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Objective. To analyze clinical and radiological results of two-stage surgical treatment of nonspecific spondylodiscitis with anterior debride-

ment of the infection site and corporodesis using a container-type titanium implant filled with allograft material obtained from the femo-

ral heads during primary endoprosthetics.

Material and Methods. A retrospective single-center study initially included 31 patients with spinal infection. After exclusion of two cases 

of tuberculous spondylodiscitis, the final study cohort consisted of 29 patients (13 men, 16 women; mean age – 64.7 years) with nonspecific 

spondylodiscitis of the thoracic and lumbar spine who underwent surgery between 2017 and 2022. All patients underwent a two-stage sur-

gical intervention: anterior debridement of the lesion with placement of a titanium cylindrical cage filled with allobone material, followed by 

posterior transpedicular fixation. The minimum follow-up period was 18 months (mean 27.7 months). Clinical parameters (VAS, Frankel 

scale, MacNab scale), laboratory inflammatory markers, and the quality of bone fusion according to the Tan classification were assessed.

Results. The mean preoperative VAS pain score was 7.9; it decreased to 4.5 at discharge and to 1.9 at 18 months postoperatively (p < 0.001). 

Neurological improvement was observed in 14 (66.7%) of 21 patients with preoperative deficits, and complete regression in 8 (38.1%) 

patients. Radiographic assessment showed Grade I–II bone fusion according to Tan in 93.5% of patients. No cases of pseudoarthrosis 

or implant migration were observed. Excellent and good functional outcomes according to the MacNab scale were achieved in 83.8% of pa-

tients. Early infectious complications in the anterior approach area occurred in 9.7% of cases and were successfully managed with staged 

surgical treatment and VAC therapy. No generalized infection, implant removal, or deaths were recorded.

Conclusion. The use of allogeneic femoral head bone grafting in the treatment of nonspecific spondylodiscitis as part of a two-stage surgical 

approach provides reliable spinal segment stabilization, solid bone fusion, and significant clinical improvement. This method has demon-

strated high efficacy and safety, and represents a valuable alternative to autografts, particularly in debilitated patients.
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Infectious lesions of the spine have 
been known since ancient times, evi-
dence of diseases of this group has 
been revealed in the study of archae-
ological remains. However, despite 
the centuries-old history ,  spinal 
infections remain an urgent clini-
cal problem due to difficulties in 
early diagnosis, a variety of clinical 
mani fes ta t ions  and a  h igh  r i sk 
of  compl icat ions  with unt imely 
treatment [1–3]. The most common 
form is non-specific spondylodiscitis, 
which arises predominantly due to 
hematogenous spread of infection in 
immunocompromised patients or after 

diagnostic or surgical interventions 
[4–6]. The average time for establishing 
a diagnosis ranges from 2 to 4 months, 
which is due to the non-specificity of 
initial symptoms and the absence of 
typical radiological changes at an early 
stage [7–9].

The frequency of non-specific spon-
dylodiscitis ranges from 2 to 4 cases 
per 100,000 population per year, with 
a sharp increase in incidence in the 
age group older than 70 years. Men are 
prone to this infection approximately 
5 times more often than women [10, 11]. 
Patients with immunodeficiency condi-
tions, including HIV, diabetes mellitus, 

oncological diseases and drug addic-
tion, have an increased risk of devel-
oping infectious lesions of the spine. 
Clinical manifestations of the disease 
on average precede radiological signs 
by 1–2 months, which complicates early 
diagnosis and often leads to erroneous 
treatment for degenerative spinal dis-
eases [7, 11]. MRI remains the method 
of choice for early detection of spondy-
lodiscitis, however its limited availability 
in a number of clinical situations contrib-
utes to late diagnosis and increases the 
probability of the formation of abscesses, 
pronounced destruction of vertebrae and 
development of neurological deficit.
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In the presence of significant bone 
destruction, mechanical instability or 
neurological disorders, surgical treat-
ment becomes an essential component 
of therapy, combining radical debride-
ment of the infectious focus with the 
restoration of the supporting function 
of the spine [12, 13]. At the same time, 
the optimal choice of transplantation 
material under conditions of an active 
inflammatory process remains a subject 
of discussion [1].

Despite the presence of historically 
accumulated experience in the applica-
tion of bone grafting in infectious lesions 
of the spine, in modern clinical practice 
the urgent problem of choosing optimal 
material for the reconstruction of the 
anterior supporting column under con-
ditions of an active infectious process 
remains. Autograft, traditionally consid-
ered as the preferred material, has a num-
ber of objective limitations: its harvesting 
increases the traumatization of the inter-
vention and its duration, is accompanied 
by a risk of donor site complications, and 
in a subset of patients (elderly, somatical-
ly burdened, with a pronounced inflam-
matory process) is technically difficult or 
clinically inappropriate.

Current clinical guidelines of the Rus-
sian Federation “Inflammatory lesions 
of the spine” (2024) permit the use of 
a combination of posterior instrumen-
tal fixation and anterior reconstruction 
using non-biological supporting implants 
(including titanium cages) and bone 
material, however they do not regulate 
a specific type of biological filler [14]. 
In this regard, the search for accessible, 
biologically safe and clinically effective 
alternatives to autograft for filling tita-
nium cages in the surgical treatment of 
non-specific spondylodiscitis presents an 
urgent scientific and practical task.

In modern conditions, surgical tac-
tics for non-specific osteomyelitis of 
the spine includes radical debridement 
of the focus, restoration of the anterior 
supporting column and circumferential 
(360°) stabilization, ensuring early mobi-
lization of the patient [12, 15]. At the 
same time, the remodeling of the bone 
graft under conditions of past infection 
is a long biological process, which is con-

firmed by both classic and modern clini-
cal observations [16, 17]. Essential sig-
nificance in this context is acquired not 
only by the choice of surgical tactics, but 
also by the properties of the used trans-
plantation material, on which the rates 
of remodeling, the stability of reconstruc-
tion and the clinical outcome largely 
depend. Clinical limitations to the appli-
cation of autograft, including increased 
surgical traumatization and the risk of 
complications from the donor site, are 
particularly significant in patients with 
severe somatic background and an active 
inflammatory process [18]. In this regard, 
as an alternative, allogeneic materials 
that have undergone thermal disinfec-
tion and cryopreservation are considered, 
which ensures a high degree of biological 
safety while preserving osteoconductive 
properties [15, 17]. World-wide literature 
sources offer only isolated works con-
cerning the use of allogeneic grafts in 
infectious lesions of the spine, predomi-
nantly in the form of lyophilized materi-
als [19–21]. At the same time, informa-
tion on systematic clinical series of the 
application of allogeneic crumb from 
femoral heads within a titanium cage for 
active non-specific spondylodiscitis is 
absent in the literature.

Objective of the study was an analysis 
of clinical and radiological results of two-
stage surgical treatment of non-specific 
spondylodiscitis with the execution of 
anterior debridement of the infection 
focus and corporodesis with a titani-
um container-type implant filled with 
allograft material obtained from femo-
ral heads during primary endoprosthesis 
replacement.

Material and Methods

In 2017–2022 on the basis of the 
Research Institute – Regional Clini-
cal Hospital No. 1, 31 patients with 
an infectious lesion of the spine were 
treated with the considered two-stage 
surgical method. After verification of 
the pathogen, two cases of tuberculous 
spondylodiscitis were excluded from 
the analysis in accordance with the 
inclusion criteria. Thus, the final studied 
sample amounted to 29 patients with 

confirmed non-specific spondylodiscitis 
of the thoracic and lumbar spine. All 
patients underwent a two-stage surgical 
intervention using allogeneic bone 
material, which represents femoral 
heads resected during primary hip joint 
endoprosthesis replacement, harvested 
in accordance with legislative acts on 
organ and tissue donation. Processing 
of bone tissue was carried out using 
the Lobator SD-2 apparatus (Germany). 
The Lobator SD-2 system implements 
a standardized technology of thermal 
disinfection, ensuring heating of the 
bone graft to an internal temperature 
of no less than 82.5℃ with subsequent 
maintenance of the regimen and 
controlled cooling. The full processing 
cycle takes 94 minutes and is fully 
automated, excluding the possibility of 
changes to temperature-time parameters 
by the user. Before the start of processing, 
the bones were placed in a hermetic 
sterile container with a transfer solution. 
The process included three successive 
phases:  heating, maintaining the 
temperature plateau and cooling. Upon 
completion of the cycle, a protocol of 
processing was automatically generated, 
confirming the correspondence to 
the temperature regimen and sterility. 
The method is aimed at inactivating 
viral (HIV-1/2, HTLV, HBV, HCV, CMV), 
bacterial (aerobic and anaerobic) and 
fungal infections. At the same time, the 
mechanical and biological properties 
of the bone tissue are preserved. After 
thermal processing, the container with 
the transplant was stored in a freezer at 
a temperature of –40℃ in a biobank. 
Before use, the bone material was 
thawed using the defrosting program of 
the Lobator SD-2 system and transferred 
to the operating room for use.

The localization of the infectious 
process varied from T5 to S1. The most 
frequently affected levels were T8–T10 
vertebrae and the lower lumbar seg-
ments (L4–L5, L5–S1). The distribution 
of patients by lesion levels is given in 
Table 1.

Additionally, a morphological assess-
ment of the lesion was performed 
according to CT data. The degree of 
bone destruction, the magnitude of ver-
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tebral translation and the severity of local 
kyphotic deformity were analyzed. The 
distribution of patients by CT character-
istics is given in Table 2.

Inclusion criteria for the study: pres-
ence of clinically and instrumentally con-
firmed non-specific spondylodiscitis, per-
formance of two-stage surgical interven-
tion, use of a titanium cylindrical cage 
filled with allograft material, period of 
postoperative observation of no less than 
18 months.

Non-inclusion criteria: refusal of the 
patient from surgical treatment, applica-
tion of other treatment methods.

Exclusion criteria: gross violation 
of the regimen of postoperative reha-
bilitation, absence of data from control 
examinations, loss of connection with 
the patient during observation.

Indications for surgical treatment 
were pronounced destruction of the ver-
tebral body of more than 50%, transla-
tion of the vertebra of more than 5 mm, 
kyphotic deformity of the segment of 
more than 25°, presence of neurologi-
cal deficit (Frankel B–D), as well as lack 
of effect from conservative antibacterial 
therapy for four weeks and more with 
signs of progression of the pathological 
process [22].

Surgical treatment was carried out 
according to a unified protocol devel-
oped and implemented in the clinic 
since 2016. All interventions were per-
formed by 2 leading spine surgeons with 
more than 10 years of experience. The 
first stage included debridement of the 
infection focus via an anterior approach 
(transthoracic – for thoracic localiza-
tion, and retroperitoneal – for lum-
bar), removal of non-viable tissues and 
installation of a titanium cage filled with 
allograft crumb under conditions of recli-
nation. The second stage (after 5–7 days) 
included conducting transpedicular fix-
ation from a posterior approach using 
minimally invasive techniques.

Before surgery, all patients underwent 
a comprehensive clinical, laboratory and 
instrumental examination, including MRI, 
CT, ultrasound examination of the veins 
of the lower extremities, echocardiogra-
phy, esophagogastroduodenoscopy, as 
well as consultations of a therapist, cardi-

ologist, endocrinologist and neurologist. 
Neurological status was assessed accord-
ing to the Frankel scale, pain syndrome – 
according to the VAS, the quality of bone 
fusion – according to the Tan classifi-
cation based on control CT study, per-
formed at 3, 6, 12 and 18 months after 
surgery. Subjective evaluation of the 
results was carried out according to the 
MacNab scale at the last visit. The dynam-
ics of inflammatory laboratory indica-
tors were evaluated comprehensively, 
which included the level of C-reactive 
protein, erythrocyte sedimentation rate 
and absolute leukocyte count. Determi-
nation of the concentration of procalci-
tonin was not performed routinely, but 
strictly according to clinical indications: 
in cases where there was a suspicion of 
a systemic inflammatory reaction or the 
development of sepsis. Such situations 
included persistent fever above 38.5° C 
lasting more than 24–48 hours against 
the background of antibacterial thera-
py, an increase in the level of C-reactive 
protein after a stabilization period or the 
absence of its decrease at initially high 
values, the appearance of signs of a sys-
temic inflammatory reaction (tachycar-
dia of more than 100–110 beats/min-
ute, tachypnea of more than 22–24 per 
minute, episodes of arterial hypotension), 
as well as clinical suspicion of infection 
generalization, including pronounced 
intoxication, chills, need for infusion 
therapy or the presence of local deterio-
ration (intensification of pain syndrome, 
increase in discharge through the drain, 
signs of phlegmon). In the indicated 
situations, procalcitonin was used as an 
additional marker of systemic inflam-
matory reaction, allowing assessment 
of the probability of a septic process; in 
the absence of clinical signs of infection 
generalization, its determination was not 
carried out. Control laboratory investiga-
tions were performed serially at all stages 
of treatment, including the postoperative 
period. All patients from the moment 
of hospitalization underwent empirical 
broad-spectrum antibacterial therapy 
with vancomycin (1 g I.V. 2 times a day) 
and ceftriaxone (2 g I.V. 2 times a day). 
After obtaining the results of microbi-
ological culture, antibiotic therapy was 

adjusted taking into account sensitivity. 
The duration of antibacterial treatment 
was no less than eight weeks, of which 
no less than four – in inpatient condi-
tions [22].

Treatment of patients was carried out 
in 2017–2022 within standard clinical 
practice in accordance with the regula-
tory documents valid at that time. The 
protocol of retrospective analysis of clini-
cal data was approved by the local ethics 
committee of the institution (protocol 
No. 154 dated February 16, 2023). The 
work was performed in accordance with 
the ethical principles of the Declaration 
of Helsinki of the World Medical Associa-
tion (revision of the year 2024). Procure-
ment, processing and clinical application 
of allogeneic bone material were carried 
out in a subdivision of the clinic having a 
bone bank, on the basis of a valid license 
for the provision of medical services for 
the procurement and transplantation of 
organs and tissues. All patients gave vol-
untary informed consent for the use of 
clinical data and biological material for 
scientific purposes.

Statistical data processing was carried 
out using the software package Statistical 
Package for the Social Sciences Statistics 
version 23.0. For the analysis of differenc-
es in quantitative continuous variables 
(for example, Visual Analogue Scale indi-
cators, erythrocyte sedimentation rate, 
C-reactive protein), the non-parametric 
Wilcoxon test for related samples was 
used. For categorical variables (Fran-
kel, Tan, MacNab scales), the chi-square 
criterion (χ2) or Fisher’s exact test was 

Table 1 

Distribution of patients by levels of spinal 

lesion (n = 29)

Level Patients, 

n

Proportion,  

%

T5–T7 2 6.9

T8–T10 7 24.1

T11–T12 3 10.3

L1–L2 4 13.8

L3–L4 3 10.3

L4–L5 7 24.1

L5–S1 3 10.3
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applied at expected frequencies of less 
than 5. Differences between the studied 
parameters are classified as statistically 
significant at a critical level of p ≤ 0.05, 
which corresponds to generally accepted 
criteria in clinical science. Main quantita-
tive indicators are presented in the form 
of mean value ± standard deviation with 
the calculation of 95% Confidence Inter-
vals. Fusion according to the Tan classi-
fication was assessed by 2 independent 
surgeons who did not participate in the 
surgical treatment; in case of discrepan-
cies, the decision was made on the basis 
of consensus.

Results

The study included 29 patients. Lethal 
outcomes in the postoperative peri-
od and during observation were 
absent. All patients were followed up 
at established times. The average age of 
the patients – 64.7 years (95% CI: 60.1–
69.2); 13 (44.8%) men and 16 (55.2%) 
women. The average follow-up time – 
27.7 months (95% CI: 25.1–30.2), range – 
from 18.2 to 37.5 months.

The pain syndrome according to the 
VAS demonstrated pronounced posi-
tive dynamics. Before surgery, the aver-
age pain level was 7.9 points (95% CI: 
7.4–8.3). At discharge, this indicator 
decreased to 4.5 points (95% CI: 4.2–4.9; 
p < 0.01), and at the last visit – to 1.9 
points (95% CI: 1.7–2.0; p < 0.001) com-
pared to the baseline.

Neurological deficit according to the 
Frankel scale before surgery was noted in 
19 (65.5%) patients: in 4 (21.1%) – cat-
egory B, in 8 (42.1%) – category C, in 
7 (36.8%) – category D. After treatment, 
an improvement in neurological status 

was observed in 13 (68.4%) patients 
(44.8% of the total sample), including 
in 7 (36.8%) patients (24.1% of the total 
sample) complete regression of the defi-
cit (Frankel E) was achieved. Not a single 
case of deterioration of neurological sta-
tus was recorded. Changes according to 
the Frankel scale reached statistical sig-
nificance (p = 0.001).

Radiological assessment of bone 
fusion according to the Tan classification 
after 18 months showed the following dis-
tribution: Grade I – 22 (75.9%) patients, 
Grade II – 5 (17.2%), Grade III – 2 (6.9%), 
Grade IV – not revealed (0%). The reliabil-
ity of fixation was assessed as satisfactory 
or good in 27 (93.1%) patients. Cases of 
pseudarthrosis, migration or fracture of 
implants were not noted.

Subjective assessment of functional 
outcome according to the MacNab scale 
after 18 months demonstrated a pre-
dominance of positive results: an excel-
lent result was registered in 5 (17.2%) 
patients, good – in 19 (65.5%), satisfac-
tory – in 5 (17.2%). Unsatisfactory out-
comes were not revealed.

Microbiological examination allowed 
identifying the pathogen in 23 (79.3%) 
out of 29 patients [23]. Most often 
Staphylococcus aureus was identified – 
in 8 patients (including 4 cases of meth-
icillin-resistant strain, MRSA). Pseudo-
monas aeruginosa was revealed in 
2 patients, in another case – in combina-
tion with Enterococcus faecalis. Klebsiella 
pneumoniae, Enterococcus faecalis (in 
monoculture) and Escherichia coli were 
revealed in 2 cases each. Streptococcus 
viridans, Acinetobacter baumannii and 
coagulase-negative Staphylococcus epi-
dermidis – in one case each. In 6 (20.7%) 
patients the cultures were negative.

The dynamics of laboratory indica-
tors reflected the successful arrest of the 
inflammatory process. The average time 
for normalization of the C-reactive pro-
tein level was 4.7 weeks (95% CI: 4.2–5.2), 
and a 50% decrease in the erythrocyte 
sedimentation rate level was achieved on 
average after 3.3 weeks (95% CI: 2.9–3.8) 
from the start of antibacterial therapy. 
Normalization of the leukocyte formula 
occurred on average within 2.1 weeks 
(95% CI: 1.7–2.4). A significant increase 
in procalcitonin was noted only in a 
limited number of patients with a more 
severe course, it was used predominantly 
as an additional criterion for systemic 
inflammatory reaction, without separate 
quantitative analysis in the overall cohort.

The average duration of the operation 
was 4 hours 26 minutes (266 minutes; 
95% CI: 242–290), including 180 minutes 
for the anterior stage and 86 minutes for 
the posterior fixation stage. The dura-
tion of interventions varied from 3 hours 
38 minutes to 7 hours 12 minutes.

The average intraoperative blood 
loss was 850 mL (95% CI: 740–960 mL), 
ranging from 350 to 1100 mL. The aver-
age hospital stay was 6.5 weeks (95% CI: 
5.8–7.1), range – from 3 to 9 weeks. Early 
infectious complications in the area of 
operative intervention were registered 
in 3 (10.3%) patients. In all cases, suppu-
ration of the retroperitoneal approach 
wound was noted; patients underwent 
revision, debridement and Vacuum-
Assisted Closure therapy. Repeated inter-
ventions, removal of implants or gener-
alization of infection were not observed.

Clinical examples are shown in Fig. 1, 2.

Discussion

The choice of optimal transplanta-
tion material in the surgical treat-
ment of non-specific spondylodisci-
tis remains a subject of active clinical 
and scientific discussions. Autografts, 
possessing pronounced osteogenic, 
osteoconductive and osteoinductive 
properties, are traditionally considered 
as the most preferred option for 
restoring bone defects of the spine [1]. 
However, their use is associated with the 
necessity of harvesting bone tissue from 

Table 2 

Morphological characteristics of the lesion according to CT data (n = 29)

Level Patients, n Proportion, %

Destruction less than 30% of the vertebral body 5 17.2

Destruction 30–50% 11 37.9

Destruction more than 50% of the body 13 44.9

Translation of the vertebra more than 5 mm 6 20.7

Kyphotic deformity more than 25° 7 24.1
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a donor zone, which is accompanied by 
additional surgical trauma, an increase 
in the duration of the operation, the 
risk of infectious complications and 
chronic pain syndrome in the donor area 
[18]. In this regard, allografts represent 
a clinically significant alternative. 
Thanks to modern harvesting methods, 
including thermal disinfection and 
cryopreservation, the level of infectious 
and immunological threat is minimized.

Historically, the application of alloge-
neic bone tissue in spinal diseases counts 
more than 70 years, and in Russian ver-
tebrology the conceptual foundations of 
its use were formed predominantly in the 
1960s–1990s and relied on a significant 
array of experimental and clinical stu-
dies. In the works of E.N. Bellendir [24] 
and E.N. Bellendir and I.U. Salmogam-
betov [25], the possibilities of interbody 
reconstruction with the use of allobone 
grafts in tuberculous and non-specific 
lesions of the spine were substantiated. 
Experimental studies by I.P. Boyarkina 
[26] showed the capability of an allo-
transplant for vascularization and repar-
ative remodeling even under conditions 
of active infectious inflammation. Clini-
cal results of using allogeneic bone in 
the reconstruction of the anterior sup-
porting column of the spine were sum-
marized in the works of V.N. Guseva and 
A.E. Garbuz [27], where the formation of 
a bone block in 60–68% of patients was 
reported provided compliance with a 
prolonged bed or unloading rest, exceed-
ing 6 months. A significant contribution 
to the development of ideas about allo-
bone grafting was also made by the stu-
dies of Ya.L. Tsivyan et al. [28], V.K. Letina 
and I.P. Ardashev [29], which confirmed 
the fundamental clinical feasibility of this 
approach in inflammatory and destruc-
tive lesions of the spinal column.

At the same time, the surgical tech-
niques of that period fundamentally dif-
fered from modern ones: reconstruction 
was carried out predominantly with mas-
sive structural bone blocks without the 
use of metal constructs, which required 
prolonged bed immobilization and exter-
nal fixation of patients, limited early ver-
ticalization and was accompanied by the 
risk of secondary deformities and insta-

bility. In this context, the accumulated 
data represent an important historical 
foundation, however, they significantly 
differ in biomechanics and methodol-
ogy from modern spinal reconstruction 
technologies. The introduction into clini-
cal practice of transpedicular fixation 
systems, titanium cages and the concept 
of circumferential (360°) stabilization 
allowed forming modern surgical tac-
tics for treating infectious lesions of the 
spine, combining radical debridement of 
the focus, restoration of the anterior sup-
porting column and early mobilization 
of patients [12, 15]. At the same time, the 
structural remodeling of the bone graft 
under conditions of transferred infection 
remains a long biological process, usually 
lasting 1.5–2 years, which is confirmed 
by both classic studies and modern clini-
cal observations [16, 17].

When comparing allogeneic materi-
al with autogenous bone, it is necessary 
to consider not only biological, but also 
clinico-anatomical aspects. In approach-
es to the lower thoracic spine, obtaining 
a limited volume of autogenous bone 
material from the resected rib fragment 
is possible. However, this volume, as a 
rule, is insufficient for the full filling of 
a titanium cage in severe destruction of 
vertebral bodies, multi-level lesion or the 
need for reconstruction of a significant 
bone defect. In addition, the structure 
of cortical rib bone significantly differs 
from cancellous bone in its osteocon-
ductive properties. In lesions of the tho-
racic and thoracolumbar spine, where 
access to the vertebral bodies is carried 
out without rib resection, the deficit of 
autogenous bone material becomes even 
more obvious, and additional harvest-
ing of bone requires a separate donor 
intervention and is accompanied by an 
increase in the traumatization of the 
operation.

The use of allograft material obtained 
from femoral heads during primary hip 
replacement possesses a number of clini-
cally significant advantages. It is impor-
tant to emphasize that the source of 
allograft material in the present work 
are femoral heads removed during pri-
mary hip replacement. This material 
belongs to tissues of intravital donation 

and is obtained within the framework of 
a standard operative intervention, which 
allows ensuring a documentarily con-
firmed informed voluntary consent of 
the patient for harvesting, processing 
and clinical application of the graft. Tak-
ing into account the high frequency of 
primary hip replacement, such a donor 
base forms a potentially unlimited and 
reproducible resource of bone mate-
rial, which in routine practice in many 
institutions otherwise is not used and is 
subject to disposal. The cancellous struc-
ture of the femoral head provides pro-
nounced osteoconductive properties of 
the transplant and good adaptation to 
filling titanium cages. The homogeneity 
of microarchitecture, the reproducibil-
ity of volume and the stable quality of 
the material allow forming a predictable 
biological environment for reparative 
remodeling in the corporodesis zone.

Taken together, these features allow 
considering allograft material from femo-
ral heads as a clinically justified alterna-
tive to autogenous bone in the recon-
struction of the anterior supporting 
column of the spine, especially in multi-
level lesions, pronounced destruction 
of vertebral bodies and localization of 
the process in the lumbar region. In the 
present study, the application of alloge-
neic material from femoral heads inside 
a titanium cage ensured the formation of 
a satisfactory interbody block (Grades I–
II according to Tan) in 93.5% of patients, 
which is comparable to the results of 
applying autogenous bone. According to 
McHenry et al. [30], interbody fusion was 
achieved in 92–94% of observations, and 
in the study by Hadjipavlou et al. [31] – 
in 90–95%. Thus, the proposed method 
demonstrates equivalent effectiveness 
without risks associated with harvesting 
autograft, and exceeds historical series 
of Russian observations, in which pro-
longed immobilization was required.

Comparison with synthetic osteo-
conductive materials (β-tricalcium phos-
phate, hydroxyapatite, calcium sulfate 
composites, PerOssal) is difficult due to 
the extremely limited volume of pub-
lished data. Available works either 
include small series or describe single 
clinical cases, and the obtained results 
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are characterized predominantly by 
peripheral remodeling without the for-
mation of a full-fledged interbody bone 
block. In the study by von Stechow and 
Rauschmann (19 patients), only mar-
ginal ossification was noted [32]. Sepa-
rate reports describe the application of 

antibiotic-loaded calcium sulfate mate-
rials in spondylodiscitis, however the 
volume of clinical data remains lim-
ited [33]. β-TCP is described in only 
one clinical observation [34]. Due to 
their fragmentation, synthetic mate-
rials cannot serve as a valid group for 

direct comparison with an active infec-
tious process.

PMMA-cement provides high primary 
mechanical stability, but does not pos-
sess biological integration. In the study 
by Deml et al. (73 patients), satisfactory 
load-bearing capacity of the construct 
was achieved, however, a bone block in 
the reconstruction zone was not formed 
[35]. Consequently, cement reconstruc-
tion is not a biological analogue and 
is inferior to methods providing a full-
fledged osseointegrative process.

The clinical and radiological results 
obtained by us confirm the reliability of 
the restored anterior support and sta-
bility of the interbody construct. The 
absence of infection recurrences, serious 
complications and the favorable dynam-
ics of inflammatory markers indicate the 
safety of using allograft material under 
conditions of an active infectious process 
[19, 21]. Long-term (18-month) follow-
up and a high frequency of interbody 
fusion allow making a preliminary con-
clusion about the high clinical efficacy 
and biological viability of the proposed 
method. Perspectives for further research 
include multicenter comparative proj-
ects, direct comparison with autogenous 
bone, synthetic osteoconductive materi-
als and cement reconstruction, as well as 
the development of biologically active 
modifications of the allotransplant with 
osteoinductive factors, including BMP-2.

Limitations of the study. The limita-
tions of the present study are its retro-
spective design, a relatively small sample 
size and the absence of a control group. 
In addition, the potential heterogeneity 
of the quality of the used allograft mate-
rial should be taken into account. Femo-
ral heads removed during endoprosthe-
sis replacement can be characterized by 
varying of dystrophic changes, osteopo-
rosis or, conversely, subchondral sclerosis 
and “corticalization” of cancellous bone. 
Theoretically, this can condition differ-
ences in the structure of the transplant 
and, correspondingly, in the severity of 
its osteoconductive properties, which 
is potentially capable of influencing the 
processes of osseointegration. Within the 
framework of the present study, quan-
titative morphometric or densitomet-

Fig. 1
Patient R., aged 59, with non-specific spondylodiscitis of the L4–L5–S1 vertebrae:  
a – CT before surgery, destruction of the bodies of L4–S1 vertebrae; b – CT after 
surgery (ventral corporodesis with a cage with allobone); c – radiography after the 
second stage of surgery, control of the position of implants; d – CT 18 months after 
surgery, high-quality bone block (Grade I according to Tan)

Fig. 2
Patient N., aged 73, with non-specific spondylodiscitis of the T8–T10 vertebrae:  
a – CT before surgery, destruction of the bodies of the T8–T10 vertebrae; b – CT 
after surgery (posterior fixation and anterior corporodesis with a cage with allobone);  
c – radiography after surgery, control of the position of implants; d – CT 18 months 
after surgery, high-quality bone block (Grade I according to Tan)
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ric assessment of the quality of allograft 
material was not conducted, which 
should be considered as an additional 
limitation and a perspective direction for 
further studies.

Conclusion

The given results confirm the clinical 
efficacy of a two-stage surgical approach 
using allogeneic bone material obtained 
from femoral heads resected during 
primary replacement. The use of a 

titanium cage filled with this material 
in combination with minimally invasive 
transpedicular fixation ensures restoration 
of spinal stability, promotes reliable 
osseointegration and the formation 
of strong bone fusion, which allows 
achieving persistent regression of pain 
syndrome and neurological disorders, as 
well as executing early verticalization and 
rehabilitation of the patient.

The high degree of transplant integra-
tion and radiologically determined bone 
fusion, positive clinical dynamics, as well 

as the absence of complications associ-
ated with obtaining autogenous bone 
material, allow considering the described 
technique as a reliable and safe alterna-
tive to autotransplantation in patients 
with infectious lesions of the spine. 
Conducting further prospective studies 
with sample expansion and direct com-
parison of various types of transplants 
appears necessary to clarify the indica-
tions and expand the evidence base for 
the application of allograft material in 
vertebrology.
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