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Abstract 

Background: The aim of this educational study was to investigate the use of interactive case‑based modules relating 
to the screening and identification of early‑stage inflammatory arthritis in both online technology (OLT) and paper 
(PF) formats with identical content.

Methods: Forty learners from family medicine or rheumatology residency programs were recruited. Content per‑
taining to a “Sore Hands, Sore Feet” (SHSF) and Gait Arms Legs Spine (GALS) screening tool modules were selected, 
reviewed and developed based on a validated curriculum from the World Health Organization and Canadian Curricu‑
lum for MSK conditions. Both the SHSF module and GALS screening tool were assessed via a randomized control trial. 
Assessments were completed during an orientation with all learners; then prior to the intervention (T1); at the end 
of the module (T2) and 3 months following the modules (T3) to assess retention. Focus groups were conducted to 
determine learners’ satisfaction with the different learning formats. Baseline data was collated, and analysis performed 
after randomization into the PF (control) and OLT (experimental) groups. Repeated measures ANOVA was used for 
statistical analyses.

Results: Forty participants were recruited and randomized into the PF or OLT group (n = 20 each). At 3 months, there 
were n = 31 participants for SHSF (PF n = 19, OLT n = 12) and n = 32 for GALS (PF n = 19, OLT n = 13). There was no sig‑
nificant difference between the OLT and PF groups in both analyses. A significant increase in scores from Pre‑ to Post‑
Module in SHSF (F (1, 18) = 24.62. p < .0001) and GALS (F (1, 30) = 40.08, p < .0001) were identified to suggest learning 
occurred with both formats. The repeated measures ANOVA to assess retention revealed a significant decrease in 
scores from Post‑Module to Follow‑up for both learning format groups for SHSF (F (1, 29) = 4.68. p = .039), and GALS (F 
(1, 30) = 18.27. p < .0001) suggesting 3 months may be too long to retain this educational information.

Conclusions: Both formats led to residents’ ability to screen, identify and initially manage inflammatory arthritis. 
The hypothesis is rejected because both OLT and PF groups demonstrated significant learning during the process 
regardless of format. It is important to emphasize that from T1 (pre‑module) to T2 (post‑module), the residents dem‑
onstrated learning regardless of group to which they were assigned. However, learning retention declined from T2 
(post‑module) to T3 (three‑month follow‑up). Regular review of knowledge may be required earlier than 3 months to 
retain information learned. This study may impact educational strategies in MSK health.
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Introduction
Historically, Inflammatory arthritis has been under diag-
nosed and initial management often delayed. A focus 
should be on educating health care providers to be able 
to screen for arthritis; identify and initially manage 
patients with inflammatory arthritis [1]. Patients affected 
with inflammatory arthritis need timely and aggressive 
care in order to optimize the benefits currently available 
to them, and the assessment skills of our frontline health 
care providers are critical. Millions of healthcare dollars 
may be saved if frontline healthcare providers are able to 
correctly identify and refer patients with inflammatory 
arthritis early. Additionally, if this online learning meth-
odology can effectively educate health professionals to 
provide early detection and treatment of inflammatory 
arthritis, it may be adapted to other critical healthcare 
issues.

The primary rationale for this focus is the high current 
and projected burden of illness related to musculoskeletal 
(MSK) conditions [2–4]. MSK conditions affect approxi-
mately 1.71 billion people worldwide and are the leading 
contributor to severe chronic pain and physical disabil-
ity [5]. They are the second most common reason for the 
need to see a physician [6], and the most common cause 
of health related problems leading to a person’s inability 
to work [5]. The economic burden of MSK conditions is 
enormous, both directly through health expenses and 
indirectly through loss of productive years [7].

The impact of arthritis is significant in Canada. The 
Alliance for the Canadian Arthritis program (ACAP) 
stated in their summary notes from the National Summit 
on Standards for Arthritis Prevention and Care in the fall 
of 2005 that “the area of arthritis, which impacts more 
than 4 million Canadians of all ages and is the country’s 
leading cause of deformity and long-term disability, is 
in urgent need of major reform, or the situation will get 
worse.” Since the summit, the situation has worsened, 
with the 2018 report on the Status of Arthritis in Canada 
citing that over 6 million Canadians have arthritis [8]. 
The report also stated that the prevalence of arthritis is 
increasing, and that by 2040 over 9 million Canadians will 
have arthritis [8]. The burden of arthritis is on the rise, 
and identifying those with inflammatory arthritis early 
so that appropriate treatment may be initiated to protect 
joints and increase mobility is critical. The key to increas-
ing awareness, prevention, and access to care for indi-
viduals with arthritis involves the education and training 
of health care providers. This topic was identified as a 

priority item at the 2005 National Summit [9]. Primary 
care physicians’ investigation of inflammatory arthri-
tis was in accordance to current standards, however the 
rates of referral to rheumatologists and other health care 
professionals is reported to be low, especially in cases 
presenting early [10]. In addition, rheumatologists appear 
to face significant barriers to providing adequate care 
to patients [11]. Postgraduate training may be the most 
important and modifiable variable to improve physician 
management of MSK conditions [12], and in particular 
inflammatory arthritis.

The Bone and Joint Decade (BJD); declared by the 
World Health Organization on January  13th, 2000 had a 
target to improve the quality of life for people with MSK 
disorders worldwide, aiming to increase education and 
training of health care providers at all levels [13]. MSK 
curricula are therefore required in various residency 
training programs managing patients with these condi-
tions. The problem is the lack of curricula with a specific 
focus on musculoskeletal (MSK) content [14–22]. The 
aim of this study was to determine if working through 
musculoskeletal educational content delivered through 
on-line (OLT) multi-media tools and paper format would 
improve participants’ knowledge, skills and satisfac-
tion in learning how to identify patients with early-stage 
inflammatory arthritis when compared to learners using 
paper format (PF). We are striving to refine not only our 
educational tool development for content and interactiv-
ity but also to be innovative in our methods to support 
distributive learning techniques.

Methods
The study design consisted of a randomized control trial 
of educational research using a single blinded randomi-
zation technique comparing learners using on line tech-
nology (OLT—multi-media) and paper format (PF) as 
methods for conveying identical educational information. 
The participants consisted of 40 resident learners from 
either family medicine or rheumatology residency train-
ing programs both considered to be possible frontline 
healthcare providers of MSK conditions in a large institu-
tion within North America. These programs were specifi-
cally identified for this study as family medicine residents 
are frontline physicians in a particular training program 
that requires them to successfully identify individuals 
and refer to subspecialty care individuals with inflam-
matory arthritis. Rheumatology residents represent resi-
dents who are required to identify, diagnose and manage 

Trial registration: This study did not involve “patients” rather learners and as such it was not registered.
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individuals with inflammatory arthritis. This is a pilot 
study for the purpose of establishing a proof of concept 
of an interactive learning and assessment tool therefore a 
power calculation was not completed. Ethics to complete 
this research was received from the University.

The following information outlines the evolution on 
how the first module for the MSK curriculum evolved 
and in particular, outlines the process by which the mod-
ule on “Sore Hands, Sore Feet” (SHSF) and Gait Arms 
Legs Spine (GALS) screening tool were developed and 
assessed.

Bone and joint decade undergraduate curriculum group 
(BJDUCG) need’s assessment
The BJDUCG completed a needs assessment of core 
curriculum recommendations on MSK conditions [23], 
with a focus on medical school education [23]. Medical 
experts representing 29 nations developed these rec-
ommendations. This was completed as a World Health 
Organization education initiative.

National needs assessment
Following the BJDUCG’s medical school curriculum 
recommendations, a national needs assessment at the 
postgraduate level was then conducted to determine 
if the same MSK curriculum applied to the postgradu-
ate level of training among numerous potential frontline 
health care disciplines within Canada. This initiative was 
funded by the Royal College of Physicians’ and Surgeons 
of Canada Medical Education Travelling Fellowship [1]. 
The national needs assessment involved 165 educational 
thought leaders representing 77 academic postgradu-
ate training programs, 6 disciplines in medicine at 16 
accredited universities across Canada [1] for the purpose 
of determining what topics should be highlighted for a 
proposed MSK health website. The opinion was to con-
sider innovative ways of educating and assessing health 
care providers using multimedia technologies in the form 
of on-line learning. The development of these technolo-
gies would be to support an MSK health website targeted 
to address the educational needs of health care providers 
[24].

National consensus workshop
A national consensus workshop followed the nation-wide 
needs assessment for a 1.5-day inaugural meeting con-
sisting of participants representing multiple disciplines 
across Canada, and was completed in 2007. Participants 
of this meeting included representatives from the: RCPSC 
Specialty Committee of Rheumatology, Canadian College 
of Family Physicians, Canadian Chiropractic College, and 
Canadian Academy of Health Sciences, as well as reha-
bilitation experts, statisticians, instructional designers, 

technology and evaluation template experts, and patient 
representatives. These individuals were divided into the 
medical expert content team and the design support 
team. The content team consisted of patient representa-
tives and content experts in the areas of screening for 
Arthritis, simulation, and medical experts. The design 
team consisted of statistical leads, evaluation templates 
experts, systems architects, and instructional designers. 
Our goal was to assemble and evaluate the complimen-
tary skill sets of the major stakeholder groups in a cost-
effective manner [25].

The consensus workshop verified that content in 
the form of case-based simulations pertaining to the 
approach to symmetrical joint pain and stiffness should 
be developed as the first case based module when con-
sidering all topics among the MSK curriculum. A web-
site was constructed and made universally accessible as a 
learning and assessment tool for any health care provider 
locally, nationally, and possibly beyond. The main deliv-
erable after the national consensus meeting was a work-
ing template of content to be assembled into a case based 
scenario, the outcome measures to be implemented into 
the education and assessment components of the mod-
ule and the design format for the online learning process. 
Upon completion of the meeting, a small working group 
was assembled to review the summary of the proceed-
ings and to formulate the case simulation based on a 
“real case presentation”. The chair of the RCPSC Specialty 
Committee of Rheumatology provided this case. The 
scenario pertained to a young woman experiencing sore 
hands and sore feet. The tool was to be developed based 
on the evidence and designed to educate and assess the 
participants’ ability to approach a patient with symmetri-
cal joint pain and stiffness. This module would incorpo-
rate interactive education and assessment exercises that 
would function to augment, not replace, clinical encoun-
ters [26].

The group consensus was to develop a module to be 
a “proof of concept” for a pilot study. Principles used to 
assemble the content included: 1) being evidence based; 
2) potentially connecting to existing knowledge networks; 
and 3) designed specifically by an inter-professional team 
of health care experts and patients (consumers).

Every condition in MSK health begins with a clini-
cal presentation of a particular problem. The content 
pertaining to this module was formatted in a similar 
manner to a “prediction model” on how to detect arthri-
tis early [27], and was developed based on the “key 
features” and critical decision making [28]. Content 
included educating participants on: 1) how to screen 
for arthritis using a previously validated gait, arms, legs, 
spine (GALS) screening examination; 2) the hallmarks 
of history and physical examination of joints and axial 
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skeleton in patients presenting with symmetrical joint 
pain and stiffness; 3) constructing a differential diag-
nosis and working diagnosis based on the history and 
physical examination; 4) radiographs and laboratory 
investigations required to formulate a working diagno-
sis; 5) how to interpret the results of these investigations 
and the synthesis of the data obtained; 6) formulating 
an initial management plan; and 7) how to appropriately 
refer to subspecialty care.

Multi‑disciplinary focus group
A focus group of content experts met on 15 occa-
sions to assemble the content and create the learn-
ing and assessment tools for the module pertaining 
to inflammatory arthritis and more specifically, “Sore 
Hands, Sore Feet”. Video productions of the patient 
presenting with sore hands and feet focusing on com-
munication skills and physical examination were also 
completed to augment the content template. The sto-
ryboard with the e-learning developers for both inter-
active educational and assessment tools was developed 
with specific interactive learning modules for the 
Gait, Arms, Legs, Spine (GALS) screening for arthri-
tis which was designed to be embedded into the Sore 
Hands, Sore Feet (SHSF) module. These learning expe-
riences were meant to improve health care provid-
ers’ ability to screen for arthritis; to assess, diagnose 
and initially manage an individual with inflammatory 
arthritis and; to learn how to refer to subspecialty 
care. These education modules were developed with a 
team of health care providers representing physicians, 
surgeons, residents, and other health care providers 
such as physiotherapists and chiropractors as well as 
a patient representative. We complemented the medi-
cal team with a group of educational researchers and 
technology specialists. Paper format of the GALS and 
SHSF were then developed to reflect a similar learning 
experience to that of the on-line format with respect 
to content provided and was accompanied by the same 
pre- and post- module learning assessments.

Content review
A full content review was performed with eighty Cana-
dian health care providers representing medical students, 
physicians, surgeons, physical therapists, occupational 
therapists, nurses, and chiropractors to review online 
content for accuracy and the tool for functionality. Pre/
post-test measures for GALS and SHSF were completed 
for the following areas: 1) Response patterns for items 
pre- and post- tests; 2) difficulty indices for items pre- 
and post- tests; 3) Item-total correlation coefficients 
pre- and post- tests and; 4) Comparison of mean scores 
pre- and post- module.

Randomized control trial (Pilot Study)
The information from this content review generated the 
main outcome measures used for the randomized control 
trial (RCT) pilot study. An RCT pilot study was the pre-
ferred method of assessment to reduce the influence of 
preference for learning style. The inclusion criteria were 
volunteer residents from a family medicine training pro-
gram and a rheumatology training program specifically 
selected as potential health care providers most likely to 
see patients with this medical condition. There were no 
exclusion criteria. For each of the educational experi-
ences (GALS screening tool that was incorporated into 
the SHSF interactive learning module), the group of 40 
residents was randomly divided into either the paper for-
mat (PF) control group (n = 20) or the online technology 
(OLT) experimental group (n = 20).

The GALS screening tool was incorporated into the 
overall SHSF module and was also assessed indepen-
dently for its usefulness as a screening tool for arthritis. 
Participants experienced an orientation session with pre/
post-test questionnaires and analyses were completed 
(Fig. 1).

Thirty-two subjects completed the GALS assessment. 
Repeated Measures ANOVA was used to assess the 
extent to which there was an effect of format on learning 
from Time 1 (Pre-Module) to Time 2 (Post-Module). A 
separate Repeated Measures ANOVA was run to deter-
mine the effect of format on retention from Time 2 to 
Time 3 (3  month Follow-up). Focus groups were com-
pleted (Fig. 2).

Similarly, participants were randomized via a single 
blinded randomization technique into the SHSF module 
to either OLT or PF groups. All participants experienced 
an orientation session with pre/post-test questionnaires 
and analyses were completed. Thirty-one subjects com-
pleted the SHSF learning module. Data was analyzed 
based on: Time 1 (Pre-Module), Time 2 (Post-Module) 
and Time 3 (3  month Follow-up). Repeated Measures 
ANOVA was used to assess the extent to which there was 
learning in the PF group from Time 1 to Time 2. One-way 
ANOVA was used to assess the effect of learning format 
on Post-Module test scores. A separate Repeated Meas-
ures ANOVA was run to determine the effect of format 
(OLT versus PF) on retention from Time 2 to Time 3.

A summary of the template used to develop the inter-
active educational learning models for use either by on 
line or paper format was created. The template may be 
generalized to other MSK conditions (Fig. 3).

Results
Participants
A total of 40 participants were recruited to this study. 
The 40 participants were randomized by single blinded 
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technique into either the OLT group or the PF group for 
each of the educational modules GALS screening tool 
and the overall SHSF module pertaining to inflamma-
tory arthritis. Eight participants were lost to follow-up in 
GALS, and 9 participants were lost to follow-up in SHSF. 
Therefore, 32 subjects participated in the GALS portion 
of the module and 31 participants participated in the 
SHSF portion of the module. Refer to Fig. 4, which dis-
plays the RCT flow diagram adapted from CONSORT.

Demographics
An analysis was completed after the initial education ses-
sion provided to all participants to ensure baseline knowl-
edge was at least similar at the beginning of the study. 
There appeared to be no baseline differences deemed 
to be significant among the family medicine residents 
or rheumatology residents. An orientation session on 
inflammatory arthritis with pre/post-tests demonstrated 

no significant difference in post orientation test scores 
among the residents assigned to the online (OLT)group 
and those assigned to the paper formats (PF) group 
(means of 2.60 points out of 4 for the OLT group; 2.76 
points out of 4 for the PF). Thus all residents were treated 
equally from the outset of this pilot study.

Gait arms legs spine (GALS) screening for arthritis
There were 40 participants randomized in GALS module. 
Twenty were randomized to the PF group and 20 to the 
SHSF group.

In the OLT group 7 of the 20 participants were lost to 
follow-up. Data was analyzed based on 13 participants 
in the OLT experimental group. In the PF group 1 of the 
20 participants was lost to follow-up. As such data was 
analyzed based on 19 in the PF control group. Table 1,2,3 
shows the mean scores at pre-module, post-module, and 
follow-up for the GALS module, and demonstrates that 

Fig. 1 Design of a learning module

Evaluation

Evaluation Evaluation

Evaluation
(Learning Retention)

Evaluation 
(Learning Retention)

Orientation on 
Inflammatory 

Arthritis &
Pre-Evaluation

Orientation on 
Inflammatory 

Arthritis &
Pre-Evaluation

(Alarticipants)

Usual 
education 

activity with 
CTL Group

On-line 
Technology 

(OTL)
Case Simulation

&
Pre- evaluation

Usual 
education 

activity with 
CTL Group

T1 T2 T3

Paper Format 
(PF)

Case Simulation
&

Pre-evaluation

Fig. 2 Schematic of the evaluation process for participants in experiential and control groups



Page 6 of 11Wadey et al. BMC Medical Education          (2022) 22:718 

both groups learned from the interactive educational 
experience offered by completing the module regardless 
of the method of learning, and that there was no signifi-
cant difference between the OLT and PF group. It can 
also be seen in Table 1,2,3 that both OLT and PF groups 
experienced a decline in test scores at the 3  month fol-
low-up, however there was no significant difference in 
the extent to which each group did so.

The GALS screening tool demonstrated significant 
increases in mean scores from time 1 (45% for the OLT 
group; 43% for the PF group) to time 2 (75% for the OLT 

group; 63% for the PF group), demonstrating that both 
groups learned from the module.

The first Repeated Measures ANOVA (to assess learn-
ing) revealed that there was a significant increase in 
scores from the pre-module to the post-module for 
both online and paper format groups, F (1, 30) = 40.08, 
p < 0.0001. However, there was not an effect of format 
on the increase in scores. The second Repeated Meas-
ures ANOVA (to assess retention) revealed that there 
was a significant decrease in scores from post-module 
to follow-up for both format groups. F (1, 30) = 18.27. 

Fig. 3 Consort 2010 flow diagram



Page 7 of 11Wadey et al. BMC Medical Education          (2022) 22:718  

p < 0.0001. There was not a statistically significant effect 
of format on scores over time. (Tables 1, 2, 3).

Sore hands, sore feet (SHSF) learning module
Forty participants were randomized in the SHSF educa-
tional learning module. Twenty participants were rand-
omized to the OLT group and 20 participants to the PF 
group.

Eight participants were lost to follow-up in the OLT 
group because we did not have a complete data set for 
this study group. These eight participants did not com-
plete the pre-module questionnaire because of a tech-
nological prompting failure ensure all participants 

Fig. 4 Consort 2010 flow diagram

Table 1 Three assessment time points mean scores, for both 
online and paper‑based formats of the GALS module

Time Format Mean (/16) Std. Deviation N (number 
of subjects)

Pre‑Module Online 2.23 1.092 13

Paper 2.16 1.214 19

Total 2.19 1.148 32

Post‑Module Online 3.77 1.013 13

Paper 3.16 1.119 19

Total 3.41 1.103 32

Follow‑up Online 3.15 1.345 13

Paper 2.16 1.344 19

Total 2.56 1.413 32
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completed the pre-test at the beginning of the module. 
This resulted in missing data. As such, data was analyzed 
based on 12 participants in the OLT experimental group. 
Similarly, 1 participant was lost to follow-up in the PF 
group. As such, data was analyzed based on 19 partici-
pants in the PF control group. All participants complet-
ing both the PF and OLT interactive learning modules 
completed the initial base-line assessments of knowl-
edge pertaining to inflammatory arthritis and the post-
module assessments. All 19 participants in the PF group 
completed the pre-module assessment. The 12 partici-
pants in the OLT group did not complete the pre-module 
assessment.

The overall mean baseline scores at the time of the ini-
tial orientation where education on inflammatory arthri-
tis was provided to all participants demonstrated 65% 
for the OLT group and 69% for the PF group. The mean 
post-module scores was 77% for the OLT group and 80% 
for the PF group. This data suggests that a comparable 
amount of interactive learning was experienced by par-
ticipants in both OLT and PF groups.

The Repeated Measures ANOVA to assess learn-
ing revealed that there was a significant increase in 
the scores from Pre-Module to Post-Module for the 
Paper-format (PF) learning group with p < 0.0001 
(Tables 4,5,6). The One-way ANOVA showed that there 
was no effect of learning format on Post-Module test 
scores (Table 4, 5, 6).

The Repeated Measures ANOVA to assess retention 
revealed that there was a small but statistically signifi-
cant decrease in scores from Post-Module to follow-
up for both learning format groups with p = 0.039, but 
there was not a statistically significant effect of format 
on the decrease in scores over time. Table 4,5,6 shows 

the decrease in mean scores and standard deviations 
post-module to follow-up for both the OLT and the PF 
groups.

Focus group results
The participants indicated through a focus group that 
they were better equipped to identify and initially man-
age inflammatory arthritis, regardless of the interactive 
learning method experienced. The interactive process 
of learning was perceived by the learners to be effec-
tive and did replicate a “real” experience for the learner. 
The learners perceived that the case flow was realistic; 
synthesized patient care information that was pertinent 
to their practice; optimized their learning in a very rea-
sonable time frame and; provided them with a learn-
ing activity that they would do again if provided the 
opportunity.

Table 2 Test within subjects – GALS (T1 – T2)

Source Time_1v2_GALS Type III Sum of 
Squares

Degrees of 
Freedom

Mean Square F Significance

Time Linear 24.869 1 24.869 40.078 .000

Time* Format Linear 1.119 1 1.119 1.803 .189

Error(Time GALS) Linear 18.615 30 .621

Table 3 Test within subjects – GALS (T2 – T3)

Source Time_2v3_
GALS

Type III Sum of 
Squares

Degrees of 
Freedom

Mean Square F Significance

Time Linear 10.071 1 10.071 18.268 .000

Time* Format Linear .571 1 .571 1.036 .317

Error (TimeGALS) Linear 16.538 30 .551

Table 4 Pre‑module, post‑module and follow‑up SHSF test 
scores, online and paper‑based learning formats

Time Format Mean (/16) Standard. 
Deviation

N (number 
of subjects)

Pre‑Module Paper 11.21 2.30 19

Post‑Module Online 12.25 0.75 12

Paper 12.79 2.20 19

Total 12.58 1.78 31

Follow‑up (Reten‑
tion)

Online 11.67 1.78 12

Paper 12.16 2.29 19

Total 11.97 2.09 31



Page 9 of 11Wadey et al. BMC Medical Education          (2022) 22:718  

Discussion
This study investigated the use of 2 online interactive 
learning modules (GALS and SHSF) in educating health 
professionals to screen, diagnose, and initially manage a 
patient with inflammatory joint disease, and to appro-
priately refer patients to subspecialty care. It also com-
pared this approach with a paper format containing the 
same information to determine the effect that this had 
on participants. The hypothesis was that the online case 
simulation would be superior to the paper format for 
both modules and that all participants would feel more 
comfortable addressing early-stage inflammatory arthri-
tis after completion of the modules.

The case simulation module pertaining to the detec-
tion, initial management and referral to subspecialty care 
of a patient with inflammatory arthritis (SHSF) dem-
onstrated a significant increase in scores from Time 1 
to Time 2 for the PF group. This may suggest that more 
traditional interactive learning methods using paper for-
mat are an effective learning tool. This may be due to: 
1) learner preference and; 2) the advantage that spatial 
landmarks provide [29]. Research suggests that there is a 
link between spatial representation of a text and reading 
comprehension. Readers who can remember the order 
of information relative to fixed spatial cues generally 
score higher on comprehension tests [30]. Cues such as 
recalling that the description of a certain technique was 
located at the top of a page may help the reader mentally 
reconstruct the information and improve memory and 
the ability to recall specific pieces of information [31].

Participants completing the OLT interactive learning 
experience, did not complete the pre-module assessment 
due to a probable technological programing issue. Par-
ticipants were required to complete the pre-assessment, 
however, all participants failed to navigate themselves 

to actually enter the link to complete the pre-module 
assessment. Thus, this data was not collected in the OLT 
group. As such, there is no data showing an improve-
ment from pre-module to post-module. However, there is 
data showing improvement in learning after completing 
the learning module in the OLT group. In addition, the 
4-item pre-test that was completed by all participants at 
the time of the initial orientation session with all partici-
pants indicated that there was no significant difference 
in the baseline level of knowledge as assessed by that 
pre-test between the OLT group and the PF group. The 
similarity of the mean baseline scores (65% for the OLT 
group; 69% for the PF group), in conjunction with the 
similarity of the mean post-module scores (77% for the 
OLT group; 80% for the PF group), makes it reasonable to 
assume that there was a comparable amount of learning 
done by the 2 groups. In addition, the mean pre-module 
score for the PF group was 70% (compared to a baseline 
score of 69%), which further strengthens the assumption 
that the baseline assessment was an appropriate meas-
ure of the participants’ knowledge prior to exposure to 
the module which by design was the intervention used to 
enhance knowledge in both the OLT and PF groups.

The module focused on screening for arthritis using 
the GALS screening tool demonstrated significant 
increases in scores from time 1 (45% for the OLT group; 
43% for the PF group) to time 2 (75% for the OLT group; 
63% for the PF group), demonstrating that both groups 
learned from the module. These results are of importance 
because there is evidence to show that the GALS screen-
ing tool is effective in detecting arthritis when used prop-
erly [32, 33]. One study in particular taught primary care 
physicians to perform the GALS screening test by watch-
ing an instructional video, then subsequently had them 
assess 99 patients, and compared their results with rheu-
matologists who examined the same patients [32]. There 
was found to be a significant level of agreement between 
them, particularly when assessing gait and arms. There 
is also research to show that other frontline healthcare 
providers (e.g. physiotherapists, nurse practitioners) can 
appropriately incorporate the GALS screening exam into 
their practices [33, 34] therefore increasing the likelihood 
that a patient with inflammatory arthritis will be identi-
fied earlier.

Table 5 Post‑module tests of within subjects

Source Time Type III Sum of 
Squares

Degrees of 
Freedom

Mean Square F Significance

time Linear 5.428 1 5.428 4.675 .039

time * Format Linear .009 1 .009 .007 .932

Error(time) Linear 33.669 29 1.161

Table 6 Post‑module tests of between‑subjects effects

Source Type III 
Sum of 
Squares

Degrees 
of 
Freedom

Mean 
Square

F Significance

Intercept 8780.552 1 8780.552 1347.765 .000

Format 3.907 1 3.907 .600 .445

Error 188.932 29 6.515
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The significance of this study goes beyond the compari-
son of the interactive learning method used. The aim of 
the BJD was to improve the quality of life for people living 
with MSK disorders. A lack of curriculum with a specific 
focus on MSK content was identified, and the method-
ology outlined earlier was created in part to address this 
issue. The Sore Hands, Sore Feet (SHSF) module was 
assembled with a focus on case-based simulations, to be 
assessed using two interactive methods of learning (PF 
and OLT). Thus, a subsequent RCT pilot study was com-
pleted to examine if an interactive educational experience 
pertaining to inflammatory arthritis (SHSF module and 
the GALS module) on the education of healthcare work-
ers in the identification, initial management and referral 
to subspecialty care of patients with inflammatory arthri-
tis was completed.

The strengths of this study included: 1) A single blinded 
randomized educational study was completed; 2) It was 
a randomized control trial pilot study assessing learn-
ing methods and the impact on improving knowledge 
and skills for health care providers managing an MSK 
condition; 3) It demonstrated that interactive learning 
experiences associated with “authentic” clinical experi-
ences may be an optimal learning strategy; 4) Learners 
indicated that both paper format and on-line learning 
platforms may be useful in optimizing learning as long as 
case simulation is within the theme of module develop-
ment and; 5) A hybrid model for education may reflect 
future medical education environments.

The limitations of this study included: 1) Unintended 
consequences of technology were experienced and the 
need to be aware that constant adaptations to advances in 
technology will be required for future studies and; 2) Par-
ticipants were less likely to be lost to follow-up with the 
PF format than the OLT. This may suggest a more famil-
iar method of learning at the time of this study was with 
paper format. However with education and increased 
exposure, technology and the convenience of having 
access to technology may result in more optimal learning 
experiences.

The increasing burden on the healthcare system due 
to musculoskeletal disorders may be lessened with early 
identification and referral to subspecialty care of any 
patients with inflammatory arthritis. Innovative edu-
cation methods designed to improving postgraduate 
training by the development and integration of specific 
case-based modules may be a significant step to enhance 
educational offerings in postgraduate medical education.

Conclusions
This study indicated that interactive case-based learn-
ing using either paper format or an on-line multi-media 
platform increases knowledge and skills pertaining to 

learners’ abilities to: 1) identifying inflammatory arthri-
tis; 2) initially manage the condition and; 3) appropriately 
refer to subspecialty care. In addition, a template to fur-
ther inform the successful development, assessment and 
implementation of other MSK educational and assess-
ment tools resulted from this work. This may potentially 
impact how we strive to enhance education of our front-
line health care providers locally, nationally and globally.

Acknowledgements
The authors wish to thank the Canadian Initiative for Outcomes in Rheumatol‑
ogy Care – Canadian Rheumatology Association, The Bone and Joint Decade 
Canada, and the Canadian Orthopaedic Association. We also want to thank 
the University of Toronto Division of Orthopaedic Surgery for their support 
and guidance on this project.

Previous presentations
Various presentations were made at the following conferences 1) Interna‑
tional Conference on Residency Education (ICRE); 2) American Academy of 
Orthopaedic Surgeons.
(AAOS); and 3) Canadian Rheumatology Association (CRA). The presentation 
title and dates of these presentations are listed below.
ICRE:
September 24, 2011. Invited Poster Presenter. “On‑line Case Simulation: The 
Ability to Screen, Identify and Initially Manage Inflammatory Arthritis: Inter‑
Professional Review”. ICRE. Quebec City, Quebec, Canada.
AAOS:
February 15‑19th 2011. On‑line case simulation: The ability to screen, identify 
and initially manage inflammatory arthritis. AAOS. San Diego, California, 
United States.
CRA:
March 28, 2012. Invited Moderator. On‑line case simulation: The ability to 
screen, identify and initially manage inflammatory arthritis. CRA Workshop. 
British Columbia, Canada.

Authors’ contributions
VW, TO, and DS made substantial contributions to the study’s conception and 
design, data acquisition, analysis and interpretation. HMB, AC, DKG, RF, JH, 
and DA are collaborators on the project that helped inform study design and 
recruit participants. VW and TS provided critical input and prepared the manu‑
script for submission. All authors contributed to drafting, editing and revising 
the manuscript. All authors have read and approved the final manuscript.

Funding
This research was financially supported by the Canadian Initiative for Outcomes 
in Rheumatology Care (CIORA Grant) and the University of Toronto Development 
Grant. The funding bodies played no role in the design of the study and collection, 
analysis, and interpretation of data and in writing the manuscript.

Availability of data and materials
The raw data that supports the findings of this study are no longer available. 
However, the full summary of the overall analysis is available and has been 
submitted as a related file.

Declarations

Ethics approval and consent to participate
Ethics approval was granted by the University of Toronto’s Health Sciences 
Research Ethics Board in 2008. All experimental protocols were approved by 
the Health Sciences Research Ethics Board and all methods were carried out 
in accordance with relevant guidelines and regulations. Informed consent to 
participate was received from all participants.

Consent for publication
All subjects’ and/or their legal guardian(s)’ informed consent for the publica‑
tion of identifying information/images in an online open‑access publication.



Page 11 of 11Wadey et al. BMC Medical Education          (2022) 22:718  

Competing interests
There are no competing interests.

Author details
1 Division of Orthopaedic Surgery, University of Toronto, Toronto, Canada. 
2 Department of Arthroplasty, Robert Jones and Agnes Hunt Orthopaedic 
Hospital, Oswestry, UK. 3 Temerty Faculty of Medicine, University of Toronto, 
1 King’s College Circle, Toronto, ON M5S 1A8, Canada. 4 Applied Clinical 
Pharmacology, University of Toronto, Toronto, Canada. 5 Division of Rheumatol‑
ogy, University of Toronto, Toronto, Canada. 6 McMaster University, Hamilton, 
Canada. 7 Department of Research, Canadian Memorial Chiropractic College, 
North York, Canada. 8 Department of Family Medicine, McMaster University, 
Hamilton, Canada. 9 Department of Family & Community Medicine, University 
of Toronto, Toronto, Canada. 10 Faculty of Medicine, University of Ottawa, 
Ottawa, Canada. 

Received: 13 April 2021   Accepted: 29 August 2022

References
 1. Wadey VM, Tang ET, Abelseth G, et al. Canadian multidisciplinary core 

curriculum for musculoskeletal health. J Rheumatol. 2007;34(3):567–80.
 2. WHO Scientific Group. The burden of musculoskeletal conditions at 

the start of the new millennium. World Health Organ Tech Rep Ser. 
2003;919:i‑x, 1–218, back cover.

 3. Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. Bull 
World Health Organ. 2003;81(9):646–56.

 4. Brooks PM. The burden of musculoskeletal disease—a global perspec‑
tive. Clin Rheumatol. 2006;25(6):778–81. https:// doi. org/ 10. 1007/ 
s10067‑ 006‑ 0240‑3.

 5. Cieza A, Causey K, Kamenov K, et al. Global estimates of the need for 
rehabilitation based on the Global Burden of Disease study 2019: a 
systematic analysis for the Global Burden of Disease Study 2019. Lancet. 
2020;396(10267):2006–17. https:// doi. org/ 10. 1016/ s0140‑ 6736(20) 
32340‑0.

 6. St Sauver JL, Warner DO, Yawn BP, et al. Why patients visit their doctors: 
assessing the most prevalent conditions in a defined American popula‑
tion. Mayo Clin Proc. 2013;88(1):56–67. https:// doi. org/ 10. 1016/j. mayocp. 
2012. 08. 020.

 7. Woolf AD, Erwin J, March L. The need to address the burden of musculo‑
skeletal conditions. Best Pract Res Clin Rheumatol. 2012;26(2):183–224. 
https:// doi. org/ 10. 1016/j. berh. 2012. 03. 005.

 8. The Truth About Arthritis. The Truth About Arthritis | Arthritis Society. 
https:// arthr itis. ca/ about‑ arthr itis/ what‑ is‑ arthr itis/ the‑ truth‑ about‑ arthr 
itis. Accessed July 23, 2019 [No longer available.].

 9. ACAP ‑ Alliance for the Canadian Arthritis Program. Arthritis Isn’t a Big 
Deal...until You Get It. Ask 4 Million Canadians. A Report from the Summit 
on Standards for Arthritis Prevention and Care.; 2006. http:// www. arthr 
itisa llian ce. ca/ images/ PDF/ eng/ Initi atives/ SAPC Full Report 20060331 
en.pdf. Accessed July 23, 2019.

 10. Glazier RH, Dalby DM, Badley EM, et al. Management of the early and late 
presentations of rheumatoid arthritis: a survey of Ontario primary care 
physicians. CMAJ. 1996;155(6):679–87.

 11. Shipton D, Badley EM, Bookman AA, et al. Barriers to providing adequate 
rheumatology care: implications from a survey of rheumatologists in 
ontario. Canada J Rheumatol. 2002;29(11):2420–5.

 12. Glazier RH, Dalby DM, Badley EM, et al. Determinants of physician confi‑
dence in the primary care management of musculoskeletal disorders. J 
Rheumatol. 1996;23(2):351–6.

 13. Åkesson K, Dreinhöfer KE, Woolf AD. Improved education in musculo‑
skeletal conditions is necessary for all doctors. Bull World Health Organ. 
2003;81(9):677–83.

 14. Saleh K, Messner R, Axtell S, et al. Development and Evaluation of an Inte‑
grated Musculoskeletal Disease Course for Medical Students. J Bone Joint 
Surg Am. 2004;86A(8):1653–8. https:// doi. org/ 10. 2106/ 00004 623‑ 20040 
8000‑ 00008.

 15. Woolf AD. Specialist training in rheumatology in Europe. Rheumatol‑
ogy (Oxford). 2002;41(9):1062–6. https:// doi. org/ 10. 1093/ rheum atolo 
gy/ 41.9. 1062.

 16. Smith J, Krabak BJ, Malanga GA, et al. Musculoskeletal education in 
physical medicine and rehabilitation residency programs. Am J Phys 
Med Rehabil. 2004;83(10):785–90. https:// doi. org/ 10. 1097/ 01. phm. 00001 
40805. 29149. e2.

 17. Smith CC, Newman L, Davis RB, et al. A comprehensive new curriculum 
to teach and assess resident knowledge and diagnostic evaluation of 
musculoskeletal complaints. Med Teach. 2005;27(6):553–8. https:// doi. 
org/ 10. 1080/ 01421 59050 01561 52.

 18. Rudd E, Lockshin MD. Education in rheumatology for the primary care 
physician. J Rheumatol. 1978;5(1):99–111.

 19. Roberts C, Adebajo AO, Long S. Improving the quality of care of 
musculoskeletal conditions in primary care. Rheumatology (Oxford). 
2002;41(5):503–8. https:// doi. org/ 10. 1093/ rheum atolo gy/ 41.5. 503.

 20. Kahl EH. Musculoskeletal problems in the family practice setting: guide‑
lines for curriculum design. J Rheumatol. 1987;14(4):811–4.

 21. Hart KA, Kevorkian G, Rintala DH. Continuing medical education: interests 
of former and current residents of a physical medicine and rehabilitation 
residency program. Am J Phys Med Rehabil. 1999;78(6):561–70. https:// 
doi. org/ 10. 1097/ 00002 060‑ 19991 1000‑ 00014.

 22. Conditions of the musculoskeletal system. American Academy of Family 
Physicians. Am Fam Physician. 1996;54(2):789–91.

 23. Woolf AD, Walsh NE, Åkesson K. Global core recommendations for a mus‑
culoskeletal undergraduate curriculum. Ann Rheum Dis. 2004;63(5):517–
24. https:// doi. org/ 10. 1136/ ard. 2003. 016071.

 24. Whitson BA, Hoang CD, Jie T, et al. Technology‑enhanced interactive 
surgical education. J Surg Res. 2006;136(1):13–8. https:// doi. org/ 10. 1016/j. 
jss. 2005. 11. 255.

 25. Vliet Vlieland TP, Li LC, Mackay C, et al. Current topics on models of 
care in the management of inflammatory arthritis. J Rheumatol. 
2006;33(9):1900–3.

 26. Farrell GA, Cubit KA, Bobrowski CL, et al. Using the WWW to teach 
undergraduate nurses clinical communication. Nurs Educ Today. 
2007;27(5):427–35. https:// doi. org/ 10. 1016/j. nedt. 2006. 07. 005.

 27. Visser H, le Cessie S, Vos K, et al. How to diagnose rheumatoid arthritis 
early: A prediction model for persistent (erosive) arthritis. Arthritis Rheum. 
2002;46(2):357–65. https:// doi. org/ 10. 1002/ art. 10117.

 28. Farmer EA, Page G. A practical guide to assessing clinical decision‑making 
skills using the key features approach. Med Educ. 2005;39(12):1188–94. 
https:// doi. org/ 10. 1111/j. 1365‑ 2929. 2005. 02339.x.

 29. Myrberg C, Wiberg N. Screen vs. paper: what is the difference for reading 
and learning? Insights. 2015;28(2):49–54. https:// doi. org/ 10. 1629/ uksg. 
236.

 30. Cataldo MG, Oakhill J. Why are poor comprehenders inefficient search‑
ers? An investigation into the effects of text representation and spatial 
memory on the ability to locate information in text. J Educ Psychol. 
2000;92(4):791–9. https:// doi. org/ 10. 1037// 0022‑ 0663. 92.4. 791.

 31. Mangen A, Walgermo BR, Brønnick K. Reading linear texts on paper ver‑
sus computer screen: Effects on reading comprehension. Int J Educ Res. 
2013;58:61–8. https:// doi. org/ 10. 1016/j. ijer. 2012. 12. 002.

 32. Beattie KA, Bobba R, Bayoumi I, et al. Validation of the GALS musculoskel‑
etal screening exam for use in primary care: a pilot study. BMC Musculo‑
skelet Disord. 2008;9:115. https:// doi. org/ 10. 1186/ 1471‑ 2474‑9‑ 115.

 33. Beattie KA, Macintyre NJ, Pierobon J, et al. The sensitivity, specificity and 
reliability of the GALS (gait, arms, legs and spine) examination when used 
by physiotherapists and physiotherapy students to detect rheumatoid 
arthritis. Physiotherapy. 2011;97(3):196–202. https:// doi. org/ 10. 1016/j. 
physio. 2010. 11. 008.

 34. Beattie KA, Macintyre NJ, Cividino A. Screening for signs and symptoms 
of rheumatoid arthritis by family physicians and nurse practitioners using 
the Gait, Arms, Legs, and Spine musculoskeletal examination. Arthritis 
Care Res (Hoboken). 2012;64(12):1923–7. https:// doi. org/ 10. 1002/ acr. 
21740.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s10067-006-0240-3
https://doi.org/10.1007/s10067-006-0240-3
https://doi.org/10.1016/s0140-6736(20)32340-0
https://doi.org/10.1016/s0140-6736(20)32340-0
https://doi.org/10.1016/j.mayocp.2012.08.020
https://doi.org/10.1016/j.mayocp.2012.08.020
https://doi.org/10.1016/j.berh.2012.03.005
https://arthritis.ca/about-arthritis/what-is-arthritis/the-truth-about-arthritis
https://arthritis.ca/about-arthritis/what-is-arthritis/the-truth-about-arthritis
http://www.arthritisalliance.ca/images/PDF/eng/Initiatives/SAPC
http://www.arthritisalliance.ca/images/PDF/eng/Initiatives/SAPC
https://doi.org/10.2106/00004623-200408000-00008
https://doi.org/10.2106/00004623-200408000-00008
https://doi.org/10.1093/rheumatology/41.9.1062
https://doi.org/10.1093/rheumatology/41.9.1062
https://doi.org/10.1097/01.phm.0000140805.29149.e2
https://doi.org/10.1097/01.phm.0000140805.29149.e2
https://doi.org/10.1080/01421590500156152
https://doi.org/10.1080/01421590500156152
https://doi.org/10.1093/rheumatology/41.5.503
https://doi.org/10.1097/00002060-199911000-00014
https://doi.org/10.1097/00002060-199911000-00014
https://doi.org/10.1136/ard.2003.016071
https://doi.org/10.1016/j.jss.2005.11.255
https://doi.org/10.1016/j.jss.2005.11.255
https://doi.org/10.1016/j.nedt.2006.07.005
https://doi.org/10.1002/art.10117
https://doi.org/10.1111/j.1365-2929.2005.02339.x
https://doi.org/10.1629/uksg.236
https://doi.org/10.1629/uksg.236
https://doi.org/10.1037//0022-0663.92.4.791
https://doi.org/10.1016/j.ijer.2012.12.002
https://doi.org/10.1186/1471-2474-9-115
https://doi.org/10.1016/j.physio.2010.11.008
https://doi.org/10.1016/j.physio.2010.11.008
https://doi.org/10.1002/acr.21740
https://doi.org/10.1002/acr.21740

	Impact of interactive multi-media learning for physicians in musculoskeletal education – a pilot study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Methods
	Bone and joint decade undergraduate curriculum group (BJDUCG) need’s assessment
	National needs assessment
	National consensus workshop
	Multi-disciplinary focus group
	Content review
	Randomized control trial (Pilot Study)

	Results
	Participants
	Demographics
	Gait arms legs spine (GALS) screening for arthritis
	Sore hands, sore feet (SHSF) learning module
	Focus group results

	Discussion
	Conclusions
	Acknowledgements
	References


