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Pyogenic spondylodiscitis presents significant diagnostic and therapeutic challenges. In Germany, 
a comprehensive understanding of its epidemiology and inpatient management outcomes is 
limited, hindering the optimisation of therapeutic strategies. This study aimed to characterise the 
evolving epidemiological trends of pyogenic spondylodiscitis in Germany, and concurrently evaluate 
inpatient management strategies and outcomes. We performed a retrospective population-based 
study of spondylodiscitis cases in Germany from 2005 to 2021, utilising data from the German 
Federal Statistical Office database. The parameters assessed were incidence trends, demographic 
characteristics, inpatient management strategies, and inpatient mortality. The study found a 
significant rise in the population-adjusted incidence of spondylodiscitis in Germany from 2005 to 2021, 
increasing by 104% from 5.4 to 11.0 cases per 100,000 individuals (p < 0.001). The highest number 
of diagnoses was recorded in 2019. Age group-adjusted data revealed the largest relative changes 
in the “90 + ” age group, followed by the “80–89” and “70–79” age groups. These increases were not 
solely attributable to population changes but were also confirmed after calculating the age-group-
adjusted incidence rates. Additionally, our statistical analysis demonstrated that both age and year 
significantly influenced the incidence of spondylodiscitis. Over the same period, inpatient mortality 
also surged significantly by 347% (p < 0.001), with the highest increase recorded in the 90 + age group, 
observing a 2450% rise (p < 0.001). The mean length of inpatient stay decreased by 15% (p < 0.05). 
Concurrently, there was a significant increase in surgical interventions using spinal stabilisation 
procedures (p < 0.001), which might suggest a shift in the treatment paradigm for spondylodiscitis. 
The results underscore a concerning rise in spondylodiscitis incidence and mortality in Germany, 
particularly affecting the ageing population. A notable shift towards surgical intervention was 
observed. The data highlights the urgent necessity for high-level evidence studies comparing surgical 
versus conservative treatment, thereby guiding optimised therapeutic strategies.

Abbreviations
ICD	� International statistical classification of diseases and related health problems
OPS	� Operation and procedure codes (“Operation- und Prozeduren-Schlüssel”)

Pyogenic spondylodiscitis is a serious bacterial infection affecting the intervertebral disc space and nearby 
vertebrae. It has specific types caused by fungi, Mycobacterium tuberculosis, or Brucella. However, the Western 
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world has a higher prevalence of the nonspecific pyogenic type, primarily caused by Staphylococcus aureus, 
Streptococcus species, Pseudomonas aeruginosa, and Enterococcus species1–5.

Patients with pyogenic spondylodiscitis present with a spectrum of clinical manifestations. The severity of 
the infection, its location in the spine, and the patient’s comorbidities greatly influence these manifestations2,6,7. 
A significant challenge lies in the disease’s nonspecific symptomology, often leading clinicians to delay diagnosis.

Timely identification and appropriate intervention are imperative to minimize the associated morbidity and 
mortality. An in-depth understanding of the disease’s epidemiology is not just academic but pivotal. It provides 
insights into vulnerable populations, thereby aiding the design of effective preventive strategies. Over the past 
two decades, a surge in the incidence of spinal infections has been reported8–12.

Despite the recent contribution by Lang et al. to the epidemiology of pyogenic spondylodiscitis in Germany13, 
there remains a significant and unaddressed question. While Lang and colleagues shed light on the general epi-
demiology, our primary aim is to discern: Is this uptick genuine across age groups, or is it merely a reflection of 
an ageing population with a consistent incidence within specific age cohorts? As we move forward, considering 
the evolving surgical tools and techniques, it’s imperative to ascertain whether there’s a paradigm shift in man-
agement strategies. However, understanding the true nature of the disease’s incidence, especially within distinct 
age groups, remains at the forefront of our investigation.

Therefore, the present study aimed to assess the age-group-specific incidences of non-specific spondylodiscitis 
in Germany. Furthermore, it seeks to analyse in-hospital mortality trends and the prevalence of instrumented 
surgical interventions. Data from inpatients treated for pyogenic spondylodiscitis were obtained from the Federal 
Office of Statistics (Statistisches Bundesamt/Destatis) for this purpose.

Methods
In order to characterise the incidence of spondylodiscitis in Germany, the hospital-admitted patient care activity 
reports from the Destatis database between 2005 and 2021 were analysed. The database contains details of all 
secondary and tertiary care (inpatient) admissions, accident and emergency attendances, and outpatient appoint-
ments across German hospitals. The database offers big data which can be mined and analysed for trends and 
patterns in relevant quantitative and qualitative healthcare parameters such as the epidemiological evolution of 
particular diseases, as well as the development in discharge types after in-patient stay, and treatment outcomes. 
The database is openly available to the public and characterises hospital admission activity stratified by diagnostic 
(ICD-10) code. Furthermore, the information available also includes treatment measures classified according 
to the official operation and procedure code (OPS). The OPS codes corresponding to certain ICD codes can be 
obtained from the linked database upon request.

Codes that were extracted include the number of diagnoses of non-specific spinal infections (total and age-
stratified), mean length of hospital stay (total and age-stratified), and discharge type (regular, against medical 
advice, transfer to other hospitals, discharge to rehab/care home/hospice, death) between 2005 and 2021 clus-
tered per year.

It is pertinent to highlight that our dataset captures patients transferred between acute hospitals, thereby 
offering a comprehensive account of mortalities within these settings. However, patients who were transferred 
to rehabilitation centres or other secondary healthcare facilities, and might have subsequently passed away there, 
are not encompassed within our dataset.

Given the absence of a singular ICD-10 code uniquely identifying pyogenic non-specific spondylodiscitis, 
we determined cases based on three ICD-10 codes, which are conventionally utilized to represent this disease: 
M46.2 (“Osteomyelitis of vertebra”), M46.3 (“Infection of intervertebral disc (pyogenic)”), and M46.4 (“unspeci-
fied discitis”). For the scope of our analysis, we scrutinized cases where the coded OPS codes, specifically 5-836 
(“spondylodesis”), 5-837 (“vertebral body replacement”), and 5-838 (“complex reconstructions of the spinal 
column”), were directly associated with the aforementioned ICD-10 diagnoses. This ensures that we are observ-
ing surgical interventions that are explicitly linked to the spondylodiscitis diagnosis.

The incidence was then calculated using absolute mid-year population estimates and the relative distribution 
of age groups, sourced from Destatis.

Statistical analysis
Descriptive statistics were used to summarize the data on diagnoses, the type of discharges, and mortality rates 
(Table S1, Supplementary Material) for spondylodiscitis between 2005 and 2021, overall and per age group. Data 
cleaning was minimal as the dataset was largely complete, and no imputation was required. To calculate the 
population-adjusted incidence, the Destatis data variables for each year were divided by the German population 
mid-year estimate of the respective year. Furthermore, to accurately understand the incidence of the disease 
amidst the epidemiological transition caused by demographic changes, the incidence was calculated for each 
age group separately by considering the annual proportional share of each age group in the total population. A 
trend analysis was performed to determine if there was a significant increase or decrease in the incidence over 
time. The mortality:total diagnoses ratio was also calculated to determine whether there was a shift in treat-
ment outcomes. To examine the age distribution of patients with spondylodiscitis, the mean age and IQR were 
calculated. To investigate any discharge type differences in spondylodiscitis incidence, a comparative analysis 
of deaths versus regular discharge versus discharges against medical advice versus transfer to another hospitals 
versus transfer to rehab/hospice after in-patient stay for spondylodiscitis was performed. To explore changes in 
length of stay over time, the mean length of stay was calculated for each year between 2005 and 2021. To analyse 
the number of deaths and diagnoses, pairwise comparisons by age were made using t-tests with pooled standard 
deviation, adjusting the p-values using the Bonferroni method. The impact of age and year on spondylodiscitis 
incidence was assessed using a two-way ANOVA, followed by Tukey’s test for post-hoc pairwise comparisons. 
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Both multivariate and univariate linear regressions were carried out, considering outcomes related to spon-
dylodiscitis: number of diagnoses, deaths, and length of stay. These analyses factored in explanatory variables 
including year, age, incidence, types of discharge, death, transfer to other hospitals, proportion of discharge being 
death, diagnoses with spinal fusion, vertebral body replacement, and complex spinal reconstruction (Tables S2, 
S3, S5–S8, Supplementary Material). Statistical analyses and graph syntheses were conducted using the R software 
(version 4.0.4). A p-value of less than 0.05 was considered statistically significant (p < 0.05).

Results
In total, the data analysed between 2005 and 2021 revealed 131,982 admissions for pyogenic non-specific spon-
dylodiscitis (ICD-10: M46.4 + M46.3 + M46.2) with 78,881 regular discharges, 1289 discharges against medical 
advice, 6840 deaths, 2847 transfers to other hospitals and 15,890 discharges to rehab facilities/care home/hospice 
after in-patient stay for spondylodiscitis.

Total diagnoses & population‑adjusted incidence
Diagnoses for spondylodiscitis increased by 106%, from 4457 in 2005 to 9167 in 2021 (Fig. 1). The peak was in 
2019, with 10,121. The population-adjusted incidence of spondylodiscitis for all age groups combined from 2005 
to 2021 averaged 9.5 diagnoses per 100,000 population. The incidence increased by 104%, from 5.4 in 2005 to 
11.0 in 2021 (Fig. 2) with the peak in 2019 at 12.2 diagnoses per 100,000 population (Table S1, Supplementary 
Material).

Age group‑adjusted number of diagnoses
The 70–79 age group had the most diagnoses with 44,864 between 2005 and 2021 (34% of the total). This was 
followed by the 60–69 age group (28,344, 21.5%) and the 80–89 age group (27,989, 21.2%). The highest single-
year diagnosis for spondylodiscitis in 2021 was for the 70–79 age group with 2686, and the 80–89 age group 
with 2618 (Fig. 1).

Age group‑adjusted incidence
To characterize the rise in incidence against the epidemiological transition due to demographic change, we 
assessed the incidences for all age groups, accounting for their annual proportional share of the population.

The top three age groups with significant relative changes from 2005 to 2021 were identified. The “90 + ” age 
group experienced the most dramatic increase, with an incidence rate that went from 3.14 in 2005 to 31.90 in 
2021. This was followed by the “80–89” and “70–79” age groups, with incidence rates of 49.72 and 36.51 in 2021, 
respectively.

In our investigation, seven age groups demonstrated a rise in spondylodiscitis incidence from 2005 to 2021 
that surpassed predictions based solely on demographic growth.

Figure 1.   This area chart visually represents the number of spondylodiscitis diagnoses (categorized by ICD-10 
codes: M46.2, M46.3, M46.4) in Germany from 2005 to 2021. The distinct color layers correspond to different 
age groups, illustrating the distribution of these diagnoses across age groups. The vertical axis represents the 
number of diagnoses per 100,000 of the general German population, while the horizontal axis spans the years 
under observation.
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For the 20–29 age group, we noted a modest increase in incidence from 0.45 per 1000 individuals in 2005 to 
0.47 in 2021. Adjusted for demographic changes, the expected incidence was 0.44, showing that the observed 
rise exceeded the predicted figure by 0.03. A similar trend was seen in the 50–59 age group: the observed inci-
dence rose to 8.07 per 1000 individuals in 2021, exceeding the predicted 7.40 by 0.67. This trend was even more 
evident in the 40–49 and 60–69 cohorts, where the observed incidences surpassed the demographic predictions 
by 1.89 and 3.69, respectively.

There were significant discrepancies in the senior age groups. In the 70–79 and 80–89 categories, the actual 
spondylodiscitis cases exceeded the demographic predictions by 15.35 and 19.40, respectively. The most striking 
was the 90 + group, with an observed incidence of 31.90 per 1000 individuals in 2021, outdoing the demographic 
prediction by a considerable 27.50.

These results suggest that the rise in spondylodiscitis diagnoses is not solely attributable to population growth 
but points to an actual increase in the disease’s incidence.

A two-way ANOVA results revealed statistically significant effects of both age (F(9, 144) = 147.107, p < 0.001) 
and year (F(16, 144) = 5.315, p < 0.001) on the incidence. The comparisons within age groups indicated significant 
differences between various age groups (p < 0.05), while comparisons among years showed significant differences 
between multiple years (p < 0.05). These findings suggest that both age and year are important factors influencing 
the incidence of spondylodiscitis.

Types of spinal surgery
From 2005 to 2021, spinal instrumented procedures saw a rise of 153.6%. By the end of this period, in 2021, there 
were a total of 2,675 such procedures (as depicted in Fig. 3). Among all age groups, the most significant surge 
was observed in the 70–79 age bracket, which experienced a growth of 156.6% in these procedures. Diagnoses 
related to vertebral body replacement increased by 30.7%. Interestingly, procedures associated with complex 
spinal reconstruction stopped completely by 2021.

In‑hospital mortality
From 2005 to 2021, there were a total of 6840 in-hospital deaths attributed to spondylodiscitis across all age 
groups, resulting in an overall in-hospital mortality rate of 5.2%. The year 2021 had the most deaths in a single 
year with 684, and within that year, the 80–89 age group registered the highest death count with 316 cases.

Figure 2.   The presented line plots elucidate the age-adjusted incidence rates of spondylodiscitis (ICD-10: 
M46.2, M46.3, M46.4) in Germany spanning the years 2005 to 2021, distinctly represented for various age 
groups. Panel (A) utilizes a linear scale, making evident the absolute changes over the years, while Panel (B) 
employs a logarithmic scale, emphasizing the rate of change across age categories. The black dashed line in 
both panels symbolizes the cumulative incidence rate across all age groups, offering a consolidated view of the 
disease’s prevalence each year.
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Between 2005 and 2021, the most striking increase in deaths was seen in the 90 + age bracket: a surge of 2450% 
or a 25.5-fold rise, moving from just 2 deaths in 2005 to 51 by 2021. Following closely, the 80–89 age group dis-
played an 829% rise or a 9.29-fold increase, with deaths jumping from 34 in 2005 to 316 in 2021.

Combining all age groups, deaths due to spondylodiscitis soared by 347% or 4.47-fold, going from 153 deaths 
in 2005 to the aforementioned 684 in 2021. Concurrently, the overall ratio of deaths to diagnoses climbed by 
117.4% or a 2.17-fold increase, shifting from 0.034 in 2005 to 0.075 in 2021. In 2021, the 90 + age group had the 
most pronounced death-to-diagnosis ratio at 0.1889.

Length of stay
On average, the duration of hospital stays saw a reduction of 15% between 2005 and 2021. The highest length of 
stay in 2021 was recorded for age 60–69 years with 24.3 days, the second highest length of stay was recorded for 
age 70–79 years with 24.7 days. The highest decrease in length of stay was for ages 20–29 years (43% decrease, 
from 18.1 days in 2005 to 10.2 days in 2021). Overall, the trend is decreasing, albeit fluctuating. In regression 
analyses, Year and Age categories were found to significantly correlate with length of stay (LOS), with nearly all 
p-values < 0.05 (Table S8, Supplementary Material).

Types of discharge
Changes in discharge methods were evident between 2005 and 2021, as shown in Fig. 4. Regular discharges rose 
by 90% (from 2785 to 5308) (Table S1, Supplementary Material). Meanwhile, patients discharged against medical 
advice saw an increase of 293% from 30 for all age groups combined in 2005, to 118 (Table S1, Supplementary 
Material). Notably, the number of deaths was negatively correlated with the number of discharges against medical 
advice (p < 0.05) (Table S7, Supplementary Material). Transfers to other medical facilities went up by 127.9%, 
and transfers to rehabilitation centres, care homes, or hospices increased by 81.9%.

Discussion
The primary objective of the present study was to illustrate the evolution of pyogenic spondylodiscitis incidence 
and spotlight its inpatient treatment modalities and associated outcomes within Germany, utilising the reporting 
data of the Federal Statistical Office.

Epidemiological trends and demographic implications
The population-adjusted analysis indicated a near-linear growth in incidence during the investigation period, 
almost doubling to 11.0 per 100,000 from 2005 to 2021. The peak incidence was noted in 2019 at 12.2 per 100,000, 
the highest ever recorded within Germany. Previous literature has documented a surge in incidence but to a 
more conservative extent, between 0.2 and 5.8 cases per 100,000 per annum14–16. Our research group recently 
reported similar elevated figures in England (11.6 per 100,000 population in 2019/2020)12, with comparable 
statistics reported in France (peak incidence of 11.3 per 100,000 in 2019)11. However, the current data does not 
clarify whether the rise in cases is due to the ageing population or an actual increase in the disease’s incidence 
alongside rising comorbidities and immunosuppressive treatments. To investigate this, we considered the annual 

Figure 3.   The depicted line chart illustrates the progression of diagnosed spondylodiscitis cases (ICD-10: 
M46.2, M46.3, M46.4) treated with surgical interventions between 2005 and 2021. The treatments are classified 
into three specific surgical categories: spinal fusion (OPS-2023: 5-836), vertebral body replacement (OPS-
2023: 5-837), and complex spinal reconstruction (OPS-2023: 5-838). A prominent red dashed line signifies the 
cumulative total of these interventions, providing an encompassing view of the surgical treatment trends over 
the years.
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proportional share and its changes over time for each age group when calculating the incidence of spondylo-
discitis. This helps determine if the increase in diagnoses reflects a genuine rise in incidence or is a result of the 
shifting demographics of an ageing society.

When analyzing age group-adjusted incidence, three age groups stood out with significant relative changes 
between 2005 and 2021. The age group “90 + ” exhibited the highest relative change of approximately 915.13%, fol-
lowed by the “80–89” and “70–79” age groups. Among others, these age groups also showed an incidence increase 
that exceeded the growth attributable solely to expectable demographic changes in their respective population 
size. These changes may encompass advancements in diagnostic capabilities, shifts in healthcare accessibility, 
changes in comorbidity prevalence, or even alterations in microbial environments. Our findings thus unravel a 
new narrative around spondylodiscitis epidemiology, suggesting that factors beyond demographic change are 
driving the condition’s rising incidence, yet especially affecting the geriatric population.

Immune decline and increasing risk factors
The heightened susceptibility to infections within the elderly demographic might be attributed to the gradual 
decline of the immune system, a process known as immunosenescence17. The increased prevalence of frailty with 
age also contributes to this trend, which in turn is associated with increased disability, hospitalisation, negative 
health outcomes and overall mortality18,19.

These circumstances are paralleled by a marked increase in the typical risk factors for spondylodiscitis, such 
as diabetes mellitus. The incidence of male patients diagnosed with diabetes in Germany has grown notably fast 
since 2000, having more than doubled from approximately 7.3 million in 2000 to 16.7 million in 2019. Also, the 
incidence of women with diabetes in Germany has increased markedly, from 9.5 million in 2000 to 15.6 million 
in 2019, a rise of more than 50%20. It can also be assumed that there is an increase in the prevalence of immuno-
suppressed patients due to the changing population structure although accurate data on this is not available21.

Projections in surgical interventions
Adding to the weight of these findings, a recent paper Heck et al. provided projections from surgical use models 
in Germany, indicating a significant rise in spinal fusions, especially in patients 75 years and older22. The paper 
highlighted that the incidence rate of posterior spinal fusion is projected to increase by approximately 83% to 
102% per 100,000 inhabitants in 2060. Furthermore, the highest increase was identified in patients aged 75 years 
and older. With these projections in mind, as the global geriatric population continues to grow, both absolutely 
and proportionally, the burden on healthcare systems is set to intensify23,24.

Figure 4.   Displayed is a line chart delineating the distinct types of patient discharges after being hospitalised 
for spondylodiscitis (ICD-10: M46.2, M46.3, M46.4) spanning the years 2005 through 2021. The types of 
discharges include those discharged against medical advice, transferred to rehabilitation or care homes/hospice, 
instances of death, regular discharges, and transfers to other medical institutions. This representation offers a 
comprehensive perspective on patient outcomes and trends for those diagnosed with spondylodiscitis over the 
16-year period.



7

Vol.:(0123456789)

Scientific Reports |        (2023) 13:20225  | https://doi.org/10.1038/s41598-023-47341-z

www.nature.com/scientificreports/

This increase in spinal surgeries, particularly in the geriatric population, holds multifaceted implications. 
Aging, with its associated decline in bone density and the presence of pre-existing comorbid conditions, as men-
tioned above, can present challenges to surgical interventions, ultimately increasing the risk of complications and 
prolonging recovery. Additionally, the psychological and emotional toll on elderly patients undergoing invasive 
procedures can be significant, potentially impacting their overall well-being and rehabilitation prospects25.

Mortality trends across age groups
We observed a pronounced increase in mortality, both in terms of absolute numbers and when evaluated relative 
to reported diagnoses, across all age groups studied. The age groups 80–89 years and 90 + years, in particular, 
showed marked surges in mortality from 2005 to 2021. The age group 80–89 years reported the highest mortal-
ity count in 2021, demonstrating a 9.29-fold escalation since 2005. The age group 90 + exhibited an even more 
significant upswing, with a 25.5-fold increase over the same period.

In parallel with our in-hospital mortality findings, a Danish nationwide register study highlighted a com-
parable uptrend in post-hospitalization mortality for spondylodiscitis, emphasizing the role of comorbidities 
and substance abuse in influencing these outcomes26. Such converging data from different geographic regions 
underscore the gravity of the situation. Although contemporary advancements in diagnostic capabilities and 
treatment approaches for spondylodiscitis are notable, our data indicates that these developments have not 
culminated in a substantive reduction in mortality. This suggests potential gaps in either diagnostic acumen, 
treatment strategies, or post-diagnostic care.

Furthermore, it’s essential to acknowledge that the recorded mortality rates in our dataset might only provide 
a partial view. It’s plausible that the actual threat posed by spondylodiscitis is more formidable than represented, 
given potential underreporting or the omission of mortality from secondary complications and diseases. Address-
ing this requires an integrated approach that not only focuses on direct treatment but also encompasses broader 
preventive and post-care strategies, especially for the vulnerable geriatric population.

Hospitalisation trends and treatment protocols
Regarding patient hospitalisation, we observed a trend towards a shorter length of stay throughout the study 
period, although there were occasional fluctuations. Older patients generally required longer inpatient treat-
ment, and the minimum average length of stay remained significantly over two weeks. This can be attributed to 
a widely implemented standard protocol of two-week intravenous (i.v.) antibiotic therapy, which is an integral 
component of both conservative and surgical treatment approaches. Detailed guidelines regarding the dura-
tion of i.v. antibiotic therapy, which typically necessitates prolonged inpatient care, are currently absent in both 
German and American spondylodiscitis treatment guidelines27,28. The majority of patients returned to their 
habitual residence post-treatment. However, with the escalating incidence, an increasing number of patients 
were transferred to other inpatient facilities for further care. Whether early discharge from inpatient treatment 
is feasible remains undetermined based on existing evidence. The OVIVA study demonstrated that a six-week 
oral antibiotic regimen was non-inferior to i.v. therapy concerning therapeutic success after one year, albeit the 
study had a limited number of spondylodiscitis cases29,30.

Evaluation of surgical approaches
Evaluation of reported OPS codes revealed that both the absolute and proportional number of patients undergo-
ing surgical treatment via spinal stabilisation markedly increased during the investigation period. This therapeutic 
approach was particularly common amongst older patients, possibly contributing to the reduction in hospital 
stays. However, establishing a causal relationship based on the available data is challenging.

Conclusion
Our analysis of the Federal Statistical Office data from 2005 to 2021 underscores an alarming uptick in spondy-
lodiscitis incidence in Germany, nearly doubling to 11.0 per 100,000 individuals – and transcending what could 
be attributed solely to demographic shifts, indicating a genuine escalation of disease incidence. The pronounced 
susceptibility of the geriatric population merits specific consideration. Concurrently, mortality has been increas-
ing both in absolute terms and relative to reported diagnoses, highlighting the serious clinical impact of this 
condition.

While our study leverages extensive data from the Federal Statistical Office, it’s essential to recognize potential 
biases due to varying reporting standards across institutions. The introduction of the DRG system in Germany 
in 2004 could have influenced the early years of our dataset, reflecting an adaptation in hospitals’ coding and 
reporting. Such variations might lead to potential underrepresentation or misclassification of cases. Although 
our data captures cases transferred between acute hospitals comprehensively, it misses patients transferred to 
rehabilitation centres or other secondary healthcare facilities. Consequently, any mortality in those centres 
remains unaccounted for. The overlapping nature of ICD-10 codes for pyogenic non-specific spondylodiscitis 
might have inadvertently included some specific spondylodiscitis cases. We acknowledge that over the years, 
diagnostic standards for spondylodiscitis have evolved, and the accessibility of advanced diagnostic tools such 
as MRI has improved. These advancements might contribute to the perceived increase in the incidence of the 
disease due to enhanced detection capabilities. Other confounding factors, like regional healthcare disparities 
or demographic shifts, could also influence our results.

The observed rise in surgical interventions via spinal stabilisation is noteworthy, but the relationship between 
treatment modalities and observed mortality rates remains ambiguous given our dataset’s constraints. The trends 
indicate an impending significant burden on healthcare systems, emphasizing an urgent need for further research. 



8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:20225  | https://doi.org/10.1038/s41598-023-47341-z

www.nature.com/scientificreports/

This research must be comprehensive, considering the highlighted limitations, and focus on devising targeted 
interventions for the most vulnerable subpopulations to counteract this threat.

Data availability
All relevant data supporting the findings of this study can be accessed within the Supplementary Digital Content 
attached to the article. Additionally, a comprehensive dataset focusing on the epidemiological trends of pyogenic 
spondylodiscitis in Germany is freely available for the public. This dataset, used for this EANS Spine Section 
Study, can be retrieved from our dedicated GitHub repository. For ensuring transparency, replicability, and 
rigorousness of the research, this repository encompasses both the raw and processed data integral to our study. 
Access the dataset via the following link: https://​github.​com/​krame​rneur​osurg​ery/​Pyoge​nicSp​ondyl​odisc​itisT​
rends​Germa​ny.​git. Access the complete R code used in this study via the following link: https://​github.​com/​santh​
oshgt​hava/​Pyoge​nicSp​ondyl​odisc​itisT​rends​German. We strongly encourage fellow researchers and individuals 
with vested interests to employ these resources in their respective research endeavours and subsequent analyses.
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