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Abstract
Background: Smartphone technology is ubiquitous throughout neurologic practices, and numerous apps relevant to a neurologist’s
clinical practice are now available. Data from other medical specialties suggest high utilization of smartphones in routine clinical
care. However, the ways in which these devices are used by neurologists for patient care–related activities are not well defined.
Objective: This paper aims to characterize current patterns of smartphone use and perceptions of the utility of smartphones for
patient care–related activities among academic neurology trainees and attending physicians. We also seek to characterize areas
of need for future app development.
Methods: We developed a 31-item electronic questionnaire to address these questions and invited neurology trainees and
attendings of all residency programs based in the United States to participate. We summarized descriptive statistics for respondents
and specifically compared responses between trainees and attending physicians.
Results: We received 213 responses, including 112 trainee and 87 attending neurologist responses. Neurology trainees reported
more frequent use of their smartphone for patient care–related activities than attending neurologists (several times per day: 84/112,
75.0% of trainees; 52/87, 59.8% of attendings; P=.03). The most frequently reported activities were internet use, calendar use,
communication with other physicians, personal education, and health care–specific app use. Both groups also reported regular
smartphone use for the physical examination, with trainees again reporting more frequent usage compared with attendings (more
than once per week: 35/96, 36.5% of trainees; 8/58, 13.8% of attendings; P=.03). Respondents used their devices most commonly
for the vision, cranial nerve, and language portions of the neurologic examination. The majority of respondents in both groups
reported their smartphones as “very useful” or “essential” for the completion of patient care–related activities (81/108, 75.0% of
trainees; 50/83, 60.2% of attendings; P=.12). Neurology trainees reported a greater likelihood of using their smartphones in the
future than attending neurologists (“very likely”: 73/102, 71.6% of trainees; 40/82, 48.8% of attendings; P=.005). The groups
differed in their frequencies of device usage for specific patient care–related activities, with trainees reporting higher usage for
most activities. Despite high levels of use, only 12 of 184 (6.5%) respondents reported ever having had any training on how to
use their device for clinical care. Regarding future app development, respondents rated vision, language, mental status, and cranial
nerve testing as potentially being the most useful to aid in the performance of the neurologic examination.
Conclusions: Smartphones are used frequently and are subjectively perceived to be highly useful by academic neurologists.
Trainees tended to use their devices more frequently than attendings. Our results suggest specific avenues for future technological
development to improve smartphone use for patient care–related activities. They also suggest an unmet need for education on
effectively using smartphone technology for clinical care.
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Introduction
Smartphones are a ubiquitous presence on hospital wards.
Ownership among physicians is nearly universal [1-8], with
most regularly using their devices for phone calls, texting, email,
and internet [4,6]. Rising rates of usage among physicians have
been paralleled by a proliferation of health care–specific
smartphone apps. These are generally rated as useful for clinical
practice, especially for providing quick access to references and
clinical score calculators [1,3-6]. As smartphone technology
improves, clinical uses for these devices continue to expand.
An increasing number of these devices are being used in creative
ways to directly augment and improve bedside patient diagnosis
and care. Smartphones can be used for vital signs [9], telemetry
monitoring [10], ambulatory electroencephalography (EEG)
[11], and even as portable ultrasounds [12], otoscopes [13], and
ophthalmoscopes [14].
There are now many neurology-specific smartphone apps, with
an emphasis on everything from anatomy to localization,
reference materials, education, and documentation [15]. Mobile
photo and video capture capabilities can help characterize
intermittent symptoms such as seizures [16,17] or allow for
remote telemedicine evaluation of acute stroke [18]. For patient
monitoring in the home environment, there are symptom trackers
(eg, headache diaries [19]) and apps to track functional
impairments related to Parkinson disease [20], multiple sclerosis
[21], and dementia [22,23]. To assist at the bedside, smartphone
apps can now be found to evaluate everything from visual
function [24,25] to tremors [26], gait speed [27], joint range of
motion [28-30], and spinal deformities [31]. Despite the promise
of smartphone technology, little is known about the current use
of smartphones by neurologists in patient care or about areas
of need to guide future app development. Therefore, we designed
a survey to characterize current practice patterns of smartphone
use among attending academic neurologists and neurology
trainees. We also sought to identify parts of the neurologic
examination that neurologists find to be most in need of
adjunctive technological innovations.

Methods
The study was approved by the Johns Hopkins University School
of Medicine Institutional Review Board. An initial draft
questionnaire was developed by the authors and was
subsequently refined and validated through 2 focus groups
consisting of a total of 4 residents and 3 attendings from the
Department of Neurology at the Johns Hopkins University
School of Medicine. Focus group participants provided direct
oral and written feedback regarding the questionnaire length
and subject areas, as well as the clarity, response options, and
relevance of items in the questionnaire about their experience
using smartphones. Patient care–related activities were clarified
to include “communication with or about patients, clinical
documentation, physical examination, accessing clinical or
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reference information, and healthcare specific mobile
applications.” The final questionnaire was distributed
electronically using Qualtrics software.
A letter with an anonymous link to the final 31-item
questionnaire was emailed to all program directors and
coordinators of academic neurology residency training programs
(154 programs in total) in the United States in the spring of
2018. Follow-up reminder emails were sent 1 and 2 months
later, and data collection was closed 3 months after the initial
invitation. We did not solicit or receive feedback from programs
about whether they had distributed the survey to physicians at
their program, and as a result, we were unable to calculate a
complete response rate for the questionnaire. On the first page
of the questionnaire, participants were told the purpose of the
survey and the estimated length of time to complete the survey
(10 minutes) and were informed that participation was
completely voluntary and that participation in the survey would
serve as consent to have responses included in the study.
Respondents could leave questionnaire items incomplete. No
personal or identifying data were collected or stored about
respondents. We did not collect information about the
institutions to which respondents belonged nor did we attempt
to validate self-reported usage data with data logs from
respondents’ smartphones.
Data were analyzed using MATLAB (MathWorks) and R (R
Foundation for Statistical Computing). Questionnaires with
incomplete data were included in the analysis. Results are
presented with the total number of respondents for each
questionnaire item. Primary analysis was done with chi-square
tests. When expected counts were low (<5), response categories
were binned. When response categories could not be logically
binned, a Fisher exact test was used. A threshold for statistical
significance of 0.05 was used. Follow-up 2 × 2 contingency
tables were created for post hoc testing of individual response
categories with Bonferroni correction. For matrix table items
with Likert-type scales, data were compared using the Wilcoxon
rank sum test with Bonferroni correction.

Results
A total of 213 neurologists responded to the questionnaire, all
of whom owned smartphones. We estimate our response rate
was about 4% for trainees, based on 112 trainee responses and
a total of 2797 neurology residents and fellows in 2018 [32].
Demographics are presented in Table 1. Overall, smartphone
use for patient care–related activities was high. The majority of
respondents reported using their smartphone several times per
day, with trainees reporting more frequent usage (84/112, 75.0%
of trainees and 52/87, 59.8% of attending physicians; P=.03)
and longer duration of use per day (median of 31-50 minutes
for trainees and 11-30 minutes for attending physicians; P=.02)
(Table 2). A variety of specific patient care–related activities
for which respondents used their devices were surveyed, with
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the most frequently reported activities being internet use,
calendar use, communication with other physicians, personal
education, and health care–specific app use (Figure 1). Trainees
reported greater smartphone usage patterns for most activities.

The specific mobile apps used by each group are summarized
in Figure 1. The majority of respondents in both groups reported
that their smartphones were “very useful” or “essential” for the
completion of patient care activities (Table 2).

Table 1. Demographics of survey respondents.
Characteristics

All

Attending

Trainee

P value

Sex (female), n/N (%)

93/199 (46.7)

37/87 (42.5)

56/112 (50.0)

.36

Age (years), median

30-34

40-49

30-34

<.001

<30, n/N (%)a

36/198 (18.2)

1/87 (1.1)

35/111 (31.5)

30-34, n/N (%)a

66/198 (33.3)

6/87 (6.9)

60/111 (54.1)

35-39, n/N (%)

32/198 (16.2)

17/87 (19.5)

15/111 (13.5)

29/198 (14.6)

29/87 (33.3)

0/111 (0.0)

50-59, n/N (%)a

15/198 (7.6)

14/87 (16.1)

1/111 (0.9)

>60, n/N (%)a

20/198 (10.1)

20/87 (23.0)

0/111 (0.0)

PGYb, median

N/Ac

N/A

3

N/A

Years in practice, median

N/A

14

N/A

N/A

40-49, n/N (%)

a

a

Individual response category was found to be significant upon post hoc testing with Bonferroni correction.

b

PGY: postgraduate year.

c

N/A: not applicable.

Respondents were also surveyed regarding current usage of
their devices as an aid to the performance of the neurologic
examination. Most respondents said they had used their
smartphone as an aid to the examination, with more trainees
having done so compared to attending physicians (97/108,
89.8% trainees vs 58/83, 69.9% attending physicians; P<.001)
(Table 2). Frequency of smartphone usage as an aid to the
neurologic examination was lower than for overall use, with a
median response in both groups of “2-3 times a month.”
Respondents used their devices most commonly for the vision,
cranial nerve, and language portions of the neurologic
examination, with trainees reporting more frequent usage
compared with attending physicians (Figure 2). The specific
smartphone functions most frequently used are summarized in
Figure 2. Very few respondents reported having ever received
any instruction in the use of a smartphone as an aid to the
neurologic examination (Table 2).
Finally, respondents were asked about their expectations
regarding future smartphone use. The majority of respondents
reported a high likelihood (“likely” or “very likely”) of using
their devices for patient care–related activities in the future,
with trainees reporting higher likelihood (P=.005) (Table 2).
Subjective likelihood of future device use as an aid to the
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neurologic examination was also high, with trainees reporting
greater likelihoods (median response for trainees was “likely”
vs “somewhat likely” for attending physicians; P=.05) (Table
2). When asked to imagine that a new mobile app was developed
to aid in the performance of the neurologic examination,
respondents reported the greatest potential utility for apps
enhancing vision, language, and mental status testing (Figure
3). Respondents almost universally expected future use of their
devices to be at similar or greater levels than current usage
(Table 2).
Given that we found several differences between attending
physicians and trainees, we wondered how much of this effect
could have been driven by age rather than training status.
Therefore, we conducted a subgroup analysis for respondents
in the age range with the greatest overlap between attending
physicians and trainees (35-39 years). In this age range, we did
not find any significant differences between groups for any of
the items reported in Table 2. While our study is not sufficiently
powered for this type of subgroup analysis, these results do
suggest that differences between trainees and attending
physicians may be attributable to age rather than training status
per se.
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Table 2. Patterns of current smartphone usage and predicted future usage.
Usage

All

Attending

Trainee

P value

Frequency of use, median

Several times a day

Several times a day

Several times a day

.03

Once a week or less, n/N (%)

18/199 (9.0)

13/87 (14.9)

5/112 (4.5)

2-3 times a week, n/N (%)

19/199 (9.5)

11/87 (12.6)

8/112 (7.1)

Once or twice a day, n/N (%)

26/199 (13.1)

11/87 (12.6)

15/112 (13.4)

Several times a day, n/N (%)

136/199 (68.3)

52/87 (59.8)

84/112 (75.0)

11-30 min

11-30 min

31-50 min

<10, n/N (%)a

34/199 (17.1)

22/87 (25.3)

12/112 (10.7)

11-30, n/N (%)

69/199 (34.7)

32/87 (36.8)

37/112 (33.0)

31-50, n/N (%)

29/199 (14.6)

11/87 (12.6)

18/112 (16.1)

>50, n/N (%)

67/199 (33.7)

22/87 (25.3)

45/112 (40.2)

<5

<5

<5

<5, n/N (%)a

121/198 (61.1)

62/86 (72.1)

59/112 (52.7)

6-10, n/N (%)a

50/198 (25.3)

13/86 (15.1)

37/112 (33.0)

11-15, n/N (%)

15/198 (7.6)

6/86 (7.0)

9/112 (8.0)

>15, n/N (%)

12/198 (6.1)

5/86 (5.8)

7/112 (6.3)

Ever used for examination (yes), n/N (%)

155/191 (81.2)

58/83 (69.9)

97/108 (89.8)

<.001

Frequency of use for examination, median

2-3 times a month

2-3 times a month

2-3 times a month

.03

Less than once a month, n/N (%)

40/154 (26.0)

18/58 (31.0)

22/96 (22.9)

Once a month, n/N (%)

19/154 (12.3)

8/58 (13.8)

11/96 (11.5)

2-3 times a month, n/N (%)

32/154 (20.8)

13/58 (22.4)

19/96 (19.8)

Once a week, n/N (%)

20/154 (13.0)

11/58 (19.0)

9/96 (9.4)

2-3 times a week, n/N (%)

27/154 (17.5)

7/58 (12.1)

20/96 (20.8)

Daily, n/N (%)

16/154 (10.4)

1/58 (1.7)

15/96 (15.6)

Very useful

Very useful

Very useful

Not useful at all, n/N (%)

12/191 (6.3)

8/83 (9.6)

4/108 (3.7)

Minimally useful, n/N (%)

48/191 (25.1)

25/83 (30.1)

23/108 (21.3)

Very useful, n/N (%)

85/191 (44.5)

34/83 (41.0)

51/108 (47.2)

Essential, n/N (%)

46/191 (24.1)

16/83 (19.3)

30/108 (27.8)

Ever received instruction (yes), n/N (%)

12/184 (6.5)

2/82 (2.4)

10/102 (9.8)

.09

Likelihood of future use, median

Very likely

Likely

Very likely

.005

Very unlikely, n/N (%)

2/184 (1.1)

2/82 (2.4)

0/102 (0.0)

Unlikely, n/N (%)

1/184 (0.5)

1/82 (1.2)

0/102 (0.0)

Somewhat unlikely, n/N (%)

3/184 (1.6)

3/82 (3.7)

0/102 (0.0)

Undecided, n/N (%)

9/184 (4.9)

7/82 (8.5)

2/102 (2.0)

Somewhat likely, n/N (%)

14/184 (7.6)

8/82 (9.8)

6/102 (5.9)

Likely, n/N (%)

42/184 (22.8)

21/82 (25.6)

21/102 (20.6)

Very likely, n/N (%)

113/184 (61.4)

40/82 (48.8)

73/102 (71.6)

Likely

Somewhat likely

Likely

Very unlikely, n/N (%)

8/184 (4.3)

6/82 (7.3)

2/102 (2.0)

Unlikely, n/N (%)

6/184 (3.3)

4/82 (4.9)

2/102 (2.0)

Somewhat unlikely, n/N (%)

9/184 (4.9)

7/82 (8.5)

2/102 (2.0)

Duration of use (min), median

Number of apps, median

Usefulness, median

Likelihood of future use for examination, median
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.03

.12

.05
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Usage

All

Attending

Trainee

Undecided, n/N (%)

25/184 (13.6)

14/82 (17.1)

11/102 (10.8)

Somewhat likely, n/N (%)

27/184 (14.7)

11/82 (13.4)

16/102 (15.7)

Likely, n/N (%)

44/184 (23.9)

17/82 (20.7)

27/102 (26.5)

Very likely, n/N (%)

65/184 (35.3)

23/82 (28.0)

42/102 (41.2)

More

More

Same or more

Never, n/N (%)

2/184 (1.1)

1/82 (1.2)

1/102 (1.0)

Less than current usage, n/N (%)

1/184 (0.5)

0/82 (0.0)

1/102 (1.0)

The same as current usage, n/N (%)

80/184 (43.5)

31/82 (37.8)

49/102 (48.0)

More than current usage, n/N (%)

101/184 (54.9)

50/82 (61.0)

51/102 (50.0)

Frequency of future use, median

a

Zeiger et al
P value

.37

Individual response category was found to be significant upon post hoc testing with Bonferroni correction.

Figure 1. Frequency of smartphone and mobile app use. (A) Respondents were asked, “How frequently do you use your smartphone and/or tablet for
the following patient care related activities?” (B) Respondents were asked, “How frequently do you use the following types of mobile applications?”
A: attending physicians; T: trainees. *Significantly greater usage for the indicated group compared with the other, with Bonferroni adjusted P<.05.
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Figure 2. Frequency of smartphone use for the examination. (A) Respondents were asked, “How frequently do you utilize your smartphone and/or
tablet for the following parts of the neurologic examination?” (B) Respondents were asked, “How frequently do you use your smartphone and/or tablet
for each of the following functions when performing the physical examination?” A: attending physicians; OKN: optokinetic nystagmus; T: trainees.
*Significantly greater usage for the indicated group compared with the other, with Bonferroni adjusted P<.05.
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Figure 3. Perceived utility of potential new smartphone apps. Respondents were asked, “Imagine that a new mobile application was developed to aid
in the performance of the neurologic examination. Please rank how useful it would be to have an application that could enhance the performance of
each area of testing listed below.” A: attending physicians; T: trainees. *Significantly greater usage for the indicated group compared with the other,
with Bonferroni adjusted P<.05.

Discussion
As smartphone technologies improve, neurologists frequently
use their mobile devices for patient care–related activities.
Standard items from the neurologist’s tool kit, such as a
wristwatch and penlight, can easily be replaced with basic
smartphone functionalities. Apps supplanting more advanced
testing are rapidly being incorporated as well, including apps
for visual acuity and color vision testing [24,25], tremor analysis
[26], ophthalmoscopy [14], cognitive testing [23], and EEG
[11]. Our results, which demonstrate ubiquitous and frequent
usage of smartphones by neurologists, are in broad agreement
with data across other specialties. For example, a 2011 survey
distributed to all residents, fellows, and attending physicians
participating in Accreditation Council for Graduate Medical
Education training programs found that 85% of respondents
owned smartphones and 56% used apps in their clinical practice
[1]. Similar or greater usage has been found among residents
in internal medicine [4,6], pediatrics [2], neurosurgery [7],
obstetrics [8], urology [5], and radiation oncology [3] training
programs, both in the United States and abroad. We found that
the majority of neurologists use their devices for patient
care–related activities several times per day, including for
communication, educational activities, and health care–specific
apps, as well as at the bedside as an aid in the performance of
the physical examination. Smartphones were used for multiple
portions of the neurologic examination, most commonly for
vision, cranial nerve, language, and mental status testing.
These practice patterns are unlikely to be transient, as most
respondents in this study predicted high likelihood of future
smartphone use, including as an aid to the neurologic
examination. We anticipate that the use of smartphone apps in
neurologic practice will continue to grow, as trainees use their
devices more frequently than attending physicians across a range
of smartphone apps and functions. Indeed, neurology trainees
tended to use their devices more frequently both for general
patient care–related activities and as an aid to the performance
http://mhealth.jmir.org/2020/12/e22792/
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of the physical examination. These trends held true when
examining specific smartphone apps and functions, with trainees
tending to report higher usage for most categories, with the
exception of communication with patients. Trainees also
reported higher likelihood of future use, though subjective
usefulness was similar between trainees and attending
physicians. Although not powered for a subgroup analysis,
responses were similar between trainees and attending
physicians aged 35 to 39 years. This suggests that age may be
a significant factor in the overall differences between these
groups, with younger neurologists using their devices more,
which further emphasizes the likelihood that smartphone use
in neurologic practice will continue to grow.
In addition to changes driven by the demographics of
neurologists entering the workforce, we expect other factors
may increase reliance on smartphone technologies for patient
care. The SARS-CoV-2 pandemic has led to a dramatically
increased reliance by neurologists on telehealth technologies
for remote care delivery [33]. As telehealth grows as a method
of care delivery, there will be an increasing need for apps that
neurologists and their patients can use to augment their
telehealth encounter. Although conducted prior to the pandemic,
this survey provides end user insight into areas of need that may
guide smartphone app development for neurologic telehealth
care. Smartphone apps that augment in-person vision, language,
and mental status testing could also be designed for patients to
use on their own devices during a telehealth visit, bringing the
examination tool kit from the clinic to the patient.
Although a large majority of neurologists use their devices,
almost none have had any education on how to do so effectively
for clinical practice. The development of such a curriculum
could have several benefits, including greater use, increased
efficiency, expanded access, improved subjective utility, and
potentially, encouragement to spur the next generation of app
development. On the other hand, such a curriculum could
address mitigation of the negative effects of smartphones, such
as impaired sleep [34], distractibility [35,36], burnout [37], and
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 12 | e22792 | p. 7
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confidentiality issues [38]. Education should also help
physicians vet mobile technologies for incorporation into their
practice, as the validity of smartphone apps for patient care is
not always well established. Highlighting this fact, a recent
review of apps related to emergency medicine found only a
small percentage of apps to be clinically relevant [39]. Indeed,
most apps and functionalities available today have not yet been
well studied. The US Food and Drug Administration has recently
recognized the unique challenges posed by mobile medical apps
and has begun issuing policy guidance for manufacturers and
distributors of these apps [40,41]. However, a comprehensive
framework allowing patients and providers to easily evaluate
mobile medical apps remains lacking [42].
This study was limited in several ways. The questionnaire was
distributed to academic neurology training programs, so these
findings may not be generalizable to private practice or
nonacademic hospital settings. Participation was voluntary and
our sample may have been biased toward neurologists with an
interest in technology, who might have been more likely to
respond to the questionnaire. All respondents were active
smartphone users, and this might have resulted in an

Zeiger et al
overestimation of the frequency of use or subjective usefulness,
though based on our own experience, this seems unlikely. In
addition, all smartphone use data were self-reported, and we
did not validate these with objective data use logs. Finally,
although our total number of respondents was large, our overall
response rate was likely low. Given a total of 2797 neurology
residents and fellows in 2018 [32] and 112 trainee respondents,
we estimate that our response rate was approximately 4% for
trainees.
In summary, smartphones are a valuable tool in academic
neurology not only for communication but also for education
and practice. These devices now feature in the neurologist’s
equipment bag alongside the reflex hammer and tuning fork.
Smartphone-owning neurologists expect to continue using their
devices in the future. There is opportunity for further refinement
of these devices for neurologic practice, limited only by our
creativity in the use of features and the development of
associated tools, scales, and apps. We anticipate that these
ubiquitous handheld devices will in time prove invaluable to
the diagnosis and treatment of patients with neurologic disease.

Acknowledgments
The authors received no funding for this study and have no relevant financial disclosures to report.

Authors' Contributions
WZ contributed to the study conception, design, and data acquisition and analysis and drafted and revised the manuscript. SD
contributed to the study design and data acquisition and revised the manuscript. JP contributed to the study conception, design,
data acquisition, and analysis and revised the manuscript.

Conflicts of Interest
None declared.

References
1.
2.
3.

4.
5.
6.
7.

8.
9.

Franko OI, Tirrell TF. Smartphone app use among medical providers in ACGME training programs. J Med Syst 2012
Oct;36(5):3135-3139. [doi: 10.1007/s10916-011-9798-7] [Medline: 22052129]
Katz-Sidlow RJ, Ludwig A, Miller S, Sidlow R. Smartphone use during inpatient attending rounds: prevalence, patterns
and potential for distraction. J Hosp Med 2012 Oct;7(8):595-599. [doi: 10.1002/jhm.1950] [Medline: 22744793]
Bibault J, Leroy T, Blanchard P, Biau J, Cervellera M, Diaz O, et al. Mobile technology and social media in the clinical
practice of young radiation oncologists: results of a comprehensive nationwide cross-sectional study. Int J Radiat Oncol
Biol Phys 2014 Sep 01;90(1):231-237. [doi: 10.1016/j.ijrobp.2014.05.012] [Medline: 24986747]
Johnson AC, El Hajj SC, Perret JN, Caffery TS, Jones GN, Musso MW. Smartphones in medicine: emerging practices in
an academic medical center. J Med Syst 2015 Jan;39(1):164. [doi: 10.1007/s10916-014-0164-4] [Medline: 25526706]
Nason GJ, Burke MJ, Aslam A, Kelly ME, Akram CM, Giri SK, et al. The use of smartphone applications by urology
trainees. Surgeon 2015 Oct;13(5):263-266. [doi: 10.1016/j.surge.2014.06.008] [Medline: 25199700]
O'Connor P, Byrne D, Butt M, Offiah G, Lydon S, Mc Inerney K, et al. Interns and their smartphones: use for clinical
practice. Postgrad Med J 2014 Feb;90(1060):75-79. [doi: 10.1136/postgradmedj-2013-131930] [Medline: 24243966]
Bergeron D, Iorio-Morin C, Bigder M, Dakson A, Eagles ME, Elliott CA, Canadian Neurosurgery Research Collaborative.
Mobile Applications in Neurosurgery: A Systematic Review, Quality Audit, and Survey of Canadian Neurosurgery Residents.
World Neurosurg 2019 Jul;127:e1026-e1038. [doi: 10.1016/j.wneu.2019.04.035] [Medline: 30980978]
Perry R, Burns RM, Simon R, Youm J. Mobile Application Use Among Obstetrics and Gynecology Residents. J Grad Med
Educ 2017 Oct;9(5):611-615 [FREE Full text] [doi: 10.4300/JGME-D-17-00163.1] [Medline: 29075382]
Scully CG, Lee J, Meyer J, Gorbach AM, Granquist-Fraser D, Mendelson Y, et al. Physiological parameter monitoring
from optical recordings with a mobile phone. IEEE Trans Biomed Eng 2012 Feb;59(2):303-306 [FREE Full text] [doi:
10.1109/TBME.2011.2163157] [Medline: 21803676]

http://mhealth.jmir.org/2020/12/e22792/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 12 | e22792 | p. 8
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
10.

11.

12.
13.

14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

24.
25.
26.

27.

28.

29.
30.
31.
32.

Treskes RW, Gielen W, Wermer MJ, Grauss RW, van Alem AP, Dehnavi RA, et al. Mobile phones in cryptogenic strOke
patients Bringing sIngle Lead ECGs for Atrial Fibrillation detection (MOBILE-AF): study protocol for a randomised
controlled trial. Trials 2017 Aug 29;18(1):402 [FREE Full text] [doi: 10.1186/s13063-017-2131-0] [Medline: 28851409]
McKenzie ED, Lim ASP, Leung ECW, Cole AJ, Lam AD, Eloyan A, et al. Validation of a smartphone-based EEG among
people with epilepsy: A prospective study. Sci Rep 2017 Apr 03;7:45567 [FREE Full text] [doi: 10.1038/srep45567]
[Medline: 28367974]
Mertz L. Ultrasound? Fetal monitoring? Spectrometer? There's an app for that!: biomedical smart phone apps are taking
healthcare by storm. IEEE Pulse 2012 Mar;3(2):16-21. [doi: 10.1109/MPUL.2011.2181019] [Medline: 22481741]
Moshtaghi O, Sahyouni R, Haidar YM, Huang M, Moshtaghi A, Ghavami Y, et al. Smartphone-Enabled Otoscopy in
Neurotology/Otology. Otolaryngol Head Neck Surg 2017 Mar;156(3):554-558. [doi: 10.1177/0194599816687740] [Medline:
28118550]
Russo A, Morescalchi F, Costagliola C, Delcassi L, Semeraro F. A Novel Device to Exploit the Smartphone Camera for
Fundus Photography. J Ophthalmol 2015;2015:823139 [FREE Full text] [doi: 10.1155/2015/823139] [Medline: 26137320]
Cohen AB, Nahed BV, Sheth KN. Mobile medical applications in neurology. Neurol Clin Pract 2013 Feb;3(1):52-60 [FREE
Full text] [doi: 10.1212/CPJ.0b013e318283ff4f] [Medline: 29406529]
Zeiler SR, Kaplan PW. Our digital world: camera phones and the diagnosis of a seizure. Lancet 2009 Jun 20;373(9681):2136.
[doi: 10.1016/S0140-6736(09)60304-4] [Medline: 19541039]
Tatum WO, Hirsch LJ, Gelfand MA, Acton EK, LaFrance WC, Duckrow RB, OSmartViE Investigators. Assessment of
the Predictive Value of Outpatient Smartphone Videos for Diagnosis of Epileptic Seizures. JAMA Neurol 2020 May
01;77(5):593-600. [doi: 10.1001/jamaneurol.2019.4785] [Medline: 31961382]
Demaerschalk BM, Vegunta S, Vargas BB, Wu Q, Channer DD, Hentz JG. Reliability of real-time video smartphone for
assessing National Institutes of Health Stroke Scale scores in acute stroke patients. Stroke 2012 Dec;43(12):3271-3277
[FREE Full text] [doi: 10.1161/STROKEAHA.112.669150] [Medline: 23160878]
Hundert AS, Huguet A, McGrath PJ, Stinson JN, Wheaton M. Commercially available mobile phone headache diary apps:
a systematic review. JMIR Mhealth Uhealth 2014;2(3):e36 [FREE Full text] [doi: 10.2196/mhealth.3452] [Medline:
25138438]
Zhan A, Mohan S, Tarolli C, Schneider RB, Adams JL, Sharma S, et al. Using Smartphones and Machine Learning to
Quantify Parkinson Disease Severity: The Mobile Parkinson Disease Score. JAMA Neurol 2018 Jul 01;75(7):876-880
[FREE Full text] [doi: 10.1001/jamaneurol.2018.0809] [Medline: 29582075]
Maillart E, Labauge P, Cohen M, Maarouf A, Vukusic S, Donzé C, et al. MSCopilot, a new multiple sclerosis self-assessment
digital solution: results of a comparative study versus standard tests. Eur J Neurol 2020 Mar;27(3):429-436. [doi:
10.1111/ene.14091] [Medline: 31538396]
Tung JY, Rose RV, Gammada E, Lam I, Roy EA, Black SE, et al. Measuring life space in older adults with mild-to-moderate
Alzheimer's disease using mobile phone GPS. Gerontology 2014;60(2):154-162. [doi: 10.1159/000355669] [Medline:
24356464]
Jongstra S, Wijsman LW, Cachucho R, Hoevenaar-Blom MP, Mooijaart SP, Richard E. Cognitive Testing in People at
Increased Risk of Dementia Using a Smartphone App: The iVitality Proof-of-Principle Study. JMIR Mhealth Uhealth 2017
May 25;5(5):e68 [FREE Full text] [doi: 10.2196/mhealth.6939] [Medline: 28546139]
Ozgur OK, Emborgo TS, Vieyra MB, Huselid RF, Banik R. Validity and Acceptance of Color Vision Testing on Smartphones.
J Neuroophthalmol 2018 Mar;38(1):13-16. [doi: 10.1097/WNO.0000000000000637] [Medline: 29438263]
O'Neill S, McAndrew DJ. The validity of visual acuity assessment using mobile technology devices in the primary care
setting. Aust Fam Physician 2016 Apr;45(4):212-215 [FREE Full text] [Medline: 27052139]
Daneault J, Carignan B, Codère C, Sadikot AF, Duval C. Using a smart phone as a standalone platform for detection and
monitoring of pathological tremors. Front Hum Neurosci 2012;6:357 [FREE Full text] [doi: 10.3389/fnhum.2012.00357]
[Medline: 23346053]
Carlson RH, Huebner DR, Hoarty CA, Whittington J, Haynatzki G, Balas MC, et al. Treadmill gait speeds correlate with
physical activity counts measured by cell phone accelerometers. Gait Posture 2012 Jun;36(2):241-248 [FREE Full text]
[doi: 10.1016/j.gaitpost.2012.02.025] [Medline: 22475727]
Quek J, Brauer SG, Treleaven J, Pua Y, Mentiplay B, Clark RA. Validity and intra-rater reliability of an android phone
application to measure cervical range-of-motion. J Neuroeng Rehabil 2014 Apr 17;11:65 [FREE Full text] [doi:
10.1186/1743-0003-11-65] [Medline: 24742001]
Kurillo G, Han JJ, Obdržálek S, Yan P, Abresch RT, Nicorici A, et al. Upper extremity reachable workspace evaluation
with Kinect. Stud Health Technol Inform 2013;184:247-253. [Medline: 23400165]
Williams CM, Caserta AJ, Haines TP. The TiltMeter app is a novel and accurate measurement tool for the weight bearing
lunge test. J Sci Med Sport 2013 Sep;16(5):392-395. [doi: 10.1016/j.jsams.2013.02.001] [Medline: 23491138]
Franko OI, Bray C, Newton PO. Validation of a scoliometer smartphone app to assess scoliosis. J Pediatr Orthop 2012
Dec;32(8):e72-e75. [doi: 10.1097/BPO.0b013e31826bb109] [Medline: 23147635]
FREIDA online. American Medical Association. URL: https://freida.ama-assn.org/Freida/user/specStatisticsSearch.
do?method=viewDetail&pageNumber=2&spcCd=180 [accessed 2020-02-29]

http://mhealth.jmir.org/2020/12/e22792/

XSL• FO
RenderX

Zeiger et al

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 12 | e22792 | p. 9
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
33.

34.

35.
36.

37.
38.
39.

40.

41.
42.

Zeiger et al

Waldman G, Mayeux R, Claassen J, Agarwal S, Willey J, Anderson E, et al. Preparing a neurology department for
SARS-CoV-2 (COVID-19): Early experiences at Columbia University Irving Medical Center and the New York Presbyterian
Hospital in New York City. Neurology 2020 May 19;94(20):886-891. [doi: 10.1212/WNL.0000000000009519] [Medline:
32253352]
Christensen MA, Bettencourt L, Kaye L, Moturu ST, Nguyen KT, Olgin JE, et al. Direct Measurements of Smartphone
Screen-Time: Relationships with Demographics and Sleep. PLoS One 2016;11(11):e0165331 [FREE Full text] [doi:
10.1371/journal.pone.0165331] [Medline: 27829040]
Vearrier L, Rosenberger K, Weber V. Use of Personal Devices in Healthcare: Guidelines From A Roundtable Discussion.
JournalMTM 2018 Oct;7(2):27-34. [doi: 10.7309/jmtm.7.2.4]
Wu RC, Tzanetos K, Morra D, Quan S, Lo V, Wong BM. Educational impact of using smartphones for clinical communication
on general medicine: more global, less local. J Hosp Med 2013 Jul;8(7):365-372. [doi: 10.1002/jhm.2037] [Medline:
23713054]
Brubaker JR, Beverly EA. Burnout, Perceived Stress, Sleep Quality, and Smartphone Use: A Survey of Osteopathic Medical
Students. J Am Osteopath Assoc 2020 Jan 01;120(1):6-17. [doi: 10.7556/jaoa.2020.004] [Medline: 31904778]
McKnight R, Franko O. HIPAA Compliance with Mobile Devices Among ACGME Programs. J Med Syst 2016
May;40(5):129. [doi: 10.1007/s10916-016-0489-2] [Medline: 27079578]
Wiechmann W, Kwan D, Bokarius A, Toohey SL. There's an App for That? Highlighting the Difficulty in Finding Clinically
Relevant Smartphone Applications. West J Emerg Med 2016 Mar;17(2):191-194 [FREE Full text] [doi:
10.5811/westjem.2015.12.28781] [Medline: 26973750]
Policy for Device Software Functions and Mobile Medical Applications. US Food Drug Administration. 2019. URL: http:/
/www.fda.gov/regulatory-information/search-fda-guidance-documents/
policy-device-software-functions-and-mobile-medical-applications [accessed 2020-02-29]
Shuren J, Patel B, Gottlieb S. FDA Regulation of Mobile Medical Apps. JAMA 2018 Jul 24;320(4):337-338. [doi:
10.1001/jama.2018.8832] [Medline: 29971339]
Bates DW, Landman A, Levine DM. Health Apps and Health Policy: What Is Needed? JAMA 2018 Nov
20;320(19):1975-1976. [doi: 10.1001/jama.2018.14378] [Medline: 30326025]

Abbreviations
EEG: electroencephalography

Edited by L Buis; submitted 23.07.20; peer-reviewed by R Treskes, T Tollefson; comments to author 15.09.20; revised version received
08.10.20; accepted 20.11.20; published 24.12.20
Please cite as:
Zeiger W, DeBoer S, Probasco J
Patterns and Perceptions of Smartphone Use Among Academic Neurologists in the United States: Questionnaire Survey
JMIR Mhealth Uhealth 2020;8(12):e22792
URL: http://mhealth.jmir.org/2020/12/e22792/
doi: 10.2196/22792
PMID:

©William Zeiger, Scott DeBoer, John Probasco. Originally published in JMIR mHealth and uHealth (http://mhealth.jmir.org),
24.12.2020. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2020/12/e22792/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 12 | e22792 | p. 10
(page number not for citation purposes)

