MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
SUMY STATE UNIVERSITY
ACADEMIC AND RESEARCH MEDICAL INSTITUTE

Eastern Ukrainian Medical Journal

2, M. Sumtsova st., Sumy 40007, Ukraine
e-mail: eumj@med.sumdu.edu.ua

eumj.med.sumdu.edu.ua
ISSN: 2663-5909 (print)/2664-4231 (online)

© 2023 by the author(s).

Thiswork islicensed under Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/

O

How to cite / SIk mutyBaTu crartio: Protsaylo MD, Dzhyvak VH, Synytska VO, Krytskyi 10, Hoshchynskyi
PV, Chornomydz IB. The knee joint is the Achilles' heel of a child's body. East Ukr Med J. 2023;11(3):260-270

DOI: https://doi.org/10.21272/eum;j.2023;11(3): 260-270

ABSTRACT

Mihailo D. Protsaylo
https://orcid.org/0000-0003-1710-3172
Volodymyr H. Dzhyvak
https://orcid.org/0000-0002-4885-7586
Vira O. Synytska
https://orcid.org/0000-0002-5746-109X
Ihor O. Krytskyi
https://orcid.org/0000-0003-0469-2684
Pavlo V. Hoshchynskyi
https://orcid.org/0000-0002-5849-0335
Iryna B. Chornomydz
https://orcid.org/0000-0002-9797-7891

Department of Children's Diseases and
Pediatric Surgery, lvan Horbachevsky
Ternopil National Medical University
of the Ministry of Health of Ukraine,
Ternopil, Ukraine

THE KNEE JOINT IS THE ACHILLES' HEEL OF A CHILD'S
BODY

The study objective was to draw practicing physicians’
attention to the risk of knee joint disorders in children during
intensive growth to ensure timely detection and treatment.

Materials and Methods. We analyzed the results of studies on
the diseases of the knee joint carried out by modern scientists over
the past ten years. We also took into account the clinical
observations of children receiving inpatient treatment at the
regional children's hospital. The examination methods were
radiography, computer tomography, magnetic resonance imaging,
and ultrasound.

Results and Discussion. During growth, a child's knee joint is
subjected to enormous loads and is sensitive to external and internal
factors. The knee joint plays a dominant role in the limb’s
longitudinal growth; the growth zones grow so intensively that they
can be compared to the work of a "bone nuclear reactor.” The bones
of the skeleton grow unevenly and intermittently. The peak height
velocity is observed at 10-14 years in girls and at 13-18 years in
boys; then, height velocity slows down, and after 19 years, height
growth almost stops.

During the period of intensive growth, bones are very sensitive
to internal and external factors of shape formation (growth
hormones, physiological loads, radiation, vibration, injuries,
hypothermia, metabolic disorders, etc. Therefore, this part is most
sensitive to various endogenous and exogenous factors, which is
manifested by various dysplastic changes and diseases.

Conclusions. During the intensive growth of the child, the knee
joint is most vulnerable to various endogenous and exogenous
negative factors, which is manifested by various diseases.
Osteogenic sarcoma, fibrous cortical defect, and juvenile
osteocartilaginous exostoses most often affect the weakest place of
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the knee joint — the metaphyses of the femur and tibia (Achilles’
heel).
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Kagheopa oumsuux xeopo6 3 oumsuoio
xipypeieto, TepHoninbcokuii HayiOHANLHUL
MeOuuHuti  yHigepcumem imeni leana
MO3

M. Tepuonins, Vrpaina

Topbauescvkoeo Yxpainu,

KOJIHHUA CYIJOB -
JUTSAYOI O OPTAHI3BMY

«AXIJIJIECOBA ID’STA»

Meta goctigKeHHs — 3BEPHYTH yBary NpakTHYHUX JIIKapiB Ha
PHM3HK 3aXBOPIOBAHB B AUISHII KOJIHHOTO Cyriio0a y AiTel B mepion
IHTEHCHUBHOT'O POCTY 3 METOIO0 IX CBOE€YACHOT'O PO3IMi3HABAHHS Ta
JIKyBaHHS IIUX HEIYT.

Marepiaqm Ta MeTogu. 3IIHCHEHO aHaNi3 pe3yJbTaTiB
JIOCTIIKEHh CYy4YaCHHX HAyKOBIIB 3a OCTaHHI [IeCATh POKIB
MIPUCBAYCHNX 3aXBOPIOBAHHAM KOJIHHOTO cyrio6a. BpaxoBani
TaKOX Halll KIHIYHI CIIOCTEPEKEHHs TiTeH, SKi 3HAXOAMINCS Ha
CTaI[lOHAPHOMY JIIKyBaHHI y 00JIaCHIN qUTs4ii JTikapHi. MeTomaMu
oOctexeHnHs: Oynu peHrtreHorpadis, Komm'toTepHa Tomorpadis,
MarHiTHO-pe30HaHCHa ToMorpadis, yJIbTpa3ByKoBa JiarHOCTHKA.

Pe3yabTaTH AocCTiIKeHHsT Ta iX 00roBopeHHs. B mporeci
poCTy Ha KOJIHHUH Cyrino® AWTHHM NpUNANAlOTh BeJIHYE3HI
HaBaHTa)XCHHS, 1 TOMYy BiH pearye Ha 30BHIIIHI Ta BHYTPIlIHI
¢dakropu. CaMe KONIHHAHN CYTII00 Mae TOMIHYIOUYHI BIUTUB Ha PicT
KIHIIIBKA B JOBXHHY, 30HH POCTY HACTLIBKH
MPAIOIOTh, MO iX MOXXHA HOPIBHATH 3 POOOTOI0 «KiCTKOBOTO
ATOMHOTO peakTopay». PicT KICTOK cKeiera iie HepiBHOMIpHO,

IHTEHCUBHO

cTpubkyBaTo. Oco0IMBO iHTEHCHBHUII picT y aiBuarok 3 10-14
pokiB, a y xyomyukiB 3 13-18 pokiB, moriM BigOyBaeThCs
CHOBIJIBHEHHsI POCTY, 1 micis 19 poKiB picT y NOBXHUHY Maike
HNPUIHHSIETHCS.

B mnepion iHTEHCHBHOTO POCTY KICTKHM JyXe€ YYTJIHMBI J0
BHYTPIITHIX Ta 30BHIMIHIX (akTopiB (HOPMOYTBOPEHHS (TOPMOHIB
pocty, i3i0JOTIYHAX HaBaHTa)KEHb, OIPOMIHEHHS, BiOparii,
TpaBM, NEPEOXOJIOKEHHS, PO3NAHiB OOMiIHY PEYOBHH TOIIO).
Tomy 1 dYacTMHAa HaAHOIMBIN BpaszNUBa JO PI3HOMAHITHHX
SHJIOTEHHNX Ta eK30I'€HHMX HEeTaTHMBHMX  BIUIMBIB, IO
NPOSIBIIIETHCS  PISHOMAHITHUMH JHUCIUIACTUYHUMH 3MiHAMH Ta
xBOopobamu.

BucnoBku. Koniaanii cyrno6 B mpoleci iHTEeHCHBHOTO POCTY
JUTHHH € JIy’)K€ BPA3JIMBHUM JI0 PI3HOMAaHITHUX EHJIOTEHHHX Ta
€K30T€HHHX  HEeTraTMBHUX  BIUIMBIB, [0  MPOSBISETHC
pizHOMaHITHUMHU XxBopoOamu. OcreoreHHa capkoma, (iOpo3HHA
KOPTUKANBbHUI JIeeKT, IOHAIbKI KiCTKOBO-XPSIIOBI €K30CTO3H
HaifuacTime ypaxaroTh Haiiciablue micue KOJIIHHOTO cyrioba —
MeTadi3u KiCTOK CTerHa Ta TOMUIKH (axXijuiecoBa I’ ATa).

KarouoBi ciioBa: KoniHHMH Cyrio0, OCTEOreHHa CcCapKkoMa,
¢i6po3HNH KOPTHKAJIBHUN He(eKT, IOHAIBKI KiCTKOBO-XPSIIOBI

€K30CTO3H.
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INTRODUCTION / BCTYII

The knee joint is made up of the distal end of the
femur, the proximal end of the tibia, and the largest
sesamoid bone of the human body, the patella. The
distal end of the femur gradually expands into two
condyles: medial (larger) and lateral (smaller), with an
intercondylar fossa between them. The femoral
condyles have articular surfaces for articulation with
the tibia and patella. On the lateral surfaces of the
femur, there are bony protrusions slightly above the
articular surfaces of the condyles: the medial and
lateral epicondyles, to which ligaments are attached.
The patella is located in front of the distal femoral
epiphysis. The shape of the bone resembles a convex
lens with a large rounding on top and a slightly
pointed end on the bottom. It is the largest sesamoid
bone. The patella is located within the tendon of the
quadriceps femoris muscle; it increases the strength of
the quadriceps muscle and protects the joint from
injuries. With the help of a ligament, which is a
continuation of the quadriceps femoris tendon, the
patella is attached to the tibial tubercle. It is well
palpable under the skin. Its front surface is rough, and
the back has an articular surface that contacts the
femur [1, 2].

To ensure functional activity, bone components
are supplemented with muscles, tendons, and
cartilage. Supination of the lower leg (as well as
pronation) is possible only to the degree of bending in
the knee joint. Supinators of the lower leg are located
on the lateral side of the joint: biceps femoris; lateral
gastrocnemius head. Therefore, the pronator muscles
of the lower leg are much stronger than the supinator
muscles [3, 4].

A child's knee joint is subjected to enormous loads
during growth and is sensitive to external and internal
factors [5, 6]. The knee joint plays a dominant role in
the limb’s longitudinal growth; the growth zones
grow so intensively that they can be compared to the
work of a "bone nuclear reactor” [7, 8].

The morphogenesis of the knee joint is extremely
complex and not fully understood. Most scientists
noticed that various diseases most often manifest in
this anatomical part of children [9, 10]. The bone
growth plates of the knee joint are one of the largest
in the child's body. It remains a mystery how exactly
bones grow in length. This is a complex and poorly

studied process in which a number of genes
participate  indirectly via the  so-called
morphogenetic  proteins. The process of
osteogenesis is extremely delicate and sensitive to
any negative factors, so most scientists are looking
for an answer to the question — what role the bone
growth plates of the knee joint play in the
development of a number of diseases [11, 12, 13].

Knee joint diseases can lead to various
morphological changes and destruction in the joint
structure [14]. The main morphological changes
observed in knee joint diseases include the following
[15]:

- Cartilage wear lesions: This is one of the
typical signs of arthrosis. Cartilage tissue in
the knee joint undergoes degenerative
changes, becomes thinner, and loses its
smoothness. This causes pain and limitation
of movement and creates a risk of further
damage to the joint [16].

- Osteophytes:  Osteophytes are  bony
projections that can develop around the knee
joint due to cartilage wear lesions.
Osteophytes can lead to pain and limitation of
movement [17].

- Inflammation of the synovial membranes:
Pathological changes can affect the
membranes surrounding the knee joint, such
as the synovial membrane. Inflammation of
these membranes leads to accumulation of
fluid in the joint (joint effusion) and irritation
of joint tissues [18].

- Tendon injuries: Wear-and-tear degeneration
of the joint can cause irritation and damage to
the tendons attached to the knee joint. This
can cause pain and limitation of movement
[19].

- Bone defects: In severe cases of knee joint
disorders, bone defects may develop [20].

These morphological changes can be detected on
X-ray examination, MRI (magnetic resonance
imaging), or other imaging methods, as well as
during surgical intervention for the knee joint
disorder [21].

STUDY OBJECTIVE was to draw practicing
physicians’ attention to the risk of knee joint
disorders in children during intensive growth with the
aim of their timely detection and treatment.
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Some disorders may develop without noticeable
symptoms, while others may only become apparent
after a certain period of time. It is important to take
this into account during medical monitoring.

MATERIALS AND METHODS. We analyzed
the results of studies on the diseases of the knee joint
carried out by modern scientists over the past ten
years. We also took into account the clinical
observations of children receiving inpatient treatment
at the regional children's hospital. The examination
methods were radiography, computer tomography,
magnetic resonance imaging, and ultrasound.

RESULTS AND DISCUSSION. The bones of
the skeleton grow unevenly and intermittently. The

peak height velocity is observed at 10-14 years in
girls and at 13-18 years in boys; then, height velocity
slows down, and after 19 years, height growth almost
stops [22]. During the period of intensive growth,
bones are susceptible to internal and external factors
of shape formation (growth hormones, physiological
loads, radiation, vibration, injuries, hypothermia,
metabolic disorders, etc.) [23].

The distal femoral metaphysis is extremely active
during this period, with a branched network of blood
vessels ensuring intensive longitudinal bone growth.

Gross specimens of this part of the bone reveal the
distal part abundantly covered with pores for blood
vessels (Fig. 1, Fig. 2).

Figure 1 — A gross specimen of femur. The proximal and distal surface of the growth zones of the distal femoral
metaphysis. Bone "reactor” for longitudinal bone growth. A huge area of blood supply

Figure 2 — A gross specimen of femur. Distal femoral portion. The epiphysis, metaepiphysis, and metaphysis
are abundantly permeated with a network of holes for intensive blood supply
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Therefore, this part is most vulnerable to various
endogenous and exogenous negative factors, which is
manifested by various dysplastic changes and diseases.

Further, we will consider the three most common
diseases that are of great importance for an orthopedic
practice in pediatrics.

Fibrous cortical defect (FCD) is located in the
cortical layer of the knee bones (90% of cases).
According to the published data, FCD is most often
localized in the distal metaphysis of the femur (60%):
medial condyle — 47.3% and lateral condyle — 12% of
cases, respectively (Fig. 3).

Figure 3 — A 16-year-old boy P. Lateral knee
X-ray. FCD of the distal femoral metaphysis

For the proximal end of the tibia, the following
location of the FCD is characteristic: medial part —
19.8% and lateral part — 11%. FCD is believed to be
present in 30% of children and have an asymptomatic
course (Fig. 4).

Sometimes, FCDs are  multiple; they
simultaneously affect the distal femoral metaphysis
and the proximal tibial metaphysis and are often
combined with osteochondropathy of the tibial
tuberosity (Fig. 5).

This combination of FCD and osteochondropathy
remains a big mystery for scientists. Dysplastic
changes in connective tissue (cartilage and bones)
may have common causes, but manifest themselves in
different ways at different stages of the
morphogenesis in the developing organism (Fig. 6).

FCD is not a neoplasm and, according to the
definition of WHO, belongs to the group of
developmental anomalies. It is poorly understood why
foci of embryonic tissue are not replaced by normal
bone tissue in time.

X-ray examination showed the variability of FCD,
which gave a reason to determine the stages of the
disease.

Stage A — a small oval lumen with clear edges
adjacent to the growth zone.

Figure 4 — A 15-year-old boy K. Lateral knee
X-ray. FCD of the proximal tibial metaphysis

Stage B — in the growth process, the focus of FCD
translocates towards the metaphysis, with clear
contours resembling grapes.

Stage C — partial calcification in the form of a bone
island.

Stage D — complete calcification of the lesion.

FCD resembles a non-ossifying fibroma (NOF);
the difference is only in size. FCD: small intracortical
foci (average size of 22 mm). NOF: located
eccentrically, in the medullary zone, and of large size.

The main method of FCD examination is a two-
dimensional X-ray. Including CT, MRI, and biopsy
for examination is not advisable. From a medical point
of view, this is not justified while a child is exposed to
much higher doses of ionizing radiation. The typical
location of the lesion, age-related features of the bone
structure, past history, asymptomatic course of the
disease, accidental detection of the lesion will help to
diagnose this disease.

The main treatment is conservative with dynamic
X-ray control. As a rule, FCDs disappear, replaced by
normal bone tissue in the growth process. Large FCDs
(more than half the perimeter of the bone) are subject
to operative treatment when there is a risk of a
pathological fracture.
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Figure 5 — MRI of the right knee. A 17-year-old boy. Massive FCD of the proximal tibia along the outer contour
2 x 1.5 cm. Spindle-shaped FCD of the distal femur portions at different levels 2 x 0.5 cm. Osteochondropathy of the

right tibial tubercle (Osgood-Schlatter disease)

Figure 6 — Ultrasound of the right knee. Boy, 17 years old. Multiple femoral and tibial FCDs. Osteochondropathy

of the right tibial tubercle (Osgood-Schlatter disease)

Osteogenic sarcoma (OS) mainly affects bones
of enchondral origin and is localized mainly in long
tubular bones [24]. The most frequent localization
of OS is the distal metaphysis of the femur and the
proximal metaphysis of the tibia (75% of cases).

OS is an extremely malignant form of primary
malignant bone tumor in children. It develops from
bone tissue cells and elements of mesenchymal
undifferentiated cells, which, under normal
conditions, participate in the development of
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connective, cartilage, and bone tissue. The
pathogenesis of OS is unknown. According to age,
children with OS were distributed as follows: 6
children under 5 years, 27 children of 5-10 years,
and 72 children of 10-15 years. Among these, boys
were twice the number of girls.

The main clinical features of OS are rapid tumor
growth, significant movement disorders, rapid
spread of metastases along arterioles, pronounced
pain syndrome, rapid wasting (cancer cachexia),
signs resembling acute hematogenous

osteomyelitis (high temperature, leukocytosis,
anemia, increased ESR, and toxic granulation of
leukocytes). Only isolated cases of OS metastasis
to other bones were described; as a rule, it was a
monostotic tumor. The basic method of OS
diagnosis is X-ray examination revealing a triad of
signs:  bone  destruction,  cancer-associated
periostitis, and spicules that grow into the
surrounding tissues. CT and MRI are used when
necessary (Fig. 7).

Figure 7 — MRI of the knee joint in a 17-year-old girl. Osteogenic sarcoma of the distal femoral end.
Metaphysis and epiphysis are almost destroyed. Cancer-associated periostitis. Spicules that grow into the

surrounding tissue

Treatment of OS includes three components:
chemotherapy, radiation therapy, and surgical
treatment. The treatment outcome depends on the
child's age and the time since the onset of the disease.
Mortality from OS is high. Cancer immunotherapy
proposed by 2018 Nobel Prize laureates,
immunologists James Ellison and Tasuku Honjo, is
promising. They developed a fundamentally new
approach to cancer therapy, namely a method of
inhibiting the negative regulation of the immune
system.

Juvenile osteocartilaginous exostoses (exostotic
chondrodysplasia, Keith's syndrome, JE). It is a
hereditary disease with a dominant type of
inheritance. This is a defect in the epiphyseal cartilage
development manifested by extra bone growth

extending outward in the epiphyses and metaphyses
of tubular bones. These lesions can be single or
multiple. Most children were diagnosed with JE at the
age of 9-12. The shape, size, and growth rate of JE
can be different.

The largest number of single JE is localized in the
distal portion of the femur and the proximal portion of
the tibia and accounts for more than 70% of cases.
Localization of multiple JE most often occurs in the
distal femoral metaphysis and the proximal tibial
metaphysis (70-80% of cases).

Thus, most often, JE is observed in the knee joint.
More rarely, JE can be observed in other bones:
fibular bone, humerus, foot bones, hands, ribs, pelvic
bones, skull, clavicle, forearm bones. This can be
explained by the fact that the distal metaphysis of the
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femur and the proximal metaphysis of the fibula have
the greatest growing power. As a result of JE, primary
and secondary deformities and complications are
observed due to the pressure of the tumor on the
surrounding tissues, nerves, and vessels. If JE is large,
secondary  symptoms may develop: nerve
compression, painful contractures, paresis, paralysis,
skin sensitivity disorders, and vascular lesions.

There are three groups of large JEs.

1. Bulging of the bone.

2. JE pressing on the adjacent bone which causes
its distortion.

3. Disorders of normal bone growth due to
malfunction of the growth zone; bones grow crooked.

These individual manifestations can be isolated or
combined. Small, isolated JEs can have an
asymptomatic disease course and be diagnosed
accidentally.

X-ray examination. In the initial stages, JEs are
located near the bone growth zones near the
metaphysis. As the child grows, JE gradually
translocates from the epimetaphysis towards the
diaphysis. The further JE is located from the growth
zone, the longer the disease lasts. Linear JEs have a
dense bone stem with normal cortical and cancellous
bone tissue, clear contours, and no destruction or
periosteal reaction (Fig. 8).

Figure 8 — Knee X-ray and a schematic representation of multiple juvenile osteocartilaginous exostoses of the

knee joint in a 15-year-old boy M.

Valgus deformity of the knee joint. Short stature,
shortening of limbs. Bilateral ulnar clubhand. S-
shaped scoliosis of the thoracic spine. Ball-shaped
JEs resemble cauliflower, with clear contours and no
signs of bone tissue destruction. JE size on
radiographs is always smaller than the clinical
parameters because the top of the exostosis is
covered with a layer of cartilage that is invisible to
X-rays (Fig. 9).

Treatment of JE depends on the size, number of
lesions, and location. Single, small JEs may be
treated by non-surgical procedures. Operative
treatment is required for JEs that cause pressure on
blood vessels, nerves, adjacent bones, muscles, or
tendons (Fig. 10).

Figure 9 — A gross specimen of a juvenile
osteocartilaginous exostosis removed from the
proximal tibial metaphysis in a 14-year-old girl. The
top of the exostosis is covered with cartilage (arrowed)
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Relative indication for surgical treatment is for
cosmetic purposes, especially in adolescent girls
with JEs on the front surface of the tibia.

Gene editing is a promising method for
correcting the human genome for the treatment of
genetic and oncological diseases by introducing

genes that can help the immune system attack cancer
cells.

Gene therapy is a special type of medical
treatment that involves introducing healthy genes
into a human cell to replace defective or missing
genes.

Figure 10 — Lateral knee X-ray. Multiple juvenile osteocartilaginous exostoses of the metaphyses of the knee

in a 15-year-old boy M, causing gait disorders

From 2022, thanks to gene therapy (CRISPR —
Clustered Regularly Interspaced Palindromic
Repeats), the diseases that earlier were considered
incurable, such as sickle cell anemia, hemophilia,
non-Hodgkin's lymphoma, multiple myeloma, and
Duchenne muscular dystrophy can be treated.

CONCLUSIONS / BACHOBKHA

During the intensive growth of the child, the knee
joint is most vulnerable to various endogenous and
exogenous negative factors, which is manifested by
various diseases.

We hope that thanks to gene therapy, the
treatment of OS, FCD, and JE, which most often
affect the knee joint, will be successful, and its
preventive potential will be used long before the first
clinical signs of the disease.

Osteogenic sarcoma, fibrous cortical defect, and
juvenile osteocartilaginous exostoses most often
affect the weakest place of the knee joint — the
metaphyses of the femur and tibia, which is the
Achilles’ heel of the child's skeleton.

PROSPECTS FOR FUTURE RESEARCH / IEPCIIEKTUBHU MOJAJIBIINX JOCJIIAKEHb
An in-depth study of knee joint diseases will make it possible to detect these disorders in children on time and

help to prescribe adequate therapeutic treatment.
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