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Abstract

Background. Treatment of vertebral osteomyelitis (VO) is accompanied by a number of organizational and tactical
problems related to the multidisciplinary nature of the disease. Therefore, the use of classifications determining
treatment tactics is necessary. The evaluation of treatment outcomes and efficacy should be conducted in accordance
with the classification type of the lesion and decisions made based on the tactical algorithm.

Aim of the study — to identify the dependence of long-term treatment outcomes of vertebral osteomyelitis on the
type of lesion according to the modified Russian version of the E. Pola classification and the methods of treatment
used.

Methods. The study analyzed the treatment results of 266 patients with vertebral osteomyelitis from 2006 to 2019.
Type A lesions accounted for 24.1% (n = 64), type B — 47.0% (n = 125), type C — 26.3% (n = 70), and lesions of vertebral
processes — 2.6% (n = 7). Neurological disorders were detected in 53 observations (type C). Conservative treatment,
debridement, and reconstructive surgeries were performed. The evaluation of results was carried out a year or more
after discharge.

Results. The maximum effectiveness of conservative treatment was noted in uncomplicated courses and minor bone
destruction. Conservative treatment of type A lesions led to recovery in 97.4% of cases compared to reconstructive
operations (p = 0.002) and recurrences (p = 0.034). Mortality was higher after reconstructive interventions (p = 0.001).
The highest number of fatal outcomes after debridement of the focus was observed in type B lesions — 15.8% (p =0.022).
Analysis of type C lesions did not reveal significant differences between the methods of treatment used. The maximum
number of unsatisfactory results was registered in patients with sepsis: mortality was 17.4%, and in its absence —4.9%
(p = 0.039), recurrences — 21.7% versus 7.8% (p = 0.043), recovery — 56.6% versus 83.5% (p = 0.004), respectively.
There were no significant differences in the assessments according to the ODI, NDI, SF-36 scales in the long term.
The overall survival rate was 84.4%, and the long-term one was 90.4%, which increased with conservative treatment
compared to reconstructive interventions (p = 0.045).

Conclusion. Conservative treatment and extra-focal fixation of the spine showed maximum effectiveness in low-
destructive and uncomplicated lesions (type A). Reconstructive interventions lead to an increase in the number of
recurrences and fatal outcomes. Debridement of the focus in septic course of type B lesions leads to an increase
in hospital mortality. There were no statistically significant differences between the results of different treatment
methods for type C lesions.
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OTaaneHHble pesynbTaTbl U OLEHKa 3PPEKTUBHOCTU METOAO0B NNEeYEHUS
OCTeOMMENUTA NO3BOHOYHUKA NPU PA3/IUUYHbIX TUMAX NOPAXKEHU
no knaccudpukaumuu E. Pola

A.10. Bazapos %, K.C. Ceprees?, A.K. LIBeTkoBa 2
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Pedepar

AxmyanvHocmp. JleueHre reMaTOTeHHOr0 ocTeomuenuta no3soHounuka (I'OIT) conpoBoxkmaeTcs psiioM opraHmu3sa-
IMOHHBIX U TAKTUUYECKUX TPOBIEM, CBSI3aHHbBIX C MYJbTUAVCIMUILIMHAPHBIM XapakTepoM 3a6oneBanus. IIpu sTom
abCoJIOTHO HEOOXOAMMO UCITOb30BaHMe KilacCubUKaIMii, OMpeneIsIoIMX TaKTUKY jJedennsi. OIeHKY pPe3yIbTaToB
1 3(peKTUBHOCTM METOLOB JIeYeHUS 11eJIecO06pa3HO MTPOBOAVTE B COOTBETCTBUM C K/IACCU(MUKAIMOHHBIM TUIIOM I10-
paskeHUS U pellleHUsIMU, IPUHATHIMU Ha OCHOBAaHUY TaKTUUECKOTO aJropuUTMa.

Llens uccnedosarHuss — BBISIBUTb 3aBUCMMOCTD OTHAIEHHBIX PE3Y/IbTATOB JIeYEHUS TeMaTOTeHHOTO OCTeOMMeTnTa
TTO3BOHOYHMKA OT TUIIA MTOPasKEHMsI 0 MOAUGDUIIMPOBAHHON PYCCKOSI3bIUHOM Bepcuu kinaccudukanuum E. Pola u nc-
M0/Ib30BaHHBIX METOLOB JIeUeHUSI.

Mamepuan u memodsl. BbITIOJTHEH aHAIN3 PE3Y/IbTATOB JieueHMsT 266 60bHbIX TeMAaTOT€HHBIM OCTEOMUETUTOM I10-
3BOHOYHMKA 3a 2006—2019 rr. ITopaxkerus tuia A cocrasuiu 24,1% (n = 64), B — 47,0% (n = 125), C — 26,3% (n = 70),
TTOPasKeHMsI OTPOCTKOB ITO3BOHKOB — 2,6% (n = 7). HeBpoyornueckye HapyleHus BbISIBJIEHBI B 53 HAOTIOMEHUSIX (TUTT
C). BBINOMHSIMCH KOHCEPBATUBHOE JIEUEeHMe, CAHUPYIOIINE, CTAGMIU3UPYIOLIE VI PEKOHCTPYKTUBHbIE BMEIIaTeb-
ctBa. OLleHKa pe3y/abTaTOB IMPOBOAMU/IACH YEPE3 TOM, U 6ojiee MOociIe BhITMCKH.

Pezynomamoi. OTMevyeHa MakcuMmanbHash 3¢ GEeKTUBHOCTh KOHCEPBATMBHOTO METOAA IPY HEOCIOKHEHHOM Te-
YeHUM U He3HAUUTeNbHOI KOCTHOW mecTpykiuu. KoHcepBaTMBHOe jieueHMe IMOpaskeHuit A MpuUBeNO K BbI3H0-
poBiieHMIO B 97,4% HaOMIOIEeHMII B CpaBHEHUM C PEKOHCTPYKTUMBHBIMM omepainusimu (p = 0,002) u pennamuBamu
(p = 0,034). JleTasibHOCTD GbLIA BBIIIIE ITOC/IE PEKOHCTPYKTUBHBIX BMeIaTenbCTB (p = 0,001). IIpu mopaskeHUsIX TUIIA
B oTMeueHO MaKCMMaabHOE KOJIMUYECTBO JIETATbHBIX MCXOMOB IMOcae caHanyuu odara — 15,8% (p = 0,022). AHanu3s
nopaskeHuit Tuna C He BBISIBWI 3HAUMMBIX Pa3IMunii MeXAY UCIIONIb30BaHHBIMIM MeTOAaMM JieueHUs . MakcuMab-
HOe KOJIMYECTBO Hey[IOBJIeTBOPUTENbHBIX Pe3yAbTATOB 3aperucTPUPOBAHO Y OONBHBIX C CEIICUCOM: JIETATbHOCTh
cocraBmia 17,4%, a nmpu ero orcyrcrBum — 4,9% (p = 0,039), peunnussl — 21,7% npotus 7,8% (p = 0,043), Bb131,0-
poBiieHust — 56,6% mpotus 83,5% (p = 0,004) cooTBeTCTBEHHO. Pasnmnunii B oreHKax no mkaaam ODI, NDI, SF-36
B OTHAJE€HHOM Ilepuojie He BbIsiBlieH0. O0IIast BbDKMBAEMOCTh cocTaBuia 84,4%, otnanendas — 90,4% c ee IOBbI-
[IeHMeM TPV KOHCePBATUBHOM JIEUEHUY B CPABHEHUM C PeKOHCTPYKTUBHBIMMU BMelnaTenbcTBamu (p = 0,045).
3akntoueHue. KoHcepBaTUMBHOE JieueHMe ¥ BHeovyaroBasi (pukcanysi mo3BOHOYHMKA MTOKAa3a/IY MaKCMMAaJIbHYIO 3¢-
(heKTMBHOCTH MPY MAIOECTPYKTUBHBIX I HEOCTOKHEHHBIX MOPAKEHUSIX (TUTT A). PEKOHCTPYKTUBHbIE BMeNIaTeb-
CTBa MPUBOIAT K ITOBBILIEHNIO KOJIMYECTBA PELIMANBOB U JIeTalbHbBIX MCX0HoB. CaHalMsI oyara Ipu CeNTUUYeCKOM
TedeHUU MopakeHut TuIia B IpMBOANUT K YBeIMUYEHUIO TOCIUTAIbHON J1€TaJlbHOCTU. He BBISIBIIEHO CTaTUCTUUYECKU
3HAUMMBIX pas3inuuii Mexay pe3yabTaTaMy pasjMUHbIX METOJOB JieueHMs nmopaxeHuit Tuna C pa3janyHbIMU Me-
TOLAMU JIeYeHMUSI.

KiaroueBbie ciioBa: OCTEOMMENTUT IIO3BOHOYHMKA, CIIOHAUINT, CIIOHAMJIOOUCIINT, KJ'[aCCI/IdJI/IKaLU/IH OoCTeoMHMenanTa
ITO3BOHOYHMKA.

IOnsa nutuposBanus: baszapos A.10., Ceprees K.C., [IBeTkoBa A.K. OTaneHHble pe3yabTaThl U olleHKa 3bGeKTUBHOCTHI
METOZOB JIeYeH!UsI OCTeOMMeNINTa MO3BOHOYHMKA MPU Pa3lIMUYHbIX TUIIAX MOpaxkeHwuit mo kiaccudukauuy E. Pola.
Tpasmamonozusi u opmonedust Poccuu. 2023;29(2):7-17. https://doi.org/10.17816/2311-2905-7445.
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BACKGROUND

Increasing life expectancy, the presence of co-
morbidities in the older age group, a significant
increase in the volume of planned surgical care
for the population, and the proportion of pa-
tients with immunodeficiency have led to a sig-
nificant rise in inflammatory spinal disorders
[1, 2, 3, 4]. In the general population, there has
been an increase in the incidence of vertebral os-
teomyelitis (VO) from 2.2 per 100,000 population
per year in 2008 to 11.3 in 2019. This rate reaches
21.6 per 100,000 population per year in the age
group over 70 and 25.1 in the age group 80 and
above [5, 6, 7].

The International Classification of Diseases,
10th Revision (ICD-10) is the primary classifica-
tion used in most studies for documentation pur-
poses and does not influence the choice of treat-
ment [5, 7]. Guidelines and recommendations are
used to determine treatment strategies [8, 9, 10,
11, 12], but a systematic evaluation of treatment
outcomes based on the classification used is not
provided. E. Pola et al. proposed a new classifica-
tion for spondylodiscitis, the New Classification
of Pyogenic Spondylodiscitis (NCPS), in 2017, with
an inter-expert agreement among trained special-
ists of 67% [14]. The classification provides gener-
al data on treatment outcomes, including the pro-
portion of recoveries, recurrences, fatal outcomes,
and residual back pain based on the type of lesion,
but an analysis of the effectiveness of treatment
methods is not provided, and ventral interventions
are absent from the treatment algorithm [13].

The aim of this study was to determine the rela-
tionship between long-term treatment outcomes

of vertebral osteomyelitis and the type of le-
sion according to the modified Russian version
of E. Pola's classification and the treatment me-
thods used.

METHODS

Study design

A retrospective observational study was conducted.

The medical records of 266 patients with VO who
underwent treatment from 2006 to 2019 at the State
Budgetary Healthcare Institution Tyumen Regional
Clinical Hospital No. 2, Tyumen, Russia, were
analyzed.

Inclusion Criteria: all patients with nonspecific
spinal osteomyelitis.

Exclusion Criteria:

- specific spondylitis (tuberculosis, brucellosis);

— postoperative spondylitis;

— lack of follow-up for one year or more since
discharge;

- age under 18 years.

Patients

To determine the type of lesion, a modified Russian
version of E. Pola's classification was used [15, 16].
The distribution of patients by types and subtypes
is presented in Table 1.

Neurological disorders developed in 53 obser-
vations in patients with type C lesions. Acute and
subacute forms of the disease were present in 160
(60.2%) patients, while chronic forms were present
in 106 (39.8%) patients. The level of involvement
was localized in the cervical spine in 20 (7.5%) ob-
servations, thoracic spine in 90 (33.8%), lumbar
spine in 144 (54.1%), and multi-level processes
were identified in 12 (4.5%) patients.

Table 1
Distribution of patients by types and subtypes of lesions, n (%)
Lesion type Lesion subtype Total
Al A2 A3 A4
A 64 (100.0)
0 (0.0) 44 (68.8) | 16(25.0) 4(6.2)
B.1 B.2 B.3.1 B.3.2
B 125 (100.0)
65(52.0) | 42(33.6) | 17 (13.6) 1(0.8)
C.1 C.2 C.3 C4
C 70 (100.0)
8(11.4) | 15Q21.4) | 21(30.0) | 26(37.2)
Lesions not classified according to NCPS* 7 (100.0) 7 (100.0)

* Lesions of posterior structures without involvement of the spinal-motor segment (n=6) and CI-CII articulation (n=1).
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Conservative therapy was performed in 88
(33.1%) patients, while 178 (66.9%) patients un-
derwent surgery. Debridement, stabilization, and
reconstructive surgeries were applied (Table 2).

Ventral interventions were performed in 108
patients, with transpedicular fixation added in
75 (69.4%) cases. Anterior 360° spondylode-
sis, including reconstruction, was performed in
29 (26.8%) patients. The duration of hospital stay
was 30.01£16.42 days.

Outcome assessment

Outcome assessment was conducted one year after
discharge from the hospital. In the long-term pe-
riod, the following were evaluated: pain severity
using the Visual Analog Scale (VAS), functional sta-
tus of the cervical spine using the Neck Disability
Index (NDI), and the lumbar spine using the
Oswestry Disability Index (ODI), severity of neuro-
logical di-sorders using the Frankel scale, and data
from the SF-36 questionnaire.

Table 2
Distribution of patients by treatment methods and lesion type, n (%)
Lesion type
Treatment method Lesions not classified Total
A B C according to NCPS * 7 (2.6) 266 (100.0)
64 (24.1) 125 (47.0) 70 (26.3)
Conservative 38 (59.4) 42 (33.6) 7 (10.0) 2 (28.6) 89 (33.4)
Debridement 12 (18.7) 19 (15.2) 24 (34.3) 5(71.4) 60 (22.6)
Stabilization 11 (17.2) 33 (26.4) 6 (8.6) 0 (0.0) 50 (18.8)
Reconstruction 3(4.7) 31 (24.8) 33 (47.1) 0 (0.0) 67 (25.2)

* Lesions of the posterior structures without involvement of the spinal motion segment (n = 6) and the CI-CII articulation (n = 1).

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics 21 software package.

The distribution of quantitative variables was
assessed using the Kolmogorov-Smirnov test.
For normally distributed variables, the results are
presented as the mean (M) and standard devia-
tion (SD), while for non-normally distributed vari-
ables, the results are presented as the median (Me)
and interquartile range (25™ and 75" percentiles).
Student's t-test was used for comparing variables
between two groups with normal distribution, and
the Mann-Whitney U test was used for non-nor-
mally distributed variables. One-way analysis of
variance (ANOVA) or the Kruskal-Wallis test with
Bonferroni correction was used for comparing vari-
ables among more than two groups. The Wilcoxon
signed-rank test was used for comparing variables
over time. Categorical variables in independent
groups were compared using the chi-square test
or Fisher's exact test, and in paired groups using
McNemar's test. When comparing more than two
groups, the significance level was adjusted using
the Bonferroni correction by multiplying the origi-
nal p-values by the number of performed compari-
sons. Survival analysis was performed using the

Kaplan-Meier method with survival curves and
the log-rank test for comparing survival between
groups. Differences were considered significant
at p<0.05.

RESULTS

All patients received inpatient treatment at the
Traumatology and Orthopedics or Neurosurgery
department of Hospital No. 2 in Tyumen. In most
cases, the length of hospital stay was determined
by the duration of the course of antibiotic therapy
(ABT) for conservative treatment and the postop-
erative period. The average duration of ABT was
1.8-3.8 weeks during hospitalization and 4.0-7.2
weeks on an outpatient basis. An increase in the
duration of antibiotic treatment was observed from
mono-segmental lesions to poly-segmental and
multi-level lesions, which amounted to 1.8-3.8 and
1.6-4.2 weeks during the hospital stage, and 3.9-7.2
and 4.2-7.2 weeks during the outpatient stage.
Surgical treatment methods were divided into
three main types: debridement, stabilization,
and reconstructive. The effectiveness of these
me-thods was assessed based on the main types
of lesions according to E. Pola's classification with
co-authors. A statistically significant increase in
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the number of stabilization procedures was noted
for type A lesions compared to more severe forms
of the disease (p<0.001). In these cases, trans-
pedicular fixation was performed in a minimally
invasive manner without intervention at the in-
fectious-inflammatory focus, which eliminated
the need for prolonged wearing of a rigid brace
and improved the quality of life. The proportion of
reconstructive interventions increased for type B
(p = 0.036) and type C (p<0.001) lesions compared
to lesions without bone destruction, neurological
disorders, and epidural abscess (type A).

The distribution of outcomes based on the
type of lesion and treatment method is presented
in Table 3. When analyzing the data presented in
Table 3, some statistically significant differences
were found for different types of lesions.

For type A lesions: the highest number of recove-
red patients was observed with conservative treat-
ment (97.4%) and stabilization surgeries (90.9%),
while the lowest was observed with reconstructive
interventions at 33.3% (p = 0.002). Performing re-
constructive interventions for these lesions result-
ed in a 66.7% mortality rate, whereas the mortality
rate for conservative therapy was 2.6% (p = 0.001).

For type B lesions: conservative treatment re-
mains highly effective for subtypes B.1 (82.8%) and
B.2 (85.7%), which decreases with increasing se-
verity of bone destruction. After extrafocal instru-
mental fixation for mild-destructive lesions, the
recovery rates were 82.4% for B.1 and 100% for B.2.
Bone-destructive processes with objective signs of
segmental instability were an indication for recon-
structive surgeries, including the use of ventral ap-
proaches. Overall, in-hospital mortality for type B
lesions was 4.0%, and an increase in mortality was
observed after debridement interventions to 15.8%
(p = 0.022), with the indication for surgery being
the patient's overall severe condition.

For type C lesions: conservative treatment was
only used in the absence of neurological disor-
ders and/or in the presence of absolute contrain-
dications for surgery. Extrafocal stabilization was
performed exclusively for subtypes C.1 and C.2 in
neurologically intact patients. Focal lesion drain-
age and decompression via ventral or dorsal access
were the preferred methods in cases of acute neu-
rological deficit or sepsis when reconstruction was
not possible due to the severity of the patient's con-
dition. Stable hemodynamics and compensation of

Table 3
Disease outcomes according to lesion type and treatment method, n (%)
Treatment method
Lf;;)%n Treatment outcome* ) Surgical p
Conservative
Debridement Stabilization | Reconstruction
Recovery 37 (97.4) 10 (83.3) 10 (90.9) 1(33.3) 0.002
Recurrence 0(0.0) 2 (16.7) 1(9.1) 0(0.0) 0.089
A Fatal 1(2.6) 0(0.0) 0 (0.0) 2 (66.7) 0.001
Total 38 (100.0) 12 (100.0) 11 (100.0) 3 (100.0)
Recovery 35 (83.3) 12 (63.2) 30 (90.9) 26 (83.9) 0.087
Recurrence 3(7.1) 3(15.8) 3(9.1) 4(12.9) 0.720
B Fatal 2 (4.8) 3 (15.8) 0 (0.0) 0 (0.0) 0.022
Progression 2 (4.8) 1(5.3) 0(0.0) 1(3.2) 0.641
Total 42 (100.0) 19 (100.0) 33 (100.0) 31 (100.0)
Recovery 5 (83.3) 17 (68.0) 5 (83.3) 23 (69.7) 0.795
Recurrence 1(16.7) 5(20.0) 0 (0.0) 1(3.0) 0.137
C Fatal 0 (0.0) 2 (8.0) 0 (0.0) 5(15.2) 0.490
Progression 0 (0.0) 1 (4.0) 1(16.7) 4(12.1) 0.520
Total 6 (100.0) 25 (100.0) 6 (100.0) 33(100.0)

* One patient with a fatal outcome in monovertebral lesion (not classified according to NCPS) is not included in the table.

11 2023;29(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

vital functions were the basis for reconstructive
interventions for subtypes C.2-C.4. We did not find
statistically significant differences in the number
of cases of recovery, recurrence, and in-hospital
mortality depending on the treatment method,
which suggests a correct tactical approach in the
treatment of type C lesions. The treatment outcomes
of HOP based on the type of lesion, regardless of the
treatment method, are presented in Table 4.

When analyzing the data presented in Table 4,
a statistically significant decrease in the number
of recovered patients was observed with increas-
ing severity of spinal cord lesions (p = 0.016). The
severity of neurological disorders was higher in
patients after debridement (p = 0.002) and recon-
structive interventions (p<0.001) both before and
after treatment (p = 0.001, p<0.001, respectively).
A statistically significant decrease in the severity
of neurological deficit in the postoperative period
was observed after debridement and reconstruc-
tive interventions (p = 0.004), while no such rela-
tionship was found after stabilization surgeries
(p =0.180). The dynamics of neurological deficit be-
fore and after treatment depending on the method
are presented in Table 5.

In the conservative and surgical treatment
groups, the severity of neurological disorders
was significantly lower in the long-term period
(p<0.001).

Significant differences in treatment outcomes
were observed in patients with sepsis, which oc-
curred in 26.1% (n = 6) of type A lesions, 34.8%
(n = 8) of type B lesions, and 39.1% (n =9) of type C
lesions. The treatment outcomes depending on the
presence of sepsis are presented in Table 6.

The analysis revealed a statistically significant
increase in the proportion of in-hospital mor-
tality by 12.5% (p = 0.039), recurrence by 13.9%
(p = 0.043), and a decrease in the number of recov-

ered patients by 27% (p = 0.004) in the presence
of sepsis compared to the group of patients without
this complication.

The long-term results were evaluated no earlier
than one year after discharge from the hospital. The
main criteria were the severity of pain syndrome as-
sessed by VAS, the functional status of the spine as-
sessed by ODI and NDI, and the overall health status
of the patient assessed by SF-36. A statistically sig-
nificant decrease in the severity of pain syndrome
was observed after one year or more after discharge
(p<0.001). The treatment results depending on the
method are presented in Table 7.

No statistically significant differences were
found when comparing the results between the
comparison groups. The indicators reflecting the
long-term treatment outcomes depending on the
type of lesion are presented in Table 8.

When analyzing the intensity of pain depend-
ing on the main types of lesions according to
E. Pola, a decrease in pain intensity was also ob-
served in the long-term period (p < 0.001) in all
comparison groups. No differences in the severity
of pain syndrome were found depending on the
type of lesion (p>0.05).

Survival analysis was conducted based on data
from 198 patients, which accounted for 74.4% of
the total cohort. The follow-up period for the pa-
tients was 47.50 [25.00; 82.00] months.

The overall survival rate for all types of le-
sions over the entire follow-up period was 84.4%.
No statistically significant differences were found
between the types of lesions, but in absolute num-
bers, this indicator decreased with increasing se-
verity of the disease: 92.1% for type A, 86.8% for
type B, and 76.0% for type C. There was a tendency
towards higher survival rates in type A compared to
type C (p =0.080). Analysis of the proportion of sur-
viving patients in conservative treatment and the

Table 4

Distribution of patients according to treatment outcomes based on lesion type
regardless of treatment method, n (%)

Lesion type
Criterion p
A C
Recovery 57 (89.0) 103 (82.4) 50 (71.4) 0.016
Recurrence / Progression 4 (6.3) 17 (13.6) 13 (18.6) 0.106
Hospital mortality 3(4.7) 5(4.0) 7 (10.0) 0.207
Total 64 (100.0) 125 (100.0) 70 (100.0) —
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Table 5

Neurological deficit before and after treatment based on treatment method, n (%)

Treatment method

Neurological deficit by . .
Frankel grade Conservative Surgical
Before treatment After treatment Before treatment After treatment

A 0(0.0) 0(0.0) 12 (6.7) 7(3.9)

B 0(0.0) 0 (0.0) 9(5.1) 2 (1.1)

C 1(1.1) 0(0.0) 20 (11.2) 16 (9.0)

D 1(1.1) 0 (0.0) 10 (5.6) 19 (10.7)

E 86 (97.8) 88 (100.0) 124 (69.7) 134 (75.3)

R* 0(0.0) 0(0.0) 3(1.7) 0(0.0)

*R - Radicular syndrome; p<0.001.
Table 6
Treatment outcomes based on the presence of sepsis, n (%)
Sepsis
Criterion p
Absent Present
Recovery 203 (83.5) 13 (56.5) 0.004
Recurrence 19 (7.8) 5(21.7) 0.043
Progression* 9 (3.8) 14.3) 0.602
Hospital mortality 12 (4.9) 4(17.4) 0.039
Total 243 (100.0) 23 (100.0) —
* Progression against the background of complex treatment.
Table 7
Long-term treatment outcomes based on treatment method
Treatment method
Criterion b
Conservative Surgical

VAS before treatment. Me [25%; 75%] 9.0 [8.00; 10.00] 9.0 [8.00; 10.00] 0.790
VAS after treatment, Me [25%; 75%] 2.0[0.00; 4.00] 2.0[0.00; 3.00] 0.425
NDI, Me [25%; 75%] - 12.17 [9.00; 17.00] -
ODI, Me [25%; 75%] 16.0 [4.00; 26.00] 12.67 [2.00; 31.10] 0.626
PH (SF-36), M*SD 40.33+10.04 41.00+10.57 0.824
MH (SF-36), M*SD 47.0011.62 47.28+10.71 0.776

When comparing the intensity of pain syndrome before treatment and in the long-term period, a statistically significant reduction was
observed within the comparison groups (p<0.001).
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Table 8
Long-term treatment outcomes based on lesion type
Lesion type
Criterion A B C p
Me [25; 75%] Me [25; 75%] Me [25; 75%]
o/ .

;’gi/f)]before treatment, Me [25%; 9.0 [8.00; 10.00] 9.0 [8.00; 10.00] 10.0 [8.00; 10.00] 0.640
VAS after treatment, Me [25%; 75%] 2.0 [0.00; 4.00] 2.0 [0.00; 2.00] 2.0 [0.00; 4.00] 0.260
NDI, Me [25%; 75%)] - - 12.17 [9.00; 17.00] -
ODI, Me [25%; 75%)] 16.0 [0.00; 20.00] 13.33 [4.00; 28.00] 29.40 [4.00; 36.00] 0.223
PH (SF-36), M+SD 39.26%9.10 41.59+10.23 39.69+11.29 0.578
MH (SF-36), M£SD 47.55+8.14 46.98+11.28 47.37%12.37 0.973

When comparing the intensity of pain syndrome before treatment and in the long-term period, a statistically significant reduction was

observed within the comparison groups (p<0.001).

main types of surgical interventions revealed the
following differences: survival rate in conservative
treatment reached 92.1%, in stabilization surgeries
— 88.9%, in debridement — 84.2%, and in recon-
structive interventions — 74.3%.

Statistically significant differences were found
between conservative treatment and 360° spinal
fusion (log rank = 4.028; p = 0.045). The highest
survival rate was observed in the absence of surgi-
cal intervention and decreased with increasing vol-
ume and invasiveness.

Long-term survival (after discharge from the
hospital) was 90.4%, and no statistically sig-
nificant differences were found between the
conservative and surgical treatment groups —
95.5% and 88.4% respectively (log rank = 1.286;
p =0.257) (Fig. 1).

Survival function
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DISCUSSION

Evaluation of the treatment outcomes of pyo-
genic spondylodiscitis (PSD) in most publica-
tions is traditionally conducted through com-
parisons of the localization of the pathological
process, presence of complications, effective-
ness of treatment methods, and types of surgeries
[17,18,19,20,21,22, 23], or it is justified by the neces-
sity of surgical treatment in the absence of adequate
progress with conservative therapy [24]. The need for
a multidisciplinary approach to PSD treatment is ac-
knowledged by many researchers [25, 26]. The initial
experience of applying tactical classifications and al-
gorithms aims to prove the validity of this approach,
and authors present general treatment outcomes
based on the different variants of the pathological
process without providing evidence of the effective-
ness of the proposed treatment options [10, 11, 13].

1 Conservative treatment

—r1 Debridement
- Stabilization
-1 Reconstruction

Fig. 1. Patient survival in the
long-term period depending on
the treatment method and type of
surgery
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While the development of a tactical classifi-
cation is considered the first step in the treat-
ment of multidisciplinary conditions [10, 27], and
the validation of its accuracy is the second step
[14, 16], the third step undoubtedly should be
the evaluation of the effectiveness of the pro-
posed algorithm, which involves matching the
type/subtype of the lesion to the chosen treat-
ment method. The use of the aforementioned
classifications in clinical practice allows for bet-
ter consideration of the various disease progres-
sions, as demonstrated in the New Classification
for the Treatment of Pyogenic Spondylodiscitis by
E. Pola et al. [13], without increasing the complex-
ity of its application. Although the use of this clas-
sification in Russia is currently recommended, it is
actively applied in specialized institutions where
patients with spinal osteomyelitis are treated [16].

The original paper by E. Pola et al. presented
three main types of lesions: Type A, without bone
destruction; Type B, with bone destruction; and
Type C, with epidural abscess and/or neurological
deficit. The criteria, such as the degree of involve-
ment of paravertebral tissues, instability of the af-
fected spinal segment, and presence of neurological
deficit, allow for the selection of the optimal treat-
ment approach for patients [13]. However, there are
some limitations to the use of this classification,
including specific etiology of the disease, postop-
erative spondylodiscitis, and localization in the
cervical spine [16]. Additional considerations, such
as accounting for the presence of systemic inflam-
matory response syndrome and sepsis, as well as
treatment options for cervical spine involvement,
are necessary for the development of an algorithm
that takes into account lesions in all segments of
the spine and the most significant complications
[28].

The results presented in our study are based on
three main types of lesions. Conservative treatment
is the primary method for Type A lesions, compared
to Types B and C, where the proportion of surgi-
cal interventions significantly increases (p<0.01).
Laminectomy was performed more frequently for
Type C lesions than for Type B (p<0.001). The use
of posterior approaches with bone resection ele-
ments for Types B and C can only be justified for le-
sions involving the vertebral arches or processes or
for reconstruction using a posterior approach. The
frequency of anterior debridement and/or recon-
struction increases for Type C lesions compared to
Types A (p=0.012) and B (p<0.001). Thus, the extent
of surgical intervention correlates strictly with
the type/subtype of the lesion (severity of the dis-

ease), while maintaining the high effectiveness
of conservative treatment in uncomplicated cases.

Considering the lack of data on the effectiveness
of treatment methods in the work by E. Pola et al.,
we conducted a comparative analysis of the main
outcomes, taking into account a comparable num-
ber of patients in both studies — 250 and 259 obser-
vations, respectively — classified according to the
New Classification for the Treatment of Pyogenic
Spondylodiscitis (NCPS). The comparative analysis of
our own treatment outcomes for PSD with the data
from E. Pola et al. is presented in Table 9.

The studies presented here show differences
in the disease structure, diagnostic timelines, and
consequently, treatment outcomes, due to the pre-
dominance of Type C lesions in the work by E. Pola
et al. and Type B lesions in our study. It is important
to note that comparing the total number of patients
without analyzing the subtypes, considering the se-
verity of neurological deficit, extent of paraverte-
bral abscesses, and instability of the affected spinal
segment, does not allow for a direct comparison of
the results obtained. These differences may be at-
tributed to differences in the timing of diagnosis,
age composition of the studied cohorts, comorbidi-
ties, and organization of patient care. It is crucial to
emphasize that adherence to tactical classifications
and treatment algorithms must be consistent with
the basic principles of PSD treatment, including
appropriate composition and duration of antibiotic
therapy and immobilization of the affected spinal
segment [9, 24, 29, 30].

Further investigation into the effectiveness of
treatment methods for spinal osteomyelitis, spe-
cifically in relation to lesion types and the justifi-
cation of tactical algorithms, should be conducted
in a multicenter prospective study. This would help
address various organizational and practical chal-
lenges in the treatment of this multidisciplinary
condition.

CONCLUSION

A systemic approach to treatment using a tacti-
cal classification and treatment algorithm al-
lows for the assessment of the effectiveness of
the utilized methods for different types of spi-
nal osteomyelitis. For minimally destructive and
non-septic Type A and Type B lesions, conserva-
tive treatment and focal stabilization achieve
97.4% and 90.9% of recoveries, respectively
(p = 0.002). The use of reconstructive interventions
leads to an increase in recurrence rate and mortal-
ity (p = 0.001). The mortality rate for Type B le-
sions after debridement procedures reaches 15.8%
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Table 9

Distribution of treatment outcomes for hematogenous spondylodiscitis based

on lesion type compared to the data from E. Pola et al. [13], n (%)

Lesion type

Treatment A B
outcome Pol Pal Pal

E. Pola Own research E. Pola Own research E. Pola Own research

et al. et al. et al.
Recovery 81 (96.43) 57 (89.06) 43(93.48) 103 (82.40) 108 (90.00) 50 (71.43)
Recurrence 8 (9.52) 4 (6.25) 2 (4.35) 17 (13.60) 4 (3.33) 13 (18.57)
Mortality 3(3.57) 3(4.69) 3(6.52) 5 (4.00) 6 (5.00) 7 (10.00)
Total 84 (33.60) 64 (24.10) 46 (18.40) 125 (47.00) 120 (48.00) 70 (26.30)
(p=0.022), which is attributed to the presence of REFERENCES
sepsis in operated patients. No statistically sig- 1. Sobottke R., Zarghooni K., Krengel M., Delank S.,

nificant differences were found in the results of the
presented treatment methods for Type C lesions.
A significant reduction in pain syndrome in the
long-term period was observed in all patient groups
(p<0.001), as well as a decrease in the severity of
neurological deficits in the postoperative period
(p<0.001). No differences in treatment outcomes
were found in the long-term period based on ODI,
NDI, and SF-36 scales. The overall survival rate was
84.4%, and the long-term survival rate was 90.4%,
with a significant increase in survival observed with
conservative treatment compared to reconstructive
interventions.
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