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Abstract

Background

Pelvic ring injuries in the elderly often occur after low-energy accidents. They may result in

prolonged immobilization, complications and an intense rehabilitation process. The aim of

this study was to assess mortality, physical functioning and quality of life (QoL) in elderly

patients with pelvic ring injuries.

Methods

A cross-sectional study was performed including all elderly patients (� 65 years) admitted

for a pelvic ring injury between 2007-2016. Mortality and survival were evaluated and patient

reported outcome measures (PROMs) were used to assess physical functioning (SMFA)

and QoL (EQ-5D). These were compared to age-matched normative data from the general

Dutch population.

Results

A total of 153 patients, with a mean age of 79 years (SD 8) at the time of injury, were

included in this study. The mortality rate was 20% at 30 days, 27% at 1 year and 41% at 3

years of follow-up. All six patients with a type C fracture died within 30 days. Analyses of

the 153 patients showed that increasing age, fracture type C and Injury Severity Score (ISS)

were all independent risk factors for mortality. Eventually, after excluding patients that died

(N = 78) or were unable to contact (N = 2), 73 patients were eligible for follow-up, of which

53 patients (73%) responded. Mean Short Musculoskeletal Function Assessment (SMFA)

scores were respectively 67.4 (function index), 65.2 (bother index), 66.5 (lower extremity),

60.4 (activities of daily living) and 68.2 (emotion). Mean EuroQuol-5D (EQ-5D) score was

0.72. Overall, physical functioning and quality of life were significantly decreased in compari-

son with normative data from the general population.
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Conclusion

Elderly people who sustain a pelvic ring injury should be considered as a fragile population

with substantial mortality rates. The patients who survived demonstrated a substantially

lower level of physical functioning and quality of life in comparison with their age-matched

peers from the general population.

Level of evidence

IV, therapeutic study.

Introduction

The elderly population (� 65 years of age) has rapidly increased over the last few decades and

it is predicted that this growth will continue in the future. In the Netherlands, the elderly popu-

lation will grow from 2.7 million in 2012 to 4.7 million in 2041 [1]. One-third of all fractures

and 73% of all pelvic injuries occur in the elderly [2]. Although the overall incidence of a pelvic

ring injury is estimated at 20-37/100,000 per year [3], the incidence rises to 92/100,000 per

year for the population aged over 65 years [4].

The elderly population is vulnerable as a result of age-related reduced physical condition,

pre-existing comorbidities, limited rehabilitation capacity and decreased coping mechanisms.

Although most fractures are isolated and stable, the ability of the elderly to mount a physio-

logic response is limited and hence high morbidity and mortality rates are reported [5]. The

majority of pelvic ring injuries in this population is caused by low-energy mechanisms like a

fall from standing position, often resulting in AO type A fractures [6–8], that are considered

stable fractures with an intact posterior arch involving innominate bone avulsion, iliac wing,

pubic rami, transverse sacral or coccyx fractures [9].

The rehabilitation to independent mobilization for this group is of utmost importance.

This determines whether someone could regain its autonomy and will be able to participate in

social activities. Yet, it frequently occurs that elderly patients with a pelvic ring injury end up

in nursing homes and are not able to return to their own household [10]. They are prone to

complications like decubitus, pneumonia and urinary tract infections [11]. Moreover, long-

term permanent disabilities can affect their daily physical functioning and quality of life [12].

Hence, optimal treatment of pelvic ring injuries remains challenging, requiring a timely multi-

disciplinary approach.

In the elderly patients with pelvic ring injuries, mortality has often been studied intensively,

while physical functioning and quality of life have hardly been assessed by means of patient

reported outcome measurements (PROMs). We hypothesized that factors like comorbidity,

fracture type, injury severity and age might influence mortality following pelvic ring injuries in

the elderly. Moreover, physical functioning of these patients may be decreased compared to

that of the general population. Hence, the aim of this study was to assess risk factors for mor-

tality, as well as to provide an overview of physical functioning and quality of life of elderly

patients after pelvic ring injuries.

Patients and methods

Patients

A cross-sectional study was performed. Elderly patients (� 65 years of age) who were treated

for a pelvic ring injury at the Department of Trauma Surgery of the University Medical Center
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Groningen (UMCG) between January 2007 and January 2016 were included. For all patients,

the life status (alive or date of death) and the current contact details were verified in the Dutch

population registry. All patients alive at the time of the study were contacted and asked to

complete questionnaires in order to assess long-term physical functioning and quality of life.

Patients with cognitive disorders were excluded from follow-up with the questionnaires. The

local Medical Ethical Review Board reviewed the methods employed and waived further need

for approval (METc 2016.385).

Methods

The patients’ demographics and clinical characteristics concerning injury mechanism and

fracture type were collected by reviewing their medical and operation records. Injury mecha-

nisms were divided into low- or high-energy trauma. Low-energy trauma mainly consists of

a low-energy fall, which is defined by the Dutch Trauma Registry (DTR) [13] as a fall below

two-to-three times the body length. Injury characteristics in terms of the Abbreviated Injury

Scale (AIS) and Injury Severity Score (ISS) [14,15] were retrieved from the DTR. The AIS is an

anatomically based global injury severity scoring system that helps to classify the injury on the

level of severity, based upon different body regions. The scores vary from 1 (minor) to 6 (cur-

rently not treatable). The AIS can be used to calculate the ISS, which is sum of squares of the

three highest AIS scores of three different body regions and can range from 1 to 75, in which

75 means that the chance of survival is extremely low. The Charlson comorbidity index score

(CCI) [16] was calculated to evaluate the pre-injury condition. The CCI provides a simple and

valid method of estimating risk of death from comorbid disease by scoring the severity of the

comorbid conditions and adding up the scores on a scale from 1–6, with 1 extra point for each

decade above 40 years of age. Two senior trauma surgeons with ample experience in pelvic

fracture surgery assessed the radiographic images (plain anteroposterior, inlet and outlet

radiographs and computerized tomography scans) of all the patients and classified the pelvic

ring injuries into type A, B and C injuries, according to the Tile/AO classification (Fig 1)

[9,17].

Complications, mortality and survival

Demographics and injury characteristics of patients still alive at follow-up were compared

with those of patients that had died. It was evaluated whether age, sex, injury mechanism (low-

vs. high-energy trauma), fracture type, complications, CCI and ISS were independent mortal-

ity risk factors and whether effect modification existed. Moreover, survival was analysed in

three age groups (age 65–75, 76–85, and>85). Mortality rates were compared to those of the

Fig 1. Types of pelvic ring injuries [9].

https://doi.org/10.1371/journal.pone.0216809.g001
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general Dutch population, based on the numbers provided by the national Central Agency for

Statistics [18].

Functional outcome instruments

Physical functioning was measured with the Dutch version of the Short Musculoskeletal Func-

tion Assessment (SMFA-NL), consisting of the two original indices (function and bother) [19]

and four additional subscales (lower extremities, upper extremities, daily activities and emo-

tion) [20]. The 46 items are scored on a 5-item Likert scale, ranging from 1 (poor function) to

5 (good function). Scores are calculated by summing up the individual items and transforming

scores on a range from zero to 100, with higher scores indicating better function. Missing

items in the SMFA were handled according to the instruction manual of this questionnaire. In

case less than 50% of the answers were missing in any category of the function index, the mean

value of that category was substituted for the missing items. If answers were missing in the

bothersome index, patients were omitted from the analysis of this index. Quality of life was

assessed with the EuroQol 5D (EQ-5D) [21], which screens five health levels (mobility, self-

care, daily activities, pain/inconvenience and fear/depression) and is expressed as a score from

-0.329 (worst condition) to 1 (best QoL). Both the SMFA and EQ-5D scores of the patients in

this study were compared to the normative data of the age-matched general Dutch population

[22,23]. The EQ-5D instruction manual does not provide information on how to handle miss-

ing items. Therefore, in case one or more items were missing, data of these patients were omit-

ted from further analysis.

Statistical analysis

Demographic and clinical data are presented as means and standard deviations (SD) for the

continuous variables and as percentages for categorical variables. Median and interquartile

range (IQR) are presented for non-Gaussian distributions. Either independent samples t-test

or Mann-Whitney U Test were performed accordingly to detect mean differences between the

groups that had deceased or not. Categorical variables were evaluated using the chi-squared

test. Survival was analysed using a Kaplan-Meier curve. Additionally, independent predictors

for mortality were analysed by using a multivariate backward cox regression analysis with the

removal p-value set at 0.157. The variables age at time of injury, low- vs. high-energy trauma

and ISS were checked for possible effect modification. A non-response analysis was performed

to evaluate differences between responders and non-responders. Difference in functional out-

come and QoL (SMFA-NL and EQ-5D) between the study population and the age-matched

general Dutch population was assessed by using the independent samples T-test. The level of

significance was defined at p< 0.05. The data were analysed using the IBM SPSS software, ver-

sion 23.0 for Windows (IBM Corporation, Armonk, NY).

Results

Patient and injury characteristics

The data concerning patient and injury characteristics are presented in Table 1. A total of 153

elderly patients with pelvic ring injuries were identified over a study period of 9 years (January

2007 until January 2016). Age ranged from 65 to 100 years at the time of injury (mean (SD) 79

(8)) and mean follow-up was five years after injury. Forty-five patients were men (29%). The

majority of the pelvic ring injuries were classified as AO type A (66%) injuries. Most patients

(63%) sustained low-energy traumas and median ISS was 9 (range 4–59). Four patients needed

a trauma laparotomy and five patients underwent angio-embolization. In the whole study
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cohort, 35 complications occurred within 30 days in 25 patients (16%), the majority being

delirium (N = 12) and pneumonia (N = 8).

The majority of the study population was treated conservatively (N = 141, 92%), whereas

only 12 patients (8%) were treated operatively with respectively plate fixation (N = 6), an exter-

nal fixator (N = 2), SI screws (N = 1), a combination with plate fixation and SI screws (N = 2),

or a combination with plate fixation and an external fixator (N = 1). Conservative treatment of

pelvic ring injuries consisted of early mobilization with weight bearing as tolerated in combi-

nation with appropriate pain medication. Eventually, 31 patients were discharged to a nursing

home.

Table 1. Baseline characteristics of patients alive and deceased 30 days after injury.

All patients

(N = 153)

Patients deceased within 30 days after

injury

(N = 31)

Patients alive after 30

days

(N = 122)

P-value�

Age at time of injury median (IQR) 79 (71–84) 79 (79–84) 80 (71–84) 0.57

Male 45 (29) 13 (42) 32 (26) 0.12

Low-energy trauma 97(63) 4 (13) 93 (76) <0.001

High-energy trauma 56 (37) 27 (87) 29 (24) <0.001

Fall from height 7 (13) 1 (3) 6 (5) -

Crush injury 1 (2) - 1 (1) -

One-sided motor vehicle/ motorcycle injury 4 (7) 2 (7) 2 (1) -

Pedestrian/cyclist vs. motor vehicle/motorcycle 27 (48) 15 (48) 12 (10) -

Motor vehicle/motorcycle vs. motor vehicle/motorcycle 16 (29) 8 (26) 8 (7) -

Shot injuries 1 (2) 1 (3) - -

Fracture classification 0.001

Type A 101 (66) 12 (39) 89 (73) -

Type B 42 (28) 11 (36) 31 (25) -

Type C 6 (4) 6 (19) - -

No Classification�� 4 (2) 2 (6) 2 (2) -

Complications <30 days 35 (23) 2 (7) 23 (19) 0.02

Delirium 12 (34) 1 (3) 11 (9) -

Pneumonia 8 (24) 1 (3) 7 (6) -

Urinary infection 6 (17) - 6 (5) -

Urinary system 3 (9) - 3 (2) -

Wound infection 1 (3) - 1 (1) -

Infection (other) 2 (5) 1 (3) 1 (1) -

Lung embolism/DVT 2 (5) - 2 (1) -

Bleeding 1 (3) - 1 (1) -

Nerve injury - - - -

Unknown (e.g. patient was transferred to another hospital/

institution)

6 (4) - 6 (5) -

Highest AIS pelvis median (IQR) 2 (2–3) 3 (3–3) 2 (2–2) <0.001

ISS median (IQR) 9 (4–25) 34 (34–45) 5 (5–13) <0.001

ISS >15 55 (36) 29 (93) 26 (21) <0.001

CCI median (IQR) 5 (4–6) 5 (5–6) 5 (5–7) 0.41

Numbers are expressed in N with the percentage in parentheses unless otherwise specified

� Statistically significant results are in bold

�� Classification could not be performed due to lack of imaging

https://doi.org/10.1371/journal.pone.0216809.t001
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Fifteen patients (10%) died at the day of the injury and a total of thirty-one patients (20%)

died within the first 30 days after the injury. All six patients with type C injuries had died

within 30 days after the injury. Comparison of the group that had died within the first 30 days

after the injury to the group that survived this critical period revealed significant differences in

injury mechanism (low- or high-energy trauma), fracture type (A, B or C), complications, AIS

and ISS (Table 1).

Survival analysis

A total of 41 patients (27%) died within a year and 63 patients (41%) within 3 years after the

injury. Fig 2 demonstrates the survival of the elderly patients divided into three age-groups

with survival rates decreasing for patients aged 75–85 years, and even more for those aged>85

years, compared to patients aged 65–75 years at the time of injury. There was a significant dif-

ference in one-year mortality (P = 0.007) between the three age groups. Table 2 demonstrates

the mortality rates of the three age groups from year one up to year five after the injury (rows

Fig 2. Kaplan-Meier survival curve indicating survival in years according to age at the time of injury.

https://doi.org/10.1371/journal.pone.0216809.g002

Table 2. Cumulative percentages of deceased patients from the study population and the Dutch population according to age at time of injury.

N Year 1 Year 2 Year 3 Year 4 Year 5

65–75 54 17% 39% 56% 70% 74%

65–75 (NL)� 2% 3% 5% 7% 8%

76–85 65 31% 49% 63% 75% 82%

76–85 (NL)� 5% 11% 16% 21% 27%

>85 34 35% 65% 82% 88% 94%

>85 (NL)� 15% 29% 42% 53% 62%

� Mortality rates of the general Dutch population (Central Agency for Statistics) [18].

https://doi.org/10.1371/journal.pone.0216809.t002
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2, 4 and 6) and the mortality rates from the general Dutch population (rows 3, 5 and 7). This

table demonstrates excessive differences in mortality after sustaining a pelvic ring injury com-

pared to the general population.

Mortality risk factors

Cox regression analysis was performed to assess independent risk factors for mortality. No

effect modification existed. The analysis showed that higher age at time of injury, pelvic frac-

ture type C and higher ISS were shown to be independent risk factors for mortality (Table 3).

There was a 7% increase in the odds of dying with every year of increasing age. Moreover,

patients with type C fractures were almost five times more likely to die than patients with type

A fractures. Finally, the odds of the patients dying increased by 6% with every point increase

in ISS. Higher Charlson Comorbidity Index tended to have an effect on mortality as well,

although not statistically significant (P = 0.07).

Follow-up by means of PROMs

Of the 153 patients, 51% (N = 78) of the patients had died at long-term follow-up and two

patients were living abroad and could therefore not be contacted, leaving 73 patients eligible

for follow-up by means of patient-reported outcome measures. A total of 53 patients (73%)

responded at a mean follow-up of 3.4 ± 2.7 years after the pelvic ring injury. The other 20

patients (27%) declined to participate or did not respond. A non-response analysis showed dif-

ferences in the proportion of pelvic fracture types; a higher proportion of patients with a type

B injury responded (P = 0.01). Moreover, patients with higher ISS were more likely to respond

(P = 0.002). No other differences were found between the responders and non-responders.

Physical functioning and quality of life

Overall, patients with pelvic injuries reported moderate limitations with respectively a mean of

67.4 on the function index, 65.2 on the bother index, 66.5 on the lower extremity, 60.4 on the

ADL (activities of daily living) and 68.2 on the emotion subscale of the SMFA (Table 4). Con-

cerning the lower extremity subscale of the SMFA, patients indicated having the most prob-

lems with climbing stairs and with bending and kneeling down. Patients who had sustained

any type of pelvic ring injury reported a reasonable QoL (Table 4) with a mean EQ-5D score of

0.72. The comparison of SMFA and EQ-5D scores with the age-matched normative data from

the general Dutch population revealed significant differences regarding all parts of the SMFA

Table 3. Multivariate cox regression analysis on mortality.

N HR 95% CI p-value�

Final multivariate model

Age at time of injury (years) 153 1.07 1.03 1.10 <0.001

Fracture type�� 153

Type B 0.75 0.39 1.45 0.39

Type C 4.70 1.54 14.40 0.007

ISS 153 1.06 1.04 1.09 <0.001

CCI 153 1.13 0.99 1.28 0.07

� Statistically significant results are in bold.; HR: hazard ratio; ISS: Injury Severity Score; CCI: Charlson comorbidity

index.

�� Reference category: fracture type A.

https://doi.org/10.1371/journal.pone.0216809.t003

Long-term outcomes of pelvic ring injury in the elderly

PLOS ONE | https://doi.org/10.1371/journal.pone.0216809 May 28, 2019 7 / 12

https://doi.org/10.1371/journal.pone.0216809.t003
https://doi.org/10.1371/journal.pone.0216809


as well as the EQ-5D, meaning that physical functioning and quality of life in an elderly patient

with a pelvic ring injury was significantly decreased (Table 4).

Discussion

Elderly patients who sustain a pelvic ring injury are fragile and prone to complications, high

rates of mortality as well as physical impairment and decreased quality of life (QoL). This

study revealed high mortality rates (up to 41% after 3 years) among the elderly patient with a

pelvic ring injury and demonstrated that survival rate decreased as the patient’s age and ISS

increased and when pelvic fracture type is more severe. Moreover, elderly patients demon-

strated a substantially lower level of physical functioning and quality of life 3 years after pelvic

ring injury, in comparison to their peers from the general Dutch population.

The mortality rates of elderly people who had sustained a pelvic ring injury were high,

namely 10% at the day of the injury, 20% within 30 days, 27% within a year and 41% at 3 years

of follow up. Morris et al. reported a comparable one-year mortality rate [8]. Although Balogh

et al. found a slightly lower one-year mortality rate, it was comparable at 23% [24]. With

12.9%, Bible et al. [25] found a lower one-year mortality rate. However, they only included iso-

lated pelvic fractures with posterior ring involvement, whereas our study included all types of

pelvic ring injuries. Moreover, the 1-year mortality rates in elderly who sustained a pelvic ring

injury (27% in this study) seem comparable with elderly with intertrochanteric or femoral

neck fractures (21–23% according to a review of RCTs by Mundi et al.) [26].

The present study demonstrated a significant difference in one-year mortality between the

different age groups (65–75, 76–85 and>85 years of age), showing that the patients aged >85

had an increased risk of dying. Moreover, this study showed that the mortality rates of patients

with pelvic ring injuries is substantially higher compared to the mortality rates of their age-

matched peers from the general Dutch population. This emphasises the fragility of this patient

population, although it is interesting to speculate on whether the increased mortality is because

of the injury or whether the injury itself is a sign of physical and general systems decline. De

Vries et al. showed that elderly patients sustaining a polytrauma have an increased risk of

dying compared to younger patients, even though the severity of the injury is comparable [27].

Table 4. Outcomes on the SMFA-NL and EQ-5D.

Study population General Dutch population P-value�

SMFA

Function Index

Mean ± Std. 67.4 ± 29.4 87.1 ± 13.5 0.001

Bother Index

Mean ± Std. 65.2 ± 26.7 84.7 ± 18.7 <0.001

Lower extremity

Mean ± Std. 66.5 ± 31.2 86.4 ± 14.8 0.001

ADL

Mean ± Std. 60.4 ± 32.0 86.0 ± 17.3 <0.001

Emotion

Mean ± Std. 68.2 ± 20.1 80.2 ± 17.1 <0.001

EQ5D

Mean ± Std. 0.72 ± 0.277 0.87 ± 0.170 <0.001

� Statistically significant results are in bold.;

ADL: activities of daily living

https://doi.org/10.1371/journal.pone.0216809.t004
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Given these numbers, the high impact of a pelvic ring injury in the elderly, with often pre-

existing comorbidity, limited rehabilitation capacity and coping mechanisms, should not be

underestimated.

In this study, high age at time of injury, type C fractures and ISS were shown to be indepen-

dent mortality risk factors. A recent study by Verbeek et al. revealed age as the most important

independent predictor for in-hospital mortality after any type of pelvic injury [28]. Not sur-

prisingly, Forni et al., who evaluated predictive factors for 30-day mortality in geriatric patients

with hip fractures, corroborated that advancing age is an independent risk factor for mortality

[29]. In addition, several studies found older age, increased comorbidity, lower pre-fracture

function, and cognitive impairment to be associated with higher three to six month mortality

following surgically treated hip fractures as described in an extensive systematic review of the

literature over the past decades [30].

Most studies of pelvic ring injuries in the elderly focused on mortality rates, but data about

(the recovery of) physical functioning and quality of life of the survivors is hardly available.

Schmitz et al. evaluated quality of life in patients aged 60 years and older after pelvic ring inju-

ries and found a significant decrease compared to a reference population [12]. However, no

data on physical functioning was published. In studies that focused on geriatric hip fractures,

outcomes in terms of quality of life and physical functioning were sparsely assessed and conse-

quently no real conclusions could be drawn [30]. Our study showed that both the long-term

physical functioning as well as quality of life at a mean follow-up of 3.4 years after pelvic ring

injury were significantly decreased when compared to the age-matched normative data from

the general Dutch population. This indicates that not only the elderly show signs of fragility in

terms of high mortality rates shortly after the injury, long-term effects of the injury may also

reduce the patients physical functioning and quality of life. In order to improve the latter, phy-

sicians could for instance focus on a multidisciplinary approach, consulting a geriatrician,

keeping a close eye on nutritional status and encourage early mobilisation under the direct

control of a physiotherapist.

Thirty-one percent of the patients in this study was discharged to a nursing home. This is in

concordance with previous research evaluating patients sustaining a pubic rami fracture [7],

who were less likely to return to their original place of domicile. Another study by Studer et al.

found that 43.4% of the elderly patients with a pubic rami fracture were institutionalized after

one year [31]. Van Dijk et al. evaluated 99 patients with pelvic ring injuries and concluded that

33% of the patients needed temporary or permanent admission to a nursing home [32]. This

underlines that decreased physical functioning as a result of the pelvic ring injury has a signifi-

cant personal as well as societal impact.

This study has a retrospective character and is therefore susceptible to the inherent limita-

tions such as the absence of baseline PROMs concerning the patients’ physical health prior to

the injury. Moreover, although 73% of the patients in follow-up with questionnaires responded,

this is only 35% of the total elderly population in our study due to high mortality rates. Another

subject of discussion could be the generalization of the results because of the single centre

study design. Yet, to the best of our knowledge, this is one of the few studies that evaluated

both mortality and long-term functional outcome of elderly patients with a pelvic ring injury.

Most studies on pelvic ring injuries in the elderly focused solely on complication and mortality

rates. However, in our study, the patients’ own perception with regard to physical functioning

and quality of life had a central role. The used patient-reported outcomes measures EQ-5D and

SMFA-NL complement each other and are both valid and reliable questionnaires that provide

a generalized physical functioning and quality of life outcome score. Moreover, using these

PROMs enabled us to compare the results with age-matched normative data from the general
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PLOS ONE | https://doi.org/10.1371/journal.pone.0216809 May 28, 2019 9 / 12

https://doi.org/10.1371/journal.pone.0216809


Dutch population. Other strengths of this study are the long follow-up period and the compari-

son of mortality data to that of the general Dutch population.

In conclusion, elderly patients with pelvic ring injuries are fragile patients with high risks of

mortality and decreased functional outcome compared to their peers from the general popula-

tion. High age at the time of an accident, severity of the pelvic ring injury (type C) and ISS are

all independent mortality risk factors. By highlighting the absolute numbers regarding mortal-

ity, physical functioning and quality of life among a large cohort of elderly who sustained a pel-

vic ring injury, we hope that physicians will be aware of the vulnerability of these patients and

pay attention to interventions, like a multidisciplinary approach, optimal nutrition and early

mobilization, which may benefit the injured elderly person.

Supporting information

S1 File. Short Musculoskeletal Function Assessment.

(PDF)

S2 File. Short Musculoskeletal Function Assessment—Dutch version.

(PDF)

S3 File. EQ-5D-5L.

(PDF)

S4 File. EQ-5D-5L—Dutch version.

(PDF)

S5 File. Anonymous dataset.

(SAV)

Author Contributions

Data curation: Hester Banierink.

Investigation: Hester Banierink.

Methodology: Hester Banierink.

Supervision: Kaj ten Duis, Klaus Wendt, Erik Heineman.

Writing – original draft: Hester Banierink.

Writing – review & editing: Rob de Vries, Inge Reininga, Frank IJpma.

References
1. Giesbers H, de Beer J. Vergrijzing, wat zijn de belangrijkste verwachtingen voor de toekomst? Volksge-

zondheid Toekomst Verkenning, Nationaal Kompas Volksgezondheid. 2013.

2. Court-Brown CM, Caesar B. Epidemiology of adult fractures: A review. Injury. 2006; 37(8):691–7.

https://doi.org/10.1016/j.injury.2006.04.130 PMID: 16814787

3. Melton L, Sampson J, Morrey B, Ilstrup D. Epidemiologic features of pelvic fractures. Clin Orthop Relat

Res. 1981; 155:43–7.

4. Kannus P, Palvanen M, Niemi S, Parkkari J, Järvinen M. Epidemiology of Osteoporotic Pelvic Fractures

in Elderly People in Finland: Sharp Increase in 1970–1997 and Alarming Projections for the New Millen-

nium. Osteoporos Int. 2000 May 1; 11(5):443–8. https://doi.org/10.1007/s001980070112 PMID:

10912847

5. Dechert T, Duane T, Frykberg B, Aboutanos M, Malhotra A, Ivatury R. Elderly patients with pelvic frac-

ture: interventions and outcomes. Am J Surg. 2009; 75 (4):291–5.

Long-term outcomes of pelvic ring injury in the elderly

PLOS ONE | https://doi.org/10.1371/journal.pone.0216809 May 28, 2019 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216809.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216809.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216809.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216809.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216809.s005
https://doi.org/10.1016/j.injury.2006.04.130
http://www.ncbi.nlm.nih.gov/pubmed/16814787
https://doi.org/10.1007/s001980070112
http://www.ncbi.nlm.nih.gov/pubmed/10912847
https://doi.org/10.1371/journal.pone.0216809


6. Osterhoff G, Werner CM. Die beckenfringfraktur des alteren Menschen. Praxis (Bern 1994). 2015; 40

(2):1195–202.

7. Clement ND, Court-Brown CM. Elderly pelvic fractures: the incidence is increasing and patient demo-

graphics can be used to predict the outcome. Eur J Orthop Surg Traumatol. 2014; 24(8):1431–7.

https://doi.org/10.1007/s00590-014-1439-7 PMID: 24664452

8. Morris RO, Sonibare A, Green DJ, Masud T. Closed pelvic fractures: characteristics and outcomes in

older patients admitted to medical and geriatric wards. Postgrad Med J. 2000 Oct; 76(900):646–50.

https://doi.org/10.1136/pmj.76.900.646 PMID: 11009580

9. AO/OTA. Fracture and dislocation classification compendium—2018. J Orthop Trauma. 2018; 32(1).

10. van Dijk WA, Poeze M, van Helden SH, Brink PRG, Verbruggen JPAM. Ten-year mortality among hos-

pitalised patients with fractures of the pubic rami. Injury. 2010; 41(4):411–4. https://doi.org/10.1016/j.

injury.2009.12.014 PMID: 20060970

11. Soles GLS, Ferguson TA. Fragility fractures of the pelvis. Curr Rev Musculoskelet Med. 2012; 5

(3):222–8. https://doi.org/10.1007/s12178-012-9128-9 PMID: 22589010

12. Schmitz P, Ludeck S, Baumann F, Kretschmer R, Nerlich M, Kerschbaum M. Patient-related quality of

life after pelvic ring fractures in elderly. Int Orthop. 2018;

13. Landelijke Trauma Registratie (LTR) [Internet]. www.lnaz.nl

14. AIS [Internet]. https://www.aci.health.nsw.gov.au/get-involved/institute-of-trauma-and-injury-

management/Data/injury-scoring/abbreviated_injury_scale

15. ISS. https://www.aci.health.nsw.gov.au/get-involved/institute-of-trauma-and-injury-management/Data/

injury-scoring/injury_severity_score

16. Charlson M, Pompei P, Ales K M C. A new method of classifying prognostic comorbidity in longitudinal

studies: development and validation. J Chronic Dis. 1987;(40):373–83.

17. Tile, Marvin. Helfet, David L. Kellam, James F. Vrahas M. Fractures of the Pelvis and Acetabulum—

Principles and Methods of Management. 2015. 1044 p.

18. Centraal Bureau voor de Statistiek. Levensverwachting; geslacht, leeftijd (per jaar en periode van vijf

jaren). http://statline.cbs.nl/Statweb/publication/?VW=T&DM=SLNL&PA=37360NED&D1=a&D2=1-

2&D3=a&D4=95-98&HD=180727-1647&HDR=G1,T,G3&STB=G2. 2018.

19. Swiontkowski MF, Engelberg R, Martin DP, Agel J. Short musculoskeletal function assessment ques-

tionnaire: validity, reliability, and responsiveness. J Bone Joint Surg Am. 1999 Sep; 81(9):1245–60.

https://doi.org/10.2106/00004623-199909000-00006 PMID: 10505521

20. Reininga IHF, El Moumni M, Bulstra SK, Olthof MGL, Wendt KW, Stevens M. Cross-cultural adaptation

of the Dutch Short Musculoskeletal Function Assessment questionnaire (SMFA-NL): Internal consis-

tency, validity, repeatability and responsiveness. Injury. 2012; 43(6):726–33. https://doi.org/10.1016/j.

injury.2011.07.013 PMID: 21851940

21. Euroqol (EQ-5D) [Internet]. euroqol.org

22. de Graaf MW, El Moumni M, Heineman E, Wendt KW, Reininga IHF. Short Musculoskeletal Function

Assessment: normative data of the Dutch population. Qual Life Res. 2015; 24(8):2015–23. https://doi.

org/10.1007/s11136-015-0929-3 PMID: 25676859

23. Versteegh M, M. Vermeulen K, M. A. A. Evers S, de Wit GA, Prenger R, A. Stolk E. Dutch Tariff for the

Five-Level Version of EQ-5D. Value Heal. 2016; 19(4):343–52.

24. Balogh Z, King KL, Mackay P, McDougall D, Mackenzie S, Evans JA, et al. The epidemiology of pelvic

ring fractures: A population-based study. J Trauma—Inj Infect Crit Care. 2007; 63(5):1066–72.

25. Bible J, Kadakia R, Wegner A, Richards J, Mir H. One-year mortality after isolated pelvic fractures with

posterior ring involvement in elderly patients. Orthopedics. 2013;( 36(6)):760–4. https://doi.org/10.

3928/01477447-20130523-21 PMID: 23746012

26. Mundi S, Pindiprolu B, Simunovic N, Bhandari M. Similar mortality rates in hip fracture patients over the

past 31 years A systematic review of RCTs. Acta orthop. 2014; 85(1):54–9. https://doi.org/10.3109/

17453674.2013.878831 PMID: 24397744

27. De Vries R, Reininga IHF, Pieske O, Lefering R, El Moumni M, Wendt K. Injury mechanisms, patterns

and outcomes of older polytrauma patients—An analysis of the Dutch Trauma Registry. PLoS One.

2018;1–10.

28. Verbeek DO, Ponsen KJ, Fiocco M, Amodio S, Leenen LPH, Goslings JC. Pelvic fractures in the Neth-

erlands: epidemiology, characteristics and risk factors for in-hospital mortality in the older and younger

population. Eur J Orthop Surg Traumatol. 2017; 28(2):197–205. https://doi.org/10.1007/s00590-017-

2044-3 PMID: 28993913

29. Forni C, Gazineo D, Alessandro FD, Fiorani A, Morri M, Sabattini T, et al. Predictive factors for thirty day

mortality in geriatric patients with hip fractures : a prospective study. Int Orthop. 2018;15–8.

Long-term outcomes of pelvic ring injury in the elderly

PLOS ONE | https://doi.org/10.1371/journal.pone.0216809 May 28, 2019 11 / 12

https://doi.org/10.1007/s00590-014-1439-7
http://www.ncbi.nlm.nih.gov/pubmed/24664452
https://doi.org/10.1136/pmj.76.900.646
http://www.ncbi.nlm.nih.gov/pubmed/11009580
https://doi.org/10.1016/j.injury.2009.12.014
https://doi.org/10.1016/j.injury.2009.12.014
http://www.ncbi.nlm.nih.gov/pubmed/20060970
https://doi.org/10.1007/s12178-012-9128-9
http://www.ncbi.nlm.nih.gov/pubmed/22589010
http://www.lnaz.nl
https://www.aci.health.nsw.gov.au/get-involved/institute-of-trauma-and-injury-management/Data/injury-scoring/abbreviated_injury_scale
https://www.aci.health.nsw.gov.au/get-involved/institute-of-trauma-and-injury-management/Data/injury-scoring/abbreviated_injury_scale
https://www.aci.health.nsw.gov.au/get-involved/institute-of-trauma-and-injury-management/Data/injury-scoring/injury_severity_score
https://www.aci.health.nsw.gov.au/get-involved/institute-of-trauma-and-injury-management/Data/injury-scoring/injury_severity_score
http://statline.cbs.nl/Statweb/publication/?VW=T&DM=SLNL&PA=37360NED&D1=a&D2=1-2&D3=a&D4=95-98&HD=180727-1647&HDR=G1,T,G3&STB=G2
http://statline.cbs.nl/Statweb/publication/?VW=T&DM=SLNL&PA=37360NED&D1=a&D2=1-2&D3=a&D4=95-98&HD=180727-1647&HDR=G1,T,G3&STB=G2
https://doi.org/10.2106/00004623-199909000-00006
http://www.ncbi.nlm.nih.gov/pubmed/10505521
https://doi.org/10.1016/j.injury.2011.07.013
https://doi.org/10.1016/j.injury.2011.07.013
http://www.ncbi.nlm.nih.gov/pubmed/21851940
https://doi.org/10.1007/s11136-015-0929-3
https://doi.org/10.1007/s11136-015-0929-3
http://www.ncbi.nlm.nih.gov/pubmed/25676859
https://doi.org/10.3928/01477447-20130523-21
https://doi.org/10.3928/01477447-20130523-21
http://www.ncbi.nlm.nih.gov/pubmed/23746012
https://doi.org/10.3109/17453674.2013.878831
https://doi.org/10.3109/17453674.2013.878831
http://www.ncbi.nlm.nih.gov/pubmed/24397744
https://doi.org/10.1007/s00590-017-2044-3
https://doi.org/10.1007/s00590-017-2044-3
http://www.ncbi.nlm.nih.gov/pubmed/28993913
https://doi.org/10.1371/journal.pone.0216809


30. Butler M, Forte ML, Joglekar SB, Swiontkowski MF, Kane RL. Evidence Summary : Systematic Review

of Surgical Treatments for Geriatric Hip Fractures. J Bone Jt Surg Am. 2011;(290):1104–15.

31. Studer P, Suhm N, Zappe B, Bless N, Jakob M. Pubic rami fractures in the elderly—A neglected injury?

Swiss Med Wkly. 2013; 143(September):1–7.

32. van Dijk WA, Poeze M, van Helden SH, Brink PRG, Verbruggen JPAM. Ten-year mortality among hos-

pitalised patients with fractures of the pubic rami. Injury. 2010; 41(4):411–4. https://doi.org/10.1016/j.

injury.2009.12.014 PMID: 20060970

Long-term outcomes of pelvic ring injury in the elderly

PLOS ONE | https://doi.org/10.1371/journal.pone.0216809 May 28, 2019 12 / 12

https://doi.org/10.1016/j.injury.2009.12.014
https://doi.org/10.1016/j.injury.2009.12.014
http://www.ncbi.nlm.nih.gov/pubmed/20060970
https://doi.org/10.1371/journal.pone.0216809

