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Abstract BACKGROUND: In rare cases low back pain may be caused by underlying serious pathology
such as fracture, malignancy, cauda equina syndrome, or spinal infection. The lack of evidence
regarding either the clinical prevalence or population incidence of serious pathologies in the lumbar
spine makes it difficult for clinicians to adequately assess a patient’s risk of serious pathology.
PURPOSE: To determine the prevalence of serious pathologies in patients with low back pain
who have been referred for a lumbar magnetic resonance imaging (MRI) by a specialist in a private
secondary care or public tertiary care setting. The incidence of these serious pathologies in the
geographic region of South Auckland, New Zealand was also investigated.
STUDY DESIGN: Retrospective, observational cohort study.
PATIENT SAMPLE: Consecutive patients referred for lumbar MRI over a 10-month period
(1st of October 2013!31st of July 2014).
METHOD: Data from all eligible MRI reports was analyzed and any serious pathologies were
identified and recorded. Prevalence (along with 95% confidence intervals) was calculated as a per-
centage of the study population. Prevalence specific to private secondary care and public tertiary
care settings was also calculated and prevalence rate ratios were determined to allow comparison
between settings. Incidence in the geographic region of South Auckland, New Zealand, was deter-
mined using data collected from participants recruited from the regional public hospital. Population
incidence with respect to age, gender, and ethnicity for each target condition was calculated and
incidence rate ratios were computed to compare groups.
RESULTS: A total of 2,383 participants referred for lumbar MRI scans were included in this
study. Prevalence was significantly higher in the public tertiary care setting than in the private sec-
ondary care setting for all pathologies investigated in this study. Pathology specific prevalence in
secondary care vs tertiary care settings was: malignancy, 0.3%, 4.4% (p<.001); fracture 2.2%,
6.7% (p<.001); cauda equina compression 0.6%, 2.3% (p=.001); infection 0.1%, 3.4% (p<.001).
The combined prevalence in secondary care was 3.2% and in tertiary care 14.8% (p<.001). Pathol-
ogy specific total incidence was: fracture, 13 per 100,000 person-years (p-y); malignancy 8.5 per
100,000 p-y; cauda equina compression 4.4 per 100,000 p-y; spinal infection 6.6 per 100,000 p-y.

FDA device/drug status: Not applicable.
Author disclosures: KJS: Nothing to disclose. SGW: Nothing to disclose.

ACV: Grant: Health Research Council of New Zealand (I, Paid to Auck-

land University of Technology - 7 projects- no relationship to present
work), Eisdell-Moore Centre (C, Paid to University of Auckland - 1 project

- no relationship to present work), Counties Manukau District Health

Board (D, Paid to Middlemore Clinical Trials - 1 project - no relationship

to present work ), Royal Society of New Zealand (E, Paid to Auckland
University of Technology - 1 project - no relationship to present work),

New Zealand Ministry of Business, Innovation, and Employment (I, Paid

to Auckland University of Technology - 1 project - no relationship to pres-

ent work); Other: New Zealand Ministry of Health (F, Paid to Auckland
University of Technology for contract work - 1 project - no relationship to

present work).

* Corresponding author. Auckland Physiotherapy, Foundation Precinct,

8 George Street, Newmarket, Auckland, New Zealand, 1023. Tel.:
+64273336680.

E-mail address: katy@aucklandphysiotherapy.co.nz (K.J. Street).

https://doi.org/10.1016/j.spinee.2019.09.002
1529-9430/© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

The Spine Journal 20 (2020) 101!111

mailto:katy@aucklandphysiotherapy.co.nz
https://doi.org/10.1016/j.spinee.2019.09.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spinee.2019.09.002&domain=pdf
https://doi.org/10.1016/j.spinee.2019.09.002
Vasu Pai

Vasu Pai

Vasu Pai

Vasu Pai

Vasu Pai



CONCLUSIONS: The prevalence of serious pathologies was significantly higher in tertiary
care (public health) than in private secondary care settings. One in every 6.5 patients
referred for MRI in tertiary care demonstrated structural abnormalities associated with
serious pathology, which raises the question of whether access to MRI should be
re-evaluated. © 2019 The Authors. Published by Elsevier Inc. This is an open access arti-
cle under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Serious pathology; Lumbar spine; Spinal infection; Malignancy; Vertebral fracture; Caudal equina syndrome;
Low back pain, Prevalence, Incidence

Introduction

Low back pain (LBP) is a common problem and in rare
cases it may be due to underlying serious pathology [1,2].
The most common serious pathologies to affect the lumbar
spine are fracture, malignancy, cauda equina syndrome
(CES) and spinal infection [3]. Timely diagnosis of these
pathologies is crucial as missed or delayed diagnosis can
lead to irreversible adverse outcomes such as severe, per-
manent neurological compromise, and mortality [4,5].

Knowledge of the prevalence of serious pathologies is
necessary as it allows calculation of the pretest probability
of a patient presenting with a disease and can assist clinical
decision making [6]. Similarly, knowing the population
incidence permits estimation of the number of new cases of
serious pathologies that can be expected each year, within a
specific population. These understandings allow a clinician
to consider the likelihood of the presence of serious pathol-
ogy for an individual patient, provided that patient matches
the demographic of those included in relevant research [6].

International LBP guidelines strongly emphasize the
importance of screening for signs and symptoms of serious
pathologies or “red flags” to ensure these pathologies are
not missed, due to potential dire outcomes [7!11]. How-
ever, guidelines are unable to include an indication of the
pretest probability as little is known about the prevalence of
these pathologies amongst LBP patients across various clin-
ical settings. Although some studies have investigated the
prevalence in primary care [1,2,12!17], few have investi-
gated prevalence in secondary or tertiary care [18!21] and
there is no reported data on cauda equina syndrome or spi-
nal infection in either secondary or tertiary care. Despite
the recommendation for clinicians to undertake routine red
flag screening, we know that these pathologies are com-
monly missed with one study reporting that up to 70% of
vertebral fractures were misdiagnosed on clinical assess-
ment and another found that up to 75% of patients with spi-
nal infection are initially misdiagnosed [22,23,54].

Most LBP guidelines recommend that diagnostic imag-
ing should be reserved for patients where there is suspicion
of serious pathology or for those who may require surgical
management or other interventional procedures [7,24].
Although routine use of diagnostic imaging has been widely
discouraged [7,9!11], many clinicians are either not aware
of or do not adhere to these LBP guidelines [25]. Nonadher-
ence to guidelines may be due to a number of reasons

including patient expectations, clinician’s beliefs or fear of
missing serious pathology, and whether or not the patient
has health insurance [26]. Despite the high use of diagnostic
imaging and evidence that indicates that the use of expen-
sive advanced imaging such as magnetic resonance imaging
(MRI) is growing at an unsustainable rate [27!29], several
studies have reported that imaging is not being utilized for
the correct patients [27!31]. Hence, further research is
required to inform clinical guidelines and ensure that
advanced imaging is reserved for the patients who really
need it.

The dearth of evidence regarding either the clinical prev-
alence or population incidence of serious pathologies in the
lumbar spine makes it difficult for clinicians to adequately
assess a patient’s risk of serious pathology [32!34]. The
current study was undertaken to address this gap in the liter-
ature with respect to the four most common serious patholo-
gies that affect the lumbar spine. The primary aim of this
study was to determine the prevalence of MRI findings
indicative of serious pathology in patients with LBP under-
going lumbar MRI at either a private (secondary) or public
(tertiary) health care provider. The secondary aim was to
determine the incidence of these serious pathologies in the
geographic region of South Auckland, New Zealand.
Although infection, malignancy, and fracture can be confi-
dently diagnosed on the basis of MRI findings [35,36], the
diagnosis of cauda equina syndrome requires knowledge of
clinical signs and symptoms that were not retrievable for
the purpose of this study. Consequently, the prevalence of
cauda equina compression (CEC) observed on MRI has
been reported.

The primary aim of this study was to determine the prev-
alence of vertebral fracture, malignancy, CEC, and spinal
infection in patients with LBP who have been referred for a
lumbar MRI from either a private secondary or tertiary pub-
lic health care provider. The secondary aim was to deter-
mine the incidence of these serious pathologies in the
geographic region of South Auckland, New Zealand.

Material and methods

The present study was a retrospective, observational
cohort study. The study protocol was approved by the Auck-
land University of Technology Ethics Committee (AUTEC)
who provided ethical approval (AUTEC 13/120) to perform a
retrospective audit of all lumbar MRI scans during the study
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period (1st of October 2013 ! 31st of July 2014). The manu-
script adheres to the STROBE checklist [37].

Participant demographics

Consecutive patients referred for lumbar MRI over a
10-month period. Data collection took place across two set-
tings: a secondary care private musculoskeletal radiology
practice (Specialist Radiology Group) and a tertiary care
teaching hospital (Middlemore Hospital). Patients were
referred predominantly by orthopedic surgeons and occa-
sionally by sports physicians, general medical physicians,
musculoskeletal specialists, or pain specialists. Patients
were included if they had received an MRI scan for LBP
and were 16 years of age or over. Patients with known
serious pathologies or patients undergoing lumbar MRI for
reasons other than back pain (eg, for structural or congenital
abnormalities not associated with back pain) were
excluded. Reported data was deidentified to maintain the
privacy and confidentiality of participants.

Target conditions

For the purposes of this study vertebral fractures were
defined as “any fracture affecting the vertebral body.”
Isolated pars interarticularis or pedicle fractures were
excluded. Spinal malignancy included any metastatic or
malignant spinal tumor with a complaint of LBP on the
radiology referral form. CEC was classified as compression
of the cauda equina nerves. Spinal infection included verte-
bral osteomyelitis, discitis, epidural abscess, and paraverte-
bral muscle abscess.

Reference standard

MRI was utilized as the reference standard as it has
been shown to be the single best noninvasive test avail-
able for the diagnosis of serious pathologies in the lum-
bar spine [35,38,39]. The MRI scanner at Specialist
Radiology Group (SRG) was a 3 Tesla Philips Achieva
and the MRI scanner at Middlemore Hospital (MMH)
was a 1.5 Tesla Siemens Avanto. The MRI protocol
included T1- and T2-weighted sagittal and coronal
images, plus Short-T1 Inversion Recovery and/or fat-
suppressed images if indicated. Gadolinium contrast was
given in limited cases at the radiologist’s discretion, if
indicated.

Sample size

Sample size was evaluated on the basis of the projected
accuracy of the prevalence estimate. A minimum sample
size of 1250 was required to allow an expected maximum
confidence interval (CI) width ranging between 1.2 percent-
age points (for a prevalence of 1%) and 2.5 percentage
points (for a prevalence of 5%).

Data collection

National health index numbers, age, gender, and ethnic-
ity data for all patients who had received a lumbar MRI
scan during the 10-month study period was exported and
assessed for eligibility. The primary researcher and research
assistant then retrieved the relevant radiology reports.

Data analysis

All participants referred for MRI were screened and any
prospective participants that did not meet the eligibility cri-
teria were excluded. Data from individual MRI reports was
analyzed and any target conditions were identified and
recorded. A random selection of reports was double-read
(5%) by a research assistant to ensure there was no error in
data extraction or coding.

The total number of participants with each serious pathol-
ogy was recorded and an overall prevalence (along with
95% CIs) was calculated as a percentage of the study popu-
lation. Prevalence specific to secondary care and tertiary
care was also calculated. The Taylor series method was
employed to determine prevalence rate ratios to allow com-
parisons between secondary and tertiary care settings [40].

Incidence in the geographic region of South Auckland,
New Zealand, was determined using data collected from par-
ticipants recruited from MMH (Counties Manukau District
Health Board). The population was subcategorized based on
age, gender, and ethnicity to allow comparison between the
2013 South Auckland Census data [41]. Incidence was calcu-
lated by determining the number of new cases of serious
pathology diagnosed over the study period. Population inci-
dence was based on population estimates with respect to
age, gender, and ethnicity for each target condition. Inci-
dence rate ratios were computed to compare groups. CIs was
computed using the Clopper-Pearson method [42] for rates
and the Taylor series method [40] for rate ratios.

Results

A total of 2,383 participants referred for lumbar MRI
scans were included in this study. MRI reports were
obtained for all participants. The secondary care private
practice SRG contributed 71% (1,681) of these scans and
the remaining 29% (702) of the scans were from the tertiary
care public hospital MMH. The majority of patients
referred to SRG were referred via private spine clinics.

The median age across all participants was 52 years,
with an interquartile range of 25 years. Participants referred
from private spine clinics were significantly younger
(p<.0001) than participants referred from the public hospi-
tal, with mean ages of 49 and 57 years, respectively (see
Table 1). The female to male ratio was even in private.
However, there were significantly more females (57%) in
the public hospital group (p=.001).

Prevalence was significantly higher in the public hospital
setting than in the private secondary care setting for all of
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the target conditions investigated in this study (see Table 2).
The presence of malignancy in the private group was rare
(prevalence of 0.3%). In contrast, the prevalence of this
pathology in the public hospital setting (4.4%) was 15 times
higher, as indicated by the prevalence rate ratio (PRR) of
14.9 (95% CI [6.12, 43.0]). Similarly, the prevalence of ver-
tebral fracture was significantly higher (PRR=3, 95% CI
[2.0,4.7]) in the public hospital. A higher prevalence in hos-
pital setting was also observed with CEC (PRR 3.8, 95% CI
[1.7,8.4]). The largest difference in prevalence between set-
tings was for infection which was 29 times more common
in the public hospital (PRR 28.7, 95% CI [7.9,180]).

Table 3 provides detail regarding the incidence of
serious pathologies across various ethnic, gender, and age
groups (pathology-specific tables are provided in the sup-
plement). According to the 2013 New Zealand census [88],
211,038 Europeans, 104,673 Pacific Islanders, 101,520
Asians, and 67,944 Maori live in the South Auckland area.
Based on this data and the number of serious pathologies
identified in the current study, the overall incidence of such
pathologies was 25.8 per 100,000 person-years (p-y). Inci-
dence increased with age, peaking at 249 per 100,000 p-y
in the 85 years and over age group. Serious pathologies
were slightly, but not significantly, more common in
males with a rate ratio (RR) of 1.20 (95% CI [0.80,1.81]).
Europeans had the highest risk of developing a serious
pathology, followed by Pacific Islanders (RR with respect
to Europeans [RR] 0.791, 95% CI [0.471,1.33]), Maori
(RR 0.548, 95% CI [0.270,1.113]), and Asians (RR 0.285,
95% CI [0.130,0.623]). In Europeans, incidence peaked
at 85 years and over, and at 74!84 years in all other
ethnicities.

Overall the serious pathology with the highest incidence
was vertebral fracture (12.9/100,000 p-y). The ethnicity-
specific highest total incidence was observed in Europeans
(20.0/100,000 p-y). Overall incidence increased with older
age (see Fig. 1), peaking at 199.2 per 100,000 p-y in the
85 years and over group. There was also a slight peak in
incidence for males aged 25!34 years for both European
and Pacific populations (12.5 and 20.2/100,000 p-y, respec-
tively). There was no statistically significant difference
between total incidence for males and females (RR 1.02,
95% CI [0.57,1.80]). However, all fractures under age 35
were male. Within the Asian population there were no frac-
tures in participants under 55 years of age. Maori males had
an incidence of 37.1 per 100,000 p-y in the 45!54 year age
group, otherwise Maori males were not affected and all
fractures over age 65 years were female (142/100,000 p-y).

With regard to malignancy, risk increased with age with
the overall incidence of 4.4 per 100,000 p-y in the 25!34
year age group increasing to 78.4 per 100,000 p-y in the
74!84 years age group (see Fig. 2). Age related risk tripled
from age 45!54 years to age 65!74 years, then doubled
again by age 74!84 years (10.0/100,000 p-y, 33.5/100,000
p-y, and 78.4/100,000 p-y, respectively). The risk of malig-
nancy was greatest for Maori with a total incidence of 25.6
per 100,000 p-y, and a peak of 495.3 per 100,000 p-y in the
74!84 years age group. Within Maori there was a female
predominance in the 25!64 year age group (25.4!47.6/
100,000 p-y vs 0.0!37.1/100,000 p-y in males), then a
male predominance in the 74!84 year age group (866 vs
263/100,000 p-y in females). The incidence amongst Asians
was significantly lower with an overall incidence of 1.2 per
100,000 p-y and the only group affected was males aged

Table 1

Baseline characteristics

Participant demographics Combined Private clinic Public hospital p Value

Age (years) Mean age (SD) 52 49 (33, 65) 57 (39,75) 0.51

Median (Interquartile range) 52 (39-64) 49 (37-61) 59(45-71)

Gender Female (%) 1,235 (52%) 835 (50%) 400 (57%) 0.001
Male (%) 1,148 (48%) 846 (50%) 302 (43%)

Total 2,383 1,681 702

Note. SD = Standard deviation.

Table 2
Prevalence of serious pathology in secondary and tertiary care

Target condition

SP

total

(n)

SP

private

(n)

SP

public

(n)

Prevalence

total %

(95% CI)

Prevalence

% private

(95% CI)

Prevalence

% public

(95% CI)

Prevalence rate

ratios: public/private

(95% CI) p Value

Malignancy 36 5 31 1.51 (1.06, 2.09) 0.30 (0.097, 0.69) 4.42 (3.02, 6.21) 14.9 (6.12, 43.0) .00000006

Vertebral fracture 84 37 47 3.52 (2.82, 4.35) 2.20 (1.55, 3.02) 6.70 (4.96, 8.80) 3.04 (1.98, 4.71) .0000005
CEC 26 10 16 1.09 (0.71, 1.59) 0.59 (0.29, 1.09) 2.28 (1.31, 3.67) 3.81 (1.74, 8.77) .001

Spinal infection 26 2 24 1.09 (0.71, 1.59) 0.12 (0.014, 0.43) 3.42 (2.20, 5.04) 28.7 (7.94, 180) .00002

Multiple serious pathologies 15 1 14 0.63 (0.35, 1.04) 0.06 (0.002,0.033) 1.99 (1.09, 3.32) 33.5 (5.94, 716) .004

Total 157 53 104 6.59 (5.63, 7.66) 3.15 (2.37, 4.10) 14.8 (12.2,17.7) 4.70 (3.39, 6.58) 0

Note. CE, cauda equina compression; SP, serious pathology; n, frequency; 95% CI, 95% confidence interval.
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25!34 years. In European and Pacific populations inci-
dence was similar between males and females (RR 1.06,
95% CI [0.42,2.7] in Europeans, RR 1.07, 95% CI
[0.14,7.6] in Pacific populations), and incidence was
slightly but not significantly lower for males in Maori (RR
0.85, 95% CI [0.19,3.8]).

The overall incidence of CEC was the lowest of all seri-
ous pathologies at 4.4 per 100,000 p-y. The highest ethnic-
ity specific total incidence was found in Europeans (5.2/
100,00 p-y), followed by Maori (RR with respect to Euro-
peans 0.69, 95% CI [0.15,3.2]), Asians (RR 0.23, 95% CI
[0.03,1.8]) and Pacific Islanders (RR 0.22, 95% CI [0.03,
1.8]). The peak incidence by age group varied between eth-
nicities (see Fig. 3). CEC generally affected older age
groups, with incidence peaking in the 74-84-year-old age
group for Europeans (35.5/100,000 p-y), and 55!64 year
old age group for Maori and Asians (26.7 & 12.7/100,000
p-y). Affected Europeans were generally aged from 55 to
85+ years, with the exception of an incidence of 10.1 per
100,000 p-y in 16!24 year old females. For Asians all cases
were within the 55-64 years age group and in Maori 45-
64 years. Conversely, Pacific Islanders were younger, with
a peak in the 16!24 year old age group (6.6/100,000 p-y).
Incidence was higher in males, but not significantly so, in

European and Maori populations (RR 1.32, 95% CI
[0.35,4.9] for Europeans; 1.13, 95% CI [0.07,18.1] for
Maori).

The overall incidence of spinal infection was 6.6 per
100,000 p-y. Incidence of spinal infection was highest in
Pacific Islanders at 11.5 per 100,000 p-y and was signifi-
cantly lower for Europeans at 4 per 100,000 p-y (RR with
respect to Pacific Islanders 0.35, 95% CI [0.13,0.91]), but
not for Asian populations (RR 0.41, 95% CI [0.13,1.3]) (see
Fig. 4). Maori had the lowest incidence of 1.8 per 100,000
p-y (RR with respect to Pacific 0.16, 95% CI [0.02,1.2]).
Pacific Island males were the most at-risk group with inci-
dence rising from 60.5 per 100,000 p-y in the 25!34 year
old group to 466 per 100,000 p-y in the 74!84 year old age
group. Incidence also increased with age for Europeans
(9.6!35.5/100,000 p-y from 55 to 84 years), Pacific
Islanders 27.5!186/100,00 p-y from 25 to 84 years), and
Asians (8.8!26.3/100,000 p-y from 45 to 74 years). How-
ever, in Maori the incidence peaked in males at the younger
age group of 25!34 years at 36.2 per 100,000 p-y and did
not affect any females or other age groups. All cases of spi-
nal infection below age 55 were male and there were no
affected Europeans in this group. Overall incidence was sig-
nificantly higher in males than females (RR 5.3, 95% CI

Table 3

Incidence table (per 100,000 person-years) for serious pathologies in Counties Manukau

Age group
European estimate*
(95% CI)

Maori estimate*
(95% CI)

Pacific estimate
* (95% CI)

Asian estimate*
(95% CI)

Grand total estimate
(95% CI)

16-24 All 5.1 (0.1, 28.2) 0.0 (0.0, 39.9) 19.9 (4.1, 58.1) 8.2 (0.2, 45.7) 10.2 (3.3, 23.7)

Female 10.1 (0.3, 56.2) 0.0 (0.0, 75.5) 12.8 (0.4, 71.6) 0.0 (0.0, 64.6) 8.2 (1.0, 29.6)
Male 0.0 (0.0, 37.4) 0.0 (0.0, 84.7) 27.4 (3.4, 98.9) 15.4 (0.4, 85.9) 12.2 (2.5, 35.6)

25-34 All 5.9 (0.1, 32.6) 29.9 (3.7, 107.8) 36.7 (10.0, 93.9) 6.6 (0.2, 37.0) 17.5 (7.6, 34.5)

Female 0.0 (0.0, 40.5) 25.4 (0.6, 141.5) 16.9 (0.4, 93.9) 0.0 (0.0, 46.6) 8.2 (1.0, 29.6)
Male 12.5 (0.3, 69.9) 36.2 (0.9, 201.7) 60.5 (12.5, 176.6) 14.0 (0.4, 77.9) 28.3 (10.3, 61.5)

35-44 All 12.9 (2.7, 37.6) 14.7 (0.4, 81.9) 20.0 (2.5, 72.3) 0.0 (0.0, 29.9) 12.1 (4.4, 26.4)

Female 24.0 (4.9, 70.2) 25.9 (0.7, 144.3) 0.0 (0.0, 68.1) 0.0 (0.0, 54.6) 15.0 (4.0, 38.5)

Male 0.0 (0.0, 33.9) 0.0 (0.0, 125.2) 43.7 (5.3, 157.8) 0.0 (0.0, 66.0) 8.7 (1.1, 31.6)
45-54 All 15.5 (4.2, 39.6) 33.2 (4.1, 119.9) 11.9 (0.3, 66.5) 8.8 (0.2, 48.8) 18.0 (8.3, 34.2)

Female 22.7 (4.7, 66.3) 0.0 (0.0, 110.8) 22.2 (0.6, 123.9) 0.0 (0.0, 61.5) 19.3 (6.3, 44.9)

Male 7.9 (0.2, 44.0) 74.3 (9.0, 268.0) 0.0 (0.0, 95.0) 18.5 (0.5, 103.0) 16.7 (4.5, 42.7)

55-64 All 38.5 (16.7, 75.9) 26.7 (0.7, 148.8) 97.9 (31.8, 228.3) 25.5 (3.1, 92.0) 48.7 (28.9, 77.0)
Female 28.4 (5.8, 83.0) 47.6 (1.2, 264.8) 75.6 (9.2, 272.8) 47.8 (5.8, 172.5) 47.2 (21.6, 89.5)

Male 48.9 (15.9, 114.1) 0.0 (0.0, 225.3) 121.7 (25.1, 355.4) 0.0 (0.0, 100.6) 50.3 (23.0, 95.5)

65-74 All 77.2 (39.9, 134.9) 0.0 (0.0, 204.5) 70.6 (8.6, 254.8) 26.3 (0.7, 146.6) 67.0 (38.3, 108.8)

Female 62.0 (20.1, 144.7) 0.0 (0.0, 378.5) 0.0 (0.0, 245.4) 51.3 (1.3, 285.7) 48.5 (17.8, 105.6)
Male 93.6 (37.6, 192.7) 0.0 (0.0, 445.4) 150.6 (18.3, 543.0) 0.0 (0.0, 199.3) 87.0 (41.8, 159.9)

74-84 All 142.0 (73.4, 248.0) 495.3 (102.2, 1441.7) 186.5 (22.6, 672.3) 69.8 (1.7, 388.5) 182.8 (113.2, 279.3)

Female 151.1 (60.8, 311.2) 263.3 (6.7, 1459.7) 0.0 (0.0, 572.4) 0.0 (0.0, 489.4) 157.7 (75.7, 289.9)
Male 131.0 (42.6, 305.4) 866.3 (105.1, 3100.3) 465.7 (56.4, 1673.9) 146.5 (3.7, 814.0) 213.7 (106.7, 382.0)

85 & over All 286.9 (137.7, 527.2) 0.0 (0.0, 4420.1) 0.0 (0.0, 1696.0) 0.0 (0.0, 1587.3) 249.0 (119.5, 457.4)

Female 267.7 (98.2, 581.8) 0.0 (0.0, 6035.7) 0.0 (0.0, 2335.8) 0.0 (0.0, 2535.1) 231.5 (85.0, 503.4)

Male 321.6 (87.7, 821.8) 0.0 (0.0, 13982.5) 0.0 (0.0, 5582.3) 0.0 (0.0, 4172.0) 280.7 (76.5, 717.5)
Female total 31.2 (20.8, 45.1) 13.4 (3.6, 34.3) 11.2 (3.6, 26.1) 7.0 (1.5, 20.4) 23.5 (17.1, 31.5)

Male total 27.1 (17.2, 40.6) 19.0 (6.2, 44.3) 35.9 (20.1, 59.2) 9.7 (2.6, 24.9) 28.3 (21.1, 37.4)

Grand Total 29.2 (21.7, 38.4) 16.0 (7.3, 30.4) 23.1 (14.1, 35.7) 8.3 (3.4, 17.1) 25.8 (20.8, 31.7)

Note. All , Male and female combined, 95% CI, Confidence Interval.

* Ethnicity-specific prevalence’s are underestimated as the numerator is frequency based on prioritised ethnicity and denominator is population based
on total response.
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[1.8,15.5]), with the largest gender difference in Pacific
Islanders (RR 0.0, 95% CI 0.0,0.33]).

Discussion

This study has provided important new information
regarding the prevalence and incidence of MRI findings
associated with serious pathologies in people presenting
with LBP. The prevalence of all target conditions has been
determined in both private secondary and public tertiary
care settings, as has incidence, in the geographic region of
South Auckland, New Zealand.

Significant differences in the prevalence of serious
pathologies were found between private and public health
settings, with the overall prevalence of serious pathologies
nearly five times higher than our public hospital care set-
ting. Considering the seriousness of a missed or delayed
diagnosis of a serious pathology, one in every 6.5 patients
undergoing MRI in public health is higher than expected.
Considering this, it may be warranted to either reduce the
threshold for referral for MRI or improve access to
MRI from primary care. At present patients may not be
undergoing MRI during the early stages of disease onset

due to limited access. MMH services the geographic region
of South Auckland and has a large over-representation of
people living in deprivation, compared with the national
average [43]. This group have lower health literacy and are
less likely to seek early medical attention. The South Auck-
land region has a larger population of Maori and Pacific
Islanders than any other region in New Zealand, with the
majority living in high deprivation areas [44,45]. Conse-
quently, Maori have the highest rates of avoidable mortal-
ity, followed by Pacific Islanders [46]. These groups also
have higher rates of comorbidities including diabetes and
heart disease, which are often poorly managed and may
increase risk of serious pathology [47!49]. Contrariwise,
patients attending the private musculoskeletal practice
(SRG) are likely to be in higher socioeconomic groups.
SRG is located in Greenlane which is one of the highest
decile (least deprived) areas in Auckland [43].

Differences between private and public health care prev-
alence may be partially due to the specialists’ threshold for
referral. Specialists working in public health care settings
may be more likely to adhere to guidelines that recommend
that only patients who have suspected serious pathology
or neurological deficits and are potential candidates for
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Fig. 1. Incidence of vertebral fractures.
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invasive interventions should be referred for MRI [30].
Conversely, despite warnings regarding the potential
adverse effects of referring patients for imaging unnecessar-
ily, specialists working in private spine clinics have been
shown to be less adherent to such guidelines and continue
to refer patients who do not strictly meet these criteria
[50,51]. Over-referral for diagnostic imaging may also be
influenced by patient expectation, as patients attending pri-
vate clinics often expect to undergo imaging as part of their
management [52]. One study [53] found that only 25% of
patients referred for advanced imaging met stated referral
criteria. However, this finding could also indicate that the
current guidelines are too strict and specialists may be refer-
ring patients who do not fit the criteria due to fear of missing a
serious pathology [26]. Our study has shown that this fear may
be justified and there could be rationale to review the current
guidelines and allow improved access at a primary care level
to reduce waiting times and encourage early diagnosis.

Education around screening for serious pathologies is
useful to improve awareness of red flags and warning
signs [9,32!34]. These pathologies are often misdiagnosed,
with the majority of vertebral fractures and spinal infections
being misdiagnosed initially or completely missed [22,23,54].
One study [55] found that 51% of patients presented to

emergency departments two or more times before they
were diagnosed with spinal infection, and delayed diagnosis
led to a nearly four-fold increase in the likelihood of ongo-
ing motor weakness. In our study the prevalence of spinal
infection was low (0.1%) in private spine clinics, but signif-
icantly higher in the public hospital with one in every
30 patients referred for MRI having a spinal infection. Pre-
vious studies have shown low prevalence of spinal infection
in primary care clinics, ranging from 0% amongst patients
presenting to primary care clinics with LBP [2], to 0.05%
!0.2% if they were referred for plain imaging [14,15], and
up to 0.3% if they were referred for MRI by their GP [1].
Other authors have expressed concerns that due to the low
prevalence in primary care and variable clinical presenta-
tion, spinal infection is difficult to recognize clinically, and
more research is required to investigate whether the current
guidelines for referral for advanced imaging are robust
enough for spinal infection [22,23,56,57]. Our study found
that males are more at risk of spinal infection, which is sup-
ported by previous studies reporting a predominance in
males ranging from 58% to 91% of cases [58!62].
Although risk of infection increased with age, there was
a peak at 25!34 years in Maori and Pacific Island
males. This could be associated with increased risk-taking
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behavior such as IV drug use in this group [63]. The overall
incidence of spinal infection in this study was 6.6 per
100,000 p-y, which is higher than reported rates for verte-
bral osteomyelitis or pyogenic spondylodiscitis in Europe
[62,64!66].

Vertebral fracture is relatively common with a preva-
lence of vertebral fracture internationally is 2.2%!2.6% in
secondary care [1,19] and 6.5%!7.2% in tertiary care
[18,20]. A‘‘s expected, our study found that the incidence
of fracture increased with older age, and interestingly, all
fractures in the under 35-year-old age group were male and
were traumatic, which may reflect the commonly held
belief that young males have increased risk-taking behavior
and involvement in adventure sport. With respect to gender,
other studies [67] have found that fracture risk is higher in
females, however our study did not find any overall differ-
ence between gender.

The prevalence of spinal malignancy has been reported
to be low (0%!0.7%) amongst LBP patients presenting to
primary care [2,12,15,16,68], and up to 5.9% in a tertiary
care spine clinic in America [21]. Our public tertiary care
prevalence was slightly lower at 4.4%, but still a signifi-
cantly possibility. The risk of spinal malignancy is known
to increase with age and our study found an 18-fold increase

in risk from age 25!34 to age 74!84 (see Fig. 2). Maori
had a significantly higher risk of spinal malignancy than
any other ethnic group. This finding that spinal malignancy
was more common in Maori is supported by previous
research displaying significantly higher rates of lung cancer
mortality and cancer registrations in Maori compared with
non-Maori [47]. With the significant increase in risk within
this group, a lower threshold for further investigation may
be warranted.

CES is known to display varied clinical presentations
making it extremely difficult to diagnose without advanced
imaging. Missed or delayed diagnosis of CES is likely to
result in irreversible neurological damage, reduced quality
of life, and huge compensation costs [69]. CES is known to
account for 1%!10% of all surgical discectomies [70!74],
and in England, the National Health Service spent 25 mil-
lion Pounds on claims made by individuals with CES
between 2010 and 2015 [69]. Clinical guidelines have rein-
forced that if early signs or symptoms of CES are suspected
(ie, back pain and/or sciatica plus the onset of bilateral leg
pain, and/or disturbance in bladder or bowel function, and/
or saddle or genital sensory disturbance) the patient must
be referred for an MRI urgently, even overnight [9]. Hence,
improved access at a primary care level would increase the
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likelihood of this occurring. In our study one in every 43
(2.3%) patients undergoing MRI in the public hospital had
MRI evidence of cauda equina compression, a rate signifi-
cantly higher than the 0.6% observed in private spine clin-
ics. Only one previous study investigated the prevalence of
CES amongst LBP patients in primary care and found a
lower prevalence of 0.1% [2]. Our study found that older
Europeans had the highest risk of CEC, with peak ages
higher than expected. It is known that CES most commonly
occurs following a massive disc prolapse, and disc prolapse
usually occurs between 30 and 50 years of age [75]. Hence,
our findings may indicate reduce tolerance to large disc pro-
lapses with the presence of age related changes such as
spondylosis, facet joint arthrosis, or stenosis [40].

Limitations

A potential limitation is that the incidence may be under-
estimated for fractures. Fractures are commonly identified
via plain radiographs or computed tomography. Hence,
some patients with previously observed spinal fractures
may not have been referred for MRI and would therefore
not have been included in our study. However, our study
prevalence was similar to other studies that used plain
radiographs as their reference standard. The majority of

patients with a new diagnosis of malignancy, CEC or infec-
tion should have been included in this study as it is standard
practice that they would be referred for MRI. Nevertheless,
there may be a small number of patients who were unable
to undergo MRI due to contraindications.

Conclusions

Knowledge of the prevalence and incidence of serious
pathologies is important for clinicians working with
patients with LBP to be aware of as it dictates the pretest
probability of the presence of a pathology. Our study has
found large differences in the prevalence of serious patholo-
gies between private and public health care settings. The
high prevalence in the public hospital raises a question of
whether access to MRI is too limited and whether referral
criteria should be reviewed. Further research is required to
investigate the diagnostic accuracy of red flag questions to
assist with early diagnosis and to ensure the right patients
are referred for MRI at the right time, and that this resource
is sustainable.
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