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As a result of screw fixation at the surgical treatment of patients
with spinal diseases, certain complications may occur, of which soft
tissues inflammation is frequent. Therefore, it is especially impor-
tant to study the metabolic status of patients before surgery to deter-
mine the increased possibility of complications. Objective. To study
the biochemical and immunological blood serum parameters and
determine their diagnostic sensitivity in patients with the thoracic
and lumbar spine diseases after screw fixation with postoperative
inflammatory response. Methods. Comparisons of blood parame-
ters were carried out in two groups of 20 patients in each group:
the first one — patients at whom the postoperative period passed
without complications, the second group — a soft tissues inflam-
mation around the metal structure was observed in the postopera-
tive period. Blood for the study was taken before the surgery on
an empty stomach for determination of: C-reactive protein (CRP),
sialic acid, alkaline phosphatase (ALP) activity, haptoglobin, con-
tent of total chondroitin sulfate (ChS), glycoproteins, circulating
immune complexes (CIC), the rate of spontaneous lymphocyte mig-
ration, the level of lymphocyte migration with antibodies to bone
and cartilage antigens. For quantitative characterization of diag-
nostic reliability of laboratory test was used the criterion of diag-
nostic sensitivity. Results. In patients with postoperative soft tissue
inflammation around the metal device before surgery, the following
indicators were the most informative: the content of ChS (95 %),
CRP (80 %), glycoproteins (95 %), haptoglobin (92 %), ALP activi-
ty (80 %), sialic acid content (90 %), CIC concentration (70 %),
the rate of spontaneous lymphocyte migration (65 %). Conclusions.
The laboratory parameters complex with the highest diagnostic
sensitivity can be recommended for the selection of preventive mea-
sures in the preoperative period, which will improve the results
of surgical treatment, reduce its duration and costs. Key words.
Surgical treatment, spinal disease, complications, inflammation,
screw fixation, laboratory parameters.

YV pesynomami euxopucmanns mpancneouxyaapHoi gixcayii
8 XIpypeiuHoMY NIKY8AHHI NAYIEHMIE 3i 3aX80PIOBAHHAMU XPeD-
ma MOdiCymov SUHUKHYMU NeBHI YCKAAOHEHHS, 3 AKUX YACMUM
€ 3ananeHHs M’AKUX MKAHUH HABKONO KOHCMPYKYil. YV 36’513Ky
3 Yum 0CcoOIUSY AKMYANbHICHb HAOYBAE OOCHIONCEHHS Memda-
6ONIUHO020 cmamycy nayicHmie 00 NOYAmMKY Xipypeiuno2o niKy-
BAHHS NSl GUSHAYCHHS NIOSUWEHOL BIPO2IOHOCMI YCKAAOHEHD.
Mema. [Jocnioumu Gioximiuni il iMyHONO02IUHI NOKA3HUKU KPOGI
ma eusHaAYUMU ixHio OideHOCMUYHY YYMAUSICb Y NaAyienmia
31 3aX680PIOBAHHAMU 2PYOHO20 A NONEPEK08020 8i00iNi6 Xpeb-
ma nicis mpaucneOuKyaapHoi Qixcayii 31 3anaibHuMU yCKaao-
HeHHAMU 6 nicisonepayiunomy nepiodi. Memoou. Ilopiensanus
npogoounu y 06ox epynax no 20 xeopux y xodxcrii: 1 — ocobu,
6 AKUX nicasonepayitnuil nepiod nepebicas 6e3 YCKIAOHEHD,
1 — y nicraonepayitinomy nepiodi cnocmepieanu 3ananenus
MSAKUX MKAHUH HABKOI0 Memanokoncmpykyii. Kpos ona do-
cniodcenHs giobupanu 0o onepayii Hamwecepye ma GUHaAYA-
au: C-peaxmusnuii 6inox (CPB), cianosi kuciomu, akmusHicms
ayoicrol pochamasu (JID), canmoenobin, emicm 3a2aibHUX XOHO-
poimuncynsgpamis (XC), enixonpomeinu, yupxyniowdi imyHHi
rxomnuexcu (L{IK), koegiyienm cnonmannoi miepayii nimgpoyu-
mie, pigens miepayii nimpoyumis iz anmuminamu Ha KiCImkogutl
i Xxpawosuil anmueenu. [{na KinbKicHOI xapakxmepucmuxu oiae-
HOCMUYHOT HAOIUHOCME 1aO0PAMOPHO20 Mecmy GUKOPUCTNAHULL
Kpumepiil diaecnocmuunoi uymaugocmi. Pezynomamu. ¥V nayien-
mie i3 nicaAonepayitiHuM 3anaieHHAM M SIKUX MKAHUH HABKOLO
KOHCMPYKYI 00 onepayii HAUTHGOPMAMUBHIUUMY BUABUTUCH:
emicm XC (95 %), CPE (80 %), enikonpomeinis (95 %), eanmo-
enobiny (92 %), akmusnicmo JI® (80 %), emicm cianosux xuc-
aom (90 %), konyenmpayis L{IK (70 %), koeghiyiecum cnonmannoi
miepayii niimgpoyumie (65 %). Bucnosxku. Komniexce nabopamop-
HUX NOKA3HUKIG i3 HAUOIN6WOI0 0id2HOCTIUYHOIO YYMAUBICIIIO
Modice bymu pexomenooganuil Oisi 6uOOpy NpoPINaKkmuyHux
3ax00i8 y nepedonepayitinomy nepiooi, wo 003801UmMsb NOKPA-
wumu pe3yiomamu XipypeiuHo2o NikyeanHs, 3MeHuumu 1o2o
mpueanicms ma 6apmicme.
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Introduction

From 60 to 70% of people in the general popu-
lation suffer from spinal diseases [1, 2]. Increased
duration and demand for a better quality of life in
the aging process have resulted in a significant in-
crease in the number of candidates for correction and
stabilization of the spine among adult patients. Be-
cause of this, in recent decades a step has been taken
towards expanding knowledge in the field of verteb-
rology. It has been shown that major operations dis-
turbing the balance of the spine, result in an unac-
ceptably high percentage of unsatisfactory results and
audit interventions [3].

In modern conditions surgical treatment of pa-
tients with back pain increasingly requires the use
of high-quality instruments with the installation
of a transpedicular structure. The introduction of new
developments has significantly expanded the possibi-
lities of care for patients with spine abnormalities. At
the same time, the widespread use of transpedicular
fixation has revealed a number of possible complica-
tions, one of which is peri-structural soft tissue in-
flammation [4]. In this regard, the study of the meta-
bolic status of patients before surgery to determine
the risk of complications is especially relevant [5].
The requirements of evidence-based medicine require
the formalization of systems for assessing the diag-
nostic significance of the studied parameters. Assess-
ment of diagnostic sensitivity of the test offered for
use is based on exact establishment of the diagnosis
and division of patients according to certain signs
[6, 7].

The aim of the study: to assess the biochemical
and immunological parameters of blood and deter-
mine their diagnostic sensitivity in patients with di-
seases of the thoracic and lumbar spine after transpe-
dicular fixation with inflammatory complications in
the postoperative period.

Material and methods

The study of the effectiveness of the proposed
method was carried out within the research work
of the Sytenko Institute of Spine and Joint Pathology
National Academy of Medical Sciences of Ukraine.
«To study the main errors and complications of trans-
pedicular fixation in spinal surgery and develop mea-
sures for their prevention and treatmenty», discussed
and approved at a meeting of the local Committee on
Bioethics (Minutes No. 179 of 14.05.2018).

The patients were examined before surgery. Com-
parisons were performed in two groups. Group I
included 20 subjects aged (38 £+ 12) years, in which
the postoperative period was without complica-

tions. The second group consisted of 20 individuals
aged (36 = 14) years, who during the postoperative
period had inflammation of the soft tissues around
the metal structure. Also, the values of patients in
both groups was compared with the control, which
included 20 healthy subjects (10 men and 10 women)
aged (42 £ 15) years.

Blood for the study was taken from patients be-
fore surgery on an empty stomach from the ulnar
vein. After centrifugation at 3,000 rpm for 15 min,
serum was separated and the C-reactive protein con-
tent was determined by latex test, sialic acid by Hess
method, alkaline phosphatase activity by kinetic
method, and haptoglobin by hemoglobin method [8].
The content of total chondroitin sulfates was evaluat-
ed by the reaction with rivanol by the Nemeth-Csoka
method in the modification of L. I. Slutsky, glycopro-
teins by the modified method of O. P. Steinberg and
Ya. N. Dotsenko [9]. Markers of cellular and humoral
immunity were also determined: circulating immune
complexes by precipitation in 3.5 % solution of poly-
ethylene glycol (6,000 Da) on a SF-46 spectrophoto-
meter, the rate of spontaneous lymphocyte migration,
the level of lymphocyte migration with antibodies to
bone marrow and cartilage antigens according to capil-
lary modification by Yu. P. Delevsky, T. M. Krym-
kina and L. V. Kovalchuk method [10—12].

The diagnostic sensitivity criterion (DS) was used
to quantify the diagnostic reliability of the laboratory
test. It is calculated as the probability that the patient
will get a positive test result in the presence of di-
sease or complications. DS was evaluated by the pro-
portion (%) of positive test results in patients with
the corresponding disease by the formula [13]:

MS = (m/M) x 100%,
where m is the number of patients who have devia-
tions from the reference values; M is the total number
of patients.

Semi-automatic biochemical analyzers «GBG
STAT FAX 1904 plus» and Stardust FC were used
during biochemical studies.

Statistical analysis of the data was performed using
Microsoft Excel XP software packages (license num-
ber 00218-04981-27336-A A152) according to the Stu-
dent-Fisher parametric criterion with the determina-
tion of the arithmetic mean and standard deviation.
After that, the series was analyzed for uniformity and
the presence of statistical significance of the difference
between the comparison series with p < 0.05 [14].

Results and discussion

Patients without postoperative complications before
treatment showed moderate deviations of the studied
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laboratory parameters, namely: 37.21 % higher con-
tent of glycoproteins in the serum than in the control
group, and significantly 67.36 % increased concentra-
tion of haptoglobin (Table 1).

Serum C-reactive protein concentration above
6 mg/ml but less than 12 mg/ml was recorded in 4 pa-
tients out of 20 (norm is less than 6 mg/ml), while
in the group of almost healthy subjects the threshold
was exceeded in only one person.

There was also a significant increase by 38.37 %
in the content of total chondroitin sulfates in the se-
rum of patients in whom the postoperative period was
without complications, compared with that in almost
healthy subjects. These changes in biochemical pa-
rameters indicate the presence of inflammatory and
dystrophic processes in connective tissue.

Assessment of the value of markers of cellu-
lar and humoral immunity in individuals with spi-
nal diseases, in whom the postoperative period was
without complications, detected a significant in-
crease of 25.32 % in the content of circulating im-
mune complexes compared with the control group.
This was accompanied by a significant increase in
the coefficient of spontaneous lymphocyte migration
by 21.70 %. Such changes reflect the physiological
activation of the body’s defense mechanisms aimed at
removing antigens formed due to degradation of con-
nective tissue in the presence of dystrophic processes
in the spine.

The level of lymphocyte migration with antibodies
to bone antigen in group I patients was significantly
increased by 10.58 %, with antibodies to cartilage an-

tigen by 12.50 %. The results indicate the activation
of the immune system against the tissues of its own
connective tissue.

Assessment of the indicators of laboratory exami-
nation of group II patients with postoperative soft tis-
sue inflammation identified more pronounced devia-
tions from control. In particular, it showed increased
alkaline phosphatase activity (by 54.96 %), reflecting
the restructuring of bone tissue with a predominance
of anabolic processes. This is confirmed by the le-
vel of total chondroitin sulfates, which increased by
60.47 % (Table 1).

Biochemical markers of the inflammatory pro-
cess have changed significantly: the content of hap-
toglobin has increased by 2.4 times, sialic acid by
2.3 times. C-reactive protein content was higher than
18 mg/ml but less than 24 mg/ml in 5 patients; more
than 12 mg/kg, but less than 18 mg/ml in 7; more than
6 mg/kg, but less than 12 mg/ml in 8.

Assessment of the values of markers of cellular
and humoral immunity in patients of group II detec-
ted more significant changes in immune status than
in group I. They indicated a 2.2-fold increase in cir-
culating immune complexes compared with controls,
as well as the rate of spontaneous lymphocyte migra-
tion by 64.15 %.

The level of migration of lymphocytes with anti-
bodies to various connective tissue antigens has in-
creased significantly compared with almost healthy
people. Accordingly, to bone antigen, this excess was
60.58 %, to cartilage 64.77 %, to synovial membrane
39.19 %.

Table 1

Laboratory parameters in patients with diseases of the thoracic or lumbar spine,
determined before surgical treatment with introduction of transpedicular metal structures

Indicator Unit Group
of measurement
control group Group I without Group II with inflammation

(n=20) complications (n = 20) of soft tissues (n = 20)
Alkaline phosphatase activity Units/1 1952 + 1.9 215.2+£12.8 2849 £13.8 12
Glycoproteins mmol/l 0.43 + 0.01 0.59+£0.04 0.84 £0.05 1
Sialic acids mmol/1 2.00 £ 0.03 2.19 £ 0.05 4.72+0.01 12
Haptoglobin g/l 0.95 +0.04 1.59+£0.07 Y 2.25+£0.12 %2
Chondroitin sulfates g/l 0.086 + 0.004 0.119 £ 0.008 0.138 £0.013 »
Circulating immune complexes Units 53.88 £6.22 67.52 £6.60 " 115.90 £ 7.15 12
Spontaneous lymphocyte — 1.06 + 0.12 1.29+0.14 1 174 +0.17 12
migration rate (LIF)
Lymphocyte with antibodies Units 1.04 0.1 1150121 1.67%0.15 1
to bone antigen migration rate
Lymphocyte with antibodies Units 0.88 + 0.07 0.99 + 0.08 1.45 % 0.06 12
to cartilage antigen migration rate

Y p < 0,05 in comparison with control group;
2 p <0,05 in comparison with Groups I and 1T



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2021. No 2

If we compare the results of the examination
of group II patients with persons without postopera-
tive complications (group I), it should be noted that
the activity of alkaline phosphatase in them was
31.96 % higher. Markers of inflammation in patients
who had soft tissue inflammation in the postopera-
tive period were also elevated compared with the un-
complicated group: haptoglobin levels 41.51 %, sialic
acids 2.1 times. At the same time, there was an in-
crease of 15.97 % in the level of total chondroitin sul-
fates (Table 1).

The obtained results indicate the development
of an active inflammatory process in group II patients
even before surgery, which after the manipulations
was significantly activated and manifested by local
exacerbation.

In the process of comparing the values of mar-
kers of cellular and humoral immunity, a significantly
higher level of circulating immune complexes (by
71.65 %) was recorded in the serum of group II pa-
tients compared to group I (Table 1).

The value of the rate of spontaneous lymphocyte
migration in the group of patients with postoperative
soft tissue inflammation was higher than in those
without complications by 34.88 %.

The level of migration of lymphocytes with anti-
bodies to various connective tissue antigens in group
IT patients significantly exceeded those in patients
without postoperative complications: bone antigen by
45.22 %, cartilage antigen by 46.46 %. These changes
are characterized by excessive activation of the im-
mune system before treatment in patients who have

Table 2
Diagnostic sensitivity of the studied indicators
in patients with spinal diseases
and subsequent surgical treatment

Indicator Diagnostic sensitivity (%)

Glycoproteins 95
Alkaline phosphatase activity 80
Haptoglobin 92
C-reactive protein 80
Chondroitin sulfates 95
Sialic acids 90
Circulating immune complexes 70
Spontaneous lymphocyte 65
migration rate

Lymphocyte

with antibodies 60
to bone antigen migration rate

Lymphocyte

with antibodies 65

to cartilage antigen migration rate

postoperative soft tissue inflammation. Presumably,
there is a significant autoimmune component in
the development of inflammation, which should be
taken into account during preoperative preparation
of patients in order to normalize the immune status.

Based on the obtained results, the diagnostic sen-
sitivity of the used tests was calculated (Table 2).

In patients with postoperative inflammation of soft
tissues around metal structures before surgery, the most
informative were the content of total chondroitin sul-
fates (95 %), glycoproteins (95 %), C-reactive pro-
tein (80 %), haptoglobin (92 %), sialic acids (90 %),
alkaline phosphatase activity (80 %), concentration
of circulating immune complexes (70 %), spontane-
ous lymphocyte migration rate (65 %), lymphocyte
migration rate with antibodies to cartilage antigen
(65 %) and synovial membrane antigen (60 %) .

An experimental study in animals after transpe-
dicular dynamic fixation under conditions of lum-
bar spine injury 14 days after the intervention re-
vealed a decrease in ESR, white blood cell count and
C-reactive protein, as well as a tendency to decrease
the concentration of glycosaminoglycans, glucuronic
and sialic acid inflammatory process in the tissues
of the spine [15]. Other authors talk about the possi-
bility and nature of complications after transpedicular
fixation, without citing important laboratory markers
for diagnosis and prediction [16, 17].

Conclusions

Laboratory parameters of patients with diseases
of the thoracic or lumbar spine, who developed in-
flammatory complications after surgery, differed be-
fore surgery from persons with similar diagnoses and
treatment without complications.

When planning surgery, special attention should
be paid to patients with high levels of indicators,
the diagnostic sensitivity of which is from 60 to
95 %: total chondroitin sulfate, the content of C-reac-
tive protein, glycoproteins, haptoglobin, sialic acids;
alkaline phosphatase activity, concentration of circu-
lating immune complexes, coefficient of spontaneous
lymphocyte migration, level of lymphocyte migra-
tion with antibodies to cartilage antigen and synovial
membrane antigen.

The set of laboratory parameters with the high-
est diagnostic sensitivity can be recommended for
the selection of preventive measures in the preopera-
tive period, which will improve the results of surgical

treatment, reduce its duration and cost.
Conflict of interest. The authors declare no conflict

of interest.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2021. No 2

References

1.

Roussouly P. Sagittal plane deformity: an overview of interpre-
tation and management / P. Roussouly, C. Nnadi // European
Spine Journal. — 2010. — Vol. 19 (11). — P. 1824-1836. —
DOI: 10.1007/s00586-010-1476-9

Low back pain/J. Vlaeyen, C. G. Maher, K. Wiech [et al.] /
Nature reviews. Disease primers. — 2018. — Vol. 4 (1). —
Article ID: 52. — DOI: 10.1038/s41572-018-0052-1.
Implications of spinopelvic alignment for the spine surgeon /
V. A. Mehta, A. Amin, I. Omeis [et al.] // Neurosurgery. —
2015. — Vol. 76 (Suppl 1). — P. S42—-S56. — DOI: 10.1227/01.
neu.0000462077.50830.1a.

Accuracy and safety of C2 pedicle or pars screw placement:
a systematic review and meta-analysis / P. Azimi, T. Yazda-
nian, E. C. Benzel [et al.] / Journal of Orthopaedic Surgery
and Research. — 2020. — Vol. 15 (1). — Article ID: 272. —
DOI: 10.1186/513018-020-01798-0.

Radchenko, V. O., Skidanov, A. G., & Morozenko, D. V. (2018).
Dynamics of biochemical blood markers in patients after surgical
treatment of degenerative diseases of the lumbar spine. Ukrainian
Journal of Medicine, Biology and Sports, 7(16), 140—145.
Leontyeva, F. S., & Morozenko, D. V. (2016). Biochemical
markers of connective tissue metabolism in osteochondrosis
of the lumbar spine. Pivdennoukrainian Medical Science Journal,
13, 100-102.

Medvedev, V. V., Volchek, Yu. Z., & Yakovlev, V. A. (20006).
Clinical laboratory diagnostics. 3rd revised and add. SPb :
Hippocrates.

10.

11.

13.

14.

15.

16.

17.

Vlizla, V. V. (2012). Laboratory research methods in biology,
animal husbandry and veterinary medicine: handbook. Lviv:
SPOLOM.

Tymoshenko, O. P., Voronina, L. M., & Kravchenko, V. M.
(2003). Clinical biochemistry: textbook. Kharkiv : Golden Pages.
Belotskiy, S. M., & Avtalion, R. R. (2008). Inflammation. Cell
mobilization and clinical effects. M.: Binom.

Karpishchenko, A. I. (1999). Medical laboratory technologies
and diagnostics. SPb: Intermedica.

Lebedev K. A., & Ponyakina, I. D. (2009). Immunology of image-
recognizing receptors. Integral immunology. Moscow : Librokom.
Kalashnikov, V. S. (2003). Clinical and biochemical laboratory
diagnostics. Minsk : Interpressservice.

Lang, T. A., & Sesik, M. M. (2011). How to describe statistics in
medicine. A guide for authors, editors and reviewers. Moscov
: Practical Medicine.

Dochilova, E. S., Chernigova, S. V., & Chernigov, Yu. V. (2018).
Biochemical and hematological blood parameters of dogs in
transpedicular osteosynthesis of the lumbar spine. Issues of legal
regulation in veterinary medicine, 2, 85—88.

Bokov, A. E., Mlyavykh, S. G., Bratsev, . S., & Dydykin,
A. V. (2020). Factors affecting the stability of transpedicular
fixation in patients with unstable injuries of the lumbar spine
and transitional thoracolumbar region. Innovative Medicine
of Kuban, 3(19), 12-19. https://doi.org/10.35401/2500-0268-
2020-19-3-12-19.

Makarevich, S. V. (2018). Historical aspects of transpedicular
fixation of the spine: a literature review. Spine surgery, 15(4),
95-106. https://doi.org/10.14531/2018.4.95-106.

The article has been sent to the editors 21.04.2021

BIOCHEMICAL AND IMMUNOLOGICAL BLOOD PARAMETERS IN PATIENTS
WITH INFLAMMATORY COMPLICATIONS AFTER SPINE SCREW FIXATION

V. O. Radchenko, F. S. Leontyeva, O. O. Barkov, V. O. Tuliakov, I. V. Korzh
Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

> Volodymyr Radchenko, MD, Prof. in Traumatology and Orthopaedics: volod56@ukr.net
D4 Frieda Leontyeva, PhD in Biol. Sci: alwisia@i.ua
D4 Oleksandr Barkov, MD, PhD in Traumatology and Orthopaedics: a.barkov.79@gmail.com
0< Vladyslav Tuliakov, DSci in Pharmacy: tulakov1967v@gmail.com
>4 Iryna Korzh, MD, PhD: ikorzh@ukr.net



