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Aim: Hip fracture is one of the most common fall-related injuries in the elderly population. Although falls may cause multiple types
of injuries, no study has investigated the details of fall-related injuries accompanied by hip fractures. This study aimed to characterize
the features of such injuries.

Methods: This is a cross-sectional study using data from four tertiary emergency departments in Japan. We identified patients diag-
nosed with hip fracture including femoral neck fracture, trochanter fracture, or subtrochanteric fracture from May 12, 2014 to July 12,
2021. Among patients with hip fracture, we included those with fall-related hip fracture. We excluded patients ages <40 years old and
whose fall was high energy onset, defined as fall from more than three steps or 1 m.

Results: Among 326 emergency departments patients diagnosed with fall-related hip fracture, 288 patients were eligible for the
analysis. Seventeen patients (6%) had injuries in addition to hip fractures. The most frequent injury was upper limb injury (e.g., distal
radial fracture; n = 5, 30%), followed by head injury (e.g., subdural hematoma; n = 4, 24%), chest injury (e.g., pneumothorax; n = 2,
12%), and trunk injury (vertebral compression fracture; n = 2, 12%). There were no significantly different clinical characteristics between
patients with hip injuries and those without.

Conclusion: A total of 6% of patients diagnosed with hip fracture had other fall-related injuries. The most frequent were upper limb
injury and head injury. Our findings underscore the importance of whole-body assessment in patients with fall-related hip fracture in
the emergency department.
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INTRODUCTION

HIP FRACTURE IS one of the most common fall-
related injuries with the estimated annual incidence of

1.31 million, and the prevalence of consequent disability
was 4.48 million in the world.1 Hip fracture is common in
the elderly population, which is expected to increase to 1.4
billion in 2030 and to 2.1 billion by 2050.2 As a result, the

annual incidence of hip fracture is estimated to increase to
4.5 million by 2050.3 Therefore, fall-related hip fractures is
an important issue worldwide.

Hip fracture is not only frequent in the elderly, but also in
female, osteoporosis, sarcopenia, cognitive decline, and
institutionalized patients.4,5 These conditions are also risk
factors for other injuries and fractures,6 suggesting that
patients who visit the emergency department (ED) for fall-
related hip fractures may also have other fall-related inju-
ries.7 It was reported that the comorbid head injury with hip
fracture was associated with a significantly higher mortality
rate than hip fracture alone.8 Therefore, it is important to
know other injuries accompanying a hip fracture.

To find such comorbid injuries, whole-body survey is
important. It is often difficult to obtain medical histories
because elderly patients with impaired cognitive status
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cannot complain of their symptoms and injury mechanisms
clearly.9 Furthermore, apparent hip fracture sign may lead to
a wrong medical prejudice with insufficient physical exami-
nation.10 However, whole-body survey is not always con-
ducted in trauma including hip fracture. Even in trauma
centers, it was conducted only in 65% of patients.11

To our knowledge, no previous studies have investigated
the frequency of fall-related injuries accompanied with hip
fractures in the ED. It is important to know the epidemiolog-
ical data because neglecting comorbid fall-related injuries
with hip fracture results in delayed treatment and worse out-
comes. We aimed to provide epidemiological data of fall-
related injuries accompanied with hip fractures in the ED.

METHODS

Study design

THIS IS A cross-sectional study using data at the ED
of Hitachi General Hospital (Ibaraki, Japan) between

May 12, 2014 and October 11, 2020, Saiseikai Utsuno-
miya Hospital (Tochigi, Japan) between April 1, 2020
and May 18, 2021, Japanese Red Cross Society Kyoto
Daiichi Hospital (Kyoto, Japan) between April 1, 2014
and June 11, 2021, and Kakogawa Central City Hospital
(Kakogawa, Japan) between April 1, 2020 and July 12,
2021. Because we extracted data from the NEXT Stage
ER system (an emergency department information system
by TXP Medical Tokyo, Japan), there was variation in
the period of data collection because of the dates of the
system’s implementation. The institutional review board
of each participating hospital approved this study, and the
requirement for informed consent was waived because
the data was anonymized.

Data collection

We extracted the following clinical data: age, sex, route of
presentation to the hospital (walk-in, ambulance, or physi-
cian staffed ambulance), chief complaint, medical history,
physical examination, and physician’s diagnosis, which was
made on admission or discharge using the Next Stage ER
system.12 The Next Stage ER system can extract clinical
data from electronic medical records and translate to existing
categories through natural language processing algorisms.
The details of the system have been previously described.13

This system can accurately extract clinical data and has been
validated for use in clinical research.13-15 Anonymized
patient information was extracted from the electronic medi-
cal records of each hospital. Among collected data, the fol-
lowing data were used for this research: age, sex, route of

presentation to the hospital (walk-in or ambulance), comor-
bidities, medications, type of hip fracture, and accompanied
injuries based on the International Classification of Disease,
Tenth Revision (ICD-10) codes. Comorbid injuries were
counted in duplicate when the patients have multiple inju-
ries. Therefore, the total number of comorbid injuries was
presented regardless the number of patients.

Patient selection criteria and definition

We identified patients diagnosed with hip fracture who had
comorbid fractures including femoral neck fracture, trochan-
ter fracture, and subtrochanteric fracture. These diagnoses
were based on ICD-10 codes S72.0X (femoral neck frac-
tures), S72.1X (trochanter fracture), and S72.2X (sub-
trochanteric fracture). We further identified fall-related hip
fracture from their medical records. To exclude atypical fall-
related hip fractures (i.e., endogenous or secondary to high
energy trauma), the exclusion criteria were patients ages
<40 years old and whose fall was high energy onset defined
as more than a fall from more than three steps or 1 meter,
based on the definition of fragility fracture.16,17 Comorbid
injuries were also diagnosed using ICD-10 codes.

Statistical analysis

Continuous data was expressed as medians (interquartile
range) and were compared using the Mann–Whitney U test.
Categorical data was expressed as frequency (%) and were
compared using a v2 test or Fisher’s exact test. We used R
statistical software (version 4.1.0; R Foundation for Statisti-
cal Computing, Vienna, Austria) for all analyses.

RESULTS

A TOTAL OF 106,477 patients visited the EDs of the
participating hospitals during the study period (Fig. 1).

Among these patients, 456 patients were diagnosed with hip
fracture, and 326 patients were diagnosed with fall-related
hip fracture. We excluded 38 patients who were younger
than 40 years old (four patients) or had high energy onset
(34 patients), and the remaining 288 patients were eligible
for the analysis (Fig. 1).

The median age of the patients was 84 (interquartile
range, 77–89) years, 197 (68%) patients were women, and
264 (92%) were transported by ambulance (Table 1). The
most frequent comorbidities were hypertension (43%), dia-
betes (20%), dementia (13%), and osteoporosis (3%). The
medications most frequently used were anticoagulants
(26%), benzodiazepine (13%), and corticosteroids (5%).
Forty-four patients were on more than four drugs. There
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were no significant differences in age, female, comorbidities,
medications, and types of hip fractures between patients
with and without comorbid fall-related injuries. The most
frequent type of femoral fracture was femoral neck fracture
(277/288, 96%), followed by trochanter fracture (91/288,
32%), including multiple fractures. There were no patients
diagnosed with subtrochanteric fracture.

Hip fractures with comorbid fall-related injuries were
observed in 17 patients (6%). The most frequent injury was
upper limb injury (n = 6, 35%), followed by head injury
(n = 4, 24%). Other injuries were whole body bruise (n = 3,
18%), chest (n = 2, 12%), trunk (n = 2, 12%), pelvis (n = 1,
6%), and lower limb injury (n = 1, 6%). Of upper limb inju-
ries, three were distal radial fractures, two were humerus
fractures and one was a bruise (Table 2). Head injuries
included subdural hematoma, pneumocephalus, zygomatic
bone fractures, and head bruises. Other injuries included
clavicle fracture, pneumothorax, vertebral compression frac-
ture, pelvic fracture, and phalanx fracture.

DISCUSSION

IN THIS STUDYusing data from four EDs of tertiary care
hospitals, 6% of patients with all-related hip fractures had

comorbid injuries. Among these, upper limb and head inju-
ries were the two major comorbid injuries. Because there
were no specific clinical characteristics in patients with
comorbid injury, it is important to look thoroughly for other
injuries in patients with hip fracture.

The most frequent site of comorbid injury was the upper
limb, which plays the important role of preventing critical
injuries secondary to falls. It is reasonable to assume that

Fig. 1. Patient selection procedure.

Table 1. Clinical characteristics of hip fracture and comor-

bid fall-related injuries

Patients

with hip

fracture

(n = 288)

Presence of comorbid

fall-related injuries

Yes

(n = 17)

No

(n = 271)

P

value

Age,

y (median [IQR])

84 (77–
89)

87 (81–
90)

84 (76–
89)

0.12

Women 197 (68) 14 (82) 184 (68) 0.21

Transported by

ambulance

264 (92) 17 (100) 264 (97) 0.20

Comorbidities

Hypertension 125 (43) 9 (53) 116 (43) 0.41

Diabetes 60 (20) 4 (24%) 56 (21) 0.78

Dementia 37 (13) 2 (12) 35 (13%) 0.89

Osteoporosis 8 (3) 0 (0) 8 (3) 0.47

Medications

Anticoagulants 75 (26) 5 (30) 70 (26) 0.74

Benzodiazepine 38 (13) 4 (24) 34 (13) 0.19

Corticosteroids 14 (5) 0 (0%) 14 (5) 0.34

On more than

4 medications

per day

127 (44) 6 (35) 121 (43) 0.45

Type of hip fracture

Femoral neck

fracture

277 (96) 16 (94) 263 (97) 0.42

Trochanteric

fracture

91 (32) 5 (29) 86 (32) 0.84

Data were presented as n (%) unless indicated otherwise.
IQR, interquartile range.

Table 2. Comorbid fall-related injuries accompanied by hip

fracture

Details of comorbid injury Overall

(n = 17)

Head Subdural hematoma, pneumocephalus,

zygomatic bone fracture, head bruise

4 (24)

Chest Clavicle fracture, pneumothorax 2 (12)

Trunk Vertebral compression fracture 2 (12)

Pelvis Pelvic fracture 1 (6)

Upper

limb

Distal radial fracture (n = 3), humerus

fracture (n = 2), bruise

6 (35)

Lower

limb

Phalanx fracture 1 (6)

Others Whole body bruise 3 (18)

Data were presented as n (%).
Comorbid injuries were observed at 19 sites in 17 patients.
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patients tend to have comorbid upper limb injuries with fall-
related hip fractures because upper limb reacts first when a
patient falls. Because the defense reaction is unintentional
and the pain of hip fracture is tremendous, even patients
may not be aware of upper limb injuries. Head injury was
the next frequently observed comorbid injury. Misdiagnosis
of serious head injuries could be critical to patients’ prog-
noses. Indeed, in our study, comorbid subdural hematoma
was observed with hip fracture.

This study suggests that careful, systematic examination
of patients with fall-related hip fractures may be needed to
properly assess comorbid injuries in the ED. The systematic
examination is a head-to-bottom examination based on the
anatomical physical examination as the tertiary survey, and
it is important to examine all parts of the body, even those
that may not be related to the injury. Because this study
investigated the characteristics of comorbid injury and not
overlooked injury, this study data did not include missed
injuries. Therefore, this study may have underestimated the
possible risk of missed injuries. According to a previous epi-
demiological study, up to 38% or injuries were missed
among trauma patients in intensive care units.18 Therefore,
our findings should facilitate whole body trauma survey in
fall-related hip fracture. Previous evidence suggests that
whole body examinations are highly effective in reducing
missed injuries. For instance, a meta-analysis showed that
the addition of tertiary surveys to secondary surveys signifi-
cantly reduced missed injuries in trauma patients (odds ratio,
0.63, 95% confidence interval [CI], 0.44–0.90).19 In our
study, some patients required early medical intervention,
such as those with subdural hematoma and pneumothorax.
Treatment delay may lead to severe complications. There-
fore, the identification of comorbid injury in patients with
hip fractures in the ED is essential.

In our study, comorbid injuries were more likely to be
found in women (among patients with accompanied injury,
women accounted for 82%), suggesting that female sex may
be correlated with comorbid fall-related injuries in patients
with hip fractures. This may be because frailty is common in
the elderly female population, which may lead to more fall-
related injuries.20 Harmsen et al.21 also reported that older
age and female sex are risk factors for fall-related injuries.
Because this is a small exploratory study, larger studies are
needed to further explore the identified candidate risk factors
of comorbid fall-related injuries with hip fractures.

There are several limitations to this study. First, although
this study used data from four tertiary care hospitals, the
sample size was limited, especially patients who had comor-
bid injuries. Second, we only identified comorbid injuries
among hip fractures because the data set of this study did
not allow for sufficient discussion of diagnostic delays and

did not identify missed comorbid injuries, therefore, the true
frequency of missed comorbid injuries is unknown.

CONCLUSION

SEVENTEEN PATIENTS (6%) with hip fracture had
other fall-related injuries. The frequent sites of comor-

bid injuries were the upper limb and head. A thorough
assessment of the whole body may be beneficial in prevent-
ing missed diagnoses of comorbid injuries in patients with
hip fracture.
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