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Background. The appearing of data on cam-type FAI in patients with sequelae of slipped capital femoral
epiphysis characterized by mild chronic epiphyseal displacement suggests that along with fixation of the
proximal femoral epiphysis, modeling of the head-neck transition and restoration of the femoral offsets using
arthroscopic techniques should be performed. Meanwhile, it is well known that after epiphyseal fixation,
complete remodeling of the epimetaphysis and, consequently, disappearance of the morphological substrate
of potential FAI can occur due to the ongoing enchondral and echondral growth. In this regard, the issue of
indications for intraarticular interventions in studied patients remains currently open.

The aim of the study was to determine the incidence of FAI in the postoperative period in patients with
slipped capital femoral epiphysis characterized by mild chronic epiphyseal displacement, and to estimate the
requirement of further surgical treatment.

Methods. The results of the examination of 32 patients with mild chronic epiphyseal displacement in the
typical posterior inferior direction who underwent cannulated epiphyseal screw fixation were analyzed for the
severity of epimetaphysis remodeling and the presence of FAI in the postoperative period. Clinical, radiological,
magnetic resonance, and statistical methods were used.

Results. At the age of 18-19 years, FAI with pain syndrome in everyday life was found in 9 (28.1%) patients — 8
of them did not have even partial remodeling of the femoral component of the joint, another 9 (28.1%) patients
did not suffer from pain syndrome in everyday life, but had other clinical, radiological and MR signs of cam-type
FAIL. Complete or almost complete remodeling of the proximal femoral epimetaphysis occurred in 14 (43.8%)
patients.

Conclusion. In our opinion, therapeutic and diagnostic arthroscopy of the hip joint for the purpose of modeling
the head-neck transition at the age of 18-19 years is indicated for more than one quarter (28.1%) of the
investigated patients because of the presence of reliable signs of FAI.
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TakTUMKa XUpYypruyeckoro se4yeHus naumMeHToB
C FOHOLWECKUM 3nnu¢pU3e0IU30M roIoBKM 6eapeHHON KOCTH
NpuU XpOHUYECKOM CMeLLeHUHU 3nudusa 1erkom cTeneHu

I.B. Bapcykos, [I.U. Boprynés, B.E. backos, 1.10. [To3gunkuH, T.B. Mypaiiko,
T.B. backaeBa

DI'BY «HayuoHansHwlli MeduyuHckuii uccredosamensckuii yeHmp 0emckoti mpasmamosiozuu u opmoneduu
um. IH. Typuepa» MuHzdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxmyanvHocme. TlosiBneHme gaHHbIX 0 PemMopo-areTabynspHoM umnmHmkMmenTe (PAM) cam-tuna y maim-
€HTOB C MOCJeACTBUSIMU IOHOIIECKOTO 3n1bu3eonn3a roloBKu 6eIpeHHO KOCTH, XapaKTepU3YIOIIerocs: Xpo-
HUYECKUM CMeIlleHMeM 3mudu3a JIErKoii CTereHu, TpedyeT, Hapsiay ¢ duKkcaiyei MpoKCMMaIbHOro anmdu3a
6enpeHHOI KOCTU, MOZIeIMPOBAHMS TTepexo/ia «r0JI0BKa — IIejiKa» ¢ MCII0Ab30BaHMeM apTPOCKOIMIMUECKON TeX-
Hyuku. OgHako nocie huxcanmu anmdu3a BUIeICTBIE TPOA0/DKAINIEr0Cs SHXOHAPATBHOTO M 9KXOHIPATbHOTO
pocTa MOXKeT ITPOU30IATH ITOTHOe peMofenpoBaHue snmuMeTadusa u, ciesoBaTebHO, MCue3HOBeHEe MOPdO-
JIOTMYEeCKOTo cybcTpaTa nmoteHImaabHoro ®AN. B ¢Bs3u ¢ 3TMM BOMIPOC O MOKA3aHUSAX K BHYTPUCYCTaBHBIM
BMeNIaTeJIbCTBAM Y MAI[MEHTOB C IOHOIIEeCKUM 3T ()13e0aM30M TOTOBKY OeIpeHHOM KOCTU U ero MOC/IeICTBU-
SIMMU Ha CeI‘O,[LHH]J_IHI/Iﬁ OeHb OCTaeTCda OTKPbITbIM.

Llenw uccnedosanus — onpenenTb YaCTOTY BCTpeuaeMoCTy hemMopo-aieTabyasspHOro MMIMHIKMEHTA B 110-
CJ1eoTepallIOHHOM TTeprofie y MaIMeHTOB C IOHOIIeCKMM 311b13e011M30M roJIOBKM 6eIpeHHOM KOCTH, Xapak-
TepU3YIOUIMMCS XPOHUYECKUM CMelleHMeM 31bu3a IerKoi CTereHy, ¥ OIeHUTh TOTPeOHOCTD B TPOBeAeHUN
MOC/IeYIOIEro XUPYyPruueckoro JeueHusl.

Mamepuan u memoost. [IpoaHaTIM3MPOBAHBI PE3YIBTAThI 00CTETOBaHMS 32 GOMBHBIX C XPOHUYECKUM CMe-
1ieHuem 31'[]/[(1)]/[33 JIeTKOM CTeIeHy B TUIIMYHOM HalTtpaBJIEHNN K3aJAM KHM3Y, KOTOPbIM BbIIIOJIHEHA (l)I/IKCaLH/IH
3111/1(1)1/133 KaHIOJIMPOBAaHHbBIM BMHTOM, Ha IIpeAMET BbIPpa’>X€HHOCTU peMOaeJIMpPOBaHNUA SHI/IMETa(l)I/IBa " Ha-
munst @AV B moc/ieorepalioHHOM Itepuoje. B pabore MCITONMb30BaHbl KIMHNYECKNI, PEHTTEHOTOTUYECKUIA,
MarHUTHO-PE30HAHCHbIN U CTaTUCTUYECKUI METObI UCC/IeLOBaHMS.

Pesynomameui. B Bo3pacte 18—19 et AU obHapykeH y 9 (28,1%) maimeHToB, Y 8 3 HUX HE ITPOU3OLIIO AaXKe
YaCTUYHOE PeMOoeIMpoBaHe 6epeHHOTO KOMIIOHEHTA CYCTaBa, eme 9 (28,1%) 60/bHBIX He CTpagaiu OT 60-
JIeBOTO CMHIpOMa B IIOBCEAHEBHO >KM3HU, HO MMeNIY MHbIE KIIMHMUYECKIE, a TAKXKe PeHTreHonornyeckme u MP-
npusHaku gedopmanuu cam-tumna. [TomHoe Mau mTpakTUUeCcKy TOHOe PeMOJeMpoBaHKue MPOKCUMMATbHOTO
srMeTadu3a 6eIpeHHOI KOCTU ITPOoM301uUIo ¥ 14 (43,8%) mammeHTOB.

3axniouenue. [1o HalleMy MHEHMUIO, TeueOHO-AMArHOCTUUECKAsT apTPOCKOINS Ta300eIpeHHOro CyCcTaBa C lie-
JIbIO MOJIEJIPOBAHMSI TIEPEXOa «IOJI0BKA — IllejiKa» B Bo3pacte 18—19 et mokasaHa 6ojiee UueM OTHONM YeTBEPTHU
(28,1%) obcmemoBaHHbBIX BBUAY HAIMUMS Y HUX JOCTOBEPHBIX ITpU3HAKoB DA,

KiroueBblie ¢J10Ba: I0HOIIECKMIT 31D 1U3€01n3 roJ0BKY 6eIpeHHOl KOCTH, Ta306eIpeHHblIii cycTas, pemMopo-
areTaby/asIpHbIi UMIMHIKMEHT, (GMKCALs IIPOKCUMMAIbHOrO 3mudusa 6eIpeHH0i KOCTH, KaHIOTMPOBAHHBI
BMHT, apTPOCKOTINS Ta306€IPeHHOT0 CYCTaBa.
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BACKGROUND

In most clinical cases slipped capital femoral epi-
physis (SCFE) is associated with chronic epiphy-
seal displacement in the typical posterior inferior
or just posterior directions. This displacement is
divided into mild, moderate or severe according to
its severity. Mild severity, as a rule, supposes ana-
tomical situation with the displacement in poste-
rior direction that does not exceed 30° [1, 2, 3].

According to the opinion of most surgeons,
formed for the last several decades, mild chronic
epiphyseal displacements in typical directions do
not require space attitude restoration of epiphy-
sis, so that its fixation in situ is sufficient [4, 5,
6, 7]. Meanwhile, many authors proved in their
studies that at the first sight even insignificant
deformity of the proximal femoral epimetaphy-
sis might cause the cam-type femoroacetabular
impingement (FAI) and contribute to the hip
osteoarthritis [8, 9, 10, 11, 12, 13]. That is why
nowadays scientists have resumed the search for
the most optimal tactics of treating this type of
patients that on the one hand will enable to pre-
vent prominent degenerative changes in the af-
fected joint at a young age and on the other hand
to avoid unreasonable extension of the surgery
in case of mild epiphyseal displacement. Some
specialists offer to complement the epiphysis
fixation in situ with the arthroscopic modeling
of the femoral neck, particularly in the zone of
its transition to the head in order to exclude
chronic labrum acetabuli damages [14, 15, 16].
Other authors still do not recommend to perform
intraarticular procedures expecting the remod-
eling of the femoral component after the epiphy-
sis fixation during its ongoing growth [17, 18, 19].
Current discussions can be concluded only after
answering the following questions: how often
does the complete postoperative remodeling of
epimetaphysis occur in the joints with unreduced
mild chronic epiphyseal displacement; at what
age does the pain syndrome typical for FAI begin
in case of incomplete remodeling (or no remod-
eling); how often do degenerative changes in the
affected joint progressively worsen?

Aim of study — to determine the incidence of FAI
in the postoperative period in patients with slipped
capital femoral epiphysis characterized by mild
chronic epiphyseal displacement, and to estimate
the requirement of further surgical treatment.

METHODS

A retrospective analysis of pre- and postopera-
tive examination was performed in 32 patients
(22 boys and 10 girls) who suffer from SCFE as-
sociated with mild chronic epiphyseal displace-
ment in the typical posterior inferior direction on
the one hand and without epiphyseal displace-
ment on the other hand, concerning the sever-
ity of postoperative remodeling of the proximal
femoral epitemaphysis as well as the presence of
FAI in the postoperative period.

Inclusion criteria:

- age from 13 to 15 years old,;

- no proximal femur epiphyseal fusion (par-
tial or complete) at the growth plate level on both
sides;

— chronic epiphyseal displacement in the
typical posterior inferior direction with the pos-
terior one of more than 15° (from 16° to 30°) and
the inferior one of more than 5° (from 6° to 15°);

- bony prominence on the anterior surface of
the femoral neck visualized on the hip X-ray in
the Lauenstein view;

- positive “segment” symptom on the hip
X-rays in the anteroposterior view implying that
the tangent line to the superior surface of the
femoral neck extended upwards does not cut out
the lateral epiphyseal segment as it happens in
the norm;

- no early complications of disease (hip
chondrolysis and aseptic necrosis of the femoral
head);

— initial stage of disease (preslipping) in the
contralateral joint;

- no prior surgical treatment;

- no technical surgical mistakes.

Exclusion criteria:

— age less than 13 years old and more that 15
years old;

— complete or partial proximal femur epiphy-
seal fusion at the level of growth plate on one or
both sides;

— chronic epiphyseal displacement in the typ-
ical posterior inferior direction without the com-
bination of posterior displacement of more than
15° (from 16° to 30°) and inferior displacement of
more that 5° (from 6° to 15°);

— chronic epiphyseal displacement in the
typical posterior direction only and in atypical
directions;
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- acute epiphyseal displacement (primary
and secondary to the chronic one).

Thus, all 32 patients had mild epiphyseal
displacement and at the same time the low-
est remodeling potential due to their age (no
less than 13 years old) and maximal severity of
anatomic disorders in combination with mild
displacement.

Surgical technique

All children underwent surgical treatment that
consisted of fixation of the proximal epiphyses
of both femurs under C-arm fluoroscopy. Self-

Preoperative examination

In the preoperative period all children had clinical
and radiological examination that included X-ray
and multislice spiral computed tomography (CT)
of the hip joints. At the clinical examination per-
formed in the horizontal position of a patient the
main attention was paid to the hip range of mo-
tions, particularly to the presence and intensity of
the Drehmann sign. The FADIR test was not per-
formed due to a high risk of epiphysis avulsion.
The values of projection caput-collum-dia-
physeal angle (CCDA), projection epiphyseal-

tapping cannulated screws 7.0 mm with external
thread for %4 of their overall length were used.
The screw was introduced into the epiphysis
from the anteroexternal surface of the femur
through its neck and the center of the growth
plate so that the screw head was not based on
the cortical layer and was spaced away by 5-10
mm (Fig. 1).

All in all, 64 surgeries were performed. Each
patient underwent procedures on both hip joints
at one surgical session. In all cases the implants
were removed after the epiphyseal fusion at the
age from 17 to 18 years old.

Fig. 1. X-rays of the right hip

in the anteroposterior projection (a)

and in the Lauenstein projection (b)

of patient 13 years 11 months old,
immediately after surgery. Interpretation is
in the text

diaphyseal angle (EDA) and epiphyseal angle
(EA) were measured on both sides in X-rays in
the anteroposterior and Lauenstein views. The
signs of partial or complete epiphyseal fusion
at the growth plate level were also excluded.
The values of posterior and inferior epiphyseal
displacement angles were measured on the de-
formed side. The presence of positive “segment”
symptom, the bony prominence on the anterior
surface of the femoral neck and the absence of
epiphyseal displacement on the contralateral
side were confirmed (Fig. 2).

Fig. 2. X-rays of the right hip in the
anteroposterior (a) and the Lauenstein
projection (b) of patient 14 years 9 months
old, before the surgery:

no signs of synostosis at the level

of the epiphyseal growth plate, positive
“segment” symptom, bone prominence

on the anterior surface of the femoral neck
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Posterior epiphyseal displacement angle was
measured evaluating the difference between the
EA in the joint with no displacement (individual
norm) and in the joint with displacement. Inferior
epiphyseal displacement angle was measured
evaluating the difference between the CCDA and
the EDA in the joint with displacement.

Multislice spiral CT was performed in order to
detect the signs of partial epiphyseal fusion that
gave causes to cancel surgical treatment and ex-
clude patient from the study.

In the postoperative period the clinical and
radiological examination except multislice spiral
CT was performed immediately after the surgery;
in 3, 6 and 12 months; at least once in 18 months
before reaching the age of 19 years old. Opposed
to the preoperative period, this time the clinical
examination included the FADIR test and the ra-
diological examination included assessment of
stability of epiphysis fixation. At the age of 18-19
years old besides the clinical and X-ray exami-
nation all patients had hip MRIs to exclude MR
signs of cam-type FAI in the joint with mild epi-
physeal displacement.

Stability of epiphysis fixation was evaluated
by comparing the values of projection EDA and
EA in the X-rays in the views mentioned above
and taken on the operating table right after the
surgery and at the time of appearance of the first
signs of epiphyseal fusion at the growth plate
level at the age from 13.5 to 15.5 years old de-
pending on the age of a child at the moment of
the surgery.

It is known that the initial MR sign of cam-type
FAl is the deformity of the head-neck transitional
zone defined by the excess of osteochondral mass
in its anterosuperior part that leads to the disap-
pearance of the normal concavity of transitional
zone and abnormality of the spherical shape of
the femoral head. That deformity was visualized
in the oblique axial plane including the axis of
the femoral neck as well as in the radial slices
at the corresponding level perpendicular to the
axis of the neck. The anterosuperior o angle was
measured for the quantitative assessment of
deformity of the head-neck transitional zone.
Besides, the absence or the presence of uni- or
multilocular cysts (the so called fibrocysts) situ-
ated along the anterosuperior margin of the fem-
oral neck at the edge of its articular surface in the
area of the contact. During the MRI examination

some cam-type FAI signs in the acetabular com-
ponent of the affected joint were also excluded
or confirmed. These signs included the dissocia-
tion of the anterosuperior part of the acetabular
labrum from the acetabular tectorial cartilage at
the level of the chondrolabral transitional zone;
hyaline cartilage thinning in the anterosuperior
quadrant of acetabulum and its defect (cleft); ac-
etabular labrum degeneration and rupture.

Statistical analysis

Accumulation and systematization of initial data
were performed in Microsoft Office Excel 2016
tables. Statistical analysis was carried out using
STATISTICA v.13.3 software. Quantitative data
distribution was assessed for normality with the
use of the Shapiro-Wilk test. Mean value (M) and
standard deviation (SD) were calculated to de-
scribe the quantitative data that matched normal
distribution. Results are represented as M=SD.
Quantitative values with non-normal distribution
were described as median value (Me) and lower
and upper quartiles (Q1-Q3). Nominal data were
reported as absolute values and percentage. The
Wilcoxon test was used to determine the signifi-
cance of differences between compared paired
samples. For independent samples the Mann-
Whitney U-test was applied. Obtained values were
compared to the critical value at the level of sig-
nificance p=0.05. If calculated value was less than
or equal to the critical one, it was concluded that
the differences between compared samples were
statistically significant. Comparison of two groups
by quantitative values that had normal distribu-
tion was performed using the Welch’s t-test.

RESULTS

Preoperative clinical study showed that all chil-
dren had intermittent pain on the side of dis-
placement associated with walking and locat-
ed in the knee joint (18 cases, 56.3 %), thigh (8
cases, 25.0%) or hip joint (6 cases, 18.7%) areas.
In all cases the patients had no or limited range
of internal hip rotation that are 23 (71.9%) and
9 (28.1%) examinations respectively. Nineteen
(59.4%) of 23 patients with no internal rotation
had positive Drehmann sign. All children had no
pain syndrome on the contralateral side, while
hip range of motions was within the norm and
the Drehmann sign was negative.
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Table 1

Preoperative values of projection CCDA, EDA and EA and angles of posterior
and inferior epiphyseal displacement, Me (Q1-Q3)

Average angle values, deg.
o Angle of fa
Hip joint Projection CCDA | Projection EDA EA posterior Agil elg(f:elrnlnfgllto '
(n=64) (n=64) (n=64) displacement ?n = 32)
(n=32)
Without epiphyseal 136 136 82
displacement - -
(02 32) (132-138) (132-138) (80-84)
With epiphyseal 142 134 63 21 10
?Iisflgazc)ement (138-144) (131-137) (60-64) (18-24) (8-12)

Table 1 data show that the average posterior
epiphyseal displacement was 21 (18-24)°, the
average inferior displacement was 10 (8-12)°.
Average value of projection CCDA in the joint
with epiphyseal displacement was higher than
in the joints with no displacement by 6°, that
is caused by improper setup of the correspond-
ing extremity (unavoidable external rotation) in
children with positive Drehmann sign. None of
32 cases (64 joints) revealed the signs of partial
epiphyseal fusion in multislice spiral CT.

Thus, before surgical treatment all children
had pain syndrome, limited hip range of motions,
typical mild posterior and inferior epiphyseal
displacement, bony prominence on the anterior
surface of the femoral neck and positive “seg-
ment” symptom on the side of displacement.

4

PHII'.IPS

Postoperative X-rays showed that epiphysis
fixation resulted stable in all cases. None of 64
joints revealed statistically significant decrease
of projection EDA (p>0.05) and/or EA (p>0.05)
that attests the presence of displacement or its
progression.

Analyzing MRIs taken in the 19th year of life,
it was defined that the above-mentioned deform-
ity of the head-neck transitional zone of differ-
ent severity was present in 25 (78.1%) of 32 joints
with epiphyseal displacement, while the value of
the anterosuperior a angle varied from 46° to 71°,
with 60.6%7.7° in average (Figs. 3, 4).

Fibrocysts were clearly visualized in our stud-
ies in 8 (25.0%) of 32 joints with epiphyseal dis-
placement, the anterosuperior a angle in each of
8 joints surpassed 55° (Fig. 5).

Fig. 3. MRI of the left hip (oblique axial
projection, T2 weighted image)

of patient 18 years 2 months old, 4 years
7 months after surgery. Deformation

of head-neck junction (indicated by

an arrow) — lack of normal concavity

of transition and increased anterior-
superior angle o to 87.4°
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As for all above-mentioned signs of cam-type
FAI in the pelvic component we observed only
the hyaline cartilage thinning in the anterosu-
perior quadrant of acetabulum in 3 (9.4%) of 32
joints with epiphyseal displacement. Value of
anterosuperior a angle in each of these 3 joints
surpassed 65°.

During the last examination in the 19th year
of life when the signs of complete epiphyseal
fusion at the growth plate level were defined,
all patients were divided into 4 groups accord-
ing to remodeling intensity and shape of the
proximal femoral epimetaphysis on the side of
displacement:

— Group I included 7 (21.9%) children with
complete remodeling and no deformity (the val-
ue of the anterosuperior o angle in the MRI is
40-45°);

— Group II included 7 (21.9%) children with
incomplete remodeling and insignificant resid-
ual deformity (the value of the anterosuperior o
angle in the MRI is 46-55°);

Fig. 4. MRI of the left hip (radial section at the
level of head-neck junction perpendicular to the
femoral neck axis, T2 weighted image) of patient
18 years 7 months old; 5 years 2 months after
surgery: deformation of head-neck junction
(indicated by an arrow)— excess bone mass in
the anterior-superior part of the transition, which
damages sphericity

of the femoral head

Fig. 5. MRI of the left hip (axial projection, fat
suppression image) of patient 18 years 4 months
old, 4 years 5 months after surgery: fibrocyst
(indicated by an arrow) localized at the anterior
superior margin of the femoral neck at the edge
of the articular surface (at the area of impact)

— Group III included 10 (31.2%) children with
incomplete remodeling and significant residual
deformity (the value of the anterosuperior o an-
gle in the MRI is 56-65°);

— Group IV included 8 (25.0%) children with
no remodeling and residual deformity with the
same severity (the value of the anterosuperior a
angle in the MRI is 66-71°).

Each group was characterized by the combina-
tion of features.

Group I included the absence of pain syndrome
in everyday life (regular excessive physical exer-
cises such as running, weight lifting and jump-
ing were prohibited), normal hip range of mo-
tions, negative FADIR test, negative “segment”
symptom, the absence of bony prominence on
the anterior surface of the femoral neck and the
absence of cam-type deformity signs in the MRI
(the average value of the anterosuperior o angle
was 42.9+1.7°).

Group II included the absence of pain syn-
drome in everyday life, normal hip range of

96 2022;28(4)
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motions (4 of 7 children) or barely noticeable
(within 10°) limited internal rotation (3 of 7 chil-
dren), negative FADIR test, negative “segment”
symptom, the absence of bony prominence on
the anterior surface of the femoral neck, unreli-
able signs of cam-type deformity in the MRI (the
average value of the anterosuperior a angle was
50.1£3.3°).

Group III included the absence of pain syn-
drome in everyday life (9 of 10 children), limited
hip range of motions, positive FADIR test, posi-
tive “segment” symptom, the presence of bony
prominence on the anterior surface of the femoral
neck (5 of 10 children had the same prominence
size, other 5 children had reduced prominence),
reliable signs of cam-type deformity in the MRI
with significant changes of the head-neck tran-
sitional zone (the average value of the anterosu-
perior a angle was 61.9£3.0°) and the presence of
fibrocysts (3 of 10 children).

Group IV included the presence pf pain syn-
drome in everyday life, limited hip range of mo-
tions, positive FADIR test, positive “segment”
symptom, the presence of bony prominence on
the anterior surface of the femoral neck (with
the same prominence size), reliable signs of
cam-type deformity in the MRI with significant
changes of the head-neck transitional zone (the
average value of the anterosuperior a angle was
68.3%1.5°), the presence of fibrocysts (5 of 8 chil-
dren) and hyaline cartilage thinning in the an-
terosuperior quadrant of acetabulum (3 of 8 chil-
dren). Analysis of dependence between the value
of the anterosuperior a angle, FADIR test results
and the presence of pain syndrome in everyday
life was performed (Tab. 2).

This table shows that the pain syndrome oc-
cured in patients with positive FADIR test only
(p<0.001). These patients who declared the pres-
ence of pain syndrome had increased a angle value
(p<0.001). All patients with the a>56° angle had
positive FADIR test (p<0.001), and the great major-
ity of them suffered from pain syndrome (p<0.001).

The shape of proximal femoral epimataphysis
was normal in all 32 cases. Postoperative X-rays
of one patient of the Group IV may serve as an il-
lustration of the absence of the proximal femoral
epimetaphysis remodeling (Fig. 6). His preopera-
tive X-rays reveal posterior epiphyseal displace-
ment by 17° and inferior displacement by 8°, posi-
tive “segment” symptom and bony prominence on
the anterior surface of the femoral neck. X-rays
taken in the 19th year of life show typical cam-
type deformity as well as persisted positive “seg-
ment” symptom and bony prominence on the an-
terior surface of the femoral neck of initial size.

Thus, FAI was confirmed in 9 (28.1%) of 32
examined patients. It is worth noticing that 8
of these 9 children had even no partial femoral
component remodeling and were enrolled in the
Group IV. All these 9 patients were recommended
to undergo complete examination to determine
the necessity of hip arthroscopy in order to re-
move the morphological substrate of FAI. Other
9 patients from the Group III who did not suffer
from pain syndrome in everyday life but had oth-
er clinical, radiological and MR signs of cam-type
deformity continued to be examined in dynam-
ics. Complete or nearly complete remodeling of
the proximal femoral epimetaphysis occured in
14 (43.8%) of 32 joints with epiphyseal displace-
ment in patients of Groups I and II.

Table 2

Anterosuperior a angle value, FADIR test results and presence of pain syndrome
in everyday life in examined patients

Featur n Anterosuperior o angle, deg. Pain syndrome
cature M=SD (min, max) b «t» [/ «-» b
FADIR test «» 14 46.5+4.6 (40.55) 0/14
<0.001 <0.001
«+» 18 64.7+4.0 (56.71) 9/9
Pain syndrome «» 23 52.4%8.5 (40.65) -
<0.001 -
«+» 9 67.9%1.8 (65.71) -
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DISCUSSION

Remodeling mechanism of the proximal femoral
epimetaphysis in case of slipped capital femo-
ral epiphysis due to ecchondral and enchondral
growth was discovered in the middle of the past
century [20, 21]. We discussed them in our pervi-
ous publications [22, 23]. Meanwhile, literature
data concerning the incidence and intensity of
remodeling are contradictory and rare [24, 25].
Discovered details about cam-type FAI that occurs
in joints with mild residual deformity of epimeta-
physis after SCFE, bring surgeons to think about
the elimination of morphological substrate of FAI,
specifically about arthroscopic modeling of the
head-neck transitional zone in order to restore its
normal concavity. Notably some authors suggest
performing this remodeling right after the fixa-
tion of epiphysis [26, 27], while the others express
opinion that it should be done at the second stage
after the end of epiphyseal fusion at the growth
plate level [28, 29]. However, FAI problem is still
disregarded in the majority of publications on the
topic of discussion [30, 31, 32, 33]. Current study
data been analyzed, we made the conclusion that
it was advisable to perform treatment and diag-
nostic arthroscopy of the affected joint differen-
tially as a subsequent stage of surgical treatment.
According to our findings more than one fourth of
patients aged 18-19 years require this procedure.
MR signs of cam-type FAI in adult patients,
particularly the studied head-neck transitional

Fig. 6. X-rays of the right hip in the anteroposterior

and in the Lauenstein projections of patient 14 years 9
months old:

a, b — before the surgery; ¢, d — 2,5 years after surgery,
before removal of hardware; e, f — 3,5 years after surgery,
at the final examination at the 19" year of life

zone deformity characterized by the excess of
osteochondral mass in the anterosuperior part
of the zone, are described in modern literature
in details [8, 9, 10, 34]. It is defined that fibro-
cysts located along the anterosuperior margin of
the femoral neck can have a size of 2 to 15 mm,
while their maximal number is registered in the
joints with higher a angle values [34]. Nowadays
it is proved that the anterosuperior part of ac-
etabular labrum of the affected joint may start
detaching over time from the acetabular tecto-
rial cartilage at the level of chondrolabral tran-
sitional zone due to its chronic traumatization.
Moreover, the hyaline cartilage thinning and its
defect formation (cleft) may also occur in the
anterosuperior quadrant of acetabulum, that, as
a result, can lead to the detachment of tectorial
cartilage from the underlying bone with the flap
formation. Degeneration of acetabular labrum
and its rupture may be observed significantly later
in case of cam-type FAI as they are more typical
for pincer-type impingement [6, 8, 16]. The above-
mentioned MR signs of cam-type FAI in the pel-
vic component of the joint are more often detect-
ed in adult patients. As for children, these signs
usually need more time to manifest fully because
of a short period of presence of femoral compo-
nent deformity, that is definitely confirmed in
our study. That is probably why the FAI clinical
signs can be rather poor in children. Insufficient
attention to the problem of cam-type deform-
ity in children with SCFE associated with mild
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chronic epiphyseal displacement seems to be
caused by the absence of typical pain syndrome
in the majority of young patients. We found no
available data on the FAI frequency in studied co-
hort of patients. According to our findings, reli-
able MR signs of cam-type deformity are found in
56.2% of patients aged 18-19 years, while 28.1%
of patients with this deformity report on pain
syndrome during everyday activity, that is typical
for FAI

It should be reminded that out of all children
with mild epiphyseal displacement we enrolled
in our study those who had the lowest remod-
eling potential of epimetaphysis due to their age
(no less than 13 years old) and the most severe
anatomic dysmorphology.

CONCLUSION

Complete or partial remodeling of the proximal
femoral epimetaphysis in case of slipped capital
femoral epiphysis associated with mild chronic
epiphyseal displacement was determined after its
fixation with self-tapping cannulated screws in
75.0% of clinical cases (Groups I, IT and III). There
was no remodeling in 25.0% of cases (Group IV).

Reliable signs of cam-type deformity in hip
joint MRIs taken in the 19" year of life were iden-
tified in 56.2% of clinical cases (Groups III and
IV). Meanwhile, this deformity manifested in
everyday life with pain syndrome typical for FAI
only in 28.1% of cases (Group IV and 1 patient of
the Group III).

Treatment and diagnostic hip arthroscopy
consisted of remodeling of the head-neck transi-
tional zone for recovering its normal concavity at
the age of 18-19 years old is indicated for 28.1%
of patients (Group IV and 1 patient from the
Group III) with reliable clinical, radiological and
MR signs of FAI, while 21.9% of patients (Group I)
do not need this surgery due to complete remod-
eling of the proximal femoral epimetaphysis.
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