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Background. In a small proportion of patients experiencing unspecified back pain, a
specified underlying pathology is present.

Objective. The purposes of this study were: (1) to identify the prevalence of physician-
specified causes of back pain and (2) to assess associations between “red flags” and vertebral
fractures, as diagnosed by the patients’ general practitioner (GP), in older adults with back
pain.

Methods. The Back Complaints in the Elders (BACE) study is a prospective cohort study.
Patients (aged �55 years) with back pain were included when consulting their GP. A ques-
tionnaire was administered and a physical examination and heel bone densitometry were
performed, and the results determined back pain and patient characteristics, including red
flags. Participants received a radiograph, and reports were sent to their GP. The final diagnoses
established at 1 year were collected from the GP’s patient registry.

Results. Of the 669 participants included, 6% were diagnosed with a serious underlying
pathology during the 1-year follow-up. Most of these participants (n�33, 5%) were diagnosed
with a vertebral fracture. Multivariable regression analysis showed that age of �75 years,
trauma, osteoporosis, a back pain intensity score of �7, and thoracic pain were associated with
a higher chance of getting the diagnosis of a vertebral fracture. Of these variables, trauma
showed the highest positive predictive value for vertebral fracture of 0.25 (95% confidence
interval�0.09, 0.41) and a positive likelihood ratio of 6.2 (95% confidence interval�2.8, 13.5).
A diagnostic prediction model including the 5 red flags did not increase these values.

Limitations. Low prevalence of vertebral fractures could have led to findings by chance.

Conclusions. In these older adults with back pain presenting in general practice, 6% were
diagnosed with serious pathology, mainly a vertebral fracture (5%). Four red flags were
associated with the presence of vertebral fracture.
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Most patients with back pain
experience unspecified back
pain, although in a minority of

the cases, a specified underlying pathol-
ogy is present.1–3 Of these specified
causes, vertebral fractures, malignancies,
infection, cauda equina syndrome, and
ankylosing spondylitis are considered
serious pathologies and are estimated to
account for 1% to 5% of low back pain in
primary care.4,5 Vertebral fractures are
the most common underlying serious
pathology in patients with back pain.2

These fractures particularly are more
common in older patients.1 In patients
with vertebral fractures, disability is
more common than in patients with
unspecified back pain.6 Identifying
patients with vertebral fractures is nec-
essary because vertebral fractures can
also be an indicator for osteoporosis.7 In
turn, treatment of osteoporosis can pre-
vent future vertebral fractures.8,9

To identify specified causes of back pain,
most clinical guidelines recommend the
use of “red flags.”10,11 These alarming
symptoms, derived from history taking
or physical examination, or both, are sug-
gested to have an association with seri-
ous pathology as a cause of back pain.
The prevalence of serious pathology as a
cause of back pain rises with age, and red
flags, consequently, may be more impor-
tant in patients aged �55 years.12 Guide-
lines differ in their recommendations
regarding which red flags should be used
and what the consequence should be
when red flags are present. For example,
the Dutch guideline for general practitio-
ners (GPs) makes no statement about the
direct consequences if red flags are pres-
ent, and further diagnostic actions are at
the discretion of the patient’s GP.13 The
guideline of the American Pain Society
advises diagnostic imaging and testing if,
based on the presence of red flags, a
serious underlying pathology is sus-
pected.4 A recent systematic review
showed that only a limited number of red
flags are of diagnostic value.14 The vari-
ables older age, corticosteroid use, and
significant trauma are red flags for a ver-
tebral fracture.14,15 Most individual red
flags show poor diagnostic accuracy.
There are indications that predictive per-
formance can be improved when combi-
nations of red flags are used. A first step

in combining red flags was a diagnostic
model for detecting vertebral fractures in
primary care, described by Henschke
et al.2 However, this diagnostic model
has not yet been evaluated in other
populations.

The aims of this study were: (1) to iden-
tify the prevalence of physician-specified
causes (eg, vertebral fractures) of back
pain, as identified by the patients’ GP, in
older adults with back pain and (2) to
assess the associations between red flags
and vertebral fracture in a subgroup of
patients diagnosed with vertebral frac-
ture by their GP.

Method
Data from the Back Complaints in the
Elders (BACE) study, a prospective obser-
vational cohort in the Netherlands, was
used for this study. Patient inclusion
(n�675) took place between March
2009 and September 2011 in a represen-
tative sample of 49 general practices in
and around Rotterdam. Patients aged
�55 years were included when they con-
sulted a GP with a new episode of back
pain. Back pain was defined as pain in at
least a part or the whole region from the
top of the shoulder blades to the first
sacral vertebra, with or without pain
radiation to the leg. If a patient had not
visited a GP with the same back pain in
the preceding 6 months, this was consid-
ered a new episode. Patients were
invited to join the study by their GP
during the consultation or in writing
within 2 weeks after the consultation.
Patients were excluded if they
were unable to fill out the questionnaires
due to cognitive impairment, were not
able to read and write in Dutch, or were
unable to undergo physical examination
(eg, patients using wheelchairs). Details
of the BACE study design are described
elsewhere.16

Data Collection
After inclusion in the BACE study and
providing written informed consent,
baseline measures included a question-
naire, a structured physical examination
of the back, a radiograph of the back, and
heel bone densitometry. The question-
naire asked about participant character-
istics, features of the back pain, and the
presence of red flags. Red flags for ver-
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tebral fractures were assessed in a ques-
tionnaire during the physical examina-
tion and were retrieved from the GP’s
patient registry. The red flags for verte-
bral fractures were age, sex, trauma, sud-
den decrease in height, acute onset of
pain, osteoporosis, and prolonged corti-
costeroid use. Red flags were chosen
based on those reported in clinical guide-
lines.4,11,13,17,18 Corticosteroid use in the
year before consulting the GP with back
complaints was retrieved from the GP’s
patient registry because this red flag was
not included in the questionnaire. Other
determinants that were considered
important for diagnosing vertebral frac-
tures were percussion tenderness of the
spine,19 disability, back pain intensity
score, osteoarthritis in the hip or knee,
and thoracic pain. These variables also
were assessed in the questionnaire or
during the physical examination.

A radiograph of the lumbar spine was
performed. If participants had back pain
in the region of the thoracic spine, a
thoracic radiograph also was performed.
The radiographic findings reported by
the radiologist were sent only to the GPs,
who could use this information in their
final diagnoses. Diagnoses were estab-
lished by the GPs as they do in regular
daily practice using the clinical guide-
lines for GPs regarding back pain.13,20

The final diagnosis regarding the back
pain was determined at 1-year follow-up
from the GP’s patient registry. For each
patient included in the cohort, the cor-
responding diagnosis was retrieved via
the associated International Classifica-
tion of Primary Care (ICPC)21 code
(L03–unspecified low back pain without
radiating pain, L86–unspecified low back
pain with radiating pain, L76–fracture of
the musculoskeletal system, L71–malig-
nancy of the musculoskeletal system,
L84–osteoarthritis and spondylosis) and
by searching in the free-text field. All GPs
checked the collected diagnoses of their
participating patients. The final diagno-
ses were mostly manifest shortly after
consulting the GPs; however, the 1-year
follow-up was decided on for the present
study to ensure that all diagnoses would
be evident at that time.

Diagnoses collected were categorized as
unspecified back pain and specified back
pain. Of the specified back pain diagno-
ses, vertebral fracture, spinal malig-
nancy, ankylosing spondylitis, vertebral
infection, and cauda equina syndrome
were considered serious pathologies.

Participants’ perceived severity of back
pain averaged over the previous week
was measured on an 11-point numeric
rating scale (NRS),22 with 0 representing
“no pain” and 10 representing “worst
pain ever.” Severe pain was defined as an
NRS pain score of �7, as it is shown to
be a discriminative cutoff value of severe
pain in patients with back pain.23 Disabil-
ity was measured with the Roland-Morris
Disability Questionnaire (RDQ).24 The
RDQ scores range from 0 to 24, and a
score of �17 was defined as severe dis-
ability. Quality of life was measured with
the 36-Item Short-Form Health Survey
(SF-36), Dutch version.25 The SF-36 mea-
sures 8 dimensions: physical function,
role–physical function, bodily pain, gen-
eral health, vitality, social function, role–
emotional function, and mental health.
These 8 dimensions can be recoded
into 2 summary scores: a physical com-
ponent summary score and a mental
component summary score. Each dimen-
sion and summary score is scored from 1
to 100, with a higher score representing
better health.26,27 Summary scores were
calculated with adapted z-score values,
in view of the higher mean age of our
study population.25

Depression was measured with the Cen-
ter for Epidemiologic Studies Depression
Scale (CES-D) (range: 0–60 points).
Patients with a higher score are more
prone to depression.28 Pain catastrophiz-
ing was measured with the Pain Catastro-
phizing Scale (range: 0–52 points), with a
higher score representing a higher risk
for catastrophizing.29 Back beliefs were
investigated with the Back Beliefs Ques-
tionnaire (range: 9–49 points), with a
higher score representing more positive
thoughts on recovery.30 Lifestyle factors
included smoking (yes/no) and drinking
alcohol. Alcohol consumption was mea-
sured with the Alcohol Use Disorders
Identification Test (AUDIT-C).31,32

Women were defined as possible hazard-
ous drinkers if they scored �3 on the

scale, and men were considered possible
hazardous drinkers if they scored �4.
During the physical examination, body
weight and height were measured and
converted to body mass index (BMI).
Low education level was present if the
participant had no education or if the
highest level of education was primary
school or lower vocational education.
Trauma, sudden decrease in height,
acute onset of pain, and osteoarthritis in
the hip or knee were self-reported. Cor-
ticosteroid use was defined as oral or
inhalation corticosteroid use for more
than 90 days. Percussion tenderness of
the spine was assessed in the physical
examination. Heel bone densitometry
was performed using Achilles quantita-
tive ultrasound assessment as a proxy for
identification of osteoporosis. In every
participant available for the physical
examination, both heel bones were mea-
sured, a T-score of �2.5 on at least one
side was considered as osteoporotic.33

Data Analysis
Descriptive statistics were used to pres-
ent prevalence of back pain, participant
characteristics, back complaint charac-
teristics, psychological factors, and red
flags, using frequencies for categorical
data and mean and standard deviation for
continuous variables. Analyses were per-
formed using complete cases. To assess
the associations between red flags and
vertebral fractures, red flags and other
determinants that were considered
important for diagnosing vertebral frac-
tures were separately included in a uni-
variable logistic regression analysis, with
diagnosis at 1-year follow-up as outcome.
Variables scoring a P value of �.05 were
examined for correlation using the Pear-
son test; if variables were correlated
(r�.6), only one variable (after consen-
sus) was entered in the multivariable
logistic regression analysis (backward
Wald method, entry .05, removal .10).
The multivariable regression analysis was
used to find the best fitted model for
vertebral fractures in our study
population.

For all red flags, the sensitivity, specific-
ity, positive and negative predictive
values, and positive and negative likeli-
hood ratios were calculated
to establish diagnostic accuracy.
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Reported P values were from 2-sided
tests, and a P value of �.05 was defined
as statistically significant. All analyses
were performed using SPSS software
(version 20 for Windows, SPSS Inc, Chi-
cago, Illinois).

Role of the Funding Source
The study was funded by the Depart-
ment of General Practice, Erasmus Uni-
versity Medical Center, Rotterdam, the
Netherlands, and the Coolsingel Founda-
tion, Rotterdam, the Netherlands. This
study also was partly funded by a pro-
gram grant from the Dutch Arthritis
Foundation.

Results
Participant Characteristics
Of the 1,402 invited patients, 675 were
included in the BACE study; 118 patients
did not meet the inclusion criteria, 291
patients were not willing to participate,
and 318 patients did not respond to the
invitation. Six patients (0.9%) were
excluded from the analyses because they
moved to another city during the 1-year
follow-up and, due to a change of GP
practice, the diagnosis could not be
retrieved.

Table 1 presents the baseline character-
istics of the 669 included participants.
The age of the included participants
ranged from 55 to 91 years (X�66,
SD�7.7); 40% of the participants
(n�269) were male; mean severity of
back pain was 5 (SD�2.7); and 87 par-
ticipants (13%) reported that they expe-
rienced a first episode of back pain. Of all
669 participants, 95% underwent a radio-
graph of the back.

Prevalence
Of all 669 participants, unspecified back
pain with or without radiation below the
knee was diagnosed in 384 of them
(57%) (Tab. 2). Serious pathology was
present in 6% of our study population;
vertebral fracture was the most common
diagnosis and was seen in 33 participants
(5%), of whom 30 were diagnosed with
an osteoporotic vertebral fracture. Four
participants (1%) were diagnosed with a
spinal malignancy, and no spinal infec-
tions or cauda equina syndrome were
diagnosed. Of the other specified diagno-
ses that were not defined as serious

pathology, vertebral osteoarthritis was
the most common (173 patients, 26%);
disk herniation was present in 5% of the
participants (Tab. 2).

Association Between Red Flags
and Vertebral Fracture
In the univariable analyses, age of �75
years, prolonged corticosteroid use,
trauma, osteoporosis, severe disability, a
back pain intensity score of �7, and tho-
racic pain were individually associated
with the diagnosis of vertebral fractures
(Tab. 3). These variables were included
in the multivariable regression analysis.
In this model, age of �75 years, trauma,
osteoporosis, a back pain intensity score
of �7, and thoracic pain were associated
with the diagnosis of vertebral fractures.

Table 4 shows the diagnostic value of the
red flags. Age had a positive predictive
value of 0.14 (95% confidence interval
[CI]�0.07, 0.20) and a positive likeli-
hood ratio of 3.1 (95% CI�2.0, 4.7).
Osteoporosis had a similar positive pre-
dictive value of 0.14 (95% CI�0.07, 0.21)
and likelihood ratio of 3.2 (95% CI�1.9,
5.2). The positive predictive value and
the positive likelihood ratio of trauma
were 0.25 (95% CI�0.09, 0.41) and 6.2
(95% CI�2.8, 13.5), respectively. These
values for trauma were the highest
among all variables and raise the proba-
bility from .05 to .25 when the test is
positive. The negative likelihood ratio for
trauma was 0.8 (95% CI�0.5, 1.3), which
lowers the probability of a vertebral frac-
ture if there was no trauma from .05 to
.04. A diagnostic prediction model with
4 red flags combined did not increase
these diagnostic values.

Discussion
Summary of Results
The present study assessed the preva-
lence of physician-specified underlying
pathologies of back pain, as identified by
the participants’ GP, in older adults with
back pain seen in primary care and the
associations of red flags with vertebral
fracture. Based on the final diagnoses of
back pain retrieved at 1-year follow-up,
57% of the participants were diagnosed
with unspecified back pain with or with-
out radiation below the knee, and 6.1%
of the participants were diagnosed with
serious pathology (vertebral fracture, spi-

nal malignancy, and ankylosing spondy-
litis). Vertebral fractures were the most
common serious pathology (5% of the
participants). Red flags associated with
vertebral fractures were age of �75
years, trauma, osteoporosis, a back pain
intensity score of �7, and thoracic pain.
However, the positive predictive value
and positive likelihood ratio of the com-
bined red flags did not increase more
than the values for trauma alone.

Interpretation of Findings
In our study population, vertebral frac-
tures, malignancies, and ankylosing
spondylitis accounted for 6% of the
causes of back pain presented to the GP.
Vertebral infection and cauda equina syn-
drome were not identified in our study
population. The 6% prevalence in our
study is similar to prevalences found in
other studies performed in primary care,
namely 1% to 5%.1,2,4 Most studies on
specified causes of back pain describe
only serious causes of back pain. Only
one study performed in primary care
reported all specified diagnosis of back
pain.1 Comparing our distribution of
specified causes of back pain with the
previous findings, it appears that the
prevalences of herniated disk, spinal ste-
nosis, vertebral fractures, and spondy-
lolisthesis are about the same in both
populations. Only the prevalence of
unspecified back pain was somewhat
higher in the study by Deyo and Wein-
stein,1 and the prevalence of degenera-
tive pathology, such as osteoarthritis,
was higher in our study population.
These findings were due mainly to our
older study population because spine
degeneration increases with age.34 The
finding of osteoarthritis might not alter
the management of back pain in general
practice because there is no specific
treatment for this group of patients.

In our multivariable model, age of �75
years, trauma, osteoporosis, and a back
pain intensity score of �7 were associ-
ated with vertebral fractures in our pop-
ulation of older patients with back pain.
Various cutoff points have been used to
determine older age in studies investigat-
ing red flags in low back pain. We used
the cutoff value of 75 years of age
because a recent Cochrane review
showed this cutoff value to be the most
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informative for detecting vertebral frac-
tures in patients with back pain.15 The
finding that patients with older age are
more likely to have a vertebral fracture is
consistent with other studies.2,34 Also,
the result that trauma, as a red flag, is
associated with a vertebral fracture is in
line with other studies in primary
care.14,15 However, only 21% of our par-
ticipants with a fracture reported a
trauma.

A back pain intensity score of �7 has not
been shown in research on red flags to
be associated with vertebral fractures. In
tertiary care, the presence or absence of
pain has been studied,35–38 although the
use of a cutoff value in patients with
back pain has not previously been tested.
This finding should be further evaluated
in other populations with back pain and
might be of diagnostic value in patients
with back pain seen in primary care.

Prolonged use of corticosteroids
appeared to be related with a higher risk
of vertebral fractures in older patients
with back pain. Oral and inhalation cor-
ticosteroids were analyzed because both
are associated with an increased risk of
vertebral fracture.39–41 Other topical
applications of corticosteroids (injec-
tion, dermal, nasal, ocular, and auricular)
have not been reported to increase the
risk of vertebral fracture.41,42 In the pres-
ent study, prolonged use was defined as

Table 1.
Baseline Characteristics of Included Participants Aged �55 Yearsa

Variable

Participants
With Diagnosis

(N�669)

Participant characteristics

Age (y), X (SD) 66 (7.7)

Male sex 269 (40)

Body mass index (kg/m2), X (SD) 27 (4.7)

Low education level 278 (42)

Smoking 120 (18)

Hazardous drinkingb 329 (49)

Back pain characteristics

Severity of back pain,c X (SD) 5 (2.7)

First episode of back pain 87 (13)

Duration of back pain of �3 mo 154 (23)

Pain radiates below the knee 205 (30)

Use of pain medication for back pain 480 (72)

Psychological factors

Quality of life physical summary scale,d X (SD) 43 (8.9)

Quality of life mental summary scale,d X (SD) 50 (10.3)

Depressive symptomatology,e X (SD) 10 (7.8)

Pain catastrophizing,f X (SD) 14 (10.6)

Attitudes and beliefs about back pain,g X (SD) 26 (7.2)

Red flags

Prolonged corticosteroid useh 53 (8)

Trauma 28 (4)

Osteoporosisi 86 (13)

Sudden decrease in height 23 (3)

Percussion tenderness of spine 127 (19)

Severe disabilityj 85 (13)

Acute onset of pain 232 (35)

Back pain intensity score of �7 255 (38)

Osteoarthritis in hip/knee 199 (30)

a All data are presented as number (%), unless stated otherwise. Missing values ranged from 0% to
12%.
b Hazardous drinking was measured with the Alcohol Use Disorders Identification Test (AUDIT-C)
(range�0–12); �3 in women and �4 in men is considered risk of hazardous drinking.31,32

c Measured with a numeric rating scale as an average of the previous week (range�0–10); 0 indicates
“no pain,” 10 indicates “worst pain imaginable.”
d Measured with the 36-Item Short-Form Health Survey (range�0–100); higher score indicates higher
quality of life.25–27

e Measured with the Center for Epidemiologic Studies Depression Scale (CES-D) (range�0–60); higher
score indicates more prone to depression.28

f Measured with the Pain Catastrophizing Scale (range�0–52); higher score indicates more risk for
catastrophizing.29

g Measured with the Back Beliefs Questionnaire (range�9–49); higher score indicates more positive
thoughts of recovery.30

h Oral or inhalation corticosteroid use for �90 days.
i Measured with heel bone densitometry.
j Measured with the Roland-Morris Disability Questionnaire (range�0–24); 0 indicates no disability.24 A
cutoff value of 17 was used to indicate severe disability.

Table 2.
General Practitioners’ Diagnosis Within 1
Year of Follow-up (N�669)a

Variable n (%)

Unspecified back pain without
pain radiating below the knee

291 (43)

Unspecified back pain with pain
radiating below the knee

93 (14)

Back osteoarthritis 173 (26)

Discopathy 58 (9)

Spondylolisthesis 5 (1)

Disk herniation 35 (5)

Spinal stenosis 21 (3)

Vertebral fracture 33 (5)

Spinal malignancy 4 (1)

Ankylosing spondylitis 1 (0.1)

a All data are presented as number (%); more
than one diagnosis per patient could be reported.
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3 months of corticosteroid use in the
year previous to consulting a GP for back
complaints. Two previous studies2,37 on
corticosteroid use as a red flag in primary
care showed likelihood ratios of 4.037

and 48.5,2 whereas the likelihood ratio
was only 2.5 in our study. In our study
population, corticosteroid use showed
an association with vertebral fractures in
the binary analysis, but this variable was
not included in the final model. Osteo-
porosis is thought to be a mediator in the
relationship between prolonged use of
corticosteroids and fractures. It is possi-
ble that corticosteroids cause osteoporo-
sis; however, in our population of older
adults, it is plausible that osteoporosis
also was present without the prolonged
use of corticosteroids.

The diagnostic prediction model
reported by Henschke et al2 also was
assessed in our study population. We
used the same red flags (age of �70
years, female sex, trauma, and prolonged
use of corticosteroids) but could not
reproduce the results as reported. When
2 red flags were present, the positive
likelihood ratio in the study by Henschke
et al was 15.5 (95% CI�7.2, 24.6),
although we found a positive likelihood
ratio of only 2.6 (95% CI�1.9, 3.7).
Therefore, we used the red flags emerg-
ing from the multivariable regression

analysis in our study population. The
diagnostic values were somewhat better,
but the positive likelihood ratios in this
new diagnostic model were not as high
as the likelihood ratios reported by Hen-
schke et al.2 The differences between
these diagnostic models might be due to
the low prevalence of vertebral fractures
in both studies or to the somewhat dif-
ferent population of older patients in our
study.

Strengths and Limitations
To our knowledge, this is the first study
assessing the diagnostic value of red flags
in older patients with back pain seen in
primary care. Older patients may be
more prone to a specified cause of back
pain, so it is important to evaluate
whether red flags are present in this pop-
ulation and predict the most common
type of serious pathology (ie, vertebral
fractures).

If serious pathology is not identified at
the first consultation, disease manifesta-
tion may become clearer over time. Also,
almost all participants underwent a
radiograph of the spine, and these
reports were sent to the GPs. We
assumed that specified diagnoses, even
those not detectable on the radiograph
of the spine, became evident within 1

year and were incorporated in the GP
registry. Therefore, we identified the
final diagnoses regarding specified
causes of back pain in the registry of the
participants’ GP after the 1-year
follow-up and assumed that, in this way,
we retrieved the most reliable specified
diagnoses.

One limitation of the study is the low
prevalence of vertebral fractures.
Because only 33 participants were diag-
nosed with a fracture and multiple vari-
ables were tested, this limitation could
have led to findings by chance. The diag-
noses of 6 participants were not available
for follow-up, but we expect that they
were random missing patients and did
not have an important impact on the
results of this study. Furthermore, incor-
poration bias could have occurred. We
wanted to know if the red flags are useful
to predict vertebral fractures, but they
also could have been used by the GP to
determine if a patient had a vertebral
fracture. In that case, the strength of the
associations could be overestimated.
Although almost all of our study partici-
pants underwent a radiograph and the
findings were sent to their GP, it is more
likely that the diagnosis of vertebral frac-
tures was obtained from the radio-
graphic findings rather than from the red
flags at baseline.

Table 3.
Univariable and Multivariable Association of “Red Flags” With Vertebral Fractures in Participants Aged �55 Years With Back Paina

Red Flag
All Participants

(N�669)
Participants With
Fracture (n�33)

Univariable OR
(95% CI)b P

Multivariable OR
(95% CI) P

Age �75 y 109 15 4.8 (2.3, 9.9) �.001 3.5 (1.5, 8.6) .01

Female sex 400 22 1.4 (0.7, 2.9) .41

Prolonged corticosteroid usec 53 6 2.8 (1.1, 7.1) .031

Trauma 28 7 7.6 (3.0, 19.4) �.001 7.8 (2.7, 22.5) �.001

Osteoporosis 86 12 4.5 (2.1, 9.5) �.001 2.5 (1.0, 6.2) .05

Sudden decrease in height 23 3 3.1 (0.9, 11.2) .08

Percussion tenderness of spine 127 7 1.2 (0.5, 2.7) .74

Severe disabilityd 85 9 2.9 (1.3, 6.5) .01

Acute onset of pain 232 10 0.8 (0.4, 1.6) .48

Back pain intensity score of �7 255 22 3.4 (1.6, 7.6) .001 3.1 (1.4, 7.2) .01

Osteoarthritis in hip/knee 199 5 0.4 (0.2, 1.1) .07

Thoracic back pain 152 14 2.6 (1.3, 5.4) .008 2.1 (0.9, 4.9) .09

a All data are presented as numbers unless stated otherwise; missing values ranged from 0% to 13%. OR�odds ratio, CI�confidence interval. Nagelkerke
R2�20.3.
b Variables with a P value �.05 were included in the multivariable model.
c �90 days’ use of inhalation or oral corticosteroids.
d Measured with the Roland-Morris Disability Questionnaire (range�0–24)24; �17 was indicated severe disability.
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It is possible that patients with a verte-
bral fracture were missed, because not
all included patients received a radio-
graph of the back and no standardized
imaging protocol was used. The radio-
graphs of the back were made at
patients’ nearest hospital, as is usual in
normal daily practice. Any additional
investigation for the back pain during
follow-up was up to the GP; therefore, it
is possible that we underestimated the
prevalence of vertebral fractures. A final
limitation might be that the diagnosis of
vertebral fractures was obtained from
radiographic findings, and it could have
occurred that the fracture found on the
radiograph was not linked to this episode
of back pain.

Clinical Impact
In older adults with back pain seen in
primary care, red flags alone and com-
bined in a diagnostic prediction model
were not very accurate in predicting ver-
tebral fracture. Also, in this population of

older adults, prevalence of vertebral frac-
tures was low. Patients with a traumatic
vertebral fracture need to be identified as
soon as possible. These patients had a
trauma; therefore, if this red flag is pres-
ent, further diagnostic analysis should be
performed. The fractures missed using
this red flag alone were all osteoporotic
fractures, which do not require immedi-
ate treatment, besides pain medication.
A “wait-and-see” policy in the patients
without a trauma can be justified, and
further diagnostic testing can still be con-
sidered if pain lasts longer.

In these older adults with back pain seen
in general practice, 43% were diagnosed
with specified back pain and 6% with a
serious underlying pathology. Most of
these patients were diagnosed with a ver-
tebral fracture (5%), and red flags associ-
ated with vertebral fracture were age of
�75 years, trauma, osteoporosis, and a
back pain intensity score of �7. The red
flag of trauma had the highest diagnostic

value, and a diagnostic prediction model
did not increase this value.

Ms Enthoven, Dr Scheele, Professor Bierma-
Zeinstra, Dr Bohnen, Dr van Tulder, Profes-
sor Peul, Professor Berger, Professor Koes,
and Dr Luijsterburg provided concept/idea/
research design. Ms Enthoven and Ms Geuze
provided writing. Ms Enthoven, Ms Geuze,
Dr Scheele, and Dr Luijsterburg provided
data collection. Ms Enthoven, Ms Geuze,
and Dr Luijsterburg provided data analysis.
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Bueving provided facilities/equipment. Ms
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der, Professor Peul, Professor Berger, Profes-
sor Koes, and Dr Luijsterburg provided
consultation (including review of manuscript
before submission).

Table 4.
Diagnostic Value (95% Confidence Interval) of “Red Flags” and Other Determinants for Vertebral Fractures (N�33) in Participants Aged
�55 Years With Back Pain (N�669)a

Red Flag Sensitivity Specificity PV� PV� LR� LR�

Age �75 y (n�109) 0.45 (0.28, 0.62) 0.85 (0.82, 0.88) 0.14 (0.07, 0.20) 0.97 (0.95, 0.98) 3.1 (2.0, 4.7) 0.6 (0.5, 0.9)

Female sex (n�400) 0.67 (0.51, 0.83) 0.41 (0.37, 0.44) 0.06 (0.03, 0.08) 0.96 (0.94, 0.98) 1.1 (0.9, 1.4) 0.8 (0.5, 1.3)

Prolonged corticosteroid useb

(n�53)
0.18 (0.05, 0.31) 0.93 (0.91, 0.95) 0.11 (0.03, 0.20) 0.96 (0.94, 0.97) 2.5 (1.1, 5.3) 0.9 (0.8, 1.0)

Trauma (n�28) 0.21 (0.07, 0.35) 0.97 (0.95, 0.98) 0.25 (0.09, 0.41) 0.96 (0.94, 0.97) 6.2 (2.8, 13.5) 0.8 (0.5, 1.3)

Osteoporosis (n�86) 0.38 (0.21, 0.54) 0.88 (0.86, 0.91) 0.14 (0.07, 0.21) 0.96 (0.95, 0.98) 3.2 (1.9, 5.2) 0.7 (0.5, 0.9)

Sudden decrease in height (n�23) 0.09 (�0.01, 0.19) 0.97 (0.95, 0.98) 0.13 (�0.01, 0.27) 0.95 (0.94, 0.97) 2.9 (0.9, 9.4) 0.9 (0.8, 1.0)

Percussion tenderness of the spine
(n�127)

0.21 (0.07, 0.35) 0.81 (0.78, 0.84) 0.06 (0.02, 0.09) 0.95 (0.93, 0.97) 1.1 (0.6, 2.2) 1.0 (0.8, 1.2)

Severe disabilityc (n�85) 0.30 (0.14, 0.46) 0.87 (0.84, 0.90) 0.11 (0.04, 0.17) 0.96 (0.94, 0.98) 2.3 (1.3, 4.2) 0.8 (0.6, 1.0)

Acute onset of pain (n�232) 0.30 (0.15, 0.46) 0.64 (0.60, 0.68) 0.04 (0.02, 0.07) 0.94 (0.92, 0.97) 0.8 (0.5, 1.4) 1.1 (0.9, 1.4)

Back pain intensity score �7
(n�255)

0.67 (0.51, 0.83) 0.63 (0.59, 0.67) 0.09 (0.05, 0.12) 0.97 (0.96, 0.99) 1.8 (1.4, 2.3) 0.5 (0.3, 0.9)

Osteoarthritis hip/knee (n�199) 0.16 (0.03, 0.28) 0.69 (0.65, 0.72) 0.03 (0.00, 0.05) 0.94 (0.92, 0.96) 0.5 (0.2, 1.1) 1.2 (1.0, 1.4)

Thoracic back pain (n�152) 0.42 (0.26, 0.59) 0.78 (0.75, 0.81) 0.09 (0.05, 0.14) 0.96 (0.95, 0.98) 1.9 (1.3, 3.0) 0.7 (0.5, 1.0)

Diagnostic prediction modeld

�1 positive features (n�397) 0.88 (0.77, 0.99) 0.42 (0.38, 0.46) 0.07 (0.05, 0.10) 0.99 (0.97, 1.00) 1.5 (1.3, 1.8) 0.3 (0.1, 0.7)

�2 positive features (n�145) 0.70 (0.54, 0.85) 0.81 (0.78, 0.84) 0.16 (0.10, 0.22) 0.98 (0.97, 0.99) 3.6 (2.8, 4.8) 0.4 (0.2, 0.6)

�3 positive features (n�43) 0.30 (0.15, 0.46) 0.95 (0.93, 0.97) 0.23 (0.11, 0.36) 0.96 (0.95, 0.98) 5.8 (3.2, 10.8) 0.7 (0.6, 0.9)

a Missing values ranged from 0% to 8%. PV��positive predictive value, PV��negative predictive value, LR��positive likelihood ratio, LR��negative
likelihood ratio. Prior probability�.05.
b Oral or inhalation corticosteroid use of �90 d.
c Measured with the Roland-Morris Disability Questionnaire (range�0–24)24; �17 indicated severe disability.
d Included in the model: osteoporosis, age of �75 years, trauma, back pain intensity score of �7, and thoracic pain. Area under the curve�0.78
(range�0.69–0.87).

“Red Flags” and Causes of Back Pain in Older Adults

March 2016 Volume 96 Number 3 Physical Therapy f 311



The Medical Ethics Committee of Erasmus
University Medical Center, Rotterdam, the
Netherlands, approved the study protocol.

The study was funded by the Department of
General Practice, Erasmus University Medical
Center, Rotterdam, the Netherlands, and the
Coolsingel Foundation, Rotterdam, the
Netherlands. This study also was partly
funded by a program grant from the Dutch
Arthritis Foundation.

DOI: 10.2522/ptj.20140525

References
1 Deyo RA, Weinstein JN. Low back pain.

N Engl J Med. 2001;344:363–370.

2 Henschke N, Maher CG, Refshauge KM,
et al. Prevalence of and screening for seri-
ous spinal pathology in patients present-
ing to primary care settings with acute low
back pain. Arthritis Rheum. 2009;60:
3072–3080.

3 Jarvik JG, Deyo RA. Diagnostic evaluation
of low back pain with emphasis on imag-
ing. Ann Intern Med. 2002;137:586–597.

4 Chou R, Qaseem A, Snow V, et al. Diagno-
sis and treatment of low back pain: a joint
clinical practice guideline from the Amer-
ican College of Physicians and the Ameri-
can Pain Society. Ann Intern Med. 2007;
147:478–491.

5 Henschke N, Maher CG, Refshauge KM. A
systematic review identifies five “red flags”
to screen for vertebral fracture in patients
with low back pain. J Clin Epidemiol.
2008;61:110–118.

6 O’Neill TW, Cockerill W, Matthis C, et al.
Back pain, disability, and radiographic ver-
tebral fracture in European women: a pro-
spective study. Osteoporosis Int. 2004;15:
760–765.

7 Grigoryan M, Guermazi A, Roemer FW,
et al. Recognizing and reporting osteopo-
rotic vertebral fractures. Eur Spine J. 2003;
12:S104–S112.

8 Avenell A, Mak JC, O’Connell D. Vitamin D
and vitamin D analogues for preventing
fractures in post-menopausal women and
older men. Cochrane Database Syst Rev.
2014;4:CD000227.

9 Ghirardi A, Di Bari M, Zambon A, et al.
Effectiveness of oral bisphosphonates for
primary prevention of osteoporotic frac-
tures: evidence from the AIFA-BEST obser-
vational study. Eur J Clin Pharmacol.
2014;70:1129–1137.

10 Koes BW, van Tulder MW, Lin CW, et al.
An updated overview of clinical guidelines
for the management of non-specific low
back pain in primary care. Eur Spine J.
2010;19:2075–2094.

11 van Tulder M, Becker A, Bekkering T, et al.
Chapter 3: European guidelines for the
management of acute nonspecific low
back pain in primary care. Eur Spine J.
2006;15(suppl 2):S169–S191.

12 Clinical Guidelines for the Management
of Acute Low Back Pain. London, United
Kingdom: Royal College of General Prac-
titioners; 2001.

13 Chavannes AW, Mens JMA, Koes BW, et al.
NHG-Standaard Aspecifieke lagerugpijn
(Eerste herziening) [in Dutch]. Huisarts
Wet. 2005;48:113–123.

14 Downie A, Williams CM, Henschke N,
et al. Red flags to screen for malignancy
and fracture in patients with low back
pain: systematic review. BMJ. 2013;347:
f7095.

15 Williams CM, Henschke N, Maher CG,
et al. Red flags to screen for vertebral frac-
ture in patients presenting with low-back
pain. Cochrane Database Syst Rev. 2013;
1:CD008643.

16 Scheele J, Luijsterburg PA, Ferreira ML,
et al. Back Complaints in the Elders
(BACE): design of cohort studies in pri-
mary care: an international consortium.
BMC Musculoskelet Disord. 2011;12:193.

17 Deyo RA, Rainville J, Kent DL. What can
the history and physical examination tell
us about low back pain? JAMA. 1992;268:
760–765.

18 Australian Acute Musculoskeletal Pain
Guidelines Group. Evidence-Based Man-
agement of Acute Musculoskeletal Pain.
Bowen Hills, Queensland, Australia: Aus-
tralian Academic Press; 2003.

19 Langdon J, Way A, Heaton S, et al. Verte-
bral compression fractures: new clinical
signs to aid diagnosis. Ann R Coll Surg
Engl. 2010;92:163–166.

20 Mens J, Chavannes A, Koes B, et al. NHG-
Standaard Lumbosacraal radiculair syn-
droom (LRS) (Eerste herziening) [in
Dutch]. Huisarts Wet. 2005;48:171–178.

21 Primary Health Care Classification Consor-
tium, ICPC-2. Available at: http://www.
ph3c.org.

22 Von Korff M, Jensen MP, Karoly P. Assess-
ing global pain severity by self-report in
clinical and health services research. Spine
(Phila Pa 1976). 2000;25:3140–3151.

23 Jensen MP, Smith DG, Ehde DM, Robinsin
LR. Pain site and the effects of amputation
pain: further clarification of the meaning
of mild, moderate, and severe pain. Pain.
2001;91:317–322.

24 Roland M, Morris R. A study of the natural
history of back pain, part I: development
of a reliable and sensitive measure of dis-
ability in low-back pain. Spine (Phila Pa
1976). 1983;8:141–144.

25 Aaronson NK, Muller M, Cohen PD, et al.
Translation, validation, and norming of the
Dutch language version of the SF-36
Health Survey in community and chronic
disease populations. J Clin Epidemiol.
1998;51:1055–1068.

26 Ware JE, Kosinski M, Keller SD. SF-36
Physical and Mental Health Summary
Scales: A User’s Manual. 2nd ed. Boston,
MA: The Health Institute; 1994.

27 Ware JE Jr, Sherbourne CD. The MOS
36-item short-form health survey (SF-36), I:
conceptual framework and item selection.
Med Care. 1992;30:473–483.

28 Radloff LS. The CES-D scale: a self-report
depression scale for research in the gen-
eral population. Appl Psychol Meas. 1977;
1:385–401.

29 Sullivan MJL, Bishop SR. The Pain Catastro-
phizing Scale: development and valida-
tion. Psychol Assess. 1995;7:524–532.

30 Symonds TL, Burton AK, Tillotson KM,
Main CJ. Do attitudes and beliefs influence
work loss due to low back trouble? Occup
Med (Lond). 1996;46:25–32.

31 Bush K, Kivlahan DR, McDonell MB, et al.
The AUDIT alcohol consumption ques-
tions (AUDIT-C): an effective brief screen-
ing test for problem drinking. Ambulatory
Care Quality Improvement Project
(ACQUIP). Alcohol Use Disorders Identifi-
cation Test. Arch Intern Med. 1998;158:
1789–1795.

32 Bradley KA, Bush KR, Epler AJ, et al. Two
brief alcohol-screening tests from the
Alcohol Use Disorders Identification Test
(AUDIT): validation in a female Veterans
Affairs patient population. Arch Intern
Med. 2003;163:821–829.

33 Assessment of fracture risk and its appli-
cation to screening for postmenopausal
osteoporosis. Report of a WHO Study
Group. World Health Organ Tech Rep Ser.
1994;843:1–129.

34 van den Bosch MA, Hollingworth W, Kin-
month AL, Dixon AK. Evidence against the
use of lumbar spine radiography for low
back pain. Clin Radiol. 2004;59:69–76.

35 Hsu JM, Joseph T, Ellis AM. Thoracolum-
bar fracture in blunt trauma patients:
guidelines for diagnosis and imaging.
Injury. 2003;34:426–433.

36 Holmes JF, Panacek EA, Miller PQ, et al.
Prospective evaluation of criteria for
obtaining thoracolumbar radiographs in
trauma patients. J Emerg Med. 2003;24:
1–7.

37 Deyo RA, Diehl AK. Lumbar spine films in
primary care: current use and effects of
selective ordering criteria. J Gen Intern
Med. 1986;1:20–25.

38 Frankel HL, Rozycki GS, Ochsner MG,
et al. Indications for obtaining surveillance
thoracic and lumbar spine radiographs.
J Trauma. 1994;37:673–676.

39 Van Staa TP, Leufkens HG, Abenhaim L,
et al. Use of oral corticosteroids and risk of
fractures. J Bone Miner Res. 2000;15:993–
1000.

40 Hubbard R, Tattersfield A, Smith C, et al.
Use of inhaled corticosteroids and the risk
of fracture. Chest. 2006;130:1082–1088.

41 Vestergaard P, Rejnmark L, Mosekilde L.
Fracture risk associated with systemic and
topical corticosteroids. J Intern Med.
2005;257:374–384.

42 Suissa S, Baltzan M, Kremer R, Ernst P.
Inhaled and nasal corticosteroid use and
the risk of fracture. Am J Respir Crit Care
Med. 2004;169:83–88.

“Red Flags” and Causes of Back Pain in Older Adults

312 f Physical Therapy Volume 96 Number 3 March 2016

http://www.ph3c.org
http://www.ph3c.org

