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Objective. To analyze the results of surgical treatment of chronic infectious cervical spondylitis and literature data.

Material and Methods. Design: retrospective monocentric cohort study for 2017–2020. The study included medical history and clini-

cal and instrumental data of 25 patients who underwent 28 reconstructive surgeries on the suboccipital (n1 = 3) and subaxial (n2 = 25) 

spine. The average follow-up period was 1 year 2 months ± 4 months. Statistical analysis was performed using the Statistical Package for 

the Social Sciences (SPSS), version 22.0.

Results. The effect of the duration of the therapeutic pause (p = 0.043) and the T1 slope (T1S) (p = 0.022) on the intensity of verte-

brogenic pain syndrome was established. When assessing the parameters of the sagittal balance a direct relationship between the age of 

patients and the value of cervical sagittal vertical axis (CSVA) (p = 0.035) was revealed, while CSVA (p = 0.514) and neck tilt angle 

(NTA) (p = 0.617) did not significantly affect the intensity of vertebral pain syndrome. The extent of vertebral destruction did not affect 

either the intensity of vertebral pain (p = 0.872) or the indices of the sagittal balance: CSVA (p = 0.116), T1S (p = 0.154), and NTA 

(p = 0.562). A significant predictor of postoperative complications is the level of comorbidity with an index of 7 or more (p = 0.027) ac-

cording to the Charlson scale.

Conclusion. The leading predictors of complications of surgical treatment of cervical infectious spondylitis are the Charlson comorbidity 

index (7 points or more) and the variant of anterior reconstruction (the use of a blocked extraspinal plate). The factors influencing the 

intensity of vertebrogenic pain syndrome in this pathology are the duration of the therapeutic pause and the magnitude of T1S compen-

sation. Anterior reconstruction of the cervical spine in the presence of infectious spondylitis provides a correction of the sagittal balance 

parameters, with the possibility of long-term maintaining the achieved values.
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An infectious spondylitis is a heteroge-
neous group of diseases manifested by 
vertebral destruction, instability, abscess-
es formation and pain syndrome [1, 2]. 
Annually, the incidence of infectious 
spondylitis is evaluated in the range from 
0.2 to 2.4 cases per 100 thousand pop-
ulation [3, 4]. Cervical spine lesions in 
the general structure of spondylitis are 
5–20 %, accompanied by neurological 
symptoms in 35–50 % of cases, disorder 
of segmental stability and sagittal balance 
in 50–65 % [5–8].

The tactics of surgical treatment of 
cervical spondylitis is determined by the 
bone destruction prevalence and fea-
tures of the clinical picture [9]. The best 

clinical results in suboccipital spondylitis 
(Oc–C2) are provided by atlantooccipi-
tal fusion in combination with trans-oral 
debridement and decompression [10–
12]. In case of subaxial (C3–C7) lesions, 
an isolated anterior reconstruction – cor-
pectomy and fusion is effective [13–15].

The literature data analysis proves the 
lack of integrated data regarding chron-
ic infectious spondylitis of the cervical 
spine. The articles are mostly descrip-
tions of individual cases or small series. 
This fact enables us to introduce our own 
experience.

The objective is to analyze the results 
of surgical treatment of chronic infec-

tious cervical spondylitis and to perform 
a literature review.

The following questions are identified 
in the course of the study:

1) if the extent of bone destruction 
or sagittal balance malalignment of the 
cervical spine affect the acuteness of ver-
tebrogenic pain syndrome; and

2) what factors are significant predic-
tors of postoperative complications.

Material and Methods

Design: monocentric cohort study. The 
data was collected retrospectively in 
accordance with the following criteria:
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– bacteriologically or histologically 
verified infectious spondylitis of the cer-
vical spine;

– surgical treatment at the Research 
and Clinical Center of Spinal Pathology 
of Saint Petersburg Research Institute of 
Phthisiopulmonology, in the period from 
January 1, 2017 to December 31, 2020;

– the chronicity of the infectious pro-
cess: the period from the onset of initial 
symptoms to the surgery is at least three 
months in the absence of the effect of 
complex conservative antibacterial ther-
apy performed in tuberculosis lesions 
according to the recommended proto-
cols [16]; in case of nonspecific – for at 
least 2 months;

– the patients should be over 18.
Exclusion criteria:

– discitis and spondylodiscitis cor-
responding to types A1–4 and B1–2 
according to Pola et al. [17];

– surgeries in the volume of isolated 
debridement of cervical spinal epidural 
abscess (true primary epiduritis) or diag-
nostic biopsy (open/closed);

– the basal level of neurological dis-
orders corresponding to types A and B 
according to Frankel, due to the inability 
to perform X-ray examination of patients 
in upright position;

– previously performed surgeries on 
the cervical spine.

The neurological status was studied 
according to the Frankel scale before sur-
gery and at the time of discharge.

The follow-up was performed in 
terms of 1 year 2 months ± 4 months 
(M ± m; Me – 1 year 3 months).

All patients underwent radiation 
screening before surgery:

1) Lateral X-ray image of the cervical 
spine, the parameters of sagittal balance 
were evaluated: CSVA, cervical sagittal 
vertical axis (with the allocation of ref-
erence indicators of sagittal imbalance 
>4 cm), T1S, T1 slope (>25°) and NTA, 
neck tilt angle (range from 13 to 25°) 
[18]; calculations were performed in the 
Surgimap v2.3.2.1, with preliminary data 
depersonalization (the calculation meth-
od is shown in Fig. 1);

2) CT study with determination of the 
bone destruction prevalence;

3) MRI with evaluation of intramedul-
lary changes and the presence of epidural, 
para- and prevertebral abscesses.

The vertebrogenic pain syndrome 
severity was evaluated by VAS (from 1 
to 10 points).

The analyzed values were recorded 
as the surgery duration (min) and blood 
loss (ml); a variant of anterior stabiliza-
tion during 180° reconstruction: a titani-
um mesh cage filled with bone autograft 
or a titanium mesh cage filled with bone 
autograft in combination with an ante-
rior plate, and the timing of development 
and the nature of complications.

The possible predictors of postoper-
ative complications were the Charlson 
comorbidity index, the bone destruction 
extent, the variant of anterior spinal sta-
bilization, the spondylitis etiology, the 
gender and age of patients, as well as the 
duration of the therapeutic pause.

The features of the patients are given 
in Table 1.

The methodology of search and pro-
cessing of papers for literature review. 
The literature review was performed 
using eLibrary, MEDLINE/PubMed data-
bases, and Google Scholar. The steps of 
selection and analysis of papers comply 
with PRISMA guidelines [18]. The retro-
spection depth is 2000–2020 inclusive. 
Key words: cervical spondylitis, atlanto-
axial spondylitis, suboccipital spondylitis, 
spondylites, cervical spine. The papers 
were included in the review according to 
the following criteria: follow-up period 
at least 12 months, the data concerning 
etiological verification, the reconstruc-
tion nature of the surgery, the age of 
patients – 18 and older.

The publications devoted to the 
treatment of isolated epidural cervical 
abscesses were consciously excluded dur-
ing the search.

A total of 23 papers were subjected to 
final analysis (Fig. 2); 13 of them focus 
on the surgery of infectious suboccipital 
spondylitis and 10 on subaxial lesions. 
The review findings are given in the “dis-
cussion” section.

Statistical analysis was performed 
using the Statistical Package for the 
Social Sciences (SPSS) software, version 
22.0 (SPSS Inc., Chicago, IL, USA). The 

test of the investigated quantitative vari-
ables for the normality of the distribution 
was done according to the Kolmogorov–
Smirnov and Shapiro – Wilk criteria. The 
two-sided significance level for all quan-
titative variables was p < 0.05, which 
indicates the abnormality of their distri-
bution, and thus the results are presented 
in the form of M ± m and Me (min, max). 
In order to evaluate the significance of 
differences in the surgery duration and 
blood loss depending on the anterior sta-
bilization variant, the Mann – Whitney 
U–test was applied. The significance of 
the influence of the parameters of sagit-
tal balance, the bone destruction extent 
and the therapeutic pause duration on 
the pain severity of patients was evaluat-
ed using the Spearman correlation coeffi-
cient. The influence of qualitative param-
eters on the postoperative complications’ 
development was tested according to the 
Pearson’s chi-squared criterion (χ2). The 
differences were recognized as statisti-
cally significant with bilateral p < 0.05.

Results

The study cohort consisted of 25 
patients aged 26–75 years (M ± m – 
51 ± 13 years, Me – 49 years), who 
successively underwent 28 reparative 
surgeries in the suboccipital (n1 = 3) and 
subaxial (n2 = 25) cervical spine. The 
therapeutic pause duration ranged from 
3 to 21 months (M ± m – 7 ± 5 months, 
Me – 5 months).

In the structure of co-morbidity, 
pulmonary tuberculosis (8 cases), HIV 
infection (7 cases), multiple foci of bone 
destruction (6 cases), persistent urologi-
cal infection (4 cases), a history of sepsis 
(2 cases) were identified. The Charlson 
comorbidity index was M ± m – 3.6 ± 2.2 
points (min – 1, max – 7; Me – 3 points).

A significant effect of the therapeutic 
pause duration on the pain intensity was 
established: the smaller it is, the more 
intense the pain syndrome (r = -0.436, 
p = 0.043).

There was a direct correlation 
between the age of patients and the 
CSVA value: the older the patients, the 
greater its deviation (r = 0.528, p = 
0.035). We consider this to be explained 
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by the decrease in mobility and compen-
satory capabilities of the spinal motion 
segments with age, in particular, by less 
compensation of cervical lordosis due to 
an increase in T1S.

For its part, the Charlson comorbidity 
index appeared to be a significant devel-
opment predictor of postoperative com-
plications (χ2 = 7.194, p = 0.027), the 
largest number of which was observed in 
patients with an index of 7 points.

The evaluation of initial parameters in 
sagittal balance showed a statistically sig-
nificant influence of the T1 slope angle 
(T1S) on the severity of vertebrogenic 
pain syndrome (r = 0.567, p = 0.022), 
while CSVA (r = 0.176, p = 0.514) and 
NTA (r = -0.135, p = 0.617) had no sig-
nificant relationship with this indicator.

The extent of vertebral destruc-
tion did not affect either the inten-
sity of vertebral pain (r = -0.036, p = 
0.872) or the indices of the sagittal 
balance: CSVA (r = -0.409, p = 0.116), 
T1S (r = -0.373, p = 0.154), and NTA 
(r = -0.157, p = 0.562).

The results of an intergroup compari-
son of the surgery duration and surgical 
blood loss in patients underwent corpec-
tomy with anterior spinal fusion using 
a titanium mesh cage filled with bone 
autograft (ACCF) and corpectomy with 
anterior spinal fusion using a titanium 
mesh cage filled with bone autograft and 
anterior plate (ACCF + AP) are given in 
Table 2.

In the cohort, 7 postoperative com-
plications were observed with their pre-
dominance in the AACF + AP group. Nev-
ertheless, a significant effect of the recon-
struction variant has not been proven 
(χ2 = 3.689, p = 0.297). In the early post-
operative period, three patients had a 
pain syndrome with a severity of 5 to 
6 VAS points in the autograft sampling 
area (rib autograft fragment), the relief 
of which was ensured by a course of 
NSAIDs followed by physiotherapeutic 
treatment.

We have observed the preservation of 
an epidural abscess in a particular case 
3 months after the surgery: hemilami-
nectomy of C4–C5, rehabilitation and 
posterior instrumental fixation were 
performed.

The spinal reconstruction area 
instability was revealed in three cases, 
manifested by a recurrence of verte-
brogenic pain syndrome; in a particu-

lar case – against the background of a 
deep infection of the surgical site. The 
above-mentioned complications had a 
duration of 8.0 ± 7.2 months (Me – 6 
months). The surgical explorations were 
performed in the volume of the ante-
rior refusion using a titanium mesh cage 
filled with bone autograft (n1 = 2) and 
the debridement of the anterior column 
in combination with the posterior instru-
mental fixation (n2 = 1).

During the analysis of the sagittal bal-
ance, a significant change was observed. 
First of all, it was found in the parameters 
of T1S and NTA. Meanwhile, there was 
no significant association of these chang-
es with the spondylitis etiology (Table 3).

The surgical findings of suboccipital 
and subaxial chronic spondylitis are giv-
en in Fig. 3, 4.

Discussion

The treatment of infectious lesions of 
the cervical spine consists of three 
main principles: the need for etiologi-
cal verification, debridement of the 
inflammatory tissue, and correction of 
orthopedic complications. Meanwhile, 
cervical spondylitis is early complicated 

Fig. 1
The calculation method for sagittal 
balance parameters: 1 – cervical 
lordosis of C2–C7; 2 – CSVA; 3 – 
T1S; 4 – NTA

Papers found at the first stage:
n1 = 74

Bekhterev's disease, 
conference abstracts, 

patients aged 18 and younger

Excluded articles: n4 = 11:
- conservative treatment (7);
- follow-up less than 12 months. (2);
- parasite-induced spondylitis (2

Duplicate exclusion: 
n2 = 68

Studies which have 
passed the second selection stage: 

n3 = 34

Studies which have 
passed the third selection stage:

n5 = 23

Fig. 2
Paper selection scheme
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by secondary myelopathy with a 
high level of neurological disorders 
with a certain complexity of invasive 
diagnostic manipulations, including 
closed trephine biopsy, and early 
reconstructive surgeries [19–21]. The 
main part of the papers focuses on the 
surgical treatment of this pathology, 
including surgical approaches, options 
for plastic replacement of a resection 
defect of the anterior column and modes 
of antibacterial chemotherapy [22–24]. 
Recently, it has been moving towards 
evaluation of the life quality of patients, 
the possibility of minimizing surgical 
aggression and analyzing the long-term 
results of surgeries from the view of local 
and global sagittal balance [24–27].

A particular attention is drawn to the 
consensus on surgical techniques in rela-
tion to infectious suboccipital spondylitis 
[26, 28]. Two major clinical series pub-

lished by Chaudhary et al. and Qureshi 
et al., show the high efficiency of atlan-
tooccipital fusion in combination with 
transoral debridement and decompres-
sion. In case of absence of neurological 
deficit and predominant lesion of the 
C2 odontoid process, the spinal fusion 
according to Harms or Magerl is recom-
mended [28]. In our cohort, three recon-
structions of the atlantoaxial section 
were performed in the scope of atlan-
tooccipital fusion and transoral debride-
ment and decompression of the spinal 
cord (Table 1) due to the different sever-
ity of neurological complications.

The tactics of treatment for subaxial 
spondylitis remains controversial. Sung-
Kyu et al. [23] recommend complement-
ing the anterior spinal fusion with ante-
rior plate. Nevertheless, the main reason 
for this is the correction of the sagittal 
balance parameters, mainly during poly-

segmental reconstructions. The surgical 
outcomes for monosegmental lesions 
remain comparable.

We argue that the application of an 
anterior plate is not only a crucial cri-
terion for a favorable outcome, but also 
increases the risks of postoperative com-
plications. It may be associated with an 
increase in the surgery duration and the 
blood loss volume (risk factors of surgi-
cal site infections).

The results obtained by analyzing the 
local sagittal balance in this category of 
patients were vacant for researchers. This 
fact enables us to consider the obtained 
data as the basis for subsequent research.

Conclusions

The incidence of anterior column 
instability associated with isolated 
anterior fusion performed for infectious 

Table 2

Intergroup comparative analysis of surgical indicators

Surgery option Surgery duration, min 

(M ± m; Me)

Blood loss, ml

(M±m; Me)

Significance level, p

ACCF 93 ± 24; 92 56 ± 17; 50 0.007*

ACCF + AP 120 ± 18; 115 104 ± 56; 100    0.020**

The significance of the differences was analyzed using the Mann – Whitney U criterion; * significance for the surgery duration; 

 ** significance for blood loss; ACCF – corpectomy + anterior spinal fusion using a titanium mesh cage filled with bone autograft; 

 ACCF + AP – corpectomy + anterior spinal fusion using a titanium mesh cage filled with bone autograft + anterior plate.

Table 3

Sagittal balance parameters

Sagittal balance parameters Before surgery After surgery p

Tuberculous spondylitis

CSVA 3.9 ± 1.6   3.4 ± 1.3 0.746

T1S 23.1 ± 15.2 16.3 ± 9.2 0.034

NTA                 41.9 ± 9.7 24.8 ± 7.6 0.024

Chronic nonspecific spondylitis

CSVA 4.2 ± 2.2   3.7 ± 1.9 0.683

T1S 27.4 ± 17.1   19.3 ± 11.4 0.031

NTA                 46.5 ± 6.1 27.2 ± 3.4 0.018

Average value

CSVA 4.1 ± 1.9   3.5 ± 1.4 0.657

T1S 26.1 ± 16.1   17.8 ± 10.3 0.038

NTA                 44.8 ± 7.6 25.9 ± 5.2 0.016

 * The significance of the differences was analyzed using the Mann – Whitney U criterion.
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cervical spine spondylitis does not 
overstep 10 %, including in the long-term 
period – 3.5 %.

The most common cause of compli-
cations in the early postoperative period 
is surgical site infections, and in the late 
one is the pseudoarthrosis formation.

The main predictors for surgical treat-
ment complications of cervical infectious 

spondylitis are the Charlson comorbidity 
index (7 points or more) and the ante-
rior reconstruction option (the use of an 
anterior plate).

The factors affecting the vertebrogen-
ic pain syndrome intensity in this pathol-
ogy are the therapeutic pause duration 
and the amount of T1S compensation.

The anterior reconstructions of the 
cervical spine in the conditions of infec-
tious spondylitis provide a correction of 
the sagittal balance parameters, with the 
long-term possibility of preserving the 
achieved indicators.

Limitations of the results’ reliability. 
The study is monocentric, with a pre-
dominant analysis of cases over the past 
3 years. The retrospection depth is due 
to the inability to systematize data for 
an earlier period. From 2010 to 2017, the 
Research and Clinical Center of Spinal 
Pathology of Saint Petersburg Research 
Institute of Phthisiopulmonology per-
formed more than 90 cervical spine 
reconstructions in infectious spondylitis 
in adults. Nevertheless, the scope of clini-
cal and radiological examination is lim-
ited by the minimum set of parameters 
possible for an integral analysis.

The study had no sponsors. The authors declare that 

they have no conflict of interest.

Fig. 3
Pre- and postoperative imaging studies of a patient with C1–C2 spondylitis (patient 12, Table 1): a – sagittal and frontal sections of SCT 
scan; b – sagittal section of the SCT scan and X-ray 6 months after surgery

а b

Fig. 4
Pre- and postoperative imaging studies of a patient with C6–C7 spondylitis (patient 22, 
Table 1): a – sagittal section of MRI; b – sagittal and frontal X-rays 8 months after 
surgery

а b
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