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Abstract
Introduction: Computed tomography (CT) pan-scans have become increasingly commonplace as part of the initial diagnostic
workup for patients sustaining traumatic injuries. They have proven effective in improving diagnostic accuracy in those with high-
energy mechanisms of injury. However, the utility of pan-scans in the geriatric population sustaining low-energy traumatic injuries
remains unproven. Methods: A retrospective review was conducted of patients who sustained a fragility fracture at a level-1
trauma center over a 15-month period. Radiologist interpretations of any CT pan-scans were reviewed for acute findings, and
charts were reviewed for resulting changes in orthopedic and nonorthopedic management. Additionally, mechanism of injury,
definitive management, time to surgery, length of stay, level of care at discharge, and demographic data were compared against
similar patients who did not receive a pan-scan. Results: Of the 109 patients who underwent a CT pan-scan, 1 (0.92%) had a
change in orthopedic treatment. Twelve (11.01%) patients had changes to their nonorthopedic management. In addition, 14 other
patients had one or more consultations obtained based on pan-scan results that did not result in any change in management.
Discussion: This study found that only 1 of the included patients had a change in orthopedic management and 12 had a change in
nonorthopedic management, despite over half of the study population being found to have additional findings. Furthermore,
patients who underwent a pan-scan did not have expedited surgical intervention or earlier discharges compared to those who
were not pan-scanned. Conclusion: This study demonstrates whole-body CT imaging provides little benefit in geriatric patients
who sustain fragility fractures and should be utilized judiciously and in a targeted fashion instead of as a routine part of trauma
surgery or emergency department protocol in this patient population. Level of Evidence: Level III Retrospective Study.
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Introduction

As the geriatric patient population continues to grow, it has

become increasingly important for orthopedists to understand

how the treatment of the elderly individuals differs from that of

younger patients. The population of people older than 65 is

expected to double in the United States by 2060.1,2 Health-

care cost in the United States from traumatic injury in this

population is estimated to cost more than $34 billion annually,

and the cost is only predicted to increase as the population

ages.2,3 Consequently, fragility fractures, which are fractures

caused by a mechanism that would normally be insufficient to

break otherwise healthy bone, will comprise an even larger

portion of fractures that are managed by orthopedists.4-9 More

attention must be paid to traumatic injuries in geriatric patients,

as elderly patients are frail, have diminished physiological

reserve, and are at increased risk of morbidity and mortal-

ity.3-7,10,11

One area of interest is the utility of performing a whole-

body computed tomography (CT) scan, often referred to as a

pan-scan, in the setting of lower energy mechanisms of

injury.12-15 The benefits of these pan-scans include minimizing

missed diagnoses of soft tissue injuries, decreased time needed
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for workup, and lesser intensive care requirements.3,11,12,14,16-19

Pan-scans have proven to be effective and, in recent years, have

become a commonplace part of the initial workup for the general

trauma population. However, there has been a dearth of research

focusing on the utility of obtaining a pan-scan in the geriatric

trauma population with isolated orthopedic injuries.

The evidence regarding the utility of CT pan-scans in the

geriatric trauma population is mixed, with some studies finding

benefit while others failing to show significant impact on out-

comes. Increased utilization of pan-scans has led to a commen-

surate increase in incidental findings while portending little to

no impact on final treatment or outcomes in this patient popu-

lation. Ultimately, this represents an unnecessary health-care

cost and may lead to a potential delay in definitive management

of their presenting complaint.14,15 Protocol-based use of

pan-scans have failed to show any improvement in patient

mortality.12,16 Several studies have shown some benefit, such

as preventing under triage, decreased time to diagnosis, and

improved diagnostic accuracy.3,17,20,21 However, these studies

address the general trauma population or any trauma occurring

in the geriatric population. To our knowledge, no study has

directly addressed orthopedic management in patients who

have sustained fragility fractures and are subject to this diag-

nostic strategy. This study seeks to determine how CT pan-

scans impact the total care of the elderly trauma patient who

has sustained a fragility fracture.

Methods

We performed a retrospective analysis of all patients admitted

with fragility fractures between October 2017 and January

2019 following presentation to the emergency department

(ED) at our facility. Our institution is a level-1 trauma center

that serves as a community hospital for a major metropolitan

area and treats more than 300 patients who sustain a fragility

fracture every year. Per hospital protocol, these patients

undergo an initial workup by the trauma surgery (TS) or ED

teams and the fragility fracture service (FFS) is then consulted

if an orthopedic injury is found. This population was reviewed

for the purposes of this study. Inclusion criteria consisted of

patients older than 50 years of age who sustained a fracture via

a low-energy mechanism. Low-energy mechanisms were

defined as a fall <1 meter of height off the ground. Age over

50 was chosen because at this age osteoporosis becomes an

increasing concern, while the majority of fractures in this

demographic occur due to a ground-level fall.4,7,16

Patients indicated for inclusion in the study were assessed

with regard to orthopedic diagnosis, mechanism of injury,

orthopedic operative management, time to surgery (TTS), hos-

pital length of stay (LOS), level of care at discharge, and TS or

ED team workup with a CT pan-scan. Patients who underwent

a CT pan-scan had the indication(s), the findings, and any

subsequent consultations or changes in management reviewed.

Background demographics including age, gender, body mass

index (BMI), American Society of Anesthesiologists (ASA)

score, and Charlson Comorbidity Index (CCI) were also noted.

CT pan-scans were ordered at the discretion of either a TS or

ED attending physician. A CT pan-scan was defined as CT

imaging of the head, cervical spine, chest, abdomen, and pel-

vis.12,13 Radiologist interpretations of the CT pan-scan were

reviewed for acute findings. New findings not previously

demonstrated in the medical record or any acute exacerbations

of a previously diagnosed condition were considered to be an

acute finding. All associated clinical documentation was

reviewed for any changes in orthopedic and nonorthopedic

management that occurred because of findings discovered by

the pan-scan. Clinical documentation was also reviewed to

determine whether pan-scan findings correlated with patient’s

presenting history and physical examination. Injuries of the

spine were not considered orthopedic injuries for the purposes

of this study.

Patients were grouped based on whether or not they under-

went a pan-scan at the initial TS or ED workup. Groups were

then compared regarding demographic characteristics, ortho-

pedic diagnosis, mechanism of injury, TTS, LOS, and dis-

charge level of care. Demographic characteristics were

described using median (interquartile range) and frequency

(percentage) where appropriate. Continuous variables were

assessed for normality using Kolmogorov-Smirnov test, histo-

grams, and probability plots. Based on the distribution of the

data, Wilcoxon rank-sum test was used to compare continuous

variables and Fisher exact test for categorical variables. A

result was considered statistically significant at the P < .05

level. All analyses were performed using SAS version 9.4 (SAS

Institute Inc, Cary, North Carolina).

Results

A total of 433 patients were indicated for review during the

study period. Of those screened, 109 (25.17%) received pan-

scans. Demographic data was compared between patients who

received a pan-scan and those who did not (Table 1). Patients

with an initial trauma CT pan-scan were more likely to have a

higher ASA score. All other demographic variables were

comparable.

In all, 114 orthopedic injuries were sustained by the 109

patients who underwent whole-body CT imaging. Figure 1A

demonstrates the different orthopedic diagnoses in these

patients. The most common of these were fractures of the peri-

trochanteric region (40.37%), fractures of the femoral neck

(16.51%), and pelvic ring fractures (10.09%). With regard to

mechanism of injury, 102 were due to mechanical ground-level

falls. Of the remainder, 3 were falls of elevated height less than

1 meter, 2 were syncopal ground-level falls, and 1 was atrau-

matic in nature. In all, 91 (83.49%) patients did not have a

documented indication for why a pan-scan was obtained

(Table 2). Additionally, 68 (62.39%) of the patients who under-

went a pan-scan required eventual surgical intervention for

their orthopedic diagnosis.

Fifty-eight (53.21%) patients who underwent whole-body

CT imaging had one or more findings that had not been previ-

ously demonstrated (Figure 1B). These most common findings
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were thoracolumbar spine pathology (30.49%), chest wall or

lung pathology (19.51%), and cranial or intracranial pathology

(12.30%). Examples of these findings include vertebral com-

pression fractures, rib fractures, and subdural hemorrhages,

respectively. Patients who underwent a pan-scan were also

found to have no differences in TTS and LOS when compared

to those who did not. In addition, there was only a weak sta-

tistical correlation with discharge level of care when comparing

patients who did and did not undergo whole-body CT imaging

(Table 3).

As for orthopedic management, 1 (0.92%) patient had a

change in treatment following pan-scan. There was a concern

in this patient for a femoral neck fracture based on X-ray and

initial physical examination. The radiology attending impres-

sion of the subsequent CT pan-scan raised doubt about an

acute fracture but was worrisome for a lytic lesion of the

femur. This patient underwent magnetic resonance imaging

(MRI) scan that demonstrated no fractures or lytic lesion.

Patient’s management plan was thusly changed from opera-

tive to nonoperative. There was no other impact found on the

remaining patients’ orthopedic management based on CT

pan-scan results.

Similar assessment was performed for changes to nonortho-

pedic management of these patients. Twelve (11.01%) patients

had changes to their nonorthopedic management, 5 of them

required an increased level of monitoring, 5 required nonopera-

tive bracing of spinal fractures, and 2 required invasive inter-

vention. In addition, 14 other patients had one or more

consultations obtained based on pan-scan results that did not

result in any change in management. Of the 12 patients who

had changes in their nonorthopedic management, 10 had either

a presenting history or suggestive prescan physical examina-

tion finding that directly correlated with their additional find-

ings on pan-scan. Of the 2 patients who did not have correlating

presentations, 1 required embolization of a pelvic hemorrhage

by interventional radiology and the other required a thoraco-

lumbar orthosis for vertebral compression fracture.

Discussion

Whole-body CT imaging has been increasingly used in the

setting of acute trauma in the United States and has become

protocolled as part of the initial general trauma workup at many

institutions.12-15 However, the benefits of this practice in

elderly patients with low-energy trauma are unclear. To our

knowledge, this is the first study to assess the impact CT

pan-scans have on the management of fragility fracture

patients. Ours is the first study to seek to determine whether

routine CT pan-scans should remain part of TS and ED

protocols.

This study demonstrated that of the 109 patients who under-

went CT scans, only 1 patient had a change in orthopedic

management and 12 had a change in nonorthopedic manage-

ment, despite over half of the study population being found to

have additional acute findings. Furthermore, patients who

underwent a pan-scan did not have significantly different TTS

or LOS compared to those who did not, indicating that their

Table 1. Demographic Characteristics.

Factors

Pan-Scan
Performed,
N ¼ 109

Pan-Scan Not
Performed,
N ¼ 109 P Valuea

Age, median (IQR) 87 (81-21) 86 (78-90) .102
BMI, median (IQR) 24.5 (22.9-28.4) 24.4 (21.6-28.3) .338
Gender, n (%) .229

Male 19 (17.4) 76 (23.5)
Female 90 (82.6) 248 (76.5)

Charlson score,
median (IQR)

5 (4-6) 5 (4-6) .026

ASA score, n (%) .005
1 0 (0) 2 (0.8)
2 5 (6.8) 50 (19.1)
3 44 (59.4) 162 (61.8)
4 25 (33.8) 48 (18.3)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index; IQR, interquartile range.
aP values are from Wilcox rank-sum test for continuous variables and Fisher
exact test for categorical numbers.

Figure 1. Diagnoses of patients who underwent computed tomography (CT) pan-scans as part of their initial workup. A, Admitting orthopedic
diagnoses. B, Additional findings seen on CT pan-scans.
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workup did not expedite surgical intervention or early dis-

charge. The FFS at our institution was established in 2012, and

we feel that TTS and LOS being similar between cohorts is due

to the maturity of this service. An institution with a less expe-

rienced FFS may have shown significantly increased TTS or

LOS in patients who underwent CT pan-scans, which is con-

cerning as unnecessary delays in surgical management in this

patient population and has been linked to increased morbidity

and mortality.22,23

Several studies have examined the benefits of CT pan-scans

in the general trauma population. Whole-body CT imaging has

been found to improve diagnostic accuracy, decrease time to

diagnosis, decreased time to operative treatment, and reduction

in overall mortality.13,14,16,17,24 However, this study did not

support these findings when applied to the fragility fracture

population. Other studies looking at elderly patients who sus-

tain traumatic injuries have demonstrated no difference in

injury severity and no impact on mortality when pan-scans

were utilized in lower energy mechanisms.14,25,26 This discre-

pancy demonstrates that whole-body CT imaging has greater

utility for younger patients and in higher energy trauma.

There is limited reporting in the literature on how CT pan-

scans have altered specific patient care. Roberts et al and Kim

et al both examined changes in care following whole-body CT

imaging in low-risk patients. Roberts et al found that only 5%
of their study population had an emergent intervention as a

result of a CT pan-scan.25 Kim et al found only 3% of elderly

trauma patients required some form of procedural intervention

based on a CT pan-scan.12

Our study expands on these findings, as there was only 1

(0.92%) patient whose orthopedic management was changed

based on the same imaging modality. Upon further investiga-

tion of this 1 patient, it is believed that such a change in man-

agement would have occurred even in the absence of a CT scan.

This is due to the patient having a concern for an occult femur

fracture, and a MRI is the gold standard study for ruling out this

diagnosis.3,26-30 This patient required an MRI despite under-

going CT imaging. Our study also demonstrated that CT pan-

scans did not improve TTS or decrease LOS in the fragility

fracture patient population, which directly contradicts the pat-

terns seen in younger patient populations.14,17

Our results support previous studies that have shown CT

pan-scans in the elderly population have demonstrated a sig-

nificant risk of incidental findings. The rate of unrelated find-

ings in CT whole-body imaging has been reported as high as

50% and is known to be directly related to increasing

age.14,15,26,31 In our patient cohort, 41.7% of those undergoing

a whole-body CT scan had additional findings that did not

impact their care. This raises the concern that CT pan-scans

in low-risk patients, such as fracture fragility patients, signifi-

cantly increases cost without much benefit.1,11,25 Our study

also supports this as 88% of patients had no change in care

after undergoing a CT pan-scan, and 13% of patients had con-

sultations that resulted in no change in care. This rate of inci-

dental findings has the potential to increase the complexity of

care coordination for this patient population and could lead to

much confusion. There is the additional concern, as the high

contrast loads and radiation exposure related to CT pan-scans

may be causing direct harm to these patients.1,13,14,21,25,31

This study is not without limitations. The retrospective

single-center nature of the study design and the relatively small

sample size represent the most significant limitations. Our

institution lacks a robust protocol for conducting CT pan-

scans, which introduced the potential for significant variability

in which patients underwent this diagnostic workup. The retro-

spective nature also means that clinical documentation may not

clearly reflect whether history or examination findings

occurred before or after CT pan-scan findings. Patient demo-

graphic information did show there was no difference in age,

BMI, or CCI between those who underwent CT pan-scan and

those who did not. Also, while there is a relatively small sample

size, other studies have demonstrated similar results with com-

parable patient numbers. Ultimately, a prospective study with a

larger sample size could provide more definitive evidence.

In conclusion, the benefits of CT pan-scans are questionable

for patients who sustain fragility fractures. This patient popu-

lation inherently has a high incidence of findings demonstrated

Table 3. Bivariate Comparisons of Outcomes.

Outcomes

Pan-Scan
Performed,
N ¼ 109

Pan-Scan
Not

Performed,
N ¼ 109 P Valuea

Length of stay, days,
median (IQR)

5 (3-7) 5 (3-6) .339

Disposition, n (%) .044
Home 17 (15.6) 66 (21.4)
Rehab 85 (78.0) 236 (76.6)
Expired/hospice/

palliative
7 (6.4) 6 (2.0)

Time to surgery, hours,
median (IQR)b

26.6 (19.9-39.1) 22.4 (17.6-32.1) .067

Time from surgery to
discharge (days),
median (IQR)b

4 (3-6) 3.5 (3-5) .155

Abbreviation: IQR, interquartile range.
aValues of P are from Wilcox rank sum test for continuous variables and Fisher
exact test for categorical numbers.

bSubset of patients with surgical treatment (pan-scan: Yes [N ¼ 66], No [N ¼
232]).

Table 2. Pan-Scan Indications.

Indication for Pan-Scan Number of Patients

No indication documented 91 (83.4%)
Loss of consciousness/altered mental status 10 (9.17%)
Metastatic workup 3 (2.78%)
Hypotension 2 (1.83%)
History of cardiopulmonary disease 2 (1.83%)
Sepsis workup 1 (0.97%)
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on whole-body CT scan that do not ultimately impact manage-

ment. This presents a risk of unnecessarily increasing health-

care costs and radiation exposure in this patient population,

whose baseline care coordination remains challenging. While

a randomized controlled trial is necessary to further the find-

ings presented in this study, whole-body CT imaging in fragi-

lity fracture patients demonstrates little benefit while further

complicating their care with an increased rate of incidental

findings.

Conclusion

This study demonstrates whole-body CT imaging provides little

benefit in geriatric patients who sustain fragility fractures and

should be utilized judiciously and in a targeted fashion instead of

as a routine part of TS or ED protocol in this patient population.
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