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INTRODUCTION

The sources in the specialized literature that follow the ways of approaching the
functional rehabilitation program in the case of patients diagnosed with patellofemoral
syndrome are limited. Numerous research is carried out regarding symptomatology and
the methods of producing or analyzing this syndrome type. Still, the means of treatment
and functional rehabilitation programs used today can be exponentially improved by
using the modern techniques that we have at our disposal and that evolve from year to
year.

The doctoral thesis entitled Optimization of the physical therapy rehabilitation
process in patellofemoral pain syndrome includes two approaches to the proposed topic.
In the first part of the doctoral thesis, entitted CURRENT ASPECTS IN THE
FUNCTIONAL RECOVERY OF PATIENTS WITH PATELLOFEMORAL PAIN
SYNDROME, the data found in the specialized literature, represented by the scientific
research of specialists in the field of medical recovery and functional rehabilitation, were
analyzed. With the help of the data presented in the specialized international literature,
we noted that although it is widespread, the therapeutic approach to femoral-patellar
syndrome has remained relatively the same in recent years.

In the application part, in the third chapter, entitled Preliminary study on the
efficiency study on the efficiency of some physiotherapeutic methods involved in the
physiotherapeutic recovery of the functional deficit at the knee level with patellofemoral
pain syndrome, the results of the application of four different protocols were followed.
The protocols applied in the preliminary study were represented by the classic
rehabilitation approach in the case of this diagnosis and also by the implementation of
modern equipment. Using the four different functional rehabilitation protocols, we aimed
to improve the classic protocols and achieve the objectives proposed within the practical
rehabilitation programs in a shorter time.

In the fourth chapter, entitled The contribution of high-intensity magnetic field
and shockwave therapy in the process of kinetotherapeutic recovery in patients with
patellofemoral pain syndrome, the second research direction proposed in the doctoral
thesis was outlined, which focused on the introduction of state-of-the-art electrotherapy
in the functional rehabilitation program, using physiotherapy devices based on
Shockwave therapy and high-intensity electromagnetic field therapy. If in the first part of
the research, we considered testing four different types of functional rehabilitation
programs to outline the evolution of the subjects participating in the study and establish
their influence, in the second part, we focused our attention on the impact that it has the
latest generation electrotherapy equipment within the kinetotherapeutic program.
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PART I - THEORETICAL FOUNDATION OF THE RESEARCH
THEME

CHAPTER 1 - CURRENT ASPECTS IN THE FUNCTIONAL
RECOVERY OF PATIENTS WITH PATELLOFEMORAL PAIN
SYNDROME

Running is a widely used form of physical education and sport and is associated
with many injuries, particularly in the lower extremities, including patellar pain, muscle
cramps, especially in the hamstrings, ankle sprains, iliotibial band syndrome, plantar
fasciitis, Achilles tendinitis, and stress fractures.

Lopes et al. (2011) stated that the knee is the joint most frequently cited for
musculoskeletal pain in running. Pain in this area often reflects overuse injuries such as
patellofemoral syndrome. This condition is usually caused by repetitive stress on the same
tissue, lack of proper recovery, or inadequate physical condition. The runner's knee is the
most common cause of localized knee pain, medically known as patellofemoral pain
syndrome (Bebeley et al., 2016).

Some specialized studies support that extrinsic risk factors include training
errors and changes in activity frequency and intensity, and intrinsic factors include joint
malalignments and muscle and soft tissue imbalances (Hryvniak et al., 2014).

Patellofemoral syndrome is an overuse condition that leads to increased pain and
pressure on the patellofemoral joint and is generally unrelated to trauma or intra-articular
damage to the knee.

This syndrome is characterized by pain in the anterior region of the knee joint or
at the retro-patellar level, which worsens during activities that overload the patellofemoral
joint, such as running, prolonged sitting, climbing stairs, kneeling, or squatting.

The dominant symptom is peripatellar or retro-patellar pain, often of mechanical
cause. Patellofemoral pain syndrome affects physically active individuals and accounts
for 25-40% of all painful knee diagnoses observed by Boling et al. (2010) in a study in a
sports trauma clinic. The same study found that the incidence of patellofemoral syndrome
was reported in several age groups, with women having a higher prevalence than men.

Onset may be gradual or the result of a single incident and is often caused by a
change in a training regimen that includes a dramatic increase in training time, distance,
or intensity. Its impact can be far-reaching, often reducing the ability to perform sports
and physical and work-related activities without initially feeling pain.

Heintjes et al. (2004) conducted a study on the prevalence of patellofemoral
syndrome in military personnel. According to the study, the annual incidence is 3.8% in
men and 6.5% in women.

Therefore, to understand the severity of the patellofemoral syndrome, it is
essential to determine an optimal strategy for its diagnosis, evaluation, and rehabilitation
with the help of the various treatment methods available nowadays, as effectively as
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possible and in as short a period as possible, aspects that will be debated in the first part
of this doctoral thesis.

1.1. SPECIFIC ANATOMOPATHOLOGICAL NOTIONS FOR
THE KNEE JOINT DIAGNOSED WITH PATELLOFEMORAL PAIN
SYNDROME

The development of the patella and the patellofemoral joint is closely related to
the development of the quadriceps tendon and knee joint, which are morphologically and
functionally integrated, providing the articular component for the extension mechanism.

The femoral-patellar joint on the anterior part of the knee has the patella and the
femoral trochlea as articular components. It works like a reflection pulley through the
flexion-extension movements of the knee, similar to how a mechanical pulley slides. The
anatomy, biomechanics, and function of this joint are well known. However, aspects such
as the origin of pain and the natural consequences of cartilage damage are still being
determined as the most effective means of diagnosis and the surgical techniques'
reliability.

In this subchapter, we will attempt to explain all the relevant anatomical data
underlying patellofemoral biomechanics and pathology. From a morphological point of
view, according to the authors Jiménez Collado, Guillen Garcia, and Sobrado Perez
(1994), the patella can theoretically be studied by its anterior or superficial part, by its
posterior part and by its deep or articular facet, as well as by the top or base edge, top or
bottom angle, and sidelines.

From a morphological point of view, the patella is considered a short bone
rounded and flattened anteroposteriorly, with a degree of freedom of movement. Changes
in the shape of the patella through the prism of its sides or changes in the level of the
femoral trochlea can determine a degree of patellar instability during the first degrees of
flexion and major overloading of the femoral-patellar joint.

The trochlear angle defines the angle of opening of the trochlea visualized on a
radiograph taken in the axial plane in a position of the knee of 30° flexion. The normal
trochlear angle is 140°; larger angles cause greater lateral instability, and tips below
regular are more likely to cause cartilage damage.

According to Collado et al. (2014), the ligamentous and tendinous structures for
patellar support are formed by the quadriceps tendon and its insertion into the superior
border of the patella; the patellar tendon inserted into the lower wall and the external and
internal patellar retinaculum. These structures make up the cruciform elements.

The arciform fibers are found in the anterior part of the patella and form a
biomechanically important tendon because they stabilize the position of the patella when
flexion-extension movements of the knee occur. Suppose there is damage or retraction in
the area of the patellar retinaculum due to a scar. In that case, the flexion-extension
movement is limited, and a femoral-patellar displacement may occur, constituted by a



Ioana-Bianca DOBREANU (MD. I0JA) OPTIMIZATION OF THE PHYSICAL THERAPY
REHABILITATION PROCESS IN
PATELLOFEMORAL PAIN SYNDROME

subluxation or an articular imbalance. At the muscular level, the quadriceps fasciae join
in its tendon, located in the proximal area at the upper edge of the patella (Gullen et al.,
1997).

According to Collado et al. (2014), the femoral nerve divides into anterior and
posterior areas. From the anterior region of the femoral nerve, the femoral cutaneous
branch comes off, which innervates the outer upper edge of the patella. The innervation
of the superior external border of the patella depends mainly on the parapatellar branch
of the saphenous nerve, which, near the knee joint, divides into the infrapatellar branch
that innervates the integument in the pre-patellar region.

1.2. MECHANISMS OF PRODUCTION OF THE
PATELLOFEMORAL PAIN SYNDROME

The incidence of "localized anterior knee pain" is present at 22/1,000 persons
per year and is estimated by the authors to be high (Boling et al., 2010; Robinson & Nee,
2007). Regarding localized knee pain, women are affected approximately twice as often
as men (Boling et al., 2010; Fulkerson & Arendt, 2000; Robinson & Nee, 2007).

The causes of anterior knee pain are multifactorial and include excessive damage
to the extensor apparatus of the knee (tendinitis or insertional tendinosis), patellar
instability, chondral and osteochondral injuries (Park & Stefanyshyn, 2011).

The Q angle

The Q angle or quadriceps angle reflects the valgus vector of the quadriceps pull
acting on the patella and provides information regarding possible knee joint diagnoses. It
is usually measured from standing by drawing lines through the center of the patella and
generally measures 15° in healthy individuals.

In some cases, localized knee problems can be triggered by associated
pathologies, which can play an essential role in young athletes during the competitive
period. Thus, the stagnation or reduction of the performance level can be justified by using
them. (Petersen et al., 2010).

The symptoms generated by this syndrome can determine the limitation of sports
activity and lead, finally, to the appearance of arthrosis (Blend & Hansen, 1998), and
according to some authors, the patellofemoral syndrome will eventually lead to the
formation of arthrosis (Myer and et al., 2010; Thomas et al., 2010; Utting et al., 2005).

The pathogenesis is multifactorial and involves various functional disorders of
the lower extremity (Barton et al., 2011). The purpose of literature reviews is to highlight
the evidence regarding the underlying pathology of patellofemoral syndrome and identify
the most effective means of treatment.
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Static and dynamic deviations in patellofemoral pain syndrome

Incorrect movement of the patella is considered a controversial issue that plays
an essential role in the occurrence of patellofemoral syndrome.

Studies show that incorrect patella movement plays a crucial role in this
pathology. Draper et al. (2012) demonstrated by dynamic MRI imaging that patients with
patellofemoral syndrome have an increased lateral inclination of the patella, and
Witvrouw et al. (2000) showed that a hypermobile patella has a significant correlation
with the incidence of patellofemoral pain.

The role of the vastus lateralis and vastus medialis muscles in
patellofemoral pain syndrome

Pal et al. (2011) demonstrated that 'patellar mistracking in patients with
patellofemoral syndrome correlates with a delayed response of the vastus medialis
muscle. An imbalance in the response of the vastus medialis and vastus lateralis was also
shown by Cowan et al. (2002). In the case of patients with patellofemoral syndrome, the
vastus lateralis reacted earlier than the vastus medialis when climbing the stairs, and in
the control group, this imbalance did not exist, aspects also supported by other studies in
the field (Cavazzuti et al., 2010; Chen et al., 2012; Witvrouw et al., 2000). Patients with
patellofemoral dysfunction have shown hypotrophy of the vastus medialis (Pattyn et al.,
2011); however, despite these results, it is unclear whether vastus lateralis and vastus
medialis imbalance are the leading cause of patellar maltracking.

Hip abductor muscle tone

Recent research has shown that functional malalignment does not occur strictly
at the level of the knee joint but rather projects at this level through internal rotation of
the femur due to weakness of the external rotators (posterior part of the gluteus medius,
gluteus maximus, iliopsoas, piriformis, obturator internus and external, quadratus
femoris, pectineus, and tailor) and external hip abductors (gluteus minimus, gluteus
medius, and gluteus maximus) (Baldon et al., 2009; Bolgla et al., 2008; Brent et al., 2008;
Padua et al., 2005; Prins & Van der Wurff, 2009).

Weakness of the hip muscles can be demonstrated by raising the contralateral
leg. If the patient's hip cannot hold the position for 1 minute and signs of imbalance,
appear, then the patient has a hip abductor deficiency. (Petersen et al., 2014).

Deviations of the talocrural joint

The eversion of the talocrural joint can also cause an internal rotation of the tibia.
A study published by Barton et al. (2011) showed that patients with patellofemoral
syndrome may have several disorders of the biomechanics of the lower limb. These
disorders include delayed timing of maximum eversion of the talocrural joint and
increased eversion of the talocrural joint at heel strike.

In conclusion, the specialized literature provides essential data regarding the
correlation between ankle deviations and patellofemoral syndrome.



Ioana-Bianca DOBREANU (MD. I0JA) OPTIMIZATION OF THE PHYSICAL THERAPY
REHABILITATION PROCESS IN
PATELLOFEMORAL PAIN SYNDROME

Implications of the iliotibial tract in patellofemoral pain syndrome

Kaplan fibers are connections between the iliotibial band and the distal femur.
They are divided into two distinct structures, the proximal and distal fibers, which may
participate in the control of knee stability. These fibers are different and constant
anatomical structures of the lateral compartment of the knee, whose anatomical features
participate in the control of knee stability (Sayak et al., 2021).

Dynamic valgus can also influence the length of the iliotibial tract. Wu et al.
(2004) showed that the iliotibial lot can also affect patellar gliding. This can be explained
anatomically by the fibers of Kaplan, which connect the iliotibial tract to the patella. No
other studies on the role of the iliotibial lot in patients with patellofemoral syndrome were
identified.

Hamstring imbalance and stiffness

Some evidence in the specialized literature shows that abnormal knee joint
movements are not only present in the frontal plane in patients with patellofemoral
syndrome.

Two studies identified a significant association between patellofemoral pain
syndrome and hamstring stiffness (Patil et al., 2010; White et al., 2009).

These authors found significant hamstring stiffness in a group of patients with
this syndrome compared to a control group. Patil et al. (2010) showed by
electromyography that in patients with patellofemoral syndrome, the lateral hamstrings
contracted earlier than the medial ones during maximal isometric contractions.

Besier et al. (2009) showed that patients with patellofemoral syndrome present
a stronger contraction in the quadriceps and hamstrings than patients without symptoms
specific to this syndrome. In this study, women showed 30-50% greater muscle strength
in their hamstrings and gastrocnemius during walking and running than men. These
authors concluded that, through this mechanism, some patients with patellofemoral
syndrome might have an increased contact force at the joint level and higher joint stress
than healthy subjects.

These changes can lead to higher stress on the kneecap and its supporting
structures.

""Knee-Spine Syndrome"

Tsuji et al. (2002) examined the correlation between patellofemoral pain, lumbar
lordosis, and sacral inclination in elderly patients with anterior knee pain. There was a
significant difference in sacral inclination between subjects with and without previous
knee pain. The tip of the sacrum was lower (by approximately 5°) in patients with
patellofemoral pain. This pathological concept was called "knee-spine syndrome."

However, the literature has not determined this mechanism for younger patients
with patellofemoral syndrome. More research is needed to elucidate the role of this
mechanism in the pathogenesis of patellofemoral syndrome.
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Psychological factors that contribute to the occurrence of patellofemoral

pain syndrome

The importance of psychological factors for developing patellofemoral
syndrome should be considered.

In the research of Jensen et al. (2007), it was shown that knee pain and function
may also be associated with psychological factors in some patients with patellofemoral
syndrome. These authors showed that patients with this syndrome have a higher level of
depression than healthy subjects.

The study by Domenech et al. (2013) supports the fear-avoidance model. This
study demonstrated high psychological distress, such as anxiety and depression,
exaggeration of perceived pain level, and kinesophobia in patients with patellofemoral
syndrome. These factors strongly predict pain and functional decline in patients with
this syndrome.

Trigger factors for patellofemoral pain syndrome

A possible trigger for patellofemoral pain syndrome can be overloading the
patellofemoral joint (for example, practicing high-intensity training). The combination of
overload with dynamic valgus position and lateral sliding of the patella can lead to
overstressing of the patellofemoral joint structures (MaclIntyre et al., 2006).

This overload can cause localized pain at the front of the knee and can be a
vicious cycle, as the muscle activity of the lower extremity can be inhibited.

The neurophysiological cause of pain in patients with patellofemoral

syndrome

The exact cause of pain in patients diagnosed with patellofemoral syndrome is
unclear. According to some authors, the pain most likely develops at the extensor
mechanism insertion level or the subchondral bone status (Dye, 2005).

There is additional evidence that the subchondral bone may also play an essential
role in the origin of pain in patients with patellofemoral syndrome. Draper et al. (2009)
demonstrated increased metabolic bone activity in patients with this syndrome using
imaging.

Other specialists have shown that peripheral and central mechanisms can cause
pain in patients with patellofemoral syndrome. Adolescents with patellofemoral
syndrome at the knee had a significantly lower pressure pain threshold (localized
hyperalgesia) than a control study group. However, in the area of the anterior tibialis,
adolescents with patellofemoral syndrome also had lower pain thresholds (distal
hyperalgesia) than the control group (Rathleff et al., 2013). Jensen et al. (2005)
demonstrated more significant sensory function in patients with patellofemoral syndrome.
In their study, the average temperature detection threshold was significantly higher in
patients with patellofemoral syndrome than in healthy individuals.
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1.3. CLINICAL, FUNCTIONAL, AND IMAGING DIAGNOSIS IN
PATELLOFEMORAL SYNDROME

Diagnosing disorders of the patellofemoral joint is a challenge for doctors due
to the complicated pathophysiology underlying them. The origin of patellofemoral
symptomatology is generally multifactorial (Lankhorst et al., 2013), and therefore the
clinical examination should consider the history as a whole. Attention should be drawn to
the medical history to have a diagnosis precisely, which should be approached correctly.
We remind that an appropriate therapeutic approach can only be designed with a thorough
analysis of the patient's disorder.

Lankhorst et al. (2013) argue that a thorough and appropriate history should be
taken into account, focusing on the patient's symptomatology, duration, and occurrence
of pain, as well as its impact on his daily activities. A proper history may indicate the
presence of anterior knee pain, with or without patellar instability. Patellar instability can
be described as episodes of subluxation or even dislocation. During the assessment, an
exact location of the pain by the patient and the time when it occurs should be requested.
Any pain mentioned should also be evaluated, as sometimes, even hip pain can radiate to
the region surrounding the knee joint. If the patient has instability, it must be ensured that
it is due to the patella. The sensation of the knee giving way can often be caused by
quadriceps weakness, a meniscal tear, ligamentous deficits, or other disorders in the knee
joint. Suppose the patient has undergone surgery at the knee level. In that case, the history
of the intervention will be necessary to know the approach applied and to be able to
exclude possibilities of medial patellar instability, which may occur after certain types of
interventions, such as; lateral release or realignment surgery at the knee joint level. Failure
to do so could lead to a misdiagnosis and subject the patient to unnecessary additional
surgery, possibly worsening the condition. After a careful history and history taking, a
systematic clinical examination should be performed with the patient in different
positions, applying various functional tests and adding gait assessment.

1.4. ORTHOPEDIC AND SURGICAL TREATMENT IN
PATELLOFEMORAL PAIN SYNDROME

Orthopedic treatment
Kettunen et al. (2007) highlighted that in a study in which patients diagnosed
with patellofemoral syndrome were included, physiotherapy applied after arthroscopy had
no positive effect in addition to classical physiotherapy used without arthroscopy.
Therefore, the therapeutic approach to the patellofemoral syndrome is mainly
conservative.
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Pharmacological therapy

A meta-analysis by Heintjes et al. (2004) showed limited evidence for what
appears to be the effectiveness of NSAIDs in reducing acute anterior knee pain in patients
with patellofemoral syndrome.

Knee Tapping

The purpose of knee tapping is to modify the gliding of the patella by applying
adhesive strips to the skin. The band should use a medially directed force to counteract
lateral maltracking of the patella. The most popular application is the McConnel strip.

The positive influence of the tape on knee pain and function is probably the result
of a synergistic effect created between the benefits of the video and the physical therapy
program applied. The simultaneous application of a restraint tape and a physical therapy
exercise program achieved a better result than a single tape system (Petersen et al., 2014).

Restraint immobilization with rod orthoses

Rods are non-adhesive devices that also apply a medially directed external force
that can counteract the maltracking of the patella laterally.

In real-time MRI, Draper et al. (2009) demonstrated that a knee brace that applies
a medially directed force to the patella can reduce the risk of patellar lateralization and
tilting in women with patellofemoral syndrome much better than a classic applied
bandage.

Powers et al. (2009) reviewed an orthosis that applied a medially directed force
to the patella in patients with this syndrome. The authors of this paper found that pain
decreased and activation of the quadriceps muscle was promoted.

Therefore, we conclude that numerous research studies are needed that can
highlight the effect of rod orthoses on joint pain and function in patients with
patellofemoral syndrome.

The use of foot orthoses

Increased eversion of the talocrural joint and pronation position may favor
internal rotation and a dynamic valgus position in the lower extremity (Barton et al., 2012;
Barton et al., 2009; Barton et al., 2011; Boldt et al. ., 2013; Mplgaard, 2011).

Foot insoles or orthotics could be a treatment option to correct the malalignment
created.

Studies have yet to be identified that highlight the influence of foot position on
pain in patients with patellofemoral syndrome, with research conducted to date reporting
conflicting results.

Barton et al. (2011) examined the effect of prefabricated foot orthoses in patients
with patellofemoral syndrome and valgus flatfoot in a pilot study involving 60 patients.
These authors demonstrated that using foot orthosis reduces pain and improves functional
parameters.
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In another study, specialists demonstrated that the presence of greater eversion
at the level of the posterior part of the foot predicts the effectiveness of foot orthoses in
people with patellofemoral syndrome (Barton et al., 2011).

Functional rehabilitation

Physical therapy is the most frequently studied therapy in treating the
patellofemoral syndrome. In this regard, two meta-analyses have been published.

In a more recent meta-analysis published in 2011, 10 prospective randomized
trials were analyzed (Harvie et al., 2011).

All these studies showed a positive effect of exercise on pain reduction. Positive
results have been described, especially with active stretching, squats, ergometers, static
quadriceps, active leg raises, and lifting and lowering movements. Four of the applied
exercise programs also included hip strengthening exercises. In one study, trunk
stabilization exercises, including abdominal muscle exercises, were analyzed. The most
common duration of exercise programs was six weeks. The activities were performed two
to four times a day with ten repetitions. Closed and open kinetic chain, balance, and
proprioceptive exercises have been described. (Nagakawa et al., 2008; Clark et al., 2000;
Crossley et al., 2000; Herrington & Al-Sherhi, 2007).

In conclusion, there is strong evidence for using exercise in patellofemoral
syndrome recovery in the literature. Practices need to engage the hip muscles, trunk
stabilizer muscles, quadriceps, hamstrings, and iliotibial tract.

Types of surgery used in the treatment of patellofemoral syndrome and
complications

There are different treatment options to address the other problems that occur in
the patellofemoral joint. When considering a surgical procedure for a patient with anterior
knee pain, an algorithm should be followed to approach the situation and select the best
treatment option. The articular surface replacement is necessary for younger patients with
isolated patellofemoral arthrosis. As new prosthetic designs give better results, decisions
must be reconsidered through alternative means of treatment, weighing the pros and cons.
The main surgical options (after basic procedures such as debridement, release, and
realignment have been tried but failed) include the anterior or anteromedial transfer of the
tibial tubercle to change the contact stress and unload the patellofemoral joint, removal
of the patella (patellectomy) and restoration of articular cartilage either by osteochondral
transfer or by implantation of cartilage cells.
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CHAPTER 2 —- FUNCTIONAL REHABILITATION IN PATIENTS
DIAGNOSED WITH PATELLOFEMORAL PAIN SYNDROME

Currently, the continuous evolution of the field of medical recovery, together
with the optimized protocols and the equipment used in the field of physiotherapeutic
applications, have the role of facilitating and maximizing the rehabilitation of patients
diagnosed with patellofemoral syndrome. At least two times a week, patients with leisure
sports activity present a sample with a high risk of patellofemoral syndrome.

This may be due to an incorrect dose of effort, an incorrect frequency of training
hours, overloads during training, or a poor recovery after exercise.

According to specialized studies, after the spread of the SARS-CoV-2 virus
worldwide, daily activities and medical practices changed drastically (Luceri et al., 2020;
Zagra et al., 2020; Briguglio et al., 2020).

Most people spent around two months in isolation at home, changing their daily
habits and adopting a sedentary lifestyle. Lifestyle change is considered to be closely
related to the critical consequences that can occur in the case of localized knee pathology.

According to the main findings of a study carried out in Italy by Giorgino et al.
(2021) on a group of 1139 patients from the Galeazzi Orthopedic Institute in Milan,
pathologies located at the knee level were much more frequently associated with femoral-
patellar pain syndrome in 2020 than in 2019. In addition, the follow-up recommendation
of a physiotherapy program for patients with localized knee pathology was also more
frequent in 2020 than in 2019. The results of this study reflect a partial confirmation of
his hypothesis, namely, the fact that blocking daily activities generated by the SARS-
CoV-2 pandemic could be a triggering or aggravating factor for many diagnoses with
patellofemoral syndrome. The reasoning lies in the consequences caused by the blockade
at the global level, namely, the reduction in the level of daily physical activity and the
decrease in the number of physical activities available.

Based on the scientific works found in the specialized literature, we can support
the fact that the emergence of the pandemic had and continues to have an essential role in
the occurrence of femoral-patellar syndrome.

From the specialized literature, we were able to extract the fact that the exact
cause responsible for the appearance of patellofemoral syndrome is still unknown. Still,
a multifactorial etiology is probably responsible for its appearance. This etiology
generally affects young women (Petersen et al., 2014; Boling et al., 2010; Fulkerson &
Arendt, 2000).

According to the study by Di Renzo (2020), biomechanical imbalances at the
axial level and imbalances at the level of the quadriceps muscles were considered by
researchers as common causes for the installation of this type of syndrome. Bowden
Davies et al. (2019) reported that the restrictive measures adopted during the isolation
period led to a sedentary lifestyle for most of the population, thus causing a significant
decrease in muscle tone.
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Different authors have offered several recommendations for managing physical
activity during the COVID-19-induced lockdown (Fiizéki, Groneberg & Banzer, 2020).
Decreased muscle tone, such as reduced muscle tone of the vastus medialis muscle, is
associated with patellofemoral syndrome (Pttyn et al., 2011).

Cowan et al. (2001) studied the diameter of the vastus medialis muscle in
femoropatellar syndrome by nuclear magnetic resonance, demonstrating that its atrophy
is a contributing factor in the development of this type of syndrome, possibly playing a
role in the mechanism of abnormal sliding of the patella.

Other studies have shown that localized changes in the hip musculature can also
be responsible for installing a functional deficit that can encourage the appearance of
patellofemoral syndrome. Several works, however, have also highlighted a relative
decrease in hip abduction strength, hip external rotators, and extension strength in patients
diagnosed with patellofemoral syndrome (Prins & van der Wurrf, 2009; Bolgla et al.,
2008; Baldon et al., 2009).

Another aspect that requires attention is a possible correlation between the
psychological state and the onset of patellofemoral syndrome. Numerous studies have
highlighted that during pandemic isolation, the mental state of individuals suffers
(Mukhtar, 2020; Singh et al., 2020; Glowacz & Schmits, 2020). The psychological aspect
also plays an essential role in installing the patellofemoral syndrome, an aspect that should
be considered. In a descriptive study, Jensen et al. (2005) highlighted that levels of mental
distress were higher in patients with patellofemoral syndrome.

So far, very few studies have addressed the impact of quarantine on localized
knee pathologies. Endstrasser et al.'s (2020) study highlighted that isolation played a
significant role in pain, joint function, and physical activity outcomes in patients
diagnosed with localized osteoarthritis of the knee and hip.

Another specialized review reports a high incidence of anxiety and depression
among patients with patellofemoral syndrome (Domenech et al., 2013), aspects described
as being among the most frequently encountered worldwide during the quarantine period
(Rehman et al., 2021; Benke et al., 2020; Fountoulakis et al., 2021).

Another indicator that changed the pandemic was and is still represented by the
number of recommendations for physical therapy programs. This is supported by the
decrease in muscle tone resulting from the sedentarism during the period of isolation
(Bowden Davies et al., 2019) and by the association of other pathologies located at the
knee level that encourage the appearance of patellofemoral syndrome and in, which
physiotherapy has proven to be one of the most effective treatments (Heintjes et al., 2003).

The presence of the SARS-CoV-2 pandemic did not produce significant changes
in the pathology of the knee. Still, it is possible that it impacted it, highlighting an
aggravation of femoral-patellar disorders in patients with associated diagnoses located at
the knee joint level. Further studies are needed to validate this result comprising more in-
depth clinical and radiological elements.
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The functional rehabilitation process of patients diagnosed with patellofemoral
syndrome can be improved using modern equipment and devices that exist today and
evolve in performance from year to year.

That is precisely why specialists in the field of medical recovery should
constantly inform themselves and consider the novelties that appear in the area to
facilitate, as much as possible, the use of innovative equipment both for the diagnosis
process and the medical recovery process of patients diagnosed with patellofemoral
syndrome.

Patients diagnosed with patellofemoral syndrome require a complex approach
carried out by a multidisciplinary team regarding medical rehabilitation. The main
objectives targeted by the specialists in the case of these patients are represented by the
reduction of the discomfort generated by the pain located at the level of the affected knee,
the regaining of joint mobility, the restoration of the balance at the level of the four distinct
segments of the quadriceps muscle and the prevention or avoiding as much as possible
potential surgical interventions caused by the possible complications of this syndrome.

The current medical patient education and approach to the care management of
patellofemoral syndrome has evolved from the point of view of scientific experts (Willy
et al.,, 2019). Over the years, various clinical options have emerged to address this
pathology. Biophysical agents (e.g., cryotherapy, ultrasound, transcutaneous electrical
nerve stimulation), once considered a mainstay of patellofemoral syndrome care, are now
almost mandatorily supplemented by exercise therapy intervention (Lake & Wofford,
2011; Billy et al., 2008; Yu et al., 2016).

2.1. PROPHYLAXIS OF THE PATELLOFEMORAL PAIN
SYNDROME

Patellofemoral pain syndrome prophylaxis using physical therapy

Femoral-patellar pain occurs following an overuse injury and is characterized by
pain in the retro-patellar or peri-patellar area, which worsens with running, prolonged
sitting, squatting, jumping, or climbing stairs.

The etiology of the pain was related in the previous chapter to the wrong lateral
sliding of the patella, caused by muscle weakness of the vastus medialis oblique. It is
considered that the abnormal sliding of the patella causes the increase of the lateral stress
of the pressure at the level of the femoral-patellar joint (Fulkerson & Arendt, 2000).

As such, therapeutic interventions for patellofemoral syndrome have focused on
correcting patellar motion through immobilization and stretching, mobilizing the patella,
and strengthening the vastus medialis oblique (Powers, 2010).

Although, according to specialized studies, it is accepted that, in general,
conservative treatment of patellofemoral syndrome is beneficial (Bizzini et al., 2003;
Crossley et al., 2001; Heintjes et al., 2003), its recurrence rates they are high and vary
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between 25 and 91% (Hoch et al., 2005; Nimon et al., 1998; Stathopulu & Baildam, 2003;
Witvrouw et al., 2000).

The specialized literature supports the hypothesis that the patellofemoral
syndrome has significant influences at the proximal level and powerfully highlights the
idea of functional rehabilitation of the pelvic girdle and the coxofemoral joint to positively
influence the dysfunction produced by the patellofemoral syndrome.

This approach is supported by recent clinical trials, showing that hip-focused
rehabilitation benefits people with patellofemoral syndrome. Earl and Hoch (2011)
showed that an 8-week structured rehabilitation program focused on increasing hip and
trunk musculature stability significantly reduced pain, improved function, and overall
lower limb biomechanics in 19 women with patellofemoral syndrome.

In conclusion, the strategy focused on the hip to prevent internal rotation in the
coxofemoral joint and hip adduction, which are responsible for the appearance of the
dynamic knee valgus position, is considered to be crucial, especially in the case of
reinsertion into sports activity.

2.2. NON-SURGICAL TREATMENT IN PATELLOFEMORAL
PAIN SYNDROME

Noninvasive treatment options for femoropatellar syndrome include activity
modification, anti-inflammatory/analgesic medication, immobilization with rod devices,
physical therapy, steroid injections, infiltrations, weight control, hydrotherapy, and
possibly nutritional supplements, and the specific protocol of functional rehabilitation
needs to be completely individualized.

Change of activity

A medical specialist may be reluctant to advise patients to avoid the activity they
enjoy thoroughly but will remain firm about reducing or modifying certain activities. As
a general principle of practice, patients should be educated regarding the occurrence of
pain. This should be maintained and avoided altogether.

Weight management is fundamental to the treatment of patients with
patellofemoral syndrome. Still, they can be conflicted because weight-bearing activities
(climbing stairs, squatting, running, and jumping) are associated with their symptoms,
leading to fear of pain and maladaptive coping behavior (Smith et al., 2018). In addition
to education about pain mechanisms, arming the patient with pain-coping strategies can
improve confidence and outcomes throughout treatment.

Weight control

During activities of daily living, such as rising from a chair or climbing stairs,
the knee, especially the patellofemoral joint, is exposed to much greater pressure
(Grelsamer & Weinstein, 2001). An increased body mass index (BMI) correlates with a
much higher rate of knee pain and, implicitly, patellofemoral arthritis.
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Conversely, a weight reduction will significantly decrease the stress on the
patellofemoral compartment and may moderate the pain level. Because a person's weight
is the only anatomical factor under their control, overweight patients can partially direct
their patellofemoral pain progression through a weight reduction program.

Hydrotherapy

Regarding hydrotherapy, at least two aspects of water therapy are beneficial:
buoyancy and endurance. Buoyancy allows the patient to attempt activities that would
typically be stressful and painful to the patellofemoral compartment. These include, for
example, squats. A person could try different exercises in the pool, but as with land
exercises, no water activity should be painful. The water's resistance while the subject
walks, runs, or kicks will help increase muscle tone (Abdul-Hadi et al., 2009).

Medication

Anti-inflammatory and pain-relieving medications (acetaminophen, tramadol,
etc.) can be used alone or in combination for short-term pain relief. Patients should be
informed that certain medicines contain several active substances. Acetaminophen, for
example, is present in several varieties, and it would not be prudent for a patient to take
acetaminophen alone when it is already being taken in combination. On the other hand,
with appropriate precautions for liver and kidney function, a variety of anti-inflammatory
drugs, acetaminophen, and a third drug, such as tramadol, can be effective. Patients taking
any of these drugs regularly require a complete blood count and specific blood tests every
3-4 months (Abdul-Hadi et al., 2009).

Steroid injections

Steroid injections are commonly used to address musculoskeletal inflammation
in different body areas, and patellofemoral joint injections are no more or less effective
than other areas. They are considered to be cheap and readily available. Their repeated
use can hurt the mechanical properties of the tissues and the local immune response (and,
therefore, a potentially increased risk of infection with any eventual procedure). Injections
should be limited to two or three per year for patients with patellofemoral syndrome
(Abdul-Hadi et al., 2009).

Infiltrations

The knee's synovial fluid that becomes arthritic is less viscous than usual and
deficient in some of its biomechanical properties. Consequently, hyaluronic acid
injections are an accepted adjunct in treating localized knee arthritis. In the case of the
femoral-patellar compartment, no better or less good response to this approach was
reported compared to the femoral-tibial joint. Because the injected products are synthetic
versions of a person's joint fluid, there is no medical limit on the frequency with which
this type can infiltrate (Conrozier et al., 2003).
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Nutritional supplements

Over-the-counter supplements such as glucosamine and chondroitin sulfate were
welcome additions to the fight against, or even the onset of, arthritis. The authors claimed
that there are safe, chondroprotective, cartilage-helping, and pain-reducing properties
(Reginster et al., 2005). In the same study, although some patients did report positive
reactions after taking these supplements, it needs to be better defined than the supplements
provide relief in more than 30% of subjects due to the placebo rate. As of 2009, the
American Academy of Orthopedic Surgeons no longer supports using nutritional
supplements to treat arthritis.

Knee orthotics

The extension position achieved through orthoses should provide relief of
localized knee pain in people with patellofemoral syndrome, but the beneficial effects of
these orthoses have not been validated. The cutout in the front of the knee brace is
designed to minimize pressure on the patella, but this concept is only effective when the
patella is centered over the trochlea. When the patella is laterally positioned, the orthosis
cutout will be improperly positioned and may increase pressure on the patellofemoral
compartment (Mundermann et al., 2003).

Ankle orthotics

Foot position influences knee biomechanics. Specifically, a pronated foot will
lead to internal rotation of the lower limb, and at some point, a knee valgus will result.
Orthotics can compensate for a vicious foot position and occasionally relieve patellar
pain. Mundermann et al. (2003) found that patients with anterior knee pain had increases
in global electromyography intensity during running, at least confirming that foot orthoses
also influence the knee joint (Mundermann et al., 2003 ).

2.3. PHYSIOTHERAPY IN PATELLOFEMORAL PAIN
SYNDROME

Regaining and increasing muscle strength

Pain in patellofemoral syndrome decreases quadriceps muscle activity, and
reduced quadriceps strength is strongly associated with increased symptomatology (Baker
et al., 2004; Hodges et al., 2009).

The strength and coordination of the thigh, gluteal, and abdominal muscles
decrease pressure on the patellofemoral joint by optimizing muscle diameter and load
distribution (Amin et al., 2009). Thus, increasing muscle strength through pain-free
exercises is recommended to avoid turning the movement into a counterproductive one.

According to specialist studies, cycling is a beneficial activity with little impact
on the femoral-patellar joint. The compressive force is only 1.3 x body weight if the
resistance is kept low and the bicycle seat is raised. Cycling training duration can
gradually increase (Erricson & Nissell, 1987).
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Commonly used manual techniques include patellofemoral joint mobilization,
talocrural mobilization, and manipulation (often to improve dorsiflexion), lumbopelvic
manipulation, soft tissue mobilization (usually located at the knee joint on the lateral side),
and femoral joint mobilization -patellar and femorotibial (Jayaseelan et al., 2018;
Eckenrode et al., 2018; Brantingham et al., 2012).

Therapeutic physical exercise for patients with the patellofemoral syndrome is
the management strategy supported by most of the evidence in the specialized literature.
Combined hip and knee joint exercise reduces chronic pain in the short term while
improving functional capacity in the medium and long term (Collins et al., 2017).
Resistance exercises to strengthen hip extensors, abductors, and external rotators (Lack
et al., 2015), quadriceps (Kooiker et al., 2014), and core muscles (Ferber et al., 2015) are
supported by many studies of specialty (Alba-Martin et al., 2015; Clijsen et al., 2014;
Nascimento et al., 2018).

More high-quality research is needed to determine the most influential
movement parameters to address patellofemoral syndrome, as evidence to guide protocol
specificity and exercise dosing is lacking (Holden et al., 2018).

2.4. NEUROMUSCULAR TAPPING IN PATELLOFEMORAL
PAIN SYNDROME

The application of the tapes at the level of the patella is aimed at its progressive
medial displacement to increase the contact area and decrease the femoral-patellar
pressure. There is strong evidence in the literature regarding short-term pain reduction
through the application of tapes in the population diagnosed with osteoarthritis.
Cushnaghan et al. (1994) found that patellar tapping in a medial direction reduced pain
by 25% in patients with patellofemoral and femorotibial osteoarthritis.

Tapping can provide an immediate feeling of relaxation and help support the
correct position of the kneecap. Kineosiotape is a latex-free athletic tape that has been
used for years. Tapping with these bands supports the injured area while ensuring proper
functionality. The same bands are used as support or compression after an injury or later
in rehabilitation to support a return to full training.

Although patellar tapping has not demonstrated femoral-patellar biomechanical
effects (Leibbrandt & Louw, 2015; Logan et al., 2017; Ho et al., 2017), intention-based
tapping strategies to control lateral tilt, slip, and rotation are recommended to achieve pain
reduction compared to classical bandaging (Barton et al., 2014).

According to Barton et al. (2014), patellar neuromuscular tapping, for example,
can have immediate pain management benefits when combined with exercise in patients
with anterior knee pain. Still, other studies claim that it does not influence the contact area
of the patellofemoral joint, its alignment, or the correct activation of the quadriceps
muscles (Leibbrandt & Louw, 2015; Logan et al., 2017; Ho et al., 2017). Patellar orthoses
(e.g., banded) provide no additional benefit (Smith et al., 2015).
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2.5. PHYSICAL-KINETIC METHODS  APPLIED IN
PATELLOFEMORAL PAIN SYNDROME

Some patients may suffer from severe patellofemoral syndrome due to
neuromuscular imbalance between the vastus medialis oblique and vastus lateralis
muscles. The leading cause is muscle hypotrophy of the vastus medialis oblique power
and lateral, excessive/abnormal sliding of the patella due to residual strength in the vastus
lateralis. If there is a neuromuscular imbalance between these two muscles, electrical
stimulation of the vastus medialis oblique and other applications within physiotherapy
programs could be considered to supplement physical therapy programs.

Transcutaneous Electrical Nerve Stimulation (TENS)

TENS is a method of electrical stimulation that primarily aims to provide
symptomatic pain relief through excited sensory nerves.

Transcutaneous electrical nerve stimulation can transiently increase quadriceps
activation and reduce pain, similar to other modalities such as ice application, but this has
not demonstrated any additional benefit over exercise (Billy et al., 2008; Yu et al., 2008).
, 2016; Gabler et al., 2016).

Research is limited in the area of TENS and specific knee pain. Therefore we
consider it necessary to use current research on TENS for pain and clinical judgment.

Ultrasound therapy

According to Watson (2005), therapeutic ultrasound has two effects: thermal and
non-thermal, but each of the two effects can be used in functional rehabilitation protocols.
In the same study, it was suggested that ultrasound may help speed up and improve the
quality of tissue healing.

In the knee, the tissue that can be influenced by ultrasound therapy is the patellar
tendon and ligaments.

Regarding tendon pathology (tendinopathy) and the effectiveness of therapeutic
ultrasound, little evidence has specifically evaluated this. Positive results related to the
influence of ultrasound on human tissue are confirmed by a systematic review and meta-
analysis published in 2015 regarding the treatment of shoulder tendinopathy. The authors
found no feasible studies to support the recommendation of ultrasound as a treatment
modality (Desmeules et al. 2015).

Also, electromyography-based biofeedback of the vastus medialis during
exercise therapy appears to have no additional benefit on knee joint pain or function
(Dursun et al., 2001).

Laser therapy

According to a study carried out by Nouri et al. (2019) regarding the inclusion
of high-prevention laser in the kinetotherapeutic functional rehabilitation program for
patients with patellofemoral syndrome, it was proven that therapeutic exercises
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accompanied by laser therapy had better results in terms of pain reduction compared to
the control group.
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2.6. SHOCKWAVE THERAPY IN PATELLOFEMORAL PAIN
SYNDROME

From the field specialists' perspective, treating patellar tendinopathy represents
a challenge (Leal et al., 2015). According to several studies, there is no specific evidence-
based protocol for the appropriate management of patellar tendinopathy (Mani-Babu et
al., 2014; Figueroa et al., 2016; Gaida & Cook, 2011; Larsson et al., 2011; Visnes & Bahr,
2007).

Promising results have also been observed in applications with the help of shock
wave therapy in several specialized studies.

Wang et al. (2007) compared focused shock wave therapy and conservative
treatment in a randomized control trial and found very good or excellent results in 90%
of patients who received concentrated shock wave therapy. At 2 to 3 years of follow-up,
compared to 50% of the patients who received only conservative treatment.

Furia et al. (2012) performed a retrospective study between radial shock wave
treatment and standard treatment one year after the application of the therapies, reporting
satisfactory results in 75.8% of patients who received a single session of pressure waves
low-energy radial, compared to 17.2% in other non-operative treatments.

In contrast, in another study, Zwerver et al. (2011) compared actual shock wave
therapy and placebo in athletes. They found no significant differences between groups
regarding knee pain and function at the assessment 22 weeks after treatment. Another
recent study was conducted on a group of 52 athletes diagnosed with patellar
tendinopathy, where the effect of shock wave therapy was evaluated compared to an
eccentric exercise training program. No significant differences between protocols were
found during the 6-month post-treatment assessment (Thijs et al., 2017).

However, the studies describing poor results in the use of shock wave therapy
included specific methodological errors, such as the lack of performing complementary
studies to exclude other associated diagnoses, the application of the treatment was carried
out with a piezoelectric device, the adaptation of the intensity of the therapy was
performed according to the patient's tolerance, the rest period was not respected, and the
shock wave therapy was used alone, without an associated exercise program.

Peers et al. (2003) retrospectively compared focused shock wave therapy with
surgery in 28 patients at a mean of 24 months post-intervention and showed excellent or
outstanding results according to the Roles and Maudsley score in 66% in the group of
patients who received shock wave therapy, compared to 58% in the group of patients who
underwent surgery. The authors concluded that focused shock wave therapy is an
alternative to surgery for patients with chronic patellar tendinopathy when conservative
treatment is unsuccessful without leading to disability. The Roles and Maudsley score is
a 4-parameter structured subjective assessment for patients regarding pain and functional
limitations.
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Literature review supports that Shockwave therapy is safe and effective in
treating patellar tendinopathy (Mani-Babu et al., 2014; Leal et al., 2015; Everhart et al.,
2017).

Current evidence supports focused and radial shock wave therapy for patellar
tendinopathy associated with moderate to low-intensity protocols, particularly in patients
seeking to avoid invasive intervention.

2.7. HIGH-INTENSITY  ELECTROMAGNETIC FIELD
THERAPY (SUPER INDUCTIVE SYSTEM) IN PATELLOFEMORAL
PAIN SYNDROME

The super-inductive electromagnetic field is used to treat various central and
peripheral disorders.

In this thesis, we focus exclusively on the realization of the peripheral
application, which is less widely used than the transcranial application. Considering that
almost every musculoskeletal disorder is accompanied by pain, other treatment options
that can influence its presence should be investigated.

Several research works have been carried out regarding the specific effect of
super inductive electromagnetic fields on human tissue. The analgesic effect is described
by Podébradsky, Lee, and Uher (2012). Their studies used a stimulator with a frequency
of 50 Hz. Therefore, they influenced the level of pain based on the endorphin theory of
pain. In this thesis, I applied the Super Inductive System technology, which reaches a
frequency of up to 150 Hz.

The super inductive system, which uses the beneficial effects of the high-
intensity electromagnetic field, represents an optimal treatment of localized pain in the
neuromuscular system and joints. The construction of the applicator allows the
administration of the therapy without the need for direct contact with the skin, which leads
to increased comfort for the patient and the therapist.

According to a study conducted by Zarkovic and Kazalakova in 2016 on a group
of 40 patients (23 women and 17 men) with acute and chronic musculoskeletal pain,
which made their daily activities difficult, it was demonstrated that by applying super
technology inductively, the level of pain analyzed by the VAS scale after 5/10
applications decreased significantly in approximately 87% of the study participants.
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THEORETICAL CONCLUSIONS

Based on the research carried out from specialized sources, we can conclude that
the femoral-patellar pain syndrome is a clinical entity that leads to the appearance of pain
in the anterior area of the knee in patients without pathological changes present in the
cartilage of the femoral-patellar joint.

Considering the importance of the knee joint in everyday life, both for carrying
out daily and professional activities, we can conclude that the functional rehabilitation of
this pathology is imperative.

The production mechanisms of the patellofemoral syndrome are multiple, thus
requiring the implementation of a rehabilitation program as effectively as possible, based
on the most accurate and detailed evaluation.

Patellar maltracking (incorrect sliding) due to a functional axial deviation or
dynamic valgus may be an underlying cause of this pathology. Possible causes of dynamic
valgus may be low hip abductor strength or the presence of a flat foot in the valgus.
Deviations at the knee joint level are associated with the quadriceps muscle imbalances
and the reds at the tendons or iliotibial tract level.

Current imaging techniques can provide us with essential data regarding the
functionality of the knee joint, which can facilitate the diagnosis of patellofemoral
syndrome.

Orthopedic treatment can be considered adjuvant in combating the pain caused
by femur-patellar syndrome if it is associated with an individualized and well-structured
physical therapy program.

The literature provides evidence for a multimodal non-invasive therapy concept,
with short-term use of nonsteroidal anti-inflammatory drugs, short-term use of medially
directed taping, and complex exercise programs involving the lower extremity and hip
and trunk muscles. There is also evidence for the benefit of rod restraints and foot
orthoses.

Surgical interventions are indicated only for patients with an anatomical defect
of the bone structures or the patella's pathological alignment maintains the cartilage's
destruction. After any surgical intervention, it is mandatory to establish specialized
physiotherapy programs with specific objectives to ensure a high post-operative success
rate.

Regarding the modification of physical activity, several contraindications are
imposed, such as: avoiding maximum knee flexion against resistance and maintaining an
adequate body mass index. Muscle toning exercises are recommended without crossing
the painful threshold, performed especially in a closed kinetic chain, and hydrotherapy
offers numerous benefits in performing movements by reducing joint stress.

In addition to establishing an appropriate physical therapy program, specialist
sources also provide essential information related to physical therapy procedures that,
along with exercise, provide positive results in reducing pain and restoring function in a
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shorter time. Shockwave therapy has been studied and applied in current medical
rehabilitation programs and has shown positive results in symptom relief.

Regarding physiotherapy methods, they can be considered very important from
the point of view of reducing pain in the case of patients with femoral-patellar syndrome
because, with their help, we can implement the kinetotherapeutic exercise program early
and without the presence of pain.

Through a correct anamnesis, following the indications correctly, using the
therapeutic protocols of Shockwave therapy, and its appropriate application, we can make
an important contribution to the evolution of the non-invasive treatment of patellofemoral
syndrome.

Regarding applying the super inductive system with a high-intensity
electromagnetic field, there are no specific specialized studies in the case of people
diagnosed with femoral-patellar syndrome, but only generalized studies on the reduction
of acute or chronic pain. Studies have reported a significant decrease in patients with
various musculoskeletal pain.
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PART II - THE APPLIED PART

CHAPTER 3 — PRELIMINARY STUDY ON THE EFFICIENCY
OF SOME PHYSIOTHERAPEUTIC METHODS INVOLVED IN
THE PHYSIOTHERAPEUTIC RECOVERY OF THE
FUNCTIONAL DEFICIT AT THE KNEE LEVEL WITH
PATELLOFEMORAL PAIN SYNDROME

3.1. THE PREMISES OF THE RESEARCH

Following the review of the data collected from the specialized literature
regarding the research topic, we found that we have an increased incidence of the
diagnosis of patellofemoral syndrome, and the treatment methods used in the case of
patients are generally the classic ones.

In addition to implementing an appropriate physical therapy program, specialist
sources have provided new research directions and important information related to
physiotherapy procedures, which, together with therapeutic physical exercises, offer
positive results in pain reduction and restoring function in a shorter time. Because at least
Shockwave therapy has shown positive results in the evolution of patients in studies
conducted by specialists, we will focus our attention on integrating this type of therapy in
the main study.

I believe that, at present, the field of functional rehabilitation has a varied range
in terms of equipment and physical treatment methods, which has not been applied to
patients with this diagnosis, and especially has not been integrated into the programs of
kinetotherapeutic functional rehabilitation, based on physical exercise.

3.2. PURPOSE, OBJECTIVES, TASKS, AND HYPOTHESES OF
THE RESEARCH

The purpose of this research is to highlight the contribution of different types of
protocols in the case of patients diagnosed with patellofemoral syndrome and how they
can be optimized or combined to obtain a rehabilitation program that is appropriate and
customized for the patient to obtain functional recovery.

The objectives of the research are:

e Identifying how the functional rehabilitation program of patients diagnosed with
femoral-patellar syndrome can be improved using state-of-the-art physical therapy;
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e identifying an optimal association in terms of applied therapy methods to achieve the
objectives of the functional rehabilitation program for patients diagnosed with the
patellofemoral syndrome;

e carrying out a detailed analysis of the results obtained with the help of the applied
rehabilitation protocol and comparing the values obtained to establish an optimal
protocol for the rehabilitation of patients diagnosed with patellofemoral syndrome;

e formulating some conclusions to highlight the importance of using state-of-the-art
therapy, represented by Shockwave therapy and high-frequency electromagnetic
field therapy, as an essential part of the rehabilitation protocol for patients diagnosed
with the patellar-femoral syndrome.

The research started with the following assumptions:

GENERAL HYPOTHESIS I: We assume that, by using state-of-the-art physiotherapy
devices, we can influence the results of functional rehabilitation protocols for patients
diagnosed with the patellofemoral syndrome positively, from the point of view of pain
reduction, from the level of the affected lower limb.

Specific HYPOTHESIS 1.1: We assume that using the kinetotherapeutic
rehabilitation program associated with Shockwave therapy can reduce pain in patients
diagnosed with femoral-patellar syndrome to a greater extent than classical rehabilitation
methods.

Specific HYPOTHESIS 1.2: We assume that the use of the kinetotherapeutic
rehabilitation program, associated with high-frequency magnetic wave therapy (Super
Inductive System), can lead to a more significant reduction of pain in patients diagnosed
with the patellofemoral syndrome than classic rehabilitation methods.

Specific HYPOTHESIS 1.3: We assume that the use of state-of-the-art devices
in the rehabilitation program (Shockwave therapy and Super Inductive System therapy),
without also using the kinetotherapeutic exercise program, has limited effects in terms of
pain reduction.

Specific HYPOTHESIS 1.4: We assume that the use of functional rehabilitation
programs involving the kinetotherapeutic program associated with state-of-the-art
therapies (Shockwave therapy and Super Inductive System therapy) can have better
results compared to functional rehabilitation programs that use the associated
kinetotherapeutic program with classical physiotherapy, from the point of view of
reducing pain from the affected knee.

GENERAL HYPOTHESIS II: We assume that, by using state-of-the-art physiotherapy
devices, we can positively influence the results of functional rehabilitation protocols for
patients diagnosed with patellofemoral syndrome from the point of view of restoring
mobility to the affected lower limb.

Specific HYPOTHESIS II.1: We assume that using the kinetotherapeutic
rehabilitation program associated with Shockwave therapy can increase joint mobility in
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patients diagnosed with the patellofemoral syndrome to a greater extent than classical
rehabilitation methods.

Specific HYPOTHESIS 11.2: We assume that the use of the kinetotherapeutic
rehabilitation program associated with high-frequency magnetic wave therapy (Super
Inductive System) can lead to an increase in joint mobility, in the case of patients
diagnosed with patellofemoral syndrome, to a greater extent higher than classic
rehabilitation methods.

Specific HYPOTHESIS I1.3: We assume that the use of state-of-the-art devices
in the rehabilitation program (Shockwave therapy and Super Inductive System therapy),
without also using the kinetotherapeutic exercise program, has limited effects in terms of
the results of the rehabilitation program, from the point of view of joint mobility.

Specific HYPOTHESIS II.4: We assume that the use of functional
rehabilitation programs, which involve the kinetotherapeutic program associated with the
latest generation therapies (Shockwave therapy and Super Inductive System therapy), can
have better results compared to the functional rehabilitation programs that use the
kinetotherapeutic program associated with classical physiotherapy, from the point of view
of joint mobility at the level of the affected knee.

The independent variables of the preliminary study were constituted by the four functional
rehabilitation protocols used in the study. The pain level represented the dependent
variables felt and the articular amplitude at the level of the affected knee (difference in
flexion).

3.3. RESEARCH METHODS

The bibliographic documentation was used to know the scientific experience
in functional rehabilitation concerning the particularities of the femoral-patellar
syndrome, the known treatment methods, and the functional rehabilitation protocols used
in the case of this diagnosis.

The experiment method was adapted and had a clinical character; since the
subjects were selected according to the pathology, the comparison was made on similar
groups without a control group.

The testing method was used, initially and finally, to eliminate associated
pathologies and to evaluate the level of pain felt and joint mobility at the level of the
affected knee. The tests used in the preliminary study were the patellar slide test, the
McMurray test, the VAS scale, and the joint balance.

The statistical method was used to test the hypotheses of the preliminary study.
As such, we used the test for normality of distribution (Shapiro-Wilk), T-test for paired
samples, Pearson correlation, ANOVA, and Wilcoxon analysis. The research results were
statistically analyzed with the help of SPSS version 29.0.1.0 (171).

3.4. ORGANIZATION AND CONDUCT OF RESEARCH
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The research of the preliminary study within the doctoral thesis occurred
between October 19, 2021, and February 8, 2022, in the Kinego medical recovery clinic
in Tasi. The clinic has all the equipment for the four functional rehabilitation protocols,
including the latest generation equipment for applying shock waves and high-frequency
electromagnetic field therapy. During the research, I received support and suggestions
from the specialist doctor of the clinic, who helped me strictly follow the evolution and
results of the subjects.

Anumebr of 40 subjects diagnosed with the patellofemoral syndrome were
included in the research; they were both female (18) and male (22), aged between 18 and
49 years. The subjects were randomly divided into four groups:

e ten subjects were included in the first group, who followed a medical rehabilitation
protocol represented by classical physiotherapy procedures and specific physical
therapy, lasting approximately 14 weeks;

e in the second group, ten subjects were included, who followed a rehabilitation
protocol represented by Shockwave therapy and specific physical therapy, lasting
approximately 14 weeks;

e in the third group, ten subjects were included, who followed a rehabilitation protocol
represented by high-intensity electromagnetic wave therapy (SIS) and specific
physical therapy, lasting approximately 14 weeks;

e and in the last group, ten subjects were included, who followed a rehabilitation
protocol based on Shockwave therapy and high-intensity electromagnetic wave
therapy (SIS), lasting approximately three weeks. (without specific physical therapy
exercises).

The inclusion criteria for the subjects participating in the study were their
diagnosis, age over 18 years, the presence of a positive result for the sliding patellar test,
the company of a negative result for the McMurray test, the presence of pain at the anterior
level of the knee joint when maintaining the position of prolonged sitting or going up or
down stairs, the absence of relevant femoral-patellar degenerative changes in the imaging
examination, the lack of a positive history regarding knee trauma and the completion of
individualized medical rehabilitation programs for each group.

The exclusion criteria for the patients participating in the study were the
absence of any inclusion criteria described above and non-compliance with the applied
functional rehabilitation protocol, either in terms of therapy frequency or time interval.
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3.5. RESULTS AND DISCUSSION

GENERAL HYPOTHESIS I - To test the general hypothesis I and the derived
specific hypotheses, the Shapiro-Wilk statistical tests, the T-test for paired samples, the
Pearson correlation, the ANOVA analysis, and the Wilcoxon test were used for the
parameter represented by the VAS scale (pain reduction). Based on the information
presented in the tests, we can say that from the point of view of pain reduction, the best
results were reported in group 2 (physical therapy protocol + Shockwave) and 3 (physical
therapy protocol + Super Inductive System). At the level of group 4 (Shockwave protocol
+ Super Inductive System), there is also a significant decrease in pain in the case of the
subjects. In conclusion, we can consider that the protocols that include the latest
generation therapies positively influence pain reduction — general hypothesis I was
validated.

Specific hypothesis 1.1. — From the point of view of pain reduction, the group
that followed the physical therapy protocol associated with shockwave therapy
experienced a pain reduction like the group that followed the classical physiotherapy
protocol associated with the physical therapy program. In conclusion, the specific
hypothesis I.1. has not been validated.

Specific hypothesis I.2. — At the group level that followed the physical therapy
protocol associated with high-intensity magnetic wave therapy, a more pronounced
decrease in pain seems to be manifested compared to the group that followed the classical
physiotherapy protocol associated with the physical therapy program. In conclusion, the
specific hypothesis 1.2. was partially validated.

Specific hypothesis 1.3. — From the point of view of pain reduction, the best
results were reported in group 2 (physical therapy protocol + Shockwave) and 3 (physical
therapy protocol + Super Inductive System). Group 1 (classical physiotherapy protocol +
physical therapy) experienced less pain reduction. In conclusion, we can consider that the
protocols that include the kinetotherapeutic exercise program associated with innovative
treatments positively influence pain reduction more than the classical physiotherapy
related to the kinetotherapeutic program. Specific hypothesis 1.4. was partially
validated.

Specific hypothesis 1.4. — From the point of view of pain reduction, the best
results were reported in group 2 (physical therapy protocol + Shockwave) and 3 (physical
therapy protocol + Super Inductive System). Group 1 (classical physiotherapy protocol +
physical therapy) experienced less pain reduction. In conclusion, we can consider that the
protocols that include the kinetotherapeutic exercise program associated with innovative
treatments positively influence pain reduction more than the classical physiotherapy
associated with the kinetotherapeutic program. Specific hypothesis 1.4. was partially
validated.
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GENERAL HYPOTHESIS II — To test the general hypothesis II and the
specific hypotheses derived, the Shapiro-Wilk statistical tests, the T-test for paired
samples, the Pearson correlation, the ANOVA analysis, and the Wilcoxon test for the
parameter represented by the difference in flexion (joint mobility). Based on the
information exposed in the previously mentioned tests, we can say that the best results
were reported for group 4 (Shockwave + Super Inductive System) in restoring mobility
to the affected knee. Groups 2 and 3 experienced a similar restoration in the case of the
mobility of the affected knee. Given that group 4 did not have the kinetotherapeutic
exercise program as part of the protocol, we can interpret this increase in joint mobility
due to the significant reduction of pain and the resumption of daily activities that were
initially difficult or impossible. In conclusion, we can consider that the protocols that
include the latest generation therapies positively influence joint mobility, and the general
hypothesis II has been validated.

Specific hypothesis ILI.1. — In terms of restoring mobility to the affected knee,
the group that followed the kinesiotherapy protocol associated with shockwave therapy
experienced an improvement in joint mobility to a greater extent than the group that
followed the classical physiotherapy protocol associated with the program
kinetotherapeutic. In conclusion, the specific hypothesis I1.1. was partially validated.

Specific hypothesis II.2. — In terms of restoring mobility at the level of the
affected knee, the group that followed the physical therapy protocol associated with high-
intensity magnetic wave therapy experienced an improvement in knee mobility to a
greater extent than the group that followed the protocol of classical physiotherapy
associated with the kinetotherapeutic program. In conclusion, the specific hypothesis
I1.2. was partially validated.

Specific hypothesis I1.3. — From the point of view of restoring mobility, the
results reported in groups 2 (physical therapy protocol + Shockwave) and 3 (physical
therapy protocol + Super Inductive System) are similar. At the level of group 4
(Shockwave protocol + Super Inductive System), we have a significantly better increase
in the joint mobility of the affected knee. In conclusion, according to the presented results,
the protocols, including the kinetotherapeutic exercise program, do not influence joint
mobility to a greater extent than the latest generation of physical therapy. Specific
hypothesis I1.3. has not been validated. Still, as we stated previously in the case of
general hypothesis I, we can consider this increase in mobility an effect based exclusively
on the significant reduction of pain and the return to daily or professional activities of the
subjects.

Specific hypothesis I1.4. — From the point of view of restoring joint mobility,
the best results were reported in groups 2 (physical therapy protocol + Shockwave) and 3
(physical therapy protocol + Super Inductive System). Group 1 (classical physiotherapy
protocol + physical therapy) experienced less increase in mobility compared to the other
two groups. In conclusion, we can consider that the protocols that include the
kinetotherapeutic exercise program associated with innovative therapies positively
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influence joint mobility more than the classical physiotherapy related to the
kinetotherapeutic program. Specific hypothesis I1.4. was partially validated.

3.6. PARTIAL CONCLUSIONS

In this preliminary study, we obtained confirmation of the beneficial effect of
different functional rehabilitation programs in the case of patients diagnosed with
patellofemoral syndrome. All four groups of subjects participating in the study achieved
satisfactory results in terms of pain reduction. Still, statistical analyses support that
functional rehabilitation programs with state-of-the-art therapies reduce pain more than
classical physical therapy.

From the point of view of restoring joint mobility at the level of the affected
knee, we can state that the protocols that include the kinetotherapeutic exercise program,
associated with innovative therapies, positively influence joint mobility to a greater extent
than the classical physiotherapy related to the program kinetotherapeutic. Although group
number 4 subjects experienced significant improvements in combined balance, these were
only unilateral. This group recorded positive results on the side of the affected lower limb
because the protocol only focused on physiotherapeutic methods based on the latest
technology, without being accompanied by kinetotherapeutic programs based on physical
exercise. Because one of the principles of physical therapy and implicitly of functional
recovery is to work bilaterally, we can consider the protocol of group number 4 of subjects
incomplete, even if it was completed in a shorter period. It had positive effects on the side
of the affected knee from the point of view of pain reduction and the evolution of joint
balance.

Through the study, we obtained confirmation of the fact that by using state-of-
the-art physical therapy devices (Shockwave and Super Inductive Systems), we can
influence the results offered by classic functional recovery protocols for patients
diagnosed with patellofemoral syndrome positively, from the point of view of reducing
pain and restoring mobility to the affected lower limb.

The association of medical recovery methods was performed correctly and had
an essential role in the evolution and duration of the recovery program in the case of
patients diagnosed with patellofemoral syndrome. The results of this study provide new
directions regarding the association of recovery techniques—the latest generation with
the physiotherapy program to optimize positive outcomes for patients with this diagnosis.
No side effects were observed during the study.

According to the specialized studies consulted in previous chapters, we could
conclude that the functional rehabilitation programs applied to patients diagnosed with
the patellofemoral syndrome were in continuous development. Here we report both from
the point of view of kinetotherapeutic programs of functional rehabilitation, as well as
from the point of view of physiotherapeutic methods that currently benefit from modern
equipment that can facilitate a correct approach, at least from the point of view of reducing
pain.
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From the point of view of kinetotherapeutic functional rehabilitation protocols,
however, in the previous chapter, it was emphasized that no specific protocol for this
condition was identified in the literature, the approach being less concise. However, the
functional rehabilitation program that was the basis of the present research was
constituted by a program of specific exercises, focused primarily on the knee joint, the
hip joint, and the talocrural joint and was individualized and adapted according to the
function by each subject participating in the study, working bilaterally according to the
target objectives.

The biological effects mentioned in specialized studies support that shock wave
therapy can reduce pain, increase blood flow in ischemic tissues, and improve post-
traumatic stiffness of the knee joint, thus improving physical function and performance
in sports activities.

In our study, the Super Inductive System Therapy focused exclusively on
making the application at the peripheral level since almost every musculoskeletal disorder
is accompanied by pain, and we tried to influence its presence using this type of therapy.

31



loana-Bianca DOBREANU (MD. I0JA) OPTIMIZATION OF THE PHYSICAL THERAPY
REHABILITATION PROCESS IN
PATELLOFEMORAL PAIN SYNDROME

CHAPTER 4 — THE CONTRIBUTION OF HIGH-INTENSITY
MAGNETIC FIELD AND SHOCKWAVE THERAPY IN THE
PROCESS OF KINETOTHERAPEUTIC RECOVERY IN
PATIENTS WITH PATELLOFEMORAL PAIN SYNDROME

4.1. THE PREMISES OF THE RESEARCH

In the third chapter, entitled Preliminary study on the efficiency study on the
efficiency of some physiotherapeutic methods involved in the physiotherapeutic recovery
of the functional deficit at the knee level with patellofemoral pain syndrome, we obtained
significant improvements from a statistical point of view for group 2, 3, and 4. These
groups of subjects followed functional rehabilitation protocols consisting of a specific
kinesitherapy program and Shockwave therapy — (group 2), a specific kinesitherapy
program and high-intensity electromagnetic field therapy (SIS) — (group 3), and therapy-
based functional rehabilitation program Shockwave and high-intensity electromagnetic
field (SIS), without the association of the specific kinetotherapeutic exercise program —
(group 4).

This chapter aims to implement a medical recovery protocol based on specific
exercises for patients diagnosed with patellofemoral syndrome. The association of state-
of-the-art technology with a kinetotherapeutic protocol strictly focused on the imbalances
generated by the patellofemoral syndrome at the knee joint level can optimize the medical
rehabilitation program from a qualitative point of view and the point of view of treatment
duration.

The assessment of muscle strength and the supra-patellar perimeter at the level
of the affected lower limb will constitute two additional dependent variables in this
chapter, which can provide important information for the protocols used in the research.
The performance of statistical analyzes on gender, age differences, and weighting might
provide another perspective on the outcomes of functional recovery programs.

4.2. PURPOSE, OBJECTIVES, TASKS, AND HYPOTHESES OF
THE RESEARCH

This research aims to highlight the contribution of physical therapy associated
with high-intensity magnetic wave therapy and shockwave therapy, in functional
rehabilitation, in patients with patellofemoral syndrome.
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The objectives of the research are:
identifying how the functional recovery program of patients diagnosed with
patellofemoral pain syndrome can be improved using shockwave therapy;
carrying out a detailed analysis of the results obtained with the help of the applied
recovery protocol and comparing the values obtained to establish an optimal protocol for
the rehabilitation of patients diagnosed with patellofemoral pain syndrome;
formulating some conclusions to highlight the importance of using Shockwave therapy
and high-frequency electromagnetic field therapy as an integral part of the functional
rehabilitation protocol in the case of patients diagnosed with patellofemoral pain
syndrome.

The research started with the following assumptions:

GENERAL HYPOTHESIS I: We assume that, by using the kinetotherapeutic
functional rehabilitation program associated with shock wave therapy, in the case of
patients with patellofemoral syndrome, we can positively influence the active status of
patients with this diagnosis.

Specific HYPOTHESIS 1.1: We assume that pain decreases significantly in
patients who follow the kinetotherapeutic program associated with shock wave therapy.

Specific HYPOTHESIS 1.2: We assume that the mobility of the affected knee
can be restored, to a greater extent, in patients who follow the kinetotherapeutic program
associated with shock wave therapy.

Specific HYPOTHESIS 1.3: We assume that muscle strength can be
beneficially influenced, to a greater extent, in patients who follow the kinetotherapeutic
program associated with shock wave therapy.

Specific HYPOTHESIS 1.4: We assume that muscle volume can be
beneficially influenced, to a greater extent, in patients who follow the kinetotherapeutic
program associated with shock wave therapy.

GENERAL HYPOTHESIS II: We assume that the effectiveness of each functional
rehabilitation program is different, depending on the gender of the subjects.

Specific HYPOTHESIS I1.1: We assume that there are gender differences in
the reduction of pain in the affected knee through the functional rehabilitation programs
used in the study.

Specific HYPOTHESIS I1.2: We assume that there are gender differences in
terms of restoring mobility to the affected knee through the functional rehabilitation
programs used in the study.

Specific HYPOTHESIS I1.3: We assume gender differences regarding
regaining muscle strength at the level of the affected knee through the functional
rehabilitation programs used in the study.
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Specific HYPOTHESIS I1.4: We assume gender differences regarding
restoring muscle trophic from the affected lower limb through the functional
rehabilitation programs used in the study.

GENERAL HYPOTHESIS III: We assume that the effectiveness of each of the two
functional rehabilitation programs used is different, depending on the age of the subjects.

Specific HYPOTHESIS II1.1: We assume that there are age differences
regarding reducing pain from the affected knee through the functional rehabilitation
programs used in the study.

Specific HYPOTHESIS 111.2: We assume that there are age differences in
restoring mobility to the affected knee through the functional rehabilitation programs used
in the study.

Specific HYPOTHESIS II1.3: We assume age differences in regaining muscle
strength at the level of the affected knee through the functional rehabilitation programs
used in the study.

Specific HYPOTHESIS III.4: We assume age differences regarding the
restoration of muscle trophic from the level of the affected lower limb through the
functional rehabilitation programs used in the study.

GENERAL HYPOTHESIS IV: We assume that the efficiency of each functional
rehabilitation program is different, depending on the subjects' weight.

Specific HYPOTHESIS IV.1: We assume that there are significant differences
in the reduction of pain in the affected knee through the functional rehabilitation programs
used in the study.

Specific HYPOTHESIS IV.2: We assume that there are weighting differences
in restoring mobility to the affected knee through the functional rehabilitation programs
used in the study.

Specific HYPOTHESIS IV.3: We assume that there are weighting differences
regarding regaining muscle strength at the level of the affected knee through the
functional rehabilitation programs used in the study.

Specific HYPOTHESIS IV.4: We assume that there are weighting differences
in restoring muscle trophic from the affected lower limb through the functional
rehabilitation programs used in the study.

The independent variables of the main study were constituted by the two
functional rehabilitation protocols used in the study, the gender, age, and weight of the
subjects, and the dependent variables were represented by the level of pain felt, joint
amplitude, muscle strength and the supra-patellar perimeter at the level the affected knee.
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4.3. RESEARCH METHODS

The bibliographic documentation was used to deepen the information from the
specialized literature regarding the application of innovative therapies in the case of
patients with patellofemoral syndrome.

Again, the experimental method was used in a clinically adapted form on
subjects selected according to pathology, the comparison being made on similar groups
without a control group.

The testing method was used to create the personal files of the patients and to
centralize the results obtained from the tests carried out, from the initial and final point of
view, from the point of view of the perceived pain level, joint mobility, muscle strength
and perimeter supra-patellar from the level of the affected knee. The tests used in the main
study were the VAS scale, joint balance, muscle balance, and thigh circumference
measurement.

The statistical method was used to test the hypotheses of the main study. The
statistical analyses used to test the ideas were represented by the test for normality of
distribution (Shapiro-Wilk), the T-test for paired samples, the Pearson correlation, the
independent T-test, the Mann-Whitney test, and the Welch test. The research results were
statistically analyzed with the help of SPSS version 29.0.1.0 (171).

4.4. ORGANIZATION AND CONDUCT OF RESEARCH

The research of the main study in the framework of the doctoral thesis took place
between June 15 and October 26, 2022, in the Kinego medical rehabilitation clinic in lasi.
The clinic has all the necessary equipment for both functional rehabilitation protocols.
And this time, I got help and suggestions from the specialist doctor of the clinic.

A number of 64 subjects diagnosed with the patellofemoral syndrome were
included in the research of the main study. The subjects included in the research were
female (32) and male (32), equally divided into the 2 study groups, aged between 20 and
39 years. They were divided into two groups:

e in the first group, 32 subjects were included who followed a functional rehabilitation
program based on Shockwave therapy and high-intensity electromagnetic wave
therapy (SIS), lasting approximately three weeks. (without specific physical therapy
exercises);

e in the second group, 32 subjects were included who followed a functional
rehabilitation program based on Shockwave therapy and specific physical therapy,
lasting approximately 14 weeks.

The inclusion criteria for the subjects participating in the study were
represented by their diagnosis, age over 18 years, the presence of pain at the anterior level
of the knee joint in the case of maintaining a prolonged sitting position or going up and
down stairs, the absence of relevant femoral-patellar degenerative changes on imaging,
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lack of a positive history of knee trauma, and completion of individualized medical
rehabilitation programs for each group.

The exclusion criteria for the patients participating in the study were the
absence of any inclusion criteria described above and non-compliance with the applied
recovery protocol, either in terms of therapy frequency or time interval.

4.5. RESULTS AND DISCUSSION

GENERAL HYPOTHESIS I - To test the general hypothesis I and the derived
specific ideas, the Shapiro-Wilk statistical tests, the paired sample T-test, the Pearson
correlation, the Independent T-test, the Mann-Whitney test, and the Welch test were used
for each parameter tested, at both groups.

Specific hypothesis I.1. — From the point of view of pain reduction, both groups
recorded a favorable evolution in pain reduction. However, the group that followed the
protocol of physical therapy associated with shockwave therapy seems to show a more
significant reduction of pain than the group that followed the protocol of shockwave
therapy associated with high-intensity magnetic wave therapy. In conclusion, the specific
hypothesis 1.1. was partially validated.

Specific hypothesis 1.2. — From the point of view of restoring mobility to the
affected lower limb, the group that followed the kinesitherapy protocol associated with
shockwave therapy experienced a more significant increase in joint mobility compared to
the group that followed the protocol consisting of shockwave therapy associated with
magnetic wave therapy high intensity. In conclusion, the specific hypothesis 1.2. has
been validated.

Specific hypothesis 1.3. — Based on the information presented for testing the
specific hypothesis 1.3. we can say that from the point of view of restoring the muscle
strength of the quadriceps muscle of the affected lower limb. This group that followed the
protocol of physical therapy associated with shockwave therapy experienced a more
significant increase in muscle strength compared to the group that followed the protocol
of shockwave therapy associated with high-intensity magnetic wave therapy. In
conclusion, the specific hypothesis 1.3. has been validated.

Specific hypothesis 1.4. — According to the results presented for testing the
specific hypothesis 1.4. we can say that from the point of view of the supra-patellar
perimeter of the affected lower limb, the group that followed the kinesitherapy protocol
associated with shockwave therapy experienced a slightly more significant increase in the
supra-patellar perimeter compared to the group that followed the protocol formed by
shockwave therapy associated with high-intensity magnetic wave therapy. In conclusion,
the specific hypothesis 1.4. was partially validated.

Because the four specific hypotheses statistically support the general hypothesis
I, we can conclude that the association of state-of-the-art therapies with the
kinetotherapeutic functional rehabilitation program positively influences pain, joint
mobility, strength, and muscle trophic. As a result, the general hypothesis was confirmed.
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GENERAL HYPOTHESIS II — To test the general hypothesis II and the
derived specific hypotheses, the Shapiro-Wilk statistical tests, the paired sample T-test,
the Pearson correlation, the Independent T-test, the Mann-Whitney test, and the Welch
test were used for each parameter tested, at both groups separated by gender.

Specific hypothesis II.1. — Based on the statistical analyses to test the specific
hypothesis I1.1. we can say that from the point of view of pain reduction, there are no
differences given the gender of the subjects in terms of pain reduction in the affected
knee. The group that followed the physical therapy protocol combined with shockwave
therapy experienced pain reduction to a greater extent in both men and women than the
group that followed the protocol of shockwave therapy combined with high-intensity
magnetic wave therapy. In conclusion, the specific hypothesis II.1. has not been
validated.

Specific hypothesis I1.2. — Based on the statistical analyzes carried out to test
the specific hypothesis I1.2., we can say that from the point of view of restoring mobility
at the level of the affected knee, there are no differences given by the gender of the
subjects in terms of increasing mobility. The group that followed the physical therapy
protocol combined with shockwave therapy experienced increased mobility to a greater
extent in both men and women compared to the group that followed the protocol of
shockwave therapy combined with magnetic wave therapy of high intensity. If we refer
to the results of the Pearson -correlation, the means used in protocol 2
(kinetotherapy+shockwave) significantly influenced the flexion values of the female
subjects. Some specialized studies support that female patients present differences based
on the anatomy and biomechanics of the knee joint, which also explains the increased
incidence of this diagnosis among female patients. The specialized literature supports
that, in women, the knee joint is more minor and has weaker muscle mass than in men.
Gender differences are also indicated in the contact areas of the femoral-patellar joint, the
pressure exerted differently at the joint level, and the different response to stimuli of the
vastus medialis muscle depending on the gender of the subjects. (Csintalan, R.P., et al.
2002). Considering these anatomical differences in the knee joint, we can assume that
regardless of the applied functional rehabilitation program, female subjects could be
influenced differently than male subjects. Still, too few subjects participating in the study
can affect the present results. In conclusion, the specific hypothesis II.2. has not been
validated.

Specific hypothesis I1.3. — Based on the statistical analyses to test the specific
hypothesis II.3. we can say that from the point of view of restoring the muscle strength of
the quadriceps muscle of the affected knee, there are no differences given the gender of
the subjects in terms of the increase in muscle strength. The group that followed the
physical therapy protocol combined with shockwave therapy experienced increases in
muscle strength to a greater extent in both men and women compared to the group that
followed the protocol consisting of shockwave therapy combined with magnetic wave
therapy high intensity.

37



Ioana-Bianca DOBREANU (MD. I0JA) OPTIMIZATION OF THE PHYSICAL THERAPY
REHABILITATION PROCESS IN
PATELLOFEMORAL PAIN SYNDROME

Suppose we refer to the analysis of the independent T-test. In that case, we can
conclude that after the implementation of functional rehabilitation protocols, regardless
of which one, men had statistically significant results in the final evaluation of muscle
strength compared to women. Given that there are specialized studies supporting potential
differences in different muscle masses in women compared to men, these differences
could also be observed in our study. To our knowledge, no study to date has compared
the strength performance of male and female athletes regarding body composition and
muscle architecture, but these indices may be different (Bartolomei, S., Grillone, G., Di
Michele, R., & Cortesi, M., 2021). In conclusion, the specific hypothesis I1.3. has not
been validated.

Specific hypothesis I1.4. — Based on the statistical analyses to test the specific
hypothesis I1.4. we can say that from the point of view of the supra-patellar perimeter of
the affected knee, there are no differences given the gender of the subjects regarding the
increase of this parameter. The group that followed the physical therapy protocol
associated with shockwave therapy experienced an increase in suprapatellar perimeter to
a greater extent in both men and women compared to the group that followed the protocol
of shockwave therapy associated with high-intensity magnetic waves therapy. Given that
muscle trophicity is closely related to muscle strength at the level of the quadriceps, there
is the possibility that there may also be differences, given the gender of the subjects. Still,
the number of subjects participating in the study is too small to reveal statistically
significant differences. In conclusion, the specific hypothesis 11.4. has not been
validated.

Given that the four specific hypotheses do not statistically support general
hypothesis II, we can conclude that there are no differences given the gender of the
subjects in terms of the results of the functional rehabilitation programs used in the study.

GENERAL HYPOTHESIS III — To test the general hypothesis III and the
specific hypotheses derived, the Shapiro-Wilk statistical tests, the paired sample T-test,
the Pearson correlation, the Independent T-test, the Mann-Whitney test, and the Welch
test were used for each parameter tested, at both groups separated by age.

Specific hypothesis II1.1. — Based on the statistical analyses to test the particular
hypothesis III.1. we can say that from the point of view of pain reduction, the group that
followed the physical therapy protocol associated with shockwave therapy experienced
pain reduction to a greater extent, both in the case of patients aged between 20-30 years
and in the case of subjects aged over 30 years, compared to the group that followed the
protocol consisting of shockwave therapy associated with high-intensity magnetic wave
therapy. Suppose we refer to the results obtained within the Pearson correlation. In that
case, we can see that at the level of subjects aged between 20-30 years, there are
enormously significant positive correlations regardless of the applied protocol, while in
the case of issues over 30 years old, we correlate positive, very substantial only in the
case of group 1 (Shockwave protocol + Super Inductive System). Because the occurrence
of associated diagnoses is more common in the case of subjects over 30 years old, and
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subjects aged between 20-30 years old have a more alert rhythm of life compared to those
over 30 years old, we can affirm the fact that the option of physical treatment with the
help of state-of-the-art devices could have better effects at this age. In conclusion, the
specific hypothesis III.1. has not been validated.

Specific hypothesis II1.2. — Based on the statistical analyses to test the specific
hypothesis II1.2. we can say that from the point of view of restoring mobility from the
affected knee, the group that followed the kinesitherapy protocol associated with
shockwave therapy experienced an increase in mobility to a greater extent, both in the
case of patients aged between 20-30 years and in the case of subjects over 30 years old,
compared to the group that followed the protocol consisting of shockwave therapy
associated with high-intensity magnetic wave therapy. When analyzing through the
independent T-test, we can see that at the level of subjects over 30 years old, we have a
statistically significant value for joint mobility at the final evaluation. In conclusion, the
specific hypothesis III.2. has not been validated.

Specific hypothesis II1.3. — Based on the statistical analyses to test the particular
hypothesis II1.3. we can say that from the point of view of muscle strength, the group that
followed the physical therapy protocol associated with shockwave therapy experienced
an increase in muscle strength to a greater extent, both in the case of patients aged between
20-30 years and in the case of subjects over 30 years of age, compared to the group that
followed the protocol consisting of shockwave therapy associated with high-intensity
magnetic wave therapy. Suppose we refer to the results obtained within the Pearson
correlation. In that case, we can see that there are enormously significant positive
correlations only in the case of protocol 2 (Shockwave + physical therapy) for both age
categories. Thus we can affirm that there are no age-related differences in applying
functional rehabilitation protocols from the point of view of regaining muscle strength.
Specific hypothesis II1.3. has not been validated.

Specific hypothesis II1.4. — Based on the statistical analyses to test the specific
hypothesis II1.4. we can say that from the point of view of the supra-patellar perimeter,
the group that followed the kinesitherapy protocol associated with shockwave therapy
experienced a reduction of pain to a greater extent, both in the case of patients aged
between 20-30 years and in subjects over 30 years of age, compared to the group that
followed the protocol consisting of shockwave therapy associated with high-intensity
magnetic wave therapy. From the point of view of restoring muscle trophicity, the
programs used in the study are not influenced by the age of the patients. Specific
hypothesis II1.4. has not been validated.

Given that none of the four specific hypotheses statistically support general
hypothesis III, we can conclude that the functional rehabilitation protocols used in the
study are not influenced differently, depending on the age of the subjects.

GENERAL HYPOTHESIS IV - To test the general hypothesis IV and the
specific hypotheses derived, the Shapiro-Wilk statistical tests, Paired Samples T-Test,
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Pearson Correlation, Independent T-Test, Mann-Whitney Test, and Welch Test were used
for each parameter tested at both groups separated by weight.

Specific hypothesis IV.1. — Based on the statistical analyses conducted to test
the particular hypothesis IV.1. we can say that from the point of view of pain reduction,
the group that followed the physical therapy protocol associated with shockwave therapy
experienced pain reduction to a greater extent, both in the case of average weight and in
the case of overweight, compared to the group that followed the protocol consisting of
shockwave therapy associated with high-intensity magnetic wave therapy. Thus we can
underline that pain reduction by the protocols used in the study is not influenced
differently, depending on the subjects' weight. In conclusion, the specific hypothesis
IV.1. has not been validated.

Specific hypothesis IV.2. — Based on the statistical analyses to test the specific
hypothesis IV.2. we can say that from the point of view of restoring the mobility of the
affected knee, the group that followed the kinesitherapy protocol associated with
shockwave therapy experienced an increase in the mobility of the knee to a greater extent,
both in the case of average weight and in the case of overweight, compared to the group
that followed the protocol consisting of shockwave therapy combined with high-intensity
magnetic wave therapy. Thus we can underline that the restoration of mobility with the
help of the protocols used in the study is not influenced differently, depending on the
subjects' weight. In conclusion, the specific hypothesis I'V.2. has not been validated.

Specific hypothesis I'V.3. — Based on the statistical analyses to test the specific
hypothesis IV.3. we can say that from the point of view of the restoration of muscle
strength at the level of the quadriceps, the group that followed the protocol of physical
therapy associated with shockwave therapy experienced an increase in muscle strength to
a greater extent, both in the case of average weight and in the case of overweight,
compared to the group that followed the protocol consisting of shockwave therapy
associated with high-intensity magnetic wave therapy. Suppose we refer to the results of
the Pearson correlation. In that case, we can see that the presence of enormously
significant positive correlations exists only at the level of group 2 of subjects (Shockwave
protocol + physical therapy) regardless of the weight of the issues. Thus we can underline
that the restoration of muscle strength with the help of the protocols used in the study is
not influenced differently, depending on the subjects' weight. In conclusion, the specific
hypothesis IV.3. has not been validated.

Specific hypothesis IV.4. — Based on the statistical analyses conducted to test
the specific hypothesis IV.4. we can say that from the point of view of the supra-patellar
perimeter, the group that followed the physical therapy protocol associated with
shockwave therapy experienced an increase in muscle strength to a greater extent, both in
the case of average weight and in the case of overweight, compared to the group that
followed the protocol consisting of shockwave therapy combined with high-intensity
magnetic wave therapy. Thus we can underline that the increase of the supra-patellar
perimeter with the help of the protocols used in the study is not influenced differently,
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depending on the subjects' weight. In conclusion, the specific hypothesis IV.4. has not
been validated.

Given that the four specific hypotheses do not statistically support the general
hypothesis IV, we can conclude that the functional rehabilitation protocols used in the
study are not influenced differently, depending on the subjects' weight.

4.6. PARTIAL CONCLUSIONS

Following the results obtained in the study, we can state that the association of
state-of-the-art therapies with the kinetotherapeutic functional rehabilitation program
positively influences pain, joint mobility, muscle strength, and thigh circumference, to a
greater extent, compared to classical physiotherapy associated with the schedule of
kinetotherapeutic functional rehabilitation.

Following the results of the statistical tests used, we can conclude that the
functional rehabilitation protocols are equally effective, regardless of the gender of the
subjects. Some of the correlations that emerged may have important significance. The
relationships between the tested parameters may differ or have different degrees of
relevance. Still, based on the evaluated sample, we can conclude that the functional
rehabilitation protocols used in the study are equally effective, regardless of the age or
weight of the subjects.
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CONCLUSIONS

Analyzing the results of the present study leads to the conclusion that the
identification of a strategy to optimize the functional rehabilitation protocol intended for
patients diagnosed with the patellofemoral syndrome is very important because,
according to the current studies presented previously, patients in this category are prone
to chronic pain, at the installation of imbalances at the level of neighboring joints and
implicitly at the level of the spine and the impact of daily personal or professional
activities.

The present research suggests that the protocols used in the study beneficially
influenced the study participants. In addition, through this study, it was demonstrated that
the association of kinesitherapy with Shockwave therapy has a beneficial influence on
functional rehabilitation in terms of reducing pain, respectively improving strength,
muscle trophic, and joint mobility at the level of the affected knee joint to a greater extent
compared to classical functional rehabilitation programs.

The existing correlations regarding the tested parameters highlight new
directions of study for researchers in the field of medical rehabilitation, which can help
improve the quality of functional rehabilitation programs for patients with this diagnosis.

From the point of view of innovative therapies, the specialist studies consulted
in chapters 1 and 2 of this thesis support the applicability of the super inductive system
only from the point of view of reducing pain from the affected knee. In contrast, shock
wave therapy is based on its applicability within the healing process of patellofemoral
syndrome by reducing inflammation and forcing the body to perceive the microtrauma
caused, stimulating metabolic reactions. Thus, high-intensity magnetic wave therapy
supports only the symptom relief part, while shock wave therapy intervenes and
influences the treatment of the cause of the patellofemoral syndrome.

Another important aspect is the contraindications of protocols, including
physiotherapy performed with innovative devices. If the therapy is carried out with a high-
intensity electromagnetic field, there is a contraindication regarding patients diagnosed
with a neoplasm or metal implants in the vicinity of the knee joint (hip, tibia, ankle); They
do not influence shockwave therapy and have no contraindications. There are situations
in which patients face a patellofemoral syndrome that appears after total hip arthroplasty
precisely because of the weakened muscles at the level of the hip joint, and they can only
benefit from Shockwave therapy, having the metal implant inserted much too close to the
knee joint. If we refer to patients with oncological diagnoses, high-intensity
electromagnetic field therapy has contraindications, just as classical physiotherapy is
applied to relieve pain. Based on these considerations, from the point of view of the
applicability of the protocols used in the study, the protocol that includes Shockwave
therapy is more compliant in the case of patients with patellofemoral syndrome.

I believe the functional rehabilitation programs used in the study could undergo
significant improvements by selecting the exercises used and increasing the number of
repetitions or sets to determine an early increase in muscle strength and supra-patellar
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perimeter. The correct execution of the activities within the functional rehabilitation
programs is another factor that could contribute positively to improving the results offered
by this program, together with the observance of the indications and contraindications
provided by the therapist for the performance of leisure activities.

At the same time, I believe that a specific guide in the strategy to approach
patellofemoral syndrome can help specialists in the field with detailed information from
the point of view of knowledge, prevention, diagnosis, and rehabilitation of this disease.

No side effects were observed during the study. More detailed studies must be
conducted to confirm the results and further impact.
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LIMITATIONS AND FUTURE DIRECTIONS OF RESEARCH

Following the realization of this doctoral thesis, several research limits were
highlighted, as well as some future directions of research, presented in the following.

From the point of view of the limits of the present research, several factors can
be listed, such as the number of subjects participating in the study, their selection and
evaluation methods, or the way of interpreting the data obtained.

In terms of selection, for the main study, subjects in group 1 (SIS+Shockwave
protocol) had a mean age of 29.18 years (standard deviation + 3.70), and subjects in group
2 (Shockwave+Kinetotherapy) had had an average age of 28 years (standard deviation +
5.10). Therefore, the subjects' ages were close enough to constitute a valid study.

An aspect that could have been framed within the limits of the research can be
represented by how the subjects participating in the study took into account the
contraindications and the specific recommendations of the functional rehabilitation
program; each subject participating in the study received a series of instructions that they
had to follow, and within the rehabilitation program carried out they were respected, but
outside the functional rehabilitation program, compliance with the recommendations was
up to the subjects participating in the study.

The interpretation of the results was based on both the graphical method and the
statistical analysis. This interpretation was based on the collection of the results of several
64 subjects divided into two groups. To carry out research with a broad perspective on
the topic addressed in this study, it would have been necessary to include a more
significant number of subjects. However, the analysis of the results included in this
research allows us to draw some conclusions, at least preliminary ones.

I believe that conducting a study on a larger group of patients could provide more
apparent evidence regarding the differences in results by gender, age, and weight in the
case of patients diagnosed with patellofemoral syndrome.

Implementing testing through other instruments could be an additional
dependent variable through which we could more accurately assess knee joint stability
and knee common injury risk bilaterally.

On the other hand, as a direction of practical applicability, the rehabilitation
protocols can also be used in the case of patients with associated pathologies because
some of them usually accompany the diagnosis of patellofemoral syndrome. Since high-
intensity electromagnetic field therapy has shown excellent results in pain reduction, it
can form an integral part of the functional rehabilitation protocol based on physical
therapy and shockwave therapy in patients who do not present contraindications.
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