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1t is well known that the most frequent complication of osteoporosis is
compression fractures of vertebral bodies. In addition to brittleness of
the bones and mechanical stress, more and more evidence approving
that compression fractures of vertebral bodies are related to many
risk factors, such as aging, sex, concomitant morbidities of cardio-
vascular and cerebrovascular diseases and lifestyle (chronic smok-
ing and alcohol consumption) are collected. Objective. Analyzing
the condition of spines of the patients suffering from compression
[fractures of vertebral bodies on the background of osteoporosis after
the performed Percutaneous vertebroplasty (PV). Methods. 553 pa-
tients who underwent hospital treatment at the spine pathology clinic
of the Sytenko Institute of Spine and Joint Pathology (2005-2022) and
underwent PV were examined. Results. The patients were divided
into three groups depending on the number of damaged vertebrae.
The I* group included the patients with compression fractures of one
vertebra (185 — 33.4 %); the 2" group included the patients having
2 or 3 deformed vertebrae (216 — 39 %); and the 3" group included
the patients with 4-5 damaged vertebrae (152 — 27.4 %). Stages
of compression of vertebral bodies during the X-ray morphometry
was as follows before the surgery: [— 349 (24 %) vertebrae, [ — 494
(34 %); 11— 552 (38 %); and IV — 58 (4 %). We achieved the reduc-
tion of the level of compression of vertebral bodies as a result of PV
in 20 % of cases (patients who noticed the manifestation of the pain
syndrome within 2 weeks mostly suffered from these deformations).
Conclusions. The results of analysis of PV of 553 patients with com-
posite material and bone cement in the near and far future provide
us an opportunity to state that this surgical treatment is an efficient
and safe treatment method (despite the materials used). 40 (24 %)
patients out of 165 patients of the group I, 52 (33 %) patients out of
157 patients of the group Il and 54 (44 %) patients our of 133 patients
of the group Il were diagnosed with repeated compression fractures.
Summarizing all the above, we should note that the more compres-
sion fractures the patient has, the higher the risk of further augmen-
tation of other deformations of vertebral bodies is.

Ax 8idomo, natinacmiuuum 8aickuUM YCKIAOHEHHIM OCMeonoposy
€ Komnpeciiini nepenomu min xpeoyis. Ha dooamox 00 Kpuxkoc-
mi KICMOK 1 MeXaHiuHo20 cmpecy, HaAKONUYYlomucsi 00Ka3u moeo,
Wo KoMNpecCiiiHull nepeiom mina xpebys nosszanutl 3 baeamoma
YUHHUKAMU PUSUKY: CIAPIHHA, CMamb, CYRYMHI namonozii cepye-
60-CYOUHHUX | 1yepeOPOBACKYNIAPHUX 3AX60PIO6AHb, CIULL JHCUMIMSL
(XpoHiune Kypinus, excusants ankozonio). Mema. Ilpoananizysamu
cman xpebma 6 nayicHmie i3 KOMAPeCiHUMU nepeiomMamu min
Xpebyie Ha (oHI 0OCMEeonopo3y nicis NPOEeoeHol NYHKYIUHOL eep-
mebponaacmuxu. Memoou. [ocniosceno 553 xeopux, ki nepe-
bysanu Ha cmMayioHapHoOMy JIKY8aHHi é KIiHiyi namonoeii xpebma
Y «IIXC im. npop. M. 1. Cumenxka HAMH Yxpainuy» 3a nepioo
2005-2022 pp., axum nposoounacs uepe3wKipHa nyHKyitHa eepmeo-
ponnacmuka. Pesynomamu. [ayienmu 6ynu posnoodineni Ha mpu
2pynu 3a KitbKiCmio yuKoodiceHux xpeoyis. ¥ neputy epyny exoounu
X60pi 3 KomMnpecitinum neperomom oonozo xpeoys (185 — 33,4 %),
Opyey epyny Cmanoguiu 0coou, sIKi Maromb 6i0 2-x 00 3-x degpopmo-
sanux xpeoyie (216 — 39,0 %), mpems epyna sxnouana 4—5 ywixo-
Ooicenux xpebdyie (152 — 27,4 %). Cmynins komnpecii min xpebyie
nio uac penmeeHomempuyHoi Mmopgomempii cmanosus 0o onepa-
yii: I — 349 (24 %) xpebyis, II — 494 (34 %), 11l — 552 (38 %),
1V — 58 (4 %). 3menwennsa cmynens komnpecii mina xpeoys nio
uac nynkyiinoi eepmedponnacmuku mu oocsaenu'y 20 % eunaoxie
(binviuicms yux deghopmayiii 6y1u 6 nayieHmie, AKi iO3HAUUIY BU-
HUKHEHHS 00J1b0B020 CUHOPOMY NPOmA2OM 2 MudicHig). Bucnosku.
Pesymomamu ananisy nyuxyitinoi eepmebponiacmuxu 553 nayien-
mi6 i3 BUKOPUCMAHHAM KOMNOZUMHO20 Mamepiany ma KiCmko8o2o
yemenmy, y HatbIuHICHoMy ma 6i00aneHoMy nepiodi, daroms nio-
CMasu 2080pumu NPo me, Wo ye onepamueHe 6mpyuanHs € epex-
MmueHuM I 6Ge3neuHuM MemoooM INIKYGAHHs (He36adiCaioul Ha
sukopucmanuti mamepian). [loemopri komnpeciiini neperomu oia-
enocmosano 6 40 (24 %) nayicumis i3 165 6 1 epyni, 52 (33 %) 3 157
6 11 epyni, 54 (44 %) 3 133 6 Il epyni. Iliocymosyiouu pesyimamu
Yb020 OOCIONCEHHS, 3A3HAYUMO, WO YUM OLbULE 8 NAYIEHMA KOMN-
pecitinux nepenomie, mum GUIULL pU3UK Y NOOATLULOMY HAPOCMAH-
HA iHwux 0epopmayiti min xpedyis. Knouosi cnosa. Komnpecitinuii
nepeiom, ocmeonopo3, KOMRO3UMHUL Mamepian, nyHKyiuna eep-
meodponiacmuxa.
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Introduction

Compression fractures of the vertebral bodies
are known to be the most frequent serious compli-
cations of osteoporosis [1]. The peculiarities of their
manifestation are the multiplicity of lesions and se-
verity of structural deformations of the vertebral
bodies with preservation of the function of the ver-
tebral-motor segment. This leads to the development
of varying degrees of clinical signs of the disease due
to the developing deformation of the vertebral body.
In addition to bone fragility and mechanical stress,
evidence is accumulating that compression fracture
of the vertebral body is associated with many risk
factors, ranging from aging, gender, comorbidity
of cardiovascular and cerebrovascular diseases, to
lifestyle — chronic smoking and alcohol consump-
tion [2—5]. Treatment of patients with such disorders
requires original surgical interventions aimed, for
the most part, at stabilizing the anterior support com-
plex. One of the most promising directions in restor-
ing the support function of the front support complex
is puncture vertebroplasty.

Puncture vertebroplasty (PVP) (percutaneous ce-
mentoplasty, percutaneous vertebroplasty, transpedi-
cular vertebroplasty) is a minimally invasive tech-
nique for stabilizing vertebral body injuries using
bone cements. It is an effective and safe minimally
invasive intervention for improving life and immedi-
ate pain relief in patients with compression fractures
of the vertebral bodies [6—8].

Results of treatment of compression fractures
of the vertebrae by puncture replacement of the de-
fect with composite materials and bone cements have
been studied at the State Establishment Professor
M. 1. Sytenko Institute of Spine and Joint Patholo-
gy of the National Academy of Sciences of Ukraine
since 2000.

Purpose: to analyze the condition of the spine in
patients with compression fractures of the verteb-
ral bodies secondary to osteoporosis after puncture
vertebroplasty.

Material and methods

The study was conducted at the clinic of spine
disorders of the State Establishment Professor
M. L. Sytenko Institute of Spine and Joint Pathology
of the National Academy of Sciences of Ukraine.
The work plan was discussed and approved at
the meeting of the Bioethics Committee of the Insti-
tute (Protocol No. 236 dated 13 November 2023).

The medical records of 553 subjects who were
undergoing inpatient treatment at the clinic of spine
disorders of the State Establishment Professor

M. L. Sytenko Institute of Spine and Joint Pathology
of the National Academy of Sciences of Ukraine.
The patients were aged from 46 to 88 years (89 %
of them were women and 11% were men; for the pe-
riod 2005-2022) and underwent percutaneous punc-
ture vertebroplasty using composite material and
bone cements. The composite material included: bone
cement (80 %) and bioactive ceramic (20 %), con-
sisting of 2 parts of hydroxyapatite ceramic (HAP)
and 8 parts of tricalcium phosphate ceramic (TCP).
The main component of polymethyl methacrylate
bone cement is an acrylic mixture that hardens by
itself and consists of powder and liquid. The pow-
der contains benzoyl peroxide, barium sulfate, etc.
The liquid component is mainly methyl methacrylate
monomer, NN-dimethyl methacrylate base, p-tolui-
dine and hydroquinone [9].

Examination was carried out using clinical, radio-
logical, radiometric methods. The diagnosis of osteo-
porosis was confirmed densitometrically (dual-energy
X-ray absorptiometry). CT studies were performed to
determine the tactics of operative treatment.

During the X-ray examination, 1,453 compression
fractures of the vertebral bodies of the thoracic and
lumbar spine were detected in 553 patients (Table).
Of these, 578 injuries occurred in the thoracic and
891 in the lumbar regions of the spine.

On the basis of the X-ray examination data, X-ray
morphometry was performed according to the Bilo-
silsky method.

In order to prevent the progression of deformations
of the vertebral bodies, we have developed a method
and device for the surgical treatment of compression
fractures of the vertebral bodies (percutaneous punc-
ture vertebroplasty) [10].

Puncture vertebroplasty was performed on
1,453 vertebrae. Composite material was used to treat
377 (68.1 %) patients, and bone cement was used in
176 (31.9 %) patients. In the thoracic spine, the tro-
car was inserted extrapedicularly through the trans-
verse process and the costovertebral articulation into
the vertebral body at an angle of 15°-20° to the hori-
zontal plane. In the lumbar spine during transpedi-
cular insertion, the main landmark is the intersection
of the line drawn through the center of the trans-
verse process in the frontal plane and the line drawn

Table
Fracture frequency distribution in patients

Patient Number of fractures
1 2 3 4 5+
Number 185 141 75 88 64
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through the base of the upper articular process in
the sagittal plane.

Then composite material or bone cement was
injected in a volume of 1.5 to 3.5 ml, depending on
the degree of compression of the vertebral body.

Operative intervention was performed under
local + intravenous anesthesia. The introduction
of the trocar was monitored using an electronic-op-
tical transducer.

During the PVP in 5 (0.90 %) patients, migration
of material occurred under the posterior longitudinal
ligament with spread for 1 or 2 segments up or down,
14 (2.53 %) patients were found to have a migration
of material beyond the front parts of the vertebra
body, in 8 (1.45 %) cases there was leakage of ma-
terial into the higher/lower interbody spaces and in
2 (0.36 %) — leakage of bone cement into the pa-
ravertebral venous plexus. Only 2 (6.90 %) patients
had complications that were manifested by root
symptoms. After the foraminal blockades, the pain
syndrome regressed in one patient, and the pain syn-
drome disappeared in the second patient over the next
4 months.

Results

Patients were divided into three groups accord-
ing to the number of damaged vertebrae. The first
group included patients with a compression fracture
of one vertebra (185 — 33.5 %), the second group
consisted of persons with 2 to 3 deformed vertebrae
(216 — 40.0 %), the third — 4-5 damaged vertebrae
(152 —27.5 %).

In the postoperative period, on the 3™ day,
the time course of the pain syndrome were evaluated
according to the VAS, as well as the functional state
of the vertebral column. The results in the first group
in 163 (88 %) patients can be assessed as good, in

22 (12 %) as satisfactory. In the second group, 154
(71.2 %) patients had a good result, 62 (28.8 %) had
a satisfactory result.

The third group was the most difficult category,
which in all cases has somatic problems due to en-
docrine diseases. The result was good in 80 (52.6 %)
cases, satisfactory in 72 (47.4 %) cases.

The percentage ratio of satisfactory results in
the second and third groups increased due to a vi-
olation of the biomechanics of the spine as a result
of a decrease in lumbar lordosis and an increase
in thoracic kyphosis resulting in a redistribution
of the load on the rear support complex along with
the development of spondyloarthralgia. Articular
blocks with corticosteroids were performed in this
category of patients. Twenty-three patients subse-
quently underwent denervation of the arcuate joints
and the results were rated as good.

Clinical example No. 1

A 78-year-old patient R. presented with pain in
the lumbar region of the spine for 13 years. Dur-
ing the examination, a diagnosis was established:
compression fracture of L;, Ly, Ly, Ly, Ly verteb-
rae secondary to osteoporosis. One-stage puncture
vertebroplasty of deformed vertebral bodies with
composite material was performed. In the postopera-
tive period, the patient noted positive time course
in the form of an increase in the range of motion in
the spine, a decrease in the intensity of the pain syn-
drome from 8 to 3 points according to VAS.

The degree of compression of the vertebral bodies
according to radiometric morphometry was before
the operation: 18 — 349 (24%) vertebrae, 2™ — 494
(34 %), 31— 552 (38 %), 4™ — 58 (4 %). We achieved
a reduction in the degree of compression of the ver-
tebral body during puncture vertebroplasty in 20 %

Fig. 1. Photographs of radiographs of a 78-year-old patient R. Diagnosis: compression fracture of Li—Ly—Li—Liv—Ly vertebrae
secondary to osteoporosis (before (a, b) and after (c, d) surgical treatment)
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of cases (most of these deformations were in patients
with pain syndrome within 2 weeks).

All patients subsequently received drug therapy
aimed at blocking the resorption process and stimu-
lating bone tissue regeneration.

Follow-up medical histories of operated patients:
clinical and X-ray results were evaluated at intervals
of 1 month, 3 months, 6 months and one year. 80 %
of subjects were re-examined. In the Ist group, 165
(89 %) patients were examined, 66 (40 %) of them

were found to have a deterioration of the local sta-
tus: development of pain syndrome in the spine, par-
tial impairment of its function. X-ray examination
showed that 40 (24 %) patients had new deformations
of the vertebral bodies.

Clinical example No. 2

A 69-year-old patient K. underwent puncture ver-
tebroplasty of the L; vertebra. During the year, the pa-
tient received therapy with zoledronic acid 5 mg in-
travenously, as well as calcium agents. A year later,

Fig. 2. Photographs of radiographs of a 69-year-old patient K.. Diagnosis: compression fracture of the L, vertebra secondary to
osteoporosis. Condition after puncture vertebroplasty of the L; vertebra (before surgery (a, b), after surgery (c, d))

Fig. 3. Photographs of radiographs of a 60-year-old patient K.
Diagnosis: compression fracture of vertebra Ly, Lv secondary to
osteoporosis. Before the operation (a, b), after the operation (c, d),
condition after repeated surgical intervention (e, f)
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pain developed in the lumbar region of the spine,
X-ray examination showed 2nd degree compression
fracture of the Ly vertebra due to osteoporosis.

A puncture vertebroplasty of the Ly; vertebra was
performed.

Control examination of Group II involved exami-
nation of 157 (73 %) patients. During the examina-
tion, new deformations of other vertebral bodies were
detected in 52 (33 %) patients.

Clinical example No. 3

A 60-year-old patient K. underwent inpatient
treatment with a diagnosis of compression fractures
of Ly, L,y vertebral bodies secondary to osteoporo-
sis. Puncture vertebroplasty of Ly, Ly vertebrae was
performed. During 6 months he received medication,
control examination after 6 months revealed a com-
pression fracture of the Ly vertebra. Vertebroplasty
was performed.

After a control examination of Group III patients
(122 (80 %) subjects), an increase in pain syndrome
in the lumbar spine was found in 72 (59 %) patients.
During the examination, 54 (44 %) new compression
fractures were recorded in the adjacent vertebrae.
Pain syndrome in the rest developed, in our opinion,
due to degenerative-dystrophic diseases of the spine.

Discussion

X-ray examination of deformed vertebrae af-
ter vertebroplasty showed no increase in the degree
of compression of the vertebral bodies. The main
pathogenic and morphological feature of compression
fractures of the vertebral bodies due to osteoporosis
is the deformation of the vertebral body due to its
compression splitting. Such injuries are, for the most
part, stable, but the impact of the locking plates can
lead to a rapid progression of the degenerative pro-
cess in the vertebral-motor segment with the develop-
ment of clinical symptoms, and over time, an increase
in the deformation of the vertebral bodies, and, as
a result, changes in the biomechanics of the spine.
We observe the following pattern: the more com-
pression fractures in one patient, the more severe
the symptoms and rehabilitation, which is carried out
against the background of pronounced degenerative
changes of the spine. Early detection of osteoporo-
sis and initial deformations of the vertebral bodies is
one of the good prognostic factors that affect the out-
come of treatment. Yang et al. [11] suggested that
PVP within 30 days after fracture reduces the subse-
quent risk of new vertebral compression fractures in
the thoracolumbar spine. He B. et al. [12] also showed
that the incidence of new vertebral compression frac-
tures was significantly lower in the early PVP group

(21 days) compared to the late PVP group during
a 4—6-year follow-up period. Most often, compres-
sion fractures are found in the thoracolumbar section
of the Thy—Ly spine [13]. In 75 % of cases, this is
due to the peculiarity of the thoraco-lumbar tran-
sition, during which the increase in axial loads on
the Thy—Thy;—L;—L;; POC determines the severity
of the clinical manifestations of the disease. All pa-
tients in the early stages after puncture vertebroplasty
noted positive dynamics — a decrease in pain syn-
drome, an increase in the range of motion in the spine.

Conclusions

Outcomes of puncture vertebroplasty of 553 pa-
tients with compression fractures of the vertebral
bodies of the thoracic and lumbar regions of the spine
using composite material and bone cement, in
the near and distant period, give grounds to say that
such surgical intervention is an effective and safe
method of treatment (despite the applied material).
The use of the developed method of vertebroplasty,
device and composite material proves their clinical
effectiveness. Pain disappears or is significantly re-
duced immediately after percutaneous puncture
vertebroplasty. Early verticalization of the patient
on the next day after the intervention contributes
to the prevention of complications and improves
the quality of rehabilitation of patients. New com-
pression fractures were recorded in 40 (24 %) patients
out of 165 in Group I, 52 (33 %) out of 157 in Group
11, 54 (44 %) out of 133 in Group III. Summarizing,
we note that the more compression fractures a patient
has, the higher the risk of further growth of other
deformations of the vertebral bodies, most of which
occur in adjacent vertebrae. We associate new com-
pression fractures with a change in the biomecha-
nics of the spine and a redistribution of the load on
the higher/lower segments after vertebroplasty. To-
day, this issue is relevant and needs further investiga-
tion studies predicting new compression fractures in
patients with osteoporosis after vertebroplasty.
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