often favored in elderly patients with poor bone quality, as the cement helps create a stable and
immediate fixation. Cemented stems can also provide immediate weight-bearing capacity, which benefits patients with
limited mobility. However, concerns have been raised about the potential for long-term complications with cemented
stems, including cement fatigue and potential loosening over time. Furthermore, patients who underwent cemented
fixation for proximal femoral fracture demonstrated significantly increased perioperative mortality, raising potential
concerns about cementation in severely ill patients (19). Mabrouk et al. compared Polished Taper Slip (PTS) stems with
composite beam (CB) stems, revealing a significantly higher risk of fracture in patients with underlying comorbidities
who received PTS stems (RR:9.9; p<0.001) (20).

Cemented and cementless femoral stems each have several advantages and disadvantages. Cemented stems
provide immediate stability, mainly among the elderly population with poor bone quality and lower complication rates,
including reduced incidences of dislocation, loosening, and periprosthetic fractures. Additionally, cemented stems
generally have lower revision rates (Fig. 5).
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Fig. 5. Preoperative X-ray of an 81-year-old female patient sustaining displaced medial proximal femoral fracture (A).
Post-operative anteroposterior (B) and axial (C) view after cemented stem and uncemented cup THA with H-Max stem
and Delta TT dual mobility cup (Lima Corporate, Villanova di San Daniele del Friuli, Udine, Italy).

However, cement-related complications, such as embolism and cardiovascular risks, can occur, and the
procedure typically involves longer operative time and more blood loss (20). On the other hand, cementless femoral stems
offer the advantage of shorter operative times and less intraoperative blood loss, as well as eliminating the risks associated
with bone cement. However, cementless stems carry a higher risk of early complications, such as dislocation,
periprosthetic fractures, and loosening, particularly in elderly patients (20).

Overall, the choice between cemented and cementless stems depends on patient-specific factors such as age,
bone quality, and the risk of complications(21) (Fig. 6).

Fig. 6. Preoperative X-ray of an 85-year-old male patient sustaining a displaced medial proximal femoral fracture in a
previously healed shaft femoral fracture (A). The widening of the femoral canal, poor bone quality, and dysmorphic
changes in femoral anatomy recommended a cemented stem. Post-operative anteroposterior (B) and axial (C) view after
cemented HA with H-Max stem and bipolar head (Lima Corporate, Villanova di San Daniele del Friuli, Udine, Italy).

Femoral stem in the treatment of proximal femoral fractures

When considering femoral stem selection in treating proximal femoral fractures, the surgeon must consider
multiple factors, including the patient's age, bone quality, fracture pattern, and functional status (19-21). Proximal femoral
fractures are more common in elderly individuals, many of whom present with osteoporosis. This poor bone quality often
guides the decision toward cemented femoral stems, which provide immediate mechanical stability even in compromised
bone conditions. Additionally, the high prevalence of comorbidities in this patient group necessitates a treatment strategy
that allows for early mobilization to prevent complications such as deep vein thrombosis, pulmonary embolism, and
pressure ulcers (22).
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In younger patients with better bone quality, cementless femoral stems may be preferable due to the potential for
biological fixation (20). The ability of the bone to grow into the implant provides long-term stability without the potential
for cement-related complications. However, the surgeon must be mindful of the patient’s activity level and expected
functional demands. A younger, more active patient may place higher mechanical loads on the implant, necessitating a
stem that can withstand these forces over an extended period (23).

The choice of stem length is also an important consideration. Standard-length stems are commonly used in hip
arthroplasty procedures, but short stems are gaining popularity, especially in the context of femoral neck fractures (24).
Short stems preserve more bone stock and may reduce the risk of periprosthetic fractures, a significant concern in elderly
patients with osteoporotic bone. These stems are associated with less stress shielding and improved load transfer to the
proximal femur, which may enhance functional outcomes. On the other hand, short stems require expert surgeons and
younger patients with good bone quality and integrity in the calcar region, representing a reliable solution limited to
selected cases. Long stems may be indicated in cases of extensive femoral damage or revision surgery, where additional
support and fixation are required (25).

For patients with severe femoral fractures, including comminuted or highly displaced fractures, modular stems
may offer a solution due to their versatility (26). The ability to adjust length and version intraoperatively allows the
surgeon to optimize the fit of the implant and ensure proper alignment, which is critical for restoring function and reducing
postoperative complications. However, using modular stems may increase the risk of mechanical complications, including
stem loosening and junctional failure, particularly in patients with high physical activity levels.

Biomechanical considerations

The biomechanical properties of femoral stems are fundamental to their function and long-term success. Ideally,
the stem should allow for physiological load transfer, minimizing stress shielding and promoting healthy bone
remodeling.

Stress shielding refers to the reduction of bone density that occurs when the bone’s mechanical load is transferred
to the implant rather than being borne by the bone itself. This can ultimately result in the loosening of the implant and the
need for revision surgery (27). The geometry, stiffness, and material of the stem significantly affect the load distribution
between the femur and the implant.

Generally, titanium alloys are used for the femoral stems due to their lightweight, corrosion-resistant, and
biocompatibility (28, 29). These alloys offer good dynamic mechanical strength and high success rates (30).

The prosthesis, when inserted, transfers the load from the femoral head and acetabular cavity at the hip to the
prosthesis itself (31-33). This can affect the biomechanics of the joint and the surrounding bone. In particular, the stress
applied to the bone may promote its physiological remodeling (34, 35).

When a prosthesis is introduced into the bone, the distribution of loads is altered, causing the atrophic bone to
form in unloaded areas and denser bone in overloaded areas. This results from the different stiffnesses between the bone
and the prosthetic materials, with metals having a higher stiffness, leading to stress shielding. To mitigate the effects of
stress shielding, it is pivotal to design prostheses that better mimic the biomechanical properties of natural bone and allow
for a more even distribution of mechanical load on the surrounding bone.

Tapered stems, for example, have been shown to offer more gradual force distribution, which can reduce the risk
of stress shielding. These stems are designed to distribute stress more evenly across the proximal femur. They engage the
proximal femoral bone more effectively, reducing the stress shielding risk and promoting better bone preservation. This
design transfers less load to the distal femur and minimizes bone resorption in the proximal femur (36, 37).

In contrast, cylindrical stems tend to transmit more load to the distal portion of the femur, leading to higher rates
of stress shielding in the proximal region. These stems often rely on distal fixation, which can exacerbate bone loss in the
proximal femur over time. This design was more common in early prosthesis models. Another biomechanical
consideration is the rotational stability of the implant, which is crucial for preventing implant loosening and ensuring
long-term success.

Cemented femoral stems provide excellent rotational stability due to the rigid fixation achieved by the cement
mantle. Acting as an intermediary between the stem and the bone, the cement fills irregularities, effectively preventing
rotational and axial micromotions immediately after surgery. This solid fixation ensures strong short-term stability, which
is crucial to avoid early implant loosening. However, the cement can degrade or weaken over time, especially in younger
and active patients, leading to limited rotational stability and an increased risk of aseptic loosening.

In contrast, uncemented stems rely on achieving rotational stability through osseointegration, where bone tissue
grows into or onto the stem surface, providing long-term biological fixation. Initially, these stems may exhibit more
micromotion since they rely on a press-fit fixation, dependent on the mechanical friction between the implant and bone.
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This can pose a risk of rotational instability until osseointegration is fully achieved. However, once bone growth secures
the stem, uncemented implants offer superior long-term rotational stability, particularly with tapered or porous-coated
designs that improve load distribution and bone-implant contact (38, 39).

Uncemented stems are typically favored for younger patients or those with good bone quality due to their long-
term stability and lower risk of loosening over time. However, for patients with poor bone quality, the early stages of
fixation can present challenges, as initial micromotion may lead to early implant failure.

Clinical outcomes and complications

Several clinical studies have examined the outcomes of different femoral stems in treating proximal femoral
fractures, focusing on cemented versus uncemented designs. Cemented femoral stems are often recommended in elderly
patients with osteoporotic bone because they provide immediate stability, reducing early postoperative complications
such as implant loosening and dislocation. This is particularly important for older patients, as early mobilization and
weight-bearing are crucial to avoid complications like bedrest-related issues or thrombosis (40). However, the long-term
performance of cemented stems can be compromised due to cement fatigue, particularly in younger and active patients.
Over time, the cement can degrade, increasing the risk of implant loosening.

In the study by Joshi et al. (41) on the long-term results of Charnley low-friction arthroplasty in young patients,
cemented femoral stem failure in younger individuals was primarily attributed to cement fatigue and mechanical failure.
Young and active patients typically place higher mechanical stresses on the implant and the surrounding cement mantle,
which can lead to early degradation of the cement. Over time, this can result in loosening of the prosthesis. Additionally,
the study highlights that the higher levels of activity in younger patients accelerate the wear and tear of both the implant
and the cement, leading to higher failure rates compared to older, less active populations. The bone remodeling response
also differs in younger patients, contributing to the risk of failure.

On the other hand, uncemented stems, which rely on biological fixation through osseointegration, tend to perform
better in the long term in younger patients with good bone quality.

In the study by Flecher et al. (42), the authors highlight several reasons why cementless stems are preferred for
hip arthroplasty in young patients. First, cementless stems facilitate osseointegration, allowing bone to grow into the
implant, which provides a strong and durable fixation. Additionally, cementless designs typically have a lower modulus
of elasticity, closely mimicking natural bone and reducing the risk of stress shielding. This characteristic promotes
healthier bone remodeling and helps maintain long-term bone quality.

Periprosthetic fractures are a significant concern, particularly with uncemented stems, as inadequate initial
fixation can lead to weakened bone around the implant and an increased fracture risk. Cemented stems, by contrast,
distribute the load more evenly along the femur, potentially reducing this risk.

Edelstein et al. (43) analyzed a national Medicare sample and found that cementation of the femoral component
can affect fracture and mortality risk. Their findings suggest that while cemented stems provide immediate stability, which
may reduce the likelihood of periprosthetic fractures, they can still be associated with specific risks, particularly in the
elderly with lower bone quality.

Conversely, Fleischman and Chen (44) discuss how uncemented stems are often linked to a higher incidence of
periprosthetic fractures, especially if adequate initial fixation is not achieved. These fractures can occur due to insufficient
bone support or excessive mechanical stress on the implant. The authors emphasize that careful surgical technique and
considerations of bone quality and implant design are essential to minimize these risks. An alternative potential
complication is implant loosening, which can occur with cemented and uncemented stems. Loosening can occur due to
various factors, including poor initial fixation, bone quality, and mechanical stresses on the implant.

For cemented stems, loosening often results from cement degradation over time. The cement may fail to maintain
a secure bond between the implant and the bone, leading to micromotion that compromises stability and can precipitate
fractures. In the case of uncemented stems, loosening is primarily linked to inadequate osseointegration. If the bone fails
to integrate with the stem properly, the implant may not achieve the necessary stability, increasing the risk of
periprosthetic fractures (45).

Factors such as surgical technique, implant design, and patient factors like bone quality and activity levels are
crucial in determining the likelihood of loosening. Dislocation is another complication that may occur following femoral
stem implantation. Several factors, including implant design, surgical technique, and individual patient characteristics,
influence the risk of dislocation.

The design of the femoral stem is critical; modular stems, for instance, allow for intraoperative adjustments that
can optimize fit and alignment, thereby enhancing stability. These designs enable surgeons to tailor the components to
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the patient’s anatomy, which can significantly reduce dislocation risk. Conversely, poorly designed stems or those with
inadequate neck length may compromise stability and range of motion, increasing the likelihood of dislocation (46).

Surgical technique also plays an important role. Precise alignment and positioning of the femoral stem and
acetabular component are essential for maintaining joint stability. Surgeons must carefully balance the surrounding soft
tissues to avoid excessive tension or laxity, which can lead to instability and increase dislocation risk postoperatively
(47).

Patient-specific factors further contribute to the risk. Muscle strength, coordination, and overall health
significantly influence a patient's ability to stabilize the hip joint, especially during weight-bearing activities. Older
patients or those with conditions such as obesity or neurological disorders may be particularly vulnerable to dislocation
due to weaker musculature and impaired proprioception.

Finally, effective postoperative management is crucial for minimizing dislocation risk. Early mobilization,
appropriate physical therapy, and patient education on hip precautions can strengthen surrounding musculature and
enhance coordination.

CONCLUSIONS

The selection of the appropriate femoral stem for treating proximal femoral fractures is a complex decision that
necessitates careful consideration of various factors, including patient characteristics, bone quality, fracture type, and the
specific attributes of the implants. Cemented stems provide immediate stability and are particularly advantageous for
elderly patients with compromised bone quality, ensuring a secure fit from the outset. In contrast, uncemented stems
facilitate long-term biological fixation, making them a preferred choice for younger, more active individuals who require
greater durability and resistance to wear.

The geometry and material composition of the femoral stem and the decision to use monoblock versus modular
designs significantly influence the procedure’s success. Key biomechanical factors, such as stress shielding, rotational
stability, and load distribution, must be meticulously evaluated to minimize potential complications and enhance clinical
outcomes.

In conclusion, the choice of the femoral stem should be individualized based on the specific needs of the patient
and the characteristics of the fracture. A comprehensive understanding of the available stem options and their respective
advantages and disadvantages is essential for obtaining optimal results in treating proximal femoral fractures.
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