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ABSTRACT

Our preliminary studies indicate the significant value of assessing skeletal maturity in adolescents, as it characterizes the development of the \
skeleton in an individual and can serve as a biomarker for regenerative potential in children and adolescents. This assessment significantly
influences the choice of treatment tactics for diseases of the hip and knee joints. We have established a correlation between reparative rege-
neration processes and skeletal maturity in conditions such as slipped capital femoral epiphysis (SCFE), Perthes’ disease, femoroacetabular
impingement syndrome, spastic hip dislocation in patients with cerebral palsy, and Blount's disease. The intensity of regeneration processes
during prepubertal development allows for the use of less invasive methods of surgical interventions.

THE PURPOSE of the study was to develop a methodology for determining skeletal maturity as a biomarker for establishing indications for
regenerative interventional technologies in adolescent patients with hip and knee joint diseases.

MATERIALS AND METHODS. The study group for the development of the examination methodology included 157 patients (86 boys and 71 girls)
with hip joint pathology (hip dysplasia, Perthes’ disease, juvenile epiphysiolysis of the femoral head, aseptic necrosis of the femoral head, and
individuals without diagnosed hip joint pathology), as well as 129 patients (58 boys and 71 girls) with knee joint diseases (Blount's disease,
axial deformities of the lower extremities, meniscal damage, and patients who were examined due to complaints of knee joint pain), aged bet-
ween 10 to 18 years. The group for a differentiated approach to the use of regenerative interventional technologies consisted of 46 adolescent
patients with diseases of the hip and knee joints (SCFE, Perthes’ disease, Blount's disease, and pathology of menisci).

RESULTS. A methodology for the use of skeletal maturity as a biomarker for establishing indications for regenerative interventional techno-
logies in adolescent patients with diseases of the hip and knee joints has been developed, which includes the following Steps: establishing the
period of sexual development of the patient based on the determination of skeletal maturity based on radiographs of the hip and knee joints,
establishing additional risk factors (heredity, individual characteristics of the connective tissue, the presence of chronic systemic diseases)
and the severity of the disease (according to the results of questionnaires). According to the results of the analysis of the application of the
methodology of distinguishing skeletal maturity as a biomarker of indications for regenerative interventional technologies in adolescent pa-
tients with diseases of the hip and knee joints, it was established that in prepuberty only 3 out of 16 examined patients (which amounted to
19 %) have indications for regenerative interventional technologies, during the induction of puberty, 4 out of 9 examined patients (that is,
almost 50 %) had the specified indications.

CONCLUSION. In the prepubertal period, we recommend the use of regenerative technologies in combination with one of the risk factors or in
cases with a severe or moderate course of the disease. During the induction of puberty, regenerative technologies are recommended in the
presence of one of the risk factors or in cases with a severe or moderate course of the disease. In the pubertal period, due to the reduction of
the individual’s regenerative potential, we recommend the use of regenerative technologies for all patients.
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Reparative tissue regeneration of the musculoskeletal system is an
ever-present problem of the science and practice of traumatology and
orthopedics. In the structure of disability in adolescence, congenital and
acquired diseases of the hip and knee joints occupy a significant share.
In the absence of treatment or improper treatment in the coming months
after the occurrence, damage to the joint tissues (articular cartilage and
spongiosa, acetabulum lip, knee menisci, joint capsule, vessels feeding
the head and neck) progresses to a severe dystrophic-destructive pro-
cess, the result of which is a number of irreversible pathological pro-
cesses and clinical conditions: tissue destruction of the bone articular
end, capsule fibrosis, arthrogenic contractures, pain syndrome, perma-
nent disability [1-3]. Thus, according to various authors, up to 40 % of
patients in this category will need endoprosthesis in the future. A modern
meta-analysis of literary sources indicates that in the structure of the fi-
nal stages of osteoarthritis of the hip joint in young patients who require
endoprosthesis, 30 % of all cases are the result of avascular necrosis of
the femoral head (AVN), 26 % — dysplasia of the hip joint, 26 % — LCPD
and SCFE, 14 % — unclassified [4]. In other words, more than half (52 %)
of patients who need prosthetics by the age of 40 have been ill since
childhood or adolescence.

An analysis of the long-term treatment results of such hip joint di-
seases as Legg-Calve-Pertes disease (LCPD), Slipped Capital of Femo-
ral Epiphysis (SCFE), Developmental Dysplasia of the Hip (DDH) [5-6]
showed that in most cases the hopes for the biological potential of adap-
tive and compensatory reactions in children and adolescents turned out to
be unjustified. Modern analysis of literary sources indicates further spe-
cialization of adolescent medicine in pediatrics. This is due to a number of
reasons, the main one being the peculiarities of the course and treatment
of diseases during puberty. Pathology of the locomotor system in adoles-
cence is no exception. Damage to the hip joint in this age period attracts
considerable attention for a number of reasons:

« Significant prevalence of orthopedic diseases during puberty. Ac-
cording to the Society for Adolescent Medicine (2002), 7 % of citizens of
this age group need orthopedic care. Similar screening programs were
not conducted in Ukraine.

« The anatomical and functional features of the hip joint formation in
normal puberty, in congenital and acquired diseases and after reconstruc-
tive and restorative operations performed on the hip joint at different age
periods have not been sufficiently elucidated.

- Rapid progress of osteoarthritis of hip and knee joints in this age
period.

« Reduction of adaptive capabilities of the body and hip joint, in par-
ticular, in this age period compared to children’s.

« “Staying” of patients on the border of pediatric and adult orthope-
dics with problems of treatment continuity.

The treatment of these diseases and their residual problems remains
an urgent issue today, since with the progression of the disease, the list of
possible treatment tactics and their effectiveness decreases significantly,
and the final technique — endoprosthesis — has a number of disadvan-
tages and age restrictions. In addition to the diseases characteristic of this
period (SCFE), there is deterioration in the course of congenital patholo-
gies, in particular hip dysplasia. Modern technologies of their treatment,
without a doubt, must take into account the peculiarities of the hip joint
formation in this age. All of the above determines the relevance of this
study.

Our previous studies [7-17] indicate the significant importance of
skeletal maturity in adolescents, which characterizes the development of
the skeleton in an individual and can be used as a biomarker of regenera-
tive potential in children and adolescents, which significantly affects the
choice of treatment tactics for the hip and knee joints diseases.

Thus, we established the dependence of reparative regeneration pro-
cesses in children and adolescents on skeletal maturity in such diseases
of the hip and knee joints in children and adolescents as SCFE, Perthes’
disease, femoro-acetabular conflict syndrome, spastic hip dislocation in
patients with cerebral palsy, Blount’s disease. The intensity of regenera-
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tion processes in the prepubertal period of sexual development allows the
use of less invasive methods of surgical interventions.

THE PURPOSE of study: the determination of skeletal maturity has
significant prospects for determining indications for the regenerative
technologies application, which became the reason for the development
of an examination methodology and a differentiated approach.

MATERIALS AND METHODS

The study group for the development of the methodology consisted of
157 patients (86 boys and 71 girls) with hip joint pathology (hip dysplasia,
Perthes’ disease, SCFE, aseptic necrosis of the femoral head, and without
diagnosed hip joint pathology) and 129 patients (58 boys and 71 girls)
with diseases of the knee joints (Blount’s disease, axial deformities of
the lower extremities, meniscal injuries, and patients who were examined
for complaints of pain in the area of the knee joint) aged 10 to 18 years.
Patients’ parents signed an informed consent to participate in the study
without fail.

The following research methods were used:

- clinical research;

- determining the quality of life of patients according to question-
naires;

- determining the skeletal maturity based on radiographs of hip and
knee joints.

The clinical examination consisted in identifying the following param-
eters, which were included in the thematic patient’s medical record form
(Fig. 1).

To assess the quality of life in children and adolescents with hip joint
pathology, we used a questionnaire developed by us previously (Fig. 2)
[18].

To assess the quality of life in children and adolescents with diseases
of the knee joint, the KOOS-Child scale [19], translated into Ukrainian,
was used (Fig. 3).

THEMATIC PATIENT’S EXAMINATION RECORD No____

Treatment facility:
Inpatient record No:
Diagnosis:
Date of arrival at the clinic:
Date of discharge:
Date of completion:
1. Passport information
1. Full name
2. Gender: Male / Female
3. Date of birth:
4. Age (years):
5. Place of birth:
6. Nationality:
II. Complaints of the patient (must be underlined)
1. Pain in the lower limb: Yes / No
2. Gait disorder: Yes / No
3. Movement restrictions: Yes / No
4. Shortening of the limb: Yes / No
Ill. Risk factors and life history (emphasis required)
1. Presence of systemic diseases in the family: Yes / No
If so, which ones?
2. Presence of patients with osteoarthritis in the family: Yes / No
If so, who has
3. The presence of the ligamentous laxity: Yes / No
If so, who has
IV. Medical history:
1. Onset of the disease (year, month):
2. Duration of the disease (months):
3. Previous treatment:
V. Objective examination (to be completed by a doctor)
Date:
1. Constitution: Normosthenic, hypersthenic, hyposthenic
2. Height: cm.
3. Weight kg.
4. The presence of weakness of the ligamentous apparatus Yes / No
5. Stage of sexual development according to Tanner
6. Skeletal maturity of the hip (knee) joints at the time of onset of the disease (scores)
8. Skeletal maturity of the hip (knee) joints at the time of admission (points)

Fig. 1. Thematic patient’s examination record form.
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1. Does your child have pain?
44 = none
40 = there is, but the child ignores it (does not
pay attention)
30 = is only after long running, jumping, does
not limit normal needs (walking, climbing
stairs, transport, sitting)
20= yes, limiting usual needs (walking,
climbing stairs, transport, sitting)
10 = frequently and significantly restricts
movement in some places takes pain
medication
0 = is constant, or requires constant pain
medication

N

. Does your child have a limp (lameness)?
4 =none
3 = barely (almost imperceptibly and
occasionally)
2 = constant but moderate
1 = heavy constant
0 = does not walk without additional support

3. How far can your child walk?
4 = unlimited
3=15km
2=500-700 m
1= only at home
0 = does not walk

4.1s there a limitation of mobility of the
hip joint?

4 =none

3 = barely

2 = moderate

1 = significant

0 = very significant (joint almost immobile)

5. Does your child have problems going
down the stairs?

4 =none

3 = barely

2 = moderate

1 = significant

0 = cannot walk up the stairs

6. Does your child have problems climbing
stairs?

4 =none

3 = barely

2 = moderate

1 = significant

0 = cannot walk up the stairs

7. Are there any problems while walking?
4 =none
3 = barely
2 = moderate
1 = significant
0 = cannot go for a walk

8. Are there problems during mobile
games with other children (football,
classes, running, etc.)?

4 =none

3 = barely

2 = moderate

1 = significant

0 = cannot be played

9. Are there problems when squatting?
4 =none
3 = barely
2 = moderate
1 = significant
0 = cannot squat

10. Are there problems when changing
the direction of movement (turning the
body while standing on one leg)?

4 =none

3 = barely

2 = moderate

1 = significant

0 = cannot turn the body while standing on

one leg

Fig. 2. Questionnaire for children and adolescents with hip joint diseases

Today’s date:
Name:

Date of birth:

INSTRUCTIONS

KNEE PROBLEMS

These questions collect information about how your injured knee affects you. Answer
every question by ticking the appropriate box, only one box for each question. If you are
unsure about how to answer a question, please select the best answer you can.

Symptoms. The questions should be answered in the context of symptoms during the last week.

S1. During the past 7 days, how often has your knee been swollen?

0 Never O Rarely 0 Sometimes 0O Often 0O Always
S2. During the past 7 days, how often has your knee made any noise/sounds?
O Never O Rarely O Sometimes O Often O Always
S3. During the past 7 days, how often did your knee get stuck?
0 Never O Rarely 0 Sometimes 0 Often O Always
S4. During the past 7 days, how often have you been able to fully straighten your knee on
your own?
0O Never O Rarely 0O Sometimes 0O Often O Always

S5. During the past 7, days how often have you been able to fully bend your knee on your
own?
0O Never O Sometimes

O Rarely O Often O Always

Stiffness. The following questions refer to the degree of stiffness of the joint during the
last week. Stiffness is a feeling of limitation or slowing down of movements in the knee
joint.
S6. During the past 7 days, how much difficulty have you had moving your knee just after
waking up in the morning?

O No difficulty O A little 0O Sometimes OAlot O Extreme difficulty

S7. During the past 7 days, how much difficulty have you had later in the day moving your
knee after being sedentary for a while?
0 No difficulty O A little 0 Sometimes

0O Alot O Extreme difficulty
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PAIN
P1. During the past month, how often have you experienced knee pain?
0 Never 0O Rarely 0 Sometimes 0 Often O All the time

How much knee pain have you experienced in the past 7 days during the following activities?
Check the best answer for each item
P2. Twisting/pivoting on your injured knee when walking/standing/running

O Nopain O Alittle pain O Middle pain O Alot of pain O Extreme pain
P3. Fully straightening your injured knee

ONopain O Alittle pain O Middle pain O Alotof pain O Extreme pain
P4. Fully bending your injured knee

O Nopain O Alittle pain -~ O Middle pain O Alot of pain O Extreme pain
P6a. Walking up stairs

ONopain  OAlittlepain O Middle pain O Alotof pain O Extreme pain
P6b. Walking down stairs

O Nopain O Alittle pain O Middle pain O Alot of pain O Extreme pain
P8a. Sitting with your injured knee bent

ONopain  OAlittlepain O Middle pain O Alotof pain O Extreme pain
P9. Standing upright on both legs for any amount of time

O Nopain O Alittle pain O Middle pain O Alot of pain O Extreme pain

DIFFICULTY DURING DAILY ACTIVITIES

The following questions relate to joint function. By this we mean your ability to move around
and your ability to care for yourself. For each of the following activities, please indicate the
degree of difficulty you have experienced in the past week because of your knee.

A1. During the past 7 days, how much difficulty have you had walking down stairs?
O No difficulty O Alittle O Some OAlot O Extreme difficulty

A2. During the past 7 days, how much difficulty have you had walking up stairs?
O No difficulty 0O Alittle 0 Some O Alot O Extreme difficulty

A3. During the past 7 days, how much difficulty have you had standing up from a chair?
0 No difficulty 0 Alittle 0 Some 0O Alot 0O Extreme difficulty

A4. During the past 7 days, how much difficulty have you had to stand
0O No difficulty 0O Alittle 0 Some 0O Alot O Extreme difficulty

A5. During the past 7 days, how much difficulty have you had to bend down and pick up
an object from the floor?
O No difficulty O A little 0 Some OA ot O Extreme difficulty

A6. During the past 7 days, how much difficulty have you had to walking on a flat surface
0 No difficulty 0 Alittle 0 Some 0O Alot O Extreme difficulty

A7. During the past 7 days, how much difficulty have you had getting in to/out of a car?
O No difficulty O A little O Some OAlot O Extreme difficulty

A8. During the past 7 days, how much difficulty have you had to go shopping
0 No difficulty 0 Alittle 0 Some 0O Alot O Extreme difficulty

A9. During the past 7 days, how much difficulty have you had to put on socks/stockings
O No difficulty O A little O Some OAlot O Extreme difficulty

A10. During the past 7 days, how much difficulty have you had to get out of bed?
0 No difficulty 0 Alittle 0 Some O Alot 0O Extreme difficulty

A11. During the past 7 days, how much difficulty have you had to remove socks/stockings
O No difficulty O A little O Some OAlot O Extreme difficulty

A12. During the past 7 days, how much difficulty have you had to change knee position
when lying in bed?
0 No difficulty 0 Alittle 0 Some 0O Alot 0O Extreme difficulty

A13. During the past 7 days, how much difficulty have you had getting in to/out of the
bathtub/shower?
0 No difficulty 0 Alittle 0O Alot O Extreme difficulty

A14. During the past 7 days, how much difficulty have you had to sit in a chair with your
injured knee bent?
0 No difficulty 0 Alittle 0O Alot O Extreme difficulty

A15. During the past 7 days, how much difficulty have you had to get up/sit down in a
wheelchair
O No difficulty O A little O A lot O Extreme difficulty

A16. During the past 7 days, how much difficulty have you had to carry heavy bags/
backpacks etc?
O No difficulty O A little O Some OAlot O Extreme difficulty

A17. During the past 7 days, how much difficulty have you had to do light chores such as
cleaning your room, filling/emptying the dishwasher, making your bed, etc?
O No difficulty O Alittle O Some OAlot O Extreme difficulty

DIFFICULTY DURING SPORTS AND PLAYING

The following questions are about your physical function that requires significant effort.
The question should be answered in the context of complications related to the knee joint
during the last 7 days

SP1. During the past 7 days, how much difficulty have you had to squat down during play
or sports activities?

0 No difficulty 0O Alittle O Alot O Extreme difficulty
SP2. During the past 7 days, how much difficulty have you had to run during play or
sports activities?

O No difficulty

O Some

O Some

O Some

O Some

O A little 0 Some O A lot O Extreme difficulty




SP3. During the past 7 days, how much difficulty have you had to jump during play or
sports activities?
0 No difficulty 0 Alittle O Alot O Extreme difficulty

SP4. During the past 7 days, how much difficulty have you had to twist/pivot because of
your injured knee during play or sports activities?
0 No difficulty O A little 0 Some O A lot 0O Extreme difficulty

SP5. During the past 7 days, how much difficulty have you had to kneel because of your
injured knee?

O No difficulty O A little O Some OAlot O Extreme difficulty
SPNG. During the past 7 days, how much difficulty have you had to keep your balance
when walking /running on uneven ground?

O No difficulty O A little O Some OAlot O Extreme difficulty
SPN?7. During the past 7 days, how much difficulty have you had playing sports because
of your injured knee?

O No difficulty O A little 0O Some

HOW HAS YOUR INJURY AFFECTED YOUR LIFE?

O Some

OAlot O Extreme difficulty

Q1. How often do you think about your knee problem?
0O Never O Rarely 0O Some 0 Sometimes 0 All the time
Q2. How much have you changed your lifestyle because of your injured knee?
O Not at all O Alittle 0O Some O A lot O Very much
Q3. How much do you trust your injured knee?
0O Completely 0O A lot 0 Some O A little O Not at all

Q4. Overall, how much difficulty do you have with your injured knee?
0 No difficulty 0 Alittle 0 Some 0O Alot 0O Extreme difficulty

Q5. How much difficulty have you had getting to school or walking around in school (climb-
ing stairs, opening doors, carrying books, participating during recess) because of your
injured knee?

O No difficulty O A little O Some OAlot O Extreme difficulty

Q6. How much difficulty have you had to do things with friends because of your injured
knee?

0 No difficulty 0 Alittle 0 Some 0 Alot 0O Extreme difficulty

Thank you very much for completing all the questions in this questionnaire!

Fig. 3. Knee Injury and Osteoarthritis Outcome Score — Child (KOOS-Child)
Questionnaire.

The next step was to determine the skeletal maturity of the knee and
hip joints based on their radiographs. Determining the skeletal maturity
of the knee and hip joints was carried out according to the methods de-
veloped by us previously [20-22]. We propose the X-ray markers of knee
joint maturity, including patella (Fig. 4), proximal tibial epiphysis (Fig. 5),
proximal fibular epiphysis (Fig. 6), distal femoral epiphysis (Fig. 7), and
tibial tuberosity (Fig. 8).
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Fig. 4. Indicators of skeletal maturity of patella: a — only the cartilage model of the
patella is available (1 point); b — the appearance of ossification nuclei of the patella
(2 points); ¢ — the patella has an elongated shape in the form of an oval (3 points);
d — the patella has the shape of a biconvex disk, which is more flattened on the
upper edge (4 points); e — the upper edge of the patella is slightly concave, the
back-lower surface of the patella is flat and forms an obtuse angle with its lower
edge (5 points); f — patella has the shape of a parallelogram (6 points).
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Fig. 5. Indicators of skeletal maturity of proximal tibial epiphysis: a — appearance
of the center of ossification, usually rounded, and sometimes triangular in shape
(1 point); b —the pineal gland takes on a triangular shape (2 points); ¢ — formation
of intercondylar elevation (3 points); d — the appearance of lines on the plateau
of the tibial epiphysis (4 points); e — the epiphysis is aligned with the diaphysis
in width (5 points); f — partial synostosis (6 points); g — complete synostosis
(7 points).

Fig. 6. Indicators of skeletal maturity of proximal fibula: a — cartilaginous model
of the epiphysis of the fibula (1 point); b - the appearance of points of ossification
of the epiphysis (2 points); ¢ — the epiphysis of the fibula has the shape of an
oval placed horizontally (3 points); d — the epiphysis of the fibula has the shape
of a dome (4 points); e — the width of the epiphysis is aligned with the dialysis
(5 points); f — partial synostosis (6 points); g — complete synostosis (7 points).

Fig. 7. Indicators of skeletal maturity of distal femur: a — ossification core of mostly
rounded shape (1 point); b — elongation of the pineal gland in width, the pineal gland
acquires a dome-shaped shape (2 points); ¢ — condyles are visualized as separate
formations (3 points); d — the line of the medial condyle moves towards the lateral
condyle and the growth zone, the proximal medial corner of the epiphysis sharpens
(4 points); e — the width of the epiphysis is aligned with the dialysis (5 points);
f — partial synostosis (6 points); g — complete synostosis (7 points).
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. Fig. 8. Indicators of skeletal maturity of tibial tuberosity: a—absence of ossification

points of the humerus (1 point); b — the appearance of numerous points of
ossification of the humerus (2 points); ¢ — fusion of ossification points into one
large one (3 points); d — fusion of the ossification point of the humerus with the
front-lower edge of the epiphysis and the formation of a «beak» (4 points); e —
lengthening and thickening of the «beak» formed by the ridge and the front-lower
edge of the epiphysis (5 points); f — partial synostosis (6 points); g — complete
synostosis (7 points).

We also propose the X-ray markers of hip joint maturity, including
femoral head (Fig. 9), greater trochanter (Fig. 10), acetabulum (Fig. 11), Y-
cartilage (Fig. 12), ishiopubic synchondrosis (Fig. 13), os pubis (Fig. 14),

ishium (Fig. 15) and trochanter minor (Fig. 16).
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Fig. 9. Indicators of femoral head maturity: 0 points - the head is not visualized;
1 point — point nucleus of ossification; 2 points — an increase in the transverse
size of the head and the acquisition of a rounded shape by the epiphysis;
3 points — the formation of a concave surface of the meta-epiphysis adjacent to
the growth zone; 4 points — acquisition of a rectangular shape by the growth zone;
5 points — formation of the «beak» of the lower part of the pineal gland; 6 points —
«normalization» of the Klein line; 7 points — the formation of a convex-concave
ratio of the metaphysis and epiphysis; 8 points — partial synostosis; 9 points —
complete synostosis.
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Fig. 10. Indicators of greater trochanter maturity: 1 point - single or multiple nuclei
of ossification without a clear shape; 2 points — the appearance of two relatively
large nuclei of oval-shaped ossification projecting one on the other; 3 points —
the fusion of ossification nuclei into a single bone formation, the apophyseal
growth zone acquires a rectilinear shape; 4 points — the appearance of additional
ossification points for the apex of the greater trochanter; 5 points — creeping of the
lower-medial pole of the apophysis on the neck, or the appearance of the second
contour of the back part of the acetabulum (depends on the torsional development
of the hip); 6 points — partial synostosis of the great acetabulum; 7 points —
complete synostosis, «fusion» of the acetabulum with the diaphysis of the femur.

B

Fig. 11. Indicators of acetabulum maturity: 0 points — the contour of the roof is flat
or slightly wavy, secondary points of ossification are not detected; 1 point — the
appearance of numerous ossification points in the projection of the acetabulum;
2 points — synostosis of secondary ossification points with the roof of the
acetabulum.

Fig. 12. Indicators of Y-cartilage maturity: 0 points — U-shaped cartilage in the
form of a wide band of illumination, its lower contour in the form of an angle
with the apex turned downward; 1 point — narrowing of the U-shaped cartilage, its
contours are rectilinear with pronounced locking plates; 2 points — appearance of
secondary ossification points; 3 points — partial synostosis in the medial sections;
4 points - residual enlightenment; 5 points — complete synostosis.



Fig. 13. Indicators of ishio-pubic synchondrosis maturity: 1 point — a significant
gap between bones, lack of congruence of surfaces; 2 points — reduction of the
gap, the cartilaginous tissue between the ends of the branch of the ischial bone
and the lower branch of the pubic bone is displayed in the form of two bands
of illumination, which are closed at the ends; 3 points — the appearance of a
«calcified callus» of the joint; 4 points — partial synostosis of the joint; 5 points —
complete synostosis, a small compaction is differentiated at the level of the former
synchondrosis; 6points — remodeling of the bone: the branches of the ischial and
pubic bones are a single entity.

5

Fig. 14. Indicators of os pubis maturity: 0 points — the lower branch of the pubic
bone is not visualized; 1 point — the lower branch of the pubic bone is short with
rounded ends; 2 points — an increase in the length of the ossified lower branch
to 2/3 of its anatomical length; 3 points — the final phase of ossification of the
pubic bone — closure of the pubic-gluteal synchondrosis; 4 points — the appearance
of «waviness» of the contours of the symphyseal surface of the pubic bones
(sometimes with the presence of one small secondary point of ossification at the
upper and lower edges); 5 points — fusion of secondary ossification points with the
symphyseal surface, which acquires an even contour.
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Fig. 15. Indicators of ishium maturity: 0 points — incisura acetabuli is not
differentiated; 1 point — appearance of the contour of the incisura acetabuli; 2
points — the appearance of the contour of the medial surface of the body of the
ischium (the first contours of «teardrops»); 3 points —further enchondral ossification
of the ramus ischii with the formation of a «hook»; 4 points — «creeping» of the
upper-lateral parts of the body of the ischium on the contour of the epiphysis;
5 points —the appearance of a wavy contour of the upper surface of the body of the
ischium; 6 points — the appearance of a wavy contour of the lower surface of the
branch of the ischial bone; 7 points — the appearance of ossification points for the
tubercle of the ischial bone in the form of narrow sclerosed bands; 8 points — an
increase in the length of the ossification points; 9 points — fusion of separate points
of ossification into a single wide sickle-shaped strip of ossified apophysis of the
ischial hump; 10 points — complete synostosis of the apophysis.
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Fig. 16. Indicators of trochanter minor maturity: 0 points — absence of the contour
of the small rotator cuff; 1 point — ossification nucleus without a certain shape;
2 points —the core of the ossification in the form of a vertically elongated semicircle:
convex medially, straight laterally; 3 points — the formation of a concavity on the
lateral surface of the small acetabulum; 4 points — partial synostosis of the small
acetabulum; 5 points — complete synostosis of the acetabulum and diaphysis.
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According to the results of determining the skeletal maturity, the pe-
riod of sexual development of the patient was determined according to

the algorithms for the assessment of skeletal maturity developed by us

(Fig. 17-18).
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puberty

Prepuberty

Fig. 17. Algorithm for assessing skeletal maturity based on radiographs of the hip
joint in children and adolescents.
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Fig. 18. Algorithm for assessing skeletal maturity based on radiographs of the
knee joint in children and adolescents.

Tanner stages 3-5 of

This methodology was applied for a differentiated approach to the
application of regenerative technologies in 46 adolescent patients with
diseases of the hip and knee joints (SCFE, Perthes’ disease, Blount’s di-
sease, pathology of the menisci of the knee joint).
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RESULTS AND DISCUSSION

To evaluate the results of the examination of 286 children and ado-
lescents with diseases of the hip and knee joints when using regenerative
technologies, the following criteria were used:

The period of sexual development:

« prepuberty;

« induction of puberty;

* puberty.

Presence of risk factors:

« diseases of the joints in the hereditary anamnesis;

« systemic diseases in hereditary anamnesis;

« connective tissue dysplasia.

Determining the patient’s condition and degree of the disease course
severity is based on the results of questionnaires and additional objective
research methods:

- unsatisfactory condition (severe course) — 4 points;

- satisfactory condition (average degree of severity) — 3 points;

« good condition (mild severity of the disease) — 2 points;

- excellent condition (no disease manifestations) — 1 point.

The assessment of the survey results for the own questionnaire for
the hip joints pathology was carried out as follows:

« < 60 points — unsatisfactory;

« 60-69 points — satisfactory;

« 70-79 points — good;

« > 80 points — excellent.

The assessment of survey results for the Knee Injury and Osteoarthri-
tis Outcome Score Child (KOOS-Child) scale was carried out according to
the following formulas for each block of questions:

Pain: 100 — average score (P, — P, ) x 100 / 4 = Index of pain syn-
drome;

- Symptoms: 100 — average score (S, — S,) x 100 / 4 = Index of
symptoms;

- Function, daily life: 100 — average (A, — A,;) x 100 / 4 = Index of
function and daily life;

- Sports and recreational activities: 100 — average score (SP, - SP,) x
100/ 4 = Index of sports life and recreational activities;

- Quality of life: 100 — average score (Q, — Q,) x 100 / 4 = Index of
quality of life.

The order of the assessment of examination results of children and
adolescents with diseases of the hip and knee joints in order to deter-
mine the indications for the use of regenerative technologies is as follows
(Fig. 19):

Determination of
risk factors
(heredity,
connective tissue
dysplasia, etc)

Determination of
the degree of
disease course

severity

Determination of
the stage of the

sexual
development

Fig. 19. The scheme of the order of assessment of the examination results of
children and adolescents with diseases of the hip and knee joints in order to
determine the indications for the use of regenerative technologies.
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The following results were obtained: the period of prepuberty was
identified in 96 examined patients, the period of puberty induction — in 58
patients, the period of puberty — in 132 patients. We considered the re-
generative potential of prepubertal patients as good, patients in the period
of puberty induction — satisfactory, and patients in the pubertal period of
sexual development — limited.

We recommend the use of regenerative technologies in the pubertal
period of sexual development in all patients, due to a decrease in their
own regenerative potential.

In the period of puberty induction and pre-puberty, to determine the
indications for the use of regenerative interventional technologies, we
recommend taking into account additional risk factors and quality of life
indicators according to questionnaires.

In the period of puberty induction, the use of regenerative technolo-
gies is recommended in the presence of one of the risk factors, or in the
case of a severe or moderate course of the disease.

In the period of prepuberty, the use of regenerative technologies is
recommended in the presence of one of the risk factors in combination
with a severe or moderate course of the disease.

The scheme of recommendations for the use of regenerative tech-
nologies in pediatric and adolescent patients with diseases of the hip and
knee joints can be presented as follows (Fig. 20).

Puberty Puberty induction Prepuberty

* The use of regenerative * The use of regenerative *The use of regenerative
technologles is technologies is technologies is
recommended regardless recommended with the "“""""":g"‘ "\"o‘fhd‘r 1
of the presence of presence of one of the g;f:;“:hn o::th i rls
additional risk factors or risk factors or the course Thbiaar mzdeme i
the degree of disease of the disease is severe Sy
course severity or moderate

PN Fig. 20. Scheme of recommendations for the use of regenerative technologies in
pediatric and adolescent patients with diseases of the hip and knee joints.

A differentiated approach to the application of regenerative interven-
tional technologies was used in 46 patients and the following results were
obtained (table 1):

Table 1. Results of patient examination to determine indications for the
application of regenerative interventional technologies.

Patient condition The use of regenerative

Stage of Risk factors
segual Number of Inumber of / by degree of course interventional technologies/
development patients atients severity/number of number of patients is
P P patients recommended
Prepuberty 16 Yes 10 4 points 2 Yes 3
3 points 1
2 points 5 No 7
1 point 2
No 6 4 points 0 No 6
3 points 1
2 points 4
1 point 1
Puberty 9 Yes 3 A [l 1 Yes 3
induction EIp0iiis 1
2 points 1 No 0
1 point 0
No 6 4 points 0 Yes 1
3 points 1
2 points 3 No 5
1 point 2
Puberty 21 Yes 15 4 points 3 Yes 21
3 points 8
2 points 4
1 point 0
No 6 4 points 1 No 0
3 points 2
2 points 2
1 point 1



Thus, according to the analysis results of the application of the metho-
dology for determining skeletal maturity as a biomarker of indications for
regenerative interventional technologies in adolescent patients with di-
seases of the hip and knee joints, it was established that in prepuberty
only 3 out of 16 examined patients (which amounted to 19 %) had indica-
tions to regenerative interventional technologies. During puberty induc-
tion 4 out of 9 examined patients (that is, almost 50 %) had these indica-
tions. In the period of puberty, we recommend the use of regenerative
interventional technologies regardless of the presence of additional risk
factors and the patient’s condition according to the severity of the disease
course.

Examples of application the methodology in patients are presented
in Figs. 21-23.

PN Fig. 21. Direct radiograph of the hip joints of patient B., 15 years old with SCFE,
1st displacement degree.

The patient is in a prepubertal period of sexual development accor-
ding to the results of determining the skeletal maturity, there are no ad-
ditional risk factors, according to the results of using the questionnaire —
72 points (2 points according to the degree of severity of the course of
the disease). That is, the use of regenerative interventional technologies
is not recommended for this patient. It is recommended to perform a tra-
ditional surgical intervention — physiodesis of the head of the left femur.

Fig. 22. Direct radiograph of the hip joints of patient Sch., 17 years old. with SCFE,
3rd displacement degree

www.transplantology.org

The patient is in a prepubertal period of sexual development accor-
ding to the results of determining the skeletal maturity, therefore, he is
indicated for the use of regenerative interventional technologies, regard-
less of additional risk factors, along with traditional surgical intervention —
physiodesis of the head of the left femur and corrective osteotomy of the
proximal part of the femur.

PN Fig. 23. Direct X-ray of hip joints of patient K., 12 years old. with Perthes disease
on the left, the 3rd group of femoral head lesions according to Catterall.

The patient is in a period of puberty induction according to the re-
sults of determining the skeletal maturity, a severe course of the disease.
Therefore, he is indicated for the use of regenerative interventional tech-
nologies along with traditional surgical intervention — corrective osteoto-
my of the proximal part of the left femur.

It should be noted that to date there are publications in which the
analysis of the compatibility of the mechanisms of aging and the reduc-
tion of regenerative potential, in particular of bone tissue, and the pros-
pects for the application of regenerative technologies depending on age
[23] are carried out. The use of regenerative technologies in diseases
of the hip and knee joints in adult patients is already quite common in
clinical practice [24-28]. At the same time, approaches to the use of these
techniques in pediatric and adolescent patients currently require additio-
nal study. Modern research and literature analysis indicate the relevance
of the use of regenerative technologies both in pediatric practice in ge-
neral [29] and in diseases and injuries of bones and articular cartilage in
children and adolescents in particular [30].
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CONCLUSION

1.

A methodology for assessing skeletal maturity as a biomarker for establishing indications for regenerative interventional technologies
in adolescent patients with diseases of the hip and knee joints has been developed, which includes the following steps: determining the
period of sexual development of the patient based on the determination of skeletal maturity based on radiographs of the hip and knee
joints, establishing additional risk factors (heredity, individual characteristics of the connective tissue, the presence of chronic systemic
diseases) and the severity of the disease (according to the results of questionnaires).

We recommend the use of regenerative technologies in all patients in the pubertal period of sexual development due to a decrease in their
own regenerative potential. In the period of puberty induction, the use of regenerative technologies is recommended in the presence of
one of the risk factors, or in the case of a severe or moderate course of the disease. In the period of prepuberty, the use of regenerative
technologies is recommended with the presence of one of the risk factors in combination with a severe or moderate course of the disease.

According to the analysis results of the methodology for assessing skeletal maturity as a biomarker in adolescent patients with diseases
of the hip and knee joints, it was established that in prepuberty only 3 out of 16 examined patients (which amounted to 19 %) had indica-
tions for regenerative interventional technologies, in the period of puberty induction 4 out of 9 examined patients (that is, almost 50 %)

K had these indications. j
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CkemneTHa 3pinicTh, AK 6ioMapKkep BCTAHOB/IEHHS
II0Ka3aHb [JO pereHepaTuBHUX iHTePBEHIIITHIX
TEXHOJIOT1 Y HAIliEHTIB MiYIITKOBOI'O BIKY 3
3aXBOPIOBAHHAMM KYIbIIOBOTO Ta KOTiHHOIO CYII00iB

Tomok €. J1.', Menbuuk M. B.", ®ininayx B. B.", Ocranenko T. A.%, Crpagyn C. C.!

Y «Incmumym mpasmamonozii ma opmonedii HayionanoHoi axademii meduunux nayk Yxpainur, Kuis, Yxpaina
*Ykpaincvokuil HAyKOBO-NPAKMUHHULL eHMP eHOOKPUHHOT Xipypeii, mpancnaanmayii eHOOKpUHHUX opeanie ma mxanux MO3
Yxpainu, Kuis, Yxpaina

Hauwui nonepeaHi OCHIIXEHHS BKAa3YKOTh HA BaroMe 3HAa4€HHS OLIHKW CKEJIETHOI 3PINoCTi y MIAMITKIB, IKA XapaKTepu3ye PO3BUTOK CKeseTa B \
OKPEMO B3SITOI 0COOYM Ta MOXE BUKOPUCTOBYBATUCSA, K BIOMapKep PereHepatnBHoOro noTeHwiany y nauieHTiB AUTAY0ro Ta nignitTkoBoro BiKy,
AKWIA CYTTEBO BI/INBAE HA BUOID TaKTUKN JIIKYBAHHSI MPYU 3aXBOPIOBAHHSAX KY/bLLIOBOI0 Ta KOJIHHOIO CYrio6iB.

PanHiLe Hamu 6yrno BCTaHOB/IEHO 3aJ1EXHICTb MPOLIECIB penapaTuBHOI pereHepawii y Aited 1a nif/iiTkiB Big CKeNeTHOI 3pinocTi npu Takux
3aXBOPHOBAHHAX KYJIbLIOBOIO Ta KOJIHHOIO Cyrio0iB, SK loHaLUbkuii enighi3eonis ronoBku CTerHoBoI KicTku, xsopoba llepteca, cuHgpom ge-
MOPO-aLeTabynapHOro KOHG@IKTY, cnacTuyHui 3Bux cterHa y nayieHtis 3 LI, xeopoba bnayHta. IHTEHCHBHICTb NPOLECIB pereHepawii B
npeny6epTaTHoOMy nepiogi cTaTeBoro PO3BUTKY [O3BOJISE 3aCTOCOBYBATU MEHLL IHBA3UBHI METOAM 0NEpaTuBHUX BTPY4YaHsb.

META [OCJIAXEHHSA: po3pobutn MeTOZ00rI0 3aCTOCYBAHHS BU3HAYEHHS CKEIETHOI 3piNocTi, ik 6iomapkepa 4715 BCTAHOB/IEHHS 10Ka3aHb
J10 pereHepaTnBHNX IHTEPBEHLIIIHNX TEXHOOMN y NALIEHTIB MiA/IITKOBOIO BiKY 3 3aXBOPHBAHHAMYU KyJIbLLIOBOI0 T4 KOJIHHOIO CYI/00iB.

MATEPIAJIN TA METOAN. [pyny 475 po3pobku METOA0IOrT 00CTeXeHHA cknanu 157 nayieHTis (86 xnonunkis 1a 71 JiBYNHKA) 3 NaTON0rie0
KYJIbLLIOBUX CYITI001B (QUCINA3IS Ky/bLLIOBUX CYI100iB, XBOpoba [lepTeca, toHaLbkuii enighi3eosia ronoBKu CTErHOBOI KiCTKM, ACeNTUYHUIA He-
KpO3 ron0BKy CTErHOBOI KICTKY, Ta 6€3 AiarHOCTOBAHOI nNaTonorii KynbLIOBUX Cyro6iB) pokis 1a 129 nauientis (58 xnon4ukis 1a 71 fiB4nHka)
3 3aXBOPIOBAHHAMY KOJIIHHUX Cyrno6iB (xBopoba bnayHTa, 0cb0Bi Aecbopmaii HUXHIX KiHLIBOK, MOLUKOAXEHHSI MEHICKIB Ta nauyieHTu, sKi
00CTEXYBANNCA HA MPEAMET CKapr Ha 6isb B JiNAHLI KOMiHHOIO cyrno6a) Bikom Big 10 go 18 pokis. [pyny angheperyiioBaHoro nigxozy Ao 3a-
CTOCYBAHHS PEreHepaTuBHUX IHTEPBEHLIIHUX TEXHOOTIN cKanm 46 nayieHTiB nifniTKOBOro BiKy 3 3aXBOPIOBAHHAMM KY/TbLLIOBOI0 T4 KOJIIHHO-
0 cyrno6iB (KOHaUbKWi enighizeonia ronoBku CTErHOBOI KicTKu, xBopoba llepTeca, xBopoba bnayHta, natonoris MeHIiCKIB KOMIHHOIO cyrnooa.

PE3YJIbTATU. Po3po6ieHO METOLO0IOrI0 3aCTOCYBAHHS CKENETHOI 3pinocTi, sk 6ioMapkepa /1 BCTaHOBJIGHHS M0Ka3aHb 10 PEreHepaTnBHUX
IHTEPBEHLIIIHNX TEXHOJIONINA Y NAauieHTIB Mif/IITKOBOro BiKY 3 3aXBOPHBAHHAMY KyJIbLIOBOr0 Ta KOJIIHHOIO CYI/106iB, IKA BK/IOYAE HACTYIHI
KPOKW: BCTAHOBJIEHHS Nepiofly CTaTeBOro PO3BUTKY MALIEHTa HA OCHOBI BU3HAYEHHS CKEIETHOI 3PINOCTi 3@ PEHTTEHOrpamamu KyibLUOBUX Ta
KOJIIHHUX CYrT106iB, BCTAHOBNIEHHS [OAATKOBUX (DAKTOPIB PU3NKY (CMAZKOBICTb, IHANBIAYANIbHI 0COBINBOCTI CrONYYHOI TKAHWHY, HASBHICTb
XPOHIYHUX CUCTEMHUX 3aXBOPIOBAHb) Ta CTYNEHIO BAXXKOCTI 3aXBOPHOBAHHSA 3a JAHUMU ONUTYBAJIbHUKIB. 3a pe3yrnbTataMu aHanisy 3actocy-
BAaHHS METOZ0NOrIT BU3HAYEHHS CKENIETHOI 3piNoCTi, IK 6i0MapKepa MokasaHs Jj0 PEreHepaTnBHuX IHTEPBEHLIMIHUX TEXHONOTIA Y NaLieHTIB nig-
JIITKOBOIO BiKY 3 3aXBOPHOBAHHAMY KYJbLLIOBOIO Ta KOJIIHHOIO Cyrino6iB, BCTAHOBWIN, L0 B penybepTari iniue y 3 3 16 06CTeXeHNX nayieHTiB
(Lo cknano 19 %) € NOKa3aHHA [0 PEreHepaTnBHUX IHTEPBEHLIIHUX TEXHOONIN, a B nepiogi inaykuii nyoeptaty 4 3 9 06CTeXeHUX NavLieHTIB
(10670, Mavxe 50 %) Manu 3a3Ha4eHi MOKA3aHHS.

BUCHOBKW. B nepiogi npeny6epTaty My peEKOMEHAYEMO 3aCTOCYBAHHS PEreHepaTnBHNX TEXHOJIONI Mpyu HAsIBHOCTI OAHOM0 3 (hakTopiB pu-
3UKY B [OEAHAHHI 3 BAXXKUM YU CEPEAHBOI TAXKOCTI Mepebirom 3axBoproBaHHA. B nepiofi inaykuii ny6epTaty 3acTOCYBaHHSA PEreHepaTuBHuX
TEXHOTOT N PEKOMEHYEMO MPU HASBHOCTI OfHOr0 3 hakTopiB PU3NKY abo npu BaAXXKOMY 4¥ CePEesHbOI TAXKOCTI epebiry 3axBoptoBaHHs. B
nyoepTaTHoMy nepiogi cTaTeBoro PO3BUTKY B 3B’A3KY 31 SHUXKEHHAM BIACHOI0 PEreHepaTuBHOro noTeHyiany My PEKOMEHLYEMO 3aCTOCYBAHHSA
PEreHepaTnBHNX TEXHOJIONIN y BCIX NaLiEHTIB.

K KJIHOY0BI CJI0BA: pereHepatuBHi iHTEPBEHLIVIHI TEXHOOTIT; 3aXBOPHOBAHHS KY/IbLLIOBOI0 Ta KOMIHHOIo Cyrnoba y nifnitkis; CKeseTHa 3pinicTb j
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Confocal image of the rat cortex section

showing FGF-2-overexpressing neural
progenitor cells (green), GFAP-positive
astrocytes - white color, endotheliocytes -
red color. Cell nuclei were stained with DAPI
(blue color).
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