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The study and implementation of biomaterials for reconstruc-
tive orthopedic interventions remain a key focus of modern
biomaterials science. Calcium phosphate ceramics are notable
for their high biocompatibility, osteoconductive properties, and
biodegradability. Developing materials capable of adapting to
the shape of bone defects is particularly relevant. Objective. To
evaluate the effectiveness of a metastable tricalcium phosphate
cement reinforced with needle-shaped hydroxyapatite crystals
for filling cavity defects in the acetabulum during total hip ar-
throplasty. Methods. A clinical case of a 52-year-old patient with
stage IV coxarthrosis and acetabular cystic defects is presented.
Following marginal cyst resection, the cement was applied to
the cavity prior to implantation of an uncemented acetabular
cup. Postoperative follow-up was performed on days 7 and
30 using radiography and multislice CT. Results. The postopera-
tive course was uneventful. On day 7, the cavity was fully filled
with cement; by day 30, multiple bone trabeculae had formed
within the material, with density similarto native bone. Prosthe-
sis fixation remained stable, without cement migration or asep-
tic demarcation. Conclusions. The use of calcium phosphate
cement with a paste-like consistency reinforced with needle-
shaped hydroxyapatite crystals allows complete defect filling,
promotes bone-cement complex formation, and provides stable
prosthesis fixation in the early postoperative period. Further
studies with longer follow-up are required to assess long-term
outcomes and material resorption.
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Hocrioscennsn 6Giomamepianie 011 peKOHCMPYKMUBHO-8I0HOBHUX
6MPYUans 6 OpMOoNeoil 3aIUUACMbCS AKMYALbHUM HANPIMOM CY-
yacnozo biomamepianosnascmea. Ocobaugy yeaey npusepmarons
Kanvyiu-gocghamui kepamixu, AKI Maionms 6UCOKY OiocymicHicmb,
0CMeOoKOHOYKMUGHI eracmusocmi ma 30amuicmes 00 Oiodezpa-
dayii. AkmyanvHow € pospodka mamepianie, 30amMHUX adan-
myeamucsi 00 (popmu nNOPONCHUHHUX Oeexmis Kicmok. Mema.
Oyinumu egpexmuenicms memacmadiibHO20 YeMeHmy Ha OCHOBI
MPUKAILYIUPOCHamy, nocuienHoeo 20r4acCmuMu KpUcmaiamu
eiopokcunanamumy, Oiisl 3aN08HEHHS NOPOHCHUHHUX Oedermis
KVIbUOBOI 3anaounu nio 4ac momaibHo20 eHOOnpome3y8aHHs.
Memoou. Hasedeno kainiunuil npuxiad 52-piynHoco nayieuma
3 Kokcapmposom IV cm. i kicmamu, 10KANI308AHUMU 6 K)IbULO-
il 3anaouni. Ilicia npucminkosoi pesekyii Kicm yemenm niom-
6y8anu 8 NOPOICHUHY neped YCMAaHOBKOW Oe3yeMeHMHOI HauKy
enoonpomesa. [Junamiune cnocmepedicerts npogoounu Ha 7-my
ma 30-my 000y nicisionepayitinoco nepiody 3i 3acmocy8aHHAM
peumeenocpachii ma MCKT. Pesynomamu. Ilicisionepayitinuii ne-
Pio0 npoxoous 6e3 ycknaouens. Ha 7-my 006y noposcnuna oyna
sanognena yemenmom, na 30-my 006y 6i3yanizyeanu 4ucienHi
KiCmKo8i Oanku, wo npopocmanu 6 mamepian, i3 WilbHiCmIO,
no0ibHo 0o kicmxogoi mxkanunu. Pikcayis endonpomesa 3a-
JUMANACs cMABIIbHOIO, 03HAK MI2payii yemenny yu acenmuy-
HO20 po3medicysants He 3agixcosarno. Bucnosku. Bukopucmanis
Kanvyii-gochamuoeo yemenmy 3 nacmonooioHo0 KOHCUCMEH-
yiero ma 2014acmuMy KpUcmaiamu 2iopokcuianamumy 3aoe3-
neuye nOGHOYIHHE 3aN08HEHHsl 0ehekmy, Cnpusic QopMySaHHio
KICMKOB0-YeMeHMH020 KOMAIEKCY md CMEOPIOE YMOGU Oisl CIa-
6inbHOT ikcayii Komnonenmie enoonpomesa 8 PaAHHLOMY NICTIs-
onepayivunomy nepiooi. Ilooanvuii 00CAIONCEHHA 3 MPUBATIUUM
CcnocmepediceHHAM 0036015Mb OYIHUMU 8I00ANeH] pe3yIbmamu
ma pezopoyito mamepiany. Kniouosi crnosa. Kynvuwosuii cyenob,
deghexmu KICmKOBOI MKAHUHU, KICMKOBULL YeMeHM.
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Introduction

The study and implementation of biomaterials
for reconstructive and restorative interventions in
the field of orthopedics remains one of the key direc-
tions of modern biomaterials science [1, 2]. Special
attention is drawn to calcium phosphate ceramics,
which are characterized by high biocompatibility,
chemical affinity with bone tissue, biodegradability,
and pronounced osteoconductive and osteointegrative
properties. Given the variety of configurations and
sizes of cavitary bone defects that occur as a result
of disease or surgery, the search for materials capa-
ble of adapting to the shape of the formed defect is
highly relevant [3, 4]. At the same time, the optimal
composition of ceramic materials that would ensure
necessary mechanical properties without compromis-
ing their bioresorbable characteristics has yet to be
determined. This paper presents a clinical case of us-
ing a calcium-phosphate biomaterial developed at
the Department of Physics, Karazin Kharkiv National
University [5], for filling a cavitary defect of the ac-
etabulum during hip joint arthroplasty. The clinical
testing followed thorough experimental studies on
rats, the results of which indicate the promising appli-
cation of this biomaterial in orthopedic practice [26].

Purpose: To investigate the possibility of using
metastable cement based on tricalcium phosphate, re-
inforced with hydroxyapatite needles, as a material
for filling cavitary defects in bone tissue.

Materials and methods

The study was approved by the local bioethics
committee (protocol of the meeting at the State Insti-
tution Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Medical
Sciences of Ukraine, dated 03.08.2023, No. 234).

A 52-year-old male patient, referred to as Pa-
tient V., presented with pain, discomfort during walk-
ing and at rest, limping, and restricted range of mo-
tion in the hip joint. The patient had been suffering
for at least 5 years, having undergone conservative
treatment with short-term improvements. The pain
syndrome exacerbated 2—3 times a year. Clinical and
radiological examination revealed signs of stage IV
coxarthrosis. A massive cyst was detected on the up-
per-anterior wall of the acetabulum (Figure 1). No re-
lated pathological changes were detected.

In targeted radiographs of the right hip joint in
both the anteroposterior and lateral projections, sub-
chondral changes were observed, mainly on the roof
of the acetabulum and the upper part of the femoral
head. Bone resorption was noted in the subchondral

zone (the maximum diameter of the cyst in the ac-
etabular roof area was up to 13 mm, and in the fem-
oral head up to 8 mm; at some levels, the endplate
bone was significantly thinned). Radiographic signs
of right-sided coxarthrosis stage [V with pronounced
cyst-like bone remodeling were diagnosed.

A total hip arthroplasty surgery using a cement-
less construct was planned. The identified bone tissue
defects could potentially affect the secondary sta-
bility of the acetabular cup of the prosthesis, which
occurs through the ingrowth of bone trabeculae into
the ‘pores of the outer surface. To achieve full sec-
ondary stability of the cup, it was decided to perform
a wall resection of the cyst on the upper-anterior wall
of the acetabulum and to replace the formed defect.

For the defect replacement, synthetic calcium-
phosphate bioceramics — hydroxyapatite (HA
Ca;p(PO,)¢(OH),) and tricalcium phosphate (TCP
Ca;(POy),) — were selected for their safety and ef-
ficacy [7]. The bone cement based on TCP was rein-
forced with needle-like crystals of HA.

The study of the dependency of the changes in
compressive strength of the cement on the amount
of needle-like hydroxyapatite crystals revealed that
the strength increases proportionally with the number
of these crystals. At 4 % weight/weight, it reaches
the maximum values with an average of 5.5 MPa [25].
The full setting time of the calcium phosphate cement
(CPC) usually takes several tens of minutes. A 2.5 %
sodium hydrogen phosphate (Na2HPO4) solution was
used as the liquid phase for preparing the cement,
which was added to the portion of the o'-TCP powder,
ensuring a solid/liquid phase ratio of 1/1.25. Just be-
fore use, 4 % weight/weight of needle-like hydroxy-
apatite crystals were added to the liquid phase. These
crystals were obtained by hydrothermal synthesis

Fig. 1. X-ray images of the right hip joint (noting cysts in
the acetabulum)
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using an original technology (T =235 °C, P =20 atm,
t=1 hour) [8].

The mass was then carefully mixed with a spatula
until a homogeneous paste was obtained, and it was
allowed to rest for 3—5 minutes [5]. Two minutes after
the mixing started, a paste-like consistency formed,
which gradually hardened and took shape over time.
The resulting paste was used to fill the bone defect,
compacting each new portion with a spatula until the
defect was fully filled.

After preparing the acetabulum with reamers to
the required size, the cyst on the upper-anterior wall
was visualized (Figure 2). Using a curette, the wall
resection was performed, creating a cavity of dimen-
sions 2x2.5%3 cm. After careful hemostasis, a portion
of cement was prepared sufficient to fill the defect:
15 grams of cement and the corresponding amount
of liquid, reinforced with HA needles, were used. Af-
ter the bone cavity was filled with cement, the acetab-
ular cup and other components of the prosthesis were
installed.

Results and discussion

No complications were observed in the postoper-
ative period. The patient was examined on the 7" and
30" day after the surgery.

Medications in the postoperative period followed
the standard protocol for primary hip arthroplasty
patients: prevention of thromboembolic compli-
cations and antibiotic therapy for infection preven-
tion. The first three days of dressing changes were
performed daily. On the second day, the drain was
removed. The postoperative wound healed with pri-
mary tension. The patient’s mobilization followed
a standard process: the patient was taught to walk

Fig. 2. Intraoperative photo. Cyst in the upper wall
of the acetabulum: a) before and b) after the filling

the day after surgery with a controlled load (40 %
of body weight), using crutches as additional support.
Therapeutic exercises targeting the lower limb mus-
culature were prescribed, and a structured postop-
erative rehabilitation program was conducted under
the supervision of a rehabilitation specialist.

7" day post-surgery.  Radiographic signs
of the state after right hip joint arthroplasty were ob-
served. The cyst in the lateral part of the subchondral
zone of the acetabular roof was filled with a plastic
material (calcium phosphate cement) (Figure 3).

30" day post-surgery: Bone growth along the edge
of the acetabulum was noted, extending up to 8 mm,
with some sclerosis in the ‘subchondral zone. In this
region, a single cyst with a diameter of 13 mm was
found, filled with material in which numerous bone
trabeculae were identified, with density identical to
that of bone tissue (Figure 4).

Compared to the radiographic images taken
on the 7" day after surgery, many bone trabeculae
were observed between the acetabular endplate and
the outer surface of the prosthetic acetabular cup.

Additionally, a multi-slice computed tomography
(MSCT) scan of the right hip joint was performed
on the 30th day (Figure 5). The results indicated that
bone growth had formed along the edge of the ac-
etabulum, extending up to 9 mm. The subchondral
zone in this area was unevenly sclerosed, and the cyst
was filled with a dense material (likely cement). In
one of the cysts, between its walls and the substance,
numerous bone trabeculae could be traced, which
blurred the boundary between the bone and the ma-
terial [9].

The clinical and radiological data obtained con-
firm the appropriateness and potential of using cal-
cium phosphate cement based on TCP, reinforced
with needle-like HA crystals, to fill cavitary defects
in the acetabulum during total hip arthroplasty.
The distinctive feature of this clinical case is
the presence of a significant irregularly shaped defect
in the acetabular roof zone, which could potentially
affect the secondary stability of the uncemented ac-
etabular cup.

The use of calcium phosphate cement with
a paste-like consistency enabled the complete filling
of the complex-shaped defect and ensured a tight con-
tact between the material and the walls of the bone
cavity. This created favorable conditions for the fur-
ther ingrowth of bone trabeculae into the implanted
material. The radiological and MSCT signs observed
on the 30™ postoperative day, indicating the forma-
tion of bone trabeculae in the cemented area, are con-
sistent with experimental data on the bioresorption
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Mpaebiia

Fig. 3. X-ray images of the joint on the 7% day after hip
replacement surgery and bone defect reconstruction

Fig. 4. X-ray images of the right hip joint on the 30" day after hip
replacement surgery and bone defect reconstruction

Fig. 5. Multi-slice computed tomography of the right hip joint

and osteointegration of materials based on TCP and
HA [10].

The reinforcement of the cement with needle-
like HA crystals at a concentration of 4 % w/w al-
lowed for an increase in its compressive strength to
a level sufficient for use in load-bearing zones, with-
out compromising the biological activity of the ma-
terial. The balance between mechanical stability and
controlled resorption is known to be a critical factor
for the successful reconstruction of bone defects in

the hip joint region [11-14]. In the presented clinical
case, no signs of cement migration, formation of an
aseptic boundary zone, or disruption of prosthesis fix-
ation were observed in the early postoperative period.

The results obtained also indicate that the use
of this biomaterial may improve the conditions for
secondary stability of the prosthetic cup by restor-
ing the integrity of the subchondral bone and forming
a bone-cement complex capable of gradual remod-
eling [15—-16]. Further studies with a larger number
of clinical observations and a longer period of dy-
namic monitoring will allow for a more objective as-
sessment of the long-term effectiveness, resorption
rates, and the impact of the reinforced calcium phos-
phate cement on the survivability of the hip prosthe-
sis components.

Conclusion

Postoperative radiological and MSCT data indi-
cate positive dynamics in the replacement of the cav-
itary bone defect with bone cement based on
tricalcium phosphate, reinforced with needle-like hy-
droxyapatite crystals, showing signs of osteointegra-
tion. The paste-like consistency, osteoconductive and
biocompatible properties of the cement ensured full
filling of the defect with a complex configuration and
created conditions for the stable fixation of the pros-
thesis components in the early postoperative period.
The limited follow-up period did not allow for the as-
sessment of long-term results, thus emphasizing

the need for further clinical research.
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