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Abstract

Background: An integrated curriculum is designed to be repetitive yet progressive and the concept has rapidly
established itself within medical education. National organizations have recommended a shift to a spiral curriculum
design, which uses both vertical and horizontal integration. This study examined differences between the recently
implemented integrated spiral (class of 2019) and conventional block (classes of 2016–2018) MD curricula at
the University of British Columbia (UBC) with respect to knowledge of concussion.

Methods: Cross-sectional online survey (FluidSurveys: Fluidware, Ottawa, ON), distributed via email to UBC medical
students during the 2015–2016 academic year. Questions focused on demographic data, knowledge of concussion
definition, and management considerations. Differences in responses across the two groups were assessed using chi-
square tests. Ordinal Likert-scale data were analyzed using Mann-Whitney U-Tests. Statistical significance was
determined a priori at p < 0.05.

Results: One hundred forty eight medical students (57% female) responded with 78 students in the spiral
curriculum and 70 students the block curriculum. Important differences between responses from spiral versus
block curricula students included: formal exposure to concussion-related educational material (10.8 h spiral vs.
3.95 h block), understanding concussions can occur without direct head impacts (90% spiral vs. 70% block, X21,148 = 9.
41, p = 0.002) and identifying long-term consequences (dementia: 90% spiral vs. 66% block, X21,148 = 12.57, p < 0.0001;
second impact syndrome: 80% spiral vs. 57% block, X21,148 = 8.60, p = 0.003; Parkinsonism: 47% spiral vs. 17%
block, X21,148 = 14.87, p < 0.001). Block students identified the need for a full neurological exam (X21,148 = 17.63,
p < 0.001) and had greater clinical exposure to acute concussion (47% block vs. 14% spiral, X21,148 = 19.27, p < 0.001) and
post-concussion syndrome (37% block vs. 19% spiral, X21,148 = 5.91, p = 0.015).

Conclusions: The findings from this preliminary study suggest the spiral curriculum design, which emphasizes
and revisits clinical competencies, promotes a strong understanding and retention of knowledge in highly prevalent
clinical conditions such as concussion.
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Background
The concept of an “integrated curriculum” has become
immensely popular in medical education [1]. The belief
that effective knowledge acquisition by medical trainees is
influenced by the manner in which material is delivered
has led integrated curricula – designed to be repetitive yet
progressive – to rapidly establish itself within medical
schools across North America [1]. Based on many national
medical education organization recommendations of strat-
egies to enhance learning [2–5], medical schools all over
the world have undergone major curricular evolutions in
recent years with increased focus on integrating basic and
clinical sciences, facilitating interdepartmental communi-
cation, and joint-teaching of courses and content. This
focus has led many schools to deviate from the classic cur-
riculum approach – wherein medical trainees complete
two preclinical years of lecture-based education in basic
science succeeded by two years of clinical training – to-
wards integrated curricula.
In vertically integrated models, students learn both basic

and clinical sciences in parallel throughout the duration
of medical training. One common way of vertically inte-
grating learning is known as Problem-Based Learning
(PBL). PBL’s approach is student-centered, focuses on
self-directed learning and small group dynamics, and at-
tempts to bring non-clinical material into context enab-
ling students to understand the relevance of underlying
scientific knowledge and principles to clinical practice [6,
7]. Extensive research has been conducted comparing
traditional learning to PBL to answer those who ques-
tioned the effectiveness of this approach. Meta-analyses of
twenty years of PBL evaluation students [8–10] report
PBL is equal to traditional curriculum in terms of conven-
tional knowledge and there are modest positive outcomes
in knowledge retention, motivation, student satisfaction
[6, 8, 9]. Horizontal integration, in comparison, combines
disciplines (e.g. anatomy, physiology, and biochemistry)
into one interdisciplinary course [1, 11]. The most com-
mon integrated curriculum using a horizontal strategy tar-
gets body systems, or blocks, as units of study and often is
used in combination with PBL. However, within the block
system, limited communication between instructors has
been shown to create silos of compartmentalized know-
ledge and gaps in content [12]. As an example, approxi-
mately 70% of Canadian medical schools in 2012 did not
have concussion-specific curriculum in any study year
[13]. As a possible explanation for this lapse in content
delivery, Burke et al. suggested concussions are applicable
across such a range of disciplines that educators may over-
look its coverage, simply believing other disciplines would
cover it [13]. As such, the undergraduate medical educa-
tion program at the University of British Columbia (UBC)
has shifted from a block to a spiral curriculum design,
which uses both vertical and horizontal integration to

emphasize and revisit clinical themes and competencies in
greater detail, reinforcing, integrating and contextualizing
important clinical topics (e.g. concussions) [4, 14]. This
transition provided an opportunity to assess the extent of
exposure to and knowledge of specific topics by medical
students training within the two curricula.
Over the course of a career, it is likely every physician

will be presented with the diagnosis and/or manage-
ment of several concussions since, using Canada as an
example, approximately one in every thousand experi-
ence a concussion each year (~ 38,000/year) [15]. Ac-
cordingly, the purpose of this study was to compare
medical trainees who trained within a block curriculum
to trainees within a spiral curriculum with specific re-
spect to their knowledge of diagnosing and managing
concussions. In this preliminary study, it was hypothe-
sized that the spiral curriculum, suggested to be the
most ideal form of integration [1], would promote a
better understanding and retention of knowledge in
highly prevalent conditions such as concussion.

Methods
An online survey was distributed to medical students en-
rolled at the University of British Columbia during the
spring semester of the 2015–2016 academic year. First
year medical students were enrolled in the new spiral cur-
riculum, whereas students in years 2–4 were enrolled in
the traditional block curriculum. An initial invitation, as
well as one reminder was distributed through the Student
Affairs office. Study data were collected over three weeks
and managed using the Canadian-based online survey
platform FluidSurvey (http://fluidsurveys.com). Incoming
data were de-identified and the respondents were pro-
vided with a study ID number. This study was completely
voluntary, and a draw for $50 was used as an incentive to
increase participation.
The survey has been used previously to evaluate trainees’

understanding of and exposure to concussion during med-
ical education [16, 17]. Questions were adapted from
Boggild and Tator [17] and Donaworth et al. [16], but
modified to include an “I don’t know” alternative to more
accurately estimate the knowledge of respondents [18].
The first section of the survey (Table 1) gathered informa-
tion on demographics and personal history of concussion.
The next section of the survey assessed medical students’
knowledge of concussion symptoms, diagnosis, and man-
agement based on information derived from the most re-
cent International Consensus Statement on Concussion in
Sport [19]. The final section of the survey assessed medical
students’ educational exposure to concussion.
Spiral students covered concussion midway through

their first year (Jan-Feb 2016) and received 10.8 h of
concussion related teaching (case-based learning: 5.5 h,
small group discussion: 2 h, and lecture: 3.3 h). Block
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students briefly discussed concussion during “Brain and
Behaviour”, a nine-week block midway through second
year (Jan-Feb 2016 for second year students), and received
3.95 cumulative hours on concussion (small group discus-
sion: 1.75 h and lecture: 2.2 h). Importantly, this number
does not quantify the complete exposure of block students
since they have had a greater propensity for exposure to
concussion patients in clinical situations, however the
exact time of contact with this patient population varies
and therefore was not included in the aforementioned cu-
mulative hours. Notably, learning objectives were nearly
identical between curricula with respect to concussion
topics related to the survey questions and, in fact, the
block curriculum had additional learning objectives re-
lated specifically to post-concussion syndrome. Since both
spiral and block curriculum addressed the topic of concus-
sion at the same time of year and the survey was con-
ducted in May 2016, there is unlikely to be a relative
advantage of recent knowledge for either group.
Participants were split into two groups – 1st year med-

ical students in the new spiral curriculum, and 2nd-4th
year medical students in the block curriculum – and re-
sponse frequencies were calculated for each. All statistics
were calculated using SPSS Statistics for Macintosh
(Version 22.9, IBM Corp., Armonk, NY). Differences in
responses across the two groups were assessed using
chi-square tests. Ordinal Likert-scale data were analyzed
using Mann-Whitney U-Tests. Statistical significance
was determined a priori at p < 0.05.

Results
Demographics
One hundred fifty one surveys out of 1176 were returned
(13% response rate), with females comprising 57% of re-
sponses. Three data sets were removed from analysis due
to apparent lack of honest effort (e.g. selecting the same
letter response for all questions), leaving 148 full data sets
(Table 1). To examine the potential for non-response bias,
responses from late respondents were compared to early
respondents based on wave analysis, a commonly used ex-
trapolation approach [20, 21]. No statistically significant
differences were found between early and late respon-
dents, suggesting this data was not substantially impacted
by nonresponse bias and can be generalized to the sample.

Definition of Concussion
Overall, 90% of respondents correctly identified the defin-
ition of a concussion and 87% correctly labelled concussion
as “a brain injury with functional disturbance that cannot
be seen on standard imaging”. However, across all medical
students only 59% of participants knew that “less than 1/3
of all concussions involve a loss of consciousness”; and just
32% (26% spiral; 40% block, X2

1, 148 = 3.47, p = 0.062) were
aware that only one symptom is required to make the clin-
ical diagnosis of concussion. Overall, respondents correctly
identified many of the most common symptoms of a con-
cussion, with headache, dizziness, and confusion being se-
lected by 99, 94, and 97% of respondents, respectively, with
no significant differences evident between the spiral and
block curriculums. However, < 60% of respondents identi-
fied vertigo and tinnitus as concussion symptoms (Table 2).
Interestingly, when identifying the mechanism of concus-

sion, 90% of those in the spiral curriculum, compared to
70% of those in the block curriculum, responded that a con-
cussion could be caused by a whiplash effect to the brain
caused by an impact to any part of the body (X2

1, 148 = 9.41,
p = 0.002).

Concussion management and sequelae
Medical students at UBC seem to be generally aware of
appropriate concussion management strategies. 78% of
respondents responded that every concussed individual
should see a physician and 90% understand that both
physical and mental rest is recommended acutely post-
concussion. It was also well understood that neuroimag-
ing adds little to the assessment of concussion as dem-
onstrated by the 1 and 6% of respondents who indicated
“MRI of the brain is mandatory” and “CT of the brain is
mandatory”, respectively. Potential red flags such as pro-
longed loss of consciousness, repeated concussions over
time, and number and duration of symptoms were also cor-
rectly identified 97, 91, and 91% of the time respectively. Of
note, 50% from the spiral curriculum and 83% from the
block curriculum correctly identified the recommendation
for a full neurological exam (X2

1, 148 = 17.63, p < 0.001);
54% of spiral students believed that a mini-mental sta-
tus was adequate compared to 14% of block students
(X2

1, 148 = 25.33, p < 0.001).
When asked to identify long-term consequences of re-

petitive concussive injuries, students in the spiral cur-
riculum identified dementia (X2

1, 148 = 12.57, p < 0.001),
second impact (X2

1, 148 = 8.60, p = 0.003), Parkinsonism
(X2

1, 148 = 14.87, p < 0.001), and CTE (X2
1, 148 = 8.35,

p = 0.004) significantly more frequently than those in
the block curriculum (refer to Table 2).

Exposure
Spiral students were exposed to concussion education
through lectures, case-based learning, and group discussion

Table 1 Demographics

Group N # (%) Female # (%) with Concussion
History

Spiral 78 42 (54) 30 (38)

Block 70 42 (60) 25 (36)

Total 148 84 (57) 55 (37)
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Table 2 Knowledge of Concussion

Question Answer Spiral Curriculum
(% correct)

Block Curriculum
(% correct)

p-value

What is the definition of concussion?
Select the best answer.

A. Loss of consciousness for < 5 min after an impact
to the head
B. A complex pathophysiological process affecting
the brain,
induced by traumatic biomechanical forces
C. A structural brain injury caused by mild traumatic
force that
transiently decreases cerebral blood flow
D. I don’t know

86 94 0.091

Is a concussion a brain injury?
Select the best answer.

A. No, as there is no abnormality seen on standard
structural neuroimaging
B. No, as symptoms are only psychological in nature
C. Yes, as there is a function al disturbance that
cannot be seen on standard neuroimaging
D. Yes, as there is structural abnormality seen on
standard neuroimaging
E. I don’t know

85 88 0.328

Which one of the following is true? A. A period of unconsciousness is necessary for the
diagnosis of a concussion
B. Over 2/3 of all concussions involve loss of
consciousness (LOC)
C. 1/3 to 2/3 of all concussions involve loss of
consciousness (LOC)
D. Less than 1/3 of all concussions involve loss
of consciousness (LOC)
E. I don’t know

53 67 0.071

Which of the following is a sign or symptom
of a concussion?
Select all that apply.

A. Headache A. 100 A. 98.6 A. 0.473a

B. Hemiparesis B. 12.8 B. 8.6 B. 0.406

C. Dizziness C. 94.9 C. 92.9 C. 0.736a

D. Confusion D. 100 D. 94.3 D. 0.048a*

E. Fixed dilated pupil E. 21.8 E. 11.4 E. 0.093

F. Nausea and/or vomiting F. 93.6 F. 85.7 F. 0.113

G. Vertigo G. 55.1 G. 44.3 G. 0.188

H. Amnesia H. 88.5 H. 94.3 H. 0.211

I. Tinnitus I. 59 I. 48.6 I. 0.205

J. Emotional or personality changes J. 79.5 J. 87.1 J. 0.215

K. Papilledema K. 11.5 K. 7.1 K. 0.362

L. Intention tremor L. 5.1 L. 4.3 L. 1.000a

M. Fatigue M. 80.8 M. 87.1 M. 0.294

N. Temporary loss of consciousness N. 97.4 N. 94.3 N. 0.422a

O. Prolonged coma O. 11.5 O. 14.3 O. 0.618

How many symptoms of a concussion are
required to diagnose a concussion?

A. One or more symptoms
B. Three or more symptoms
C. Five or more symptoms
D. I don’t know

26 40 0.062

Which of the following is true regarding the
mechanism of concussion?

A. Direct physical contact to the head is necessary to
sustain a concussion
B. Localized damage to the brainstem is the cause of
a concussion
C. Localized damage to the prefrontal cortex is the
cause of a concussion
D. Localized damage to the hippocampus is the cause
of a concussion
E. A whiplash effect to the brain caused by an
impact to any part of the body may cause a
concussion

90 70 0.002*

What is the appropriate management of A. Every concussed individual should see a A. 76.9 A. 80 A. 0.650
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seminars adding up to 10.8 h of related or specific concus-
sion education. This greatly exceeded block curriculum ex-
posure, which provided 3.95 h (3h seminar and didactic
lecture). Both year 1 (spiral) and 2 (block) students were ex-
posed to the theory of concussion at the same time (Jan-Feb,
2016) while block students from year 3 and 4 would have
been further distanced from their formal education in this

topic. Formal education however, does not encompass all of
the learning opportunities for medical trainees. This is dem-
onstrated by block curriculum students who had much
greater exposure to patients with acute phase concussion
(block: 47%, spiral: 14%, X2

1, 148 = 19.27, p < 0.001) and
post-concussion syndrome (block: 37%, spiral: 19%, X2

1, 148

= 5.91, p= 0.015), and is consistent with differences in

Table 2 Knowledge of Concussion (Continued)
Question Answer Spiral Curriculum

(% correct)
Block Curriculum
(% correct)

p-value

concussion?
Select all that apply.

physician

B. A concussed player cannot return to play in the
same game or practice if examined by a physician

B. 60.3 B. 41.4 B. 0.835

C. A stepwise increase in exercise and activity
if symptomatic

C. 67.9 C. 77.1 C. 0.212

D. Physical rest is always recommended after
a concussion

D. 93.6 D. 84.3 D. 0.069

E. Mental rest is always recommended after
a concussion

E. 92.3 E. 87.1 E. 0.299

F. Signs and symptoms should be monitored
for increasing severity

F. 92.3 F. 91.4 F. 0.845

G. Full neurological exam at initial assessment
is recommended

G. 50 G. 82.9 G. < 0.001*

H. The standard mini mental status exam at initial
assessment is an adequate cognitive test for
concussion

H. 53.8 H. 14.3 H. <
0.001*

I. MRI of the brain is mandatory I. 0 I. 1.4 I. 0.473a

J. CT of the brain is mandatory J. 7.7 J. 4.3 J. 0.500a

What are some “red flags” that may predict
the potential for more prolonged symptoms
and may influence your investigation and
management of concussion? Select all
that apply

A. Nose bleed A. 16.7 A. 25.7 A. 0.177

B. Prolonged loss of consciousness B. 98.7 B. 94.3 B. 0.189a

C. Number and duration of symptoms C. 88.5 C. 92.9 C. 0.362

D. Age D. 93.6 D. 81.4 D. 0.024*

E. Repeated concussions occurring with
progressively less impact force

E. 79.5 E. 85.7 E. 0.229

F. Slower recovery after each successive
concussion

F. 85.9 F. 91.4 F. 0.292

G. Repeated concussions over time G. 92.3 G. 90 G. 0.620

H. Concussions close together in time H. 88.5 H. 90 H. 0.763

I. Being hit on the left side of the head I. 2.6 I. 7.1 I. 0.256a

What are the long-term consequences of
repetitive concussive injury?
Select all that apply.

A. Dementia A. 89.7 A. 65.7 A. < 0.001*

B. Depression B. 87.2 B. 91.4 B. 0.406

C. Headaches C. 85.9 C. 87.1 C. 825

D. Increased risk of hemorrhagic stroke D. 29.5 D. 28.6 D. 0.902

E. Death or disability with second concussion
before recovery from a first concussion

E. 79.5 E. 57.1 E. 0.003*

F. Increased risk of schizophrenia F. 20.5 F. 17.1 F. 0.601

G. Prolonged fatigue G. 59 G. 65.7 G. 0.399

H. Impairment of concentration and memory H. 85.9 H. 87.1 H. 0.825

I. Parkinsonism I. 47.4 I. 17.1 I. < 0.001*

J. Chronic traumatic encephalopathy J. 73.1 J. 50 J. 0.004*

P values determined with chi-square test. *Indicates significant results. Correct answers in boldface.
aIn samples where the expected frequencies were < 5, Fisher’s Exact Test was used
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cumulative clinical exposure between groups. The additional
clinical exposure for the advanced block trainees likely off-
sets a portion of the additional seminar hours for the spiral
trainees resulting in a less disparate total exposure between
groups.

Desire versus knowledge
When asked to self-rank their knowledge of concussion
on a scale of 1 (inadequate) – 100 (completely adequate),
Spiral students scored 41 ± 22.9 while Block students
scored 43 ± 19.4 (Table 3). This was not statistically
significant as determined by a Mann-Whitney U test
(U = 2863, z = 0.511, p = 0.609). Similarly, when asked to
rank their desire to learn more about concussions on a
scale of 1–100, from Not at All to Very Much, students
ranked 75.3 ± 24 and 75.3 ± 18.4 for the Spiral and Block
curriculums, respectively (U = 2778.5, z = 0.187, p = 0.852)
(Table 3). Both groups identified textbooks and the web-
site Up-to-Date as the resources most likely employed for
finding more information.

Discussion
This preliminary study aimed to compare students
training within a block curriculum to students within a
spiral curriculum with respect to their knowledge of
diagnosing and managing concussion. The vast majority
of students were able to correctly identify the definition
of concussion, the most common concussion symp-
toms, and appropriate management steps indicating
both curricular structures have merit. The study results
however, demonstrated several relative advantages of the
spiral curriculum, including augmented formal exposure
to concussions and filling knowledge gaps related to injury
mechanisms and potential long-term consequences (Table
2) despite substantially less clinical exposure.
Though the results of this preliminary study suggest

a number of positive signs regarding concussion edu-
cation within a single Canadian medical school (UBC),
areas for improvement were also identified. In studies
on which the current survey was based, Boggild and
Tator (2012) and Donaworth (2016) found specific
misconceptions around long-term consequences of
concussions with half of the medical trainees not
recognizing CTE or second impact syndrome as possi-
bilities. While students from the block curriculum

followed this trend with only 50% recognizing CTE
and 43% recognizing Second Impact Syndrome as
long-term outcomes, 73 and 80% of spiral curriculum
students recognized CTE and Second Impact Syn-
drome, respectively. Prolonged fatigue was poorly rec-
ognized by both groups however (block: 55%; spiral:
66%, X2

1, 148 = 0.71, p = 0.399), at rates only slightly
higher than previous studies (43.8%) [11]. Similarly,
Parkinsonism was poorly recognized in our sample (block:
66%; spiral: 59%, X2

1, 148 = 14.87, p < 0.001), but at a rate
appreciably higher than reported in Donaworth’s results
(29.3%) [11]. It is possible this may be influenced by re-
cent media attention on concussions, including
Muhammad Ali’s journey with Parkinson’s Disease that
preceded his recent passing. Of note, 22% of all stu-
dents did not report, “every concussed individual
should see a physician”. Similar to the 24% of incorrect
responses from Boggild and Tator’s (2012) study, this
may reflect a troubling idea that medical professionals
do not believe concussions represent sufficiently ser-
ious injury to warrant medical attention.
It is important to note this survey identified a distinct

lack of understanding of the diagnostic criteria for a con-
cussion. Over half of the students from both block and
spiral curricula were unaware concussions may be diag-
nosed with only one symptom and that “less than 1/3 of
all concussion involve loss of consciousness”. Concussion
remains a clinical diagnosis, and physicians need to have
the knowledge and awareness of concussion to enable ap-
propriate diagnosis and subsequent management of such
patients, including mitigation of post-concussive sequelae
[22]. Positive findings on any subjective symptoms, phys-
ical signs, behavioural changes, cognitive impairment, or
sleep disturbances should prompt concussion to be con-
sidered in a differential diagnosis, and appropriate man-
agement steps should subsequently be taken [19]. Medical
students in the current study understood neuroimaging
typically does not add to the assessment of concussion,
unless intracerebral or structural lesions are suspected on
clinical grounds [19]. These scenarios would be associated
with further “red flag” symptoms such as prolonged loss
of consciousness or focal neurological deficit, of which the
majority of students were well aware [19].
Although students in the spiral curriculum only had

one year of medical training at the time of this study, they

Table 3 Self-ranking of concussion knowledge and desire to learn

Question Spiral Curriculum
Mean ± SD

Block Curriculum
Mean ± SD

p-value

How would you self-rank your knowledge about
concussions? (average)

41 ± 22.9 43 ± 19.4 0.609

Are concussions something you want to learn more
about as part of your medical curriculum? (average)

75.3 ± 24.4 75.3 ± 18.4 0.852

P values determined with Mann-Whitney U test
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performed better than those in the block curriculum in
identifying the mechanism of injury and potential long-
term sequelae of concussion. This is in the context of
more formal but less clinical exposure time though stu-
dents in both academic learning environments likely had
similar overall exposure time to gain knowledge about
concussions. These findings support the evolution of
spiral curricula in which clinically relevant information is
integrated at an earlier point in training. While block cur-
riculum students were considerably more likely to have
seen a patient with acute concussion (block: 47%, spiral:
14%, X2

1, 148 = 19.28, p < 0.001) or post-concussive symp-
toms (block: 37%, spiral: 19%, X2

1, 148 = 5.91, p = 0.015),
this can be attributed to the additional clinical training in
years 3 and 4 of the MD program. This difference may
also explain why those in the block curriculum, who had
more frequently participated in the care of concussion
patients, had a better understanding that concussion
evaluation requires a full neurological exam at initial
assessment (block: 82.9%, spiral: 50%, X2

1, 148 = 5.91,
p < 0.001) and that a mini-mental status exam is in-
sufficient for such purposes (block: 14%, spiral: 54%,
p < 0.001). We are also optimistic of even further pro-
gression of spiral student knowledge based on the
very nature of the spiral curriculum’s repeated exposure
to the same subject area at different time points in the
curriculum. An example includes the theory of dementia,
addressed at the end of year two in the spiral curriculum,
of which prior concussion may be a risk factor.
Brauer et al. have recommended the spiral approach as

an ideal curriculum model for enhancing the knowledge
base of medical trainees [1, 4]. Within UBC’s evolution-
ary approach, basic clinical presentations follow a nat-
ural progression towards more complex patient profiles
across the educational pipeline [14]. Just as previous
studies determined modest superiority of the integrated
PBL model over traditional curricula [8], our study has
found that further increasing basic and clinical science
integration, in this case through a spiral curriculum,
allowed students to perform just as well and sometimes
better than students in the block curriculum. Although
this study focuses on the topic of concussion education,
it is likely the same principles would be of value if ap-
plied to other prominent conditions or topics within
medical education.
Many of the concerns that prompted the development

of the PBL curriculum in medical schools are still echoed
today and related student-centered interventions certainly
have their skeptics [23, 24]. Similar to the changes toward
PBL, the spiral curriculum style has several disadvantages
and it is important to also acknowledge that creating a
spiral curriculum can be time consuming and resource-in-
tensive with logistical challenges that include synchronous
presentation of material, detailed mapping of content, and

preservation of the basic sciences [1]. While not the
focus of this paper, there are many publications avail-
able reviewing integrated curricular projects discussing
challenges and opportunities [1, 14, 25, 26].
This study has clear limitations; data were collected

from a single institution and may not be generalizable to
all medical schools. With a 13% response rate, a poten-
tial response bias may exist, whereby students who felt
they knew more about concussion or those who were
displeased with the amount of education they were re-
ceiving may have been more inclined to complete the
survey. However, no statistically significant differences
were found between early and late respondents, suggest-
ing the conclusions drawn from the data have not been
substantially impacted by nonresponse bias [19]. In
addition, this was not a strict exam setting and it is pos-
sible that student’s may have looked up answers. We be-
lieve this is unlikely since there was no incentive for
correct answers and no marks given at the end of the
survey. Finally, the timing of this study within each cur-
riculum is an important methodological issue. If the
block students were exposed to concussion long before
the spiral students these results may have been ex-
plained by the advantage of having more recent expos-
ure to the topic. However, both spiral and 2nd year
block curriculum addressed the topic of concussion at
the same time of year and 3rd and 4th year block stu-
dents had considerably more clinical exposure to con-
cussion, an advantage over the spiral students, making it
unlikely that any advantage of recent knowledge exists
for the spiral cohort. We recognize that the spiral cur-
riculum received additional formal exposure to the ma-
terial and this may have impacted the results, but again
the block curriculum students had significantly more
clinical exposure to balance this out. It could also be ar-
gued that we do not have a true picture of the long-term
effect of either the block or the spiral curriculum and
that differences may be more or less apparent at a later
stage in their careers. In the future, this study will be ex-
panded with both cohorts in their final year to confirm
the current findings. It would also be of value to study
comparative questions in exam banks completed under
formal exam settings to look for difference between co-
horts. Future studies are warranted to evaluate student
perceptions of their training and readiness for practice
as well as if the spiral curriculum continues to be effect-
ive in remedying the reported gaps in medical trainee
knowledge with respect to concussions and other clinical
disorders, with the overall goal of determining whether
changes in curricula translate into better patient care.

Conclusions
Many medical schools are redesigning their programs
creating a meaningful opportunity for the integration of
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education and more research into the pros and cons of a
spiral curriculum. The findings from this study suggest
that the spiral curriculum design, which emphasizes, inte-
grates, and contextualizes clinical competencies, performs
at least as well as the block curriculum of distinct courses
on body systems with respect to one clinical topic; how-
ever, how this learning model applies to other topics has
yet to be elucidated. At least in a preliminary manner, the
spiral curriculum has the potential to promote a strong
understanding and retention of knowledge in highly
prevalent conditions such as concussion.
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