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Prediction of repeated osteoporotic fractures
of the thoracic and lumbar vertebrae (experimental study)

A. 1. Popov, M. V. Moloduk

Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

Objective. To analyze the patterns of occurrence of postoper-
ative recurrent vertebral compression fractures (RVCF) de-
pending on the location of the primary fracture after puncture
vertebroplasty. Methods. 520 case histories of patients with os-
teoporotic fractures of the thoracic and lumbar spine of var-
ious locations were analyzed. The total number of treated
vertebral bodies was 1,458 (thoracic 596 — 40.88 %, lumbar
862 — 59.12 %). Most often, compression fractures of the spine
occurred in the thoracolumbar junction (784 — 53.77 %). RVCF
was diagnosed in 64 (12.31 %) people (95 % CI: 9.94—14.68 %)
during follow-up examinations, after 1, 3, 6 or 12 months.
since the operation. The study was carried out by 3 methods
of forecasting: assessment of conditional probabilities, study
of the significance of a primary fracture as a predictor of re-
peated fracture in a specific vertebra, analysis of associative
rules and relationships Results. According to the Ist method,
all conditional probabilities do not exceed 0.4 and the highest
of them are the probabilities L; and L,y RVCF (0.39) with a pri-
mary Thy, fracture, and the probability of Thyy RVCF (0.38)
with a Thy primary fracture. Method I found only two regulari-
ties that allow an interpretation that corresponds to the purpose
of our research. The third method revealed the associative rules
and connections of the primary fracture of Thy with RVCF L,,
Thyy, according to Thy; with RVCF Ly, Ly, in the case of Thyn
with RVCF L;, Thyy, Thy fracture with Thy, Thyi, Thxy, Ly RVCE;
under Thy; conditions with Thy, Thyy, Thyu, Thix, Thy, Thxy
RVCEF; for Thy with RVCF Thyy, Thyi, Thyy, Ly, Thy fracture with
Thy, Thy;, Thyy, Ly RVCF. Conclusions. Prediction of repeated
osteoporotic fractures is an important and topical problem of to-
day’s vertebrology. Our study shows the most vivid patterns that
are characteristic of the general sample of patients, namely:
with a primary fracture of Thy — a new deformation of Thyu,
is possible; in the case of ThVII — new fractures of Thyy, Thyy,
Ly, for Thyy— injuries of Thy, primary Li— new Thyy, Ly, Ly.

Mema. Ilpoananizyeamu 3aKonOMIpHOCMI GUHUKHEHHS NICAs-
onepayitinux NoGMOPHUX KOMNPECIlHUX nepeiomie xpedyie
(IIKITIX) 3anescHo 6i0 po3mauty8anHs nepeuHHo20 nepeiomy nic-
a1 nyHKyitnoi eepmebdponaacmuxu. Memoou. Ilpoananizosano
520 icmopiil x60pob nayienmis i3 0CMeonopoOMUYHUMY Nepeio-
Mamu epyoHoeo i nonepexkogozo 8idoinie xpebma pizHoi 10Ka-
nizayii. 3aeanvha KinbKicmv NpoaikoeaHux mii xpeoyie ckiaia
1 458 (epyonuii iodin 596 — 40,88 %, nonepexosuii 862 —
59,12 %). Haiiuacmiwe xomnpecitini nepenomu xpedma 6uHu-
Kanu y epydo-nonepekosomy nepexooi (784 — 53,77 %). I[IKIIX
diaznocmosano 6 64 (12,31 %) oci6 (95 % JI: 9,94—14,68 %),
nio wac KOHMpPOAbHUX 0215018, nicas 1, 3, 6 abo 12 mic. 3 mo-
Mmenmy onepayii. JJocaiodxcenns npoeoounocs 3 cnocobamu npo-
2HO3YBAHHA: OYIHIOBAHHSA YMOGHUX IMOGIpHOCMElU, GUBYEHHS
3HAYYWOCMI NePeUHHO20 NepeslomMy AK Npeouxmopa nosmop-
HO020 nepeiomy 8 KOHKpemHOMY Xpebyi, aunanisz acoyiamus-
HUX npaeun i 36’a3Ki6. Pesyiemamu. Bionogiono 0o I cnocooy,
yci ymosHi imosipnocmi He nepesuwyroms 0,4 i Hausuwumu
3 Hux € umosipnocmi IIKIIX L; i Ly (0,39) 3a ymosu nepsun-
noeo nepenomy Thy, ma timogipricmo IIKIIX Thyy (0,38) 3a
nepsunnoco nepeaomy Thy. Cnocobom Il 3uaiioeno nuue 08i
BAKOHOMIpHOCMI, WO 00360]AI0Mb IHMepnpemayil, SKa 6i0-
nogioae memi Hauioeo Oocuaiodcenus. Tpemiil cnocid euseus
acoyiamueHi npasunia ma 36A3ku nepsunnozo nepenomy Thy
3 [IKTIX Ly, Thyy, 3a Thy; 3 HHKIIX Ly, Ly, y pasi Thyn 3 HIKTIX
Ly, Thyy nepenomy Thy 3 IIKIIX Thix, Thx, Thyy, Ly 3a ymos
Th)(13 TIKTIX ThV, ThV[[, Thw][, Th[){, Th)(, Th)(”,' 3a Th)(3 TIKTIX
Th[X, Th)([, Thx]], L[[,' nepejiomy Th)(3 TIKTIX Th[){, Th)(], Th)([[, L[[.
Bucnoexu. Ilpocnosyeanns nomopnux ocmeonopomuyHux ne-
penomie — 8ajdcausa i akmyanbha npooIemMamura cb0200eH s
sepmebponoeii. Hauie 00cniodcents nokazye HauobinvulL acKkpasi
3AKOHOMIpHOCII, 5KI XapakmepHi 015 3a2aibHOi 8UOIpKU nayi-
€Hmis, a came: 3a nepeunnozo nepeaomy Thy — modcauea noga
oepopmayis Thyu, y paszi Thyy — noei nepenomu Thyy, Thyy, Li;
3a Thxy — mpasmu Thy,; nepeunnoeo Ly — noei Thyy, Ly, Ly.
Kniouosi cnosa. Ilepenomu xpedyis, nogmopHutl KOMnpecitiHutl
nepenom, npeOuKmopu, NPOSHO3Y8aAn s, NPOPINAKMUKA, OCIEO-
nopo3s, 3aKOHOMIPHOCMIL.
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Introduction

The risk of postoperative recurrent vertebral
compression fractures (RVCFs) in patients undergoing
puncture vertebroplasty (PVP) is now widely
recognized among vertebrologists. Independent risk
factors associated with them have been published in
previous studies [1, 2]. RVCF probability of in patients
with osteoporosis after PVP was shown to reach
34.8 %. [3, 4] According to the literature, independent
risk factors for RVCF include fracture site, cement
leakage, advanced age, sagittal biomechanical
imbalance, and low bone density. In recent years, an
increasing number of vertebrologists have focused
their attention on the more detailed development and
validation of prognostic models for RVCF after PVP.
In the model proposed by Y. Qian et al., predictors
included bone mineral density (BMD), leakage,
and cement morphology with corresponding AUCs
of 0.848 and 0.867 for the training and test sets [5]. In
the study of Y. Ma et al. female sex, cerebrovascular
diseases, previous fractures, and intervertebral
cement leakage were named as risk factors for RVCF
[6]. C. Dai et al. identified cement leakage, Cobb's
angle, assessment of pain syndrome according
to the VAS scale, and treatment of osteoporosis
as independent predictors in their model in
the postmenopausal population [7]. However,
only a few experiments used visual mathematical
models for a clearer and more intuitive presentation
of data. An increasing number of scientists conduct
relevant studies and create different nomograms for
prognosing RVCF [8, 9] and direct them to study
the risk of vertebral fractures after vertebroplasty. We
made an attempt to find the regularities of RVCF to
determine the specific location of the future injury,
depending on the location of the primary one, in
order to prevent the possibility of RVCF after PVP.

Purpose: to analyze the patterns of postoperative
repeated compression fractures of the vertebrae
depending on the location of the primary fracture
after puncture vertebroplasty.

Materials and methods

The materials of the study were reviewed at
the meeting of the bioethics committee at the State
Establishment Professor M. I. Sytenko Institute
of Joint and Spine Pathology of the National Academy
of Sciences of Ukraine dated 13.06.2022, No. 224.

A retrospective study was carried out based on
the analysis of medical histories of 520 patients with
osteoporotic fractures of the thoracic and lumbar
spine with fractures of the vertebral bodies of various
localizations, who were treated in the department

of vertebrology of Professor M. 1. Sytenko Institute
of Joint and Spine Pathology of the National Academy
of Sciences of Ukraine. The age of patients ranged
from 54 to 89 years (average — 64 years). The gender
distribution in the studied sample is heterogeneous
with a predominance of women (82.50 % (95 % CIL:
79.76—85.24 %) vs. 17.50 % (95 % CI: 14.76-20.24 %):
Z =21.0; p <0.000001).

The total number of treated vertebral bodies
was 1,458 (thoracic 596 — 40.88 %, lumbar 862 —
59.12 %). Most often, compression fractures
of the spine occurred in the thoracolumbar junction
(784 — 53.77 %). RVCF was diagnosed in 64
(12.31 %) subjects (95 % CI: 9.94-14.68 %) during
follow-up examinations, 1, 3, 6 or 12 months after
the operation. The observation period was 10 years.

Data on the site (vertebra) of the primary
fracture, the degree of compression, and the number
of damaged vertebrae in the thoracic and lumbar
regions were considered as potential predictors
of RVCF; as well as information about the patient's
presence/absence of such concomitant conditions as
degenerative scoliosis, hyperkyphosis, cardiovascular
or endocrine system diseases.

A description of the data on the frequency
of fractures of certain vertebrae is provided in
the form of absolute and relative frequencies with
95 % confidence intervals. The statistical significance
of the differences between the relative frequencies
of fracture of each vertebra in the primary and RVCF
was tested using the Z test for two proportions at
a confidence level of 95 %.

The presented results allow us to imagine
the general picture regarding the frequency
of fractures of certain vertebrae in cases of both
primary osteoporotic fracture and RVCF. However,
they do not answer the question of how the primary
fractures in a single vertebra are related to the fracture
of a specific vertebra in a recurrent case. We sought an
answer to this question using 3 prognostic methods.

1 — estimation of conditional probabilities

One of the ways to determine the relationship
between primary and secondary fractures is to
analyze the probability of a fracture of a certain
vertebra in the event of recurrent osteoporotic spine
fracture. Indicators of these conditional probabilities
are shown in Fig. 1 a, b.

1l — study of significance of the primary fracture
as a predictor of recurrent fracture in a specific
vertebra

Assessment of the significance of the presence/
absence of damage to each of the vertebrae in primary
osteoporotic fracture for predicting the presence/
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absence of a fracture in a specific vertebra in RVCF
was carried out on the basis of the y? criterion
implemented in the Feature selection and variable
screening module of the STATISTICA package.
The data of patients with RVCF (64 cases) were
selected for analysis. Binary indicators stating
the presence/absence of injury were consistently
chosen as dependent variables; binary variables
indicating the presence/absence of a fracture
of a certain vertebra in the primary fracture as
potential predictors.

11l — analysis of associative rules and connections

This analysis was performed using the Link
analysis module of the STATISTICA package.
The data of patients with RVCF (64 cases) were
selected for evaluation. When removing these values

from the total set, a minimum support of 1 % was set
(to examine even those associations that hardly occur)
with confidence greater than 50 %. The search for
regularities is limited to studying only cases when all
dichotomous variables took the value 1 (corresponds
to the presence of a fracture in one or another
vertebra). In general, under the specified settings,
1,038 associative rules were included in the study,
of which we considered only those that contained
information about vertebral damage in the primary
fracture and the recurrent one.

This directly corresponded to the purpose
of the study and allowed us to avoid consideration
of unnecessary side connections. Thus,
106 associative rules that meet the given conditions
remained (Table 3).

Thv (;Ehv
Ly z Thy: Ly Thwv: Fig. 1. Conditional probabilities
1 of RVCF of the following
v o Thyu divisions of the spine: a) lumbar
(the vertebrae of the lumbar
“u L " department in the primary
oo Thvm fracture are marked with
i different lines, RVCF is the axis
Th of the graph); b) thoracic
Lu [X (the vertebrae of the thoracic
department in the primary
Li r i Thy fracture are marked with
3 different lines, RVCF is the axis
Thxn Thx ,7 of the graph)
Table 1
Comparative analysis of the frequency of damage to individual vertebrae of the lumbar
and thoracic divisions of the spine in primary and RVCF
Vertebra Frequency of fractures Significance of differences
primary (n=520) recurrent (n=64)
abs. %; (C1—95%) abs. %; (C1—95%) Z p
Thiu 1 0.19; (-0.12-0.51) 0 0.00; (0.00—-0.00) 0.4 0.360
Thyv 1.15; (0.38-1.92) 0 0.00; (0.00-0.00) 0.9 0.190
Thy 1.54; (0.65-2.43) 4 6.25; (1.27-11.23) 2.5 0.006
Thy, 22 4.23; (2.78-5.68) 5 7.81; (2.29-13.33) 1.3 0.090
Thyy 39 7.50; (5.60-9.40) 8 12.50; (5.70-19.30) 1.4 0.080
Thym 46 8.85; (6.80-10.89) 12 18.75; (10.72-26.78) 2.5 0.006
Thix 55 10.58; (8.36—12.80) 16 25.00; (16.10-33.90) 33 0.001
Thx 43 8.27; (6.28-10.26) 12 18.75; (10.72-26.78) 2.7 0.003
Thx 99 19.04; (16.21-21.87) 18 28.13; (18.88-37.37) 1.7 0.040
Thxu 194 37.31; (33.82—-40.80) 21 32.81; (23.16—42.47) 0.7 0.240
L 241 46.35; (42.75-49.94) 17 26.56; (17.48-35.64) 3.0 0.001
Lu 197 37.88; (34.39-41.38) 15 23.44; (14.73-32.15) 2.3 0.010
L 166 31.92; (28.56-35.29) 17 26.56; (17.48-35.64) 0.9 0.190
Liv 130 25.00; (21.88-28.12) 15 23.44; (14.73-32.15) 0.3 0.390
Ly 78 15.00; (12.42-17.58) 13 20.31; (12.04-28.58) 1.1 0.130
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Results

According to the data obtained by method I,
all conditional probabilities do not exceed 0.4, and
the highest of them is the possibility of RVCF L,
and Ly (0.39) in primary fracture of Thy,, and Thyy
(0.38) in primary fracture of Thy. There are also high
probabilities in primary Thy, fracture followed by
RVCF Ly; and Ly; (0.29; 0.22); in primary fracture
of Thyy; — RVCF Thyy, Ly, Ly, Ly and Lyy (0.27; 0.27;
0.24; 0.22; 0.24); in primary fracture of Thy — RVCF
Thyy, Ly and Ly (0.28; 0.26; 0.23); in primary fracture
of Thy;; — RVCF Thy, and L; (0.28, 0.28). Thus,
primary fracture of Thy, is associated with the highest
probability of RVCF L;, Ly (0.39). In method II,
firstly, the screening did not indicate significant
predictors of damage to the Thy, Thy; and Thy
vertebrae in a recurrent fracture among the indicators
of injury of individual vertebrae in the primary
fracture. Secondly, Thy deformity is a significant
predictor of the presence/absence of RVCF Thyyy, and
Thy; of RVCF L,y, in case of Thy, deformation —
RVCF L, and L,y, Thy,, fracture — RVCF L,, Thy
injury — RVCF Thyy, Thy; and Ly, and Ly — RVCF
Thy,, L; and Ly, deformation of Ly, — RVCF Thy,,.

The study showed only two regularities allowing
an interpretation that corresponded to the purpose
of our study. Both refer to damage in the primary
vertebral fracture Thy, identified as significant
predictors of the presence/absence of RVCF Thx and
Thy; (Table 2) in the recurrent osteoporotic fracture.

Indeed, in the absence of a primary fracture
of the Thy, there were 47 cases in which the Thyy
was not broken in the event of a re-fracture, and
12 cases in which the Th;x was damaged. Comparing
the respective relative frequencies (79.66 % CI:
71.04-88.28 % vs. 20.34 % CI: 11.72-28.96 %),
there was a statistically significant difference
between them (Z = 6.4; p < 0.0001), allowing us to
draw conclusions that in the absence of Thy injuries
in the primary fracture, they should be expected
in the case of Thyy injuries in a recurrent fracture.
Moreover, the reverse is also true, because in
the presence of Thy damage in the primary fracture,
there is a statistically significant preponderance
of Thix damage in the recurrent fracture (80.0 %
CI: 50.58-100.09 % vs. 20.0 % CI: 9.42— 49.42 %:
Z=1.9; p=0.0289 < 0.05).

Similarly, in the presence of injuries to
the Thyx vertebra in the primary fracture,
the proportion of cases in which Thy; is injured
in the case of re-fracture is greater than in
the absence of fractures of this vertebra (80.0 %
CI: 50.58-100.09 % vs. 20.0 % CI: 9.42-49.42 %:
Z =19; p =0.0289 < 0.05). And at the same time,
in the absence of trauma to the Thy vertebra in
the primary fracture, the proportion of cases in
which Thy; is damaged in the event of a repeated
fracture is statistically significantly less than in
the absence of fractures of this location (23.73 %
CIL: 14.62-32.84 % vs. 76.27 % CI: 67.16-85.38 %:
Z = 5.7, p <0.0001). Therefore, among the significant

Tabnuys 2
Results of screening for the importance and significance of variables in RVCF Th,x ta Thy;
A significant predictor of the presence/absence of RVCF (vl = “recurrent”)
primary fracture Thix(Thy) primary fracture Thix(Thx)
(vertebra) chi-square p-value (vertebra) chi-square p-value
Thix Thy;
Thx 8.750 0.003 Thx 7.220 0.007
Liv 1.550 0.210 Liv 6.880 0.008
Thy 1.090 0.290 Ly 3.490 0.060
Ly 1.070 0.300 Thx 1.690 0.190
Thy 0.680 0.400 Thy 0.480 0.480
Ly 0.540 0.450 Thix 0.390 0.520
Thy, 0.480 0.480 L 0.390 0.520
Thym 0.380 0.530 Thyy 0.380 0.530
L 0.330 0.560 Lu 0.300 0.580
Thyy 0.150 0.690 Thym 0.180 0.670
L 0.100 0.740 Thxu 0.150 0.680
Thxu 0.020 0.870 L 0.001 0.960
— — — Thy 0.001 0.970
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relationships between the vertebrae in primary
and RVCF, only two were informative for
the purpose of our study. They were concerned with
the association of Thy lesions in the primary fracture
with the presence of Thyx and Thy, vertebral injuries in
the case of RVCF. Such a situation made it necessary
to search for methods of evaluating the dependencies
between primary and recurrent fractures of certain
vertebrae with a focus on the cases of fractures, as
well as taking into account the possible existence
of patterns more complex than paired connections,
which was done using the analysis of associative
rules (method III). Below, we reviewed the extracted
rules separately for each and together with several

vertebrae in the primary fracture, based on the goal
of characterizing their possible connections with
RVCF (Table 3).

Discussion

This study aimed to evaluate relationships using
three methods/methods of data analysis, which
allowed us to examine both the effect of the primary
fracture of each vertebra separately and in
combination with fractures of other locations.

Some authors created nomograms using
independent predictors to determine the risk
of RVCF after PVP. J. Zheng et al. constructed
a nomogram based on 3 independent predictors:

Table 3

Associative rules that link injuries of certain thoracic and lumbar vertebrae
in primary osteoporotic fracture in RVCF

Primary Independent PKKPH RVCF in a combination Comment
fracture of several primary fractures
1 2 3 4
Thy + Thx; = Thy, Thyig; Thy damage in the primary
Thy Thyy, Thy + Thy=Thyu; os_teoporotic fracture was ass_ociated in our study
Thv + Thv[[ = Thv[[], Thx[, LI, LH with new vertebral deformations of Thvu, Thvm,
ThXIa LI 1 LII
Thy; + Thy = Thyu; Independent fractures of Thy, were associated
Thy; + Thyy =Ly, Ly, Ly; only with secondary fractures of L; and L.
Thy, L. Ly Thy; + Thyyp = Ly, Lig; Seicondar_y fractures in the Thvm vertebra —
’ Thy; + Thix =Ly, Liv, Lv; with a primary fracture of Thy; i Thy
Thy; + Thxn = Liv;
Thy + L= L[, L111, le, Ly
Thyy + Thy = Thyy, Thx, Ly, L All excluded rules involved cases when
Thyy + Thy; =Ly, Ly, Ly; the primary fracture in Thy; was combined
Independent primary Thyy + Thy = Thxy, Li; with fractures of one of the thoracic vertebrae
f Thyy + Thix = Ly, Liv; (Thy—Thxu), or with a fracture of Ly or L
Th ' ractures of Thyy Thon + The = Thix. L. Liv:
Vi did not generate any Vi st
associative rules $£V” N ;EXI B TLhXIII: L, Lus
v t Thxn = Li—Liv;
Thyy + Ly =Ly, Ly, Liv, Ly;
Thyy + Ly = Thxu, Lu
Thyiy + Thyy = Ly, Ly, Liv, Ly; The largest number of associative rules
Thyi + Thyy = Thxu, Li; contained patterns leading to injury after
Thyy, L. Thy, Thym + Thx =Thix, Ly, Liv; recurrent fracture of L; vertebra. These are both
’ Thyy + Thy; = Thyy, Ly, L independent primary fractures of Thyy, and
Thyiy + Ly =Ly, Ly combinations of fractures of this vertebra with
Thv]]] + LH] = Thx]], L[] fractures of Th\/[[, Thx[, Th\/] and L[]
Thix + Thy; =Ly, Ly; All excluded rules involved cases where
Independent primary | Thix + Thyy = Ly, Liv; the primary fracture in Th;x was combined
Th fractures of Thyx Thix + Thx = Thy; with fractures of one of the thoracic vertebrae
X did not generate any | Thix + Thy, =Ly, Liy; (Thyy—Thxy), or with a fracture of Ly, Ly, or Lyy
associative rules Thix + Ly =Ly, Liv, Ly;
Thix + L= Thxu, Ly
Thyx + Thyy = Ly, Liv; Excluded associative rules link independent
Thx + Thyi = Ly, Liy; primary Thx fractures with recurrent,
Thi. Th Thx + Thix = Thix; predominantly thoracic, fractures. These are
Thy T}IIX’ LXI’ Thy + Thy = Thyx, Li; separate injuries due to repeated osteoporotic
X1t 1 Thy + L, = Thyy, Thxu, Lu, Ly; fractures of Thx, Thy;, Thxy and Ly, vertebrae, as
Thx + Ly = Thyy, Thxuy, L, Ly; well as combined repeated fractures of Thy, and
Thx + L[V = Thx[, Thx[[ Thx[], ThXI and Th[x, Th]x and L][
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Continuation of Table 3

1 2 3 4
Thyx; + Thy = Thyy, Thyu; Associative rules from method T involving
Thx; + Thyy = Thxy, Ly, Lig damage to the Thy, vertebra in the primary
Thx; + Thym = Thxn, Ly, L osteoporotic fracture include a wide range
Thy; + Thix = Ly, Liv; of associations with new vertebral fractures,
Thyi + Thx = Thix, Lui; starting with Thyy and ending with Ly
Th ThV, ThVII: ThVIIIa ThXI + ThXII = LV,
X Thix, Thx, Thxu Thx+Li=Ly;
Thxi + Lu=Ly;
Thx + Lin=Ly;
Thy; + Liv=Ly;
Thxi + Lv = Thyu, Thix, Thx, Thxu,
Lv;
. + =L; inati i i
Independent primary Thxy + Thy, _le, Combinations with primary Thy;, Thyu, Thxi,
Thxiy + Thyy =Ly and Ly fractures were associated with new Thyj,
fractures of Thyy o .
Thxu did not sencrate an Thxy + Thx;=Ly; Ly, or Ly vertebral deformities. In most cases,
£ Y| Thyy + Ly = Thy the primary Thyy fracture was combined with
associative rules
anew Thy; fracture
. L[ + Thv[ = LI, LIII, L]v, Lv, Combinations of LI fracture with L[v, ThXH
Independent primary L;+ Thx = Thy;, Thxi, L, Ly; and Ly fractures were the most frequent, and
fractures of L, B . .
L, . L+ Thy=Ly; relatively rare — with Thy and Thy; fractures
did not generate any L+ Lo = The
et 1 v — XIs
associative rules Li+ Ly = Thyy, Thyy
Ly + Thy =Ly, Ly Combination of L and L,y injuries in primary
Independent primary Ly + Thyn :, L, L, Liv, Lyv; osteoporotic verte':bral fracture is associated with
Ly + Thyy = Ly, Ly; new Thy; deformity
fractures of Ly _ .
Lu . Lu+ Thix =Ly, Lug, Liv, Ly;
did not generate any _ .
associative I‘ules LII + ThX - Thx], ThXII’ LIII, LV:
Ly+ Thx=Ly;
Lu+ Ly =Thxy
Ly + Thyy = Thyu, Lu; Ly refracture has more frequent associations
Independent primary Lm + Thvm_= Thxu, L]], with Thvu than LH] primary fracture, and
L+ Thix = Thxy, Li; Ly refracture with Thx; primary fracture than
fractures of Ly _ . i i
L . Ly + Ly =Thxy, Ly; Luu. Fracture of vertebra Ly, is not the main
did not generate any
o, cause of secondary fractures of these vertebrae,
associative rules .
but only accompanies fractures of Thy; and
Thx[.
Liv + Thix = Thy, Thymr, Thxi, Thx; Primary L;v fracture in combination with
Liv + Thy = Thyy, Thxy; Thy, fracture is associated with Ly fracture
Independent primary | Liy + Thx; = Ly; in recurrent osteoporotic vertebral fracture.
L fractures of Ly Liv + L= Thy The Ly is the only vertebra of the lumbar
v did not generate any | Ly + L;y = Thy, region, the injury of which in the case
associative rules of a recurrent osteoporotic fracture is
accompanied by the injury of the Ly in
the primary fracture
Independent primary | Ly + Thyx; = Thym, Thix, Thx, Thxi, Thxy, | Most  often, Ly recurs together with
L fractures of Ly Ly; a Thy, fracture, which is associated with injuries
v did not generate any | Ly + Thxiu = Thxi, Thxu; to the Thyyy, Thy, Thx;, Thxy and Ly vertebrae in
associative rules Ly+Li=Ly; recurrent osteoporotic fractures

leakage of bone cement and its poor dispersion,
fractures of the locking plate [10]. Q. Li et al. created
a model based on 6 variables: age, dose of bone
cement, its leakage and dispersion, contact between
bone cement and locking plate, and treatment
of osteoporosis [11].

W. Li et al. included 4 predictors: female
gender, positive history of fractures, diagnosis
of cerebrovascular disease, and leakage of bone
cement into the intervertebral space [12]. A. Zhang

et al. used the following parameters for the nomogram:
age, body mass index, BMD, bone cement leakage,
vertebral height, osteoporosis treatment, vertebral
height restoration coefficient [13].

These works, without exaggeration, are of great
importance in the prognosis of RVCF, but they are
all created to determine the probability of repeated
vertebral fracture after PVP. They do not make
it possible to assess and plan the possibility
of introducing bone cement into an adjacent or distant
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vertebra for the purpose of preventing RVCF, because
they do not give an answer in which vertebra will
re-fracture.

This experimental work has several limitations.
First, all cases were recorded in orthopedic surgery
patients of our hospital, without comparing data
from other medical centers. External validation
involving a larger and more diverse patient
population from different countries and regions
is needed to refine the findings. Second, because
it is a retrospective analysis, the study is subject
to selection bias. Future prospective studies with
larger sample sizes and collaboration with other
treatment facilities are needed to confirm accuracy.
Note that some data were lost in the retrospective

study, and we did not consider bone mineral density
in the analysis.

Conclusions

Prognosis of repeated osteoporotic fractures is an
important and topical problem of today's vertebrology.
We emphasize that there are quite a few publications
devoted to this issue. Our study shows the most vivid
patterns that are characteristic of the general sample
of patients, namely: a primary fracture of Thy; is
associated with a possibility of new deformation
of Thyy; that of Thy, with new fractures of Thyy,
Thxu, Li; Thyy with injuries of Thyy; primary L; with
new Thyy, Ly, Ly;

The prospect of further research is
the development of a system for detecting patterns
of new deformations of the vertebral bodies, which
is possible after biomechanical research, practical
testing and critical evaluation of the results.
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