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Purpose: Implementation strategies of imaging guidelines can assist in reducing the number of radiographic
examinations. This study aimed to compare the perceived need for diagnostic imaging before and after an
educational intervention strategy. Methods: One hundred sixty Swiss chiropractors attending a conference
were randomized to either receive a radiology workshop, reviewing appropriate indications for diagnostic
imaging for adult spine disorders (n D 80), or be in a control group (CG). One group of 40 individuals dropped
out from the CG due to logistic reasons. Participants in the intervention group were randomly assigned to three
subgroups to evaluate the effect of an online reminder at midpoint. All participants underwent a pretest and a
final test at 14–16 weeks. A posttest was administered to two subgroups at 8–10 weeks. Results: There was no
difference between baseline scores, and overall scores for the pretest and the final tests for all four groups were
not significantly different. However, the subgroup provided with access to a reminder performed significantly
better than the subgroup with whom they were compared (F D 4.486; df D 1 and 30; p D .043). Guideline
adherence was 50.5% (95% CI, 39.1–61.8) for the intervention group and 43.7% (95% CI, 23.7–63.6) for the CG at
baseline. Adherence at follow-up was lower, but mean group differences remained insignificant. Conclusions:
Online access to specific recommendations while making a clinical decision may favorably influence the
intention to either order or not order imaging studies. However, a didactic presentation alone did not appear
to change the perception for the need of diagnostic imaging studies. (J Chiropr Educ 2010;24(1):2–18)

Key Indexing Terms: Diagnostic Imaging; Diagnostic X-Ray; Education, Continuing; Guidelines; Knowledge
Acquisitions (Computer); Radiology; Randomized Controlled Trial

INTRODUCTION

Imaging technology can improve patient outcomes
by allowing greater precision in diagnosing and
treating patients. However, evidence of overuse,
underuse, and misuse of imaging services has been
reported in the literature.1–4 Although an integral
part of chiropractic practice for over a century,
the role of diagnostic imaging remains a source
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of controversy.5–7 We previously developed diag-
nostic imaging guidelines for chiropractors and other
primary health care professionals to assist clinical
decision making and to allow more selective use of
imaging studies for adult spine disorders.8 Clinical
guidelines are particularly useful where significant
variation in practice exists, because they aim to
describe appropriate care based on the best avail-
able scientific evidence and broad consensus while
promoting efficient use of resources.9,10

Current guideline dissemination and implementa-
tion strategies can encourage practitioners to con-
form to best practices and lead to improvements in
care.11 However, high-quality studies documenting
effectiveness and efficiency of guideline dissemi-
nation and implementation strategies are scarce.12
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Interventions designed to improve professional prac-
tice and the delivery of effective health services
may include continuing education, quality assurance
programs, computer-based information and recalls,
financial incentives, and organizational and regula-
tory interventions.13 Educational strategies are
thought to have mixed effects. These include the
distribution of educational materials to professionals,
guideline implementation information, printed
educational materials, continuing education activ-
ities and small group interactive education with
active participation, educational outreach by experts
or trained facilitators, and use of local opinion
leaders.14 Used alone, two of the most common
strategies for dissemination of new knowledge––
publication of educational material and meetings,
including seminars and conferences––appear to have
a small impact on practice.15–18 However, multi-
faceted interventions, including workshops and
didactic presentations and interactive workshops,
can result in moderately large changes in profes-
sional practice.17 Among a group of chiropractors,
an educational intervention strategy emphasizing the
use of evidence-based diagnostic imaging guidelines
was shown to decrease the perceived need for plain-
film radiography in uncomplicated low back pain
patients in specific case scenarios.19 Furthermore,
information recall has been shown to be impor-
tant in achieving behavior change in interventions
providing information,20 and “online” support may
be an effective way to deliver reminders.21 Rationale
for selecting these interventions is further discussed
in the latter part of this article.

Rationale for the Study

Introducing new scientific findings or best prac-
tice or clinical guidelines into routine daily prac-
tice is challenging. The authors were interested in
exploring educational strategies that would facili-
tate the use of recently developed evidence-based
diagnostic imaging guidelines for chiropractors and
other health care providers.22 Ultimately, applica-
tion of these guidelines should help avoid unnec-
essary radiographs, increase examination precision,
and decrease health care costs without compro-
mising the quality of care. These guidelines suggest
that imaging studies should be reserved for patients
with “red flags” or clinical indicators suggestive
of serious underlying pathologies. For instance, a
combination of the following four red flags has a
100% sensitivity for cancer: considerable low back

pain starting after age 50, a history of cancer/
carcinoma in the last 15 years, unexplained weight
loss, and failure of conservative care.23

Objectives

The aim of this study was to compare the self-
reported diagnostic imaging ordering practices of
a group of Swiss chiropractors before and after
an educational intervention strategy using a multi-
faceted educational intervention (a radiology work-
shop plus an online reminder), a radiology workshop
alone, and a control group. The following hypotheses
were tested: 1) between the pre- and the posttest,
participants receiving a radiology workshop alone
will demonstrate greater adherence to diagnostic
imaging guideline recommendations for selected
case scenarios compared to the control group; and
2) participants receiving a multifaceted educational
intervention will have a greater improvement in the
self-reported need for diagnostic imaging compared
to those receiving a radiology workshop alone.

METHODS

Participants

Eligibility
Of all 254 chiropractors licensed in Switzerland,

207 attended a continuing education conference in
the city of Davos in September 2007; all 207 atten-
dees spoke English and were candidates for this
study. Inclusion criteria were 1) to be a member
in good standing of the Swiss Chiropractic Asso-
ciation, 2) to attend the September 2007 continuing
education conference in Davos, 3) to be willing to
complete the consent form to participate, and 4) to
be available at the time of the pretest.

Setting and Location
All 254 licensed chiropractors in Switzerland

work in private practice, providing ambulatory care.
To be a member in good standing, Swiss chiroprac-
tors are required to 1) have completed their under-
graduate training in an accredited school as listed on
the Swiss government registry, 2) have completed a
mandatory 4-month hospital training program and
a 2-year postgraduate training program in a private
chiropractic practice, and 3) have successfully
passed the Swiss National Board Exams. Partici-
pants were therefore trained in diagnostic imaging
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Intervention Groups (IG 1,2,3)
Diagnostic imaging educational workshop

Control Group
Technique seminar on spinal pain

IG3

No reminder
No post-test

Pre-test and demographic Qs (before workshops)

IG2
Reminder (Power
Point) + Post-test

(6-8 weeks)

Final-test (14-16 weeks)

IG1

Post-test only
(6-8 weeks)

Pre-intervention presentation:
All chiropractors attending the CE conference in Davos

Figure 1. Flow diagram of interventions and measurements.

studies according to the standards of the European
Council on Chiropractic Education and had hospital-
based training, including the ordering of specialized
diagnostic imaging such as computed tomography,
magnetic resonance imaging, bone scanning, and
ultrasound.

Intervention

A flow diagram of interventions and measure-
ments is shown in Figure 1. Registered participants
received a conference package from the Swiss Chiro-
practic Association indicating the schedule (time,
room, and title) of presentations to which they
were assigned and were asked to sign a list of
attendance. All participants also signed a consent
form for the current study before completing the
pretest during the 30-minute afternoon break imme-
diately following a preintervention presentation. For
all measurements (pretest, posttest, and final test),
participants were instructed to complete question-
naires by themselves and to select a single answer
per question.

Preintervention Presentation
All participants in both the experimental and

control groups first attended a 20-minute lecture
entitled Diagnostic Imaging Practice Guidelines for
Musculoskeletal Complaints in Adults: An Evidence-
Based Approach. The objectives of this presenta-
tion were 1) to familiarize the audience with the
methodology used to develop a new set of diagnostic
imaging guidelines, 2) to improve understanding
of factors involved in clinical decision making for

diagnostic imaging studies, and 3) to briefly discuss
potential risks associated with ionizing radiation
exposure. None of the recommendations contained in
the diagnostic imaging guidelines were specifically
discussed during this first presentation.

Intervention Group
A 90-minute educational workshop was presented

to the intervention group by two chiropractic
specialists––one in clinical sciences and one in
radiology. Topics covered included evidence-based
recommendations contained in diagnostic imaging
guidelines for spine disorders8 and this was under-
pinned with 10 case scenarios. Information provided
to participants pertained to appropriate indications
for the ordering of imaging studies. There were
80 participants in this group. Participants from
the intervention group were randomly assigned to
three subgroups [intervention group 1 (IG1), inter-
vention group 2 (IG2), and intervention group 3
(IG3)], each composed of 26 or 27 participants. This
strategy allowed evaluating the effect of introducing
a reminder at midpoint. Participants were assigned to
interventions by using random allocation, according
to the test number distributed at random before the
pretest. Only one subgroup (IG2) was invited to
review the PowerPoint presented at the educational
workshop 6–8 weeks after the conference, acting as
a reminder. Other subgroups were not informed of
this reminder/additional intervention (Table 1).

Control Group
In order to determine if the proposed guideline

implementation strategy was effective, the control
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Table 1. Administration of three competency tests for diagnostic imaging guidelines
implementation study

120 Swiss
Practitioners
Randomizeda to
Either IG or CG

IG (n = 80)

CG (n = 40)a

Pretest
(prior to the educational

workshop)

IG1 A (27)

IG2 A (27)

IG3 A (26)

A (40)

Final Test
(at 14–16 weeks)

C (14)

B (13)

C (13)

B (14)

B (13)

C (13)

B (20)

C (20)

Posttest
(at 6–8 weeks)

B (14)

C (13)

Reminder + B (13)

Reminder + C (14)

Nil

Nil

Arrows: Versions B and C of the questionnaires were crossed over within each of the subgroups undergoing both the
posttest and the final test (IG1 and IG2), so that for the posttest, half of participants within each subgroup were first
assigned to version B of the questionnaire, while the remaining participants completed version C, and vice versa at the
final test. aOne group of 40 participants dropped out because they were not available for the pretest. IG, intervention
group; CG, control group; IG1–3, intervention subgroups 1–3. A, B, and C are the three equivalent versions of the
competency test.

group, composed of 40 Swiss practitioners, did not
attend the radiology workshop, but instead, attended
a chiropractic technique seminar on spinal pain
where no discussion on the use of imaging took
place. This seminar was entitled Unique Neuro-
mobilization Technique for Treating Spinal Pain. The
control group (CG) completed the pretest and the
final test at 14–16 weeks.

Outcomes

All participants were asked to answer seven demo-
graphic questions at the pretest. Baseline clinical
characteristics included the following: 1) year of
graduation, 2) postgraduate degree, 3) practice hours,
4) type of practice, 5) on-site access to radiography,
6) average number of spine x-ray series ordered per
week, and 7) average number of referrals for special
imaging per month.

The primary outcome measures with respect to
rate of appropriate responses for the use of diag-
nostic imaging were three questionnaires, each con-
sisting of 10 different spine case scenarios (A, B,
C), all different from those presented during the
educational intervention workshop, included in a
pretest, a posttest at 6–8 weeks, and a final test
at 14–16 weeks after the conference (Fig 1). The
clinician’s decision to provide any of the listed
clinical services [plain-film radiography, computed

tomography (CT), magnetic resonance imaging
(MRI), or ultrasound; urgent referral; conservative
therapy without imaging) was also assessed for
consistency with the guidelines for each clinical
vignette. The evidence-based Diagnostic Imaging
Guidelines for Spinal Disorders represented the gold
standard. These were published soon after adminis-
tering the final test of this study, decreasing the risk
of between-group contaminations. Plain-film radio-
graphs were consistent with the guidelines when
“ordered” in the presence of any indicators of poten-
tially serious pathologies (red flags). CT, MRI, bone
densitometry (DEXA), bone scan, and ultrasound
were consistent with the guidelines at any time
in the presence of progressive neurologic deficits,
painful or progressive structural deformity, poten-
tially serious pathology (suspected cauda equina
syndrome, neoplasia, infection, fracture, abdominal
aortic aneurysm, and nonmusculoskeletal causes of
chest wall pain including disorders of the heart and
lungs), or failed conservative care after 4–6 weeks.
Urgent referrals were consistent with the guidelines
at any time in the presence of potentially serious
pathology. Conservative therapy without imaging
was consistent with the guidelines in the presence of
uncomplicated musculoskeletal disorders (nontrau-
matic pain without neurologic deficits or indicators
of potentially serious pathologies).
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The pretest and the final test were administered
to all participants included in the intervention and in
the control groups. In order to evaluate the reminder
(access to the PowerPoint at midpoint), a posttest
was administered at 6–8 weeks to subgroups IG1
and IG2. Subgroup IG2 was instructed to review the
PowerPoint, either prior to or while answering the
10 spine case scenarios (Fig 1).

In addition, versions B and C of the questionnaires
were crossed over within each of the subgroups
undergoing both the posttest and the final test (IG1
and IG2), so that for the posttest, half of participants
within each subgroup were first assigned to version
B of the questionnaire, while the remaining partic-
ipants completed version C, and vice versa at the
final test. Similarly, half of the participants who were
not administered a posttest at midpoint (subgroup
IG3 and controls) were assigned to either version
B or version C of the questionnaires at the final
test (Table 1). This strategy aimed to compensate
for possible dissimilarities between successive test
versions. All three versions of the questionnaires
were balanced and evaluated for face validity by
four chiropractic experts in the field of radiology
(Diplomates of the American Chiropractic Board of
Radiology), who determined the difficulty level. For
all versions of the questionnaires, approximately one
third of cases did not require any imaging prior to
administering conservative care, plain-film radiog-
raphy was in order for one third of cases, and the
remaining scenarios called for specialized imaging
studies. All 10 questions were answered using either
yes/no or multiple choice (A–E). Each appropriate
answer was used to generate a sum score.

Implementation

Each participant was asked to indicate whether or
not imaging studies were indicated for each of the
10 cases presented. The estimated time to complete
each of the tests was 15–20 minutes. The pretest
was administered to the intervention and control
groups simultaneously on September 7, 2007 before
workshops took place. The radiology workshop was
provided on site to the intervention group only.
Versions B and C of the questionnaires were admin-
istered electronically on a protected website after
the conference at 6–8 weeks (posttest) and at 14–16
weeks (final test).

Data Quality Assurance

A username and password were provided to all
participants either by e-mail or mail before launching
the website. Two electronic reminders were sent to
participants failing to complete the online question-
naires by the due date. Assigned questionnaires were
mailed to the remaining participants and to those
who could not be reached by e-mail due to incorrect
addresses. Completion of the pretest, posttest, and
final test required participants to enter the following
information: 1) group number, 2) username, and 3)
password. Responses were later transcribed onto a
Microsoft Excel spreadsheet by the principal inves-
tigator. Appropriate responses to case scenarios were
compared to the gold standard by two indepen-
dent evaluators. Other methods used to enhance
the quality of the data included checking for accu-
racy, completion, and cross-form consistency of data
forms after each measure.

Blinding

While participants and those administering the
intervention could not be blinded to the assigned
workshop, all were blinded to the version of the
questionnaire received, and subgroups IG1 and IG3
were blinded to the reminder that IG2 received at
midpoint (online access to the PowerPoint presenta-
tion). Those assessing the outcomes were blinded to
group assignment. The success of blinding was not
evaluated.

Randomization

We conducted a randomized trial with postal
follow-ups among a group of Swiss chiropractors
attending a continuing education conference. From
a separate study taking place simultaneously on an
unrelated topic (Patient Safety and Critical Inci-
dent Reporting), investigators made a list of all
members of the Swiss Chiropractic Association who
had agreed to participate.

Sequence Generation
One hundred sixty participants were randomly

assigned to one of four groups of 40 individuals
according to a computerized random-number gener-
ator (http://www.randomizer.org/form.htm). Numb-
ers were randomly generated using a “Math.random”
method within the JavaScript programming language
by use of a complex algorithm (seeded by the
computer’s clock).
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Allocation Concealment and
Implementation

Allocation sequence was concealed until the inter-
ventions were assigned. Investigators of the patient
safety study generated the allocation sequence,
enrolled participants, and assigned participants to
their groups. All participants were asked to return a
signed consent form. One group of 40 practitioners
initially randomized to the control group dropped
out from the current study for logistic reasons. For
the purpose of a separate study, these practitioners
had been assigned to a presentation on patient safety
while participants of the current study were under-
going a pretest. Due to the busy conference schedule,
it was not possible for this group to undertake the
pretest at a later time. The remaining 120 partici-
pants were assigned to either the intervention (n D
80) or the control group (n D 40). The intervention
group was further randomized into three subgroups,
two of which received a posttest at 6–8 weeks.
All participants underwent a pretest and a final
test at 14–16 weeks. Ethical approval was obtained
from the Université du Québec à Trois-Rivières. All
participants were instructed not to discuss or share
any information related to the study to limit group
contamination.

Statistical Analysis

Primary Analysis
All data analyses were carried out according to a

pre-established plan (two-way factorial design with
repeated measures (A ð BR). Chi-squared tests were
used to compare demographic data between partic-
ipants from the intervention and control groups
(year of graduation, postgraduate degree, practice
frequency, type of practice, on-site access to radiog-
raphy, average number of spine x-ray series ordered
per week, and average number of referrals for special
imaging per month). Mean differences before and
after the intervention at midpoint and end point were
tested using analysis of variance. Differences were
considered significant at p < .05. Where such differ-
ences were found to be significant, follow-up anal-
yses of single items were performed using unpaired
t tests. Post-hoc breaking down of a complex inter-
action term was performed using Dunnett’s control-
group criterion.

Secondary Analysis
The measure of adherence to guideline recom-

mendations was estimated by calculating (using a

Table 2. A 2 ð 2 contingency table outlining
how secondary measure of adher-
ence to imaging guidelines was
calculated

Self-Reported Radiography

Yes No Total

Red flags: Yes a b a C b
Based on
guidelines: No c d c C d
Total a C c b C d

Adherence D percentage of cases without red flags not
recommended for radiography among all cases without
red flags D d / (c C d) ð100%.

2 ð 2 contingency table) the proportion of patients
who were not recommended for radiography among
cases who did not present any red flags, because we
were interested in determining if imaging had not
been ordered unnecessarily.24 Since the guidelines
state that all patients recommended for radiography
should have at least one red flag, the proportion
of participants who indicated the need for imaging
studies in agreement with guideline recommenda-
tions was also calculated (Table 2). Both primary
and secondary measures of adherence were calcu-
lated using 95% confidence intervals.

RESULTS

Participant Flow and Recruitment

The flow of participants through each stage is
shown in Figure 2. Among the 207 licensed Swiss
chiropractors registered to attend a continuing educa-
tion conference in Davos in September of 2007,
160 were randomly assigned to four groups of
40 participants; one group dropped out from the
current study because they could not attend the
pretest during the afternoon break. Of the remaining
120 participants, 99 (82.5%) participants completed
the pretest in Davos, and 79 (65.8%) respondents
returned the final tests (53 in the intervention group
and the 26 in the control group). The intervention
group was further divided into three subgroups. Only
two subgroups were asked to complete a test at
midpoint. Seventeen of the 27 participants (62.9%)
from subgroup IG1 and 14 of 27 participants (51.8%)
from subgroup IG2 completed and returned the
posttest. The final test was administered at 14–16
weeks, between January 31 and February 15, 2008.
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Intervention Groups (n=70 or 87.5%)
Educational Workshop on imaging

Control Group (n=29 or 72.5%)
Chiropractic technique seminar on

spinal Pain

80 participants allocated to intervention (radiology workshop)
and 40 allocated to control (workshop on an unrelated topic)

40 drop outs
(unavailable for pre-test)

IG3 (n=21)

Baseline characteristics IG (n=74); CG (n=29)
Pre-test (before workshops) (n=99 or 82.5%)

 (IG1=26; IG2=21; IG3=23; CG=29)
Excluded due to missing data: IG (n=10); CG (n=11)

160 randomly allocated to 4 groups of 40 subjects

254 licensed Swiss chiropractors

Final-test (14-16 weeks)

Intervention groups (n=53/80 or 66.3%)
IG1 (n=21) / (version B=10; version C=11*)
IG2 (n=14) / (version B=8; version C=6)
IG3 (n=18) / (version B=8; version C=10*)

51 in main analysis (*2 excluded (no pre-test
data; past-submission deadline)
27 lost to follow-up

24 in main analysis
16 lost to follow-up

Post-test only
(6-8 weeks)

IG1 (n=17 or 62.9%)
Version B (n=8)
Version C (n=9)
9 lost to follow-up 

Reminder (Power
Point) + Post-test
(6-8 weeks)

IG2 (n=14 or 51.8%)
Version B (n=6)
Version C (n=8)
9 lost to follow-up

Final-test (14-16 weeks)
 

Control group (n=24/40 or 60%)
(version B=11; version C=13)

47 excluded
(refused to participate)

Initial 20 minutes platform presentation
207 eligible participants attending Davos Conference

Figure 2. Flow diagram of participants through each stage.

The total number of questionnaires sent by mail,
either because e-mails failed to reach participants or
they had not yet responded, was 27 for the posttest
and 35 for the final test. Among those, 8 and 14
participants, respectively, answered and mailed back
the questionnaires. Six participants were excluded
from the main analysis: four questionnaires in the
intervention group were incomplete at pretest, one
participant in subgroup IG1 returned the final test but
failed to complete the pretest, and one in subgroup
IG3 passed the submission deadline for the final test.

Baseline Data

Baseline clinical characteristics of participants
in the intervention groups and control groups are
presented in Table 3. Globally, 58% of partici-
pants graduated after 1991 and less than 20% had
a postgraduate degree. Over two thirds of partici-
pants were in full-time practice, approximately 30%
ordered more than five spine x-ray series per week,
and between 14% and 21% referred patients for
special imaging of the spine each month. Those
in solo practice tended to have on-site access to
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Table 3. Baseline clinical characteristics (number and percentage) of study sample

Characteristics

Intervention
Group

(n D 74)
No. (%)

Control
Group

(n D 29)
No. (%)

1. Years in practice
A) <1960–1980 8 (10.8) 6 (20.7)
B) 1981–1990 23 (31.1) 6 (20.7)
C) 1991–2000 26 (35.1) 9 (31)
D) 2001–2007 17 (22.9) 8 (27.6)

2. Postgraduate degree
A) Yes 13 (17.6) 4 (13.8)
B) No 61 (82.4) 25 (86.2)

3. Practice
A) Full Time 49 (66.2) 21 (72.4)
B) Part Time 25 (33.8) 8 (27.6)

4. Type of practice
A) Solo 27 (36.5) 18 (62.1)
B) Group or multidisciplinary 47 (63.5) 11 (37.0)

5. On-site access to radiography
A) Yes 61 (82.4) 17 (58.6)
b) No 13 (17.6) 12 (41.4)

6. Average number of spine x-ray series ordered per week
A) Less then 5 42 (56.8) 21 (72.4)
B) Over 5 32 (43.2) 8 (27.6)

7. Average number of referrals for special imaging of the spine per month
A) Less then 5 58 (78.4) 25 (86.2)
B) Over 5 16 (21.6) 4 (13.8)

radiography. A larger proportion of practitioners in
the intervention group were in group or multidisci-
plinary practice. Differences were found for base-
line clinical characteristics on two items: on-site
access to radiography (�2 D 5.80, df D 1, p < .05),
where the experimental group had greater access
(82.4%) than the control group (58.5%), and type
of practice (�2 D 5.03, df D 1, p < .05), where
the experimental group was more likely to be in
group or multidisciplinary practice (63.5%) than the
control group (37.0%). The effect of this on scores
obtained for the pretest, the posttest, and the final
test for both intervention and control groups was
further investigated. For the pretest, means and stan-
dard deviations were, respectively, 4.872 š 1.242
(n D 78) and 4.680 š 1.492 (n D 25). The Student
t test was not significant (t D 0.640, df D 102, p >
.05), suggesting that having on-site radiography did
not influence general attitude pertaining to ordering

imaging studies based on case scenarios presented
to participants.

Furthermore, scores obtained at the pretest versus
the final test, for both intervention and control groups
combined, when considering on-site radiography did
not appear to differ (t D 0.933, df D 71, p > .05).
To test for variability between the intervention and
the controls groups at the pretest and at the final test,
interactions were further dissected using Dunnett’s
control group method.25 Subgroup interactions with
the control group were not significant (t D 0.398 for
IG1, t D 1.1255 for IG2, and t D �0.213 for IG3)
with Dunnett’s criteria (critical t D 2.097, df D 73,
k D 4). Similarly, for the pretest, means and stan-
dard deviations for both intervention and control
groups were, respectively, 5.013 š 1.566 (n D 43)
and 5.121 š 1.061 (n D 58) for type of practice.
The Student t test was not significant (t D 0.375,
df D 99, p > .05), suggesting that being in solo
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Table 4. Comparison of practice characteristics of respondents and nonrespondents to both
pretest and posttest

Intervention Subgroup IG1 Intervention Subgroup IG2

Characteristics

Respondents
(n D 17)
No. (%)

Nonrespondents
(n D 9)
No. (%)

Respondents
(n D 14)
No. (%)

Nonrespondents
(n D 9)
No. (%)

1. Graduate after 1991 12 (70.6) 5 (55.5%) 7 (50) 4 (44.4)
2. Postgraduate degree 1 (5.9) 2 (22.2) 2 (11.7) 3 (33.3)
3. Full-time practice 12 (70.6) 8 (88.8) 7 (50.0) 6 (66.7)
4. Solo practice 7 (41.2) 4 (44.4) 4 (28.6) 3 (33.3)
5. On-site access to radiography 13 (76.5) 7 (77.7) 12 (85.7) 8 (88.9)
6. Between 5 and 14 spine 16 (94.1) 9 (100) 9 (64.3) 5 (55.6)

x-ray series ordered per week
7. Less then 5 referrals for special 15 (88.2) 6 (66.7) 12 (85.7) 6 (66.7)

imaging of the spine per month

IG, intervention groups (IG1, subgroup unexposed to reminder but undergoing a posttest at midpoint; IG2, subgroup
exposed to reminder and a posttest at midpoint).

Table 5. Comparison of practice characteristics of respondents and nonrespondents to both
pretest and final test

Intervention Control

Characteristics

Respondents
(n D 53)
No. (%)

Nonrespondents
(n D 21)
No. (%)

Respondents
(n D 24)
No. (%)

Nonrespondents
(n D 5)
No. (%)

1. Graduate after 1991 32 (60.4) 10 (47.6) 15 (62.5) 2 (40,0)
2. Postgraduate degree 8 (15.0) 5 (23.8) 4 (16.6) 0 (0,0)
3. Full-time practice 34 (64.1) 15 (71.4) 18 (75.0) 3 (60,0)
4. Solo practice 18 (34.0) 9 (42.8) 14 (58.3) 4 (80,0)
5. On-site access to radiography 43 (81.1) 18 (85.7) 14 (58.3) 3 (60,0)
6. Between 5 and 14 spine 23 (43.3) 9 (42.8) 5 (20.8) 2 (40,0)

x-ray series ordered per week
7. Less then 5 referrals for special 40 (75.5) 16 (76.2) 21 (87.5) 4 (80,0)

imaging of the spine per month

IG, intervention groups; CG, control group.

practice did not influence general attitude pertaining
to ordering imaging studies based on case scenarios
presented to participants. Furthermore, differences
between scores obtained at the pretest and the
final test (intervention and control groups combined)
when considering type of practice did not reach
significance (t D 1.197, df D 73, p > .05).

Respondents and nonrespondents, both in the
intervention and control groups, had similar charac-
teristics, whether the nonresponse occurred for the
posttest or the final test (Tables 4 and 5). Nonre-
spondents (dropouts) typically fall into one of two
groups: people who refuse to participate in the
survey and those who cannot be reached during data

collection. We were unable to distinguish between
refusal and noncontact, however.

Numbers Analyzed and Outcomes and
Estimation

Primary Analysis
Number of participants (denominator) in each

group included in each analysis and summary results
for each study group obtained at the pretest, posttest,
and final tests are presented in Tables 6–8. There
was no difference between scores obtained at base-
line for the intervention group and the control
group (unpaired Student t test D 0.065, df D 98,
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Table 6. Summary results (mean scores and standard deviations) for each study group for the
three measurements (pretest, posttest, and final test)

Pretest Posttest Final Test

Group n Mean Scores (SD) n Mean Scores (SD) n Mean Scores (SD)

IG1 26 5.35 (1.52) 17 4.82 (1.55) 21 4.86 (1.53)
IG2 21 4.70 (0.93) 14 5.57 (1.02) 14 5.43 (1.60)
IG3 23 4.84 (1.40) X 17 4.65 (1.37)
CG 29 4.45 (1.15) X 24 4.79 (1.38)

IG, intervention groups (IG1, subgroup unexposed to reminder but undergoing a posttest at midpoint; IG2, subgroup
exposed to reminder and a posttest at midpoint; IG3, subgroup unexposed to reminder and receiving no posttest); CG,
control group; n, number of participants completing the competency tests; SD, standard deviation; X, subgroups IG3
and CG did not undergo a posttest.

Table 7. Summary results (mean scores and standard deviations) for two subgroups exposed to
an educational intervention (IG1 and IG2) for pretest and posttest at 8–10 weeks where
only one subgroup (IG2) had a reminder at midpoint

Groupsa Pretest Mean (SD) Posttest Mean (SD) Change Mean (SD) 95% CI p Value

IG1 (n D 17) 5.412 (1.33) 4.765 (1.52) 0.647 (2.06) �0.33 to 1.63
Percent change �11.9% p D .043
IG2 (n D 14) 4.786 (0.89) 5.571 (1.02) 0.785 (1.53) �0.92 to 1.59 F D 4.486
Percent change C16.4%
a Includes respondents who completed both pretest and posttest. IG, intervention groups (IG1, subgroup unexposed to
reminder but undergoing a posttest at 8–10 weeks; IG2, subgroup exposed to reminder at midpoint and to a posttest at
8–10 weeks); n, number of participants completing the competency tests; SD, standard deviation. A higher score at the
posttest indicates performance improved over time.

Table 8. Mean scores and standard deviations obtained in pretest and final test (14–16 weeks)
for four groups of practitioners: all those exposed to a radiology workshop (IG1, IG2,
and IG3) and control group (CG)

Groupsa
Pretest

Mean (SD)
Final test

Mean (SD)
Change

Mean (SD) 95% CI p Value

IG 1 (n D 20) 5.200 (1.28) 4.900 (1.55) 0.300 (1.45) �0.34 to 0.94
Percent change �5.8%
IG 2 (n D 14) 4.857 (0.95) 5.500 (1.56) 0.643 (1.55) �0.17 to 1.45 p D .348
Percent change C13.2% F D 1.117
IG 3 (n D 17) 4.588 (1.46) 4.647 (1.37) 0.059 (1.71) �0.75 to 0.87
Percent change C1.3%
CG (n D 24) 4.542 (1.07) 4.791 (1.38) 0.25 (0.89) �0.11 to 0.61
Percent change 5.5%
aIncludes respondents who completed both pretest and final test. IG, intervention groups (IG1, subgroup unexposed
to reminder but undergoing a posttest at midpoint; IG2. subgroup exposed to reminder and undergoing a posttest at
midpoint; IG3, subgroup unexposed to reminder and receiving no posttest); CG, control group; n, number of participants
completing the competency tests; SD, standard deviation. A higher score at the final test indicates performance improved
over time.

p > .05) (Table 6). However, a significant increase
in guideline-consistent behavior among clinicians
assigned to receive the multifaceted educational
intervention (ie, online reminder at midpoint in
addition to the radiology workshop) was found.

Scores for the subgroup that was provided access
to the online reminder (PowerPoint presentation) at
8–10 weeks (IG2) increased at the posttest by 16.4%
compared to baseline. Mean difference reached 5%
significance level (t D 1.924, df D 13, p D .077) and
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this performance was significantly greater than the
comparison group (IG1) for the same period [0.647
(2.06), 95% CI, �0.33 to 1.63] (F D 4.486, df D 1
and 30, p D .043) (Table 7).

The subgroup with access to the reminder at
midpoint (IG2) continued to perform better at 14–16
weeks compared to baseline (13.2% improvement),
although overall scores for the pretest and the
final test for all four groups were not significantly
different (F D 1.117, df D 1 and 74, p D .348). In
contrast, the performance of the comparison group
(IG1) that was not provided access to a reminder
at midpoint had decreased by 5.8% at the final
test compared to baseline. There were virtually no
changes in performance for the intervention group
receiving no reminder and no posttest (IG3 D 1.3%),
and a slight (nonsignificant) increase in guideline-
consistent performance from baseline for the control
group at the end of the study (5.5%).

Mean scores obtained for each study group for the
pretest and posttest, and for the pretest and final test,
are presented in Tables 7 and Table 8, respectively.
Data presented differ slightly between the two tables
for the pretest due to the exclusion of participants
from main analysis [missing data at the final test
for one participant from an intervention group (IG1)
and two from the control group; one other partici-
pant from subgroup IG3 was excluded because the
questionnaire was received after the deadline].

Secondary Analysis
Adherence rates to guideline recommendations

(percentage agreement of clinicians’ responses com-
pared with the gold standard) are presented in

Tables 9 and 10. Each of the competency tests
contained three case studies without mention of any
red flags and where no disease was expected. We
used a 2 ð 2 contingency table to estimate the adher-
ence to guideline recommendations (gold standard)
for the proportion of cases not recommended for
radiography among cases without red flags. Adher-
ence rates were 50.5% (95% CI, 39.1–61.8) for the
intervention group and 43.7% (95% CI, 23.7–63.6)
for the control group at baseline (Table 9). The
Student t test was not significant (t D 1.260, df
D 101, p > .05). At midpoint, the adherence rate
for the subgroup with access to the online reminder
(IG2) was 38.1% (95% CI, 12.4–63.8) compared to
29.3% (95% CI, 7.5–51.4) for the subgroup without
access (IG1) (unpaired Student t test D 0.604, df
D 29, p > .05). Adherence rates at the final test
were 33.9% (95% CI, 20.4–46.3) for the intervention
group compared to 19.5% (95% CI, 3.5–35.4) for
the control group (unpaired Student t test D 1.840,
df D 73, p D .07) (Table 10).

The secondary measure of adherence to guideline
recommendations (gold standard) is defined as the
proportion of cases containing at least one red flag
among all case scenarios where imaging studies were
recommended. Adherence rates were 51.5% (95%
CI, 40.2–62.9) for the intervention group and 51.7%
(95% CI, 33.5–69.9) for the control group at the
pretest. For the posttest, this value was 63.3% (95%
CI, 37.8–88.6) in the group (IG2) having access
to the reminder at midpoint versus 56.3% (95%
CI, 32.6–79.9) in the comparison group (IG1). For
the final test, the results were 56.3% (95% CI,
43.0–69.9) for the intervention group compared to

Table 9. Percentage agreement of clinicians’ responses compared with gold standard (adher-
ence rate) at pretest for intervention and control groups

Case
1

Case
2

Case
3

Case
4

Case
5

Case
6

Case
7

Case
8

Case
9

Case
10

Intervention (n D 74)
Yes 6 40 16 62 64 40 38 72 6 33
No 68 34 58 12 10 34 36 2 68 41
Gold standard No No Rx CT/MRI No US MRI MRI Rx Rx C add
% agreement 91.9 45.9 21.6 83.8 13.5 54 51.4 97.3 8.1 44.6

Control (n D 29)
Yes 4 18 6 19 27 14 13 29 7 17
No 25 11 23 10 2 15 16 0 22 12
Gold standard No No Rx CT/MRI No US MRI MRI Rx Rx C add
% agreement 86.2 37.9 20.7 65.5 6.9 48.3 44.8 100 24 58.6

Rx, plain films; Rx C add, plain films conventional views and additional views; CT, computed tomography scans; MRI,
magnetic resonance scans; US, diagnostic ultrasound.
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Table 10. Percentage agreement of clinicians’ responses compared with gold standard
(adherence rate) at final test for intervention and control groups

Case
1

Case
2

Case
3

Case
4

Case
5

Case
6

Case
7

Case
8

Case
9

Case
10

Intervention
Version B (n D 26)

Yes 24 24 17 3 12 19 15.0 11 22 6
No 2 2 9 23 14 7 11.0 15 4 20
Gold standard MRI Ref No Rx Bone S Rx C add US Rx No No
% agreement 92.3 92.3 34.6 11.5 46.2 73.1 60.0 42.3 15.4 76.9

Version C (n D 25)
Yes 18 11 11 21 7 21 20 11 20 11
No 8 15 24 5 19 4 5 14 6 22
Gold standard No Rx MRI No DEXA Rx Ref MRI No Rx
% agreement 30.8 42.3 45.8 19.2 26.9 84 80. 44 23 42.1

Control
Version B (n D 11)

Yes 11 10 8 2 2 6 6 1 10 4
No 0 1 3 9 9 4 5 10 1 7
Gold standard MRI Ref No Rx Bone S Rx C add US Rx No No
% agreement 100 90.9 27.3 15.4 18.2 54.5 54.5 9.1 9.1 63.6

Version C (n D 13)
Yes 12 7 9 11 6 13 10 9 13 8
No 1 6 4 2 7 0 3 4 0 5
Gold standard No Rx MRI No DEXA Rx Ref MRI No Rx
% agreement 7.7 53.8 69.2 15.4 46.2 100 76.9 69.2 0 61.5

Rx, plain films; Rx C add, plain films conventional views and additional views; CT, computed tomography scans; MRI,
magnetic resonance scans; US, diagnostic ultrasound; bone S, bone scans; DEXA, Dual-energy x-ray absorptiometry;
Ref, urgent medical referral.

59.5% (95% CI, 39.8–79.2) for the control group
(Tables 9 and 10).

Protocol Deviation from Study as Planned
The posttest and the reminder were administered

2 weeks after the intended date (at 8–10 weeks) due
to technical problems encountered.

DISCUSSION

Interpretation

This study aimed to compare the self-reported
diagnostic imaging ordering practices of a group of
Swiss chiropractors before and after an educational
intervention strategy using a multifaceted educa-
tional intervention. Forty-four percent of partici-
pants were in solo practice, while 56% were in
either a group or multidisciplinary practice. Results
from a 2003 survey among 254 Swiss chiropractors
suggested that 60% were working in a solo practice,

30% in a practice with more than one chiropractor,
and 10% in a multidisciplinary environment.26 This
difference, significant at 1% (z D 2.844), may be a
reflection of a recent trend to join group or multidis-
ciplinary practices.27,28

Group characteristics were similar for both the
intervention and control groups, except for the
number of practitioners having on-site radiography
and for type of practice (solo or group/
multidisciplinary). It has previously been shown
that self-referral increases utilization of diagnostic
imaging29,30; however, in our study, intention to
prescribe imaging studies based on case scenarios
provided at the pretest or at the final test was not
influenced by having on-site access to radiography
or by the type of practice. Nonetheless, the fact that
groups were not balanced does not rule out the possi-
bility of high-level interactions.

An educational intervention strategy alone did not
improve self-reported decision-making ability as to
whether or not imaging studies were needed based
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Figure 3. Scores obtained in the pretest (1) and in the final test (2) for all three intervention groups (subgroups
IG1, IG2, IG3) and the control group (CG).

on the case scenarios presented, whereas a multi-
faceted intervention consisting of an educational
workshop on radiology and reminder at midpoint
significantly improved the appropriate response rate
(Table 7). While previous studies have suggested
that online continuing education (CE) can stim-
ulate knowledge transfer,21 our results should be
interpreted with caution in light of the reverse
relationship between scores obtained for the two
subgroups receiving the original educational inter-
vention (Fig. 3). Furthermore, results at end point
were not statistically significant (Table 8).

Overall performance of the subgroup who could
not access the PowerPoint presentation at 8–10
weeks (IG1) declined over time, whereas scores for
subgroup IG3 and the control group did not truly
change compared to baseline. Failing to measure
the intention to prescribe diagnostic imaging studies
immediately or soon after the initial lecture presenta-
tion somewhat limits the interpretation of the lower
performance of subgroup IG1. It could be argued
that the on-site presentation (radiology workshop)
actually confused some participants, suggesting that
the radiology workshop lacked relevance or that the
format used to disseminate recommendations was
inappropriate. Since the workshop was provided by
academic experts in the fields of radiology and clin-
ical sciences, both primary authors of the recently
published diagnostic imaging guidelines31 that were
used as the gold standard to compare responses for

the current study, one may assume that the content
was relevant. Although the level of appreciation
from participants assigned to this workshop was high
according to the conference organizing committee
evaluation, level of satisfaction does not necessarily
translate into better understanding or an intention to
change practice. Alternatively, the radiology work-
shop may have sensitized participants to the impor-
tance of x-ray, resulting in fewer prescriptions of
specialized imaging studies even when required.

High baseline scores for the pretest in both the
intervention and the control groups would suggest
that adherence to guidelines was already high,
possibly explaining the lack of difference after the
intervention (already high adherence with little room
for further improvement). In addition to a manda-
tory 2-year postgraduate training prior to obtaining
a full license in Switzerland, the number of manda-
tory CE hours per year for Swiss chiropractors is
among the highest in the world. Such characteristics
influence guidelines acceptance, an important feature
of knowledge transfer.14 More training could lead to
better overall performance, thereby causing a ceiling
effect. This did not seem to be the case, however,
because the proportion of vignettes without red flags
and where no radiography was prescribed (primary
measure of adherence) and those with red flags
where imaging studies where appropriately asked
for (secondary measure of adherence) was approxi-
mately 50% for all groups at baseline. This suggests
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that adherence to evidence-based diagnostic imaging
guidelines was fair to moderate at the onset of the
study. Secondary analysis of intervention effective-
ness revealed a 7% increase in guideline-consistent
behavior among clinicians assigned to receive the
radiology workshop and the reminder at midpoint
(posttest). Measures of guideline adherence did not
differ significantly at end point.

Another explanation for the absence of signifi-
cance of the study results may be that the question-
naires themselves failed to test similar domains or
to measure a unified construct, because Cronbach
alpha scores were quite low for all three question-
naires, suggesting a lack of internal consistency.
Furthermore, the preintervention platform presenta-
tion offered to all practitioners prior to the work-
shop may have influenced participants’ attitudes
toward the behavior we intended to change, that is,
the self-reported practice of ordering images. Atti-
tudes toward behavior constitute one of three vari-
ables which the theory of planned behavior suggests
will predict the intention to perform a behavior.32

According to this motivational theory, intentions
are the precursors of behavior. These intentions
are determined largely by perceived social norms,
perceived behavior control, and attitudes toward
behavior. The radiology workshop may have influ-
enced perceived social norms (social pressure to
perform or not perform the target behavior consid-
ering the continuing education conference was orga-
nized by the Swiss Chiropractic Association) and
perceived control related to the behavior (extent to
which a person feels able to enact the behavior
considering the interactive format of the case presen-
tations during the workshop). The preintervention
presentation discussed the various phases involved
in the guideline development process and reviewed
basic concepts relating to clinical decision making
and ionizing radiation exposure, thereby aiming to
convince practitioners that the proposed recommen-
dations were sound and that appropriate use of
imaging was important. Such discussion may have
influenced participants’ attitudes toward imaging. In
addition, attitudes toward behavior are proposed to
arise from a combination of beliefs about its conse-
quences (behavioral beliefs) and evaluations of those
consequences (outcome evaluations).33 Information
provided during the preintervention also aimed to
address potential questions from the audience, such
as the following: What would happen if no x-
rays were ordered? What is the risk/benefit ratio
of imaging? What are the costs of imaging and

what are the costs of the consequences? Addition-
ally, does the evidence suggest that routine imaging
is a good practice? These questions compose the
theoretical constructs of the beliefs about conse-
quences, one of the 12 domains recently identified to
explain behavior change.34 While normally included
in interviews of health care professionals to assist in
explaining a behavior and in designing a behavior
change intervention,34,35 information covering these
various topics during the preintervention may have
had an important role to play. Attitude toward
prescribing imaging studies and beliefs about conse-
quences were shown to be significant components
of behavior change in previous studies.33,36 It is
therefore possible that the preintervention platform
presentation significantly influenced participants’
attitudes toward self-reported ordering practice and
beliefs about consequences, both apparent deter-
minants of the intention to perform a simulated
behavior. Between-group contamination may explain
the lack of differences observed in our study. How-
ever, this post-hoc interpretation remains specula-
tive because variables underlying behavioral theories
were not measured in our study.

Using multiple interventions and focusing only
on one or two recommendations at a time may be
preferable. In a quasi-experimental method compar-
ing outcomes before and after the educational inter-
vention with those of a control community, a signif-
icant reduction in self-reported need for plain radio-
graphy for uncomplicated acute low back pain
(LBP) and for patients with acute LBP of less than
1 month was seen in the intervention community
compared to controls.19 The interventions in that
study included the following strategies: focus group
session, workshop meeting, handout material (key
research papers), decision aid tool (checklist for x-
ray use), one-on-one meeting with researcher, and
news release (educating public). Unfortunately, the
size of the audience, time constraints, long distance,
and budget constraints prevented several of the
strategies found useful in the study by Ammendolia
et al19 from being applied to the current study.

Chiropractic students undergo extensive training
in the field of radiology in all accredited colleges.
Recently, interns in their final year were shown to
have the ability to detect and recognize the need
to x-ray patients according to published evidence-
based guidelines.37 While interns were not consis-
tent in choosing the correct views, agreement with
the gold standards for the question of whether or
not they would take x-rays ranged from 63.2%
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to 100%. A high level of adherence to guidelines
was also reported in a clinical cohort study for
patients with a new episode of LBP who presented to
one of six outpatient teaching chiropractic clinics.24

The proportion of patients without red flags who
were not recommended for radiography ranged from
89.4% to 94.7%, suggesting a strong adherence to
radiography evidence-based guidelines. Of interest,
radiography was only recommended for 12.3% of
patients, although the proportion of patients with
red flags ranged from 45.3% to 70.5%. This low
utilization rate may be partly explained by the
fact that many common red flags are nonpatho-
logic, such as age over 50, decision regarding career
or athletics, and pain worst lying down and/or at
night in bed.23 Current utilization rates observed in
community practice are estimated at approximately
25% in Switzerland6 and 37% in Canada.27 It is
envisioned that adherence to imaging guidelines in
professional practice will continue to improve in the
upcoming years as new graduates enter practice and
more effective educational intervention strategies are
implemented.

Study Limitations

This study has several limitations. There were no
measurements immediately or soon after the educa-
tional intervention, thereby limiting interpretation
of the immediate effect of the intervention. This
study was underpowered. Sample size estimates for
a larger trial with a group receiving a reminder at
midpoint suggest that the number of subjects needed
for an 80% power level at a significance of .05
is 71 and 222 subjects for a power level of 90%.
In addition, half of participants randomized to the
control group dropped out from the current study for
logistic reasons, having been assigned to a presenta-
tion on patient safety by organizers of the conference
at the time the pretest was administered. The loss
of the data for this group was not related to the
intervention; hence there is no attrition bias in this
study. Although some questions from the pretest
were included in both the posttest and final test,
and some questions from the posttest and from the
final test were included in each other, it was not
possible to include questions from the two posttests
into the pretest. This was partially compensated for,
however, by the fact that versions B and C of the
questionnaires were crossed over at the posttest and
at the final test. In addition, while levels of diffi-
culty for all questions were assessed qualitatively by

four independent experts, quantitative assessments
were not done systematically, and a thorough study
of the content and concurrent validity of the ques-
tionnaires was missing. A written clinical vignette
does not replace patient–doctor interactions and can
only measure intention to prescribe. Finally, tech-
nical difficulties encountered may have disenchanted
some participants, partly explaining the lower level
of participation at midpoint and possibly at end-point
measurements. Generalizability (external validity) of
the trial findings is limited due to the study limita-
tions previously discussed, including lack of internal
consistency and absence of test–retest reliability of
the questionnaires, small sample size, and unbal-
anced study groups.

It is now suggested that the choice of dissem-
ination and implementation strategies be based on
characteristics of the evidence or the guidelines
themselves, the obstacles and incentives for change,
and the likely costs and benefits of different strat-
egies.14,38,39 Interventions tailored to prospectively
identify barriers may improve care and patient
outcomes.40 While barriers to the diagnostic imaging
guidelines were partly addressed in a previous
study,22 the interventions were not underpinned by
a health psychology theory. Since the interaction of
factors at multiple levels may influence the success
or failure of quality improvement interventions, an
understanding of these factors, including the theo-
retical assumptions and hypotheses behind these
factors, is a recommended initial step, because it
enables the consideration of theory-based interven-
tions for quality improvement.41,42

Future studies should limit the number of behav-
iors that are targeted, aim to identify perceived
barriers and facilitators to the utilization of diag-
nostic imaging guidelines for management of adult
musculoskeletal disorders according to a theoret-
ical approach, identify the best strategies to over-
come these barriers, and apply tailored interven-
tions to influence implementation of evidence-based
practice.11,12,40,43

CONCLUSION

Results from this study suggest that online access
to specific recommendations while making a clin-
ical decision to prescribe diagnostic imaging studies
for adult spinal disorders deserves further study. The
findings in this study agree with the current apprecia-
tion regarding the ability of a didactic presentation to
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influence a behavior change. These findings should
be interpreted with caution considering the small
sample size.
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