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OUR FIRST EXPERIENCE WITH THE USE OF HYDROXYAPATITE PASTE
TO IMPROVE THE INTEGRATION OF THE GLENOID COMPONENT OF A REVERSE
PROSTHESIS WITH A BONE DEFECT OF THE SCAPULA (CASE REPORT)

ABSTRACT
Karapetyan G.S., The problem of reverse shoulder arthroplasty with various deformities of the glenoid
Shuyskiy A.A. is relevant for modern traumatology and orthopedics. In addition to various defects,

the methods of solving which can be eccentric reaming of the glenoid by milling
cutters, bone autoplasty, augmentation, the use of individual implants, orthopedic
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PE3IOME

[Mpobnema pegepcusHO20 3HOONPOMeE3UPOBAHUA NJ1eYe8020 Cycmasa npu pas-
JIUYHbIX Oehopmayusax 2ieHouoa A8gemcsa akmyaabHoU 0718 cogpeMeHHOoU
mpasmamosioauu u opmoneduu. Kpome passiudHelix 0echekmos, memooamu
pewieHUs Komopbix Mo2ym bbimb SKCUeHMpUYHAs paspabomka 2neHouoa ¢pe-
3aMu, KOCMHAA aymoniacmukd, ayeMeHmayus, npuMeHeHue UHOUBUOYATbHbIX
KOHCMpyKyul, mpagmamosioeam-opmonedam npuxooumcsa cmaakugamscs
CO CHUXeHUeM MUHepasbHoU NIOMHOCMU KOCMHOU MKAHU J1I0namku.

Lenvto Hacmosawezo ucciedo8aHus A8/1emcs 0eMOHCMPAayus 803MOXHOCMU
npuMeHeHUs Nacmel ¢ 2u0poKCUANAMUMOM COBMeCMHO C KOCMHOU aymonia-
CMuKoU npu pegu3uoHHOM SHOONPOMe3UupPOBAHUU Njie4Yes020 CYCMAesd 8 yCri08UsX
MaccusHo20 0ehekma u CHUXeHHOU NJIOMHOCMU KOCMHOU MKAHU 2/1eHOUOQ.
O6c¢cyxodeHue. B cmamoee npedcmassieH c/iyuyali onepamusHo20 jiedeHus nayu-
eHMKU C N0C/1Ie0CMBUAMU nepesioMa NPOKCUMAIbHO20 Memasnugu3a nieyegoli
KOCMU U JIOKA/IbHbIM 0CIMeonopo30M 2/1eHoudd MemoooM pesepcl8HO20 SHOO-
npome3uposaHus 8 co4emaHuu ¢ NpumMeHeHUeM 2udpokcuanamumsHol nacmei.
JaHo noOpobHoe onucaHue mexHUKU onepayuu.

3akmoyeHue. Onucbigaembili KiuHUYeckull ciyyati 0eMoHcmpupyem sghghekmus-
HOCMb MemoOUKU NpUMEHeHUs hpenapamoas 2uopoKcuanamuma npu 3HOoNpo-
me3upos8aHuU nyie4yeso20 Cycmaad.

Knioueasole cioea: nieuesol cycmas, oMapmpos, pesepcugHoe 3HOonpomesu-
posatue, 21eHOUd, 2udPOKCUANAMUM, 0CMEONOPO3

Ona untuposanna: KapanetaH I.C,, LWyiickmin A.A. Haw nepBbIi ONbIT MCNONb30BaHWA
rMOPOKCMANaTUTHOW NacTbl ANA YNyYLIEHUA MHTErpaLun rneHonganbHOro KOMMoHeHTa
peBepCUBHOro NpoTesa Npu KOCTHOM fedekTe nonaTky (cnyyan U3 npakTukm). Acta
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The problem of reverse shoulder arthroplasty with vari-
ous deformities of the glenoid is relevant for modern trau-
matology and orthopedics [1-7]. In addition to various de-
fects, the methods of solving which can be eccentric ream-
ing of the glenoid by milling cutters, bone autoplasty, aug-
mentation, the use of individual implants, orthopedic trau-
matologists have to deal with a decrease in the mineral
density of the bone tissue of the scapula [8-10]. Local osteo-
porosis of the glenoid surface of the scapula is at least a risk
of asepticinstability of theimplanted metaglene; alsoin case
of a pronounced decrease in mineral density of the bone tis-
sue of the scapula, stable metaglene placement is not pos-
sible at all. In addition to systemic therapy of osteoporosis,
the surgical solution of the problem is the use of grafts, spe-
cial components for more stable fixation (primary-revision
metaglene with revision stem, extended screws, etc.), prep-
arations with osteostimulating effect in the form of gran-
ules, plates, pastes based on hydroxyapatite [1-7, 11-13].

Synthetic hydroxyapatite with the formula
Ca,,(RO,)(OH), is identical in its chemical properties
to the mineral composition of bone tissue — biological hy-
droxyapatite. Modern science has revealed that blood and in-
tercellular matrix proteins (fibronectin, vitronectin, fibrino-
gen, osteocalcin, bone sialoproteins,immunoglobulins, albu-
min, etc.) are absorbed on the surface of bioactive material im-
mediately after its implantation into the tissue environment
[14]. In turn, the surface of any implant almost never comes
into direct contact with body tissues [14]. The layer of proteins
absorbed on the surface of the biomaterial initiates cell adhe-
sion and also provides information transport to cells through
cell adhesion receptors - integrins [14]. Fibronectin and vit-
ronectin, which belong to the family of integrins, are involved
in the adhesion processes of osteoblasts and their progenitor
cells to the surface of calcium-phosphate biomaterials [14].
The morphology, amount and distribution of absorbed sub-
stances depend on the physicochemical properties of the bi-
omaterial surface such as electrical charge, chemical com-
position, roughness, etc. [14]. Hydroxyapatite preparations
serve as a gradually resorbable matrix with osteoconduc-
tive and osteoinductive properties to which osteoblast pre-
cursors attach with subsequent bone growth and formation
[14]. Literature data show positive experience of using ce-
ment and pastes with hydroxyapatite together with ortho-
pedic implants in order to increase their stability, especially
in case of unsatisfactory bone quality [15, 16].

THE AIM OF THE STUDY

To demonstrate the possibility of using hydroxyapa-
tite paste together with bone autoplasty in revision shoul-
der arthroplasty in conditions of a massive defect and re-
duced glenoid bone density.

CLINICAL CASE STUDY

Patient K., bornin 1949, starting from January 31, 2022
was treated in the adult orthopedics department of the Na-
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tional Medical Research Center for Traumatology and Or-
thopedics named after N.N. Priorov of the Ministry of Health
of Russia with pain and restricted movement of the right
shoulder joint. According to the patient and documenta-
tion, the injury occurred on December 19, 2017 as a result
of a fall on her right shoulder at home. On emergency in-
dications on December 19, 2017 osteosynthesis of a frac-
ture of the neck of the humerus with a plate was per-
formed, in dynamics - lack of fracture union. Anamnestical-
ly, pain syndrome was up to 6 points as per the visual ana-
logue scale (VAS); limb function was assessed with a score
of 61.7 as per the DASH (Disability of the Arm, Shoulder
and Hand) questionnaire. Due to impaired limb function
and pain syndrome, the plate was removed 8 months af-
ter surgery (Fig. 1).

Due to the formation of pseudoarthrosis defect
of the proximal humerus and pronounced impairment
of the upper limb function, shoulder hemiarthroplasty
was performed on September 23, 2019 (Fig. 2).

Taking into account the initial hypotrophy of the del-
toid muscle from inactivity, tendon failure of the supras-
pinous muscle, the joint was not functional after arthro-
plasty of the humeral head (impaired function of the upper
limb - 53.3 DASH points). In this regard, repeated shoulder
arthroplasty with a reverse shoulder system was performed
on June 10, 2021 (Fig. 3).

The early postoperative period proceeded without
complications, the patient underwent rehabilitation cours-
es and noted improvement of joint function. In the dynam-
ics, the patient noted a feeling of instability in the joint,
worsening of the limb function (change in the DASH ques-
tionnaire scores from 35.8 to 65.8 points), consulted a doc-
torand on January 31,2022 was hospitalized in the Nation-
al Medical Research Center for Traumatology and Ortho-
pedics named after N.N. Priorov of the Ministry of Health
of Russia (Fig. 4).

The patient was further examined at the National Med-
ical Research Center for Traumatology and Orthopedics
named after N.N. Priorov of the Ministry of Health of Rus-
sia: radiological and computed tomography (CT) data re-
vealed aseptic instability, migration of the entire glenoid
component of the endoprosthesis (metaglene with gle-
nosphere), glenoid bone resorption with the formation
of a pronounced medializing bone defect. Glenoid bone
density was also markedly reduced (with areas with a mean
value of about 50 HU), despite the fact that the patient
had been previously treated for osteoporosis with antire-
sorptive therapy (Figure 5).

With regard to the migration of the glenoid component,
the volume and type of the medializing defect, and unsatis-
factory bone quality parameters in the implantation zone,
adecision was made to perform revision reverse arthroplas-
ty using revision metaglene, bone autoplasty, and bioactive
paste based on hydroxyapatite to improve osseointegra-
tion of metaglene and screws. In order to reduce surgical
aggression and prevent an increase in the number of sur-
gical interventions, the surgery for removal of the migrat-
ed component and revision arthroplasty were performed
in a single stage.
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FIG. 1.

Patient K., X-ray picture of the resulting fracture of the humerus, postoperative radiographs of the patient: a - X-ray of the fracture
ofthe humerus; b - X-ray of the patient after osteosynthesis; c-e — X-ray picture after removal of the plate: the formation of a defect-pseu-
doarthrosis of the proximal humerus
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FIG. 2.
Patient K., X-ray after shoulder hemiarthroplasty

a
FIG. 3.
Patient K., X-ray picture straight after (a) and 3 months after (b) revision reverse shoulder arthroplasty
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FIG. 4.
Patient K., clinical picture at the time of contacting the National Medical Research Center for Traumatology and Orthopedics named
after N.N. Priorov

FIG. 5.

Patient K., X-ray picture of instability, migration of the scapular component of the endoprosthesis, destruction of the glenoid: a - X-ray
of the shoulder joint, the outline of the scapular component is circled in white; b — CT is an axial section of the glenoid, a bone defect

is visualized; ¢ - three-dimensional modeling of the scapula with visualization of the glenoid according to CT
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Surgery technique

The first stage of the operation after surgical approach
was the removal of the glenoid complex of the endopros-
thesis components, and the polyethylene insert with signs
of wear was removed (Fig. 6a). Intraoperatively, materi-
al was collected for microbiologic examination. Removal
of scar-altered tissues and glenoid skeletonization was per-
formed. E3 glenoid deformation according to the Gup-
ta, Thussbas, Koch, Seebauer classification was character-
ized by a significant loss of bone volume and medialization
of the glenoid articular pad (Fig. 6b, Fig. 7).

a b
FIG. 6.
Patient K., intraoperative photographs: a - wear mainly on the up-
per edge of the endoprosthesis liner; b — type E3 predominant-
ly on the medial surface of glenoid according to the classification
of Gupta, Thussbas, Koch, Seebauer

FIG. 7.
Scheme showing E3 glenoid deformity (30-60 % of the articular
surface of the scapula) [5]

The next step, taking into account the unsatisfacto-
ry bone quality, was the eccentric processing of the gle-
nosphere with a milling cutter until the site for graft
and metaglene placement was formed. A surgical approach
to the iliac crest was performed, an osteotome was used
to take an autograft of the necessary shape and size for ad-
equate lateralization of the glenosphere. The lateralizing
graft was placed on the prepared glenoid site and fixed
with a wire (Fig. 8).

FIG. 8.
Patient K., bone autoplasty of the glenoid: the bone graft
was placed along the guide wire

The canal of the extended metaglene stem was rea-
med through the graft. To improve osseointegration
of metaglenes and osteoreparation, syringe injection
of hydroxyapatite paste into the formed canal was per-
formed; metaglenes with an extended stem were implant-
ed through the graft.

FIG. 9.
Patient K., application of osteoplastic material to the screws
to be installed
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Based on the preoperative planning, the screw chan-
nels were reamed through the areas with the maximum
compact content of dense bone tissue, hydroxyapatite
paste was injected into the channels with a syringe ac-
cording to the method described above, and the prepa-
ration was additionally applied to the screws themselves
(Fig. 9). The screws, glenosphere and liner were inserted,
the endoprosthesis was repositioned, and the wounds
were sutured.

Postoperative period

Postoperative X-ray control was performed. X-rays
performed in two projections visualize a correctly, stably
placed reverse shoulder arthroplasty with the offset en-
larged at the expense of the bone graft (Fig. 10).

The postoperative period proceeded without com-
plications. The patient received antibacterial prophy-
laxis for purulent inflammatory complications, antico-
agulant prophylaxis, symptomatic and gastroprotective

FIG. 10.
Patient K., postoperative X-ray
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therapy. According to the microbiological study of intra-
operative material, no microflora growth was detected.
Electrical stimulation of the deltoid muscle and mech-
anotherapy was started in the early postoperative peri-
od in the hospital. After discharge, the patient contin-
ued rehabilitation actions, physiotherapy treatment un-
der the supervision of an orthopedist and rehabilitolo-
gist. The patient was consulted by osteoporosis treat-
ment specialists at the National Medical Research Center
for Traumatology and Orthopedics named after N.N. Pri-
orov of the Ministry of Health of Russia, received osteo-
tropic drug therapy. There were no purulent inflamma-
tory complications.

Computed tomography was performed 3 months af-
ter the intervention to evaluate metaglene osseointegra-
tion and graft remodeling. Tomographic sections showed
rearrangement and autograft union, stable placement
of the prosthesis components without signs of peri-implant
bone tissue reaction (Fig. 11, 12, 13).



FIG. 11.
Patient K., X-ray control in the long term after surgery

FIG. 12.
Patient K., CT control in the long term after surgery

FIG. 13.

The medium-term clinical results were evaluated after
5 months; considering the complexity of the case, improve-
mentin movement amplitude was achieved, the patient was
free of pain, and limb function was evaluated with a DASH
score of 25.8 (Fig. 14).

DISCUSSION

National Medical Research Center for Traumatology
and Orthopedics named after N.N. Priorov of the Ministry
of Health of Russia has accumulated extensive experience
in the use of bioactive materials based on hydroxyapatite
and collagen for the replacement of bone defects, plasty
of osteochondral injuries, stimulation of reparative osteo-
and chondrogenesis, treatment of osteomyelitis, and use
in onco-orthopedics. Positive osteoinductive and osteo-
conductive properties of these materials were revealed.
The paste used clinically is a non-hardening hydroxyapa-
tite mass that completely fills the bone defect. The ma-
terial attracts biomolecules necessary for the regenera-
tive process and, along with a localized increase in ion
levels, contributes to its osteostimulatory effect. Osteo-
blast colonization and vascularization occur throughout
the paste implant. Cell-mediated resorption of the mate-
rial occurs over several months concurrently with the for-
mation of mature bone.

Patient K., CT control in the long term after surgery: 3D model of the scapula with the installed glenosphere
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FIG. 14.
Patient K., medium-term functional outcome

CONCLUSION

This clinical case illustrates the possibilities of effective
application of bioengineering achievements in the form
of hydroxyapatite osteoactive material in the form of a paste
in complex revision shoulder arthroplasty. This technique
makes it possible to level out the undesirable consequenc-
es of reduced glenoid bone mineral density, which is asep-
tic instability of the glenoid component of the endopros-
thesis. The use of cement with hydroxyapatite and the com-
bined use of hydroxyapatite in the form of gels, granules,
pastes to improve screw fixation has already proven effec-
tive in the practice of vertebroplasty and neurosurgery.
The positive experience of using this assistive technique
in spinal surgery and the present clinical case may justify
the need for further development of this problem and in-
troduction of the technology into the practice of shoulder
arthroplasty.
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