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Background: Radiographic guidelines aim to increase
the diagnostic yield of clinically relevant imaging
findings whilst minimising risk. This study assessed
the appropriateness of radiographic referrals made
by student chiropractors and explored the association
between guideline appropriate imaging and clinically
significant radiographic findings.

Methods: Radiographic referral and report findings
(n=437) from 2018 were extracted from Macquarie
University chiropractic clinics. Appropriateness of
radiographic referrals was assessed according to
current radiographic guidelines. Radiographic findings
were assessed for clinical significance. The association
between guideline appropriate radiographic referral and

Lien entre les demandes d’examen radiographiques
conformes aux lignes directrices provenant d’étudiants
en chiropratique et le rendement diagnostique des
examens cliniquement pertinents

Contexte : Les lignes directrices relatives aux demandes
d’examens radiographiques visent a accroitre le
rendement diagnostique des résultats des examens
d’imagerie cliniquement pertinents tout en minimisant
le risque. La présente étude a consisté a évaluer la
pertinence des examens radiographiques demandés par
des étudiants en chiropratique et a examiner le lien entre
la pertinence des demandes d’examens d’imagerie et
les résultats des examens radiographiques cliniquement
pertinents.

Meéthodologie : Des demandes d’examens
radiographiques et des rapports d’examens (n = 437)
en 2018 ont été extraits de dossiers de la clinique de
chiropratique de la Macquarie University. La pertinence
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clinically significant radiographic findings was assessed
using logistic regression analysis and odds ratios were
estimated.

Results: The proportion of guideline appropriate
imaging was 55.8% (95%CI: 51.2-604). An association
between guideline appropriate radiographs and
clinically significant findings was found (OR: 2.2;
95%CI: 1.3-4.1).

Conclusions: Approximately half of all radiographic
referrals made by chiropractic students were guideline
concordant. Guideline appropriate imaging was
associated with an increase in clinically significant
radiographic findings.

(JCCA. 2021:65(1):66-75)

KEY WORDS: chiropractic; radiographs; guidelines;
diagnostic yield; appropriate use
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des demandes d’examens radiographiques a été évaluée
en fonction des lignes directrices relatives aux demandes
d’examens radiographiques en vigueur. La pertinence
des résultats des examens radiographiques a été évaluée.
On a examiné le lien entre les demandes d’examen
radiographique conformes aux lignes directrices et

les résultats d’examens radiographiques cliniquement
importants a I’aide d’une méthode d’analyse par
régression logistique et on a estimé les risques relatifs.

Résultats : La proportion de demandes d’examen
d’imagerie qui étaient conformes aux lignes directrices
s’est élevée a 55,8 % (IC a 95 % : 51,2-60,4). On
a établi un lien entre les demandes d’examens
radiographiques conformes aux lignes directrices et les
résultats cliniquement pertinents (RR : 2,2; IC a 95 % :
1,3-4,1).

Conclusions : Environ la moitié de toutes les
demandes d’examens radiographiques provenant
d’étudiants en chiropratique étaient conformes aux
lignes directrices. Les demandes d’examens d’imagerie
conformes aux lignes ont été associées a une hausse de
résultats d’examens cliniquement pertinents.

(JACC. 2021;65(1):66-75)
MOTS CLES : chiropratique, examens radiographiques;

lignes directrices; rendement diagnostique; utilisation
appropriée

Introduction

Radiographic imaging is used within chiropractic practice
to diagnose serious pathology or trauma, determine ap-
propriate treatment options, and detect contraindications
to care." Historically chiropractors also used radiographs
to perform biomechanical analysis of the spine and in-
form technique selection and application.! In the last two
decades however, radiographic guidelines for the chiro-
practic profession have discouraged routine radiographs
for these reasons, due to the associated risks and lack of
evidence of clinical benefit.>* In particular, radiographs
commonly demonstrate pathoanatomical changes of lim-
ited clinical significance, such as isolated anatomical
anomalies or degenerative findings.'*© These radiograph-
ic findings may lead to overdiagnosis, increased down-

J Can Chiropr Assoc 2021; 65(1)

stream healthcare utilisation, and create unnecessary pa-
tient concern.!”® Amongst chiropractors, a high variance
in radiographic imaging utilisation rates of between 8% to
84%' has been observed. A lack of knowledge and a lack
of adherence to current radiographic guidelines has been
noted amongst chiropractors, within both clinical and
teaching environments®'!, potentially driving higher im-
aging rates. Resistance to current radiographic guidelines
amongst chiropractors is largely due to concerns that cur-
rent guidelines do not account for the use of joint manipu-
lative therapy, and that injury or sub-optimal treatment
may result if radiographs are not used to screen patients
for underlying pathology or anatomical variation prior to
joint manipulative therapy.'*!*

The purpose of radiographic guidelines are to inform
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the appropriate use of imaging in clinical practice; that
is to increase the diagnostic yield of clinically signifi-
cant radiographic findings, whilst minimising associated
risks.""> A clinically significant radiographic finding is
one that will result in a change to the management of the
patient, such as those that either indicate underlying path-
ology requiring medical referral or increase the likelihood
of adverse events following joint manipulation.'® Clinic-
ally significant findings include those indicating under-
lying cancer, infection, fracture, inflammatory arthritis,
joint instability, or osteopenia.'® Many other radiograph-
ic findings, including degenerative changes and isolated
anatomical anomalies such as transitional segments and
lumbar spondylolisthesis, have not shown clear associ-
ation with patient symptoms or change to clinical manage-
ment, making them of unlikely clinical significance.'!"'8
Although pathoanatomical changes are common on radio-
graphs performed in chiropractic populations, the major-
ity of changes are of uncertain clinical significance .>%!
Radiographic findings of known clinical significance are
uncommon, with a diagnostic yield ranging from 0.1% to
6.6% > If radiographic guidelines are fit for purpose,
radiographs taken in accordance with guidelines should
be more likely to demonstrate clinically significant radio-
graphic findings than those taken outside of guidelines.
Although guideline appropriate imaging has been shown
to have a low likelihood of missing pathology®, to our
knowledge, the association between guideline appropriate
imaging and the diagnostic yield of clinically significant
radiographic findings in a chiropractic population has not
been assessed.

It is particularly important to ensure that student chiro-
practors are practicing within an evidence-based paradigm
to the standards expected for chiropractic clinicians. Addi-
tional drivers of poor adherence to radiographic guide-
lines that may exist amongst student chiropractors include
higher diagnostic uncertainty compared to clinicians and
accreditation requirements to demonstrate competence
in performing a minimum number of radiographs. There
has only been one study that has investigated appropri-
ate radiographic imaging use in the chiropractic student
setting. Ammendolia et al.’, concluded that whilst only
10% of presenting patients were inappropriately referred
for radiographs, this accounted for nearly half of all radio-
graphic imaging referrals made; diagnostic yield and as-
sociation with guideline adherence were not assessed.’
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Therefore, the aims of this study are to determine (i) the
proportion of guideline appropriate imaging performed
by chiropractic students in their clinical internship year;
(i1) the proportion of imaging performed that identified
clinically significant pathology; and (iii) whether the use
of guideline appropriate imaging referral is associated
with an increased diagnostic yield of clinically significant
findings on imaging.

Methods

Design and setting

A retrospective clinical record audit was conducted
of all radiographic imaging referrals and reports from
January to December 2018 at the Macquarie University
chiropractic clinics. Macquarie University operates three
chiropractic teaching clinics to provide supervised clin-
ical placements for final year Master of Chiropractic stu-
dents. The student clinicians are supervised by registered
chiropractors to provide diagnosis (including radiograph-
ic imaging where indicated) and management for public
patients. Ethical approval was provided by the Macquarie
University Human Research Ethics Committee (Approval
No.: 5201954218658) for this study.

Participants

All patients who were referred for radiographic imaging
through the Macquarie University chiropractic clinics
from January to December 2018 were included in this
study. Patients were excluded if their imaging referral was
from another health provider, the imaging was performed
at an outside radiology centre, or they did not sign consent
for their clinical data to be used for research purposes.

Data extraction

Radiographic referral forms and reports were downloaded
from the OPAL-RAD PACs system and de-identified pri-
or to data extraction, with unique identifying numbers
allocated. Two researchers independently extracted data
from the de-identified radiographic referral forms and re-
ports into Microsoft excel. Referral form data extracted
included: chiropractic teaching clinic where the radio-
graphic imaging was performed, date of referral, date of
birth, clinical reasons for the radiographic referral, and the
radiographic series requested. Radiographic report data
extracted included: date of the radiographic study, radio-
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graphic series performed, and the radiographic findings.
Extracted data were checked for consistency between the
two data extractors and any discrepancies were corrected
against the original record.

Data synthesis

Appropriateness of the radiographic imaging
referral

Two researchers independently categorised the clinical
information provided on the referral form as either appro-
priate or inappropriate compared to current radiographic
guidelines for the chiropractic profession.>* Guideline
appropriate reasons for radiographic imaging referral
included suspicion of underlying serious pathology, his-
tory of trauma, suspicion of contraindications to spinal
manipulative therapy, or non-response to care.** Any
discrepancies between the researchers were discussed
to reach a consensus. If consensus could not be reached
a third researcher was consulted. The strength of initial
agreement in categorising the appropriateness of imaging
between the two researchers was assessed using kappa
statistics, and was categorised as slight (0-0.2), fair (0.21-
0.4), moderate (0.41-0.6), substantial (0.61-0.8), and al-
most perfect (0.81-1.0).%!

Clinically significant radiographic findings

Two researchers independently categorised the reported
radiographic findings as clinically significant, possibly
significant or clinically insignificant. Clinically signifi-
cant findings were defined as those likely to change clinic-
al practice or contraindicate the use of joint manipulation,
including underlying serious pathology (e.g., osteopor-
osis, cancer, infection, inflammatory arthritis), fracture, or
instability.' Instability was assessed on radiograph when
flexion and extension radiographs were performed. Pos-
sibly significant findings were defined as those that would
not contraindicate joint manipulation, but have been re-
ported by chiropractors to potentially inform clinician de-
cisions related to the application of manual therapy.''*!?
These included pathoanatomical changes such as degen-
erative joint disease, lumbar spondylolisthesis, transition-
al segments, and scoliosis. Radiographic findings of pos-
sible changes that needed clinical correlation or further
investigation were also categorised as possibly significant
(e.g. possible hypermobility, possible intervertebral fora-
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men narrowing). All other findings were categorised as
clinically insignificant, this included isolated anatomical
variances such as spina bifida occulta which are unlikely
to have any clinical impact."” Any discrepancies between
the researchers were discussed to reach a consensus. If
consensus could not be reached a third researcher was
consulted. Initial agreement in categorising radiographic
findings between the two researchers was assessed using
kappa statistics.

Data analysis

Appropriateness of the radiographic imaging
referral

The appropriateness of the radiographic imaging referral
was analysed descriptively as the proportion of radio-
graphic referrals determined as appropriate or inappropri-
ate divided by the total number of radiographic referrals.
Proportions of appropriate imaging were stratified by the
clinic where the imaging referral was made, the anatom-
ical region of imaging referral (e.g. lumbar, cervical etc.),
and the age of patient (in decades) to observe for any
trends across these categories.

Clinically relevant imaging

The proportion of clinically relevant imaging was ana-
lysed descriptively as the number of radiographs with
clinically significant findings, possibly significant find-
ings, or clinically insignificant findings divided by the
total number of radiographs. The proportions of clinically
relevant imaging were stratified by the clinic where the
imaging referral was made, the anatomical region of im-
aging referral (e.g., lumbar, cervical etc.), and the age of
patient (in decades).

Association between guideline appropriate imaging
and clinically relevant imaging

Two models were created to assess the association be-
tween guideline appropriate imaging and clinically rel-
evant imaging. In model one, the original criteria were ap-
plied and only imaging with clinically significant findings
was considered clinically relevant. Any radiographic im-
aging with possibly significant or clinically insignificant
findings were considered not clinically relevant. In model
2, adapted criteria were applied to reflect the uncertainty
in clinical relevance of some radiographic findings. In
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Age of patients, number of radiographic imaging series, and the number of
radiographic imaging series per anatomical region, performed at each Macquarie University chiropractic clinic.

Table 1.

Association between guideline adherent radiographic imaging by chiropractic students and diagnostic yield of significant findings

Total Clinic 1 Clinic 2 Clinic 3

Age range (yrs) 11 -89 17 - 81 12 - 86 11 -89
Mean age (SD) 41.8 (20.7) 40.5 (19.4) 440 (21.8) 41.8 (21.3)
Radiographic series (N) 437 150 83 157
Radiographic series per anatomical region (N)

Cervical 98 32 19 34

Thoracic 81 26 13 35

Lumbar 145 46 33 50

Upper limb 48 22 6 17

Lower limb 65 24 12 21

model 2 the clinically significant findings and possibly
significant findings were combined and considered as
clinically relevant. For each model, two by two tables and
logistic regression analysis (adjusted for patient age) were
used to assess the association between guideline appropri-
ate imaging and clinically relevant imaging. Odds ratios
with 95% confidence intervals were calculated in SPSS
(IBM SPSS Statistics v25).

Results

In the 2018 calendar year there were a total of 25,831 pa-
tient visits across the three Macquarie University chiro-
practic clinics. Of these, 4,500 patient visits were either
new patients or a new presentation of an existing patient.
In the same time period, 437 radiographic imaging refer-
rals were requested. Therefore, radiographic referral pro-
portions were 1.7% of all patient visits and 9.7% of new
patients or presentations. The age range of the patients,
mean age, number of radiographs performed in each clin-
ic and the number of radiographic series performed per
anatomical region are presented in Table 1. The clinic of
referral was not recorded on 47 of the referral forms.

Appropriateness of the radiographic imaging
referral
Guideline appropriate imaging referrals were made in
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244/437 (55.8%; 95%CI: 51.2-60.4) of cases. The appro-
priateness of radiographic imaging referral stratified by
clinic, anatomical region, and age is presented in Table 2.
No clear trend in the proportion of guideline appropriate
referrals is seen when stratified by clinic or age. An in-
crease in guideline appropriate referrals is evident in the
extremities (upper and lower limb) compared to the spine,
with the lowest proportion of guideline appropriate refer-
rals in the lumbar spine. Of the guideline appropriate rea-
sons for radiographic imaging referral, the most common
reasons were: no improvement after a course of treatment
(38.1%, 93/244); history of trauma (37.7%, 92/244);
suspicion of underlying pathology, including suspected
contraindications to manipulation (13.1%, 32/244); as-
sessment of neurological symptoms (6.6%, 16/244); and
adolescent scoliosis (3.3%, 8/244). There was fair agree-
ment?! in the initial categorisation of the appropriateness
of radiographic imaging referral (kappa, 95%CI: 0.3,0.2-
04).

Clinically significant radiographic findings

The proportion of radiographs with clinically signifi-
cant findings was 65/437 (14.9%; 95%CI: 11.8-18.5),
and those with possibly significant findings was 190/437
(43.5%; 95%CI: 38.9-48.2). The proportion of clinically
significant findings stratified by clinic, anatomical region,
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and age is presented in Table 2. No clear trends in the
proportion of clinically significant findings is seen when
stratified by clinic or anatomical region. An increase in
clinically significant findings is seen in patients over 60
years. Of the clinically significant radiographic find-
ings, the most common findings were: fracture or trauma
(30.8%, 20/65); underlying pathology, including inflam-
matory arthritis or DISH (27.7%, 18/65); osteopenia
(24.6%, 16/65); instability (9.2%, 6/65); and congenital
findings that would contraindicate manipulation (7.7%,
5/65). Findings that were categorised as possibly signifi-
cant included: degenerative changes (54.7%, 104/190);
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clinical correlation required or need for further investi-
gation (19.5%, 37/190); congenital anomalies of possible
significance (12.1%, 23/190); lumbar spondylolisthesis
(10.5%, 20/190); intervertebral foramen or canal stenosis
without neurological symptoms (2.1%, 4/190); and old
fracture (1.1%, 2/190). There was moderate agreement?!
in the initial categorisation of the clinically significant
findings (kappa, 95%CI: 0.6, 0.5-0.6).

Association between guideline appropriate imaging
and clinically relevant imaging
For model 1, the proportion of radiographs with clinic-

Table 2.

The proportions of appropriate radiographic imaging referrals and clinically significant findings, stratified by
Macgquarie University chiropractic clinic, anatomical region, and by age.

Appropriate
n (%3 95%CI)

Not appropriate
n (%; 95%CI)

Clinically significant
n (%; 95%CI)

Possibly significant
n (%3 95%CI)

Clinically insignificant
n (%; 95%CI)

Total (N=437)

244 (55.8;51.2,60.4)

193 (44.2;39.6,48.9)

65(14.9; 118, 18.5)

190 (43.5; 38.9,48.2)

182 (41.7;37.1,46.3)

Clinic

1 (N=150) 83(55.3;47.3,63.1) |67 (44.7;36.9,52.7) 19(12.7; 8.3, 18.9) 55(36.7,29.4, 44.6) 76 (50.7; 42.8, 58.6)
2 (N=83) 52 (62.7;51.9,72.3) |31 (37.4;27.7,48.1) 15 (18.1; 11.3,27.7) 41 (494; 38.9,59.9) 27(32.5;234,43.2)
3 (N=157) 80 (51.0;43.2,58.7) |77 (49.0;41.3,56.8) 23(14.7; 10.0,21.0) 71 (45.2;37.6,53.0) 63 (40.1; 32.8,47.9)
Anatomical region

Cervical (N=98)

58(59.2;49.3,68.4)

40 (40.8; 31.6,50.7)

13 (13.3;79,214)

52(53.1;43.3,62.6)

33(33.7;25.1,43.5)

Thoracic (N=81)

40 (494, 38.8,60.1)

41 (50.6; 40.0,61.2)

14 (17.3; 10.6,27.0)

19 (23.5; 15.6,33.8)

48 (59.3; 48 4,69.3)

Lumbar (N=145)

62 (42.8;35.0,50.9)

83(57.2;49.1,65.0)

19 (13.1; 8.6, 19.6)

82 (56.6;48.4,64.4)

44 (30.3; 235, 38.3)

Lower extremity (N=65)

44 (67.7,55.6,71.8)

21(32.3;22.2,444)

9(13.9;75,243)

23 (354;24.9,475)

33(50.8; 38.9,62.5)

Upper extremity (N=48)

40 (83.3;70.4,91.3)

8(16.7; 8.7,29.6)

10 (20.8; 11.7,34.3)

14(29.2; 18.2,432)

24 (50.0; 36.4, 63.6)

Age range

11-20 (N=33) 13(39.4;24.7,56.3) |20 (60.6;43.7,75.3) 1(3.0;05,15.3) 6(18.2;8.6,344) 26 (78.8; 62.3,89.3)
21-30 (N=140) 89 (63.6;55.3,71.1) |51 (36.4;28.9,44.7) 16 (114;7.2,17.8) 34(24.3;17.9,32.0) 90 (64.3; 56.1,71.7)
31-40 (N=46) 25(54.4;40.2,67.9) |21 (45.7;32.2,59.8) 6(13.0;6.1,25.7) 15 (32.6;20.8,47.0) 25 (544, 40.2,67.9)
41-50 (N=14) 9 (64.3;38.8,83.7) 5(35.7;16.3,61.2) 0.0(0.0;0.0,2.2) 10 (714;43.4,88.3) 4(28.6;11.7,54.7)
51-60 (N=54) 36 (66.7;53.4,77.8) |18 (33.3;22.2,46.6) 1(1.9;03,98) 42 (77.8;65.1, 86.8) 11 (20.4; 11.8,32.9)
61-70 (N=44) 20 (45.5;31.7,59.9) |24 (54.6;40.1, 68.3) 9(20.5;11.2,34.5) 30 (68.2; 53.4,80.0) 5(114;5.0,24.0)
71-80 (N=45) 21(46.7,329,609) |24(53.3;39.1,67.1) 17 (37.8;25.1,52.4) 23 (51.1;37.0,65.0) 5(11.1;4.8,23.5)
81-90 (N=10) 6 (60.0;31.3,83.2) 4(40.0; 16.8,68.7) 6 (60.0; 31.3,83.2) 3 (30.0; 10.8, 60.3) 1(10.0;1.9,67.8)
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Table 3.
Association between guideline appropriate referrals and clinically relevant imaging.

Guideline appropriate referral

Logistic regression analysis (OR, 95% CI):

Model 1: Original criteria for clinically relevant imaging*

Clinically relevant

22(13,4.1)

imaging
Yes No Total
Yes 46 198 244
No 19 174 193
Total 65 372 437

Guideline appropriate referral

Logistic regression analysis (OR, 95%CI):

Model 2: Adapted criteria for clinically relevant imaging”

Clinically relevant

12(08,1.9)

imaging
Yes No Total
Yes 146 98 244
No 109 84 193
Total 255 182 437

*The original criteria only included clinically significant findings as clinically relevant imaging.
"The adapted criteria used the combination of clinically significant findings and possibly significant

findings, as clinically relevant imaging

ally significant findings was 65/437 (14.9%; 95%CI:
11.8-18.5), and of these, the proportion that was guide-
line appropriate was 46/65 (70.8%; 95%CI: 58.8, 80.4),
as presented in Table 3. Logistic regression analysis re-
sulted in an odds ratio of 2.2 (95%CI: 1.3, 4.1), indicat-
ing that there is 95% confidence that odds of a clinically
significant finding being present are between 1.3 to 4.1
times greater when the radiographic referral is guideline
appropriate.

In model 2, the proportion of either clinically significant
or possibly significant findings was 255/437 (58.4%;
95%CI: 53.7-62.9), and of these, the proportion that was
guideline appropriate was 146/255 (57.83%; 95%ClI:
51.1, 63.2) as presented in Table 3. Logistic regression
analysis demonstrated that there was no statistically sig-
nificant association between guideline appropriate refer-
rals and the presence of either clinically significant or
possibly significant radiographic findings. (OR; 95%CI:
1.2;0.8,1.9).
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Discussion
This study demonstrated that although just over half of
the radiographs performed by chiropractic students with-
in the teaching clinics were considered guideline appro-
priate (55.8%; 95%CI: 50.2, 60.4), only 14.9% (95%CI:
11.8, 18.5) of radiographs demonstrated clinically sig-
nificant findings. Of the remaining radiographs, 43.5%
(95%CI: 38.9, 48.2) demonstrated possibly significant
radiographic findings, of uncertain clinical relevance.
The odds of finding a clinically significant radiographic
finding on radiographic imaging are between 1.3 and 4.1
times greater when the imaging referral is guideline ap-
propriate. A statistically significant association was not
demonstrated between guideline appropriate imaging and
the detection of either clinically significant or possibly
significant radiographic findings (OR 1.2, 95%CI: 0.8,
1.9).

The diagnostic yield of clinically significant radio-
graphic findings in this study was 14.9%, and included

J Can Chiropr Assoc 2021; 65(1)



reports of fracture, inflammatory arthritis, instability and
osteopenia. This is similar to previously reported propor-
tions of underlying pathology of approximately 12% in
both medical® and chiropractic® populations. In contrast
to a previous study performed in a chiropractic teaching
clinic, the proportion of possibly significant radiographic
findings in our study was lower at 43.5% compared to ap-
proximately 55%.° However, the previous study included
some radiographic findings (such as anatomical varian-
ces like spina bifida occulta) that we considered of un-
likely clinical significance.® The proportion of clinically
significant findings increased in patients greater than 60
years of age, which is consistent with research identifying
age above 65 in females and 75 in males as possible risk
factors for pathology.” Older guidelines suggest that age
above 50 may be considered a risk factor of pathology.**
However, this was not identified in this study, with few
patients in the 51-to-60-year age group having clinically
significant radiographic findings.

To our knowledge, no other study has specifically
looked at the association between guideline appropriate
imaging and diagnostic yield. Here, an association be-
tween guideline appropriate imaging and imaging find-
ings was present when clinically significant findings were
considered alone, but was no longer apparent when pos-
sibly significant findings were added to the clinically sig-
nificant group. This is consistent with current guidelines
being designed to detect pathologies that will definitively
impact clinical practice rather than those of less certain
significance.!'2? Although an association between guide-
line appropriate imaging referral and clinically significant
radiographic findings was observed, still nearly 30% of
clinically significant radiographic findings were present
on radiographs categorised as guideline inappropriate.
This is in contrast to a Canadian study, where no serious
pathology was identified in patients who were not indicat-
ed for imaging.?® In the Canadian study, however, patients
determined not to need imaging did not receive any, so the
presence or absence of clinically significant imaging find-
ings could not be performed. Instead, these patients were
followed up at one-year for any subsequent diagnosis of
pathology.®® False positive imaging findings are com-
mon?®, and some of the clinically significant radiographic
findings in the current study may in fact be determined
as benign changes on further investigation. It is however,
of clinical importance to acknowledge that referral for
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radiographs in strict alignment with current radiographic
guidelines, may not detect all clinically significant radio-
graphic findings.

Just under half of all radiographic referrals by chiro-
practic students were considered guideline inappropriate.
Depending on the anatomical region, the proportion of
inappropriate imaging varied from 15.7% in the upper
limb to 57.2% in the lumbar spine. This variation may
reflect higher diagnostic uncertainty in the low back*
and a lack of indicators for imaging with high diagnostic
certainty®. Certainly, low back pain is strongly associ-
ated with imaging overuse* and inconsistency between
imaging referral and guideline recommendations?’. The
proportion of inappropriate imaging in the lumbar spine
in this study is similar to the small amount of available
evidence from chiropractic teaching clinics, where, in
Canada, up to 47.3% of radiographs did not conform to
guidelines.’ These proportions of inappropriate imaging
in student clinics are higher than the approximately one
third of inappropriate imaging of the lumbar spine seen
in clinical practice.?’” Higher proportions of non-indicated
imaging amongst students may be due to a lack of know-
ledge, less certainty in their clinical decision-making pro-
cess, or the need to meet radiographic imaging academic
requirements. Concern has been raised over the diagnos-
tic accuracy of many of the red flags that current radio-
graphic guidelines are based on*, potentially decreasing
both clinician and student confidence in current guide-
lines. Strategies to increase clinical decision-making con-
fidence, such as the development clinical decision-mak-
ing frameworks®%, within both teaching and clinical en-
vironments need to be considered.

Strengths and limitations
The strengths of this study include the systematic ap-
proach to data collection and categorisation. All radio-
graphic imaging referrals from a single calendar year
across the three Macquarie University chiropractic clinics
were collected. Categorisation of the data was performed
by two independent researchers to a pre-determined ru-
bric informed by current literature. All disagreements in
categorisation were discussed between the research team
to ensure final consistency between decisions and with
published guidelines.

Limitations include the retrospective nature of the data
collection and the level of agreement in categorisation
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decisions. Data collection was limited to the information
provided on the referral forms, which may not have in-
cluded all relevant clinical details, and potentially may
have impacted decisions regarding the appropriateness
of the radiographic imaging referral. However, it is very
likely that the strongest reasons for referring for imaging
were listed on the forms, as students have to provide their
clinical supervisors with appropriate justification for the
radiographic imaging referral. Some reasons for referral,
such as ‘no improvement after a course of treatment’” had
limited clinical information but were categorised as con-
cordant with guidelines for two reasons: 1) the phrasing
is consistent with that used in the reference guidelines®*;
and 2) clinical supervisors would have been aware of
the additional clinical information when approving the
radiographic referral. Only fair agreement*' between the
researchers was seen for the initial decisions regarding
the appropriateness of imaging. Many of the radiographic
referral forms reported reasons for referral that did not
definitively align with radiographic guidelines, and a
judgement call had to be made by the researchers. Further
discussion between the research team was held to come to
final and consistent decisions on the categorisation. Final-
ly, it is possible that the proportion of appropriate imaging
may be overestimated in this study due to the uncertainty
around the diagnostic accuracy of red flag indicators of
potential pathology® that were used to indicate appropri-
ate imaging in this study.

Conclusion

Approximately half of all radiographic referrals made by
Macquarie University student chiropractors were guide-
line appropriate. While guideline appropriate radiograph-
ic imaging was associated with an increase in clinical-
ly significant radiographic findings, demonstrating the
utility of current guidelines, not all clinically significant
findings were detected by guideline appropriate imaging.
Radiographic guidelines are a useful tool to aid clinic-
al decision-making regarding the need for radiographic
imaging to detect clinically significant findings; however,
clinician judgement is needed as some clinical scenarios
indicating radiographic imaging referral may fall outside
current guidelines.
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