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Abstract

Summary Patients hospitalised with vertebral fragility fractures were elderly, multimorbid and frail and lead to poor outcomes.
Their hospital treatment needs to consider this alongside their acute fracture. A systematic organised model of care, such as an
adaptation of orthogeriatric hip fracture care, will offer a more holistic approach potentially improving their outcomes.
Purpose Patients admitted to hospital with vertebral fragility fractures are elderly and have complex care needs who may benefit
from specialist multidisciplinary input. To date, their characteristics and outcomes have not been reported sufficiently. This study
aims to justify such a service.

Methods Patients admitted with an acute vertebral fragility fracture over 12 months were prospectively recruited from a univer-
sity hospital in England. Data were collected soon after their admission, at discharge from hospital and 6 months after their
hospital discharge on their characteristics, pain, physical functioning, and clinical outcomes.

Results Data from 90 participants were analysed. They were mainly elderly (mean age 79.7 years), multimorbid (69% had >3
comorbid condition), frail (56% had a Clinical Frailty Scale score > 5), cognitively impaired (54% had a MoCA score of < 23)
and at high risk of falls (65% had fallen > 2 in the previous year). Eighteen percent died at 6 months. At 6 months post-hospital
discharge, 12% required a new care home admission, 37% still reported their pain to be severe and physical functioning was
worse compared with their preadmission state.

Conclusion Patients hospitalised with vertebral fragility fractures were elderly, multimorbid, frail and are susceptible to persistent
pain and disability. Their treatment in hospital needs to consider this alongside their acute fracture. A systematic organised model
of care, such as an adaptation of orthogeriatric hip fracture care, will offer a more holistic approach potentially improving their
outcomes.
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Introduction

Vertebral fracture is the most common osteoporotic fragility
fracture—fractures that occur after minimal or no trauma [1,
2]. In the UK, an estimated 66,000 vertebral fractures occur
annually, and an extra 18,000 cases are projected annually by
2025 [3]. Only 10-35% of people with vertebral fractures that
require medical attention are admitted to hospital [4, 5].
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outcomes of patients with vertebral fractures admitted to hos-
pital to justify and prepare for the development of specialist
input for this group.

Methods

A single centre prospective cohort study was conducted in the
Queens Medical Centre, Nottingham, UK, which serves a
local population of 800,000 people [8] and hosts a major trau-
ma centre serving a catchment area of over 4 million people.
Participants were recruited prospectively for a period of 12
months from 3 October 2016 to 16 October 2017.

Patients were eligible for recruitment if they had presented
with an acute vertebral fragility fracture of the thoracic or lum-
bar spine. An acute vertebral fragility fracture was defined as a
fracture caused by a fall from a standing height or less, or due to
sudden compressive loading on the spine (e.g. during lifting,
bending forward, coughing or sneezing). Radiological confir-
mation using semi-quantitative methods on visual inspection of
lateral spinal radiographs was required, and the clinical findings
had to correlate with symptoms of acute or acute on chronic
back pain. Images were single read. Exclusion criteria were the
following: age < 50; high impact injury; presence of a concom-
itant fracture; known or suspected malignancy; patients trans-
ferred from another hospital; known primary bone disorder
other than osteoporosis; and a terminal illness.

Patients hospitalised with either a confirmed or suspected
vertebral fracture were invited to participate. The research
team were notified of eligible potential participants by the
patient’s treating clinical team. Participants were recruited by
a single researcher (TO), a doctor trained in orthogeriatric
medicine. The process for obtaining participant’s informed
consent was in accordance within the provisions of the
England and Wales Mental Capacity Act 2005 [9].

Participants had data collected on recruitment, at discharge
from hospital and at 6 months after their hospital discharge.
Baseline data comprised demographics, copathology, frailty
status, cognition, mood, falls history, pain and physical func-
tioning. Data were collected at discharge and at 6 months after
discharge from hospital for pain, physical functioning and
residential status. Six months after their discharge from hos-
pital, data were also collected on mortality and quality of life.
Data were gathered using a combination of either hospital
health records, direct observation or what was reported by
participant’s carers. Pain assessment at each of this time point
was recorded using the numeric rating scale (NRS), an 11-
point numeric rating scale at rest, mobilising and the reported
average pain in the preceding 24 h [10]. Physical functioning
was measured using the Roland Morris Disability
Questionnaire (RMDQ) [11], Barthel Index (BI) [12],
Elderly Mobility Scale (EMS) [13] and the Nottingham
Extended Activities of Daily Living (NEADL) [14]. Frailty
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was assessed with the Clinical Frailty Scale (CFS) [15], cog-
nition with the Montreal Cognitive Assessment (MoCA) [16],
mood with the Geriatric Depression Scale (GDS) [17] and
quality of life with the EQ-5D [18].

The sample size was determined by the time available to
complete this research project, the estimated number of patients
hospitalised and the precision of the results of the quantitative
analysis conducted in this observational study. Using the local
spinal surgical unit referral registry, it was estimated that there
would be 100 patients potentially recruited into the study over 12
months. Assuming an attrition rate of 20%, which has been
suggested as a threshold that becomes significant in clinical trials
[19], at the end of the 6-month follow-up period for this obser-
vational study, sample size precision was inferred with a sample
of 80 participants at follow-up for the estimation of pain was
explored. The prevalence of moderate-severe pain at 6 months
has been reported at 53% on the pain NRS [20]. If this preva-
lence of pain was seen in a sample of 80 participants, the 95%
confidence intervals would be 42—63%, a precision of + 10.5%.
Increasing sample size to 120 by recruiting for 18 months would
have a minimal effect, changing the precision to + 9%. Hence,
recruitment of 100 participants over 12 months was determined
by the study team to be adequate to explore the study’s aim.

Participants were not included in the analysis if subsequent
investigation identified an exclusion criterion. Patient charac-
teristics and outcomes were reported using descriptive statis-
tics. Analysis was performed on available data only. Pain was
categorised according to its severity based on the NRS score
(no pain-0, mild pain-1-3. moderate pain-4—6, severe pain-7—
10) [10]. Changes in clinical outcomes were compared be-
tween those at 6 months, at discharge, with those on admission
and prefracture level using parametric and nonparametric tests
depending on distribution of the data. Univariate analysis was
performed to examine the association between change in
NRS, RMDQ, BI, EMS and NEADL and potential predictors
of recovery as follows: age, number of comorbidities, frailty,
cognitive impairment (MoCA cut-off of 23 points), depres-
sion (GDS > 5) and having more than one vertebral fracture.
Baseline characteristics of participants completing follow up
at 6 months and those that did not were compared. Statistical
significance was defined as a p < 0.05. Analyses were per-
formed using IBM SPSS Statistics version 24.

The study received ethical approval from the East of
England—Cambridge Central Research Ethics Committee
(REC 16/EE/0249). Nottingham University Hospitals NHS
Trust was sponsor to this study. The study was registered with
ISRCTN (reference 14436287).

Results

Over 12 months, 100 participants were recruited into the study
within a median of 2 days (IQR 4 days) from their admission
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into hospital. Ten participants were withdrawn after further
clinical information during their hospital admission excluded
their eligibility (Fig. 1). Data were analysed on the remaining
90 participants presenting with 136 vertebral fractures affect-
ing the thoracic and lumbar spine (Table 1). At the 6-month
follow-up, participants that dropped out (declined or unable to
contact, n = 10) were compared with those that did not for
differences in age, frailty, pain severity, cognitive impairment,
RMDQ and number of comorbidities.

Participants were elderly (mean age 79.7), largely (96%)
community dwelling, but with substantial comorbidity (69%
had at least 3 comorbidities). Over half were rated as frail

Assessed for eligibility
(n=328)

Confirmed/suspected
cancer=53

Old vertebral fracture=49
High impact injury=38
Concomitant fracture=30
Other bone pathology=7
Transferred from another
hospital=5

Terminally ill=4

\

Eligible to participate
(n=142)

Declined participation=42

v

Recruited into the study
(n=100)

Old vertebral fracture=4
Cancer diagnosis=4
Concomitant fracture=2

A4

Data analysis
(n=90)

Died=16

A

Eligible for 6-month
follow up (n=74)

Declined follow up=4
Unable to contact=4
Moved out of area=2

A

Complete 6-month follow
up (n=64)

Fig. 1 Study participant flow diagram

(56%, CFS score of at least 5) and cognitively impaired
(54% MoCA score less than 23) and at high risk of falls
(65% having fallen twice or more in the previous year)
(Table 1).

The median (IQR) acute hospital stay was 10 (16) days. Six
of ninety participants (7%) died in hospital. All deaths were
due to the following infections: four chest infections, one
urine infection and one infection of uncertain source. Forty-
five of ninety participants (50%) returned to their usual place
of residence without any increase in their care support,
Twenty-two of ninety (24%) returned to their usual residence
with an increase in their care, 13/90 (14%) were transferred to
a rehabilitation facility and 4/90 (4%) were transferred to a
care home. By 6 months, further 7 participants had changed
residence to a care home (11/90 participants, 12%), and fur-
ther 10 participants had died (16/90 participants, 18%).

Pain on admission was worse during mobilisation. Pain on
mobilisation on admission was rated as severe in the over-
whelming majority (94%). Over time, pain levels decreased,
but pain on mobilisation was still rated as severe in 37% of the
participants at 6 months and only 19% reported no pain at all
(Table 2, Fig. 2).

Participants on admission were largely disabled and immo-
bile (Table 2). Improvements were seen over time, but even at
6 months, they were slightly more disabled, and mobility was
worse compared with their pre-admission state (at 6-months
vs pre-admission, BI, 15.8 vs 17.2, p < 0.01; NEADL scale,
11.6 vs 13.4, p < 0.01; EMS, 13.5 vs 15.6, p < 0.01). At 6
months, there was improvement with an average reduction in
RMDQ of 9.0 points (95% CI — 10.8 to — 7.1). Mood and
condition did not differ significantly between baseline and at
6-month follow-up. These findings were further supported by
participant reported EQ-5D-3 L responses at 6 months, where
81% reported problems with their mobility, 48% problems
with self-care, 65% problems performing their usual activities
and 63% still had moderate to extreme pain (Table 3).

Change in NRS, RMDQ, EMS, BI and NEADL were not
associated with age, number of comorbidities, frailty, cogni-
tive impairment, depression and having more than one frac-
ture, with one exception. There was a difference in change in
NEADL between those with and without cognitive impair-
ment. Participants with cognitive impairment had a mean
(SD) decline 0f4.6 (6.5) in their NEADL score compared with
those without cognitive impairment of a decline by 1.8 (3.1), p
= 0.04. Previous fractures had no change in NEADL.

Discussion
This study comprehensively described patients hospitalised
with acute vertebral fragility fractures. Most patients were

elderly, comorbid and many were frail and cognitively im-
paired. Over two-thirds presented to hospital 3 days after the
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Table 1
Nottingham Spinal Health (NoSH) study (n = 90)

Baseline characteristics of participants recruited into the

Characteristics

Age, mean (SD) years
Female, n (%)
Duration of back pain before hospital admission
<3 days
3-7 days
7-14 days
>14 days
Residential status, 7 (%)
Own home with no formal care support
Own home with formal care support
Residential home
Nursing home
Co-existing diagnosis, 1 (%)
Congestive cardiac failure
Ischaemic heart disease
Stroke
Dementia
Chronic obstructive pulmonary disease
Diabetes mellitus
Chronic kidney disease
Liver disease
Osteoporosis
Number of coexisting diagnoses, n (%)
0
1-2
34
>5
Concomitant medical diagnosis
Infection
Biochemical abnormality
Cardiovascular diagnosis
Gastrointestinal diagnosis
Renal disorder
Respiratory diagnosis
Urological diagnosis
Clinical Frailty Scale (CFS), n (%)
1—very fit
2—well
3—managing well
4—vulnerable
S5—mildly frail
6—moderately frail
T—severely frail
8—very severely frail
Montreal Cognitive Assessment (MoCA) score, 1 (%)
>23
<23
Unknown
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79.7 (11.2)
63 (70%)

32 (36%)
18 (20%)
14 (16%)
26 (29%)

63 (70%)
23 (26%)
1 (1%)
3 (3%)

6 (1%)
12 (13%)
11 (12%)
12 (13%)
12 (13%)
12 (13%)
10 (11%)

5 (6%)
33 (37%)

5 (6%)
23 (26%)
41 (46%)
21 (23%)

14 (16%)
6 (1%)
2 (2%)
5 (6%)
2 (2%)
1 (1%)
4 (4%)

3 (3%)
9 (10%)
11 (12%)
13 (14%)
18 (20%)
26 (29%)
8 (9%)
2 2%)

39 (43%)
49 (54%)
2 (2%)

Table 1 (continued)

Characteristics

Geriatric Depression Scale-15 item (GDS), n (%)

0-4 45 (50%)
>5 35 (39%)
Unknown 10 (11%)
Fall in the preceding 12 months 58 (64%)
Number of falls in the last 12 months (n = 58)
1 fall 20 (34%)
2 falls 14 24%)
3 falls 11 (19%)
>4 falls 13 22%)
History of a previous fracture 48 (53%)
Number of previous fractures (n = 48)
1 fracture 26 (54%)
2 fractures 5(10%)
3 fractures 4 (8%)
> 4 fractures 13 (27%)
Prescribed osteoporosis treatment 16 (18%)

onset of their symptoms. This suggests that patients may have
been trying to manage their symptoms in the community for a
number of days prior to their hospitalisation. In addition, there
was significant reduction in these participants’ mobility and
daily living. Over the follow-up period, many did not return to
their prefracture state and were left more disabled and sub-
stantially less mobile. Even at 6 months following their hos-
pital discharge, a substantial proportion was still in severe pain
on mobilising. Simple clinical variables on admission did not
predict those who did or did not recover.

This observational study has described the natural history of
patients admitted to hospital with vertebral fragility fractures.
This study was prospective and unselected. Hence, patient out-
comes are likely to be representative of UK practice and hospital
practice in similar countries, although hospital stay may differ
from area to area depending upon local service organisation.
This study recruited participants as soon as they presented to
hospital and was therefore able to accurately report the impact of
their fracture on admission and follow their recovery. This study
also recruited participants from one hospital, a tertiary major
trauma centre, and the cohort may not necessarily represent
patients or the care delivered at other hospitals. Patients admit-
ted here would have access to specialist services such as spinal
surgical expertise and possibly earlier musculoskeletal imaging
which may have an influence on these patient’s outcomes.

This study confirmed the findings of existing literature that
has demonstrated that these patients are frail, elderly and
multimorbid [6, 21, 22]. Until now, there was limited infor-
mation of how pain and disability changed over time after
hospitalisation with an acute vertebral fracture. This study
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Fig. 2 Pain description according
to categories of pain severity.
Numeric rating scale score > 7 =
severe pain, 46 = moderate pain,
1-3 = mild pain, and 0 = no pain.
Percentage reported based on
available data only

On admission -(5.7%) 11(12.6%)

On admission - 13(14.9%)

has demonstrated that the severe pain, disability and poor
mobility persisted over 6 months after a vertebral fracture
and that hospital treatment needs to take this into account.
These patient’s characteristics and clinical course had a similar
progression to patients with vertebral fractures that do not
require hospitalisation. These patients were in the eighth de-
cade of'life and that up to 4 out of every 5 patients were still in
pain and reported deterioration in their quality of life at 12
months after their fracture [23-25]. However, it is uncertain
how this cohort compared with those admitted to hospital.
Another group of patients with poor outcomes that could be
compared with hospitalised vertebral fractures are patients
admitted to hospital with hip fractures. Similar to the charac-
teristics identified in this study, patients with hip fracture were
elderly and frail [26, 27]. With both vertebral and hip fracture,
patients reported similar decrease in ability to perform activi-
ties of daily living and quality of life in the year following their

On admission  4(4.6%)

Discharge -
6 months _ 12(18.5%)

PAIN ON MOBILISING

82(94.3%)

21(25.3%) 16(19.3%) 40(48.2%)

17(26.2%) 24(36.9%)

= No pain Mild pain Moderate pain Severe pain

AVERAGE PAIN LAST 24 HOURS

66(75.9%)

23(27.7%) 31(37.3%) 14(16.9%)

17(26.2%) 22(33.8%) 8(12.3%)

m No pain Mild pain Moderate pain Severe pain

PAIN AT REST

23(26.4%) 43(49.4%)

26(31.3%) 29(34.9%) 10(12.0%)

21(32.3%) 19(29.2%) 5(7.7%)

= No pain Mild pain Moderate pain Severe pain

fracture [28]. Another study reported an eight-fold increase in
mortality after a vertebral fracture which was similar to mor-
tality after a hip fracture [29].

Knowledge of how vertebral fragility fractures can affect
these patients that require treatment in hospital is needed to
design care that is able to meet their needs. From this obser-
vational study, besides the acute fracture, these patients have
complex physical, mental and health care needs, in particular,
pain control and a need for other post-hospital care such as
rehabilitation. They are susceptible to poor outcomes, and
many even at 6 months after leaving hospital remain symp-
tomatic from their fracture. We concluded from these findings
that developing and evaluating a specialist service for this
group of patients is justified. A systematic organised model
of care, such as an adaptation of orthogeriatric care delivered
in hip fracture management which models itself on the prin-
ciples of comprehensive geriatric assessment, could
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Table 2 Outcome scores

presented as mean (SD) at Mean (SD) Pre-admission On admission On discharge At 6-months
different time points
Pain NRS*
At rest - 6.0(3.2) 34 2.7y 2.5 2.4y
On mobilising - 8.9 (1.5) 5.4 (2.9)*
Average pain in the last 24 h - 74 (2.8) 39 2.7)* 4.8 (3.2)*
3.1 2.8y
RMDQ" - 15.6 (5.2) - 6.6 (6.4)*
EMS® 15.6 (4.9) 84 (5.7) 11.6 (5.7)=" 13.5 (5.4)y=~ T
Barthel Index® 17.2 (4.1) 13.0 (5.8) 14.3 (5.4)=" 15.8 (5.0y=~ T
NEADL scale® 13.4 (7.7) - - 11.6 (7.5)"
MoCA® - 19 (9.0 - 19.4 (10.1)
GDS >5 (n, %) - 35,39% - 22, 34%

NRS = pain numeric rating scale, RMDQ = Roland Morris Disability Questionnaire, EMS = Elderly Mobility
Scale, NEADL = Nottingham Extended Activities of Daily Living, MoCA = Montreal Cognitive Assessment,
GDS = Geriatric Depression Scale >5 indicates depressive symptomatology

#No data for participants: on admission = 3, on discharge = 7, at 6-months = 25

°No data for participants: on admission = 8, at 6-months = 26

“No data for participants: pre-admission = 1, on admission = 1, on discharge = 6, at 6-months = 23
9No data for participants: pre-admission = 3, at 6-months = 26

“No data for participants: on admission = 2, at 6-months = 27

"No data for participants: on admission = 10, at 6-months = 29

*Wilcoxon Signed Ranks Test compared to admission, p < 0.05

"Wilcoxon Signed Ranks Test compared to discharge, p < 0.05

T Wilcoxon Signed Ranks Test compared to pre-admission, p < 0.05

Table 3 EQ-5D-3 L scores

reported at baseline and at 6 n, (%) On admission (n, 88) At 6-months (n, 64)
months
Mobility
I have no problems 4 (5%) 12 (19%)
I have some problems 61 (69%) 48 (75%)
I am confined to bed 23 (26%) 4 (6%)
Self-care
I have no problems 17 (19%) 33 (52%)
I have some problems washing/dressing myself 47 (53%) 21 (33%)
I am unable to wash/dress myself 24 (27%) 10 (16%)
Usual activities®
I have no problems 9 (10%) 22 (34%)
I have some problems 47 (53%) 27 (42%)
I am unable to perform my usual activities 32 (36%) 15 (23%)
Pain/discomfort
I have no pain/discomfort 3 (3%) 24 (38%)
I have moderate pain or discomfort 39 (44%) 33 (52%)
I have extreme pain or discomfort 46 (52%) 7 (11%)
Anxiety/depression
I am not anxious/depressed 47 (53%) 39 (61%)
I am moderately anxious/depressed 31 35%) 16 (25%)
I am extremely anxious/depressed 10 (11%) 9 (14%)
EQ-5D visual analogue scale, mean(SD) 50.4 (23.2) 60.8 (27.4)°

*e.g. work, study, housework, family or leisure activities
® paired sample ¢ test, p = 0.01
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potentially offer a way of managing these patients [30, 31].
Given the known improved outcome such a model has
achieved in hip fracture management, it is plausible that such
a service could improve the outcomes of patients hospitalised
with vertebral fractures. The next step should be to assess the
feasibility of delivering such a specialist service.
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