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Introduction

Fragility fractures are common, with an estimated 2 mil-
lion osteoporotic fractures occurring each year.1 Patients 
over the age of 85 are at the highest risk of fragility frac-
ture and it is estimated that the population will increase 
from 5.5 million to over 19 million by the year 2050.2,3 
While hip fractures are the most well-known fragility frac-
ture and have been extensively studied regarding risk fac-
tors, mortality, and treatment options,2–5 management 
pathways for fragility fractures of the pelvic ring are less 
well described.

The most common pattern in elderly patients is the lateral 
compression type 1 (LC-1) impaction fracture of the sacral 
ala, which typically results from a low-energy fall from 
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standing height.6–8 The standard of care for LC-1 pelvic frac-
tures is typically non-surgical with emphasis on early mobi-
lisation as allowed by pain unless they are felt to be 
mechanically unstable.7,9,10 Despite the emphasis on early 
ambulation, the pain of these injuries can significantly 
impact a patient’s mobility,11 and many patients report never 
returning to the same level of pre-injury independence.6,7,12 
Mortality rates for LC-1 fractures have been reported any-
where from 5.1% to as high as 24%.7,11,13–17

Given the growing elderly population, the incidence of these 
injuries is likely to increase. Therefore, there is a need to under-
stand the mortality, associated risk factors, and follow-up logis-
tics in patients with LC-1 fragility fractures to identify which 
interventions add the most value to patients. The primary aim of 
this study is to identify risk factors for readmission and mortal-
ity in patients with fragility LC-1 fractures and evaluate which 
follow-up visits are likely to result in changes to patient care. 
We hypothesise that many of these patients will be medically 
complex and at high risk for morbidity and mortality and that 
post-injury medical management may benefit these patients.

Methods and materials

This retrospective, observational cohort study was conducted 
using patient data from a single level 1 trauma centre over a 
5-year period (January 2015–December 2019). Institutional 
review board approval was obtained from our home institution 
(University of Massachusetts, Worcester) prior to the initia-
tion of this study (H00020991). Patient consent was waived 
by IRB approval due to the retrospective nature of this study. 
Patients were identified from an internally maintained trauma 
database using OTA/AO type 61-B2 as defined by the OTA/
AO Fracture and Dislocation Compendium.18 From this 
cohort, inclusion criteria included all patients at least 50 years 
of age, with available radiographic imaging, and low-energy 
mechanisms of injury (defined as fall from standing or fall 
from less than 5 feet). Due to the normal strength of pelvic and 
long bones, fractures of the pelvis from this low-energy mech-
anism are commonly accepted as a fragility fracture in prac-
tice and used with this definition in our study. Fractures were 
classified by review of the plain radiographs (AP pelvis, inlet 
and outlet views), and CT scans, when available. Fractures 
that had SI widening, a crescent/iliac wing component (LC-2), 
or included anterior–posterior compression or vertical sheer 
components were excluded. Patients with pelvis fractures 
from high energy mechanisms (i.e. motor vehicle crashes, 
pedestrian strikes, falls from 5 feet or more) were also 
excluded. Power analysis for this study and expected differ-
ences had us requiring 200 patients for this study.

Information was extracted from the chart regarding patient 
demographics (age, sex, medical comorbidities, ambulatory sta-
tus), injury factors, treatment, follow-up, and mortality. Medical 
comorbidities were measured using the Charlson Comorbidity 
Index (CCI) as defined by the National Cancer Institute.19 Any 
admissions to the hospital system after the injury were identi-
fied, and the reasons for admissions were recorded.

The impact of orthopaedic follow-up was assessed via a 
review of the outpatient documentation. In the outpatient 
clinic, decisions were assessed to affect patient management 
if they involved a change in weight-bearing status to any-
thing other than weight bearing as tolerated, prescription of 
any medication or recommendation of any activity modifica-
tion beyond ‘as tolerated without restrictions’. All patients 
were scheduled for orthopaedic follow-up prior to discharge 
and received written documentation on their injuries and pre-
cautions. All patients were verbally instructed to set up an 
appointment with their primary care provider, which was 
also placed in written instructions on discharge from the 
emergency department. If admitted, patients would have 
both orthopaedic and primary care follow-ups established on 
discharge. Any follow-up with their primary care provider 
was also recorded. Our electronic medical record allowed 
the identification of primary care visits both within our sys-
tem and through neighbouring health networks, minimising 
the chances of under-recording primary care visits.

Survival following the fracture was recorded at 30 days, 
3 months and 1 year. Patient mortality was first assessed using 
the electronic medical record. If the patient was listed as not 
deceased in the electronic medical record and had recent docu-
mented contact that occurred beyond 1 year from injury, they 
were recorded as alive. If the patient was recorded as deceased 
in the electronic medical record and a date of death was docu-
mented, the patient was marked as deceased, and their date of 
death was recorded. If a patient was not listed as deceased in 
the electronic medical record and there was no recent follow-
up, an internet search for their obituary was attempted. If the 
appropriate obituary was found, the date of death was recorded, 
and the patient was marked as deceased.

Imaging

Injury and follow-up Anterior-Posterior (AP), inlet, and outlet 
radiographs were assessed for stability using previously 
reported measurements of pelvic symmetry.20 Iliac wing height 
difference, sacral height difference, ischial height difference 
and symphyseal width were measured on the AP radiograph. 
Sacral width difference and pelvic ring width difference were 
measured from inlet radiographs. The iliac wing height differ-
ence and ischial height difference were also measured on outlet 
radiographs. Changes in sacral height difference, sacral width 
difference and pelvic ring difference were calculated from the 
initial injury to the last follow-up images. Image measurements 
were performed by two orthopaedic trauma surgeons and the 
average of the two values was taken and performed on the 
same image software for equal calibration. No values were 
more than 5 mm different for each measurement.

Statistical analysis

Odds ratios were calculated for each of the documented fac-
tors to calculate whether there was a statistical impact on 
mortality. CCI was calculated both with and without age. 
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Two-tailed t-tests were performed on radiograph measure-
ments immediately post-imaging and at the final follow-up 
to evaluate for changes in alignment. A p-value less than 
0.05 was deemed to be significant.

Results

There were 598 patients over the age of 50 with pelvic ring 
injuries identified, of which 398 (65.1%) were LC-type pat-
terns. Of those, 211 were low energy, LC-1 type pattern inju-
ries based on radiographs and injury mechanisms. Patient 
demographics are shown in Table 1. The average age was 
81.5 years at the time of injury. In all, 24 patients (11.4%) 
had a concomitant injury (Table 2), with proximal humerus 
being the most common. In total, 39 (18.5%) patients were 
re-hospitalised within 30 days and all of those readmissions 
were for chronic medical conditions, repeat falls or pain con-
trol (Table 3). No readmissions involved any orthopaedic 
intervention (i.e. surgery, procedures).

Of the 211 patients with low-energy LC-1 type pattern 
injuries, 147 (70.0%) underwent CT scans as part of the initial work-up in the emergency department. All of these 

were obtained by the emergency room physicians prior to 
orthopaedic consultation and not as part of the requested 
work-up by the orthopaedic consultant. Indications for 
obtaining a CT are provided in Appendix A. Of the 147 
patients who received CTs, none had their weight-bearing 
status limited or had any additional injuries identified. 70.1% 
underwent CT without a clearly documented reason, and 
22.4% had ‘dementia’ as the indication.

56.4% of patients had at least one orthopaedic follow-up 
appointment, with 55.6% having a follow-up of at least 
3 months. Of the 119 patients who followed up at least once 
in our system (for a total of 212 visits to the orthopaedic 
clinic), there were no changes in management that occurred 
at any of these visits. Of the patients who had a documented 
primary care doctor within our medical system, 29.4% fol-
lowed up with their primary doctor within 3 months of injury.

Of the 211 patients included in the study, we were able to 
obtain definitive proof of life (a documented encounter in 
our medical system) or of death (in a death date in our medi-
cal system or a published obituary) for 208 (98.6%) patients, 
leaving only three patients who were assumed to be alive 
without proof of continued follow-up or documented death. 
Mortality at 30 days, 3 months and 1 year was 7.1%, 10.9% 
and 24.2%, respectively. All patients recorded as dead were 
done so using death dates from the electronic medical 
record. Factors analysed between patients alive or deceased 
at 1 year are shown in Table 4. Patient demographic factors 
that were significantly associated with an increased risk of 
1-year mortality were male sex, need for a pre-injury assist 
device for ambulation and CCI (both with and without age). 
Follow-up with primary care physicians within 3 months of 
injury was associated with a decreased risk of 1-year mor-
tality (OR: 0.25, p = 0.0027). Living in a nursing facility 
pre-injury, having a concomitant injury, and 30-day 

Table 1.  Patient demographics and mortality rate.

Patient Demographics Patient # Percent (%)

Total 211 100
Gender
  Male 30 14
  Female 181 86
Pre-injury assist device?
  Yes 130 62
  No 81 38
Nursing home/assisted living?
  Yes 157 74
  No 54 26
Cumulative mortality
  30 days 15 7
  3 months 23 11
  1 year 51 24

Table 2.  Concomitant injuries.

Injury Patients

Proximal humerus fracture 5
Distal radius fracture 4
Vertebral compression fracture 4
Greater trochanter fracture 3
Femoral neck fracture 2
Clavicle fracture 2
Olecranon fracture 1
Triquetral fracture 1
Coracoid fracture 1
Distal humerus fracture 1
Total 24

Table 3.  Causes of re-hospitalisation within 30 days.

Reason Patients

Repeat fall or syncope 10
Pain control/unable to perform activities of daily 
living

7

Chronic obstructive pulmonary disease exacerbation 4
Gastrointestinal bleed 5
Urinary tract infection 3
Heart failure exacerbation 2
Chest pain work-up 1
Acute kidney injury 1
Hyperglycaemia 1
Hyponatremia 1
IV drug use 1
Stroke 1
Cancer treatment 1
Conjunctival haemorrhage 1
Total 39
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re-hospitalisation were not found to be associated with an 
increased risk of 1-year mortality.

Radiographic parameters are shown in Table 5. Other 
than a slight improvement in sacral height asymmetry, there 
were no statistically significant changes between initial and 
final radiographic measurements.

Discussion

From a strictly orthopaedic standpoint, all the patients in our 
cohort were treated with closed management for their LC-1 
fracture. No patients required surgery, and there was no loss 
of reduction or instability seen in follow-up radiographs.

However, from a medical perspective, readmission and 
mortality for these patients were still quite high (18% read-
mission at 30 days, 24% 1-year mortality). In our cohort, this 
increased medical complication rate appears to largely be 
related to patients’ medical comorbidities and impaired 
ambulation. This is best illustrated by the increased risk of 
1-year mortality with increased CCI, and correlation with the 
need for an assist device for ambulation pre-injury. Of note, 
the degree to which patients were aware of their pre-existing 
diminished life expectancy is unclear due to the retrospective 
nature of this study and would merit investigation in future 
research. It is important to highlight that we found this as a 
correlation, not necessarily a cause of their mortality. We feel 

that similarly to studies that have found similar risk factors 
for fragility hip fracture patients, it is not necessarily the lim-
ited mobility or medical complexity itself that is causing the 
increased mortality but it is acting as an overall marker of 
frailty in this population.

Despite the medical complexity of some of these patients, 
many do not follow up with their primary care physicians 
after this injury, which was the only modifiable factor found 
to be associated with improved 1-year mortality. While the 
exact reason is not able to be concluded from our retrospec-
tive study, we feel the fact that an LC-1 injury is perceived as 
a bony injury, and therefore an orthopaedic issue probably 
plays a large role.

By contrast, fragility hip fractures have undergone a per-
spective shift recently such that the injury is not seen as just 
a simple fracture but rather as a global metabolic insult and 
an indicator of medical frailty. In that context, many major 
centres have converged on a model of medical co-manage-
ment teams for these patients for inpatient needs and for 
establishing osteoporotic management in the inpatient and 
outpatient settings. In our system, osteoporosis management 
after hip fractures is managed cooperatively with the endo-
crine team, with screening laboratories and vitamin D/cal-
cium supplementation being administered while inpatient 
and osteoporotic treatment being administered as an outpa-
tient after stabilisation and treatment of their hip fracture. 

Table 4.  Patient risk factors for 1-year mortality.

Risk factor Died < 1 year from injury (%) Survived > 1 year (%) Odds ratio (95% CI) p-Value

Male sex 23.5% 11.3% 2.4 (1.1–5.5) 0.030
Used assist device pre-injury 84.3% 54.4% 4.5 (2.0–10.2) <0.001
  Assisted living pre-injury 31.4% 23.8% 1.5 (0.7–2.9) 0.280
  Re-hospitalised within 30 days 25.5% 15.6% 1.9 (0.9–4.2) 0.090
  Concomitant injury 11.8% 10.6% 1.1 (0.4–3.0) 0.820
  Had 3-month primary care follow-up 11.8% 35.0% 0.3 (0.1–0.6) 0.003

CCI comparison Deceased at 1 year  
(avg score)

Alive at 1 year  
(avg score)

 

CCI (no age) 3.1 2.1 0.011
CCI (age) 6.8 5.5 0.001

Statistical significant p-Values (<0.5) are bolded.

Table 5.  Initial and final radiographic measurements.

Radiographic measurement Injury measurement 
(Avg mm ± SD)

Final measurement 
(Avg mm ± SD)

p-Value

Iliac wing height difference (AP) 1.93 (±2.82) 1.90 (±2.62) 0.930
Sacral height difference (AP) 2.30 (±1.86) 1.63 (±1.39) 0.003
Ischial height difference (AP) 1.82 (±2.54) 2.00 (±2.38) 0.600
Symphyseal width (AP) 4.18 (±1.48) 3.99 (±1.42) 0.330
Sacral width difference (Inlet) 2.60 (±2.09) 2.27 (±2.14) 0.260
Pelvic ring width difference (Inlet) 3.23 (±3.04) 3.53 (±3.57) 0.510
Iliac wing height difference (Outlet) 1.91 (±2.80) 1.61 (±2.68) 0.430
Ischial height difference (Outlet) 2.71 (±3.15) 2.90 (±3.21) 0.670
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There are multiple ways of osteoporosis management of 
patients with fragility fractures in different healthcare sys-
tems but it is now standard of care that this is addressed in 
this population in conjunction with the orthopaedist special-
ist, if not solely by them.

Although our cohort of LC-1 injuries did not frequently 
require prolonged hospitalisation and none underwent surgi-
cal management, viewing fragility LC-1 injuries through this 
lens may help us refocus our perspective on how these 
patients might be better managed in the outpatient setting. In 
that context, a visit to an orthopaedic surgeon rarely changes 
operative management, as no orthopaedic surgical interven-
tions were performed in this cohort. However, there may be 
an opportunity for a patient’s primary care team in conjunc-
tion with orthopaedics to meaningfully intervene by address-
ing decompensated medical problems, helping to improve 
safety at home and managing the long-term consequences to 
the patient of their change in health, all of which have poten-
tial to be high-value interventions from a patient perspective. 
A crucial component of these efforts must be to educate 
patients on the underlying metabolic processes at play and to 
ensure they understand that they are at risk for additional 
insufficiency fractures. It is important to note that we still 
think that orthopaedic follow-up is appropriate and neces-
sary but that the focus of the visit may need to be more on 
fall prevention and osteoporotic optimisation instead of 
solely fracture healing and the need for surgery.

Due to the varied nature of the disposition for these LC1 
injuries, it was not possible to utilise the established osteo-
porotic management pathway for hip fractures in all LC1 
patients. For those who were discharged from the emergency 
department, counselling was given to patients/families in the 
emergency room setting but work-up and treatment were rel-
egated to the outpatient setting. For those who were admit-
ted, the pathway was utilised for some patients but others 
were discharged too quickly for them to be seen by endo-
crine due to the unpredictable discharge timing of LC1 inju-
ries compared to the more standard post-operative protocols 
around hip fractures. Our system is now making changes to 
better capture fragility fractures with less predictable dispo-
sitions to ensure capture for osteoporotic management but 
this is still a continued area of improvement. Our system can 
also be better optimised by standardising patient education 
and establishing opportunities for long-term follow-up care 
either internally or with outside providers.

Due to the retrospective nature of this study, it was dif-
ficult to ascertain what role primary care physicians had on 
a granular level for the patients in our cohort. For many, 
their follow-up was less for this specific injury but 
appeared to be for their underlying medical complexities 
as seen by their high CCI, as well as fall-risk modifica-
tions. This would be of importance to look at in our patients 
prospectively and is currently under investigation at our 
institution to better identify the benefit that was seen sta-
tistically in our study.

It is worth noting that with a predominantly nonopera-
tive management strategy, some patients were represented 
with issues related to pain management following their 
injury (7/211 patients). This may be an indicator that some 
patients continued to have issues with mobilisation and 
symptom management, which is sometimes given as an 
indication for surgical intervention in this population, 
although it is controversial. However, even in these cases, 
the patients ultimately went on to heal their fractures with 
acceptable alignment without operative intervention. 
Future research will need to continue to focus on generat-
ing evidence to identify which patients (if any) might ben-
efit from early fixation for purposes of pain control and 
mobilisation and would benefit from a thorough assess-
ment of how many patients possessed a complaint of pain 
prior to the traumatic event. Due to the retrospective nature 
of this study, we were unable to quantify how many patients 
had pain and the quality/type of pain they had.

CT scans were found to be highly utilised in the emer-
gency room setting as part of the initial work-up by emer-
gency room physicians. While some CT scans were obtained 
with clear indications, many were obtained as part of pan-
scans or to further classify the LC-1 injury already identified 
on the radiograph. In this case series, no CT scan changed 
orthopaedic management, weight-bearing status or identified 
any additional bony injuries. In that light, pathways critically 
evaluating the use of CT scans in this patient population may 
add value by reducing healthcare costs, radiation exposure, 
and time in the emergency department associated with 
unnecessary scans.

There are several limitations to this study which should 
be considered when interpreting the findings. This is a retro-
spective study and bears the typical biases associated with 
that form of study, particularly limiting the ability to make 
causal associations (e.g. between primary care follow-up and 
mortality). Additionally, our method for estimating both 
mortality and primary care involvement is imperfect and 
may potentially underestimate both factors. In terms of mor-
tality, the 1-year mortality rate of 24% is consistent with 
prior studies on this population and is comparable to that 
seen in fragility hip fractures.21–24 As the average age of our 
cohort exceeds the average US life expectancy by 2 years, 
future research would benefit from the case–control study of 
a comparable cohort of individuals without pelvic fractures 
to better characterise the degree to which fracture compro-
mises life expectancy and post-traumatic morbidity. This 
would assist in further characterising the limits of therapeu-
tic intervention on clinical outcomes but still may be limited 
due to the advanced age and CCI of this population. Our 
study may also underestimate primary care involvement, 
although our observed rate of 30% 3-month primary care 
follow-up is roughly consistent with the involvement of pri-
mary care for other osteoporotic fragility fractures at our 
institution. Additionally, the lack of orthopaedic intervention 
in these patients may be a function of the care philosophy at 
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our specific institution (though there are no specific policies 
to this effect) and other centres may be more aggressive in 
this population. However, we feel that this predominantly 
nonoperative pathway is in line with national norms and 
achieves acceptable radiographic results.

Additionally, this retrospective evaluation was performed 
at a Level-1 trauma centre for a clinical problem typically 
managed in a non-trauma setting, which may have affected 
results via lack of pre-existing familiarity with non-ortho-
paedic providers. This may have led to the high utilisation of 
unnecessary CTs that were obtained, as well as potentially 
altered discussions had around this injury with the patient 
and their families. Finally, our rate of long-term orthopaedic 
follow-up is relatively low (56% at 3 months). We feel this is 
more consistent with the notion that patients and families 
find little value in their orthopaedic follow-up rather than the 
concern that there may be significant musculoskeletal pathol-
ogy that we are missing in our patients who do not follow up. 
Future research surveying patient perspectives is needed to 
better characterise this dynamic.

Conclusions

This study confirms findings from prior studies that LC-1 
fragility injuries are a major source of morbidity and mor-
tality. Orthopaedic surgeons who manage patients with fra-
gility fractures bear the responsibility of educating patients 
about the underlying problem and their risk for further frac-
tures, as well as ensuring that they are connected with 
appropriate follow-up for further therapeutic guidance. At 
the same time, when viewed through the lens of patient 
value, our data suggest that orthopaedic follow-up rarely 
offers meaningful operative intervention; instead, there 
may be greater opportunities for primary care physicians to 
manage the medical changes that inevitably accompany the 
loss of mobility and independence associated with these 
injuries, as well as treat the underlying comorbidities that 
predispose one to fracture. In that context, as a medical 
community, we may need to consider shifting our perspec-
tive on these injuries by focusing less on the fracture, and 
more on the loss of mobility and medical frailty that these 
common injuries represent.
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