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How to show that a new imaging method can replace a standard 
method, when no reference standard is available?
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Assessing the performance of a new diagnostic method is 
a common problem in radiology. With technical advances 
impacting image acquisition and post-processing, including 
applications of artificial intelligence, newer ways to perform 
imaging have emerged and need to be compared to the meth-
ods of reference.

Practical examples include low-dose CT examinations 
providing similar image quality as standard dose acquisitions 
thanks to improved image reconstruction [1–3], or accel-
erated MRI protocols by using novel image acquisition or 
image reconstruction methods [4, 5].

While the assessment of image quality and phantom stud-
ies might be the first steps of the evaluation, the diagnostic 
performance of the new imaging method should eventually 
be compared to that of the old method, typically using a 
reference standard such as surgery. The statistical methods 
for this type of analysis are well established [6, 7].

However, more often than not, there is no suitable or con-
venient reference standard against which the performance 
of the new diagnostic method can be tested. An example of 
this is imaging of the degenerative spine for which a surgi-
cal correlation is often missing. When performed, surgery 
only provides a limited amount of information compared to 
the extensive assessment that can be done by imaging (for 
example, no assessment of bone marrow can usually be done 
at spine surgery).

In such situations, investigators have tried a variety of 
approaches to quantify performance of the new method rela-
tive to the current one, such as reporting accuracy using the 
current test as the reference standard, assessing correlation 

of the new test’s findings with the current test, estimating 
intra- or inter-reader agreement of the new and existing tests, 
and testing for lack of significant differences between the 
findings of the tests.

These approaches, however, can provide misleading 
results. Alternatively, interchangeability is a statistical 
method to assess whether a new diagnostic method can 
replace a conventional method when there is no reference 
standard available. To illustrate, let us consider four studies 
on degenerative spine MRI taken from the recent literature 
[8–11].

These four studies aimed to show that MRI of the degen-
erative spine in the sagittal plane may be limited to a fast 
spin echo/turbo spin echo (FSE/TSE) Dixon fluid-sensitive 
sequence, with no need to perform additional T1-weighted 
(T1w) sequences. While the conclusions were the same, 
the approaches used were different, some being potentially 
misleading.

Sollmann et al tested for lack of significant differences 
between the number of abnormalities detected on the 
new protocol including fat-only (FO), in-phase (IP), and 
water-only (WO) images derived from a FSE/TSE Dixon 
T2-weighted sequence and the standard protocol (T1w, IP, 
WO images) [9]. However, this approach focuses on pooled 
results rather than individual subject results and suffers from 
low power to detect small but important differences.

Saiffudin et al studied the agreement between the new 
and standard protocols with different readers, and compared 
the inter-reader agreement obtained with the two protocols. 
This approach may also be misleading in various ways. 
First, poor inter-technique agreement may be due to poor 
intra-reader agreement for variables which are subjectively 
graded, thereby underestimating the potential for the new 
protocol to replace the standard one. In that study, kappa 
statistics for inter-protocol agreement were as low as 0.39 for 
some variables, but intra-reader agreement was not reported. 
Second, measures of intra- and inter-reader agreement, e.g., 
kappa statistic, tell us nothing about diagnostic performance.
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In the study by Yang et al, diagnostic performance of the 
new protocol was quantified using the standard protocol as 
the reference standard. Because the new test often makes 
similar errors as the standard test, this approach usually 
leads to gross exaggeration of accuracy of the new proto-
col. Furthermore, when the new protocol disagrees with the 
standard one, it is misleading to assume that the standard 
protocol’s findings are always correct since it is not a true 
reference standard.

The first paper of the series, on the other hand, had used 
interchangeability to demonstrate that the new simplified 
protocol could replace the standard protocol [8]. Inter-
changeability is a statistical method that describes the effect 
of replacing the current test with the new test, without the 
need for a reference standard. The idea is to first quantify the 
ability of the current test to agree with itself (i.e., measure 
the inter-reader agreement where all readers use the current 
test), then compare this with the ability of the new test to 
agree with the current test. If the frequency of agreement 
and types of disagreements between new and current tests 
are similar to when the current test is compared with itself, 
then we conclude that the new test is interchangeable with 
the current test (Fig. 1). Interchangeability may be tested for 
both qualitative and quantitative data [12].

It is important that the definition of agreement and the 
maximum allowable difference between new and current vs. 
current with itself are defined a priori, and that the study is 
powered to detect these differences.

Apart from the initial study by Zanchi et al, there are 
several other examples of the use of interchangeability of 
imaging tests in the literature [8, 13, 14], as well as papers 
describing the statistical methods [12, 15, 16].

Finally, beyond these statistical considerations, it 
should be mentioned that interchangeability needs to 
be proven for all types of information that the standard 
method is supposed to provide in order for the new method 
to be able to replace it. For instance, in degenerative spine 
MRI, T1w images are also used for the assessment of bone 
marrow pathology. If the new protocol does not include 
T1w sequences, the information must be included in the 
other images [14]. Furthermore, the detailed acquisition 
parameters should also be specified in the study and taken 
into account when replacing a standard protocol by a new 
one. Indeed, what might be true for a certain sequence on a 
certain scanner might not be generalizable to all sequences 
on all scanners.
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Fig. 1  The findings of two 
protocols interpreted by four 
readers. The standard protocol 
findings are denoted by blue 
circles and the new protocol 
findings by red squares. Inter-
changeability is not achieved 
for subjects A and B because of 
additional discrepancies by the 
new protocol in the findings for 
subject A and differences in the 
types of findings for subject B. 
Interchangeability is achieved 
for subjects C and D, with simi-
lar frequency of discrepancies 
and types of findings for the two 
protocols
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Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
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