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Abstract:

Objective: This study aimed to quantitatively evaluate the diagnostic performance of inverted grayscale radiog-
raphy for detecting tibial plateau fractures.

Methods: In this retrospective diagnostic accuracy study, two emergency physicians independently assessed
one-view (anteroposterior) knee radiographs in both conventional and inverted grayscale modes in separate,
blinded sessions. Spiral knee computed tomography (CT) scans served as the reference standard for fracture
confirmation. Sensitivity, specificity, and area under the receiver operating characteristic curve values were cal-
culated. Inter-observer agreement was also assessed using Cohen’s kappa.

Results: Of 112 included cases, 31 (27.67%) had tibial plateau fractures confirmed on CT. For the first physi-
cian, sensitivity and specificity were 54.84% (CI 95%: 36.00%,72.70%) and 85.19% (CI 95%: 75.60%,92.10%) with
conventional images, compared with 35.48% (CI 95%: 19.20%,54.60%) and 83.95% (CI 95%: 74.10%,91.20%)
with inverted grayscale images. For the second physician, sensitivity was identical for both modalities (38.71%
(CI 95%: 21.90%,57.80%)) while specificity was higher with conventional radiography (100.00% (CI 95%:
95.60%,100.00%)) than inverted grayscale radiography (90.12% (CI 95%: 81.50%,95.60%)). The area under the
operating characteristic curve values were consistently higher for conventional imaging: 0.70 (CI 95%: 0.60,0.78)
versus 0.59 (CI 95%: 0.50,0.68) for the first physician (P-value=0.03) and 0.69 (0.57-0.81, CI 95%) versus 0.64 (CI
95%: 0.52,0.76) for the second physician (P-value=0.18). Inter-observer agreement was moderate for conven-
tional radiographs (x = 0.51) and lower for inverted grayscale images (x = 0.38).

Conclusion: Inverted grayscale radiography did not improve the detection of tibial plateau fractures and was
associated with reduced inter observer reliability.
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1. Introduction

The tibiofemoral joint experiences various forces during
daily activities, each influencing its structural integrity. Tib-
ial plateau fractures, which represent approximately 1% of all
fractures, typically result from high energy trauma and may
involve adjacent structures, including blood vessels, nerves,
ligaments, and menisci (1). Diagnosis is primarily based
on clinical evaluation supported by standard radiographic
imaging (2,3). However, because missed diagnoses are rel-
atively common and may lead to adverse clinical outcomes,
computed tomography (CT) imaging is recommended when
uncertainty persists, as it provides superior visualization of
bone morphology and fracture characteristics (4).

In healthcare settings where CT imaging is unavailable-such
as rural or resource-limited hospitals-alternative diagnostic
strategies may assist clinical decision-making (5,6). Inverted

grayscale radiography is an image processing technique that
reverses pixel intensity values across the entire grayscale
spectrum. It has been proposed that grayscale inversion may
enhance radiographic interpretation because human visual
perception can sometimes detect density variations more ef-
fectively in inverted-contrast images, potentially improving
the delineation of osseous abnormalities (7-9).

Although previous studies have evaluated inverted grayscale
radiography either alone or alongside conventional radiog-
raphy, their findings regarding its diagnostic value have been
inconsistent (7). Furthermore, its diagnostic performance
for knee fractures has not yet been investigated. This study
aimed to quantitatively assess the diagnostic accuracy of in-
verted grayscale radiography for detecting tibial plateau frac-
tures.
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a. Conventional knee x-ray

b. Inverted grayscale knee x-ray

ETTEY Anteroposterior knee conventional and inverted grayscale X-ray images

UE1D RN The diagnostic performance indices of emergency physicians using conventional and inverted images

Reader & modality TP FP TN FN Sensitivity Specificity +LR -LR AUC (CI95%)
(CI95%) (CI95%)
Physician 1 Conventional 17 12 69 14 54.84% 85.19% 3.70 (2.01,6.83) 0.53 (0.36,0.79)  0.70 (0.60,0.78)

(36.00,72.70) (75.60,92.10)

Physician 1 Inverted 11 13 68 20 35.48%

83.95%

2.21(1.11,4.40) 0.77(0.58,1.01)  0.59 (0.50,0.68)

(19.20,54.60) (74.10,91.20)

Physician 2 Conventional 12 0 81 19 38.71%

100.00% =

0.61 (0.46,0.81)  0.69 (0.57,0.81)

(21.90,57.80) (95.60,100.00)

Physician 2 Inverted 12 8 73 19 38.71%

90.12%

3.92 (1.77,8.66) 0.68 (0.51,0.91)  0.64 (0.52,0.76)

(21.90,57.80) (81.50,95.60)

AUC: Area Under The Receiver Operating Characteristic Curve; TN: True Negative; FN: False Negative; TP: True Positive;
FP: False Positive; +LR: Positive Likelihood Ratio; -LR: Negative Likelihood Ratio. Estimates have been presented along with a CI 95%

2. Methods

This study was conducted in December 2023 at the Imam
Khomeini Hospital Complex (IKHC), a tertiary care center
affiliated with Tehran University of Medical Sciences. The
aim was to evaluate the diagnostic accuracy of inverted
grayscale radiography compared with standard radiography
for detecting tibial plateau fractures. This study was re-
ported according to the standards for reporting diagnostic
accuracy studies (STARD) reporting guidelines (10). Eth-
ical approval was obtained from the institutional review
board (IR.TUMS.IKHC.REC.1400.226), and the study was
conducted in accordance with the Declaration of Helsinki.

2.1. Design and setting

In this retrospective diagnostic accuracy study, we analyzed
imaging data from a randomly selected sample of emergency
department (ED) patients who underwent both knee radio-
graphy and CT for acute knee trauma, either as an isolated
injury or as part of multiple traumas. Imaging decisions were
made at the discretion of the attending emergency physi-
cian or the trauma team leader. Exclusion criteria included:
(1) age under 18 years, (2) open fractures, and (3) incom-
plete radiologic records. A total of 112 adult cases were re-
viewed between December 2022 and December 2023. Of
these, 31 patients (27.7%) had tibial plateau fractures, while
81 (72.3%) did not. Grayscale inversion was performed us-
ing the built in tools of the picture archiving and commu-
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AUROC curves of the tibial plateau fracture detection by conventional and inverted images

UE1N P Comparison of the area under the receiver operating characteristic (AUROC) curve for each emergency physician using conventional

and inverted image

Reader Difference in AUC P value*
Physician 1 (conventional - inverted) 0.10 0.025
Physician 2 (conventional — inverted) 0.05 0.180

*: Calculated using the DeLong method

nication system (PACS) workstation. Both the conventional
and inverted grayscale images were obtained in the antero-
posterior (AP) view only due to the availability of data. Im-
ages were exported from the PACS in JPG format at 96 dpi,
which is the standard anonymized export format supported
by our institution. Direct DICOM export was not feasible due
to system restrictions on de identification. Although JPGis a
compressed format, the PACS export function does not apply
additional compression or post processing, and no external
editing was performed. The same exported images were used
consistently across both modalities and for both readers, en-
suring uniform image quality. All images were irreversibly
anonymized and displayed on a 21 inch LCD monitor with
aresolution of 2048 x 1536 pixels. An example of the conven-
tional and inverted images is provided in figure 1.

2.2. Study protocol and measurements

Two emergency physicians, each with more than 10 years of
experience, independently evaluated the conventional and
inverted images. Both readers were board certified emer-
gency physicians and were familiar with the grayscale inver-
sion function available in the PACS system. No formal cali-
bration or training was conducted before image interpreta-
tion, as the study aimed to reflect real world practice. In-
traobserver reliability was not assessed because each modal-
ity was interpreted only once per reader. To ensure unbi-
ased assessment, both physicians were blinded to the CT
findings. Image interpretation was performed in two sepa-

rate reading sessions. In the first session, the physicians re-
viewed randomly ordered, anonymized conventional images
and recorded the presence or absence of fractures. To min-
imize recall bias, the sessions were separated by a one-week
washout interval. In the second session, inverted grayscale
versions of the same images were presented in a different
random sequence for independent reassessment. During
both sessions, physicians were permitted to adjust magnifi-
cation, but were not allowed to make any other image mod-
ifications. Breaks were allowed, and no time limits were im-
posed on the evaluations.

2.3. Outcome

The primary outcome was the diagnostic accuracy of in-
verted grayscale radiography compared with conventional
radiography for detecting tibial plateau fractures. The refer-
ence diagnosis for each case was based on the radiologist’s
interpretation of the spiral knee CT scan. The board-certified
radiologist had more than 10 years of experience.

2.4. Statistical analysis

Normally distributed continuous variables were reported as
means with standard deviations, and categorical variables as
counts and percentages. The area under the receiver oper-
ating characteristic (AUROC) curve was used to compare the
proportion of discordant patient pairs in which the patient
with the fracture had the higher predicted probability. AU-
ROC curves were compared using the non-parametric De-
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Long method. Two-by-two contingency tables were used
to calculate sensitivity, specificity, and positive and nega-
tive likelihood ratios (+LR and -LR). All estimates were re-
ported with 95% confidence intervals (CI). Inter observer
agreement between the two physicians was assessed using
Cohen’s kappa statistic. Sample size estimation was based on
detecting a clinically meaningful improvement in sensitivity
when using inverted grayscale radiography compared with
conventional radiography. Using the sample size formula
for comparing two proportions, with a sensitivity of 0.79 for
conventional radiography (11), to test for an increase of 0.17
(from 0.79 to 0.9) in sensitivity, using a two sided = 0.05 and
80% power, 112 cases were required using the standard nor-
mal approximation. To calculate the diagnostic test perfor-
mance indices, an online calculator, MedCalc, was used (12).
All other statistical analyses were performed using RStudio
version 3.0.3.1. A P-value<0.05 was considered statistically
significant.

3. Results

The mean age of the study population was 44+15 years, and
72% of the population were male. For the first emergency
physician, sensitivity was 54.84% (CI 95%: 36.00,72.70) with
conventional radiographs and 35.48% (CI 95%: 19.20,54.60)
with inverted grayscale images. For the second physician,
sensitivity was identical for both modalities at 38.71% (CI
95%: 21.90,57.80). Specificity for the first physician was
85.2% (CI 95%: 75.6,92.1) with conventional radiographs and
83.95% (CI 95%: 74.10,91.20) with inverted grayscale images.
For the second physician, specificity was 100.00% (CI 95%:
95.60,100.00) with conventional radiographs and 90.12% (CI
95%: 81.50,95.60) with inverted grayscale radiographs. The
corresponding positive and negative likelihood ratios are
summarized in table 1.

For the first physician, the AUROC was 0.70 (CI 95%:
0.60,0.78) with conventional radiographs and 0.59 (CI 95%:
0.50,0.68) with inverted grayscale images. For the second
physician, AUROC values were 0.69 (CI 95%: 0.57,0.81)
for conventional radiographs and 0.64 (CI 95%: 0.52,0.76)
for inverted grayscale radiographs (Figure 2). Comparative
analysis demonstrated significantly better diagnostic perfor-
mance with conventional radiographs for the first physician
(P=0.025), whereas no significant difference was observed for
the second physician (P=0.18) (Table 2). Inter observer agree-
ment between the two physicians was moderate for conven-
tional radiographs (x=0.51) and lower for inverted grayscale
images (x=0.38).

4, Discussion

In this study, evaluating the diagnostic accuracy of inverted
grayscale radiography compared with standard radiogra-
phy for detecting tibial plateau fractures on anteroposte-
rior views, we found no improvement in sensitivity or speci-
ficity with grayscale inversion. In fact, diagnostic perfor-

mance tended to decline when physicians interpreted in-
verted grayscale images.

A wide range of image processing techniques has been de-
veloped to enhance diagnostic performance, though their ef-
fectiveness varies considerably. These include gray level ma-
nipulations (e.g., histogram equalization), spatial corrections
(e.g., geometric distortion correction), and preprocessing
methods such as edge enhancement and temporal subtrac-
tion. Such techniques aim to restore image quality, reduce
noise, enhance structural visualization, and facilitate seg-
mentation of clinically relevant features (13). More recently,
artificial intelligence-based tools have been explored as ad-
ditional methods to improve diagnostic accuracy in medical
imaging (14-17). Several studies have specifically examined
the diagnostic utility of inverted grayscale radiography. Ini-
tial work focused on chest radiography for pulmonary nodule
detection, followed by multiple subsequent studies evaluat-
ing the same pathology (8,18-20). Most of these studies re-
ported improved detection of parenchymal nodules, a find-
ing later supported by a meta analysis (7). However, studies
evaluating other thoracic conditions—such as pneumotho-
rax and rib fractures—did not demonstrate any diagnostic
advantages (21,22). Looking at other areas, grayscale inver-
sion improved detection of macrocalcifications in mammog-
raphy (23) but did not enhance measurement accuracy in
digital periapical radiographs (24). Several explanations have
been proposed for these inconsistent findings. For exam-
ple, Robinson et al. suggested that increased relative bright-
ness of pulmonary nodules in inverted images may enhance
their detectability (18) Conversely, other authors argued that
grayscale inversion may impair visual perception and hinder
accurate interpretation (21,24). Differences in reader expe-
rience may also contribute to the variability in reported re-
sults.

Within the musculoskeletal domain, only two studies have
found that
conventional radiography and inverted grayscale imaging

evaluated grayscale inversion. Ahmed et al.

were equally effective for the diagnosis of femoral neck frac-
tures (25). Another study found that grayscale inversion
improved the consistency of sagittal spinopelvic measure-
ments in asymptomatic adults. This effect was most pro-
nounced when pelvic anatomy was poorly visualized (26).
Our study demonstrated lower diagnostic performance for
detecting tibial plateau fractures using inverted grayscale ra-
diography, a finding that should be interpreted in the con-
text of the study population and methodological design. Our
cohort consisted exclusively of patients who underwent CT
imaging, inherently selecting cases with greater diagnostic
uncertainty and more subtle radiographic findings. From
a research standpoint, this represents a valuable opportu-
nity to evaluate diagnostic performance in challenging cases.
ALOQS, this study only a single anteroposterior radiographic
view was assessed, which might partially explain our find-
ings. Prior study has shown that reducing the number of
views from four (AP lateral, and both obliques) to two (AP
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and lateral) can decrease sensitivity from 85% to 79%(27).
Additionally, images were interpreted by emergency physi-
cians rather than radiologists, reflecting real world ED prac-
tice but potentially contributing to lower sensitivity.

Most prior work on interobserver agreement with grayscale
inversion has focused on chest pathologies. Pulmonary
nodule detection showed fair agreement, with a slight de-
crease (from 0.396 to 0.332) in agreement with using inverted
grayscale views regardless of radiologists’ experience (19).
Rib fracture assessments revealed slightly improved agree-
ment (from 0.400 to 0.426) with inverted grayscale views,
the highest reliability when both types of views were com-
bined (0.435) (22). In our study, interobserver agreement de-
creased from moderate with conventional radiographs to fair
with grayscale inversion (28). These findings raise important
questions regarding the clinical utility of grayscale inversion.

5. Limitations

This study has several limitations. First, the relatively small
number of true positive cases resulted in wide confidence
intervals for sensitivity estimates; however, sensitivity es-
timates remain reasonably stable when more than 20-30
true positive cases are available (29). Second, the omis-
sion of clinical examination and orthogonal radiographic
views—both essential components of comprehensive frac-
ture evaluation—may have affected diagnostic accuracy and
limited generalizability. Third, including additional readers
and assessing intraobserver reliability would have yielded
more precise reproducibility estimates, but this was not fea-
sible. Fourth, because only patients who underwent both
radiography and CT were included, probably the sample
disproportionately consisted of cases with higher diagnos-
tic uncertainty, rather than reflecting the full spectrum of
knee trauma presentations in the emergency department.
As a result, the sensitivity and specificity reported here may
underestimate routine clinical performance in unselected
ED patients. Finally, diagnostic confidence, interpretation
time, and the potential benefit of combining conventional
and inverted images were not assessed, which may further
limit conclusions regarding the practical clinical utility of
grayscale inversion.

6. Conclusion

In conclusion, inverted grayscale radiography did not im-
prove diagnostic performance compared with conventional
radiography.
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