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Introduction Multiple fractures are of high clinical relevance, as a significant increase in mortality
rate has been described. The purpose of this study was to evaluate differences in age and gender
distribution in multiple fractures dependent on severity of trauma. Furthermore, affected anatomic
regions and frequently associated fracture regions were investigated.
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in this study, 118 patients with 306 fractures did not fulfill 
the inclusion criteria.

Age and gender distribution in patient population

Overall, 14,769 male and 10,274 female patients with 35,087 
and 22,775 multiple fractures (2.32 fractures per fracture 
event in male patients; 2.17 fractures per fracture event in 
female patients), respectively, were included. While in con-
trast, a continuous increase was observed in female patients 
with age, a continuous increase with a maximum value 
in the age range of 54–70 and a slight decrease thereafter 
were found in the male population (Table 1). In total, males 
showed significantly higher proportions of multiple fractures 
among all fractures than the female population (Table 2). 
The absolute number of patients with multiple fractures 
per age group relative to the Austrian population showed 
an increase of multiple fractures with age especially in the 
female population (Fig. 1) [21].

Comparing the age group of > 70—in which most of the 
multiple fractures in proportion to all fractures occurred in 
total—and the other age groups, statistically significant dif-
ferences were seen in each group. The differences relative 
to age group of > 70 declined with increasing age (Table 2), 
reflecting the age-dependent growing amount of multiple 

fractures. All comparisons showed very narrow confidence 
intervals due to the large sample size and were highly sig-
nificant (all p values below 0.001).

Table 1  Absolute number 
of patients with fractures 
and multiple fractures and 
percentage of patients with 
multiple fractures among all 
fracture patients subdivided into 
gender and age

Number of patients with 
fractures

Number of patients with 
multiple fractures

Percentage of patients with multiple 
fractures among all fracture patients

Male Female Total Male Female Total Male (%) Female (%) Total (%)

(0–15) 53,398 34,270 87,668 979 488 1467 1.8 1.4 1.7
(16–30) 56,051 22,384 78,435 3011 742 3753 5.4 3.3 4.8
(31–53) 77,501 44,807 122,308 6372 1869 8241 8.2 4.2 6.7
(54–70) 30,388 43,599 73,987 2938 2596 5534 9.7 6.0 7.5
(> 70) 17,080 53,993 71,073 1469 4579 6048 8.6 8.5 8.5
Total 234,418 199,053 433,471 14,769 10,274 25,043 6.3 5.2 5.8

Table 2  Comparison of groups 
showing differences (%), 
confidence intervals, and p 
values

Differences (%) 95% CI p value

Gender
 Male vs female (all fractures) 1.14 [1.0; 1.3] < 0.001
 Male vs female (high-traumatic) 2.54 [2.4; 2.7] < 0.001
 Male vs female (low-traumatic) − 1.03 [− 1.3; − 0.8] < 0.001

Fracture causes
 High-traumatic vs low-traumatic 0.2 [0.1; 0.4] 0.004

Age
 > 70 vs 0–15 6.84 [6.6; 7.1] < 0.001
 > 70 vs 16–30 3.72 [3.5; 4.0] < 0.001
 > 70 vs 31–53 1.77 [1.5; 2.0] < 0.001
 > 70 vs 54–70 1.03 [0.8; 1.3] < 0.001

Fig. 1  Absolute number of patients with multiple fractures relative to 
the Austrian population (a) and proportion (%) of patients with mul-
tiple fractures among all fracture patients (b) subdivided into age and 
gender

Methods Patients who had sustained multiple fractures
between 2000 and 2012 were included in this study. At
hospital admission, patients were divided according to
trauma severity (high- vs low-traumatic), gender, and
age for demographic analysis. Fractures were grouped
in anatomical regions, and multiple fracture event
probabilities as well as frequently associated regions
were calculated.

Results In total, 25,043 patients at an age range of 0–
100 years (5.8% of all fracture patients; 14,769 male and
10,274 female patients) who sustained 57,862 multiple
fractures were included. The lumbar/thoracic spine,
cervical spine, femoral shaft, skull, and pelvis showed a
probability of more than 40% of the presence of further
fractures in each high-traumatic fracture event. In high-
traumatic fracture events, male patients were more
affected (p < 0.001). Considering low-traumatic fractures,
female patients had a significantly higher proportion (p <
0.001) of multiple fractures among all fractures than
male patients.

Conclusions As a novelty, gender
as well as age distributions in
multiple fracture patients and a
probability statement with the most
affected anatomic regions, the risk
of presence of further fractures for
every region, and the frequently
associated fracture regions
including the percentage of
occurrence are provided. These
aspects yield new opportunities for
clinical work and may reduce the
high rate of overlooked fractures
stated in the literature.
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Patient population divided as to high- 
and low-traumatic fractures

In the group of patients with high-traumatic fractures, the 
number of multiple fractures in relation with all fractures 
steadily increased both in men and in women, with the high-
est proportion in the age group of > 70 years (Fig. 2). Taking 
into account only high-traumatic fractures, men had sus-
tained more multiple fractures than women in absolute terms 
as well as in proportion of all fractures (Table 3).

In the low-traumatic multiple fracture group, the propor-
tion of multiple fractures among all fractures also increased 
in all age groups in both men and women (Fig. 2). In total, 

the female group showed higher absolute numbers of low-
traumatic multiple fractures and a higher share in relation 
with all fractures, contrary to the high-traumatic group 
(Tables 3, 4).

These gender differences in both the high- and low-trau-
matic groups were altogether statistically significant. The 
height of the total proportion of high-traumatic multiple 
fractures differed significantly from that of the low-traumatic 
multiple fractures (Table 2).

Fracture patterns of anatomic regions in multiple 
fractures

While the thorax, in absolute numbers, was the most fre-
quently involved fracture region in high-traumatic multiple 
fractures, the lumbar and thoracic spine showed the highest 
proportion of multiple fractures among all fractures. When 
fractures occurred in the cervical spine, femoral shaft, skull 
or pelvis, the probability that there were multiple fractures 
was more than 40% for each of the regions. The three most 
frequently associated fracture regions of the lumbar/thoracic 
spine were the thorax, pelvis, and shoulder girdle, which 
together accounted for 57%. The cervical spine often frac-
tured in combination with the thorax, the lumbar/thoracic 
spine and the shoulder girdle. In 58% of the skull fractures, 
fractures of the facial bone, thorax or shoulder girdle were 
also found (Fig. 3).

Fig. 2  Proportion (%) of patients with multiple fractures among all 
fracture patients subdivided into severity of accident (high-/low-trau-
matic), age, and gender

Table 3  Absolute number of 
patients with high-traumatic 
fractures and multiple fractures 
and percentage of patients 
with high-traumatic multiple 
fractures among all high-
traumatic fracture patients 
subdivided into gender and age

Number of patients with 
high-traumatic fractures

Number of patients with 
high-traumatic multiple 
fractures

Percentage of patients with high-
traumatic multiple fractures

Male Female Total Male Female Total Male (%) Female (%) Total (%)

(0–15) 41,649 24,988 66,637 723 309 1032 1.7 1.2 1.5
(16–30) 47,058 17,444 64,502 2697 638 3335 5.7 3.7 5.2
(31–53) 60,040 28,566 88,606 5474 1286 6760 9.1 4.5 7.6
(54–70) 18,409 17,020 35,429 2126 1061 3187 11.5 6.2 9.0
(> 70) 4819 7399 12,218 638 747 1385 13.2 10.1 11.3
Total 171,975 95,417 267,392 11,658 4041 15,699 6.8 4.2 5.9

Table 4  Absolute number of 
patients with low-traumatic 
fractures and multiple fractures 
and percentage of patients with 
low-traumatic multiple fractures 
among all low-traumatic 
fracture patients subdivided into 
gender and age

Number of patients with low-
traumatic fractures

Number of patients with 
low-traumatic multiple 
fractures

Percentage of patients with low-
traumatic multiple fractures

Male Female Total Male Female Total Male (%) Female (%) Total (%)

(0–15) 11,749 9282 21,031 256 179 435 2.2 1.9 2.1
(16–30) 8993 4940 13,933 314 104 418 3.5 2.1 3.0
(31–53) 17,461 16,241 33,702 898 583 1481 5.1 3.6 4.4
(54–70) 11,979 26,579 38,558 812 1535 2347 6.8 5.8 6.1
(> 70) 12,261 46,594 58,855 831 3832 4663 6.8 8.2 7.9
Total 62,443 103,636 166,079 3111 6233 9344 5.0 6.0 5.6
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