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Abstract
Introduction This study aimed to investigate potential factors, including delay to surgical stabilisation, affecting mortality 
in older patients sustaining pelvic or acetabular (PA) fractures.
Materials and methods A retrospective review of the Trauma Audit and Research Network (TARN) database was performed 
to identify older patients (aged 65 and over) sustaining PA fractures treated surgically in a UK Major Trauma Centre (MTC) 
between 2015 and 2019. Chi-squared and Fisher tests were used to compare 1-year mortality rates following operative inter-
vention between patients treated within 72 h and after 72 h. Kaplan–Meier curves were used to visualise survival probability; 
significant predictors of survival were found using Cox proportional hazard models.
Results Of 564 older patients with PA fractures, 70 met the inclusion criteria. The mean age was 76.1 years. The overall 
1-year mortality rate was 20%. When patients were grouped by time to surgery (fracture fixation within or greater than 
72 h), there was no statistically significant difference in 1-year mortality. Patients whose surgery was delayed more than 72 h 
were more likely to have longer hospital stays (p = 0.002) or to have suffered from polytrauma (p = 0.025). Age, Charlson 
Co-morbidities Index (CCI) and pre-op mobility status were associated with statistically significant differences in overall 
mortality. The same factors were associated with a significantly increased hazard of death in the multivariate Cox proportional 
hazards model. Patient gender, mechanism of injury, Injury Severity Score (ISS) > 15 and head injury were not significant 
predictors of mortality.
Conclusion Surgical intervention within 72 h of injury did not result in decreased mortality in older patients with PA frac-
tures. The 1-year mortality rate between older PA fractures and hip fractures was comparable. Consideration should be given 
to a combined multidisciplinary approach between orthogeriatric and expert PA surgeons for these patients.
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Introduction

The number of people aged 65 and over in the UK is pro-
jected to rise by over 40% in the next 25 years, to more 
than 17 million [1]. Additionally, the demographics of the 
polytrauma patient have changed over time; most notably 
with mean age, increased from 36 in 1990 to 54 years in 

2013 [2]. In 2013, the most common mechanism of injury 
resulting in polytrauma in England and Wales was a fall 
from standing height (40%) compared to road traffic colli-
sions (RTC) (60%) in 1990. With the contribution of isolated 
fragility fractures and polytrauma in the older patient there 
is a predicted significant increase in the incidence of pelvic 
and acetabular (PA) fractures in the older population [2].

Similar to hip fractures, PA fractures through physiologi-
cal derangement and pain may lead to prolonged immobility, 
which has a demonstrable effect on mortality in the elderly 
[3]. 1-year mortality rates for conservatively and surgically 
managed older patients sustaining PA fractures range from 
16 to 33% for acetabular fractures [4, 5] to 27% for pelvic 
fractures [6]. While the relationship between early surgical 
intervention and mortality reduction in proximal and distal 
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femur fractures is well established [7, 8], there is no clear 
consensus concerning PA fractures. The British Orthopae-
dic Association Standards for Trauma and Orthopaedics 
(BOAST) guidelines recommend surgery within 72 h of 
injury for pelvic fractures [9], but clear evidence and its 
association between mortality rates does not exist.

The aim of this study is to assess whether a delay in time 
to surgery following PA fractures in the older patient affects 
mortality rates. The primary outcome is to determine mor-
tality rates at 30 days, 3 months and 1-year in patients who 
have undergone surgery within 72 h of injury, and those 
who have undergone surgery after 72 h of injury. Secondary 
objectives are to determine if a relationship exists between 
survival and independent factors such as duration of time 
from injury to surgery, age, Charlson Comorbities Index 
(CCI), pre-op mobility status and polytrauma [defined by 
an Injury Severity Score (ISS) [10] > 15 points].

Patients and methods

Data collection

A retrospective evaluation of the Trauma Audit Research 
Network (TARN) database was conducted. TARN collects 
data in England and Wales on trauma patients admitted to 
hospital for greater than or equal to 72 h, who require criti-
cal care resources or who die from their injuries. The TARN 
search included patients aged 65 and older who were admit-
ted to our hospital and were treated with a PA fracture from 
2015 to 2019. This time frame was selected in order to be 
able to match results and obtain secondary variables with the 
hospital medical records software (Epic Software Systems, 
WI, USA) implemented in our centre in 2015. Patients for 
whom 1-year data were not available at the time of data col-
lection were excluded. Inclusion and exclusion criteria are 
summarised in Table 1.

Demographics

Age, gender, date and time of injury, mechanism of injury, 
ISS, presence of an associated traumatic brain injury (TBI) 
and pre-op mobility status were obtained from the hospital 
records. To quantify patient co-morbidities, CCI, which has 

been validated as a predictor of short and long-term mor-
tality in hospitalised elderly adults [11], was calculated for 
every patient based on information from clerking notes on 
admission.

PA fractures were classified using both radiological imag-
ing analysis and surgical operative notes, according to the 
Young and Burgess Classification for pelvic ring injuries 
[12]; Judet–Letournel Classification was used for acetabu-
lum fractures [13].

Time to surgery

Time from injury to surgery was obtained from TARN and 
was measured in hours. Surgical treatment of the fractures 
was performed by fellowship-trained PA surgeons. Surgical 
techniques included open reduction internal fixation (ORIF), 
percutaneous fixation under fluoroscopy guidance and com-
bined ORIF and total hip arthroplasty (THA). Reason for 
delay to surgery if applicable was recorded and categorised 
as: change in management, medical complications, list avail-
ability, delay in diagnosis and TBI preventing surgery. Other 
surgery-related variables obtained were time spent in Inten-
sive Care Unit (ICU) and length of hospital stay (LOS).

Mortality analysis

The NHS Spine database was used to determine 30-day, 
3-month, 1-year and overall mortality. Spine supports the IT 
infrastructure for health and social care in England, provid-
ing a summary of patient demographics including mortality 
where applicable [14].

Statistical analysis

Characteristics of patients were compared between two 
groups: those treated operatively within 72 h and those 
treated after 72 h. This time cut-off was chosen based on the 
BOAST guidelines for pelvic fractures. Test for normality 
was performed using Shapiro–Wilk. Where data was non-
normal, a Mann–Whitney U test with or without continuity 
correction was used. Where data were normally distrib-
uted, T tests were used to compare continuous variables. 
Chi-squared tests (when the number of observations in each 
subgroup was at least 5) and Fisher exact tests (when the 
number of observations in a subgroup was less than 5) were 
used to compare categorical variables.

The effect of different factors upon the survival time 
was portrayed using Kaplan–Meier plots and compared 
using log-rank tests. The hazard ratio for the effect of time 
delay to surgery upon survival was calculated using mul-
tivariate Cox proportional hazards models, with the other 
factors included in the model in order to control for their 
effect. For these analysis, time delay was treated both as a 

Table 1  Inclusion and exclusion criteria

Inclusion Exclusion

Aged 65 and over Aged less than 65 years old
Pelvic and/or acetabular fracture Proximal femur fracture
Surgical treatment Conservative management
At least 1-year follow up Less than 1-year follow up
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dichotomous variable as per BOAST guidelines as well as 
analysed as a continuous variable, to determine the addi-
tive effect of delay without imposing arbitrary thresholds 
[15]. Age was split into “older” (65–80) and “elderly” 
(greater than or equal to 80 years old).

In all analyses, a p value ≤ 0.05 was considered to be 
statistically significant. The statistical software package R 
was utilised for all analyses. The R library “survival” was 
used to perform the survival analyses, and the R library 
“survminer” was used to generate the Kaplan–Meyer plots.

Results

Data collection

TARN search identified a total of 564 patients 65 years or 
older with a PA fracture. Of these, 393 were excluded as 
non-surgical patients, along with a further 45 patients who 
did not meet 1-year follow-up criteria. Following cross-cor-
relation with the hospital database, a further 56 patients were 
excluded who had surgical treatment for non-PA fractures or 
definitive non-surgical treatment. A total of 70 patients met 
inclusion criteria (Fig. 1).

Fig. 1  Inclusion/exclusion flow 
diagram



1550 Archives of Orthopaedic and Trauma Surgery (2022) 142:1547–1556

1 3

Demographics

43 (61%) patients were males and 27 (39%) were females. 
The average age was 76 years (65–95). The most common 
mechanism of injury was fall from standing height (n = 39, 
56%), with remaining injuries sustained by high-energy 
mechanisms, mostly following road traffic accidents (n = 19, 
27%).

The majority of fractures involved the acetabulum (n = 53, 
76%) with two patients with bilateral acetabular fractures; 
the remaining fractures were pelvic ring injuries (n = 17, 
24%). The most common acetabular fracture pattern was 
Anterior Column Posterior Hemi-transverse (n = 17, 32%), 
followed by Associated Both Columns (n = 11, 21%). 19 
elementary fractures (36% of acetabular fractures) and 33 
(62%) associated fractures were identified. The most com-
mon pelvic fracture pattern was lateral compression type 1 
(LC-1) (n = 10, 59% of pelvic fractures). Further information 
regarding fracture classification can be found in Table 2.

Time to surgery

Mean time to surgery was 86.1 h (6.3–333 h). For surgeries 
that did not occur within the 72 h BOAST guidelines (n = 33, 
47%), the majority of delay was due to either list availability 
(n = 19, 58%) or medical complications (n = 18, 55%). Time 
spent in Intensive Care Unit (ICU), length of hospital stay 
(LOS) along with a summary of patient’s characteristics are 
summarised in Table 3.

Mortality analysis

Overall 1-year mortality rate was 20% (14 out of 70), with 
a mortality rate of 17% for those with acetabular fractures 
(9 out of 53) and 29% for pelvic fractures (5 out of 17) 
(p = 0.444). Patients deceased at 1 year had an average age 
of 82 years (70–95), CCI of 6.5, and average time to surgery 
of 111 h; none of them sustained a major head injury.

In the acetabular cohort, the 1-year mortality rate in those 
treated using ORIF was 29% (5 out of 17), while the 1-year 
mortality rate in those treated using combined ORIF and 
THA was 11% (4 out of 36, p = 0.126).

Statistical analysis

40 (57%) patients were operated on within 72 h (mean time 
31.2 h, range 6.4–68 h), and 30 (43%) were operated on after 
72 h (mean time 160 h, range 80–333 h). Results from com-
parisons between the two groups are presented in Table 4. 
Baseline characteristics between the two groups were com-
parable, with no statistically significant differences in age, 
gender, mechanism of injury, CCI, pelvic or acetabular frac-
ture or pre-op mobility status.

There was a statistically significant difference in length 
of overall hospital stay, with a mean of 19.9 days (0–25) for 
those operated on within 72 h, and a mean of 24 days (0–29) 
for those operated on after 72 h (p = 0.002). There was also 
a statistically significant difference in number of polytrauma 
patients operated on within 72 h (n = 18, 45%), versus the 

Table 2  Summary of fracture classifications

LC lateral compression, APC anteroposterior compression, VS vertical shear

Acetabular fractures Total (n = 53) (%)

Elementary
 Anterior column 9 (17)
 Posterior wall 5 (9)
 Transverse 4 (8)
 Posterior column 1 (2)

Associated
 Anterior column posterior Hemi-transverse 17 (31)
 Associated both columns 11 (21)
 Posterior column posterior wall 2 (4)
 T shaped 2 (4)
 Anterior column posterior wall 1 (2)

Unclassified 1 (2)

Pelvic fractures Total (n = 17) (%)

LC-1 10 (59)
APC-3 3 (18)
VS 3 (18)
APC-2 1 (6)



1551Archives of Orthopaedic and Trauma Surgery (2022) 142:1547–1556 

1 3

number of polytrauma patients operated on after 72 h (n = 5, 
17%). We found no statistically significant differences in 
30-day, 90-day or 1-year mortality between the two groups.

In order to understand the individual effects of different 
factors upon survival, we computed Kaplan–Meier estima-
tors. Log-rank tests were performed to compare these esti-
mators. Statistically significant differences in survival were 
found between patients grouped as older (65–80) versus 
those grouped as elderly (older than 80), between patients 
with a CCI less than or equal to 4 compared to those with 
CCI greater than 4 (a score of 4 was chosen for the cut-off 
due to it being the median CCI) and between patients whose 
pre-op mobility status was assessed as being independent 
versus those requiring walking aids. The Kaplan–Meier 
Survivorship plots for these comparisons are illustrated in 
Figs. 2, 3, 4. When CCI was considered, with points for age 
excluded, statistically significant differences in survival were 
also found. However, no statistically significant difference 
in survival was found when patients were grouped by time 
to fracture fixation less than 72 h versus time to fracture 
fixation greater than 72 h (see Fig. 5 for the Kaplan–Meier 

survivorship plot). In addition, no significant differences in 
survival were found when patients were grouped by presence 
of polytrauma, gender, presence of a TBI or pelvic versus 
acetabular fractures.

A multivariate Cox proportional hazards model was used 
to find the effect of time delay to surgery on survival, con-
trolling for the presence of baseline factors, and again found 
no significant difference in mortality rate between patients 
treated within 72 h and those treated after 72 h.

In order to investigate the additive effect of time delay 
to surgery upon the hazard rate, without imposing arbitrary 
thresholds, a second multivariate Cox proportional haz-
ards model was used. The results of this model are given in 
Table 5. There was no evidence to show that increasing time 
to surgery was a predictor of mortality. Increasing age, CCI 
and pre-op mobility status were all significant predictors of 
mortality. Sex, mechanism of injury and TBI were not sig-
nificant predictors of mortality. Polytrauma, defined as ISS 
greater than 15, showed a borderline significance.

Discussion

In comparison to hip fractures in the elderly, the volume 
of literature for geriatric PA fractures is diminutive. Stud-
ies examine the benefits of surgical versus non-operative 
intervention in these patients, as well as analysis of the best 
surgical approach in PA fractures in the elderly [4, 16]. How-
ever, there exists a paucity of literature regarding timing of 
PA surgery post trauma and its impact on the patient. In 
the hip fracture population, time to surgical intervention has 
been shown to be a significant factor in predicting mortality 
in geriatric patients with hip fractures [7, 8] with surgical 
intervention for hip fractures in the elderly required within 
36 h of injury in the UK to qualify for Best Practice Tariffs 
(BPT) [17].

BOAST guidelines in the UK suggest that patients sus-
taining a pelvic fracture should be operated on within 72 h of 
physiological stability [9]; isolated acetabular fractures are 
excluded from this guideline, with old guidelines suggest-
ing fixation of these fractures within 5 days of injury [18]. 
However, there is a lack of literature to support these guide-
lines, in contrast to the general recognition within the surgi-
cal community that time to surgery in fragility hip fracture 
is significantly associated with increased risk of death [7, 8]. 
Hip fracture management also benefits from well-established 
pathways, non-centralised surgery and an increase in priority 
and status through national health policies. PA fractures are 
usually centralised to MTCs requiring a referral and patient 
transfer process that creates a time pressure of its own.

Across the age spectrum, no association has been dem-
onstrated between time to PA surgery and mortality [19]. 
To the best of our knowledge, a recent study by Glogovac 

Table 3  Patient characteristics

CCI Charlson Co-morbidities Index, LOS length of hospital stay

Variable Total (n = 70)

Time to surgery, mean (range) 86.1 (6.3–333)
Sex (n, %)
 Male 43 (61)
 Female 27 (39)

Age, mean (years) (range) 76.1 (65–95.4)
CCI, mean (range) 4.6 (2–11)
Mechanism (n, %)
 Fall < 2 m 39 (56)
 Fall > 2 m 11 (16)
 RTA 19 (27)
 Assault 1 (1)

Fracture type
 Acetabular 53 (76)
 Pelvic 17 (24)

Polytrauma (n, %) 23 (33)
LOS, mean (days) (range) 21.7 (3–157)
LOS post op, mean (days) (range) 18.1 (2.3–157)
LOS ICU, mean (days) (range) 2.84 (0–29)
Pre-op mobility status (n, %)
 Independent 38 (54)
 With aid 29 (29)
 Not specified 3 (4)

Mortality (n, %)
 At 30 days 2 (3)
 At 90 days 5 (7)
 At 1 year 14 (20)
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Table 4  Factors associated 
with mortality in unadjusted 
comparison

*Statistically significant results
a Polytrauma defined as ISS > 15

Variable Operated ≤ 72-h (n = 40) Operated > 72-h (n = 30) p value

Male gender (n, %) 22 (55) 21 (70) 0.304
Age, mean (years) (range) 75.2 (65–95.4) 77.2 (65.1–88.9) 0.146
CCI, mean (range) 4.4 (2–8) 5.0 (2–11) 0.387
Mechanism (n, %)
 Fall < 2 m 21 (52.5) 18 (60) 0.702
 Fall > 2 m 6 (15) 5 (17) 1
 RTA 13 (32.5) 6 (20) 0.372
 Assault 0 (0) 1 (3) 0.429

Fracture type (n, %)
 Acetabular 27 (68) 26 (65) 0.117
 Pelvis 13 (33) 4 (10) 0.092
 Polytrauma (n, %)a 18 (45) 5 (17) 0.025*

LOS, mean (days) (range) 19.95 (3–157) 24.03 (8–86) 0.002*
LOS post op, mean (days) (range) 18.6 (2.3–157) 17.4 (4.2–82) 0.203
LOS ICU, mean (days) (range) 2.77 (0–25) 2.93 (0–29) 0.727
Pre-op mobility status (n, %)
 Independent 21 (52.5) 17 (57) 0.973
 With aid 16 (40) 13 (43) 0.972
 Not specified 3 (7.5) 0 (0) 0.255

Mortality (n, %)
 At 30 days 1 (2.5) 1 (3) 1
 At 90 days 3 (7.5) 2 (7) 1
 At 1 year 8 (20) 6 (20) 1

Fig. 2  Graph showing the 
Kaplan–Meier Survival curve 
for patients grouped into older 
and elderly
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et al. [20] is the only paper that investigates the relation-
ship between time to surgery and mortality rates in geriat-
ric patients with acetabular fractures; pelvic fractures were 
not included. Glogovac et al. grouped patients according 
to those treated operatively within 48 h of injury and after 
48 h of injury, based on the hip fracture guidelines in the 
United States, and ran a secondary analysis based on a 
72 h threshold. They found no relationship between mor-
tality rates at 1 year in either analysis; no assessment was 

made of time delay to surgery as a continuous variable. In 
addition, they did not find that patients who had a delay 
to surgery of greater than 48 h were more likely to have a 
longer hospital stay.

Our study results show that not only was the cut-off of 
72 h, as per BOAST guidelines in the UK, not associated 
with increased mortality, but also that when time was con-
sidered as a continuous variable in the multivariate Cox 

Fig. 3  Graph showing the 
Kaplan–Meier Survival curve 
for patients split by CCI

Fig. 4  Graph showing the 
Kaplan–Meier Survival curve 
for patients grouped according 
to pre-op mobility status



1554 Archives of Orthopaedic and Trauma Surgery (2022) 142:1547–1556

1 3

proportional hazards model, no increase in overall mortal-
ity risk was associated with surgical time delay.

Although our study has found no difference of mortal-
ity, delay to surgery for acetabular fractures is known to be 
associated with poorer radiographic and functional outcomes 
as it can lead to more difficulty in achieving an anatomical 
fracture reduction [21]; therefore, we support the principle 
that PA surgery should be undertaken in a timely manner 
where possible.

While there was no statistical difference in mortality 
rates between the two groups, the length of hospital stay in 
those operated on after 72 h was significantly greater (by 
4.1 days). The Trauma Network lead time, whilst waiting for 
transfer of patients to the Major trauma centre, will contrib-
ute to the association of ‘delayed surgery’. Prolonged LOS 
is associated with an increase in hospital-acquired infec-
tions, financial cost, disruption of patient flow and resultant 

bed shortages. In an increasingly resource constrained 
National Health Service, a reduction in LOS is of signifi-
cant importance.

This study illustrates a significant difference between the 
number of polytrauma patients operated on within 72 h and 
those operated on after 72 h. Contrary to what might be 
expected, a greater number of these patients were operated 
on within 72 h (n = 18) compared to five after 72 h. This 
could be due to the very low number of TBIs in this cohort 
(2 of 23) which can lead to a delay in physiological optimisa-
tion to allow surgery.

Our study has illustrated a difference in significance of 
timing of surgery between older/elderly PA surgery and 
older/elderly hip fractures. However, the 20% 1-year mor-
tality rate for the PA fracture population is comparable to 
that of hip fractures; literature suggests a range between 16 
and 33% [4, 5] in the PA population at 1 year, versus 15 and 
36% [22] in the older/elderly hip fracture population.

A higher mortality rate was found in the ORIF cohort 
(29%) versus the combined ORIF and THA (11%) for the 
acetabular sub-group. While the p value of 0.126 does not 
suggest that this difference in mortality rates is significant, 
it does suggest that there was not an increase in mortality 
in the “fix and replace” cohort, which has traditionally been 
seen as a technique that poses greater risk to the patient.

The Blue Book [23], a joint publication by the British 
Orthopaedic Association and British Geriatric Society, 
encourages the co-operation between orthopaedic surgeons 
and geriatricians in the recognition and management of 
hip fractures in the UK. The introduction of Fracture Liai-
son Services (FLS) has resulted in considerable mortality 

Fig. 5  Graph showing the 
Kaplan–Meier Survival curve 
for patients grouped according 
to time to surgery below and 
above 72 h

Table 5  Results of multivariate Cox regression analysis

*Statistically significant results

HR p value CI (95%)

Male gender 0.60 0.352 1.21–1.75
Age 1.15 0.006* 1.05–1.27
CCI 1.77 < 0.001* 1.28–2.43
Time to surgery 1.00 0.880 0.99–1.00
MOI 1.00 0.991 0.40–2.55
Polytrauma 4.80 0.061* 0.92–24.7
Pre-op mobility status 2.49 0.038* 1.05–5.90
Head Injury 1.62 0.654 0.20–13.4
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benefits, with 30-day mortality falling by 7.6% per year in 
the 4 years after the introduction of the National Hip Frac-
ture Database compared to a 1.8% per year decrease in in 
the 4 years preceding its introduction [24]. Additionally, in 
England the appropriate management of hip fractures in the 
elderly population attracts a best practice tariff incentive 
(BPT) [17]. However, for the older/elderly PA population, 
no such incentive exists, despite comparable mortality rates.

This study found an association between increased age, 
pre-existing co-morbidities and pre-op mobility status on 
overall mortality. These factors form 3 of the 7 criteria in the 
PRISMA-7 questionnaire, recommended by NHS England 
as a tool for identifying frailty. Older people with frailty who 
need to undergo surgery can have less successful outcomes if 
the frailty has not been identified prior to the operation [25]. 
Recent evidence suggests that sarcopenia, a physical meas-
ure of frailty, could also be associated with higher 1-year 
mortality in older/elderly patients with acetabular fractures 
[26, 27].

In view of patient outcomes, and the significant improve-
ment in 30-day mortality shown since the introduction of the 
National Hip Fracture Database, we would consider stricter 
adherence to an integrated orthogeriatric pathway for PA 
fractures in the older population. While patients with hip 
fractures have recently been the focus of such collaboration, 
the PA fracture population has largely been overlooked. This 
multidisciplinary approach could enable more streamlined 
management of the physical injury, optimisation of comor-
bidities and rehabilitation, including measures to prevent 
future further injury; overall allowing for better outcomes 
for these patients.

Limitations of this study include the small sample size 
(limited by the conception of the hospital’s electronic data-
base in 2015), the retrospective design and lack of postop-
erative functional outcomes as another measure of enduring 
morbidity post-surgical intervention.

Conclusion

In conclusion, our study found that time delay to surgery 
following pelvic or acetabular fracture in older patients does 
not affect 1-year mortality rates, in contrast to the decreased 
mortality associated with early surgical intervention in 
elderly patients with neck of femur fractures. This evidence 
leads us to question the mortality benefits of definitive time 
criteria on surgical management of older/elderly patients 
with PA fractures. However, there are the described associ-
ated benefits for total length of hospital stay, both clinical 
and financial, and it is hard to corroborate evidence quan-
tifying the compassionate arguments for early fracture sta-
bilization and analgesic effect. Therefore, the authors are in 
support of the principle behind the 72 h goal of achieving 

surgical stability for his cohort of patients, but the justifica-
tion may not be an effect on 1-year mortality, but rather an 
effect on length of stay. Increased mortality was indepen-
dently associated with increasing age, co-morbidities and 
previous mobility status. Further work is required to con-
sider a more integrated orthogeriatric care pathway for this 
patient population.
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