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Abstract

Background Due to the recent evolution of telecommunications, it is now acknowledged that digital
communication provides essential services for remote areas. Teleradiology allows the ability to obtain images at one
site, send them over a distance, and view them remotely for diagnostic or consultation purposes.

Aim The highlighted objectives include (a) the added value of the service, (b) user satisfaction, and (c) quality
assurance according to global best practices and national quality standards.

Methods This study utilised an eight-part online self-report survey distributed among employees of the Ministry

of Health (MOH) who use the national teleradiology platform. The survey sections were designed to gather
comprehensive data, including participant demographics, levels of satisfaction with the service, awareness of security
measures, communication effectiveness, perceived advantages and disadvantages, quality assurance, technical
challenges, IT support, and future perceptions of teleradiology services. Additionally, a total of 212 MRI reports from
patients who underwent brain and spine MRI examinations between 2018 and 2020 were collected from the platform
to strengthen the analysis.

Results Most survey respondents (78%) were males, with a significant majority (96.2%) affirming that teleradiology
sufficiently addresses clinical inquiries. Furthermore, 90% expressed satisfaction with the service, and 93% endorsed
the standardization of MR imaging procedures across Ministry of Health (MOH) hospitals. Notably, 92.4% recognised
teleradiology as a transformative strategy for healthcare facilities in Saudi Arabia, concurring with its benefits. The
analysis of the MRI reports revealed structural inconsistencies; compared with structured templates, the average
number of incorporated elements was reduced, and essential elements were frequently absent. Intriguingly,
reports delineating normal cases included a higher incidence of clinical impressions relative to those describing
abnormalities, yet the latter contained a more comprehensive array of elements. Variability in report composition
was correlated with the years of experience of the reporters. Teleradiology users perceived enhancements in the
quality of radiological reporting and the daily operational workflow. Nonetheless, certain limitations were identified,
necessitating focused improvements by service providers.
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Conclusion Despite teleradiology being a subspecialisation, it can reduce the role of local radiologists. Further
research is needed on data security, confidentiality, and archiving options, as well as the cost-effectiveness of

teleradiology services.

Keywords Teleradiology, Digital communication, Healthcare delivery, Quality assurance, Neuroimaging

Background

Owing to the recent evolution of telecommunications,
digital communication can provide essential services to
remote areas while maintaining a high-quality standard
that improves service delivery. The disparate allocation
of specialised treatment resources between rural and
urban medical centres coupled with substantial geo-
graphical distance result in the need for frequent travel to
access specialised or advanced imaging procedures. This
situation has led to notable advancements in telehealth.
Teleradiology has emerged as one type of this progress,
effectively bolstering healthcare delivery to underserved
rural regions while addressing challenges associated
with geographical barriers and the scarcity of specialised
proficiency.

The expression “teleradiology” originates from the
fusion of “tele;” denoting transmission across distances,
and “radiology;,” which involves utilising medical imaging
for disease diagnosis and treatment. Teleradiology is spe-
cifically defined as the interpretation of imaging assess-
ments conducted at a location different from the site of
the actual examination. It provides the ability to obtain
images at one site, send them over a distance, and view
them remotely for diagnostic or consultation purposes.
The vastly improved capacity of the internet and the
speed of transmission have permitted a much wider use
of teleradiology, with centres worldwide providing day-
time reporting for out-of-hours imaging services in coun-
tries in different time zones. The transmission of images
between centres is virtually limitless and has proven valu-
able for centres seeking expert opinions on emergency
and problem cases [1].

Low- and middle-income countries (LMICs) are clas-
sified on the basis of their economic development, spe-
cifically their gross national income (GNI). Studies on
teleradiology in these countries emphasize that a sig-
nificant portion of the population lacks access to basic
radiology services. This disparity in access is called the
“radiology divide” and is largely due to limited financial
and human resources and a lack of appropriate device
procurement and planning [2]. India has successfully
implemented teleradiology services, which have proven
to be cost effective and capable of providing essential
24/7 coverage, particularly in emergency and trauma
care settings [3]. Nonetheless, data on the overall reach
and effectiveness of these services within the country
and concerns regarding the quality of teleradiology ser-
vices, including images, are limited [4]. One significant

challenge in India remains the shortage of trained tech-
nicians to support teleradiology workflows, including
image acquisition, digitization, and troubleshooting
[3]. In contrast, Iran faces challenges related primar-
ily to inadequate technology and infrastructure, such as
low bandwidth, resistance to adopting new technologies
among healthcare providers and patients, and difficul-
ties in securing sustainable financial resources through
government funding [5]. Although these challenges per-
sist in the aforementioned countries, teleradiology has
become a mainstream component of radiology prac-
tice in the United States. However, its utilization varies
across different practice sizes [6]. The UK and Europe
have adopted different approaches to addressing lan-
guage barriers and ensuring regular audits and standard-
ized regulations [7]. The above literature increasingly
emphasizes the importance of user-friendly IT solutions
and standardized protocols as key recommendations for
improving the effectiveness and widespread adoption of
teleradiology services.

Radiological images are transmitted to main centres
from outlying hospitals in areas of low population density
where small radiology departments have proven unsus-
tainable. This ongoing transformation offers benefits,
yet it also presents potential risks to data security and
the quality of interaction between radiologists and their
clinical counterparts [8]. Errors may arise when compos-
ing imaging reports owing to the restricted availability of
a patient’s prior examinations, a feature that has yet to
be integrated into teleradiology platforms. Furthermore,
data archiving within teleradiology remains restricted or
ambiguous for end-users at remote hospitals, potentially
resulting in data loss. However, significant patient satis-
faction with teleradiology has been documented globally
in the Netherlands [9]. The European Society of Radiol-
ogy (ESR) distinguished between insourcing teleradiol-
ogy, a service among partners of the same organization,
and outsourcing teleradiology, which involves external
services [10]. Referring physicians are more satisfied with
the local interpretation of radiologic images than with
interpretations provided by international counterparts
[11]. This was argued in a report by the European Society
of Radiology (ESR):

When there is a time difference between geographical
zones, teleradiology may become an efficient method of
providing rapid reports for emergency work undertaken
during hours when no radiologist is available. “There
is great demand for cross-border services for focused
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legislation, adapted price regulation, and a quality assur-
ance framework” With respect to the current state and
added value of teleradiology practice, the American Col-
lege of Radiology (ACR) concluded that “[T]teleradiology
is widely spread throughout modern radiology practice.
This platform helps[s] tertiary hospitals achieve geo-
graphic and after-hours reporting of images while reduc-
ing turnaround times’

Teleradiology has enhanced cooperation among radi-
ologists and broadened multispecialty coverage, thus
extending access to underserved populations. Never-
theless, ensuring the quality of offsite examinations
requires implementing a standardised reporting system.
The integration of information technology solutions can
assist smaller practices in maximising the advantages
of teleradiology. Additional concerns have been docu-
mented, suggesting that teleradiology could lead to even
less communication between the referring clinician and
patients [6]. Teleradiology ergonomics, legal and regula-
tory considerations, and licensures should be reviewed
by both the transmitting and receiving site administra-
tions. Security and privacy are key issues in any medical
service, and teleradiology is no exception. Data security,
technology reliability, consent, and interprofessional and
professional-patient relationships are new concerns in
radiological practice and constitute the minimum ethical
and professional standards for teleradiological practice.

The present study seeks to provide insights into the
recent endeavours of the Saudi Ministry of Health
(MOH) concerning the national teleradiology platform
that was initiated in May 2018 to cater to remote hos-
pitals. The key objectives of this study are (a) to assess
the service’s augmented benefits, (b) to gauge user sat-
isfaction, and (c) to evaluate report quality in alignment
with global best practices and quality standards. This
study aims to pinpoint challenges and opportunities for
enhancing overall efficiency, thus optimising the utiliza-
tion of national teleradiology platform initiatives within
the healthcare continuum and increasing the quality of
patient care.

Methods

Study Tool

A total of 82 responses were received from 100 users of
the teleradiology platform. An online self-report survey
was structured into eight sections accompanied by two
open-ended questions, as outlined below. Section A,
Demographics, included multiple-choice questions that
gathered participants’ information, including sex, nation-
ality, job location and description, years of experience,
hospital size, and payments received for teleradiology
services. Section B, Teleradiology services, assessed par-
ticipants’ satisfaction levels with teleradiology services.
It covered aspects such as the quality of teleradiology
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reports on the basis of subspecialty and the payment pro-
cess. Section C, Service Security Awareness, gauged par-
ticipants’ knowledge of legislation and regulations about
teleradiology services and examined information about
data sharing, privacy concerns, and the inception of tele-
radiology. Section D, Communication, examines various
aspects of communication, including the communication
mechanism among referring physicians, local radiolo-
gists, and teleradiologists. It also covered topics such as
access to clinical information by teleradiologists and the
feasibility of case discussions with teleradiologists. Sec-
tion E, Perceived Advantages and Disadvantages, con-
siders participants’ perspectives regarding the pros and
cons of teleradiology services. Section F, Quality Assur-
ance and Control, included details about accessing pre-
vious studies and clinical data. It also addressed whether
teleradiology services adhered to the quality criteria
established by the Saudi Central Board for Accreditation
of Healthcare Institutions (CBAHI). Section G, Tech-
nical Challenges and IT Support, focuses on technical
obstacles and the responsiveness of IT support in resolv-
ing issues related to platform access. Finally, Section H,
Future Perception, explores participants’ outlook on the
future of teleradiology.

To conclude, the survey incorporated two open-ended
inquiries to capture participants’ insights into the future
role of teleradiology and their perceptions of the effec-
tiveness of the teleradiology platform within their local
hospital. The purpose of the questionnaire was to assess
satisfaction levels among beneficiaries, including refer-
ring physicians, local radiologists, teleradiologists, and
administrative personnel within the medical imaging
departments of peripheral hospitals. This online ques-
tionnaire was distributed to designated teleradiology
users.

Teleradiology reports

A retrospective analysis was performed on 212 mag-
netic resonance imaging (MRI) reports from patients
who underwent examinations via teleradiology between
2018 and 2020. These reports were retrieved from the
national teleradiology platform. Data from these reports
were meticulously extracted and subsequently organ-
ised in Microsoft Excel. The evaluation was conducted
by comparing the reports against structured report tem-
plates derived from the Radiological Society of North
America (RSNA) MRI report templates, which are freely
accessible online (http://www.radreport.org/). The RSNA
standard templates we utilised were specifically for rou-
tine scans, which are widely recognised and provide a
consistent framework for reporting. Importantly, more
specific structured templates that are tailored to par-
ticular diseases are available. These disease-specific tem-
plates can offer more detailed guidance when necessary,
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ensuring that reports are comprehensive and focused on
particular clinical conditions. However, we did not utilise
these disease-specific templates in this study. The struc-
tured nature of these templates is designed to ensure that
all necessary information is included in the reports and
offers an excellent benchmark for assessing the complete-
ness and quality of radiology reports, which was a central
focus of our study. The report templates were designed
to provide a systematic and comprehensive approach for
reporting various MRI examinations to ensure that the
reports included essential information to guide clinical
decision-making. These templates prioritised clinically
pertinent information, guided the inclusion of modal-
ity-specific details, and emphasised contextual insights
for comprehensive understanding. Structured reporting
elements prompt concise, actionable data presentation,
which is vital in time-sensitive scenarios [12].

Statistical analysis

The analysis of the results involved the use of SPSS to cal-
culate frequency distributions and summary statistics.
Fisher’s exact test was employed in cases with small sam-
ple sizes. The Mann-Whitney U test was applied when
dealing with ordinal or continuous outcomes, such as
element counts without a specific distribution. This test
facilitates the comparison of two groups, such as normal
and abnormal reports. Additionally, the Fisher-Freeman-
Halton test, conducted via the statistical package in R
version 4.1.3, was used to assess potential disparities in
the sex distribution across distinct and unrelated catego-
ries by comparing percentages.

Ethics

This study was approved by the Central Institutional
Review Board (IRB) of the Ministry of Health (MOH)
with approval number 21-57E.

Results

Teleradiology survey

The teleradiology survey included responses from 82
individuals professionally involved in teleradiology. The
survey statements are available in Supplementary Table
1.

Demographic information

Most respondents (78%) identified as male. In terms of
location, 37.8% of the total respondents hailed from the
northern border area, followed by 15.9% from the east-
ern region. Of the respondents, technologists accounted
for 42.7% of the responses, whereas administrative staff
constituted the smallest group, with only 3.7% of the
responses. Some questions/statements exclusively tar-
geted teleradiologists to gain insight into their payment
methods. Of the nine respondents who provided input,
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most (8 respondents, 88.9%) reported being compen-
sated on the basis of the number of cases they handled.
The remaining respondents indicated receiving pay-
ments according to the number of hours worked. A sub-
set of these items was intended solely for respondents
with particular job descriptions. Respondents who did
not meet these criteria were excluded from the results
pool. The supplementary material (Supplementary Table
2) presents the groups considered in the final statistical
examination.

The distribution of sex varied among job descrip-
tions. The findings indicated that all respondents classi-
fied as administrative or referring physicians were male.
The most significant proportion of female respondents,
34.3%, were identified within the technologist category,
whereas 33.3% were female teleradiologists. The static
package in R version 4.1.3 was employed to conduct
the Fisher-Freeman-Halton test, which aimed to assess
potential disparities in sex distribution among the vari-
ous categories. This particular test is tailored to compare
percentages among distinct and unrelated categories.
Our analysis revealed statistically noteworthy variations
in sex distribution across job categories (p=0.022). The
sex distribution within each job description is presented
in Fig. 1.

Overall responses
Remarkably, 96.2% of the respondents agreed with the
idea that teleradiology services effectively address clini-
cal questions (Q10), indicating a high level of consensus
on the clinical utility of this approach. Another 90% of
the participants indicated satisfaction with teleradiology
services, indicating positive sentiment towards the qual-
ity and efficiency of the provided services. A substantial
93% of the respondents agreed on the importance of
standardising MR imaging protocols across MOH hospi-
tals, highlighting the collective recognition of the benefits
associated with protocol consistency (Fig. 2). Among the
respondents, 92.4% agreed with the advantageous nature
of teleradiology and envisioned its capacity to serve as a
transformative strategy for Saudi hospitals. In contrast,
96% of the respondents disagreed with the notion that
teleradiology is disadvantageous. Item No. 4 (Q4) consid-
ered the ability to access patients’ clinical data and gar-
nered the next highest level of disagreement, with 77%
of participants indicating dissent. Supplementary Table
3 offers a comprehensive presentation of the response
distributions across all survey items. Further analysis
revealed no statistically significant differences in agree-
ment levels based on the participants’ job descriptions
(Supplementary Table 4).

No variance in agreement levels was observed among
respondents according to their location, except for item
20 (Q20). In this regard, a distinction emerged between
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Fig. 1 Distribution of males and females across various job descriptions
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Fig.2 Agreement percentages for teleradiology survey items. The turn-around time (TAT) aligns with national standards (CBAHI), with a duration of 48 h
for routine cases, 24 h for urgent cases, and immediate reporting for emergency cases

Jazan (located in the southern region of Saudi Arabia),
with 71.4% agreement, and the northern border, with
100% agreement, yielding a statistically significant differ-
ence (p=0.032).

Advantages and disadvantages of Teleradiology

Among teleradiology respondents, there was a sub-
stantial endorsement of the specific benefits associ-
ated with teleradiology. These included enhancements
in radiological reporting services (73.2%), notable effi-
ciency gains in daily workflow (64.6%), the provision of
second opinions (64.6%), and time savings in report-
ing (53.7%). Comparatively, the least frequently chosen
advantage was facilitating case discussions in a collab-
orative network (25.6%), followed by effectiveness for

educational purposes (28%), as depicted in Fig. 3. In
contrast, the respondents’ prevailing consensus on dis-
advantages involved inadequate communication with
referring clinicians, with an agreement rate of 67.1%.
Concerns about the security of the teleradiology plat-
form had the lowest level of consensus, with only 3.7%
of participants, whereas the majority reported confi-
dence in the security of transmitted data through the
same platform. The following statement, on which the
respondents did not agree, pertained to the instability
of teleradiology platform access (8.5%), as illustrated in
Fig. 4.
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Fig. 4 Disadvantages of the teleradiology platform as indicated by respondents’ preferences expressed as percentages (%)

Teleradiology report results for the brain and spine

Brain reports

In the RSNA structured report template, every struc-
tured brain report should comprise nine fundamental
elements: clinical information, technique, IV contrast,
comparison, brain parenchyma, ventricles/extra-axial
spaces, flow voids, extracranial structures, and impres-
sions. Reports encompassing a more extensive array of

these elements are considered more robust because they
adhere more faithfully to the prescribed structure. Of the
reports examined, only two included all nine elements.
The most elements within a single report were n=45
(44%) reports with seven elements, followed by n=28
(27%) reports with eight elements from the structured
report template.
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Table 1 Summary statistics of the number of elements included
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Table 3 Number of reports grouped by clinical impression

in the Brain reports Clinical Impression Frequency %
Elements (n) Reports (n) Percentage (%) Unremarkable, normal 58 56.9
3 1 1.0 Lesions 8 7.8
4 3 29 Vascular-related pathologies 25 24.5
5 1 10.8 Neurodegeneration 4 39
6 12 11.8 Other 6 59
7 45 44.1 Not mentioned 1 1.0
8 28 27.5
9 2 20 Table 4 Summary statistics of the number of 8 remaining
Mean number of elements 6.85 elements included in the Brain MRI reports by impression
Minimum number of elements 3 Impression N Mean Minimum Maximum
Maximum number of elements 9 Normal 58 581 3 8
Abnormal 43 6.00 3 8

Table 2 Summary statistics of the number of elements included
in the spine reports
Number of Elements Included

Number of Reports Per-

(n) cent-

age

(%)
0 0.0
1 2 1.8
2 7 64
3 19 17.3
4 24 218
5 34 30.9
6 15 13.6
7 9 8.2
Mean number of elements 12.5
Minimum number of elements 0
Maximum number of elements 30.9

According to the information in Table 1, an average
of approximately 6.85 elements were present in the 102
reports. Of the individual reports, the fewest elements
observed in any single report was 3, whereas the maxi-
mum was 9.

Spine reports

A total of 110 MRI reports focused on the spinal region
were obtained from the teleradiology platform. The
comprehensive framework of the RSNA prescribes the
inclusion of 12 distinct elements within each structured
report: clinical information, technique, intravenous (IV)
contrast, comparative analysis, exclusive enumeration
for the lumbar (L) spine, spinal cord evaluation, terminal
termination for the conus within the L spine, interverte-
bral disc analysis, osseous structure appraisal, soft tissue
examination, central thoracic line (CTL) observations,
and impressions. A significant proportion of the spine
MRI reports (56.4%) included clinical information, but
the low back pain reports included 2 to 7 of the required
12 elements. However, no reports included all 12 feasible
elements. A modest subset, 11 reports (10%), integrated
11 of the 12 elements. The arithmetic mean, computed

across the spectrum of 110 spinal MR reports, revealed
the inclusion of 8 elements. Thus, the average report
included 8.33 of the 12 prescribed constituents within
the structured report template (Table 2).

Reports by impression

Brain reports

The data analysis involved categorising the reports
according to their clinical impressions. Our hypoth-
esis suggested a potential correlation between clinical
impressions and the amount of information contained in
these reports. We classified clinical impressions into five
categories: (a) normal/unremarkable, (b) lesions, (c) vas-
cular-related pathologies, (d) neurodegeneration, and (e)
other, including various pathological cases. One report
that lacked a clinical impression was excluded from this
analysis. The results revealed that patients with normal
clinical impressions were predominant (1=58, 56.9%),
followed by patients with vascular-related pathologies
(n=25, 24.5%). The additional categories are displayed in
Table 3.

Abnormality-based group analysis
For a more extensive analysis of these reports, we aggre-
gated all the reports featuring pathologies and labelled
them “abnormal” Within this analysis, 58 reports were
classified as normal, and 43 were classified as abnormal;
one report that lacked an impression was excluded. Of
the 58 reports with a normal impression, only one report
(1.7% of the 58) included all eight additional elements.
Of the 43 reports with an abnormal impression, only one
(2.3% of the 43) contained all eight additional elements.
Despite the limited occurrence of reports featuring all
eight additional elements, Fisher’s exact test was con-
ducted to assess the percentage comparison. The findings
did not indicate a noteworthy contrast in the propor-
tion of reports containing all other elements between the
normal and abnormal categories. As detailed in Table 4,
the mean count of elements incorporated in the normal
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reports was 5.81, slightly lower than the mean count in
the abnormal reports, which was 6. A comparison of the
normal and abnormal reports via the Mann-Whitney U
test yielded a result of z = -0.802, p=0.423, indicating a
lack of statistically significant variance in the number of
elements included within the reports.

Spine reports
We categorised the spine MRI reports according to their
clinical impressions. This particular element was further
divided into four subcategories: (a) normal and unre-
markable, (b) vertebrae-related pathologies and degen-
eration, (c) disc-related diseases, including disc bulge and
spondylolysis, and (d) unspecified. Of the 110 reports,
20 (18.2%) indicated a normal and unremarkable clini-
cal impression, whereas the most prevalent impression
was disc disease, disc bulge, or spondylolysis, accounting
for 81 reports (73.6%). For this analysis, we consolidated
all reports with pathological findings (excluding normal
cases) under the label “abnormal” (Table 5).

This analysis yielded two distinct groups:

1. Reports classified as normal (n=20), and
2. Reports classified as abnormal (n=86).

The four reports lacking any clinical impression were
excluded from this supplementary analysis.

Our objective was to ascertain whether a disparity
existed in the number of additional elements included
in the reports (excluding the clinical impression) when
contrasting the normal and abnormal reports. Although
none of the reports featured all 11 elements, the mean
number of elements incorporated in the normal reports
was 6.50, indicating a lower average than in the abnormal
reports, which averaged 7.58 elements.

Abnormality-based group analysis

To investigate whether this difference in the typical
number of elements between the normal and abnormal
reports was statistically significant, we conducted a non-
parametric Mann-Whitney U test. Our analysis revealed
a statistically significant distinction (z = -2.657, p=0.008)
in the number of elements included within the reports
featuring normal and abnormal impressions. Notably,
the abnormal reports included more of these elements
(Table 6).

Reports by clinical information

Brain reports

Our objective was to further examine the data accord-
ing to the clinical information element and its potential
influence on determining the extent of content included
in the reports. Therefore, the reports were catego-
rised into five groups: (a) nonstructural pathology; (b)
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Table 5 Number of spine MRI reports with each clinical
impression
Clinical Impression

Frequency Percentage

Normal, unremarkable 20 18.2
Vertebrate-related pathologies, degeneration 5 4.5
Disc disease, disc bulge, spondylosis 81 736
Not mentioned 4 36

Table 6 Summary statistics of the 11 remaining elements
included in the spine MRI reports by impression

Impression N Mean Minimum Maximum
Normal 20 6.50 4 10
Abnormal 86 7.58 4 10

Table 7 Number of reports grouped by clinical information

Clinical Information Frequency Percent
Nonstructural pathology 42 41.2
Lesions, CVA, tumours, MS, dementia, 17 16.7
ageing, FTD, Alzheimer’s disease

Seizures 8 7.8
Small regions 11 10.8
Not mentioned 19 18.6
Others 5 4.9

neurodegenerative disease and lesions (such as cerebral
vascular accident (CVA)/tumours/MS/dementia/age-
ing/FTD/Alzheimer’s disease, consolidated owing to the
limited number of reports); (c) seizures (e.g., epilepsy);
(d) small region cases, such as orbits, IAM, and pituitary;
and (e) others, including dural pathologies.

Table 7 displays a breakdown of the reports (n=42,
41.2%) featuring nonstructural pathology within the
clinical information section. The subsequent category of
reports (n=17, 16.7%) included lesions, CVA, and neu-
rodegenerative diseases as the primary types of clinical
information. The table presents the remaining categories,
highlighting comprehensive clinical information for most
nonstructural pathology cases. To further explore poten-
tial distinctions, we aggregated all pathological cases
into a single group named “structural pathology” This
involved identifying group A as nonstructural pathol-
ogy reports (n=42) and group B as structural pathology
reports (n=41). The aim was to investigate whether the
inclusion of other elements in the reports in addition
to clinical information differed when contrasting the
nonstructural and structural pathology reports. Table 7
shows how the 102 reports were divided among the dif-
ferent types of clinical information.

We omitted reports that lacked clinical information
(n=19). None of the nonstructural pathological reports
(n=42) included all 8 additional elements. Conversely,
among the structural pathology reports, only a limited
number (n=2, 4.9%) contained all 8 additional elements.
No significant distinctions were observed (p<0.241) in
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the percentage of reports that contained all other ele-
ments between patients with structural and nonstructural
pathologies. As depicted in Table 8, the mean number of
elements in the nonstructural pathology reports was 5.81
(minimum=4, maximum=7), which was slightly lower
than the 6.29 (minimum=4, maximum=238) reported in
the structural pathology reports.

To assess whether the quantity of elements differed sig-
nificantly between reports featuring structural and non-
structural pathology information, a nonparametric test
was conducted. The outcome revealed a statistically sig-
nificant distinction (z = -2.177, p=0.030), indicating that
the number of included elements varied between these
two types of reports. Reports with structural pathol-
ogy information generally include a greater number of
elements.

Spine reports

We categorised the reports according to their clinical
information (Table 9). This element was further seg-
mented into three categories: (a) lower back pain, (b)
neck pain, and (c) other. Of the 110 included reports,
most were lower back pain reports (n=62, 56.4%). The
“other” subcategory accounted for the next highest por-
tion (n=35, 31.8%), while fewer reports were attributed
to neck pain (n=9, 8.2%).

Four reports that lacked clinical information were
omitted from this analysis. On average, the “lower
back pain” reports represented 7.77 of the 11 elements,
whereas the “neck pain” reports averaged 7.56 of the 11
elements. In contrast, the “other” reports had the low-
est average, 6.66, of all other categories. The minimum
and maximum number of elements for each category are
shown in Table 10.

We conducted a nonparametric analysis employing
the Kruskal-Wallis test to compare multiple groups.
This test aimed to examine whether the typical number
of elements reported across various groupings of reports
exhibited significant differences. Our objective was to
statistically evaluate whether the number of elements
reported on the basis of clinical information differed
meaningfully among these groups.

Our analysis revealed a significant disparity
(x*(2)=9.591, p=0.008) in the number of included ele-
ments among reports associated with different clini-
cal information. To identify the group with the highest
reported element count, we conducted individual Mann-
Whitney tests. These tests indicated that the number of
elements tended to be greater for the “lower back pain”
reports (z=3.064, p=0.007) than for those categorised as
“other” spine-related cases.
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Table 8 Summary statistics of the number of 8 elements
included in the reports grouped by clinical information

Clinical Information N Mean Minimum  Maximum
Nonstructural pathology 42 581 4 7
Structural pathology 41 6.29 4 8

Table 9 Number of reports grouped by clinical information

Clinical Information Frequency Percentage
Lower back pain 62 56.4

Neck pain 9 8.2

Other 35 318

Not mentioned 4 36

Table 10 Summary statistics of the number of 8 elements
included in the reports grouped by clinical information

Clinical Information N Mean Minimum Maximum
Lower back pain 62 777 4 10

Neck pain 9 7.56 4 9

Other 35 6.66 3 10

Table 11 Summary statistics of the number of elements
included in the MRI reports grouped by years of experience of
the teleradiologists

Years of No. of Tele Mean Minimum Maxi-
Experience  radiologists No. of mum
Elements
Included
Brain Lessthan20 8 7.12 583 8.50
years
More than20 2 6.79 6.50 7.09
years
Spine Lessthan20 12 791 6.00 10.25
years
More than20 2 8.91 8.76 9.05
years

Radiologists’ years of experience

The radiologists with less than 20 years of experience
included an average of 7.12 elements of 9 in the brain
reports and 7.91 elements of 12 in the spine reports
(Table 11). The radiologists with more than 20 years of
experience had a slightly lower average score of 6.79 of 9
elements in the brain reports and a higher average score
of 8.91 of 12 elements in the spine reports.

Despite the limited number of teleradiologists with
more than 20 years of experience (n=2), the statistical
power of the independent (two-sample) t test was some-
what constrained. Nevertheless, we attempted to assess
any noteworthy differences in years of experience among
radiologists. Our analysis indicated that for brain reports,
the comparison between radiologists did not yield a sta-
tistically significant outcome (t [8]=0.448, p=0.666).
However, for spine reports, notable differences were
observed (t [12] = -1.058, p=0.155) in terms of years of
experience among radiologists.
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Discussion

These outcomes collectively highlight the widespread
alignment of the participants’ opinions concerning the
effectiveness, satisfaction, standardization, and potential
benefits of teleradiology services within Saudi hospitals.
The high percentages of agreement observed in these
results reflect a robust consensus on key aspects of tele-
radiology’s value and prospects.

During the pandemic, many remote hospitals in Saudi
Arabia embraced teleradiology services [13]. These
remotely provided services helped minimise the physi-
cal engagement of radiologists with patients on a global
level [14, 15]. Although teleradiology is the most widely
known application of telemedicine, concerns have been
raised about how it will change medical imaging prac-
tices. Local radiologist respondents in remote areas of
Saudi Arabia expressed concerns about potential risks to
their reputation and professional standing as local radi-
ologists due to implementing teleradiology [16]. Nev-
ertheless, most responses concur that teleradiology is
advantageous, with many supporting its benefits and
acknowledging its promising future [6]. Notably, there
was a striking sex disparity in the responses, with males
constituting 78% of the participants and females repre-
senting only 22%. This disparity reflects the relatively low
number of women actively engaged in the field of medical
imaging [17, 18]. These sex differences and male predom-
inance are also evident in other medical subspecialties
[19, 20]. Women bring a different perspective to the
workplace. Thus, we can use these findings to highlight
issues related to sex imbalances in radiology and encour-
age solutions such as proper education about careers in
radiology [21], early mentorship, part-time opportuni-
ties [22], and ways to eliminate biases in program accep-
tance and promotions [23]. Teleradiology may be more
convenient for women than other medical specialties
because of the flexibility in working hours and methods
of reporting [24]. Among all the respondents, most were
technologists due to the nature of engagement in telera-
diology from multiple remote hospitals compared with
the limited number of teleradiologists who were actively
engaged in the teleporting of radiological examinations.
There was no notable variation in the level of agreement
on all statements among the respondents on the basis
of sex, job description, or the location of responses. Of
these responses, standardising imaging protocols was
identified as a crucial area for development. Standard-
ization plays a pivotal role in ensuring appropriate and
effective outcomes, particularly in medical imaging. It
encompasses various elements, including policies, pro-
cedures, and workflows, which collectively contribute to
achieving consistency and optimal results. Teleradiolo-
gists in Saudi Arabia are employed full-time at prominent
hospitals in urban areas and offer teleradiology services
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after hours. These teleradiologists possess diverse imag-
ing experiences and face challenges when reporting
critical cases without appropriate imaging protocols.
In response to these challenges, two potential solutions
can be proposed. The first is implementing standardised
imaging protocols across remote sites affiliated with the
main institution, the MOH, which could yield significant
benefits [25]. Second, licensure programs for teleradiolo-
gists with a focus on equipping them with the essential
skills to report on diverse imaging protocols might also
offer a viable remedy [26]. MR examinations and imaging
protocols are notoriously different from site to site. We
recognise that standardising protocols poses a significant
challenge; however, it is not an insurmountable task [27,
28]. It requires an iterative process, dedicated personnel,
and collaborative efforts for continuous development. A
proposed model for strategic personalization and stan-
dardization was previously published that included a
collaborative team of MR physicists, radiologists, and
clinicians to optimise protocols on the basis of clinical
needs [29]. The other important element is system stabil-
ity and continuous IT support for technical errors. Image
transmission, downloading and viewing, links to reports,
the speed of connection, and the uploading of correct
documentation are demands that are technically easy for
teleradiology system providers to fulfil. Most respondents
(85.5%) believed that IT support was achieved through
the teleradiology platform and that it was secure (96%).
However, most of the respondents complained about an
unstable platform, which opens doors for future research.

Teleradiology reports are rarely standardised in a struc-
tured reporting style. The reports are heterogeneous and
nonuniform, which presents a great challenge in evalu-
ating the quality and comparability of reports. Online
access to radiology reports enables teleradiology service
providers to adopt a systematic reporting approach. This
is facilitated by using subheadings and convenient drop-
down list options for efficient and organised reporting
[12]. This is important for consistency, faster information
extraction, and reducing the number of missing key ele-
ments [30]. The literature has previously supported the
development of mobile/tablet applications [31], an idea
that garnered support from more than 80% of the respon-
dents. By enabling notifications for each newly uploaded
or urgent case on the platform, reporting can be expe-
dited, and the turnaround time (TAT) can be significantly
reduced. Another useful function of mobile teleradiol-
ogy applications is to facilitate communication between
medical team members, which is an issue noted by many
respondents (67%). There are many forms of communica-
tion: (a) live consultation with a teleradiologist for con-
trast injections [32], (b) remote access by clinicians to
view reports [33], and (c) consultation between the ER
team and specialists before decision-making regarding
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clinical management [34, 35]. Because communication
remains a persistent challenge in teleradiology, incorpo-
rating interactive features such as live chats, groups, and
broadcast lists in a mobile app can greatly enhance the
user experience. This approach enables all users, regard-
less of location, to actively participate in the workflow of
each site, effectively allowing them to operate “locally”
By fostering seamless collaboration, this system signifi-
cantly boosts productivity for radiology practice. Artifi-
cial intelligence (AI) represents a cutting-edge trend in
medical imaging, and its implementation is made more
accessible through seamless IT integration within telera-
diology platforms and mobile apps. Collaborative discus-
sions about critical cases in imaging departments were
found to change 50% of diagnoses and 60% of treatment
plans [36] and improve the understanding of pathology
[37]. However, this is restricted by teleradiology, as indi-
cated by the responses of our participants. International
guidelines suggest conducting virtual multidisciplinary
meetings to maximise the understanding of the clinical
problems of radiologists [38].

Another significant challenge is the inaccessibility of
previous radiological examinations or the patient’s clini-
cal history, which are essential for any radiology practice
[38]. Consolidating accessible resources for patient data
across all remote sites is a logical step for teleradiology
providers. The Saudi MOH is currently working on the
Unified Health File (UHF) project, a digital health plat-
form that provides updated patient data and is accessible
through all MOH sites [39]. Securing access to teleradi-
ology platforms can effectively overcome the major chal-
lenges teleradiologists face.

Research has revealed that a 15-minute reporting delay
significantly diminishes the likelihood of favourable out-
comes in urgent cases such as strokes [40]. Although this
issue was raised, it did not receive support from most
respondents (70%), in alignment with previous studies,
particularly for urgent cases [41]. We found that the tele-
radiology services implemented in Saudi Arabia provide
a TAT of 15 min to 6 h, which is within the range set by
the national standard of the CBAHI. The smartphone cli-
ent—server teleradiology system shows promise and the
potential to facilitate urgent management decisions in
critical cases [40]. Teleradiology allows second opinions
to be provided promptly [42], which was highlighted dur-
ing the pandemic [13, 43]. The current study shows that
a second opinion is an added value service for remote
hospitals. It improves the daily workflow and reduces
pressure on remote hospitals with few experts. As a
long-term option, external teleradiology partnerships
are appealing since no interviews or contract hires are
required, and the need for extra staffing based on imag-
ing volume is reduced.
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Well-established, frequent clinic-radiological meet-
ings to discuss discrepancies and errors maintain the
quality of diagnosis for challenging cases such as cancer
management. While this is restricted in teleradiology,
teleconferencing and IT integration can enable medical
teams to have virtual meetings through the teleradiology
platform. National health regulatory authorities should
establish teleradiology policies and standards in align-
ment with international guidelines. Annual quality evalu-
ation of teleradiology, including system quality assurance,
quality control reporting, and revalidation requirements
for teleradiologists, should be regulated in teleradiology
guidelines. Within radiology, evaluating image report-
ing through peer review involves evaluating the preci-
sion of a report issued by a different radiologist. These
findings hold promise for meeting the escalating quality
enhancement demands of regulatory bodies. Nonethe-
less, peer review still faces challenges and awaits broader
endorsement.

This study aimed to examine the application of struc-
tured formats in teleradiology reports within the Saudi
context and determine whether these reports follow any
structured format or adhere to recognised standards.
The RSNA templates were selected because of their
wide acceptance and usage in the radiology community.
By evaluating the reports against the RSNA templates,
the goal was to assess the extent of structured report-
ing utilization and identify potential areas for enhance-
ment. The quality assessment of teleradiology reports
from both brain and spine MRI examinations was
selected because these are the most common modalities
for teleradiology use in remote regions in Saudi Arabia.
Although teleradiologists had over 10 years of experi-
ence, none of the reports followed a structured format.
When the reports were compared with the RSNA tem-
plate, of all the brain MRI reports, only two included all
9 elements from the structured RSNA template, whereas
none of the spine reports included all 12 elements from
the RSNA template. A previous study revealed substan-
tial 10-fold variability in radiologists’ reporting styles
across many datasets when both natural language pro-
cessing and machine learning models were employed
[44, 45]. Furthermore, it has been reported that different
radiologists who interpret the same MRI examination
show high variability in their findings when they do not
follow a reporting template [46]. The number of elements
did not differ between reports of normal or pathologi-
cal findings in brain MRL In contrast, pathological spine
MRI reports included a greater number of elements.
When spine MRI images with conventional reports were
reviewed via a structured approach, missing extraspinal
findings were significant [47]. This finding is particularly
alarming, especially for subspecialist radiologists, who
may not be familiar with interpreting abdominal/pelvic
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MRI scans. The implications underscore the importance
of employing structured approaches in radiology report-
ing to avoid overlooking critical information, especially
for those dealing with unfamiliar imaging domains. As
highlighted in previous studies, patients’ healthcare man-
agement, outcomes, and therapeutic options depend on
the quality of radiologists’ reports [48, 49]. Intriguingly,
studies have identified a notable pattern: when clini-
cal information suggests the need to rule out patholo-
gies, reports tend to incorporate more elements from
the structured report than cases with nonpathological
clinical information. This finding suggests that includ-
ing specific clinical information may influence the level
of detail and comprehensiveness of structured reports. A
previous study examined the reporting practices of Saudi
academic hospitals and reported that radiologists often
do not follow any systematic approach when generat-
ing their reports [50]. The reports were highly heteroge-
neous, with significant variability and frequent omissions
of critical information. On the basis of these findings, it
was hypothesised that teleradiology, as a national initia-
tive, would lead to a standardised reporting system. The
current study aimed to investigate the implementation
of structured reports within the teleradiology frame-
work and assess their impact on report completeness.
However, this was not the case, as the telereports did
not follow a structured format, similar to the findings
in academic hospitals [50]. While a direct comparison
with nonteleradiology reports could further illuminate
these differences, the findings from previous research
underscore the potential benefits of structured reporting,
particularly in enhancing the quality and completeness
of radiology reports. Structured reporting has achieved
global acceptance and is significantly transforming the
landscape of radiological practice. This approach has the
potential to enhance efficiency, accuracy, and communi-
cation in the field of radiology, benefitting both health-
care professionals and patients.

The development of disease-specific structured tem-
plates or macros is reflective of evidence-based society
recommendations. National and international guidelines
have contributed to the growth and spread of SRs in
radiology practice. However, despite their global accep-
tance, structured reports have not yet gained popular-
ity in the Middle East and North Africa (MENA) region.
In healthcare, remote hospitals confront many obstacles
that set them apart from their larger urban counterparts.
To circumvent the need to refer challenging cases to
major hospitals and facilitate faster decision-making at
local hospitals, it is imperative to establish standardised
imaging protocols and teleradiology reports when telera-
diology services are adopted. By adhering to these stan-
dardised practices, healthcare providers can assess and
maintain the quality of radiology services effectively,

Page 12 of 15

promoting seamless communication and enhancing
patient care. Ongoing concerns regarding the accuracy of
the reports issued by radiologists via teleradiology have
been reported [13] and may be attributed to two main
factors: first, the evident challenges in accessing patients’
previous imaging studies or clinical data can impact the
quality of interpretations; second, the lack of consistency
in the report structure increases the potential for dis-
crepancies in reports.

An additional drawback of the present service is its
limited use for educational purposes and the training of
fellowship programs. Currently, educational sessions are
organised sporadically by enthusiastic volunteer telera-
diologists contingent upon the availability of interesting
medical cases. If formal legislation were to be imple-
mented in collaboration with the Saudi Commission
for Health Specialties, it would lead to an expansion of
training and development opportunities for the radiology
workforce.

Limitations

The response rate in this study was lower than antici-
pated, primarily because of the relatively few teleradiol-
ogy users in Saudi Arabia. Importantly, the adoption of
teleradiology in Saudi Arabia falls significantly below
initial expectations [51]. Its implementation began only
in 2018, which accounts for the relatively small pool of
potential participants at the time of data collection.
Unlike previous studies, the current research employed a
well-established structured report to assess the quality of
reports, effectively eliminating any variability associated
with subjective grading systems. Furthermore, this study
did not examine the additional hours teleradiologists
work in addition to their full-time positions or how this
affects the quality of their reports.

Recommendations

We foresee a powerful future of this technology in which
teleradiologists play a vital role in remote image inter-
pretation while adhering to licensing, certification, and
quality standards. Teleradiology requires suitable work
conditions and adherence to privacy rules. Furthermore,
teleradiologists should engage in a range of activities,
from image selection to resulting communication, to
ensure patients’ rights to privacy and clinical manage-
ment. Collaboration with radiology technologists is cru-
cial for quality control and patient information exchange,
and turnaround times must align with hospital policies.
Standardising imaging protocols, ensuring system sta-
bility, and addressing communication barriers are criti-
cal challenges (Table 12). The current literature does
not suggest a direct correlation between teleradiology
use and reporting completeness, as the quality and com-
pleteness of radiology reports are more closely related
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Table 12 Teleradiology solutions and recommendations
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Technical Factors Human Factors Legal and Regulatory Factors Financial Quality
Factors
Invest in infrastructure to support tele- Establish clear and Lack of a standardised reporting style Collaborate  Implement a
radiology, including high-speed internet  effective communica- in teleradiology reports, resulting in with stake-  rigorous annual
connectivity, secure data storage, and tion protocols among heterogeneity. holdersto  quality assurance
advanced image interpretation software.  radiologists, referring iterateand  and quality con-
physicians, and other refine tele-  trol program that
healthcare providers. radiology monitors the ac-
practices curacy and reliabil-
based on ity of images and
evolving interpretations.
technologi-
cal advance-
ments and
healthcare
needs.

Need for continuous IT support and
system stability to ensure reliable and
efficient teleradiology services.

Persistent challenges in communication
among medical team members, including
live consultations, remote accessibility to
previous reports, and specialist consulta-
tions for clinical management.

Integrate artificial intelligence (Al)
capabilities into teleradiology platforms
and mobile apps to enhance diagnostic
accuracy, efficiency, and workflow.
Develop a mobile/tablet application for
teleradiology that enables notifications
for urgent cases, expediting reporting and
reducing the turnaround time (TAT).

Incorporate interactive features into
smartphone apps, such as live chats,
groups, and broadcast lists to facilitate
communication between medical team
members and enhance user experience.

Develop a system for
handling urgent cases.

Encourage collaboration
and consultation among
radiologists and other
healthcare providers

to ensure that patients
receive the best possible
care.

Provide opportunities for
professional develop-
ment and knowledge
sharing.

Facilitate virtual multi-
disciplinary meetings
through teleconferenc-
ing and IT integration to
discuss critical cases and
enhance collaborative
decision-making.

Ensure that all images and patient informa-
tion are secure and comply with HIPAA
regulations.

Establish standardised imaging protocols
across remote sites affiliated with the main
institution (Ministry of Health) to ensure
consistent and optimal imaging outcomes.

Address sex imbalances and promote
inclusivity through education, mentorship,
and opportunities for women in radiology.

If the Saudi Ministry of Health imple-
ments the Unified Health File (UHF), which
provides updated patient data accessible
through all MOH sites, this will address the
issue of inaccessible previous clinical data.

Establish teleradiology policies and
standards in alignment with international
guidelines through national health regula-
tory authorities.

Offer licensure programs for teleradiolo-
gists to ensure proficiency in diverse imag-
ing protocols and enhance reporting skills.

Perform regular
audits, monitoring
of key perfor-
mance indicators,
and ongoing train-
ing and education
for radiologists.
Conduct further
research on the
challenges and
benefits of telera-
diology to address
gaps in practice
and improve the
quality of services.

to the reporting style rather than the technology itself.
The effectiveness of tele-radiology in enhancing report
completeness largely depends on the implementation
of systematic and standardised reporting practices and
adherence to standardised protocols rather than the mere

adoption of tele-radiology as a technology.

Conclusion

The COVID-19 pandemic has brought many challenges
to the field of medical imaging. This study highlights the
need for standardised practices, improved communica-
tion, and enhanced IT support to ensure efficient and

high-quality teleradiology services. Teleradiology, though
beneficial, raises concerns about potential challenges.
A mobile app that enables notifications and communi-
cation could expedite reporting and enhance the user
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experience. Despite the potential benefits of structured
reporting, its adoption in the region is slow. The cost-
effectiveness of teleradiology is unparalleled compared
with the expenditures related to specialised healthcare
facilities. In addition to cost savings, teleradiology offers
significant enhancements to various medical imaging
services, including improved accessibility, faster turn-
around times, and the ability to reach remote or under-
served areas with quality diagnostic interpretations.
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