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Epidemiological characteristics
of traumatic spinal fractures
among the elderly in China
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The exploration of traumatic spinal fractures (TSFs) within the senior demographic has not been
thoroughly scrutinized, particularly with respect to variations across genders, age groups, seasonal
periods, and causative factors. This retrospective analysis aimed to dissect differences in the
prevalence and characteristics of TSFs among the elderly, factoring in gender, age, seasonal timing,
and causation. A retrospective analysis was conducted on the medical and imaging records of 1,415
patients, all aged 60 years or older, who were diagnosed with TSFs from 2013 to 2019. This study
categorized the data by gender, age groups (60-70, 70-80, and 80 years or older), seasons, and the
cause of injuries, including road traffic crashes (RTCs), falls from low heights (LHF), falls from high
heights (HHF), and injuries incurred during everyday activities and agricultural labor (DFI). Male
patients exhibited notably higher incidences of RTCs, high-height falls (HHFs), outdoor incidents,
comas post-injury, fractures of the lower limbs (LLFs), pelvic fractures (PFs), rib fractures (RFs), intra-
thoracic injuries (ITls), intra-abdominal injuries (IAls), cervical fractures, and spinal cord injuries (SCls).
With advancing age, there was a marked decline in occurrences of RTCs, HHFs, outdoor incidents, RFs,
craniocerebral injuries (CCls), ITls, cervical fractures, and SCls, while the incidences of DFls, indoor
incidents, and thoracic and lumbar (T + L) fractures notably increased. During autumn, LLF occurrences
were significantly reduced, whereas the winter season saw an increase in thoracic fractures. Spring
time was associated with a higher frequency of lumbar fractures and noncontiguous spinal fractures
(NSFs). Significant distinctions were observed in the age distribution, injury circumstances, associated
injuries, and SCls between high-energy impacts (RTCs and HHFs) and low-energy traumas (LHFs

and DFIs). In the elderly demographic, TSFs exhibited discernible distinctions based on gender, age,
seasonal variations, and etiological factors, impacting the nature and circumstances of injuries,
associated traumas, complications, fracture sites, and the occurrence of SCls.
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Aging leads to biomechanical alterations in bone structure, elevating the risk of fractures from falls, whether
from standing or sitting heights, among the elderly. The prevalence of such fragility fractures is escalating, her-
alding significant health repercussions including fractures, mobility reduction, functional impairment, and in
severe scenarios, fatality' ™. Scholarly discourse has recently highlighted traumatic spinal fractures (TSFs) across
various populations, encompassing studies from the United States, Switzerland, Ontario, Saudi Arabia, Japan,
Finland, and the Netherlands®!!, with a noted scarcity of data pertaining to China!>"*. The discourse extends
to examining variances across genders'?, the incidence of osteoporosis'?, fracture rates amid the COVID-19
pandemic'® and strategies for managing elderly patients with spine trauma'’-?. Research delineates the distinct
clinical manifestations of spinal fractures in adults aged 16 to 100, revealing a pronounced correlation between
age, gender, fracture localization, and the complexity of spinal fractures®*?.

Research on the disparities in TSFs among the elderly in China, categorized by gender, age, seasonal impacts,
and causative factors, remains limited. These fractures represent a significant health burden globally, leading to
substantial morbidity and mortality rates. The main global contributors to TSFs include preventable incidents
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such as traffic collisions and falls. There exists a pressing need for comprehensive studies aimed at mapping the
occurrence and determinants of TSFs across various geographical and socio-economic settings, particularly in
countries with lower and middle income levels?. A detailed examination of the variations in associated injuries,
complications, and spinal cord injuries (SClIs) based on demographic characteristics can enhance our under-
standing of the necessity for rapid, accurate diagnosis and treatment. Moreover, it underscores the importance
of developing strategies for the prevention and management of complications and SCIs. Such insights are crucial
for optimizing the allocation of healthcare resources and improving patient outcomes.

This investigation examined and analyzed cases from multiple tertiary hospitals in Chongging and Shenyang,
spanning January 2013 to December 2019. The primary objective was to explore the variances in gender, age,
seasonal timing, and causative factors, with a particular focus on the patterns of concomitant injuries, SCIs, and
complications in TSFs among individuals aged 60 years and above.

Materials and methods

Study population

Utilizing data from the Military Hospital Information Registry Database, this research was a retrospective cross-
sectional analysis covering the period from January 1, 2013, to December 31, 2019. Conducted in alignment
with the Declaration of Helsinki, the Northern Theater Command General Hospital’s Ethics Committee granted
approval for this study. Due to its retrospective and observational nature, and with the assurance that all data
were collected and analyzed anonymously, the requirement for informed consent was exempted by the same
Ethics Committee.

Patients eligible for this analysis were identified based on the following criteria: (i) evidence of spinal fractures
via X-ray, computed tomography (CT), or magnetic resonance imaging (MRI); (ii) admission for spinal frac-
ture treatment during the period from January 1, 2013, to December 31, 2019; and (iii) being aged 60 years or
older. Exclusions were made for (i) individuals with fractures caused by pathological conditions such as tumors,
tuberculosis, or infections; (ii) those readmitted due to complications at the same fracture site; and (iii) cases
with missing data. A retrospective review identified 1,462 elderly patients with spinal fractures presented to our
facilities. Of these, 47 were excluded, resulting in 1,415 patients ultimately being incorporated into the research,
patients caused by injuries sustained during everyday activities and agricultural labor (DFI) without clear causes
maybe suffering from traumatic fractures caused by osteoporosis were included in the current study (Fig. 1).

Evaluation of clinical and radiographic data

Clinical and radiological data of the patients were meticulously examined to document a variety of information,
including demographic details, etiology of injuries such as road traffic accidents (RTAs), falls from heights above
two meters (HHF), falls from heights below two meters (LHF), and injuries sustained during everyday activities
and agricultural labor (DFI) that involved fractures without a clear cause maybe traumatic fractures caused by
osteoporosis. Additionally, the season of the injury (spring, summer, autumn, winter), location of the incident
(indoor or outdoor), concurrent injuries including fractures of lower limbs (LLFs), upper limbs (ULFs), pelvic
fractures (PFs), ribs (RFs) and craniocerebral injuries (CClIs), intra-thoracic injuries (ITIs), and intra-abdominal
injuries (IAls), chronic conditions (heart disease, lung disease, diabetes mellitus), states of unconsciousness
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Figure 1. Flow diagram of study subjects.
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post-injury, lifestyle factors (smoking and alcohol consumption), complications such as deep vein thrombosis
(DVT), pneumonia, pressure ulcers, urinary infections, and fatalities, site of the fracture, SCIs, and the treat-
ments administered were all recorded.

Statistical analysis

The dataset underwent analysis using SPSS software (version 24.0, SPSS Inc., USA). The decision to use the chi-
square test or Fisher’s exact test for categorical data hinged on the configuration of the data. A P-value below
0.05 was considered indicative of statistical significance.

Ethical approval

All procedures were in accordance with the ethical standards of the Institutional Research Committee and with
the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. The study proto-
col was approved by the Ethics Committee of the General Hospital of the Northern Theater Command of the
Chinese PLA.

Results

General demographic data

A detailed review of patient files from 2013 to 2019 revealed insights into 1,415 cases of TSFs in the elderly
demographic. Analysis showed a gender distribution of 471 males (33.3%) and 944 females (66.7%), with a
comprehensive count of 2,172 vertebral fractures. The mean age of patients affected by these spinal fractures was
determined to be 70.7 years, with a range from 60 to 94 years old. The data indicated a predominance of spinal
fractures in individuals aged between 60 and 70 years, making up 48.5% of the cases. Seasonal analysis revealed
that fractures were most frequently reported during the autumn and winter months, with incidences at 26.3%
and 26.2%, respectively. The leading causes of these fractures were identified as falls from a low height (40.0%),
with the majority of these incidents (52.2%) occurring in outdoor environments. Among the patients, 27 (1.9%)
experienced coma subsequent to their injuries, and 157 (11.1%) had additional injuries, with ITIs being the most
common at 77 cases (5.4%), followed by CCls at 48 cases (3.4%). Surgical treatment was administered to 1,027
patients (72.6%), among which percutaneous kyphoplasty (PKP) or percutaneous vertebroplasty (PVP) emerged
as the most utilized techniques, accounting for 58.3% of the interventions (Table 1).

Differences according to different genders, ages, seasons and causes

In the male patient group, there was a notably higher occurrence of RTCs, HHFs, outdoor incidents, coma post-
injury, LLFs, PFs, RFs, I'TTs, IAIs, cervical fracture locations, and SCIs, with statistical significance achieved across
these categories (P <0.001 for most, P =0.005 for PFs, and P=0.011 for IAIs) (Table 1, Fig. 2). Age progression
showed a marked decrease in the incidences of RTCs, HHFs, outdoor events, RFs, craniocerebral injuries (CCls),
ITIs, cervical fractures, and SCIs. Conversely, there was a significant increase in daily life and DFIs, indoor
occurrences, and T + L fracture locations (Table 2, Fig. 3). In the autumn cohort, a lower frequency of LLFs was
observed, whereas the winter group saw a rise in thoracic fracture locations. The spring cohort experienced an
increase in lumbar fracture locations and NSFs (Table 3, Fig. 4). A distinct variation was evident between the
incidences of high-energy (RTCs and HHFs) and low-energy (LHFs and DFIs) damage across different age
groups, injury settings, associated injuries, and SCIs (Table 4, Fig. 5).

Distribution of SCl and fractured levels

Out of the total, 221 patients (15.6%) experienced SCIs. According to the American Spinal Injury Association
(ASIA) classification, a subset of 51 patients (3.6% of the overall cohort) had complete motor and sensory loss
(ASIA A). Furthermore, there were ten individuals (0.7%) who had complete motor loss but retained some
sensory functions (ASIA B), 27 patients (1.9%) who had limited motor functionality (ASIA C), 133 patients
(9.4%) who maintained useful motor functionality (ASIA D), and a large majority, 1,194 patients (84.4%), who
showed no neurological deficits. Notably, SCI occurrences, particularly ASIA A injuries, were significantly more
frequent among male patients, those aged between 60 and 70, and those who sustained injuries from high-energy
impacts (Fig. 6). The study encompassed 1,415 participants, presenting with a total of 2,172 vertebral fractures,
which were distributed across five anatomical regions: cervical (C1-C7) in 153 vertebrae, thoracic (T1-T10) in
365 vertebrae, thoracolumbar (T11-L2) in 1,317 vertebrae, and lumbar (L3-L5) in 337 vertebrae. A higher inci-
dence of cervical vertebra fractures was observed in male patients and those injured due to high-energy impacts,
compared to their female counterparts and those with low-energy-related injuries (Fig. 7).

Discussion

In the current study, we utilized data from the Military Hospital Information Registry Database to do this
research. The Military Hospital Information Registry Database is the electronic medical record system used in
the military hospitals, and the patients treated in the hospitals came from society. The roles of patients and types
of disease admitted to military hospitals and non-military hospitals were basically the same. The highest inci-
dence of spinal fractures among elderly patients was observed in the 60-70 year age group, representing 48.5% of
cases. As the demographic continues to age, an upward trend in the incidence of spinal fractures among elderly
individuals, particularly in older women, is anticipated. The male subgroup showed a markedly higher incidence
of injuries from high-energy impacts, including LLFs, PFs, RFs, I'TIs, IAlSs, cervical fractures, and SCIs. With the
population’s aging, there was a significant reduction in the frequency of high-energy injuries, outdoor incidents,
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Data Total Male Female P

Total 1415 471 944

Age

60-70 686 (48.5%) 244 (51.8%) | 442 (46.8%) 0.087
70-80 533 (37.7%) 160 (34.0%) | 373 (39.5%) 0.049
>80 196 (13.9%) 67 (14.2%) 129 (13.7%) 0.837
Chronic disease

Hypertension 194 (13.7%) 55 (11.7%) 139 (14.7%) 0.137
Diabetes mellitus 84 (5.9%) 25 (5.3%) 59 (6.3%) 0.557
Heart disease 108 (7.6%) 41 (8.7%) 67 (7.1%) 0.334
Lung disease 64 (4.5%) 24 (5.1%) 40 (4.2%) 0.551
Tumor 26 (1.8%) 7 (1.3%) 19 (0.1%) 0.628
Previous history

Smoking 122 (8.6%) 97 (20.6%) | 25 (2.6%) <0.001
Drinking 39 (2.8%) 39 (8.3%) 0 <0.001
Injury season

Spring 321(22.7%) | 117 (24.8%) | 204 (21.6%) 0.194
Summer 351 (24.8%) 124 (26.3%) | 227 (24.0%) 0.384
Autumn 372 (26.3%) 115 (24.4%) | 257 (27.2%) 0.286
Winter 371 (26.2%) | 115 (24.4%) | 256 (27.1%) 0.305
Injury cause

RTCs 113 (8.0%) 65 (13.8%) 48 (5.1%) <0.001
LHF 566 (40.0%) 175 (37.2%) | 391 (41.4%) 0.137
HHF 95 (6.7%) 73 (15.5%) | 22 (2.3%) <0.001
DFI 231 (41.1%) 133 (28.2%) | 448 (47.5%) <0.001
Others 41 (4.2%) 25 (5.3%) 35 (3.7%) 0.205
Injury circumstances

Indoors 348 (24.6%) 102 (21.7%) | 246 (26.1%) 0.081
Outdoors 739 (52.2%) 298 (63.3%) | 441 (46.7%) <0.001
Others 328 (23.2%) 71 (15.1%) 257 (27.2% <0.001
Coma after injury 27 (1.9%) 19 (4.0%) 8(0.8%) <0.001
Associated injuries

LLFs 35(2.5%) 22 (4.7%) 13 (1.4%) <0.001
ULFs 21 (1.5%) 8 (1.7%) 13 (1.4%) 0.812
PFs 20 (1.4%) 13 (2.8%) 7 (0.7%) 0.005
RFs 40 (3.8%) 31 (6.6%) 23 (2.4%) <0.001
CCIs 48 (3.4%) 27 (5.7%) 21 (2.2%) 0.595
ITIs 77 (5.4%) 48 (10.2%) | 29 (3.1%) <0.001
1AIs 7 (0.5%) 6 (1.3%) 1(0.1%) 0.011
Complications

DVT 14 (1.0%) 3 (0.6%) 11 (1.2%) 0.508
Pneumonia 21 (1.5%) 11 (2.3%) 10 (1.1%) 0.102
Pressure sores 4(0.3%) 1(0.2%) 3(0.3%) 1.000
Urinary infection 3(0.2%) 0 3(0.3%) 0.541
Dead 1(0.1%) 1(0.2%) 0 0.723
Fracture location

C 94 (6.6%) 75 (15.9%) 19 (2.0%) <0.001
T 456 (32.2%) | 106 (22.5%) | 350 (37.1%) | <0.001
L 623 (44.0%) 221 (46.9%) | 402 (42.6%) 0.136
C+T 6 (0.4%) 5(1.1%) 1(0.1%) 0.030
C+L 2(0.1%) 2(0.4%) 0 0.210
T+L 231 (16.3%) 61 (13.0%) 170 (18.0%) 0.019
Others 3(0.2%) 1(0.2%) 2 (0.2%) 1.000
NSFs 281 (19.9%) 76 (16.1%) 205 (21.7%) 0.016
SCI

A 51 (3.6%) 41 (8.7%) 10 (1.1%) <0.001
B 10 (0.7%) 6 (1.3%) 4(0.4%) 0.144
Continued
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C 27 (1.9%) 16 (3.4%) 11 (1.2%) 0.007
D 133 (9.4%) 55(11.7%) | 78 (8.3%) 0.048
E 1194 (84.4%) | 353 (74.9%) | 841 (89.1%) | <0.001
Treatments

PVP/PKP 805 (56.9%) 187 (39.7%) | 618 (65.5%) | <0.001
Conservative treatment 315 (22.3%) 104 (22.1%) | 211 (22.4%) 0.962
Give up surgery 59 (4.2%) 24 (5.1%) 35 (3.7%) 0.276
Posterior surgery 172 (12.2%) 102 (21.7%) | 70 (7.4%) <0.001
Anterior surgery 50 (3.5%) 42 (8.9%) 8(0.8%) <0.001
Others 14 (1.0%) 12(2.5%) | 2(0.2%) <0.001

Table 1. Gender differences in the clinical characteristics of TSFs among the elderly. RTCs road traffic crashes,
LHF low-height fall, HHF high-height fall, DFI daily life and farmland work injury, LLFs lower limb fractures,
ULFs upper limb fractures, PFs pelvic fractures, RFs fractures of ribs, CCIs craniocerebral injuries, ITIs intra-
thoracic injuries, IAIs intra-abdominal injuries, DVT deep venous thrombosis, NSFs noncontiguous spinal
fractures, SCI spinal cord injury, P: male vs. female.
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Figure 2. Characteristics of TSFs according to different genders.

RFs, craniocerebral injuries CCls, ITTs, cervical fractures, and SCIs. Conversely, the occurrence of daily life and
DFlIs, indoor incidents, and T + L fracture locations saw a significant increase.

Age-related morphological and functional alterations in the musculoskeletal system might affect the
mechanical loading on vertebral bodies, thereby increasing the likelihood of fractures, especially among older
women'*>?4, This trend could be linked to observed differences in age-related patterns and bone mineral den-
sity between genders®, with females experiencing more significant bone loss than males?®. Male patients were
significantly younger and more likely to sustain a traumatic fracture, while female patients more commonly
presented with osteoporotic fractures®. Our findings are in line with the secular trends observed in minimal
trauma hip, proximal humerus, and distal humerus fractures among elderly patients?’~*!. Fall was found to be
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Data 60-70 70-80 >80 PI;P2;P3
Total 686 533 196
Male/Female (sex ratio) | 244/442 (0.6) | 160/373 (0.4) |67/129 (0.5) | 0.048;0.785;0.324

Chronic disease

Hypertension 73 (10.6%) 72 (13.5%) 49 (25.0%) 0.149;< 0.001;< 0.001
Diabetes mellitus 36 (5.2%) 32 (6.0%) 16 (8.2%) each>0.05

Heart disease 36 (5.2%) 44 (8.3%) 28 (14.3%) 0.047;< 0.001;0.023
Lung disease 20 (2.9%) 19 (3.6%) 25 (12.8%) 0.635;< 0.001;< 0.001
Tumor 9 (1.3%) 11 (2.1%) 6(3.1%) each>0.05

Previous history

Smoking 73 (10.6%) 34 (6.4%) 15 (7.7%) 0.012;0.273;0.658
Drinking 27 (3.9%) 11 (2.1%) 1(0.5%) 0.089;0.029;0.257
Injury season

Spring 150 (21.9%) | 132 (24.8%) |39 (19.9%) | each>0.05

Summer 179 (26.1%) 129 (24.2%) 43 (21.9%) each>0.05

Autumn 179 (26.1%) 139 (26.1%) 54 (27.6%) each>0.05

Winter 178 (25.9%) | 133(25.0%) | 60 (30.6%) | each>0.05

Injury cause

RTCs 80 (11.7%) 29 (5.5%) 4(2.0%) <0.001;< 0.001;0.079
LHF 281 (41.0%) | 209 (39.3%) |76 (38.8%) | each>0.05

HHF 77 (11.2%) 17 (3.2%) 1(0.5%) <0.001;< 0.001;0.072
DFI 104 (15.2%) 255 (47.9%) 112 (57.1%) | <0.001;< 0.001;0.032
Others 34 (5.0%) 23 (4.3%) 3(1.5%) each>0.05

Injury circumstances

Indoors 128 (18.7%) 152 (28.6%) 68 (34.7%) <0.001;< 0.001;0.129
Outdoors 448 (65.3%) 236 (44.4%) 55 (28.1%) <0.001;< 0.001;< 0.001
Others 110 (16.0%) | 145 (27.3%) |73 (37.2%) | <0.001;< 0.001;0.011
Coma after injury 20 (2.9%) 6 (1.1%) 1 (0.5%) each>0.05
Associated injuries

LLFs 20 (2.9%) 9 (1.7%) 6(3.1%) each>0.05

ULFs 11 (1.6%) 10 (1.9%) 0 each>0.05

PFs 13 (1.9%) 5(0.9%) 2 (1.0%) each>0.05

RFs 39 (5.7%) 12 (2.3%) 3 (1.5%) 0.005;0.027;0.754
CCIs 35 (5.1%) 11 (2.1%) 2 (1.0%) 0.009;0.021;0.530
ITIs 59 (8.6%) 14 (2.6%) 4 (2.0%) < 0.001;0.003;0.855
TAIs 6 (0.9%) 1(0.2%) 0 each>0.05
Complications

DVT 6 (0.9%) 5(0.9%) 3 (1.5%) each>0.05
Pneumonia 13 (1.9%) 7 (1.3%) 1 (0.5%) each>0.05
Pressure sores 3(0.4%) 0 1 (0.5%) each>0.05
Urinary infection 2(0.3%) 1(0.2%) 0 each>0.05

Dead 1(0.1%) 0 0 each>0.05
Fracture location

C 64 (9.3%) 25 (4.7%) 5(2.6%) 0.003;0.003;0.281
T 221 (32.2%) 178 (33.5%) 57 (29.1%) each>0.05

L 299 (43.6%) 230 (43.2%) 94 (48.0%) each>0.05

C+T 4(0.6%) 2 (0.4%) 0 each>0.05

C+L 2(0.3%) 0 0 each>0.05 or NM
T+L 93 (13.6%) 98 (18.4%) 40 (20.4%) 0.026;0.024;0.609
Others 3(0.4%) 0 0 each>0.05 or NM
NSFs 126 (18.4%) | 114 (21.4%) | 41(20.9%) | each>0.05

SCI

A 44 (6.4%) 7 (1.3%) 0 <0.001;0.001;0.236
B 6 (0.9%) 2 (0.4%) 2 (1.0%) each>0.05

C 19 (2.8%) 6 (1.1%) 2 (1.0%) each>0.05
Continued
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Frequency

Frequency

Frequency

D 70 (10.2%) 49 (9.2%) 14 (7.1%) each>0.05
E 547 (79.7%) 469 (88.2%) 178 (90.8%) | < 0.001;0.001;0.348

Table 2. Age differences in the clinical characteristics of TSFs among the elderly. RTCs road traffic crashes,
LHF low-height fall, HHF high-height fall, DFI daily life and farmland work injury, LLFs lower limb fractures,
ULFs upper limb fractures, PFs pelvic fractures, RFs fractures of ribs, CCIs craniocerebral injuries, ITIs intra-
thoracic injuries, IAIs intra-abdominal injuries, DVT deep venous thrombosis, NSFs noncontiguous spinal
fractures, SCI spinal cord injury, NM not measurable, P1 60-70 vs. 70-80, P2 60-70 vs. > 80, P3 70-80 vs. = 80.
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Figure 3. Characteristics of TSFs according to different age groups.

the commonest mechanism of TSI”*'". In Catalonia, female sex, older age was associated with a higher inci-
dence of major osteoporotic fractures””. Female patients had greater rates of traumatic spinal injury (TSI). Older
patients had greater rates of TSI, especially related to falls”. Elderly patients (= 65 years of age) made up 42% of all
patients in the Netherlands''. Therefore, it’s imperative to implement strategies for fall prevention in the elderly
to manage the growing burden of these age-related fractures effectively. With the aging of the population, the
prevalence of osteoporosis and fracture is anticipated to continue to increase in China. Current policies regard-
ing osteoporotic fracture prevention in many countries have mainly focused on postmenopausal women, but
our data highlighted the importance of early recognition of high risk of fracture in both men and women based
on risk factors and not just BMD">.

This research indicated seasonal fluctuations in the incidence of spinal fractures among elderly patients.
Specifically, a decreased occurrence of LLFs was observed in the autumn cohort. In contrast, the winter cohort
saw a marked increase in thoracic fractures, while the spring cohort experienced a rise in lumbar fractures and
NSFs. The autumn (26.3%) and winter (26.2%) seasons recorded the highest frequencies of spinal fractures
in this demographic. The underlying causes for these seasonal patterns are not fully understood, yet several
hypotheses®*~*¢ have been proposed, including the adverse conditions of winter, characterized by longer periods
of darkness and colder temperatures™, and the risk of slipping on ice and snow*. Additionally, hypothermia in
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Data Spring Summer Autumn Winter PI1;P2;P3;P4;P5;P6
Total 321 351 372 371

Male/Female (sex ratio) 117/204 (0.6) | 124/227 (0.5) | 115/257 (0.4) | 115/256 (0.4) | each>0.05

Age

60-70 150 (46.7%) 179 (51.0%) 179 (48.1%) 178 (48.0%) each>0.05

70-80 132 (41.1%) 129 (36.8%) 139 (37.4%) 133 (35.8%) each>0.05

>80 39 (12.1%) 43 (12.3) 54 (14.5%) 60 (16.2%) each>0.05
Chronic disease

Hypertension 35(10.9%) 46 (13.1%) 65 (17.5%) 48 (12.9%) P2=0.019

Diabetes mellitus 15 (4.7%) 19 (5.4%) 28 (7.5%) 22 (5.9%) each>0.05

Heart disease 23 (7.2%) 27 (7.7%) 25 (6.7%) 33 (8.9%) each>0.05

Lung disease 13 (4.0%) 21 (6.0%) 12 (3.2%) 18 (4.9%) each>0.05

Tumor 4 (1.2%) 7 (2.0%) 9 (2.4%) 6 (1.6%) each>0.05
Previous history

Smoking 28 (8.7%) 33 (9.4%) 31 (8.3%) 30 (8.1%) each>0.05
Drinking 9 (2.8%) 13 (3.7%) 9 (2.4%) 8(2.2%) each>0.05

Injury cause

RTCs 32 (10.0%) 25 (7.1%) 24 (6.5%) 32 (8.6%) each>0.05

LHF 114 (35.5%) 136 (38.7%) 164 (44.1%) 152 (41.0%) P2=0.027

HHF 25 (7.8%) 29 (8.3%) 23 (6.2%) 18 (4.9%) each>0.05

DFI 136 (42.4%) 141 (40.2%) 142 (38.2%) 162 (43.7%) each>0.05

Others 14 (4.4%) 20 (5.7%) 19 (5.1%) 7 (1.9%) P5=0.012; P6=0.029
Injury circumstances

Indoors 77 (24.0%) 89 (25.4%) 88 (23.7%) 94 (25.3%) each>0.05
Outdoors 162 (50.5%) 189 (53.8%) 203 (54.6%) 185 (49.9%) each>0.05

Others 82 (25.5%) 73 (20.8%) 81 (21.8%) 92 (24.8%) each>0.05

Coma after injury 10 (3.1%) 7 (2.0%) 5(1.3%) 5(1.3%) each>0.05
Associated injuries

LLFs 12 (3.7%) 6 (1.7%) 3 (0.8%) 14 (3.8%) P2=0.017; P6=0.014
ULFs 6 (1.9%) 6 (1.7%) 5(1.3%) 4 (1.1%) each>0.05

PFs 3(0.9%) 8 (2.3%) 4(1.1%) 5 (1.3%) each>0.05

RFs 15 (4.7%) 12 (3.4%) 10 (2.7%) 17 (4.6%) each>0.05

CClIs 16 (5.0%) 12 (3.4%) 10 (2.7%) 10 (2.7%) each>0.05

ITIs 22 (6.9%) 21 (6.0%) 14 (3.8%) 20 (5.4%) each>0.05

TAIs 1(0.3%) 4(1.1%) 0 2 (0.5%) each>0.05
Complications

DVT 2 (0.6%) 3(0.9%) 3(0.8%) 6 (1.6%) each>0.05
Pneumonia 2 (0.6%) 8(2.3%) 3(0.8%) 8(2.2%) each>0.05

Pressure sores 0 2 (0.6%) 2(0.5%) 0 each>0.05 or NM
Urinary infection 0 1(0.3%) 1(0.3%) 1(0.3%) each>0.05

Dead 1(0.3%) 0 0 0 each>0.05 or NM
Fracture location

C 16 (5.0%) 30 (8.5%) 26 (7.0%) 22 (5.9%) each>0.05

T 92 (28.7%) 95 (27.1%) 127 (34.1%) | 142 (38.3%) | P3=0.010; P4=0.012; P5=0.002
L 153 (47.7%) 166 (47.3%) 148 (39.8%) 156 (42.0%) P2=0.044; P4=0.042
C+T 3(0.9%) 2 (0.6%) 1(0.3%) 0 each>0.05

C+L 1(0.3%) 1(0.3%) 0 0 each>0.05 or NM
T+L 54 (16.8%) 56 (16.0%) 70 (18.8%) 51 (13.7%) each>0.05

Others 2 (0.6%) 1(0.3%) 0 0 each>0.05 or NM
NSFs 87 (27.1%) 67 (19.1%) 67 (18.0%) 60 (16.2%) P1=0.017; P2=0.005; P3=0.005
SCI

A 7 (2.2%) 21 (6.0%) 11 (3.0%) 12 (3.2%) P1=0.023

B 1(0.3%) 4 (1.1%) 4(1.1%) 1(0.3%) each>0.05
Continued
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Frequency

Frequency

C 6 (1.9%) 7 (2.0%) 8(2.2%) 6 (1.6%) each>0.05
30 (9.3%) 34 (9.7%) 48 (12.9%) 21 (5.7%) P6=0.001
E 277 (86.3%) 285 (81.2%) 301 (80.9%) 331 (89.2%) P5=0.003; P6=0.002

Table 3. Season differences in the clinical characteristics of TSFs among the elderly. RTCs road traffic crashes,
LHF low-height fall, HHF high-height fall, DFI daily life and farmland work injury, LLFs lower limb fractures,
ULFs upper limb fractures, PFs pelvic fractures, RFs fractures of ribs, CCIs craniocerebral injuries, ITIs intra-
thoracic injuries, IAIs intra-abdominal injuries, DVT deep venous thrombosis, NSFs noncontiguous spinal
fractures, SCI spinal cord injury, NM not measurable, PI Spring vs. Summer, P2 Spring vs. Autumn, P3 Spring
vs. Winter, P4 Summer vs. Autumn; P5 Summer vs. Winter, P6 Autumn vs. Winter.
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Figure 4. Characteristics of TSFs according to different seasons.

older individuals, restricted mobility, and the awkwardness associated with wearing multiple layers of clothing
during colder months could increase the likelihood of falls*. Consequently, modifying environmental factors
to minimize tripping or slipping hazards, coupled with enhanced education on home safety and fall prevention
for the elderly, could potentially lower the rate of spinal fractures, aligning with observed seasonal trends.
Differences were notably observed between injuries from high-energy impacts, such as RTCs and HHFs,
versus those from low-energy sources, like low-height falls (LHFs) and daily life and DFIs, in terms of age
distribution, circumstances of injury, associated injuries, and SCIs. Approximately 20.7% of elderly individuals
presenting with TSFs displayed neurological deficits'*. In our study, neurological deficits were present in 15.6%
of elderly patients with spinal fractures, with a higher prevalence found in RTCs (21.1%) and HHFs (43.2%),
as compared to LHFs (15.0%) and DFIs (9.1%). Furthermore, associated injuries were reported in 11.5% of
all elderly patients with TSFs'* with this study observing a 15.7% occurrence, and ITIs emerging as the most
common associated injury. Significant variance in the distribution of associated injuries between high-energy
damage (RTCs and HHFs) and low-energy damage (LHFs and DFIs) highlights the necessity for prompt, precise
diagnosis and intervention, especially for injuries resulting from high-energy impacts. Predominant subsequent
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Data RTCs HHF LHF DFI P1;P2;P3;P4;P5;P6

Total 113 95 566 581

Male/Female (sex ratio) 65/48 (1.4) | 73/22(3.3) | 175/391 (0.4) | 133/448 (0.3) |each<0.05

Age

60-70 80 (70.8%) |77 (81.1%) | 281 (49.6%) 214 (36.8%) P1=0.121;0thers< 0.05

70-80 29 (25.7%) 17 (17.9%) | 209 (36.9%) 255 (43.9%) P1=0.239; others< 0.05

>80 4(3.5%) 1(1.1%) 76 (13.4%) 112 (19.3%) | P1=0.476; others< 0.05

Chronic disease

Hypertension 4(12.4%) |4 (4.2%) 102 (18.0%) 69 (11.9%) P4=0.001; P5=0.040; P6=0.005
Diabetes mellitus 4(12.4%) | 4(4.2%) 36 (6.4%) 27 (4.6%) P2=0.041; P3=0.003

Heart disease 9 (8.0%) 3(3.2%) 54 (9.5%) 41 (7.1%) each>0.05

Lung disease 11 (9.7%) 2 (2.1%) 22 (3.9%) 27 (4.6%) P1=0.048; P2=0.016; P3=0.051
Tumor 0 1(1.1%) 10 (1.8%) 14 (2.4%) each>0.05

Previous history

Smoking 15(13.3%) |20 (21.1%) |53 (9.4%) 27 (4.6%) P1=0.191; P2=0.275; others< 0.05
Drinking 6 (5.3%) 8 (8.4%) 16 (2.8%) 6 (1.0%) P1=0.539; P2=0.285; others< 0.05
Injury season

Spring 32(28.3%) |25(26.3%) |114(20.1%) 136 (23.4%) each>0.05

Summer 25(22.1%) |29 (30.5%) |136(24.0%) 141 (24.3%) each>0.05

Autumn 24(21.2%) |23 (24.2%) |164(29.0%) | 142 (24.4%) |each>0.05

Winter 32 (28.3%) 18 (18.9%) | 152 (26.9%) 162 (27.9%) each>0.05

Injury circumstances

Indoors 0 6(6.3%) 181 (32.0%) 154 (26.5%) each< 0.05

Outdoors 113 (100%) |89 (93.7%) | 385 (68.0%) |99 (17.0%) each< 0.05

Others 0 0 0 328 (56.5%) each< 0.05 or NM

Coma after injury 15(13.3%) |7 (7.4%) 2(0.4%) 0 P1=0.249;P6=0.468; others< 0.05
Associated injuries

LLFs 18 (15.9%) |4 (4.2%) 9 (1.6%) 1(0.2%) P4=0.193; others< 0.05

ULFs 4 (3.5%) 6 (6.3%) 9 (1.6%) 0 P1=0.544; P2=0.315; others< 0.05
PFs 9 (8.0%) 9 (9.5%) 2 (0.4%) 0 P1=0.890; P6=0.468; others< 0.05
RFs 26 (23.0%) | 8 (8.4%) 4(2.5%) 0 each< 0.05

CClIs 21 (18.6%) 14 (14.7%) | 8 (1.4%) 0 P1=0.580; others< 0.05

ITIs 32(28.3%) 18 (18.9%) |20 (3.5%) 0 P1=0.158; others< 0.05

1Als 4 (3.5%) 2(2.1%) 0 0 P1=0.842; others< 0.05 or NM
Complications

DVT 2(1.8%) 1(1.1%) 7 (1.2%) 4(0.7%) each>0.05

Pneumonia 4(3.5%) 5 (5.3%) 7 (1.2%) 2(0.3%) P3=0.005; P4=0.021; P5< 0.001
Pressure sores 0 1(1.1%) 2 (0.4%) 0 each>0.05 or NM

Urinary infection 0 1(1.1%) 1(0.2%) 1(0.2%) each>0.05

Dead 0 1(1.1%) 0 0 each>0.05 or NM

Fracture location

C 18 (15.9%) |25(26.3%) |39 (6.9%) 5(0.9%) P1=0.095; others< 0.05

T 30 (26.5%) |21 (22.1%) | 158 (27.9%) 227 (39.1%) P3=0.016; P5=0.002; P6< 0.001

L 54 (47.8%) |35(36.8%) |290(51.2%) | 218 (37.5%) | P4=0.013; P6< 0.001

C+T 0 2(2.1%) 3(0.5%) 1(0.2%) each>0.05

C+L 0 0 2 (0.4%) 0 each>0.05 or NM

T+L 10 (8.8%) 11 (11.6%) |73 (12.9%) 130 (22.4%) P3=0.002; P5=0.024; P6< 0.001
Others 1 (0.9%) 1(1.1%) 1(0.2%) 0 each>0.05

NSFs 16 (14.2%) 14 (14.7%) |90 (15.9%) 146 (25.1%) P3=0.016; P5=0.038; P6< 0.001
SCI

A 5 (4.4%) 19 (20.0%) |17 (3.0%) 2(0.3%) P2=0.625; others< 0.05

B 0 3(3.2%) 6(1.1%) 1(0.2%) P5=0.005

C 6 (5.3%) 9 (9.5%) 6 (1.1%) 5(0.9%) P1=0.375; P6=0.965; others< 0.05
Continued
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Frequency

Frequency

D 13 (11.5%) | 10(10.5%) | 56 (9.9%) 45 (7.7%) each>0.05
89 (78,8%) |54 (56.8%) | 481 (85.0%) 528 (90.9%) P2=0.132; others< 0.05

Table 4. Cause differences in the clinical characteristics of TSFs among the elderly. RTCs road traffic crashes,
LHF low-height fall, HHF high-height fall, DFI daily life and farmland work injury, LLFs lower limb fractures,
ULFs upper limb fractures, PFs pelvic fractures, RFs fractures of ribs, CCIs craniocerebral injuries, ITIs intra-
thoracic injuries, IAIs intra-abdominal injuries, DVT deep venous thrombosis, NSFs noncontiguous spinal
fractures, SCI spinal cord injury, NM not measurable, PI RTCs vs. HHF, P2 RTCs vs. LHE, P3 RTCs vs. DFI, P4
HHEF vs. LHE, P5 HHF vs. DFI, P6 LHF vs. DFL
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Figure 5. Characteristics of TSFs according to different causes.

comorbidities were pneumonia (1.5%) and deep venous thrombosis (1.0%). Hence, implementing aggressive
chest-protective measures is advocated to reduce respiratory complications related to spinal fractures in elderly
patients, particularly for those affected by RTCs and HHFs.

Strengths and limitations

This investigation was a multicentre retrospective analysis aimed at discerning the differences in gender, age,
seasonal occurrence, and causative factors in the characteristics of TSFs within the elderly demographic. Such
insights are crucial for the optimal allocation of public health resources, the crafting of preventive strategies,
and the enhancement of diagnosis and treatment methodologies. There were some limitations in the study. The
study’s retrospective nature and cases from military hospitals introduces potential for selection bias. Addition-
ally, the absence of data on bone mineral density, serum calcium, and vitamin D levels was noted as a limitation.
Furthermore, the often silent progression of osteoporosis and the resultant fractures are predominantly under
diagnosed and undermanaged within China¥. Despite these constraints, the gathered epidemiological data offers
valuable guidance for the prevention of TSFs among the elderly.
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Figure 6. Frequencies of SCI according to different genders, ages, seasons and causes.

Conclusions

Within the elderly demographic, TSFs exhibited distinct variations based on gender, age, seasonal patterns, and
causative factors, influencing the nature of injuries, their circumstances, accompanying injuries, subsequent
complications, fracture locations, and the occurrence of SCIs. These disparities highlight the need for tailored
approaches in prevention, diagnosis, and management of TSFs among older adults.
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