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Abstract

Aim: Many trauma patients have associated orthopaedic injuries at admission. The existing literature regarding
orthopaedic trauma often focuses on single injuries, but there is a paucity of information that gives an overview of
this group of patients. Our aim was to describe the differences in characteristics between polytrauma patients > 65
and <65 years of age suffering orthopaedic injuries.

Methods: Patients registered in the Norwegian Trauma Registry (NTR) with an injury severity score (ISS)> 15 and
orthopaedic injuries, who were admitted to Haukeland University Hospital in 2016-2018, were included. Data
retrieved from the patients'hospital records and NTR were analysed. The patients were divided into two groups based
on age.

Results: The study comprised 175 patients, of which 128 (73%) and 47 (27%) were aged < 65 (Group 1) and > 65 years
(Group 2), respectively. The ISS and the new injury severity score (NISS) were similar in both groups. The dominat-

ing injury mechanism was traffic-related and thoracic injury was the most common location of main injury in both
groups. The groups suffered a similar number of orthopaedic injuries. A significantly higher proportion of Group 1
underwent operative treatment for their orthopaedic injuries than in Group 2 (74% vs. 53%). The mortality in Group

2 was significantly higher than that in Group 1 (15% vs. 3%). In Group 2 most deaths were related to traffic injuries
(71%). High energy falls and traffic-related incidents caused the same number of deaths in Group 1.1n Group 1
abdominal injuries resulted in most deaths, while head injuries was the primary reason for deaths in Group 2.

Conclusions: Although the ISS and NISS were similar, mortality was significantly higher among patients

aged > 65 years compared to patients <65 years of age. The younger age group underwent more frequently surgery
for orthopaedic injuries than the elderly. There may be multiple reasons for this difference, but our study does not
have sufficient data to draw any conclusions. Future studies may provide a deeper understanding of what causes
treatment variation between age groups, which would hopefully help to further develop strategies to improve out-
come for the elderly polytrauma patient.

Keywords: Major trauma, Multiple trauma, Polytrauma, Orthopaedic injuries, Older adults, Traumatic, Epidemiology,
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Background

Severely injured patients comprise a major challenge and
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on long-term outcomes [2]. These patients often undergo
multiple surgical procedures for their orthopaedic inju-
ries. Moreover, the subsequent rehabilitation of ortho-
paedic injuries frequently requires vast resources [2, 3].

The existing literature regarding orthopaedic trauma
often focuses on single injuries, whereas studies describ-
ing the characteristics of the patients sustaining these
injuries are scarce [4]. Information about the extent,
localisation, and outcomes of trauma-related injuries may
affect the treatment of these patients.

Trauma registries are useful tools for quality assess-
ment of trauma systems. Analysing registry data may
provide valuable information about the patient group and
the treatment given, which in turn can be used to evalu-
ate and improve e.g. treatment protocols [5].

Previously, traumatic injuries were primarily affecting
young men, but as the population ages, the number of
older trauma patients is increasing [6, 7]. When exposed
to traumatic injury, advanced age is often a liability asso-
ciated with increased mortality and morbidity [8]. The
elderly are characterized by limited physiologic reserves,
high frequency of underlying diseases and polyphar-
macy, which increases the risk of post-injury complica-
tions and poor functional outcome [9]. Data suggest that
despite their vulnerabilities, the elderly frequently receive
inferior trauma care when compared to younger patients
[9]. Improving patient safety and reducing the risk of
increased morbidity and mortality for vulnerable groups
like the elderly, are important aspects of trauma care
development. Hence, there is need for particular focus on
the epidemiology of geriatric trauma patients.

Aim

The purpose of this study was to describe differences
in characteristics between polytrauma patients> 65
and <65 years of age, suffering orthopaedic injuries and
hospitalised in a major university hospital in Norway
during the period 2016-2018.

Methods
The Norwegian Trauma Registry (NTR) is a national
medical quality registry established in 2006, with web-
based registrations starting in 2015. NTR’s main objec-
tive is to monitor, assess, and improve quality of trauma
care. It is a collective endeavour, where 38 trauma-receiv-
ing hospitals supply information to a national database
[10]. Certified personnel collect data from injury to reha-
bilitation, in accordance with the Utstein template [11];
classify injuries according to the abbreviated injury scale
(AIS) [12]; and calculate the injury severity score (ISS)
[13]and new injury severity score (NISS) [14].

NTR includes all patients admitted with trauma
team activation (TTA) upon arrival at the emergency
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department irrespective of severity scores (ISS/NISS),
as well as individuals admitted with penetrating inju-
ries, severe head injuries (AIS>3) and NISS>12 in the
absence of TTA. Patients who succumb on the site of
injury or during transportation are also included if pre-
hospital resources were activated. However, patients with
solitary chronic subdural hematoma and bodily harm
without concomitant trauma are not included in the
NTR [7].

Annually, the NTR retrieves information on approxi-
mately 8,000 trauma patients, of whom 1:8 have an
ISS>15. Approximately 12% of the patients with an
ISS>15 in Norway are admitted to Haukeland Univer-
sity Hospital (HUH) in Bergen, one of four trauma cen-
tres (TCs) in Norway and the regional TC in the western
health region of Norway (Rogaland and Vestland) [10,
15]. The population in the 45,000-km2 area is approxi-
mately 1.1 million, a third of which live in the two major
regional centres Bergen and Stavanger [16].

All patients registered in HUH’s local NTR data-
base with an ISS>15 during the period 2016—2018 were
included in the study. ISS>15 is the most common
threshold when defining major trauma [17]. Exclusion
criteria were the absence of fracture or dislocation in the
spinal column, extremities, or pelvis. Patients with soli-
tary cervical spine fractures, solitary penetrating injuries
of the neck, or solitary hand fractures were also excluded,
as these patients are treated in non-orthopaedic wards at
HUH. A total of 175 patients were included in this study.
Data were retrieved from the local NTR database and
from the patients’ electronic hospital medical records.

From the NTR we retrieved the patient’s identification
number, sex, age, preinjury physical status as defined by
the American Society of Anesthesiologists (ASA PS clas-
sification) [18], ISS, NISS, mechanism of injury (MOI),
whether the traumatic event was work related, highest
level of treatment, length of stay (LOS) in the intensive
care unit (ICU) and in-hospital LOS. Further, informa-
tion about AIS codes, mortality at day 30, and, when
available, cause of death were analysed.

From the patient records, we retrieved information
about the main injury, number of orthopaedic injuries,
localisation of the orthopaedic injuries, open vs. closed
orthopaedic injury, whether the patient received opera-
tive treatment for orthopaedic injuries, and, if so, loca-
tion, type of operative treatment, and time until surgery.

The patients were divided into two age groups: Group
1 (age <65 years) and Group 2 (age > 65 years). Data on
the age distribution of the population in Western Norway
for the study period were obtained from Statistics Nor-
way [19].

All fractures and dislocated joints treated by the ortho-
paedic surgeons at HUH, were registered as orthopaedic
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injuries. Segmental fractures were classified as one frac-
ture. However, if a long bone had a proximal and a dis-
tal fracture with a spared segment in between, this was
recorded as two injuries if the fractures required two dif-
ferent types of treatment. Fractures involving connecting
segments of the spine were recorded as a single injury.
However, two spinal fractures separated by an unin-
jured segment, were considered as two injuries. Frac-
tures involving both the radius and ulna (antebrachium
fracture) were recorded as one injury, as were lower leg
fractures (crus fracture), except when the fractures were
located at different levels. If a patient had more than one
fracture of the pelvis, it was recorded as a single injury.
The sacrum was considered part of the pelvis and not
the spine. Crush injury of the foot or fractures involv-
ing connecting bones in the foot, were recorded as single
injuries. Solitary fractures and dislocations in the cervi-
cal spine, hand, ribcage, and head, were not considered
orthopaedic injuries as they are treated by other medical
specialities than the orthopaedic surgeons at HUH.

Operative treatment included both surgery and closed
reduction of dislocated bones where anaesthetic proce-
dures were employed. Some patients came to the hos-
pital in the final hours of the day and received operative
treatment the same night (<12 h after admission). These
instances were recorded as 0 days to operation, even if
the actual date on which the procedure took place was
one calendar day after the hospital admission date. The
term “Not an option” under “External fixation” implies
that the injury could not be treated with external fixation,
e.g. fracture in the spinal column.

In the AIS classification system different injuries have
sometimes the same severity score. Thus, to register the
injury with the most severe impact on patient outcome
we used discharge codes, according to the 10th version
of the International Statistical Classification of Diseases
and Related Health Problems (ICD-10), in an attempt
to grade injuries with the same AIS severity score. The
injury considered most severe based on ICD-10 codes in
the patient’s medical journal was registered as the main
injury. These were categorised as either injury to the ‘tho-
rax, ‘head; ‘pelvis, ‘abdomen, ‘spinal column), ‘extremities,
‘neck; or ‘burns’

In the NTR, traffic-related injuries involving pedes-
trians, bicycles, motorcycles, cars, and other means of
transportation are coded in different categories. These
were all registered as ‘traffic-related’ in this study. The
categories ‘firearm injury’ and ‘penetration by sharp or
pointy object’ were both coded as ‘penetrating. Other
categories comprised ‘high-energy fall (HEF)" (fall from
a height>1 m) and ‘low-energy fall (LEF)’ (fall from the
standing position, or a height<1 m), ‘hit by blunt object,
‘explosion; and ‘other’ None of our patients sustained
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injuries caused by an explosion, hence this category is not
presented in the tables.

“Highest level of treatment” is a parameter registered
in NTR to measure resource demands. The intensive care
unit is considered to be the highest treatment level, fol-
lowed by postoperative care unit, operating room, ward
and emergency department as the lowest treatment level.

Statistical analysis

Data are shown as numbers (n) and proportions (%);
means and standard deviations (SD) for continuous vari-
ables; and medians and interquartile ranges (IQR) for
categorical variables. Categorical variables were analysed
using the Pearson’s chi-squared test or Mann—Whitney U
test, and the independent samples t-test was used to ana-
lyse continuous variables. A P-value<0.05 (two-tailed)
was considered statistically significant. Data were ana-
lysed using IBM SPSS, version 26 (IBM Corp., Armonk,
New York, USA).

Results
Figure 1 shows the selection of the 175 patients who met
the inclusion criteria. Baseline characteristics for the age
groups and the total number of cases are presented in
Table 1.

Figure 2 shows the distribution of severity scores based
on the AIS classification system, in relation to the various
types of injuries. When considering injuries with AIS> 3,
the most frequently injured body region was the thorax
in both groups. This was followed by the lower extremi-
ties/pelvis in Group 1, and the head in Group 2.

The proportion of patients who underwent operative
treatment decreased as the ASA score increased: 72%,
62%, and 50% of the patients with ASA scores of 1, 2, and
3, respectively. Most patients underwent surgery at HUH.
There were 15 (13%) patients who received surgical treat-
ment at other hospitals, either prior to (n=10) or after
(n=5) admittance to HUH.

The patients who underwent surgery for their ortho-
paedic injuries had a higher mean ISS and NISS com-
pared to those not receiving operative treatment (ISS; 26
vs. 23, NISS; 30 vs. 27, p <0.05). However, when analysing
median ISS and NISS, the differences in severity scores
were not significant.

Of the 175 included, 11 (6%) patients succumbed to
their injuries within 30 days after injury. The majority of
the patients who died were classified as ASA 1 (n=7).
The deceased had a significantly higher mean ISS and
NISS than the survivors (ISS; 37 vs. 25, NISS; 42 vs. 28,
p<0.01). Both the survivors and non-survivors suffered
the same mean number (2.3) of orthopaedic injuries. One
patient died of causes related to the injuries, more than
30 days after the trauma.
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Cases from HUH in NTR 2016-2018

Included cases
n=175

during the period 2016-2018. ISS injury severity score

n = 1561
Excluded:
- ISS 15 and under n=1206
\ 4
Cases with ISS > 15
n =355
Excluded:
- Patient without fracture or dislocation in the
spinal column, extremities or pelvis n =124
\ 4
Included cases
n =231
Excluded:
- Solitary cervical spine fractures n =48
- Solitary penetrating injury to the neck n=2
- Solitary hand fractures n=1
- No information on fracture(s) n=>5

Fig. 1 Selection of patients for this study from the Norwegian Trauma Registry (NTR). All subjects were admitted to Haukeland University Hospital

When looking at the whole patient population most
deaths were caused by traffic accidents (64%), and head
injury was the most common main injury (45%). In
Group 2 most deaths were traffic-related (n=5). HEFs
and traffic-related incidents were the injury mecha-
nisms causing fatalities in Group 1, both being the
cause of two deaths. In Group 1 abdominal injuries
resulted in most deaths (n=3), while head injuries was
the primary reason for deaths in Group 2 (n=4).

Discussion

This study comprised 175 polytrauma patients with
orthopaedic injuries, constituting 49% of the 355
trauma patients with an ISS > 15 admitted to HUH dur-
ing the study period. This corresponds to the Major
Trauma Outcome Study reporting that nearly half of
the patients suffered musculoskeletal injuries [1].

Traumatic injury previously afflicted mainly young
males. However, the proportion of older trauma
patients is increasing [7]. Patients aged > 65 years con-
stituted 27% of our study cohort, but only 15% of the
population of Western Norway during the study period
[19]. This corresponds with the findings of Cuevas-
Ostrem et al. who reported that this group of patients
constituted 33% of their study cohort, but only 17% of
the Norwegian population [9].

Both age groups had similar ISS and NISS, comparable
to the findings in a similar registry based German study
[20]. However, Cuevas-Ostrem et al. found a larger per-
centage of patients with an NISS>15 among patients
aged > 65 years than in those aged 16—64 years [9].

Traffic-related incidents was the dominating injury
mechanism in both age groups, while others have
reported LEFs as the most prevalent (40%) MOI among
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Table 1 Baseline characteristics
Variable Group 1, age <65 years Group 2, age > 65 years Pvalue Total
n=128(73%) n=47 (27%) (n=175)
Male (%) 104 (81%) 38 (81%) 1.00* 142 (81%)
Age
Mean (SD) 39.5(15.2) 73.3(6.2) 486 (20.1)
Median (IQR) 41 (25-53) 72 (68-77) 50 (29-66)
Range 4-64 65-91 4-91
ASA PS classification
Median (IQR) 1(1-2) (1-2.5) <001* 1(1-2)
ASA1 84 (66%) 14 (30%) 98 (56%)
ASA 2 27 (21%) 20 (43%) 47 (27%)
ASA 3 5 (4%) 1(23%) 16 (9%)
Unknown 12 (9%) 2 (4%) 14 (8%)
1SS
Mean (SD) 25.8(94) 24(7.8) 0.24* 253(90)
Median (IQR) 22 (18-30) 22 (17-29) 027% 22 (17-29)
Range 16-57 17-51 16-57
NISS
Mean (SD) 30(12.1) 27 (8.6) 0.07* 29.2(11.3)
Median (IQR) 27 (22-34) 27 (21-33) 0.29% 27 (22-34)
Range 16-75 17-54 16-75
Mechanism of injury <001
Traffic-related 68 (53%) 19 (40%) 87 (50%)
High-energy fall 46 (36%) 18 (38%) 64 (37%)
Low-energy fall 0 7 (15%) 7 (4%)
Hit by blunt object 9 (7%) 1(2%) 10 (6%)
Penetrating 1(1%) 1(2%) 2 (1%)
Other 4 (3%) 1 (2%) 5 (3%)
Work related injury 17 (13%) 4 (9%) 0.66" 21 (12%)
Unknown 2 (2%) 1 (2%) 3 (2%)
Location of main injury <001*
Thorax 29 (23%) 21 (45%) 50 (29%)
Head 25 (20%) 10 (21%) 35 (20%)
Pelvis 7(13%) 5(11%) 22 (13%)
Abdomen 21 (16%) 0 21 (12%)
Spinal column 4 (11%) 5(11%) 9 (11%)
Extremities 5(12%) 3 (6%) 8 (10%)
Neck 4 (3%) 3 (6%) 7 (4%)
Burns 3(2%) 0 3(2%)
Orthopaedic injuries
Mean (SD) 23(14) 2.1 (1.0 0.29% 23(1.3)
Median (IQR) 2(1-3) 2(1-3) 0.88* 2(1-3)
Range 1-7 1-4 1-7
Location of orthopaedic injury 0.11#
Spinal column 78 (26%) 3(33%) 111 (28%)
Pelvis 38(13%) 6 (16%) 54 (14%)
Upper extremity 82 (28%) 0 (30%) 112 (28%)
Lower extremity 97 (33%) 20 (20%) 117 (30%)
Open injury 23 (18%) 3 (6%) 0.06" 26 (15%)
Operative treatment of orthopaedic injury 95 (74%) 25 (53%) 0.01* 120 (69%)
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Table 1 (continued)
Variable Group 1, age <65 years Group 2, age > 65 years Pvalue Total
n=128(73%) n=47 (27%) (n=175)
External fixation 27 (28%) 5 (20%) 060" 32 (27%)
Not an option 26 (27%) 9 (36%) 35 (29%)
Days to operative treatment at HUH®
Mean (SD) 1.99 (3.9) 2.32(3.5) 0.70* 2.06 (3.8)
Median (IQR) 0(0-2) 1(0-3.5) 0.24% 0.5 (0-3)
Range 0-20 0-16 0-20
Highest level of treatment 0.96"
Emergency department 2 (2%) 1 (2%) 3 (2%)
Ward 7 (6%) 2 (4%) 9 (5%)
Operating room 3 (2%) 2 (4%) 5 (3%)
Postoperative care unit 55 (43%) 19 (40%) 74 (42%)
Intensive care unit 61 (48%) 23 (49%) 84 (48%)
LOS in ICU
Mean (SD) 34(6.7) 39(56) 0.64* 35(64)
Median (IQR) 0(0-5) 2(0-7) 040" 0(0-5)
Range 0-57 0-23 0-57
LOS in hospital®
Mean (SD) 152 (14.1) 142 (13.1) 0.68* 14.9(13.8)
Median (IQR) 11(8-18) 13 (6-16) 069" 11.5(8-17)
Range 1-109 1-84 1-109
Mortality after 30 days 4 (3%) 7 (15%) <001* 11 (6%)

Baseline characteristics of all patients admitted to HUH with an ISS > 15 and an orthopaedic injury during the period 2016-2018

Missing data for Groups 1 and 2: (a) Days to operative treatment at HUH, 4% and 0%. (b) LOS in hospital, 1% and 4%

ASA PS classification American Society of Anesthesiologists physical status classification, ISS injury severity score, NISS new injury severity score, HUH Haukeland
University Hospital, LOS in ICU length of stay in the intensive care unit, SD standard deviation, /QR interquartile range

" Independent samples t-test
* Mann-Whitney U test
# Pearson’s chi-square test

patients aged > 65 years [9]. Among trauma patients with
an NISS >9, HEFs were the dominant (28%) MOI in the
16—64 years group [9]. Kocuvan et al. reported that the
most frequent MOI in major trauma patients aged <65
and > 65 years were traffic accidents (52%) and falls
(48%), respectively [20].

Our results indicate that LEFs cause more severe inju-
ries in older persons, possibly because the elderly suffer a
greater number of injuries to the head, pelvis, femur, and
spine [21]. As the bone resilience changes owing to the
ageing process, the risk of fractures increases [22]. This
has been shown in Scandinavia, where a higher incidence
of hip fractures are seen related to osteoporosis [23].
Simultaneously, the risk of falling may increase due to e.g.
visual impairment, gait challenges, or the use of various
medications [24]. These factors likely contribute to falls
being reported as the main cause of trauma-related death
among older persons, and are associated with a high rate
of head and orthopaedic injuries [24].

Based on ICD-10 coding, thoracic injury was coded as
the most frequent main injury in both Group 1 (23%) and
2 (45%), followed by head injury (20% and 21%, respec-
tively). This correlates with the findings from the NTR,
using the AIS classification system, where the “thorax”
and “head” had the highest AIS scores (median AIS
score=3). Kocuvan et al. reported trauma to the head
(55%) and thorax (55%) as the most common injuries
among patients aged > 65 years; however, the younger
patients mainly sustained head (52%) and musculoskel-
etal injuries (46%) [20].

Despite suffering the same number of orthopaedic
injuries, a significantly higher proportion of patients in
Group 1 (74%) received operative treatment for their
orthopaedic injuries compared to patients in Group 2
(53%; p=0.01). There could be several explanations
for this difference, such as higher preinjury ASA score
or perhaps the elderly suffering fractures more suited
to conservative treatment due to low-energy injury
mechanisms. Our study did not include data permitting
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Fig. 2 The distribution of AIS scores in relation to the different types of injuries based on the AIS classification system for all patients admitted

to Haukeland University Hospital with an ISS> 15, and an orthopaedic injury during the period 2016-2018. Areas with white dots represent the
median AlS score. AlS abbreviated injury scale, ISS injury severity score
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conclusions about what causes these differences. Further
exploration of the causes behind treatment variations are
warranted to ensure optimal trauma care to all patients
irrespective of age and general health.

In accordance with the high ISS, nearly half of the
patients in both age groups were treated in the ICU. This
differs from studies reporting a lower ICU admission rate
among trauma patients aged > 65 years [21, 25, 26]. How-
ever, other investigators have found that older trauma
patients have a higher ICU admittance rate [21]. There
is a non-significant trend that Group 2 patients stayed
longer, both in the ICU and in hospital, compared to
Group 1.

Eleven (6%) of the 175 patients in our study died within
30 days after injury. This is lower than reported in com-
parable studies [5, 27]. We found that the older patients
had higher mortality risk (15%) than younger patients
(3%; p<0.01), although displaying similar ISS and NISS.
This corresponds to several studies reporting higher
mortality among older patients [6, 9, 21, 28—30].

Most deaths were traffic-related (64%), and head injury
was the most common main injury (45%) as previously
reported [31, 32]. However, fall from height has been
reported as the most common MOI in trauma-related
death [33]. Injury to the central nervous system has been
identified as the dominant cause of death in polytrauma

patients [31, 33, 34]. Traumatic brain injury (TBI) has
previously been reported as the leading cause of death
in the Norwegian geriatric trauma population [6]. In
the elderly, TBI is most frequently caused by falls from
an upright position [35]. Patients with low-energy MOI
may not be received by a trauma team, increasing the
risk of under-triage and delays of time-critical treatment
[15]. Early surgical management and timely rehabilitation
result in better outcomes for elderly suffering TBI [35].
To minimise the risk of under-triage of the elderly, it has
been suggested that high age alone should be a criterion
for TTA [15]. This is not current practice in Norway.

The longer ICU and hospital stays, and the higher
mortality rate among patients aged > 65 years, are likely
impacted by pre-existing chronic conditions and frailty,
increasing susceptibility to medical complications [30].
To compensate for these factors, Advanced Trauma Life
Support and the Eastern Association for the Surgery
of Trauma Geriatric Trauma Guidelines have recom-
mended a prompt and aggressive approach, as this has
shown to reduce the mortality rate among older trauma
patients [7]. Moreover, this reduces the negative impact
of post-injury complications on outcomes [30]. Other
investigators have found that use of a geriatric consult
service may lead to better outcomes and more efficient
in-hospital treatment [36].



Slgrdal et al. Scand J Trauma Resusc Emerg Med (2022) 30:51

This is a descriptive study, which gives an overview
of characteristics of our patient population. We have
found differences between the age groups, but our data
is not sufficient to draw any conclusions about what
causes these differences. Future studies investigating
reasons behind the variation in treatment and how the
different therapy strategies impact patient outcomes are
warranted. This will hopefully help to further develop
strategies that could improve outcome for the elderly
polytrauma patient.

Our study does not provide information about the
rehabilitation process or other outcomes than mortal-
ity. It would be interesting to do a follow-up study of
severely injured trauma patients, examining the reha-
bilitation required, discharge destination, functional
outcome, and quality of life.

There are several limitations to this study. The study
population was relatively small due to the short study
period, low trauma volume, and patients not meeting
the inclusion criteria. The limited number of patients
resulted in less power for statistical comparisons. The
patients included were from a single trauma centre,
and thus may have been influenced by regional thera-
peutic traditions and patient characteristics. Although
the personnel performing registration in NTR are cer-
tified as such [37], inter-observer variability cannot be
ruled out. The retrospective design also prevents explo-
ration of causal relationships, and may only identify
associations.

Conclusions

Even with similar ISS and NISS, the mortality was sig-
nificantly higher among patients aged > 65 years com-
pared to those aged <65 years. Younger patients more
frequently received operative treatment for their ortho-
paedic injuries than the elderly. There may be multiple
reasons for this difference, but our study does not have
sufficient data to draw conclusions as to why. Future
studies may provide a deeper understanding of what
causes treatment variation between age groups, which
would hopefully help to further develop strategies to
improve outcome for the elderly polytrauma patient.
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