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Abstract
Purpose To compare the clinical efficacy and prognosis differences between conservative treatment and surgical treatment 
in patients with non-serious neurologically intact pyogenic spondylitis (Nsi-Nsni-PS), and to provide theoretical reference 
for the clinical treatment of Nsi-Nsni-PS patients.
Methods A retrospective analysis was conducted on 112 cases of Nsi-Nsni-PS patients treated in our hospital from June 
2016 to June 2021. According to different treatment methods, they were divided into conservative treatment group (53 cases) 
and surgical treatment group (59 cases). The general data, laboratory tests, imaging examinations, length of hospital stay, 
duration of antibiotic use, VAS for pain before and after treatment, ODI, local kyphotic angle correction of diseased verte-
brae, and recurrence rate were collected and analyzed in both groups. SPSS 26.0 statistical software was used for analysis. 
Measurement data were expressed as mean ± standard deviation, and independent sample t-test or rank sum test was used 
for comparison between groups, while variance analysis was used for intra-group comparison. Count data were expressed 
as number (%) and compared between groups using chi-square test or Fisher’s exact test. Mann-Whitney U test was used to 
evaluate the changes in local kyphotic angle between the two groups. A p value < 0.05 was considered statistically significant.
Results There were no significant differences in general data and imaging characteristics between the two groups (P > 0.05); 
there were no statistically significant differences in the positive culture rate of pathogens, length of hospital stay, duration 
of antibiotic use, treatment complications, WBC, CRP, ESR levels at admission and discharge, VAS and ODI at admission 
and last follow-up between the two groups (P > 0.05). The WBC and CRP levels of patients in the conservative group at 
discharge were lower than those in the surgical group (P < 0.05), and there was no significant difference in the decrease 
in inflammatory indicators (WBC, CRP, ESR) between the two groups (P > 0.05). By the last follow-up, the neurological 
function of patients in both groups had significantly improved compared to admission (P < 0.05), with 12 out of 15 ASIA 
grade D patients in the conservative group recovering to grade E, and 21 out of 25 grade D patients in the surgical group 
recovering to grade E, with no worsening of neurological function in either group. The differences in VAS and ODI scores 
at the last follow-up compared to before treatment were statistically significant in both groups (P < 0.05), and all patients 
regained normal activity. Compared with before treatment, the correction degree of local kyphotic angle in the surgical group 
at the last follow-up was 0.93 ± 4.94°, slightly higher than that in the conservative group (-0.83 ± 3.37°), and the difference 
was statistically significant(P < 0.05).
Conclusions During our follow-up, we found that both conservative and surgical treatments achieved satisfactory clinical 
outcomes in patients with Nsi-Nsni-PS. Compared to conservative treatment, surgical intervention did not demonstrate sig-
nificant advantages in reducing hospitalization time and antibiotic usage duration, increasing pathogen culture positivity rate, 
lowering treatment complications, or controlling recurrence. However, surgical intervention showed superiority in correcting 
the local kyphotic angle of spinal lesions, albeit with relatively increased surgical trauma, risks, and treatment costs. At the 
last follow-up, the surgical group did not exhibit better long-term efficacy. Therefore, when formulating clinical treatment 
strategies for patients with Nsi-Nsni-PS, it may be preferable to prioritize conservative treatment, supplemented by the use 
of sensitive or empiric antibiotics for infection management, to improve patient prognosis.
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Abbreviations
PS  Pyogenic Spondylitis
Nsi-Nsni-PS  No spinal instability and No severe neuro-

logical impairment Pyogenic Spondylitis

Introduction

Pyogenic spondylitis (PS) is an infectious disease affect-
ing different parts of the spine caused by pyogenic bacteria, 
also known as pyogenic osteomyelitis of the vertebra. Its 
incidence ranges from 2.2 to 7.4 per 100,000 people [1, 2], 
. PS accounts for 2-7% of all osteomyelitis cases, with most 
primary infections originating from skin, urogenital, and 
respiratory tract infections, and a minority resulting from 
trauma or post-lumbar spine surgery infections, affecting 
vertebral bodies and intervertebral tissues, which may pro-
gress to systemic and neurological deterioration, leading to 
kyphotic deformity of the spine [3]. In recent years, the inci-
dence of PS has been gradually increasing, possibly due to 
extended life expectancy and the high prevalence of chronic 
diseases among patients. Despite advancements in medical 
technology and antibiotic usage, the disability and mortality 
rates among PS patients have significantly decreased [4].

Currently, the majority of PS cases can be managed con-
servatively, with only 10–20% of patients requiring surgical 
intervention. Surgical indications recognized in the literature 
include worsening neurological symptoms, spinal instability 
or deformity, the presence of extensive epidural abscesses 
compressing nerves, persistent fever or septicaemia, and 
uncontrolled pain symptoms refractory to analgesics [5–8]. 
However, there is a lack of unified understanding regard-
ing surgical indications and treatment principles for patients 
with Nsi-Nsni-PS, leading to significant debate on treatment 
selection. Some studies report that non-surgical treatments 
such as antibiotics are effective for patients without paralysis 
or significant spinal instability, with no significant complica-
tions during treatment [9–11], and conservative management 
is also indicated for minor neurological symptoms caused by 
lumbar-sacral epidural abscesses [12–14]. Conversely, some 
scholars argue that early surgery provides strong fixation, 
facilitates early rehabilitation training, reduces hospitaliza-
tion days and antibiotic usage, and directly removes infec-
tious lesions, corrects spinal instability and nerve compres-
sion, leading to better functional outcomes. Currently, we 
have observed a gradual increase in surgical interventions 
for Nsi-Nsni-PS patients in clinical practice, yet postopera-
tive treatment outcomes, long-term efficacy, and there is 
limited literature.

Therefore, our research group aims to retrospectively col-
lect medical records of Nsi-Nsni-PS patients, statistically 
analyze the differences in general data and imaging features 
between conservative treatment and surgical treatment 

groups, analyze differences in pathogen culture positivity 
rate, changes in inflammatory indicators, treatment compli-
cations, length of hospital stay, duration of antibiotic usage, 
improvement in neurological function, and recurrence rate 
between different treatment modalities, observe differences 
in long-term clinical efficacy and prognosis between the 
two groups, and provide theoretical reference for clinical 
decision-making by healthcare professionals.

Materials and methods

Inclusion criteria and exclusion criteria

Inclusion criteria

(1) Diagnosed with pyogenic spondylitis (PS).
(2) American Spinal Injury Association (ASIA) Neurologi-

cal Function Score: Grade D-E.
(3) Underwent conservative treatment such as bed rest, 

antibiotic therapy for infection control, or

Surgical intervention

(1) Pyogenic spondylitis (PS) following spinal surgery.
(2) Concurrent with tuberculous or other spinal infections, 

or neoplastic diseases.
(3) Spinal Instability Spondylodiscitis Score (SISS) > 10 

[15], indicating spinal instability.
(4) Incomplete clinical data, missing follow-up informa-

tion, or lost to follow-up.

PS diagnostic criteria and research objects

PS diagnostic criteria

Diagnosing pyogenic spondylitis (PS) requires comprehen-
sive analysis of the patient’s clinical symptoms along with 
laboratory, imaging, pathological examinations, and patho-
gen detection. According to relevant literature reports, the 
diagnosis of PS should include the following components 
[16–18]:

(1) Neurological symptoms such as back pain and limb 
numbness or pain corresponding to the spinal lesion 
area.

(2) MRI imaging characteristics showing inflammatory 
manifestations such as discitis, vertebral osteomyelitis, 
endplate destruction, and abscess formation.

(3) Laboratory findings including C-reactive pro-
tein > 10  mg/L, erythrocyte sedimentation 
rate > 20 mm/h, and fever > 38 °C.

(4) Positive blood culture for pathogens on two occasions.
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(5) Positive culture of spinal lesion tissue.
(6) Positive pathological examination.

The presence of any two items from 1, 2, and 3 suggests 
a possibility of PS; the presence of any one item from 1, 2, 
and 3 along with item 4, or any one item from 2, 5, and 6 
along with item 3, highly suspects PS; the presence of any 
one item from 1, 2, and 3 along with item 5, simultaneous 
presence of 5 and 6, or any one item from 4, 5, and 6 along 
with item 2 confirms the diagnosis of PS.

Object of study

According to the inclusion criteria, 112 patients diagnosed 
with non-spinal instability and non-severe neurologi-
cal impairment pyogenic spondylitis (Nsi-Nsni-PS) who 
received treatment in the orthopedic department of our 
hospital from June 2016 to June 2021 were selected.Our 
study did not require further ethics committee approval as it 
did not involve animal or human clinical trials and was not 
unethical in accordance with the ethical principles outlined 
in the Declaration of Helsinki。.

Research Object Grouping and treatment methods

Grouping of research subjects

Conservative Group (1) Patients who did not undergo surgi-
cal intervention within three weeks of antibiotic treatment. 
(2) Patients who underwent surgical intervention after three 
weeks or more of antibiotic treatment due to poor conserva-
tive treatment outcomes.

Surgery Group Patients who underwent lesion clearance 
surgery within three weeks of antibiotic treatment.

Treatment methods for research subjects

Conservative Treatment Comprehensive examination and 
tests are performed, including blood culture, puncture biopsy 
for bacterial culture, and pathological examination. Empiri-
cal antibiotic therapy is initiated based on the patient’s clini-
cal condition, often using a combination of third-generation 
cephalosporins and vancomycin. Patients are advised bed 
rest, nutritional support, and limited ambulation with the 
assistance of external fixation devices. If pathogen culture 
is positive, sensitive antibiotics are selected based on sen-
sitivity testing. Blood routine, liver and kidney function, 
and inflammatory markers are monitored every three days. 
Intravenous antibiotic therapy typically lasts for four weeks 

or until clinical symptoms improve, inflammatory markers 
significantly decrease, and imaging shows no obvious pro-
gression. If symptoms do not improve after one week of 
antibiotic therapy or if the decrease in inflammatory markers 
is less than 50% after three weeks, antibiotic adjustment is 
considered. Oral antibiotics are continued for two to four 
weeks after completion of intravenous therapy (Fig. 1). If 
conservative treatment is ineffective after three weeks or 
more, surgical intervention is performed.

Surgical Treatment Comprehensive examination and tests 
are conducted, including blood culture, along with empiri-
cal antibiotic therapy. Depending on the lesion, anterior or 
posterior debridement, decompression, bone graft fusion, 
and/or internal fixation device placement are chosen for sta-
bilization. Tissue samples from the lesion are sent for bac-
terial culture and pathological examination during surgery. 
Antibiotics are adjusted based on the results of pathogen 
culture. Bed rest, nutritional support, and regular monitoring 
of blood routine, liver and kidney function, inflammatory 
markers, and drainage are recommended. After four weeks 
of intravenous antibiotic therapy, oral antibiotics are admin-
istered for two to four weeks. (Fig. 2).

Clinical Data

We will collect data on patients’ general information, labo-
ratory tests, imaging examinations, length of hospital stay, 
duration of antibiotic use, hospitalization costs, VAS for 
pain before and after treatment, ODI, recurrence rate, and 
correction degree of local kyphotic angle of the affected 
vertebrae.

Measurement method of local kyphotic angle of the 
affected vertebrae: Based on the vertebral body involved 
in the patient’s MRI examination, the angle between the 
lines drawn along the upper endplate of the affected ver-
tebra and the lower endplate of the adjacent vertebra on 
lateral X-rays of the spine, or the angle between their per-
pendicular lines, is considered the local kyphotic angle of 
the affected vertebra.

Calculation method of correction degree of local 
kyphotic angle of the affected vertebrae: (Correction 
degree = measured angle of local kyphotic angle at the last 
follow-up - measured angle at admission).

Definition of recurrence: After the completion of treat-
ment, the reappearance of spinal region pain or neurologi-
cal symptoms that cannot be attributed to other causes, 
accompanied by an enlargement of the lesion area or new 
vertebral lesions on imaging, along with elevated CRP 
and ESR levels.
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Statistical methods

We used SPSS 26.0 statistical software package for data 
analysis. Continuous variables such as age, disease dura-
tion, length of hospital stay, CRP, ESR, WBC levels, VAS 
scores, ODI index, duration of antibiotic use, and hospi-
talization costs were presented as mean ± standard devia-
tion. Independent sample t-test or Mann-Whitney U test 
was used for comparison between the two groups, while 
analysis of variance was used for within-group compari-
son. Categorical variables such as gender composition, 
imaging characteristics, ASIA and SISS scores, and infec-
tion risk factors were presented as counts (percentages), 
and between-group comparisons were made using the chi-
square test or Fisher’s exact test. The significance level 
was set at two-sided 0.05. The Mann-Whitney U test was 
used to evaluate changes in the local kyphotic angle of the 
affected vertebrae between the two groups, with a signifi-
cance level of P < 0.05 considered statistically significant.

Results

General Data Comparison

A total of 112 patients were included in the study, with 68 
males and 44 females, with an average age of 60.82 ± 11.50 
years. The average disease duration for both groups 
was 33.06 ± 21.08 days. The average disease duration 
was 30.49 ± 19.84 days for the conservative group and 
35.37 ± 22.22 days for the surgical group, with the surgical 
group having a slightly longer duration. Statistical analysis 
showed no significant differences in gender, age, or disease 
duration between the two groups (P > 0.05).

All patients presented with varying degrees of lumbosa-
cral pain upon admission, with some experiencing symptoms 
such as fever, limb numbness, and pain. According to the 
ASIA neurological function grading, there were 40 patients 
(35.7%) with grade D neurological function impairment in 
both groups before treatment, with 15 in the conservative 

Fig. 1  Imaging data of Nsi Nsni PS patients before conservative treatment (a, b, c), Imaging data of Nsi-Nsni-PS followed up for several months 
after standardized conservative treatment (d, e)
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group and 25 in the surgical group. According to the SISS 
spinal instability spondylodiscitis score, 76 patients (37 in 
the conservative group and 39 in the surgical group) had 
scores of 0–4, indicating spinal stability, while 36 patients 
(16 in the conservative group and 20 in the surgical group) 
had scores of 5–9, indicating relative spinal stability. There 
were more cases of patients without neurological dysfunc-
tion and spinal stability in both groups, but there were no 
statistically significant differences in the distribution of 
clinical symptoms, ASIA, and SISS scores between the two 
groups (P > 0.05). Statistical analysis showed that there were 
no statistically significant differences in gender distribution, 
age, disease duration, ASIA and SISS scores, infection risk 
factors, and other general data between the two groups, indi-
cating comparability of baseline characteristics (P > 0.05).

Imaging characteristics comparison

In both groups, infection occurred primarily in the lumbar 
spine in 71 cases (63.4%). Following this, infection occurred 
in the thoracic spine in 19 cases (17.0%), and in the lum-
bosacral spine in 16 cases (14.3%). Six cases (5.3%) of 
infection were observed in the cervical or thoracolumbar 
spine. A total of 99 cases involved lesions in two vertebral 

bodies, with 46 cases (86.8%) in the conservative group 
and 53 cases (89.8%) in the surgical group. Thirteen cases 
involved three or more vertebral bodies, with seven cases 
(13.2%) in the conservative group and six cases (10.2%) 
in the surgical group. Single vertebral involvement was not 
observed in either group, and involvement of two vertebral 
bodies was the most common. A total of 29 cases of par-
aspinal abscesses occurred, with 13 cases (24.5%) in the 
conservative group and 16 cases (30.2%) in the surgical 
group (Table 1).

Comparison of pathogenic bacterial culture results

In total, 82 patients from both groups underwent pathogenic 
bacterial culture of the lesions, with a positive culture rate of 
35.4% (29/82). Specifically, the positive culture rate in the 
conservative group was 39.4% (13/33), while it was 32.7% 
(16/49) in the surgical group.

Within the conservative group, ten out of 59 patients 
underwent vertebral puncture biopsy, accounting for 
18.9%. However, none of the patients in the surgical group 
underwent preoperative puncture biopsy for bacterial cul-
ture. Bacterial culture and pathological examination were 
only conducted on lesion tissues during surgery. The 

Fig. 2  Preoperative imaging data of Nsi Nsni PS (f, g, h), Postoperative follow-up imaging data of Nsi Nsni PS patients (i, j, k)
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positive rate of puncture biopsy tissue in the conservative 
group was 30% (3/10). There was no significant difference 
in the positive rates of microbial culture between the two 
groups (X2 = 0.39, P = 0.53 > 0.05).

Staphylococcus aureus was the most common patho-
genic microorganism (20.7%, 17/82), with 9 cases (27.3%) 
in the conservative group and seven cases (14.3%) in the 
surgical group. Other pathogenic bacteria included Escher-
ichia coli (6.1%, 5/82), Staphylococcus epidermidis (2.4%, 
2/82), Streptococcus (1 case), Klebsiella pneumoniae (2 
cases), Acinetobacter baumannii/haemolyticus (1 case). 
There was no significant difference in bacterial distribu-
tion between the two groups (p > 0.05).

Comparison of changes in inflammatory markers

Both groups of patients showed a significant decrease 
in WBC, ESR, and CRP levels at discharge compared to 
before treatment, with statistical significance (P < 0.05, 
see Table 2).

The levels of WBC, ESR, and CRP in the surgical group 
at admission and discharge were slightly higher than those 
in the conservative group, but the differences were not 
statistically significant (P > 0.05). However, at discharge, 
the surgical group had significantly higher WBC and CRP 
levels compared to the conservative group, with statistical 
significance (P < 0.05, see Table 3).

There was no statistically significant difference in the 
decrease in WBC, CRP, and ESR between the two groups 
before and after treatment (P > 0.05, see Table 4).

Treatment complications comparison

During the treatment period, there were a total of 23 cases 
with complications, with a complication occurrence rate 
of 20.5% in both groups. Specifically, there were ten cases 
(18.9%) in the conservative group and 13 cases (22.0%) in 
the surgery group. The incidence of complications between 
the two groups showed no statistical difference (X2 = 0.17, 
P = 0.68 > 0.05,).

The most common complications were drug-related, 
mainly including leukopenia(9), abnormal liver function (5), 
and drug rash (1). Bedrest-related complications included 
urinary tract infection (2), intestinal obstruction(1), and 
pressure ulcers (1). There were four cases of surgery-related 
complications in the surgery group.include skin sinus (3) 
cerebrospinal fluid leakage (1).

All patients have been cured after symptomatic treatment.

Hospital Stay Duration, Duration of Antibiotic Use, 
and hospitalization costs comparison

The conservative group had an average hospital stay duration 
of 23.55 ± 10.86 days, while the surgical group had an 
average hospital stay duration of 25.02 ± 10.24 days. Both 
groups had a hospital stay duration of less than four weeks, 
and there was no significant difference in hospital stay 
duration between the two groups. The average duration of 
antibiotic use in the conservative group was 53.47 ± 10.38 
days, while in the surgical group it was 54.24 ± 9.97 days. 
Both groups had antibiotic use durations exceeding six 
weeks, and there was no significant difference in the duration 
of antibiotic use between the two groups (P > 0.05).

Table 1  Comparison of imaging features

Items Conserva-
tive treatment 
group
(n = 53)

Surgical 
treatment 
group
(n = 59)

P value

Spinal lesion site (cases %) 0.81
  Cervical spine 2(3.8) 1(1.7)
  Thoracic spine 10(18.9) 9(15.3)
  Lumbar spine 34(64.1) 37(62.7)
  Cervicothoracic spine 0(0) 0(0)
  Thoracolumbar spine 1(1.9) 2(3.4)
  Lumbosacral spine 6(11.3) 10(16.9)

Number of involved ver-
tebrae

0.62

  1 0(0) 0(0)
  2 46(83.0) 53(86.4)
  ≥ 3 7(17.0) 6(13.6)

Abscess formation (cases 
%)

  Paravertebral abscess 13(24.5) 16(30.2) 0.76
  Epidural abscess 6(11.3) 8(13.5) 0.72
  Psoas abscess 5(9.4) 3(5.1) 0.47

Table 2  Comparison of treatment outcomes

Items Conserva-
tive treatment 
group
(n = 53)

Surgical 
treatment 
group
(n = 59)

P value

Admission VAS Score 7.02 ± 0.84 7.15 ± 0.86 0.41
Final Follow-up VAS Score 1.51 ± 0.63 1.56 ± 0.70 0.70
P value 0.00 0.00
Initial ODI Score 40.67 ± 4.52 41.06 ± 3.80 0.62
Final ODI Score at Last 

Follow-up
11.99 ± 1.63 12.54 ± 2.04 0.12

Correction of Vertebral 
Angle (°)

-0.83 ± 3.37 0.93 ± 4.94 0.03

Recurrence (cases %) 9(17.0) 7(11.8) 0.44



2451International Orthopaedics (2024) 48:2445–2454 

The treatment cost for the surgical group was 
8.34 ± 2.39 million RMB, while for the conservative group 
it was 2.66 ± 1.50 million RMB. The treatment cost for the 
conservative group was significantly lower than that for the 
surgical group, showing a statistically significant difference 
(P < 0.05,).

Treatment outcome comparison

Both groups of PS patients presented with moderate to severe 
lower back pain upon admission, with VAS scores ranging 
from 5 to 8 points. At the last follow-up, both groups showed a 
significant decrease in VAS and ODI scores compared to before 
treatment, with statistical differences (P < 0.05). The correction 
angle of local kyphosis after treatment in the surgical group 
(0.93 ± 4.94°) was slightly higher than that in the conservative 
group (-0.83 ± 3.37°), with a statistically significant difference 
(P < 0.05, Table 2). At the last follow-up, the neurological 
function of both groups of patients had significantly improved 
compared to admission. Among the conservative group, 12 out 
of 15 cases with neurological damage recovered to normal, 
while in the surgical group, 21 out of 25 cases recovered to 
normal. There were seven cases (3 in the conservative group 
and four in the surgical group) where neurological function 
did not significantly improve, and no patients experienced 
worsening of neurological function.

Discussion

This study shows that the results of pathogen culture are 
mainly dominated by Gram-positive cocci (21/29, 72.4%), 
among which Staphylococcus aureus is more common in 
Gram-positive cocci, and Escherichia coli is more com-
mon in Gram-negative cocci. This is consistent with the 
distribution of pathogenic bacteria in previous studies [17,]. 
Research indicates that if the conservative treatment effect 
is not good, percutaneous biopsy should still be consid-
ered regardless of the duration of antibiotic treatment [19]. 
There is no significant difference in the positive rate of 
pathogen culture between the two groups. Among them, 
ten patients in the conservative group underwent puncture 
biopsy under the guidance of the C-arm machine during 
the operation, and the positive rate of culture was 30%. 
Relevant literature reports that the specificity of puncture 
biopsy reaches 99%, while the sensitivity is slightly lower, 
about 30-60% [20–23]. The research report of Wang et al. 
[24] shows that the application of antibiotics before cul-
ture will reduce the positive rate of pathogen culture. We 
analyzed that the reason for the low positive rate of cul-
turing pathogenic bacteria in puncture biopsy is related 
to the fact that the patients have used antibiotics before 
taking the culture and the less puncture biopsy tissue, 

Table 3  Changes in inflammatory markers before and after treatment

Note: * indicates statistically significant difference compared to admission within the group (P < 0.05); # indicates statistically significant differ-
ence between the two groups (P < 0.05)

Inflammatory Markers Conservative treatment group Surgical treatment group

Average Level upon 
Admission

Average Level upon Discharge Average Level upon Admission Average 
Level upon 
Discharge

WBC(×10 9 /L) 8.30 ± 2.37 5.79 ± 1.88* 8.48 ± 2.49 6.65 ± 2.12*#

CRP(mg/L) 61.38 ± 65.29 10.47 ± 7.85* 67.97 ± 53.96 14.96 ± 8.61*#

ESR(mm/h) 63.47 ± 33.06 24.72 ± 8.89* 71.86 ± 35.34 26.75 ± 9.68*

Table 4  Comparison of 
differences in inflammatory 
markers before and after 
treatment

Differences in the decrease of 
inflammatory markers

Conservative treatment 
group

Surgical treatment group P value

WBC(×10 9 /L) 2.51 ± 2.53 1.83 ± 2.81 1.87
CRP(mg/L) 50.91 ± 64.90 52.83 ± 52.58 0.86
ESR(mm/h) 38.75 ± 32.14 45.12 ± 34.58 0.32
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and the bacterial concentration is relatively low. In the 
cohort study of 349 patients with sepsis by scholars such 
as Timothy [25], it shows that the positive rate of NGS 
detection is 48.6%, which is higher than that of traditional 
etiological detection methods, and the average detection 
time is 29 h. The research report of Qing et al. [26] shows 
that in patients who have received antimicrobial treatment, 
the positive rate of NGS is also higher than that of tradi-
tional bacterial culture. For PS patients, NGS detection 
combined with traditional pathogen detection has a higher 
positive rate, and sensitive antibiotics can be selected for 
treatment.

After undergoing anti-infective treatment, the inflamma-
tory markers of both groups of patients decreased signifi-
cantly. The reduction in ESR and CRP levels exceeded 50% 
at discharge for both groups, indicating the effectiveness of 
both conservative and surgical treatment approaches. For 
diagnosing PS, WBC has poor sensitivity. In our study, only 
21.4% of patients had elevated WBC levels, consistent with 
reports in the literature where only 13-60% of PS patients 
had elevated WBC levels [27]. Therefore, WBC has limited 
utility in the diagnosis and treatment of PS. Conversely, CRP 
and ESR have higher sensitivity, being elevated in 70-100% 
of cases. However, CRP and ESR have moderate specificity 
and can be used to assess treatment outcomes. A decrease of 
50% or more in CRP and ESR within four weeks after treat-
ment is considered a good response to treatment [28, 29]. In 
this study, 91% of patients had elevated CRP and ESR levels, 
indicating high sensitivity and responsiveness to treatment, 
with inflammatory markers decreasing to near-normal levels 
at discharge. Literature suggests that for patients who do 
not have ESR below 50 mm/h and CRP below 27 mg/l after 
four weeks of conservative treatment, surgical intervention 
should be considered [30]. CRP and ESR are not specific 
markers of infection and can be altered by any other inflam-
matory condition. Regular monitoring of inflammatory 
markers needs to be combined with assessment of clinical 
symptoms to judge the effectiveness of patient treatment.

Regarding the antibiotic treatment duration of PS, there 
is no unified standard yet. And early surgical intervention 
has the advantage of strong fixation, which can reduce the 
occurrence of complications due to bed rest [31]. Bernard 
et al. [32] found in a multicenter, prospective study of 
359 PS patients that there was no difference in the cure 
rate between using antibiotics for six weeks and 12 weeks. 
Some scholars also suggested using four to eight weeks of 
antibiotic treatment, while using antibiotics for less than 
four weeks might have a relatively high recurrence rate 
[33]. The research of Li [35] et al. showed that when anti-
infection treatment was started within six weeks after the 
occurrence of infection, there was no significant difference 
in the treatment effect on bone and joint infection between 
the oral route and intravenous drip. The average antibiotic 

use time of the two groups of Nsi-Nsni-PS was within six 
to eight weeks, and the treatment results showed good. 
The surgical group did not show an advantage in reducing 
inflammatory indicators and the incidence of treatment 
complications, reducing hospital stay and the course of 
antibiotic use. Conservative treatment had reliable curative 
effect, significantly reduced hospitalization expenses, and 
avoided surgical trauma and the occurrence of postopera-
tive related complications.

In terms of imaging manifestations at the last follow-up, 
surgical treatment showed slightly better correction of local 
kyphotic angle compared to conservative treatment, exerting 
a certain corrective effect on spinal deformity. Fukuda et al. 
[10] found greater changes in local kyphotic angle before 
and after PS treatment in the surgical group (4.06 ± 8.67°) 
compared to the conservative group (-3.50 ± 4.61°). We 
attribute this difference to the relatively mild degree of bone 
destruction in Nsi-Nsni-PS patients, with no obvious spinal 
instability. Thus, even with conservative treatment, there 
would be no significant kyphosis, and the advantage of spi-
nal correction in surgery was not prominently demonstrated.

In this study, the recurrence rate in the surgery group 
was lower than that in the conservative group; however, 
there was no statistically significant difference in recurrence 
rates between the two groups, and no significant evidence 
showed the advantage of surgery in controlling recurrence 
rates. Literature analysis of risk factors for PS recurrence 
shows that involvement of multiple vertebrae and formation 
of abscesses are risk factors for recurrence [34, 35]. In our 
study, 11.6% of patients showed involvement of multiple 
vertebrae, and more than 35% of patients had concomitant 
abscess formation. Therefore, we believe that more attention 
should be paid to Nsi-Nsni-PS patients with concomitant 
abscess formation during treatment and follow-up.

Conclusion

In conclusion, both conservative and surgical treatments 
for Nsi-Nsni-PS patients have achieved satisfactory clini-
cal outcomes. However, surgical intervention did not reduce 
hospitalization or antibiotic usage time, nor did it demon-
strate advantages in improving pathogen culture positivity, 
reducing treatment complications, or lowering recurrence 
rates. While it showed some effectiveness in correcting local 
kyphosis of the spine, it also increased the risk of surgical 
trauma and incurred higher treatment costs. Therefore, when 
formulating clinical treatment strategies for Nsi-Nsni-PS 
patients, priority may be given to conservative treatment, 
while actively seeking microbiological evidence and opting 
for sensitive antibiotic therapy.



2453International Orthopaedics (2024) 48:2445–2454 

Authors’ contributions Dong yang designed the experiments. Bang-
lin Xie, Jing-du Wei,.Biao Zhong and Jun Xiong collected the clinical 
data. Bang-lin Xie and Qiu-xiao Ai performed data analysis. Bang-
lin Xie andJing-du Wei wrote the paper. All authors have read and 
approved the final manuscript.

Funding This work was supported by the Science and Technology 
Plan Project (2021302688) of the Health and Health Commission of 
Jiangxi Province.

Data availability All data generated or analysed during this study are 
included in this published article.

Declarations 

Competing interests The authors declare that they have no competing 
interests.

Consent for publication All authors approved the final manuscript and 
the submission to this journal.

Informed consent Our research was obtained from all individual par-
ticipants included in the study.

References

 1. Ryang YM, Akbar M (2020) Pyogenic spondylodiscitis: symp-
toms, diagnostics and therapeutic strategies]. Der Orthopade 
49(8):691–701

 2. Lora-Tamayo J, Euba G, Narváez JA et al (2011) Changing trends 
in the epidemiology of pyogenic vertebral osteomyelitis: the 
impact of cases with no microbiologic diagnosis. Semin Arthritis 
Rheum 41(2):247–255

 3. Grammatico L, Baron S, Rusch E et al (2008) Epidemiology of 
vertebral osteomyelitis (VO) in France: analysis of hospital-dis-
charge data 2002–2003. Epidemiol Infect 136(5):653–660

 4. Bornemann R, Müller-Broich JD, Deml M, Sander K, Wirtz 
DC, Pflugmacher R (2015) Diagnosis and treatment of Spondy-
lodiscitis/Spondylitis in clinical practice. Z fur Orthopadie Und 
Unfallchirurgie 153(5):540–545

 5. Babic M, Simpfendorfer CS (2017) Infections of the spine. Infect 
Dis Clin N Am 31(2):279–297

 6. Swanson AN, Pappou IP, Cammisa FP et al (2006) Chronic infec-
tions of the spine: surgical indications and treatment. Clin Orthop 
Relat Res 444:100–106

 7. Korovessis P, Vardakastanis K, Fennema P et al (2016) Mesh 
cage for treatment of hematogenous spondylitis and spondylo-
diskitis. How safe and successful is its use in acute and chronic 
complicated cases? A systematic review of literature over a dec-
ade. Eur J Orthop Surg Traumatology: Orthopedie Traumatologie 
26(7):753–761

 8. Berbari EF, Kanj SS, Kowalski TJ et al (2015) Infectious Dis-
eases Society of America (IDSA) Clinical Practice guidelines for 
the diagnosis and treatment of native vertebral osteomyelitis in 
adults. Clin Infect Diseases: Official Publication Infect Dis Soc 
Am 61(6):e26–46

 9. Duarte RM, Vaccaro AR (2013) Spinal infection: state of the art 
and management algorithm. Eur Spine Journal: Official Publica-
tion Eur Spine Soc Eur Spinal Deformity Soc Eur Sect Cerv Spine 
Res Soc 22(12):2787–2799

 10. Fukuda K, Miyamoto H, Uno K et al (2014) Indications and limi-
tations of conservative treatment for pyogenic spondylitis. J Spin 
Disord Tech 27(6):316–320

 11. Griffiths HE, Jones DM (1971) Pyogenic infection of the spine. 
A review of twenty-eight cases. J bone Joint Surg Br Volume 
53(3):383–391

 12. Bettini N, Girardo M, Dema E et  al (2009) Evaluation of 
conservative treatment of non specific spondylodiscitis. Eur 
Spine Journal: Official Publication Eur Spine Soc Eur Spinal 
Deformity Soc Eur Sect Cerv Spine Res Soc 18(Suppl 1Suppl 
1):143–150

 13. Bonfiglio M, Lange TA, Kim YM (1973) The Classic: Pyogenic 
vertebral osteomyelitis: disk space infections. Clin Orthop Relat 
Res 2006 444:4–8

 14. Roblot F, Besnier JM, Juhel L et al (2007) Optimal duration of 
antibiotic therapy in vertebral osteomyelitis. Semin Arthritis 
Rheum 36(5):269–277

 15. Tsai TT, Yang SC, Niu CC et al (2017) Early surgery with anti-
biotics treatment had better clinical outcomes than antibiotics 
treatment alone in patients with pyogenic spondylodiscitis: a ret-
rospective cohort study. BMC Musculoskelet Disord 18(1):175

 16. Zimmerli W, Widmer AF, Blatter M et al. (1998) Role of rifampin 
for treatment of orthopedic implant-related staphylococcal infec-
tions: a randomized controlled trial. Foreign-Body Infection (FBI) 
Study Group. Jama 279(19):1537–41

 17. Mylona E, Samarkos M, Kakalou E et al (2009) Pyogenic verte-
bral osteomyelitis: a systematic review of clinical characteristics. 
Semin Arthritis Rheum 39(1):10–17

 18. Schömig F, Li Z, Perka L et al (2022) Georg Schmorl prize of 
the German spine society (DWG) 2021: spinal instability spon-
dylodiscitis score (SISS)-a novel classification system for spinal 
instability in spontaneous spondylodiscitis. Eur Spine Journal: 
Official Publication Eur Spine Soc Eur Spinal Deformity Soc Eur 
Sect Cerv Spine Res Soc 31(5):1099–1106

 19. Schwab JH, Shah AA (2020) Spinal epidural abscess: diag-
nosis, management, and outcomes. J Am Acad Orthop Surg 
28(21):e929–e38

 20. D’Agostino C, Scorzolini L, Massetti AP et al (2010) A seven-
year prospective study on spondylodiscitis: epidemiological and 
microbiological features. Infection 38(2):102–107

 21. Grados F, Lescure FX, Senneville E et al (2007) Suggestions for 
managing pyogenic (non-tuberculous) discitis in adults. Joint bone 
Spine 74(2):133–139

 22. De Lucas EM, González Mandly A, Gutiérrez A et al (2009) CT-
guided fine-needle aspiration in vertebral osteomyelitis: true use-
fulness of a common practice. Clin Rheumatol 28(3):315–320

 23. Kim BJ, Lee JW, Kim SJ et al (2013) Diagnostic yield of fluoros-
copy-guided biopsy for infectious spondylitis. AJNR Am J Neu-
roradiol 34(1):233–238

 24. Heyer CM, Brus LJ, Peters SA et al (2012) Efficacy of CT-guided 
biopsies of the spine in patients with spondylitis–an analysis of 
164 procedures. Eur J Radiol 81(3):e244–e249

 25. Pupaibool J, Vasoo S, Erwin PJ et al (2015) The utility of image-
guided percutaneous needle aspiration biopsy for the diagnosis 
of spontaneous vertebral osteomyelitis: a systematic review and 
meta-analysis. Spine Journal: Official J North Am Spine Soc 
15(1):122–131

 26. Sehn JK, Gilula LA (2012) Percutaneous needle biopsy in diagno-
sis and identification of causative organisms in cases of suspected 
vertebral osteomyelitis. Eur J Radiol 81(5):940–946

 27. Agarwal V, Wo S, Lagemann GM et al (2016) Image-guided 
percutaneous disc sampling: impact of antecedent antibiotics on 
yield. Clin Radiol 71(3):228–234

 28. Cui YP, Mi C, Wang B et al (2019) Analysis of influencing factors 
for pathogen culture result in patients with pyogenic spondylitis. 
Beijing Da Xue Xue bao Yi xue ban = J Peking Univ Health Sci 
51(6):1042–1047

 29. O’Grady J (2019) A powerful non-invasive test to rule out infec-
tion. Nat Microbiol ; 4(4): 554–555



2454 International Orthopaedics (2024) 48:2445–2454

 30. Blauwkamp TA, Thair S, Rosen MJ et al (2019) Analytical and 
clinical validation of a microbial cell-free DNA sequencing test 
for infectious disease. Nat Microbiol 4(4):663–674

 31. Yoon YK, Jo YM, Kwon HH et al (2015) Differential diagnosis 
between tuberculous spondylodiscitis and pyogenic spontaneous 
spondylodiscitis: a multicenter descriptive and comparative study. 
Spine Journal: Official J North Am Spine Soc 15(8):1764–1771

 32. Rath SA, Neff U, Schneider O et al (1996) Neurosurgical manage-
ment of thoracic and lumbar vertebral osteomyelitis and discitis 
in adults: a review of 43 consecutive surgically treated patients. 
Neurosurgery 38(5):926–933

 33. An HS, Seldomridge JA (2006) Spinal infections: diagnostic tests 
and imaging studies. Clin Orthop Relat Res 444:27–33

 34. Li HK, Rombach I, Zambellas R et al (2019) Oral versus intra-
venous antibiotics for bone and joint infection. N Engl J Med 
380(5):425–436

 35. Giampaolini N, Berdini M, Rotini M et al (2022) Non-specific 
spondylodiscitis: a new perspective for surgical treatment. Eur 
Spine Journal: Official Publication Eur Spine Soc Eur Spinal 
Deformity Soc Eur Sect Cerv Spine Res Soc 31(2):461–472

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Bang‑lin Xie1 · Jing‑du Wei2 · Jun Xiong1 · Biao Zhong1 · Qiu‑xiao Ai1 · Dong Yang1,3 

 * Dong Yang 
 ndyfy01301@ncu.edu.cn

1 Orthopedic Hospital, The First Affiliated Hospital 
of Nanchang University, Nanchang, China

2 Jiangxi Provincial People’s Hospital, The Affiliated Hospital 
of Nanchang University, Nanchang, China

3 Orthopedic Hospital, The First Affiliated Hospital, Jiangxi 
Medical College, Nanchang University, 17 Yongwaizheng 
Street, NanChang, China

http://orcid.org/0009-0003-9034-9272

	Comparative analysis of different treatment strategies for septic spondylitis: a retrospective study of one hundred and twelve patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Inclusion criteria and exclusion criteria
	Inclusion criteria
	Surgical intervention

	PS diagnostic criteria and research objects
	PS diagnostic criteria
	Object of study

	Research Object Grouping and treatment methods
	Grouping of research subjects
	Treatment methods for research subjects

	Clinical Data
	Statistical methods

	Results
	General Data Comparison
	Imaging characteristics comparison
	Comparison of pathogenic bacterial culture results
	Comparison of changes in inflammatory markers
	Treatment complications comparison
	Hospital Stay Duration, Duration of Antibiotic Use, and hospitalization costs comparison
	Treatment outcome comparison

	Discussion
	Conclusion
	References


