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Abstract

A prospective longitudinal study of 157 patients between the ages of five and 16 years, high-performance athletes,
who were treated with epiphyseal and / or apophyseal injuries due to chronic stress in our service, was carried out
in the period between January 1, 2000 and December 31, 2020, at the Martires del 9 de Abril University Hospital
in Sagua La Grande, Villa Clara province, Cuba. Of these patients, 102 are male, the most frequent ages of the
affected children are between 13 and 14 years, pain and poor sports performance were the predominant symptoms,
67.7% (n = 106) were in radiological stage Il and 70.9% (n = 7) in pathological anatomical stage Il, which is

closely related, but not the clinical stages.
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Introduction

The injuries of the child athlete can appear at any time and part of the
body and although they are generally not serious, they can cause
psychological damage and pain, within these injuries are those of the
muscle skeletal system, which are divided for study into accidents and
injuries due to overuse [1-2], being one of the most frequent affections
epiphyseal or apophyseal injuries, within the basic mechanisms in the
production of sports injuries we find affections by contact, by impact, by
dynamic overload and by overuse [3].

The use of medicine and its advances to achieve the reduction of injuries
in immature athletes, is a contribution to the elevation of the quality of
sports practice and an incentive to athletic performance, providing the
athlete with a more fruitful and lasting life. Raising the knowledge not
only of the child athlete, but that of their coaches and trainers as well as
the health personnel who care for them, provides a better understanding
and a greater possibility of recognizing the risks today, much more
important if this happens in the School sport. [4]

Among the overuse injuries we can find those that damage the growth
processes such as the calcaneal or anterior tibial process, where the most
powerful tendons of the human body are inserted, they can also be found
in other locations such as the patella or the tarsal scaphoid.

Generally, the constant activity of children in sports practice - also in daily
life - can cause damage, whether direct trauma or repetitive micro-trauma,
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where the powerful tendons produce increased local tension in the area
and structural tissue damage, which leading to vascularization disorders
and therefore epiphyseal ischemic necrosis [5]. In 1968, Caffey was one
of the first to propose calling diseases of the primary or secondary nuclei
due to repetitive damage as chronic stress injuries [6].

The possibility of clinically understanding, radiologically corroborating
an injury and demonstrating the phenomenon of epiphyso-apophyseal
damage due to an overuse mechanism or chronic stress injury is the
objective of this work, in which we present the results obtained by
correlating clinical, radiological and pathologically the lesions in the child
athlete.

Material and Methods

A longitudinal prospective study of 157 athletes who suffered chronic
stress injuries was carried out, which were treated at the Martires del 9 de
Abril University Hospital in Sagua La Grande, Villa Clara province in
Cuba, in a period of 20 years, between on January 1, 2000 and December
31, 2020. The following criteria were used for participation in this study:
Inclusion criteria. - School-age children under 16 years of age, practicing
organized sports activities. - Clinical and radiological diagnosis of
chronic stress injury. - Attended in our orthopedic service, practicing a
surgical technique known as Beck Perforations which required
intervention and taking a sample for biopsy, analyzed in our Department
of Pathology. Exclusion criteria. - Patients with a diagnosis of chronic
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stress injuries not operated on. - Patients over 16 years of age. - Children
of preschool age. - Children not practicing sports. Exit criteria. - Patients
who continued with rehabilitation treatment at another institution. -
Patients who abandoned the rehabilitation treatment. The surgical
technique used consists of direct approach to the injury according to the
damaged region, maintaining Campbell's postulates, taking a sample from
the injured site and practicing between 8 and 10 perforations to the
damaged epiphysis or apophysis, hemostasis, closure by planes and
immobilization by a four week period.

The rehabilitation process began immediately with isometric exercises for
the muscles involved. When immobilization was removed, strengthening
exercises for said muscles and joint movements began, as well as
ultrasound and heat. The samples were processed according to the
Hematoxylin-Eosin technique. A parallel data collection model was
made, where variables such as age, sex, type of sport practiced by the
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child, epiphysis or damaged apophysis, evolution time with the
symptoms, radiological stage in which they were found, classifying it into
the following stages: - Stage |: X-ray image is normal, - Stage II:
Increased bone density and small fractures may appear. - Stage IlI:
Multiple fractures and bone collapse. - Stage IVV: Recovery of the normal
radiological image. Glincher and Kensara's [7] anatomical pathological
classification was also used for the lesions, as well as the results obtained.
The data were processed by the SPSS.II version for Windows and were
put into tables for evaluation.

Results

The children who most frequently present epiphyso-apophyseal injuries
related to overuse are those who practice physical activities with balls
(41.9%) and those who perform physical activities of times and marks.
Especially those who are between 13 and 14 years old.

Age Groups in | Type of Sport
years
Ball Sport | Combat Sports Time | Water Sports | Total
Sport Marks

Under 8 5 0 0 2 7 (4,5%)
8- 9 10 1 3 3 17 (10,8%)
10- 12 25 10 15 5 55 (35,0%)
13- 14 19 17 18 9 63 (40,1%)
15- 16 7 1 5 2 15 (9,6%)

Total 66 (41,9%) | 29(194%) | 41(25,8%) 21 (12,9%) | 157 (100%)

Source: Database.

Table 1: Distribution of epiphyseal and / or apophyseal injuries in relation to the type of sport and age groups.

Epiphyso-apophyseal conditions due to chronic stress in child athletes
evolve with pain in 100% of children, this is a chronic pain generally of
low intensity that is exacerbated with the practice of physical activities
and training. Frequent swelling of the damaged area appears in our

casuistry, we find that more than 90% present this type of clinical
behavior and all the children also presented poor sports performance,
regardless of the state in which they were. All of the above can be seen in
table number 2.

Clinical Data Children Athletes Total %
Male N % | Female
n %

Pain 102 (64,5%) | 55 (35,5) 157 100
Low performance Sports 102 (64,5%) 55 (35,5) 157 100
Swellings 91 (64,3%) 50 (35,7) 141 90
Functional Impotence and / or 81 (64,0%) 45 (36,0%) 126 80
Claudication

Color, Blush 40 (53,3%) 35 (46,7%) | 75 48
Easy Tiredness 20 (40,0%) 31 (60,0%) 51 32

Source: Database.

Table 2: Relationship between the number of children, sex and their fundamental clinical data when presenting apophyseal damage.
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1. Osteochondritis of the calcaneal growth nucleus in a baseball player.

2. Osteochondritis of the upper pole of the patella in an athletic girl.

3. Osteochondritis of the scaphoid tarsal bone in a girl practicing gymnastics.

4. Osteochondritis of the tibial tubercle in a soccer player

Figure 1: Radiological images of epiphyseal diseases due to chronic stress in immature athletes, in their different evolutionary stages and different
locations. (Photos by the author)

In Figure 1 we observe the radiological stages of the epiphyso-apophyseal
lesions produced by overuse, lesions in different stages of evolution can
be observed but in our study all evolved towards the chronic inflammatory
response of the tissues, which was later corroborated with radiographs and
analysis pathological anatomy of samples taken during surgical
interventions. The pathological anatomical analysis of the conditions is
difficult to perform in these cases, since they are generally children who
do not have a serious disease and a large percentage of them heal with rest
and medical treatment, for this reason only 11 cases were operated on.

Anatomically pathologically, they present in several stages (Figure 2)
initially chronic stress and epiphyseal or apophyseal tension produces
damage to the microcirculation with tears of the vascular system and the
deprivation of blood supply to the epiphysis, which translates into
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changes in the Tissues with swelling and cell death secondarily appear
features of the necrotizing process of the epiphysis, it is very rare for the
entire epiphyseal nucleus to be damaged, later a stage of changes begins
where repair begins in the epiphysis or apophysis, when observing this
stage we can see signs old hemorrhage, cystic degeneration and
replacement fibrosis, granulation areas may appear from mesenchymal
cells, neo-formed capillaries and demineralization of some areas,
radiologically this stage is observed as fragmentation of the epiphysis,
later the dead bone - third stage - is generally replaced by granulations
from the metaphysis, in our study we accelerated this neo-formation and
migration of neo-formed vessels with Beck's perforations in children who
required surgical intervention. These perforations accelerate the
revascularization process, due to the invasion of neo-formed vessels that
they produce.
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1. Phase 1. Necrotic changes in hematopoietic, bone and adipose cells.
2. Phase 2. Necrotic bone contiguous to healthy bone.

3. Phase 3. Repair and remodeling of the interface.

4. Phase 4. Collapse of the bone.

Figure 2: Microscopic images of chronic stress epiphyseal injuries in immature athletes, note the different stages of evolution. (Photos by the
author)

The anterior tuberosity of the tibia and the calcaneal epiphysis were the  tensions during its function in the practice of physical exercises. It is
most injured areas, very vulnerable places due to the thick tendons that  striking as the symptoms they evolve for more than six weeks before
are inserted in them, in addition, they are the termination of powerful  diagnosis and even after diagnosis and treatment.

muscles such as the Quadriceps and the Gastrocnemius, which cause high

Epiphysis or apophysis | Evolution with pain Evolution with pain
damaged before diagnosis after diagnosis and treatment
Less than 3 | Between3and | More than 6 | Less than 3 | Between3and | More than 6
weeks 6 weeks weeks weeks 6 weeks weeks
Tibial anterior tuberosity 10 15 61 7 35 47
Calcaneal tuberosity 3 10 38 2 24 31
Upper or lower pole of 1 2 4 1 1 1
the ball joint
Scaphoidtarsal 1 1 - - 1
Proximal humerus 1 1 3 - 1 2
Elbow Area - 1 3 - 1 2
Semilunar - - 1 - - 1
Total 15 (9,7%) 30 (19,4%) 111 (70,9%) 10 (6,5%) 62 (39,7%) 85(53,8%)

Source: Database.

Table 3: Relationship between the damaged epiphysis and the period of evolution of the injured children, before and after diagnosis.

In Table 4 we describe the radiological and anatomical pathological (n = 7), only 11 children were operated on , most were treated
correlation of the epiphyseal injuries due to chronic stress in the child  conservatively.
athletes who attended our consultation, most of the injuries are in stage 11
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Radiologic Anatomic-pathological
Stadium
Number of children | % Number of children %
| 20 12,9 1 9,1
1 106 67,7 7 63,6
111 21 13,1 2 18,2
\Y 10 6,3 1 9,1

Likelihood ratio test
Chi-square = 0.4064 gl = 3 p-value = 0.9389
— Measures of association for nominal variables

Contingency coefficient = 0.0501 Cramer's V coefficient = 0.0501

Tau of Goodman and Kruskal. Rows / columns = 0.0025 Columns / rows = 0.0007

Source: Database.

Table 4: Radiological and anatomic pathological correlation of chronic stress injuries in the child athletes in our study.

Discussion

Knowledge of the pathophysiology, clinical symptoms and radiological
findings of traction bone lesions will allow a correct diagnosis to be made
and can avoid, on the one hand, that the patient is exposed to excessive
complementary tests or unnecessary invasive procedures, and on the other
that the healthcare professional makes diagnostic errors. [8]

Epiphyso-apophysitis is a common and clinically important disorder that
occurs in humans. This disease is defined as a focal endochondral
ossification disorder and is considered to have a multifactorial etiology.
The most common etiologic factors are heredity, rapid growth, anatomical
conformation, trauma, and dietary imbalances; However, only inheritance
and anatomical conformation have been demonstrated by the scientific
literature. The way in which the disease starts has been discussed.
Although the formation of a brittle cartilage, the failure of chondrocyte
differentiation, subchondral bone necrosis, and failure of the blood supply
to the growth plate have been invoked as the initial step in pathogenesis,
recently the literature has provided important evidence regarding failure
of growth plate blood supply as the most likely cause. Osteochondritis is
the term used to describe a wide variety of different lesions to the growth
plate and growth plate in the human body. [9]

In our casuistry, the highest percentage effectively corresponds to
children who play sports with balls, this is found in relation to children
who play soccer and throw balls, [10, 11, 12] also repeated injuries to the
elbow of pitchers. Athletic implements, they agree that injuries appear
after prolonged, repetitive work and fatigue. [13] Valasek AE et al. [14]
report that children are the most affected. Ishida recommends the practice
for young children who perform sports activities with balls use lighter
implements, depending on their age. [15]

Returning to competitions safely after injury is a process that must involve
the injured athlete as a whole, where members of the rehabilitation team
must work together to study the biological, neuromechanical, metabolic
and psychosociological aspects of rehabilitation, with special emphasis
on the final phases of functional recovery, which must be carried out in
the field. In general, the child athlete is able to return to full activity faster
than the adult athlete, and if the injury has already occurred, it is necessary
to avoid its aggravation and provide a treatment that leads to healing, with
a reintegration to the sport, nuanced and controlled by the biological time
of restitution and integrity. This happens when the acute signs and
symptoms have been eliminated, the child can use all his joints to the
maximum and he has sufficient strength and proprioception to carry out
the tasks, also the movement mechanisms are normal.[16, 17]
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Regardless of our study, there are no variations with the clinic, since all
the children invariably the stage in which they were found presented a
similar clinical picture characterized by pain and decreased sports
performance, however in the radiological and anatomic pathological
stages there is a significant correlation, the stage in which we most
frequently find affected children was stage Il or revascularization or repair
phase, where necrotic bone is invaded by blood vessels and osteogenic
tissue, with fibrosis, these go from healthy bone to necrosis. According to
this process, a replacement of the old bone appears that is gradually
reabsorbed and replaced by new tissue, this stage can last from months to
years, depending on the evolution towards a chronic inflammatory
response.

Another less numerous group was in stage Il or remodeling phase, where
osteoblasts appear, initiating cells of the osteogenesis process, at this
stage these cells appear along the reactive interface between the viable
zone and the osteonecrosis. If this phase were normal and the stresses on
the epiphysis decreased, then the osteoblasts should form immature
reticular bone that would be progressively reabsorbed by the osteoclasts,
giving rise to lamellar bone capable of replacing the necrotic area. On
many occasions, this normal process is altered and the precursor cells are
transformed into osteoclasts and fibroblasts instead of osteoblasts,
therefore depending on the predominance of one or the other cells, the
filling of the area will be, if osteoclasts predominate, reabsorption will
occur, if fibroblasts predominate, the filling zone will be predominant in
fibrous tissue. The classic description of the histological changes that take
place in the bone when there is avascular necrosis is based on the studies
carried out in 1979 by Glincher and Kenzara [7] which caused an ischemic
reaction and should be considered as a complex and continuous process
of necrosis , revascularization and repair, trabecular bone resorption
weakness and stress fractures.

In phase 1V we only found a girl athlete with damage to the lunate which
collapsed when she lost her elastic capacities to absorb compression and
shear stresses resulting in fatigue fractures. She was a field tennis player.

Epiphyso-apophysitis are common causes of bone pain but they have
discrepant etiologies and require systematic investigation. Apophysitis
results from a traction injury to the cartilage and the bone insertion of
tendons in children and adolescents. [18, 19] It is most often an overuse
injury in children who grow up to have inflexible musculoskeletal units.
Although they occur more frequently in the lower extremities, they also
appear in the upper limb.[20] Radiography can be helpful in positive and
differential diagnosis. [21, 22]
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Osteochondritis or epiphysitis and apophysitis are terms that are often
confused; however, these two conditions should be considered separately
because they have different etiologies and their therapeutic management
is also different. [23] Conduct should always begin with injury prevention
with better sports training planning. [24, 25]

Conclusions

Pain and decreased sports performance in child athletes are the frequent
clinical manifestations in epiphyseal-apophyseal lesions, in children
between 13 and 14 years of age they are the most frequently affected in
those who play sports with balls. The most damaged areas or anatomical
regions are those that are related to the most powerful tendons and
muscles of the body, such as the knee on the front side and the calcaneus.
There is a close radiological and pathological correlation between
epiphyseal apophyseal lesions due to overuse in children.
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