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Abstract
Purpose  Population-level data on fourth column fractures and prognostic implications remain lacking. This study aimed to 
characterise the epidemiology of thoracic vertebral fractures in Germany, including the prevalence of fourth column injuries 
and geriatric patients, comorbidity burden and the in-hospital mortality across distinct fracture populations.
Methods  A Nationwide cross-sectional administrative inpatient data analysis of all adult thoracic vertebral fracture cases 
(ICD-10-GM S22.0x/S22.1) from the 2024 German Diagnosis Related Groups database was conducted across three groups: 
thoracic spine group (n = 27,315), geriatric subgroup (≥ 75 years; n = 16,276), and fourth column group with concomitant 
sternal fracture (n = 499). Data were provided by the German Institute for the Hospital Remuneration System.
Results  Among 27,814 cases 63.0% were female and 58.5% aged ≥ 75 years. Fourth column fractures (1.8%) defined a 
mechanistically distinct entity: male predominance (57.7%), younger age distribution (≥ 75 years: 30.3% vs. 59.0%), pro-
longed hospitalisation (14.7 vs. 10.1 days) and comorbidity burden (PCCL ≥ 3: 59.3% vs. 11.7%). Mortality in the thoracic 
spine group was 2.00%, rising to 2.89% in patients aged ≥ 75 years, accounting for 86.1% of all deaths. In geriatric subgroup, 
mortality was dominated by acute organ-failure: cardiac arrest (OR = 51.74), sepsis (OR = 42.96) and respiratory insuffi-
ciency (OR = 14.67). In thoracic spine group, concomitant thoracic cage injuries were associated with elevated mortality: 
haemothorax (OR = 5.73) and serial rib fractures (≥ 4 ribs, OR = 3.31).
Conclusions  Fourth column fractures constitute a mechanistically distinct high-energy injury entity, while in the geriatric 
thoracic spine fracture population, mortality is governed by vulnerability rather than fracture severity, suggesting that frailty 
assessment may be of value and risk-stratified clinical pathways.
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Introduction

Thoracic vertebral fractures represent a major and growing 
musculoskeletal burden, accounting for a substantial share 
of all vertebral fractures in Germany [1]. The thoracic spine 
occupies a unique biomechanical position, characterised by 
structural integration of thoracic vertebrae with the rib cage 
through costovertebral and costotransverse articulations and 
by anterior continuity of the thoracic cage through the ster-
num [2, 3]. This anatomical arrangement endows the tho-
racic spine with a degree of intrinsic stability unmatched 
by other regions of the vertebral column [3, 4]. Sternal 
fractures typically occur in the setting of substantial blunt 
chest trauma and are frequently accompanied by additional 
severe injuries, particularly in polytraumatized patients [5]. 
High-energy mechanisms may simultaneously affect the 
sternum and thoracic spine, resulting in complex injury pat-
terns associated with considerable functional impairment 
[4, 6]. Such trauma often involves multiple components of 
the thoracic cage, reflecting the transfer of substantial forces 
across the thorax [7]. Within this biomechanical framework, 
the sternum was identified as an important stabilising ele-
ment of the thoracic spine and sternal fractures repeatedly 
observed in conjunction with thoracic spinal injuries [8].

In 1993, Berg introduced the concept of the sternum and 
rib cage as a “fourth column” (4th column) of structural 
support for the thoracic spine, supplementing Denis’ clas-
sic three column model [9, 10]. Subsequent biomechanical 
studies substantiated this concept, demonstrating that pres-
ervation of rib-cage integrity increased thoracic spinal sta-
bility by approximately 30–40% during flexion–extension, 
lateral bending and axial rotation. Cadaveric and computa-
tional investigations further suggested that the rib–sternum 
complex accounted for up to 78% of overall thoracic spine 
stability [11–13].

Despite this biomechanical significance, clinical evi-
dence on concomitant thoracic cage injuries was largely 
limited to smaller cohorts, historically focused on young 
high-energy polytrauma patients [14]. The recently pro-
posed four-column classification of thoracic fractures has 
renewed interest in the fourth column as a determinant of 
stability and outcome [15]. However, population-level data 
are lacking so far.

Using nationwide inpatient data from the German Diag-
nosis Related Groups (DRG) database, this study pursued 
two primary objectives: first, to determine the population-
level prevalence and clinical characteristics of 4th column 
injuries, thereby providing an epidemiological validation of 
Berg’s biomechanical construct and second, to quantify the 
mortality burden associated with age and comorbidity in the 
geriatric thoracic vertebral fracture population. As a second-
ary objective, we characterised the pattern of concomitant 

thoracic cage injuries and their association with in-hospital 
mortality across these distinct fracture populations.

Methods

Data source and study population

A retrospective cross-sectional analysis was conducted 
using data from the German DRG system, based on diag-
nostic coding according to the International Classification of 
Diseases, 10th Revision (ICD-10) [16]. Data were obtained 
from the German Institute for the Hospital Remuneration 
System (InEK, Germany) and comprised all inpatient cases 
treated in Germany in 2024. The database aggregates records 
of essentially all acute inpatient cases reimbursed under the 
German G-DRG system and provides counts of principal 
and secondary diagnoses (ICD-10-GM), procedures (OPS), 
DRG distribution, length of stay, patient clinical complex-
ity level (PCCL) and in-hospital mortality. The PCCL is 
a patient-level composite score used in the German DRG 
system to quantify the cumulative burden of comorbidities 
and complications. It ranges from 0, indicating no relevant 
comorbidity or complication, to 4, indicating extreme sever-
ity, and directly influences DRG assignment and reimburse-
ment. In the present study, PCCL was used as a proxy for 
overall comorbidity burden, with values of 3 or 4 defined as 
indicating severe or extreme comorbidity.

All adult inpatient cases with a principal or secondary 
diagnosis of thoracic vertebral fracture (ICD-10-GM S22.0x 
and S22.1) were included. For the purposes of this analysis, 
three analytically distinct study groups were defined. The 
first group comprised all thoracic vertebral fracture cases 
without a concomitant sternal fracture (thoracic spine group, 
n = 27,315). The second group was a pre-specified subgroup 
of the thoracic spine group consisting of patients aged ≥
75 years (geriatric subgroup, n = 16,276), defined based on 
the well-established association between advanced age and 
fracture-related mortality in this population. The third group 
comprised cases with a concurrent sternal fracture coded 
as a secondary diagnosis (ICD-10-GM S22.20, S22.21, 
or S22.22), constituting the 4th column fracture group 
(n = 499). 4th column injuries were defined as the concur-
rent occurrence of a thoracic vertebral fracture (principal 
or secondary diagnosis S22.0x or S22.1) and a sternal frac-
ture (secondary diagnosis S22.2x), operationalising Berg’s 
biomechanical 4th column concept at the population level. 
Concomitant thoracic injuries were further characterised 
through additional ICD-10 coding, including rib fractures 
(single, two-rib, and serial ≥4-rib patterns), graded thoracic 
soft-tissue injury (5th-digit S21.8x codes), haemothorax 
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(S27.1/S27.2), traumatic pneumothorax (S27.0), pulmonary 
contusion (S27.31) and cardiac contusion (S26.81).

Cases discharged through transfer pathways were 
excluded from the analysis, including interhospital trans-
fers, transfers within cooperative care arrangements and 
internal transfers between DRG reimbursement categories. 
The InEK system was established during the COVID-19 
pandemic to consolidate nationwide information on hospi-
tal workload across Germany [17]. It functions as a com-
prehensive, nationwide administrative inpatient dataset 
encompassing all German hospitals and thereby provides a 
complete overview of inpatient care activity and healthcare 
system performance. Data inclusion is restricted to cases 
from 1 January 2019 onwards, reflecting its system-wide 
implementation, and participation of all hospitals is manda-
tory. For the present analysis, data were extracted using the 
InEK data browser (accessed on 15 October 2025), with all 
records provided in anonymised form.

Statistical analysis

Secondary diagnoses, comorbidities and complications iden-
tified through ICD-10 coding were summarised as absolute 
frequencies and proportions within each study group. Com-
parative analyses were performed across the thoracic spine 
group, the geriatric subgroup, and the fourth-column group, 
with between-group differences in proportions assessed 
using Pearson’s chi-square test. As the InEK DRG Data 
Browser provides aggregated case-level frequencies rather 
than individual patient records, analyses were performed 
at the population level. Associations between exposures of 
interest and in-hospital mortality were quantified using odds 
ratios (ORs), relative risks (RRs), risk differences and corre-
sponding 95% confidence intervals (CIs), derived from 2 × 2 
contingency tables. As the underlying data are available 
only as aggregated cell frequencies, multivariable adjust-
ment for age, sex, PCCL or other potential confounders was 
not possible. All odds ratios reported herein are therefore 
unadjusted, bivariate estimates and are reported as descrip-
tive associations rather than independent or causal predic-
tors of mortality. Differences in proportions were assessed 
using Pearson’s chi-square test, with Fisher’s exact test 

applied where appropriate. Fracture-level comparisons used 
T11/T12 as the reference. To limit type-I error from mul-
tiple testing, fracture-level comparisons used a Bonferroni-
adjusted α of 0.01 with five comparisons and comorbidity 
screening used the Holm–Bonferroni procedure.

Mortality analysis and OR estimation were performed 
separately for the thoracic spine group and the geriatric sub-
group. Formal mortality quantification for the 4th column 
group was not feasible: the InEK data-protection frame-
work suppresses any reporting cell containing fewer than 
ten cases and the number of deceased patients with a coded 
sternal fracture fell below this threshold. Accordingly, an 
exact mortality rate and comorbidity-specific OR could not 
be derived for this subgroup, only an upper bound of < 2.0% 
is reported. Given the aggregate structure of the dataset, all 
effect estimates reflect population-level associations. The 
study was conducted and reported in accordance with the 
STROBE and RECORD recommendations for observa-
tional studies using routinely collected health data [18, 19].

Results

Cohort characteristics

A total of 27,814 inpatient cases with a thoracic vertebral 
fracture were identified for 2024, forming the overall cohort. 
For analysis, three groups were distinguished: the thoracic 
spine group (n = 27,315, 98.2%), with a geriatric subgroup 
(n = 16,276), comprising patients aged ≥ 75 years and the 
4th column group (n=499, 1.8%), defined as thoracic verte-
bral fractures with a concomitant sternal fracture as second-
ary diagnosis. The overall cohort was predominantly female 
with 63.0% and elderly, with 58.5% aged ≥ 75 years and 
47.5% aged ≥80 years. The mean length of stay was 10.2 
days overall, rising to 11.7 days in patients aged ≥75 years. 
PCCL 0 was present in 66.7% of all cases and PCCL ≥3 in 
12.6%. Demographic and clinical characteristics are sum-
marised in Table 1.

Fracture distribution and level-specific 
mortality

Fracture distribution was strongly polarised toward 
the lower thoracic spine. The T11–T12 segment alone 
accounted for 57.9% with the adjacent T7–T8 and T9–
T10 segments contributing a further 12.6% and 12.1%, 
respectively, bringing the cumulative burden of the lower 
thoracic spine to approximately 82% of the entire cohort. 
Fracture frequency declined systematically with ascending 
spinal level, reaching its nadir at T1–T2 representing 3.1% 

Table 1  Demographic and clinical characteristics of the cohort
Characteristic Overall ≥ 75 years Deceased
n 27,814 16,271 (58.5%) 545 (1.96%)
Female, % 63.0 72.3 47.1
Male, % 37.0 27.7 52.9
Age ≥ 80 years, % 47.5 81.1 76.6
Mean length of stay, days 10.2 11.7 14.8
PCCL 0, % 65.7 61.8 14.5
PCCL ≥ 3, % 12.6 13.5 61.0
PCCL = patient clinical complexity level.
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of cases. In-hospital mortality remained low across all spi-
nal levels, ranging from 1.7% at T5–T6 to 2.2% at T1–T2. 
Logistic regression with T11–T12 as the reference category 
yielded OR between 0.90 and 1.17, with confidence inter-
vals crossing unity at all levels (Fig. 1; Table 2).

Fourth-column fractures

The 4th column group (n = 499) differed from the thoracic 
spine cohort. Men accounted for 57.7% of 4th column 
cases compared with 36.6% in the thoracic spine group 
(p < 0.001). Only 30.3% of 4th column patients were aged 
≥ 75 and 22.8% were aged ≥ 80 years compared with 
59.0% and 48.1% in the thoracic spine group (p < 0.001). 
The mean length of stay was in the 4th column group 
14.7 days compared with 10.1 days in the thoracic spine 
group (p < 0.001). PCCL ≥3 was recorded in 59.3% of 4th 
column cases compared with 11.7% in the thoracic spine 
group (p < 0.001). The fracture level distribution was mark-
edly different: T11/T12 accounted for 25.9% of 4th column 
fractures, while upper thoracic levels T1–T6 collectively 
represented 51.4%, compared with 16.5% in the thoracic 
spine group (p < 0.001). The concomitant injury profile of 
the 4th column group reflected the underlying high-energy 
mechanism: thoracic soft-tissue injury of grade I in 49.7%, 

serial rib fractures, defined as ≥4 ribs involved, in 23.4%, 
pulmonary contusion in 16.2%, traumatic pneumothorax in 
11.2%, haemothorax in 10.8%, cardiac contusion in 4.2% 
and concussion in 13.0%. Polytrauma DRGs were docu-
mented in 9.6% compared with less than 1% in the thoracic 
spine group. For the thoracic spine group, the associated 
concomitant injury prevalences are summarised in Table 3. 
Comparative demographic, injury characteristics of the 
thoracic spine fracture group, the geriatric subgroup (≥ 75 
years) and the 4th column cohort are presented in Table 4.

Overall, in-hospital mortality in the thoracic spine group 
was 2.0%, rising to 2.9% in patients aged ≥ 75 years. Of all 
545 in-hospital deaths, 86.1% occurred in the geriatric sub-
group. Thoracic cage injury diagnoses were associated with 
significantly elevated unadjusted mortality: traumatic hae-
mothorax (OR = 5.73, 95% CI 3.50–9.40), serial rib fractures 
(OR = 3.31, 95% CI 2.36–4.62), thoracic soft-tissue injury 
grade II (OR = 2.10, 95% CI 1.33–3.30), a concomitant tho-
racic vertebral fracture at a non-index level (OR = 1.99, 95% 
CI 1.68–2.37), two-rib fractures (OR = 2.34, 95% CI 1.41–
3.89), single rib fractures (OR = 2.11, 95% CI 1.37–3.26), 
and soft-tissue injury grade I (OR = 1.20, 95% CI 1.01–1.42) 
(Table 5).

Table 2  Fracture level, case volume and in-hospital mortality by spinal 
segment
Level Share (%) Mortality (%) OR vs. T11/T12

(95% CI)
T1–T2 3.1 2.2 1.17 (0.78–1.76)
T3–T4 4.2 1.9 1.01 (0.70–1.46)
T5–T6 7.0 1.7 0.90 (0.66–1.23)
T7–T8 12.6 1.8 0.95 (0.75–1.20)
T9–T10 12.1 1.9 1.00 (0.79–1.27)
T11–T12 (ref) 57.9 1.9 1.00 (ref)
OR = odds ratio; ref = reference category. Level shares are approxi-
mate where adjacent cells were aggregated; no level differed signifi-
cantly from the reference after Bonferroni correction.

Table 3  Prevalence of concomitant injuries in thoracic spine fracture
Concomitant injury (ICD-10-GM) Overall (%) Deceased 

(%)
Thoracic soft-tissue injury, grade I 35.1 39.2
Second thoracic vertebral fracture, other 
level

16.6 18.9

Concomitant L1 fracture 8.9 9.2
Concomitant L2 fracture 4.6 5.5
Concomitant L3 fracture 3.4 4.2
Concomitant L4 fracture 2.3 2.0
Sacral fracture 2.0 2.7
Serial rib fractures (≥ 4 ribs) 2.4 7.1
Two-rib fracture 1.3 2.9
Concussion 4.1 4.2

Fig. 1  Thoracic vertebral fracture 
distribution by spinal level and cor-
responding in-hospital mortality
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Comorbidity burden and mortality

The comorbidity profile differed markedly between survi-
vors and deceased patients across the thoracic spine and 
geriatric subgroups. In the thoracic spine cohort, the PCCL 
distribution shifted from predominantly PCCL 0 (66.7%) 
in all cases to PCCL ≥ 3 in 61.0% of deceased patients. 
Acute organ-failure states carried the strongest unadjusted 
mortality associations: cardiac arrest (OR = 64.95, 95% CI 
43.40–97.21), sepsis (OR = 29.18, 95% CI 20.61–41.32), 

heart failure (OR = 19.21, 95% CI 14.96–24.68), respira-
tory insufficiency (OR = 15.69, 95% CI 13.08–18.82) and 
nosocomial pneumonia (OR = 15.43, 95% CI 12.55–18.98). 
In the geriatric subgroup (≥ 75 years; n = 16,276; mortal-
ity 2.89%), respiratory insufficiency (OR = 14.67, 95% CI 
12.00-17.93), heart failure (OR = 13.73, 95% CI 10.51–
17.94) and nosocomial pneumonia (OR = 13.15, 95% CI 
10.50-16.48) were present in more than 25% of deceased 
geriatric patients (Tables 6 and 7).

The injury severity and clinical profile across all three 
groups is summarised in Table 8. In the 4th column group, 
formal mortality quantification was precluded by InEK data-
protection suppression (< 10 deceased per sternum code; 
upper bound < 2.0%), but the acute injury profile reflects the 
high-energy mechanism: PCCL ≥ 3 in 59.3%, serial rib frac-
tures in 23.4%, pulmonary contusion in 16.2%, and pneu-
mothorax in 11.2% (Table 8).

Discussion

This nationwide analysis of 27,814 inpatient thoracic ver-
tebral fracture cases provides, to our knowledge, the first 
population-level examination of Berg’s 4th column concept 
in a contemporary, predominantly elderly fracture cohort. 

Table 4  Comparative demographic, injury characteristics of the tho-
racic spine fracture group, the geriatric subgroup (≥ 75 years) and the 
4th column cohort
Characteristic Thoracic 

spine 
fracture 
(n = 27,315)

Geriat-
ric ≥ 75 
years 
(n = 16,125)

4th 
column 
(n = 499)

p

Male, % 36.6 27.7 57.7 < 0.001
Age ≥ 75 years, % 59.0 100.0 30.3 < 0.001
Age ≥ 80 years, % 48.1 81.1 22.8 < 0.001
Mean LOS, days 10.1 11.7 14.7 -
PCCL 0, % 66.7 61.8 10.4 < 0.001
PCCL ≥ 3, % 11.7 13.5 59.3 < 0.001
T11/T12, % 57.9 60.7 25.9 < 0.001
Upper BWS T1–
T6, %

16.5 12.7 51.4 < 0.001

Polytrauma DRG, 
%

< 1 < 1 9.6 -

In-hospital mortal-
ity, %

2.00 2.92 < 2.0 -

Table 5  Fourth-column injuries and unadjusted odds of in-hospital 
mortality
Fourth-column injury OR 95% CI p 

(Holm)
Concomitant thoracic vertebral frac-
ture (other level)

1.99 1.68–2.37 < 0.001

Soft-tissue injury grade II (S21.85) 3.27 2.24–4.78 < 0.001
Soft-tissue injury grade I (S21.84) 1.20 1.02–1.41 0.026
OR = odds ratio; CI = confidence interval.

Table 6  Key comorbidity associations with in-hospital mortality
Comorbidity 
(ICD-10-GM)

Over-
all %

Deceased 
%

OR 95% CI

Cardiac arrest < 0.4 9.9 64.95 43.40–97.21
Sepsis 0.5 9.5 29.18 20.61–41.32
Heart failure 1.4 17.2 19.21 14.96–24.68
Respiratory insufficiency 4.7 39.7 15.69 13.08–18.82
Nosocomial pneumonia 2.7 26.2 15.43 12.55–18.98
Pleural effusion 3.5 24.4 10.21 8.30–12.56
Acute bleeding anaemia 5.1 26.2 7.16 5.87–8.73
Delirium 1.7 8.2 5.59 4.06–7.70
Volume depletion 5.7 20.1 4.43 3.57–5.50
Age ≥ 75 years 58.5 86.3 4.55 3.57–5.82
Male sex 37.0 52.9 1.95 1.64–2.31

Table 7  Mortality and key comorbidity associations with in-hospital 
mortality: thoracic spine fracture group and geriatric subgroup (≥ 75 
years)
Parameter Thoracic spine frac-

ture (n = 27,315)
Geriatric 
(n = 16,276)

Mortality
In-hospital mortality, % 2.00 2.89
Age <75 years, % 0.68 —
Age ≥75 years, % 2.89 2.89
Deaths in ≥75 y, % of all 86.3 100
In-hospital deaths, n 546 471
Key comorbidity associations with in-hospital mortality - OR (95% 
CI)
Palliative care (Z51.5) 25.18 (18.42–34.43) 90.53 (55.64–

147.31)
Sepsis 29.18 (20.61–41.32) 42.96 (27.09–

68.13)
Heart failure 19.21 (14.96–24.68) 13.73 (10.51–

17.94)
Respiratory insufficiency 15.69 (13.08–18.82) 14.67 (12.00–

17.93)
Nosocomial pneumonia 15.43 (12.55–18.98) 13.15 (10.50–

16.48)
Pleural effusion 10.21 (8.30–12.56) 7.79 (6.24–9.74)
Acute bleeding anaemia 7.16 (5.87–8.73) 6.99 (5.59–8.72)
Delirium 5.59 (4.06–7.70) 4.43 (3.15–6.24)
Volume depletion 4.43 (3.57–5.50) 3.11 (2.47–3.91)
Age ≥75 years 4.55 (3.57–5.82) 2.55 (2.01–3.51)
Male sex 1.95 (1.64–2.31) 2.78 (2.32–3.35)
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4th column fractures (n = 499, 1.8%) constituted a mecha-
nistically distinct injury entity differing fundamentally from 
the predominant thoracic spine fracture pattern in demo-
graphics, fracture topography and associated injury burden. 
In-hospital mortality in the thoracic spine cohort was over-
whelmingly governed by age and pre-existing comorbidity 
rather than fracture severity, with the geriatric subgroup 
(≥ 75 years) accounting for 86.1% of all deaths. Therefore, 
these observations identified two mechanistically and prog-
nostically distinct thoracic fracture populations, the high-
energy 4th column injury demanding systematic thoracic 
cage evaluation and time-sensitive injury control and the 
comorbidity-driven geriatric fragility fracture requiring 
early frailty assessment and multidisciplinary decompensa-
tion management. Recognising this duality is a prerequisite 
for rational clinical decision-making in thoracic vertebral 
fracture care.

The 4th column: population-level validation of a 
biomechanical construct

Since Berg’s original description in 1993, the biomechani-
cal importance of the sternum–rib complex as a load-bear-
ing structure contributing to thoracic spine stability was 
substantiated through cadaveric and finite-element studies 
[2, 9, 12, 13]. The 4th column classification proposed by 
Reinhold et al. formalised this concept by incorporating 
both direct sternal and indirect rib-cage mechanisms as the 
4th column [20]. The present study confirms, at the national 
epidemiological level, that 4th column occurred in 1.8% of 
hospitalised patients. This prevalence is consistent with the 
mechanistic specificity of sternal-vertebral co-injury, requir-
ing sufficient axial loading to simultaneously disrupt both 
the anterior column and the sternum, a force vector predom-
inantly encountered in high-energy blunt thoracic trauma 
[12, 21]. The demographic and topographic profile of the 
4th column group strongly corroborates the biomechanical 
rationale underlying the concept [22]. In marked contrast 
to the thoracic spine cohort as a whole, which is dominated 
by elderly women sustaining low-energy fragility fractures 

at the thoracolumbar junction, the 4th column group was 
predominantly male with 57.7%, substantially younger (age 
≥ 75 years: 30.3% vs. 59.0%) and injury level concentrated 
in the upper and mid-thoracic spine (T1–T6: 51.4% vs. 
16.5%). The concomitant injury profile with serial rib frac-
tures in 23.4%, pulmonary contusion in 16.2%, traumatic 
pneumothorax in 11.2%, and cardiac contusion in 4.2%, is 
consistent with high-energy chest trauma, the typical mech-
anism of sternal fracture [11, 12]. The polytrauma DRG rate 
of 9.6%, compared with less than 1% in the thoracic spine 
group, further underscores the high-energy injury pattern [5, 
7].

Two prognostically distinct populations within a 
single diagnostic code

Perhaps the most clinically consequential finding of this 
analysis is the coexistence, within the broad administrative 
category of “thoracic vertebral fracture,” of two popula-
tions governed by entirely different mortality mechanisms. 
In the thoracic spine cohort, the 4.3-fold mortality gradi-
ent between patients aged 75 ≥ years and those < 75 years 
identifies age as the factor most strongly associated with 
death [23]. The dominance of acute organ-failure states 
in the geriatric subgroup including sepsis (OR = 42.96), 
respiratory insufficiency (OR = 14.67) and heart failure 
(OR = 13.73) in consistent with in-hospital death as medi-
cal decompensation in a severely comorbid host, precipi-
tated by the physiological stress of fracture rather than the 
fracture itself [5, 24]. Reducing mortality in this population 
therefore depends less on fracture stabilisation than on the 
early recognition and active management of underlying 
medical frailty [25, 26]. In the 4th column group, although 
exact mortality could not be quantified owing to InEK data-
protection suppression, the upper bound of less than 2.0% 
is numerically comparable to the overall thoracic spine rate 
despite a dramatically higher acute injury burden (PCCL ≥ 
3: 59.3% vs. 11.7%). This apparent paradox resolves when 
the substantially younger age structure is considered: with 
only 30.3% of patients aged ≥ 75 years, compared with 

Injury / comorbidity parameter Thoracic spine (n = 27,315) Geriatric (n = 16,276) 4th column (n = 499)
PCCL ≥3, % 11.7 13.5 59.3
Serial rib fractures, % 2.4 1.7 23.4
Pulmonary contusion, % 1.3 0.3 16.2
Traumatic pneumothorax, % 0.9 0.4 11.2
Haemothorax, % 0.6 0.4 10.8
Soft-tissue injury grade II, % 1.8 1.5 6.8
Cardiac contusion, % < 0.1 < 0.1 4.2
Polytrauma DRG, % < 1 0.4 9.6
Age ≥75 years, % 59.0 100 30.3
Mean LOS, days 10.1 11.7 14.7
In-hospital mortality, % 2.00 2.89 < 2.0

Table 8  Injury severity and clini-
cal profile across the three study 
groups: thoracic spine fracture 
group, geriatric subgroup and 4th 
column group
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59.0% in the thoracic spine cohort, the elevated PCCL ≥3 
rate in the 4th column group therefore reflects acute, poten-
tially reversible injury complexity rather than the chronic, 
cumulative multimorbidity predicting death in the elderly 
fragility-fracture population [23, 27]. Therefore, 4th column 
patients may benefit from systematic, time-sensitive injury 
control, whereas geriatric thoracic spine fracture patients 
may require early multidisciplinary decompensation man-
agement. Using a single clinical pathway for both pheno-
types risks under-treating one and over-medicalising the 
other.

The geriatric thoracic spine fracture: a medical 
emergency within an orthopaedic diagnosis

The demographic profile of the thoracic spine cohort with 
63.0% being female and 58.5% aged ≥ 75 years and 47.5% 
aged ≥ 80 years contrasts starkly with the polytrauma litera-
ture on which the 4th column concept was originally based. 
In contemporary practice, the numerically dominant tho-
racic vertebral fracture is the osteoporotic fragility fracture 
of the thoracolumbar junction in an octogenarian woman, 
a presentation fundamentally different in mechanism, sta-
bility and prognosis from the high-energy sternal-vertebral 
injury described by Berg [9]. The current analysis quantifies 
the mortality consequence of this demographic reality: with 
86.1% of all 545 in-hospital deaths occurring in patients 
aged ≥ 75 years and a 4.3-fold age-specific mortality gradi-
ent, the geriatric thoracic spine fracture carries a prognostic 
severity being invisible in aggregate mortality statistics. The 
magnitude of the comorbidity in the geriatric subgroup is 
comparable to mortality effect sizes reported for sepsis in 
intensive care unit cohorts and reflects a population at the 
physiological margin where any intercurrent insult may pre-
cipitate irreversible decompensation [23, 28].

Thoracic cage injury as a severity signal in the 
thoracic spine group

Within the thoracic spine group, concomitant thoracic cage 
injuries were associated with substantially elevated mortal-
ity: haemothorax (OR = 5.73), serial rib fractures (OR = 
3.31), and a second thoracic vertebral fracture at a non-index 
level (OR = 1.99). A graded relationship between rib frac-
ture burden and mortality risk is consistent with the well-
established dose-response between rib fracture number and 
pulmonary morbidity and mortality in blunt thoracic trauma 
literature [15]. These associations should be interpreted as 
markers of a higher-force injury mechanism within the pre-
dominantly low-energy elderly cohort rather than as inde-
pendent causal drivers of death. Nevertheless, they identify 

a clinically recognisable injury pattern prompting monitor-
ing and early intensive care treatment [21, 24].

Clinical implications and future directions

Three actionable implications follow from these findings. 
First, the identification of a sternal fracture on imaging in 
a patient with a thoracic vertebral fracture should trigger a 
systematic 4th column protocol: dedicated assessment for 
rib fractures, haemothorax, pneumothorax, pulmonary con-
tusion and cardiac contusion, with cardiorespiratory moni-
toring. The 9.6% polytrauma DRG rate underscores that 
a substantial minority of 4th column patients arrive in the 
context of multi-system trauma and require trauma team 
activation [7]. Second, for elderly patients with thoracic ver-
tebral fractures, the standard orthopaedic assessment should 
be complemented by structured frailty and decompensation 
screening. Comorbidity patterns associated with the high-
est mortality are identifiable on admission and amenable to 
early intervention. Third, the finding that male sex was asso-
ciated with a substantially higher unadjusted mortality risk 
(OR = 1.95 overall, OR = 2.78 in the geriatric subgroup) 
challenges the prevalent clinical framing of thoracic verte-
bral fractures as predominantly a female fragility-fracture 
problem and argues for heightened vigilance in elderly men 
presenting with thoracic pain after minor trauma [27].

This sex disparity, although statistically in unadjusted 
analysis, was not further explored in the primary analysis 
and merits comment. Several non-mutually exclusive mech-
anisms may contribute. First, men in this age group carry 
a higher baseline burden of cardiovascular and pulmonary 
comorbidity than women, which may reduce physiological 
reserve to withstand the systemic stress imposed by an acute 
fracture. Second, because thoracic fragility fractures are 
clinically framed as a predominantly female disease, older 
men may present later or with more advanced decompensa-
tion and may be under-triaged for frailty assessment relative 
to their female counterparts. Third, given that the overall 
cohort was 63.0% female, the smaller absolute number of 
male cases may include a higher proportion of atypical or 
higher-energy fracture mechanisms not fully captured by 
the coding scheme, potentially inflating the observed mor-
tality association. As the present aggregate-level data can-
not adjudicate between these explanations, the sex-specific 
mortality gradient reported here should be regarded as 
hypothesis-generating and warrants dedicated investigation 
in patient-level cohorts capturing injury mechanism, comor-
bidity profile and frailty status stratified by sex.
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Strengths and limitations

The InEK DRG database captures essentially all reimbursed 
inpatient cases nationwide, minimising selection bias and 
providing precise national counts. However, several limita-
tions follow directly from the data source and must tem-
per interpretation. Most fundamentally, the InEK dataset 
is an administrative reimbursement database rather than a 
dedicated clinical trauma registry: diagnosis and procedure 
coding is generated primarily to support DRG-based hos-
pital remuneration rather than structured clinical research, 
and consequently injury mechanism, fracture morphology, 
imaging findings and other clinically granular variables that 
a purpose-built registry would capture are not available. We 
consider this distinction the most important limitation of 
the data source and have accordingly framed all findings as 
hypothesis-generating, population-level associations rather 
than clinically adjudicated injury characterisation. First, as 
with all registry-based studies, the data are not designed to 
establish causative relationships. Although the accuracy of 
diagnosis coding is assumed to be high due to DRG controls, 
the completeness and accuracy of the data depend on the 
documentation quality provided by healthcare profession-
als. Furthermore, the data are aggregated at the cell level 
and odds ratios are unadjusted. Patient-level confounders 
such as injury mechanism, frailty indices, and treatment 
timing could not be controlled, and adjusted or indepen-
dent associations cannot be claimed. Second, the analysis 
is cross-sectional and limited to a single year, precluding 
trend or causal inference. Third, reliance on administrative 
ICD-10 coding introduces the usual risks of under-coding 
and coding artefacts. Admissions with atypical or undiag-
nosed presentations may have been missed and the data do 
not allow differentiation between acute and chronic cases. 
Additionally, the database provides only in-hospital mortal-
ity data, without mid- or long-term outcomes and post-dis-
charge deaths are not captured. Fourth, although discharge 
reasons such as transfers to other hospitals, transfers as part 
of a cooperation, and internal transfers between DRG fee 
categories were excluded from the analysis, a residual risk 
of double counting cannot be entirely ruled out in some 
instances. Fifth, the analysis is limited to a bivariate assess-
ment of risk factors and does not include a multivariable 
model to account for comorbidities and other confounders. 
A finer stratification of mortality risk by PCCL category, 
beyond the age-based stratification was considered but was 
not feasible, as several of the resulting strata fell below the 
InEK confidentiality threshold of ten cases per reporting 
cell. Sixth, the InEK data-protection threshold of fewer than 
ten cases per reporting cell prevented formal mortality quan-
tification for the 4th column group. The exact number of 
deceased patients with a coded sternal fracture is suppressed 

and only an upper bound of < 2.0% could be derived. OR for 
individual comorbidities within this subgroup are therefore 
not estimable. This constraint specifically limits the compa-
rability of mortality analyses across the three study groups 
and represents a structural limitation of nationwide admin-
istrative data for low-prevalence injury subgroups. Lastly, 
the study’s focus on nationwide data from Germany may 
limit the generalisability of the findings to other healthcare 
systems or regions where access to surgical techniques and 
patient management practices may differ. These constraints 
mean that the associations reported are hypothesis-gener-
ating and should be confirmed in patient-level, preferably 
imaging-based, prospective cohorts allowing for adequate 
adjustment of relevant clinical variables.

Conclusions

In this nationwide cross-sectional analysis, 4th column 
fractures constituted a mechanistically distinct high-energy 
injury entity characterised by male predominance, younger 
age, upper thoracic fracture distribution and a multi-com-
partment concomitant injury profile. In the thoracic spine 
cohort, in-hospital mortality was overwhelmingly governed 
by age and comorbidity: 86.1% of all deaths occurred in 
patients aged ≥ 75 years, with acute organ-failure states car-
rying the highest unadjusted mortality risk in the geriatric 
subgroup. 4th column patients may benefit from systematic, 
time-sensitive thoracic injury-control protocols, whereas 
geriatric fragility-fracture patients may benefit from early 
frailty assessment, multidisciplinary decompensation man-
agement and goals-of-care discussions. Prospective valida-
tion of these risk-stratified pathways is warranted. These 
nationwide data provide the first population-level validation 
of Berg’s 4th column concept in a contemporary predomi-
nantly elderly cohort, quantify the disproportionate mortal-
ity burden of the geriatric thoracic spine fracture and argue 
for risk-stratified clinical pathways distinguishing injury 
complexity from host vulnerability. Confirmation in patient-
level studies with imaging adjudication and multivariable 
adjustment is warranted.
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