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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.
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INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

This article briefly describes the mechanisms of cranio-facial growth and the role of the forming functions (namely 
mastication, breathing, swallowing and speech) in achieving a harmonious development. Facial sutures are joints and important 
sites of bone growth with visco-elastic characteristics that distribute forces to the whole cranial structure that remain well into 
adulthood. An equally important role is played by the temporomandibular joint, which undergoes a major change in morphology 
during growth, constantly accompanying the changing oral functions (from suction to mastication and speech); the mandibular 
condyle is an important site of bone growth, with a large capacity to adapt or to compensate. The ability of this joint to compensate 
is a lifelong adaptive process that takes place in interplay with everchanging occlusal conditions. The temporomandibular joint’s 
dramatic involvement in children affected by juvenile idiopathic arthritis is quite obvious, with or without signs or symptoms. 
Some malocclusions, and the cross-bites in particular, alter both the occlusion and the masticatory function, leading to an altered 
cranial development that is irreversible at the end of growth. 

Recently, laboratory and clinical research have highlighted, in animal models of reduced mastication, an association between 
the experimental reduction of the masticatory function and a significantly reduced number of hippocampal neurons, neurogenesis 
in the dentate gyrus, synaptic density, and increased glial activity, as well as reduced memory and spatial orientation. 

Mastication is, therefore, central to the craniofacial development of the child and the development of cognitive functions. 
Therefore, the treatment of malocclusions must be respectful of physiology and biology to re-establish all the functions of the 
growing stomatognathic apparatus and avoid traumatic treatments whose effects are impossible to anticipate and prevent, given 
the developing system’s complexity and its importance for future functional and cognitive balance. 
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INTRODUCTION

Craniofacial growth does not end in a simple volumetric increase: it is a rather complex individual process influenced 
simultaneously by the genetic / family characteristics of the child and the functions of the stomatognathic system (1–
5). The growth of the individual bones of the skull is achieved thanks to apposition and resorption processes, which 
simultaneously allow for the increase in volume and progressive structural remodeling, including repositioning in the 
three planes of space. Each bone is repositioned according to its growth and the growth of the surrounding bones and 
soft tissues (1, 6). The development of the skull is, therefore, the 
result of the integration of volume increases, regional remodeling, 
and repositioning, which, interacting with each other, adapt, in 
physiological conditions or compensate, in pathological conditions, 
the anatomical structure in response to the changing functional needs 
(7, 8). The soft tissues surrounding a bone (muscles, ligaments, 
vessels and nerves, teguments) represent the functional matrix 
capable of influencing growth through functional stresses, among 
which chewing plays a particularly important role (9). Therefore, 
the adaptation or compensation of craniofacial structures must be 
understood as a response to the genetic and family characteristics of 
the individual, in turn, influenced by the characteristics of the soft 
tissues and function (Fig. 1). 

It is important to remember that adaptation occurs in physiological 
conditions concerning anatomical conditions that change, for 
example, with aging. At the same time, compensation is a reaction 
to pathological structural conditions, which the system cannot self-
correct to maintain the best possible function. The compensation, 
which immediately allows the most effective function, can trigger a 
chain of harmful pathological reactions, as occurs in cross bites.

Malocclusion is a pathology of the anatomical structure of the 
craniofacial complex that interacts with a cause/effect relationship 
with the genetic predisposition on the one hand, and functional conditions, on the other.

The chewing function plays a central role in the growth and development of the child’s splanchnocranium, especially 
in early and second childhood. The forces of chewing and swallowing are necessary for growth, and their alteration 
significantly disturbs the development of the stomatognathic system; however, even in adulthood and during aging, they 
are important for health and quality of life. International research results have for some time now unequivocally highlighted 
the association between some malocclusions and the alterations/pathologies of chewing (10). Furthermore, recent basic 
and clinical international research results have also shown a link between chewing function and cognitive development 
(11). In fact, in animal model, the experimental reduction of chewing is significantly associated with alterations of the 
hippocampus, demonstrable both on a histological and behavioral level, which we will describe shortly.

Chewing, therefore, is not only of dental interest but also concerns the child’s and adolescent’s development. 
Traumatic orthodontic therapies during development, although widespread in the world, often act against functional 
physiological principles and require a biological price that is sometimes very important and worrying, as shown by 
recent studies in the field (12). The purpose of this article is, in the light of recent research results, to describe some 
fundamental evolutionary stages related to the functions of the masticatory organ, to facilitate the understanding of the 
etiopathogenesis of malocclusions as well as the importance of a correct therapeutic approach, in a logical and consistent 
path with the diagnosis and with the characteristics of craniofacial growth.

The role of facial sutures and the temporomandibular joint during growth
Craniofacial growth, far from being the exclusive result of the expansion of a few growth centers, involves all the bones 

and joints of the skull (1). However, some structures play a particular role in growth, adaptation and/or compensation and 
deserve a particular description: the facial sutures and the temporomandibular joint.

The facial sutures have different characteristics and respond to different stimuli than the neurocranial sutures: while 
the latter is stimulated by the expansion of the brain, which mainly follows a genetically determined program, the facial 

 
Fig. 1. Median palatine suture at the age of 4: an important growth site in the course of development. 
Fig. 1. Median palatine suture at the age of 4: an 
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sutures are stimulated by the forces of the function of the stomatognathic system, i.e., chewing, swallowing, breathing 
and phonation. The presence of adequate stimuli is essential for developing and maintaining craniofacial sutures. In fact, 
they do not have intrinsic growth potential, and the deposition of bone on the two sides of the suture is stimulated by 
tensional, intermittent stresses (13). It is known from the basic research that the reduction of the masticatory function in 
the growing animal significantly decreases the bone apposition at the level of the sutures of the upper jaw, which become 
slightly patent and not very active (14,15). The reduction of muscle activity leads to morphological changes in the suture 
(16). Facial sutures, such as the fronto-maxillary, the naso-maxillary, and the zygomatic-maxillary, remain open for a 
very long time in physiological conditions until the seventh/eighth decade of life (17). The presence up to late age of the 
visco-elasticity characteristics of the sutures allows the loads generated by muscle function (chewing, swallowing, and 
speaking) to be effectively cushioned by the entire cranial structure. The trauma and the consequent premature ossification 
of the sutures, an inevitable consequence of traumatic and non-physiological therapies applied to the palatine suture 
and to many other facial and neurocranial sutures, do not allow the full performance of their growth function, nor their 
biomechanical distribution role of loads over the course of life.

The maxillary bone has an intra-membranous origin, and its growth occurs by sutural apposition and superficial 
remodeling at the periosteum. The median palatine suture (Fig. 1), an important growth site (18,19), along which the 
horizontal laminae of the palatine bones articulate posteriorly, and the palatine processes of the maxillary bones anteriorly, 
plays a primary role in the dimensional increase of the palate. It goes without saying that malocclusions due to insufficient 
growth of the upper jaw bones must be corrected by stimulating growth in a physiological and certainly not traumatic way, 
under penalty of an individual biological and functional price in the oral environment, present and future.

The growth of the mandible is different and peculiar: the condyle region develops through the enchondral route, 
while the rest of the mandible initially follows an external cartilage sketch (Meckel’s cartilage, mantle ossification) and 
develops then by periosteal deposition (1). Unlike other cartilages of the skull, such as the synchondrosis of the skull base, 
or of the cartilage of the nasal septum, of direct mesenchymal derivation, particular attention must be paid to the condylar, 
which is a secondary cartilage. The growth of the temporomandibular joint is adaptive (or compensatory, in pathological 
conditions) and occurs in response to mechanical stimuli (20). The articular fibrocartilage that lines the head of the 
condyle is initially well represented and nourished by a rich vascularized connective tissue, which allows rapid growth 
during development. In fact, at birth, the temporomandibular joint is completely immature; over the years, the potential 
decreases, but continues to maintain a considerable capacity for adaptation or compensation for the entire duration of 
the individual’s life (20,21). The temporomandibular joint actually changes during growth, constantly accompanying 
the evolution of its function: in the first years of life it has a flattened morphology, an expression of its function as a 
“flat” sliding joint suitable for sucking movement; subsequently, the joint eminence becomes progressively steeper and 
the condyle moves away from the occlusal plane (22, 23). Compensation of the temporomandibular joint is a lifelong 
adaptation process with respect to changing occlusal conditions.

The remarkable adaptability is demonstrated by studies on animal model, in which the application of a device designed 
to induce an asymmetrical lateral displacement of the mandible determines a different development of the two condyles 
(10). Similarly, in small patients with deciduous or mixed dentition presenting a crossbite-type malocclusion, which 
causes dislocation in the three planes of the mandible space, the two condyles are subjected to different stimulations 
during the course of function and their compensatory growth is asymmetrical, irreversibly at the end of growth (24). This 
is a predisposing condition to chronic craniofacial pain.

In light of the adaptive growth characteristics of the temporomandibular joint in the development phase, particular 
attention should be paid to a systemic inflammatory disease such as juvenile idiopathic arthritis (JIA). Due to the 
characteristics described above, the JIA involves the growing temporomandibular joint in an important and constant 
manner, even in the absence of obvious or reported signs and symptoms. In fact, it is rare for growing patients affected 
by JIA to report painful symptoms affecting the temporomandibular joint, although the latter is always affected by 
the pathological inflammatory process. It has been shown that, in the presence of JIA, the growth of the mandibular 
condyles proceeds asymmetrically, deviating significantly from the growth pattern of unaffected subjects (25,26). The 
asymmetry involves the condylar height and has repercussions on the vectoriality of the general cranial structure: in 
fact, cephalometric studies have highlighted a significant prevalence of hyperdivergence and postero-rotation of the jaw 
in patients with JIA compared to unaffected subjects. This is a type of cranial structure with a high risk of developing 
intrinsic asymmetries, occlusal instability and dysfunctions of the oral sphere: it is not surprising, since the condyle is an 
important site of growth and adaptation/compensation of the functions of the cranial structure (27). In growing patients 
affected by JIA, therefore, it is necessary to monitor and treat the temporomandibular joint function regardless of the 
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presence of signs and symptoms affecting it. Therefore, the orthognathic treatment must be of the gnathological type, that 
is, respectful of physiology, avoiding any traumatic mechanics whose side effects could add to the altered dynamic pattern 
of the skull structure, worsening it further.

Shaping functions
The dental arches are rigid structures that dominate the system and from which continuous proprioceptive signals 

depart, leading to the formation of patterns and motor memory. The oral functions of each functional period are forming 
functions; that is, they have a decisive influence on the morphology of the bone structures and the formation of functional 
motor patterns (28). Since the main motor of bone growth resides precisely in the functional matrices, an altered function 
or deforming influences such as malocclusions or spoiled habits, can, at any stage of the evolution of the chewing organ, 
but especially in the earliest ones, disturb the harmonious development of the craniofacial complex. Poor habits, oral 
breathing, atypical swallowing (with the interposition of the tongue or lower lip), prolonged use of the pacifier and 
sucking, especially of the thumb, can be responsible for disharmonic development (29). It would be a mistake to allow 
such dysfunctions and asymmetries to mature.

Starting from birth, many studies highlight the importance of breastfeeding in promoting the correct development of 
chewing muscles and jaw structures in the three dimensions of space (30). It should be remembered that the physiological 
sign of change and transition from sucking to swallowing is represented by the eruption of the first deciduous tooth which 
occurs on average at six months. From this moment on, the system begins its evolution towards adult swallowing and 
chewing. Prolonged breastfeeding beyond the first year of age represents an obstacle to the physiological evolution of 
swallowing and chewing function.

In addition to chewing and swallowing, respiration and speech are important functions in the growing subject: 
their functionality must be carefully monitored to detect anomalies early. Verbal communication, from the early stages 
of echolalia to fully developed language, involves neuromuscular activations that are less intense than chewing and 
swallowing but nevertheless important for development: phonation is also a shaping function.

Among the anatomical pathologies capable of significantly altering the chewing function and, therefore, the cranial 
bone growth irreversibly unbalancing it, there are certainly malocclusions, including open bites and all types of cross-
bites. In particular, the rear unilateral cross-bite is the most common. This asymmetrical malocclusion has been defined 
as a neuromuscular syndrome because it causes pathological changes in the masticatory pattern and neuromuscular 
coordination, resulting in a severely asymmetrical function (31). International research studies have shown for some time 
that, in cross-bite conditions, abnormal dyskinetic and poorly efficient patterns develop during cross-biting, neuromuscular 
coordination between the sides is lost and the electromyographic amplitude reaches values about 50% lower than the 
unaffected side (32,33). Faced with such an important functional asymmetry, an asymmetrical development of the 
craniofacial structure will occur, primarily involving the joints, irreversible at the end of growth (34, 35). A peculiarity 
of this malocclusion is represented by the fact that it can manifest itself in deciduous dentition as early as 2-5 years of 
age, during the formation and fine-tuning of all neural motor schemes; therefore, its early diagnosis is important and the 
therapy becomes longer and at risk of relapse the later the intervention is carried out. Orthognathic therapy of the posterior 
cross-bite is not only aimed at repositioning the teeth within the arches in the correct occlusal relationship, but above all, 
through the teeth, to rebalance the chewing function between two sides. It goes without saying that it will not be possible 
to recover function with traumatic and anti-physiological mechanical therapies, but only with therapies that respect the 
physiology and biology of the system. The earlier this happens, the sooner the residual memory is corrected, the growth 
will become harmonious and the correction will easily remain stable over time.

Recent research results: chewing function and cognitive development
In recent years, it has emerged from studies on animal models that the experimental alteration of the chewing function 

causes alterations in the central nervous system, demonstrable from a histological and behavioral point of view (34,35). 
Animal studies are important for histological and biochemical demonstration; in fact, in the mouse model, the imposition 
of a soft diet right from weaning, in addition to the marked underdevelopment of the jaws (which is not reflected in the 
somatic development, which proceeds (36), is associated with the significant reduction in the number of neurons, reduction 
of neurogenesis in the dentate gyrus, reduction of synaptic density and activation of glial cells in the hippocampus, as 
well as a reduction in memory and spatial orientation. Furthermore, the chewing function is disturbed by a mechanical 
obstacle, such as a pre-contact inserted between the arches in the molar or incisal region that prevents any other occlusal 
contact (called bite-raise, nowadays widely used especially in adolescence), in addition to the neural alterations described 
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in the hippocampus. In that case, there is an activation of the hypothalamus-pituitary-adrenal axis, with an increase of 
corticosteroids. In fact, in the animal model the bite-raise creates a state of uncontrollable anxiety in the condition of new 
stressful stimuli, which persists even after the acute response is exhausted (37). In other words, occlusal stability is an 
important element for a child’s harmonious psycho-physical development. Occlusal stability is the condition in which, 
during the closing movement of the mouth, the dental arches easily find the maximum intercuspation and the antagonist 
teeth face each other with a dense distribution of contact points, allowing the development of adequate forces to stimulate 
the bone growth (38). The unstable occlusion, on the contrary, does not allow adequate development of the functional 
forces necessary for the growth of the jaws and in addition, it has a negative influence on the cognitive development of 
the child. Achieving stable occlusion with adequate anterior canine guides is the aim of any orthognathic therapy (39-45).

There are therefore at least two distinct functional aspects to take into consideration: on the one hand, the occlusion, 
which can, if altered, be a source of stress for the body; on the other hand, the chewing function, which can, if exercised 
too little or altered by malocclusions or other congenital or acquired pathologies, negatively affect the trophism of the 
hippocampus and its functions. This has been demonstrated both during weaning and growth, and during aging. From 
clinical research, it is known that the presence of less than twenty teeth in the arch (considered the limit for efficient 
chewing) is associated with a reduction in cognitive performance in the elderly subject, which is completely consistent 
with the data from laboratory studies, as well as from clinical experience (46,47, 48). It must be emphasized that alterations 
in chewing and / or occlusion can lead to a reduction in the neuronal potential which otherwise allows aging to be faced 
with an adequate functional reserve necessary for maintaining a good quality of life. On the other hand, a full exercise 
of the masticatory function allows the complete expression of craniofacial development and could contribute to preserve 
intact a functional cognitive reserve through an adequate and necessary persistent stimulus to neurogenesis and to the 
differentiation of hippocampal neurons (11).

CONCLUSION

In light of the complexity and characteristics of cranial growth intimately correlated to the oral functions described, 
it appears clear that the treatment plan for malocclusions must be aimed primarily at rebalancing the altered functions. 
The purpose of orthognathic therapy in the growth phase cannot simply limited to the alignment of the teeth but must 
be aimed at restoring the balance of functions and consequently of bone development. For this, a logical and consistent 
treatment plan with the diagnosis is needed, avoiding mechanical and traumatic therapeutic means. In fact, the mechanical 
and traumatic forces during cranial growth can determine unpredictable and unpredictable effects due to the complexity 
and individuality of the structure. The restoration of oral functions can only take place if the forces expressed by the 
therapeutic device have the characteristics of self-regulating and intermittent physiological stimuli, allowing the self-
repositioning of the mandible in the three planes of space in a position of greater structural balance. Only in this way, 
in addition to the repositioning of the teeth inside the arches, will it be possible to guarantee the recovery of the neuro-
muscular coordination of the entire cephalic and neighboring districts and a harmonious, stable and lasting function for 
the future life of the little patient.
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