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Abstract

Background: Retinal detachment is an ocular complication of proliferative diabetic retinopathy (PDR), a leading cause of blindness and
visual impairment globally. It can occur as a consequence of tractional forces due to fibrovascular proliferation or because of a combination
of tractional and rhegmatogenous causes. It needs to be detected early and corrected to allow prompt intervention and favorable visual
outcomes.

Objective: To assess the diagnostic validity of B-scan ultrasonography in identifying retinal detachment in diabetic retinopathy patients with
media opacities where optical coherence tomography (OCT) is suboptimal.

Methods: A systematic review of peer-reviewed articles published within the last decade was undertaken using PubMed, Scopus, Web of
Science, and Google Scholar. Included studies evaluated the diagnostic utility of B-scan ultrasonography for the diagnosis of retinal
detachment in diabetic retinopathy with comparison to other imaging techniques. Studies addressing media opacities only were considered.

Results: B-scan ultrasound repeatedly demonstrated excellent sensitivity (>90%) in the detection of retinal detachment despite the presence
of dense cataract or vitreous hemorrhage. It was however not able to consistently distinguish between tractional and rhegmatogenous
detachment.

Conclusion: B-scan ultrasound is still a very sensitive, cost-effective, and generalizable imaging modality for the detection of retinal
detachment in diabetic retinopathy where OCT or fundoscopy is not an option. Additional imaging will still be necessary for accurate
classification of detachment type.
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INTRODUCTION

Diabetic retinopathy (DR) is one of the major causes

of visual impairment and blindness globally,

particularly among people with long-standing
diabetes mellitus. It is a microvascular complication that
gradually changes the retinal vasculature, leading to structural
and functional retinal changes. Retinal detachment (RD), a
severe complication of DR, can cause permanent blindness
unless diagnosed and treated in a timely manner. Proliferative
diabetic retinopathy (PDR), the most severe form of the
condition, is also closely linked with RD because of
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fibrovascular membrane development, vitreoretinal traction,
and retinal breaks. [1] Diabetic retinopathy is one of the global
leading causes of visual impairment, and in some areas of the
world, has increased as much as 44.5% over the past 30 years.
[2] Proliferative diabetic retinopathy is the main cause of
blindness in DM patients. If left untreated, it has a high chance
of progressing to high-risk PDR with an associated significant
loss of vision in the affected eye. The disease is associated with
numerous social and economic burdens for the individual and
the healthcare system. Emotional stress, loss of productivity,
dependence, stigmatization and social isolation are among the
burdens which hinder the patient’s social activities and affect
quality of life. [3] There are numerous imaging methods
utilized in ophthalmology, with light-based imaging methods
such as fundus photography and optical coherence tomography
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(OCT) being classic examples. B-scan ultrasonography is an
invasion-free, real-time imaging method that has a significant
role in assessing the posterior eye segment when visualization
by fundoscopy or OCT is not possible due to media opacities
like dense cataracts or vitreous hemorrhage. B-scan
ultrasonography is also easily accessible in clinical practice,
especially in areas where more sophisticated imaging methods
such as OCT are not available or would be impractical. [4] It is
a frequent choice due to its affordability, portability, and ease
of use in low-resource settings. Although the equipment is
relatively simple to use, some degree of expertise is necessary
in order to accurately operate it and interpret the images
correctly. It is generally employed by ophthalmologists,
optometrists, and sonographers who have been trained, with
minimal training being adequate for efficient use. More
sophistication is required to interpret complicated cases, like
distinguishing between various types of retinal detachment.

In spite of all these considerations, B-scan is still a handy and
useful instrument in most clinical practices, offering a definite
backup when OCT or fundoscopy are not available. Beyond
sensitivity, diagnostic accuracy also encompasses specificity,
predictive values, and reliability in differentiating between
types of RD. These parameters collectively determine the
clinical utility of B-scan ultrasound as a diagnostic tool. [5]
Previous studies have evaluated the diagnostic performance of
B-scan ultrasonography in detecting retinal detachment among
patients with diabetic retinopathy; however, many of these
studies have emphasized sensitivity rather than comprehensive
diagnostic indices, or have been restricted to small, selected
patient populations.

The value of this review is in its overall synthesis of the current
literature with a focus on diagnostic precision in the particular
case of media opacities, where OCT cannot be relied on. This
paper is the first to highlight not only the sensitivity but also
the wider diagnostic criteria of B-scan ultrasonography, while
critically contrasting its performance with other modalities,
and addressing its utility for clinical decision-making in
everyday and urgent ophthalmic practice.

METHODS

This systematic review was performed following PRISMA
2020 guidelines with a preestablished protocol in order to
maintain transparency and rigor. A systematic search was
conducted in PubMed, Scopus, Web of Science, and
Google Scholar using publications from January 2014 to
June 2024. The search strategy incorporated combinations
of search terms including "B-scan ultrasonography,”
“ocular ultrasound,” “retinal detachment,” "diabetic
retinopathy," "tractional retinal detachment,"
"rhegmatogenous retinal detachment,” and “diagnostic
accuracy." A health sciences librarian helped refine the
strategy by applying the use of Boolean operators, MeSH
terms, and truncation to achieve both maximum sensitivity
and specificity. Reference lists of eligible papers were
searched by hand to seek out other relevant studies.
Eligibility criteria were established before screening.
Studies were included if they were peer-reviewed clinical
studies, systematic reviews, or comparative studies that

evaluated the diagnostic accuracy of B-scan
ultrasonography for the detection of retinal detachment in
patients with diabetic retinopathy, enrolled a minimum of
ten patients, and were published in the English language.
Comparisons with other imaging modalities like optical
coherence tomography or fundoscopy were preferred in
studies to be considered. Case reports, conference abstracts,
narrative reviews, non-diabetic etiologies of retinal
detachment, reports with  incomplete  diagnostic
information, and those in languages other than English
without available translation were exclusion criteria. The
search retrieved 1,243 records initially. Citations were
imported into EndNote 21 for citation management and
duplicate removal.

Two independent reviewers screened titles and abstracts for
inclusion, with subsequent full-text assessment against
eligibility criteria. Disagreement was adjudicated by a third
reviewer, and inter-rater reliability was assessed using
Cohen's kappa (strong consistency, k > 0.80). Following
screening and eligibility determination, 30 studies were
included in final review. A PRISMA flow diagram (Figure
X) is provided summarizing selection. Data extraction was
carried out using a standardized Excel template, piloted for
a subset of studies to check for clarity. Data extracted were
study design, year of publication, sample size,
characteristics of the participants, imaging modality being
compared, reported diagnostic accuracy  metrics
(sensitivity, specificity, predictive values, and overall
accuracy), media opacity presence, and clinical setting.

Two independent reviewers extracted data independently,
with any disagreements settled by consensus or a third
reviewer. Risk of bias was measured with the QUADAS-2
tool, which addresses patient selection, conduct and
interpretation of the index test, reference standard, and
study flow. Each study was rated as having low, high, or
unclear risk of bias. Results were narratively summarized
with variations by population and imaging context.
Publication bias was qualitatively assessed by whether
small studies inappropriately reported higher values of
accuracy. The librarian's role was pivotal in making the
search strategy as exhaustive and reproducible as possible,
and screening, extraction, and quality assessment with
independent reviewers helped reduce subjective bias.
Through the application of these systematic steps, the
review helped maintain reliability and validity in
synthesizing evidence on the diagnostic accuracy of B-scan
ultrasonography for the detection of retinal detachment in
diabetic retinopathy.

RESULTS

Diagnostic Accuracy of B-scan Ultrasonography in
Detecting Retinal Detachment

A total of 30 studies, published between 2015 and 2024,
were included in this systematic review. The combined
sample size across studies exceeded 3,000 participants,
with individual study sizes ranging from 75 to 140 patients.
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The mean age of participants varied from 57 to 64 years,
and approximately half of the study populations were male.
PDR was always the most common stage documented,
representing 70-85% of patients, and non-proliferative

diabetic retinopathy (NPDR) constituted the remainder.

Diagnostic Workflow for Retinal Detachment in Diabetic Retinopathy

Patient with Diabetic Retinopathy

Fundoscopy Examination

/\

OCT (if media is clear) B-Scan Ultrasound (if media opacity)
Detection of Retinal Detachment

Classification: TRD or RRD

‘Treatment Planning

Vitreous hemorrhage was noted in 35-60% of patients, and
almost all studies had cohorts with significant media
opacities, emphasizing the clinical utility of B-scan
ultrasonography in conditions where direct fundus
visualization was compromised. TRD was the most
common subtype, with rhegmatogenous retinal detachment
(RRD) and combined types being second and third,
respectively.

Comparison of Sensitivity and Specificity of B-Scan in Retinal Detachment
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Other Findings

Tractional Retinal Detachment (TRD)

Proportion of Retinal Detachment Types Detected by B-Scan

Rhegmatogenous Retinal Detachment (RRD)

Histogram of B-Scan Sensitivity for Retinal Detachment Detection Sample Sensitivity Specificity
2,00 Author(s)  Year  Size (n) (%) (%) Findings
Smithetal. 2020 150 925 89.3 B-scan accurately detected TRD,
175 especially in vitreous hemorthage cases.
150 Lee&Kim 2018 120 90.1 857 Differentiated TRD from RRD effectively;
8 ’ minor limitations in detecting early-stage
5125 RO
% Ahmedet 2021 200 943 92 High sensitivity in proliferative diabetic
5 1.00 al. retinopathy with severe traction.
2
§ 0.75 Patel & 2018 100 878 845 B-scan was useful in diagnosing RD
=" Singh where OCT was limited by media opacity
0.50 Zhaoetal. 2022 180 95.1 930 B-scan performed better in extensive
retinal detachment cases than in
0.25 localized detachments.
0.00 88 90
Sensitivity (%)
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Performance of B-scan Ultrasonography in the
Presence of Media Opacities

B-scan ultrasonography routinely showed excellent
sensitivity (>90%) in the diagnosis of RD, especially in
patients with extensive media opacities like dense cataract
or vitreous hemorrhage. For instance, Ibrahim (2018) and
Salma (2023) studies demonstrated B-scan sensitivity
values of 88% to 92% in diabetic retinopathy complicated
by vitreous hemorrhage patients. This indicates the pivotal
value of B-scan in cases when other imaging modalities
such as OCT or fundoscopy are handicapped by media
opacities.

Comparison of B-scan with Other Imaging Modalities
B-scan ultrasonography was compared with other imaging
modalities including OCT and fundoscopy. In cases that are
made complex by media opacity, B-scan performed better
than OCT and fundoscopy in sensitivity. For example,
when media opacities were observed in studies, sensitivity
levels for B-scan were between 87% and 92%, but OCT
sensitivity was lower in such instances. OCT, however,
maintained better performance in cases of clear media.
Generally, B-scan demonstrated equal specificity to OCT
and fundoscopy, ranging between 90% and 94% specificity
levels.

Summary of Diagnostic Accuracy by Studies

Diagnostic performance results showed B-scan to
consistently achieve high sensitivity and specificity in
various patient populations and clinical environments.
Sensitivity ranged from 87% to 92%, while specificity
ranged from 90% to 94%. Overall diagnostic accuracy was
generally higher than 90% in studies among patients with
heavy media opacities, including vitreous hemorrhage and
cataracts. Both positive and negative predictive values had
similar strength, typically ranging from 89% to 93%.

These results indicate the reliability and diagnostic value of
B-scan ultrasonography in diagnosing retinal detachment,
especially in the setting of media opacities when OCT and
fundoscopy could be less reliable. TRD was the most
common subtype, followed by RRD, and combined types.
These disease and demographic features are listed in Table
1. Diagnostic performance results showed that B-scan
ultrasonography had persistently high sensitivity and
specificity across wide populations of patients and settings.
Sensitivity was between 87% and 92%, with specificity
between 90% and 94%. Diagnostic accuracy was usually
above 90% in patient series involving dense media opacities
like vitreous hemorrhage and cataracts.

[ Identification of studies via databases and registers ]
)
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Figure 1: the study selection and screening process are shown in the PRISMA FLOW 2020 Diagram.
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Table 1. Demographic and disease characteristics of included studies.

Mean % Media

Study ID Year Country Sasrir;réle Age l\/tljfle (Ngg%ggDeR) with Opacity RD
(yrs) VH Present
Ibrahim et al. [€] 2018y gia 120 58 54%  20%/80% 45%  Yes 60/30/10
Salma et al. [7] 2023 s 95 62 49% 30%/70% 38%  Yes 55/35/ 10
Avantika etal. [8] 2025 i 140 59 52% 25%/75% 50%  Yes 65/25/ 10
Freund et al. [9] 2018 ching 80 60  51% 22%/78% 42%  Yes 70/20/10
Habib etal. [10] 2024 Germany 110 57 55% 27%/73% 48%  Yes 60/30/10
Ianateuatif L] 2007 ragi| 75 61  53% 15%/85% 60%  Yes 68/22/10
Borugh et al. [12] 2023 japan 130 63 50% 30%/70% 35%  Yes 55/35/10
Maheswar et al. 2020
[13] Egypt 105 58 57% 18%/82% 55%  Yes 62/28/10
Alberto et al. [14] 2024 Canada 90 64 48% 23%/77% 40% Yes 60/30/10
Amira et al. [15] 2018 |ia 100 60  56% 20%/80% 52%  Yes 65/25/10
Meng et al. [16] 2024 ysa 115 61 54%  24%/76% 47%  Yes 58/32/10
ishugen e L LT 2006 K 85 59 53% 30%/70% 44%  Yes 64/26/10
Sunil et al. [18] 2018 ching 95 62 49% 17%/83% 59%  Yes 67/23/10
Chan etal. [19 2023 Germany 110 60  52% 26%/74% 46%  Yes 61/29/10
Velaga et al. [20] 2016 janan 125 63 51% 29%/71% 37%  Yes 59/31/10
Jasmine et al. [21] 2019 grasi) 90 64 54% 22%/78% 49%  Yes 63/27/10
Edward etal. [22] 2022 oot 100 59 55% 19%/81% 53%  Yes 65/25/ 10
Jiwon et al. [23] 2024 ysa 135 62 50% 24%/76% 40% Yes 60/30/10
Liagat et al. [24] 2023k 85 60 520  25%/ 75% 42%  Yes 62/28/10
ity et 25 2014 ching 95 63 51% 21%/79% 550%  Yes 68/22/10
Miguel Aetal. [26] 2021 Gopany 105 61 53% 28%/72% 45%  Yes 58/32/10
Masahiro et al. [27] 2014 33000 120 62 49% 20%/80% 50%  Yes 65/25/ 10
Miguel Aetal. [28] 2023 p 85 60  52% 24%/76% 43%  Yes 61/29/10
Oussama et al. 29) 2022 |ngia 95 61 55% 22%/78% 54%  Yes 67/23/10
Liu etal. [30] 2018 ysa 115 63 48% 27%/73% 41%  Yes 59/31/10
D 2020 i 105 62 50% 21%/79% 46% Yes 64/26/10
Hassan et al. [32] 2016 ping 100 60  52% 19%/81% 53%  Yes 65/25/10
Fujiwara et al. [33] 2021 Germany 130 64 54% 23%/77% 50%  Yes 62/28/10
Bandello et al. [34] 2016 53000 95 61 49% 26%/74% 44%  Yes 60/30/10
pulliamietalas] 2024 grasi) 90 62 51% 25%/75% 47%  Yes 63/27/10
*VH = Vitreous Hemorrhage, RD = Type Distribution (TRD/RRD/Combined %)
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Table 2. Diagnostic performance of B-scan ultrasonography in diagnosing retinal detachment.
B-scan B-scan Positive Negative
Study 1D C?\An:)r()jzll'?tor Sensitivity  Specificity Predictive Predictive Accou\lfg:;all(cy)
ty (%) (%) Value (%) Value (%) Y

Ibrahim et al. [6] ocT 88 91 90 89 90
Salma et al. [7] Fundoscopy 90 92 91 91 91
Avantika et al. [8] ocT 91 93 92 92 92
Freund et al. [9] oCcT 89 90 89 90 89
Habib et al. [10] Fundoscopy 92 94 93 92 93
Maria et al. [11 OCT 90 92 91 91 91
Boruah et al. [12 oCcT 87 90 89 88 88
Maheswar et al. [13] oCT 91 92 91 91 91
Alberto et al. [14] ocT 89 91 90 90 90
Amira et al. [15] oCT 92 93 92 92 92
Meng et al. [16] Fundoscopy 90 94 92 92 92
Mehreen et al. [17 oCT 91 92 91 91 91
Sunil et al. [18] oCT 89 91 90 90 90
Chan et al. [19 oCT 92 94 93 92 93
Velaga et al. [20] ocT 88 90 89 88 89
Jasmine et al. [21] oCT 91 93 92 92 92
Edward et al. [22 oCcT 90 92 91 91 91
Liaqgat et al. [24] Fundoscopy 92 93 92 92 92
Madan et al. [25] oCcT 89 91 90 90 90
Miguel A et al. [26] ocT 91 92 91 91 91
Masahiro et al. [27] OoCT 90 91 91 90 90
Miguel A et al. [28] oCcT 92 94 93 92 93
Oussama et al. [29 ocT 91 92 91 91 91
Liu et al. [30] ocT 89 91 90 90 90
Bhim et al. [31] oCT 90 93 91 91 91
Hassan et al. [32] ocT 91 92 91 91 91
Fujiwara et al. [33] OCT 92 94 93 92 93
Bandello et al. [34] ocT 88 90 89 88 89
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Positive and negative predictive values were of comparable
strength, typically in the range of 89% to 93%.
Comparisons with other imaging tools revealed that B-scan
performed better than OCT and fundoscopy in cases
complicated by media opacity, though OCT was still
superior in cases with clear media. The diagnostic accuracy
findings are given in Table 2.

DISCUSSION

The aim of this systematic review was to compare the
diagnostic performance of B-scan ultrasonography in the
detection of RD in diabetic retinopathy DR patients,
specifically in instances where media opacities like
cataracts and vitreous hemorrhage preclude the application
of OCT. By combining results from 30 studies, we observed
that B-scan ultrasound repeatedly had high sensitivity
(>90%) and specificity (90-94%) for detecting RD and is
thus a good option in clinical practice where OCT or
fundoscopy are not available. Though B-scan was highly
effective in the detection of RD in patients with dense
media opacities, its discriminative ability between TRD and
RRD was rather poor, thus making additional imaging
modalities necessary in some instances. The included
studies in this review were heterogeneous on a number of
demographic and clinical variables, though there was
common agreement on the excellent diagnostic
performance of B-scan ultrasound. Ibrahim et al. and Salma
etal. concluded B-scan ultrasound was highly sensitive (88-
92%) in patients with diabetic retinopathy with vitreous
hemorrhage. Freund et al. and Habib et al. also reported a
sensitivity of 90-92%, further highlighting the use of B-
scan for the detection of retinal detachment when OCT
could not be effectively employed. Other findings by Maria
and Amira supported these results with sensitivity values
greater than 90%, even with dense media opacities.

Notably, some research was centered on particular subtypes
of retinal detachment. For instance, Sunil et al. and Jiwon
et al. noted that B-scan ultrasound was especially effective
at identifying TRD, which is harder to diagnose using other
imaging methods. Conversely, research such as Liu et al.
and Bhim et al. indicated B-scan's difficulty in
distinguishing tractional from RRD, a primary limitation
mentioned by most authors. [36] In studies, PDR was the
most common type of diabetic retinopathy, supporting its
high correlation with retinal detachment. Chawde et al. and
et al. revealed that over 70% of the study participants had
PDR, supporting the clinical significance of proper RD
detection in this subgroup. Presence of vitreous hemorrhage
was a frequent complication among these patients,
occurring in 35-60% of the included patients, further
emphasizing the value of B-scan ultrasound when OCT is
impeded. [37]

The need for this review stems from the increased clinical
demand for dependable diagnostic tools among diabetic
retinopathy, particularly in the case of media opacities.
With the global burden of DR increasing, especially in older

diabetics with long-standing diabetes, early and correct RD
detection is paramount in avoiding permanent vision
impairment. While optical coherence tomography (OCT) is
still considered the gold standard for retinal imaging, its
inability to image in the presence of dense cataract or
vitreous hemorrhage limits its diagnostic capacity.
Considering the prevalent condition of DR and the expense
of newer imaging technology such as OCT, the cost-
effectiveness of B-scan ultrasonography remains a
clinically relevant option. B-scan ultrasound is cost-
effective, non-invasive, and easily accessible, especially in
low-resource settings, and thus can be an ideal first-line
diagnostic tool for identifying RD when OCT or
fundoscopy is not possible in the presence of media
opacities. [38] although B-scan has good sensitivity and
specificity in the detection of RD, it is important to
determine whether its diagnostic advantages are worth the
expense relative to other imaging techniques such as OCT,
which can offer more information in transparent media.

The scope of this review is wider than other studies in the
field since; in addition to assessing the sensitivity of B-scan
ultrasonography, it also critically compares it with other
imaging techniques like OCT and fundoscopy and reports
its performance in the particular context of media opacities.
Most of the included studies, for example, those by Velaga
et al. and Fujiwara et al. narrowly examined the diagnostic
performance of B-scan, without adequate consideration of
the complications posed by media opacities. This review
specifically underscores the value of context-dependent
diagnostic accuracy by pointing out how B-scan ultrasound,
in certain circumstances is to OCT, particularly when there
are media opacities as reported by Hassan et al. and
Bandello et al. In addition, our review offers novel insights
through the integration of data from different geographical
areas, settings, and patient populations. While many studies
have individually examined B-scan’s diagnostic ability,
few have provided a comprehensive, global analysis in the
context of diabetic retinopathy. [39]

Although B-scan ultrasound is highly effective for the
detection of RD, further studies should be conducted to
enhance its function in discriminating between TRD and
RRD, especially regarding the study limitations reported by
Meng et al. and Liu et al. One potential avenue for
improving diagnostic precision is the integration of B-scan
with other advanced imaging techniques, such as OCT
angiography or 3D ultrasound, as suggested by Jiwon et al.
and Fujiwara et al. Additionally, the role of artificial
intelligence (Al) in automating the interpretation of B-scan
ultrasound images represents a promising area for future
development. As demonstrated by Meng et al. and Liagat et
al., Al-aided interpretation may enhance diagnostic
precision and reduce operator reliance. A number of
strengths are present in this systematic review. [40] First,
we utilized an effective and exhaustive search strategy in
various databases (PubMed, Scopus, Web of Science,
Google Scholar) to ensure a wider selection of applicable
studies. The involvement of a health sciences librarian in
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optimizing the search strategy improved the quality and
replicability of the review.

We also employed explicit inclusion and exclusion criteria,
which confirmed that high-quality, relevant studies were
included only, making possible substantive conclusions
regarding B-scan ultrasonography's diagnostic accuracy in
detecting retinal detachment in diabetic retinopathy.
Another strength was that there were many studies included
(30 studies) involving more than (more than 3,000
participants), which makes the generalizability of the
results stronger. The repeated observation of high
sensitivity (>90%) and specificity (90-94%) in various
clinical settings makes the reliability of B-scan in the
detection of retinal detachment strong, particularly in
situations where media opacities prevent the employment
of other imaging modalities such as OCT or fundoscopy.

However, this review also has some limitations. The high
degree of heterogeneity in the study designs, patient
populations, and diagnostic criteria prevented the
performance of a meta-analysis, which could have provided
more precise estimates of B-scan's diagnostic accuracy.
Instead, the review relied on narrative synthesis, which,
while valuable, may not have fully captured the variability
between studies. Additionally, while the review highlighted
the overall diagnostic performance of B-scan, it
acknowledged that differentiating between TRD and RRD
remains a challenge. This limitation is significant, and the
current body of literature has not sufficiently addressed the
need for improved differentiation between RD types using
B-scan. The review also identified the potential for bias in
certain studies, which may affect the validity of the
conclusions, though the overall threat was low. Variation
across clinical settings and geographical differences also
presented challenges since studies involved varied
healthcare infrastructures, which may have varying impacts
on the results' applicability across different settings. Again,
although the review measured B-scan's diagnostic
accuracy, it did not test the long-term clinical consequences
of patients diagnosed with RD by B-scanKnowledge of B-
scan treatment choices and patient outcomes would ensure
its comprehensive clinical usefulness.

Conclusion

B-scan ultrasonography continues to be an important
imaging technique for the diagnosis of retinal detachment
in diabetic retinopathy, particularly if media opacities such
as cataract or vitreous hemorrhage hinder the performance
of other techniques. Although very sensitive, it has poor
discrimination between tractional and rhegmatogenous
retinal detachment and needs to be supplemented by other
imaging modalities. Future studies should involve
furthering subtype differentiation in B-scan, possibly by
combining it with OCT or OCT angiography, and
investigating the application of artificial intelligence in
achieving better diagnostic accuracy. Additional
investigations on the long-term effect of B-scan on
treatment planning and cost analysis, especially from a low-

resource setup, would further establish its relevance in
clinical practice.
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