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Abstract
Cadaveric dissection is a traditional method used to reveal deep-seated anatomical structures; however,
it is inherently time-consuming and irreversible, preventing the correction of procedural errors. To
address these limitations, this study presents a novel computer-assisted dissection framework designed
to accelerate workflow, allow error mitigation, and enable repeatable analysis of a single specimen.

Four independent investigators performed virtual dissections of the inferior medial genicular artery
across two DICOM viewing platforms: RadiANT DICOM Viewer 2025.2 (64-bit) and Horos v4.0.0 RC5.
Morphometric measurements were recorded at predefined reference points corresponding to arterial
branching sites. Inter-observer variability was evaluated, and the resulting dataset was validated against
multiplanar reconstruction (MPR) metrics—the standard radiological benchmark for vascular
assessment.

Statistical analysis revealed no significant difference between three-dimensional volume rendering (3D
VR) and MPR in assessing vessel dimensions for structures with a diameter exceeding  (

). For vessels > 0.95 mm, 3‑D VR and MPR yielded no statistically significant
difference (p = 0.086), a strong Pearson correlation (r = 0.971), and a Bland‑Altman mean bias of − 0.03
mm (95% LoA: − 0.14 to + 0.07 mm). Furthermore, morphological consistency was maintained
regardless of vessel caliber.

The findings demonstrate that the integration of 3D VR and MPR modalities offers a highly reproducible,
non-invasive tool for both educational and research applications in vascular analysis. Moreover, these
measurements exhibit strong stability across different software platforms and operators, showing an
absence of systematic bias with only minor variations attributable to human error or minor
misalignment.

Aim of study

Establishing the credibility of 3D VR as a tool for anatomical assay creates a possibility of using simpler,
more available, efficient and reusable techniques for education, research and clinical practice.

1. Introduction
Cadaveric dissection constitutes the fundamental method of identifying anatomical structures, having
allowed for significant progress in understanding what is beyond the surface. However, with
development of new technologies, a fresh approach should be applied to exploring the human body to
overcome limitations that come with already established methods such as the irreversibility of
alterations, scarce visibility of some structures, postmortem autolysis or limited availability of cadavers.
The following paper proposes the validation of a digital dissection based on 3D volumetric computed
tomography images as a reliable method of identifying vascular structures. The specimen used for this
exploration is a postmortem scan of a knee which was analyzed in a double-blind trial. Morphology of

0.950\:mm

dMPR = 0.950\:mm
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inferior medial genicular artery was analysed and correlated with the dissected fresh-frozen specimen.
Morphometric measurements completed in 3D Volume Rendering (3D VR) were compared to Multi-
Planar Reconstruction (MPR) which is a golden standard in radiology [9], [13] and was therefore treated
as a reference for the acquired results. Establishing the credibility of 3D VR as a tool for anatomical
assay creates a possibility of using simpler, more available, efficient and reusable techniques for
education, research and clinical practice. The inferior medial genicular artery (a. inferior medialis genus)
is a branch of the popliteal artery that commonly descends from the level below the articular line. It runs
along the inferior part of medial tibial condyle underneath the tibial collateral ligament providing arterial
supply to areas such as interior of tibia, posterior wall of joint capsule or medial meniscus, emptying into
the genicular anastomosis (rete articulare genus). It also extends to the popliteus muscle and tendons of
sartorius, gracilis and semitendinosus muscles [1].

2. Methods

2.1 Specimen
One fresh frozen cadaver was used, the donor was a Caucasian female. The cause of death was
Hypertensive Heart Disease with Heart Failure. The donor also had Type II Diabetes and smoked
cigarettes for 25 years.

2.2 Specimen Preparation
The frozen specimen was thawed in a warm freezer then at room temperature. Once the cadaveric
specimen was thawed, the superficial femoral artery was cannulated using an appropriately sized
angiocatheter. The arterial system of the lower extremity was slowly flushed with room-temperature
normal saline using a manual syringe until venous outflow was observed and returned clear. Next, a
solution containing: red acrylic paint, 150 ml latex, 350 ml Barium-based contrast per 500 ml mixture
was prepared and injected into the cannulated superficial femoral artery using a manual syringe under
slow, constant manual pressure to allow for the best perforation of small arteriole beds. Specimen filling
was continued until there was visible reddening of the skin, indicating that smaller arteriole branches
were perfused. Once adequately perfused, the specimen was sent to computed tomography.

2.3 Computed Tomography
The perfused specimen was then prepared to undergo computed tomography (CT). It was laid down in
full extension on a diagnostic table and secured with duct tape. The specimen underwent scout imaging
Siemens Healthineers SOMATOM ON TOP 64 [width of slice − 0.60mm] and 128 slice to obtain an
overview of the major vessels and was frozen after the scan. Digital Imaging and Communications in
Medicine images from each CT scan were imported into an image processing application RadiANT
DICOM Viewer 2025.2(64.bit)(running on Windows) and Horos v4.0.0 RC5 DICOM viewer (running on
MacOS) to produce a 3-dimensional (3D) model of bone and vascular anatomy.

2.4 3D “Dissection” and Measurement
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This stage was performed by two independent teams of two people, producing separate results,
unaware of the others' results. The first team used RadiANT DICOM Viewer 2025.2(64.bit) and the
second Horos v4.0.0 RC5 DICOM viewer. The vascularization of the genicular area was visualized using
3D VR, the above-mentioned softwares were used to remove superficial tissue layers and expose the
inferior medial genicular artery and its branches. Nineteen (19) points were arbitrarily selected in the
branching of the artery and measured in 3D VR and MPR. The points were selected on the digital
programme and on the specimen. The angle at which the results were measured has been established in
order to avoid inter-observer error. Each researcher performed the measurements independently of each
point, then the average of each measurement was taken. Equally on the 3D VR and MPR the points were
measured by digital calipers. Measurements of each branch were performed at maximum magnification
to minimize the potential for error and pixel loss.

2.5 Anatomical Dissection Technique
After thawing the specimen at room temperature, a sharp dissection of skin, subcutaneous tissue,
fascia, and the gastrocnemius-soleus muscle complex was performed to isolate the popliteal artery. At
this point, the popliteal artery and vein were divided by incising their common sheath. Once the popliteal
artery was isolated, careful blunt dissection in the distal direction was performed to isolate and expose
all the main branches of the popliteal artery, whilst the focus was on inferior medial genicular artery,
from which all the branches were dissected. Once the genicular arteries were isolated, careful dissection
was carried out toward the medial joint line either proximally or distally, dependent on the best visual
planes for appropriate dissection. The focus was on isolating all branches of the inferior medial
genicular artery which were dissected down to the genicular anastomosis. The specimen was dissected
by an experienced orthopedic surgeon and anatomist.

2.6 Statistics and Analysis
All variables were quantitative. A preliminary analysis of the results was performed using descriptive
statistics. The normality of the distributions was assessed using the Shapiro-Wilk test. All variables
analyzed followed a normal distribution (p > α); therefore, parametric tests were used for further
analysis. Measurements of corresponding points obtained using the two software packages were
compared. Differences between measurements obtained using the two systems were assessed using a
paired-samples t-test, taking into account the test’s assumptions (normal distribution of differences). To
achieve the main objective, the results obtained using the two measurement methods (3D-VR and MPR)
were compared using a paired-samples t-test.

The agreement between the two methods was assessed based on: the extent of bias, the 95% limits of
agreement, outliers, and the proportional bias using Bland-Altman analysis. All analyses were performed
using the Statistica 13.3 statistical software package at a significance level of α = 0.05.

3. Results
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Average diameters based on four independent measurements (two in Horos, two in RadiAnt) were
calculated for every point of measurement (separately for 3D VR and MPR) Percentage error (

) was calculated with MPR used as a reference and plotted

against average diameter measured in MPR, as shown in Fig. 4. The level of 10% percentage error was
set as an acceptable maximum. Based on this limit, the accuracy threshold was established at diameter
dMPR=0.950 mm. This threshold represents the apparent technological limitations of the methodology,

namely the insufficient resolution of the CT scan for measurement of structures of this size, which is
further explained in the discussion section. Therefore, the points below the accuracy threshold were
excluded from later analysis (9 points).

Comparisons of the mean results obtained for the two evaluation software packages (RadiAnt and
Horos), performed using a test for a paired-samples t-test showed no statistically significant differences
between these software packages for samples acquired using both the 3D-VR and MPR methods. In
both analyses, the p-value was p = 0.1110 for 3D-VR and p = 0.4018 for MPR (Table 1).

Table 1. Paired-samples comparisons and Pearson correlations of 3D-VR and MPR measurements
obtained using RadiAnt (Rad) and Horos (Hor).

As part of the assessment of the agreement between the 3D-VR and MPR methods, a comparison of the
mean measurement values obtained using both methods was performed using a paired-samples t-test.
No statistically significant difference was found between the means of the two methods (p = 0.0857)
(Table 1 ). Furthermore, Pearson’s linear correlation coefficient showed a strong positive correlation
between the variables (r = 0.971) (Table 1 ).

To assess the agreement between the two methods, a Bland–Altman analysis was performed. Bias,
which is a mean difference between MPR and 3D-VR, Lower LoA (Lower Limit of Agreement), and Upper
LoA were calculated.

%err [%] = × 100%
|d3D−VR − dMPR|

dMPR
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The Bland–Altman analysis showed a mean bias between the MPR and 3D-VR measurements,
amounting to approximately − 0.03 mm. The lower and upper 95% limits of agreement were
approximately − 0.14 mm and 0.07 mm, respectively. All observations fell within the 95% limits of
agreement (Fig. 4).

4. Discussion
Methodology described in this paper is supported by previously done studies. In a 2020 study [7] fresh-
frozen cadavers of lower extremities were determined as viable specimen for vascular research, while in
another paper [4] the postmortem CT angiography was ruled as useful for anatomical analysis with a
2016 study determining barium-based contrast as preferred for vascular examination [8]. The color
injection method was also previously successfully used on lower extremities for the purpose of mapping
inferior medial genicular arteries [5]. Regarding the goal of the study, past attempts revolved around
introducing computed tomography as a valuable tool for education. Previous studies describing the
morphology of genicular blood supply have also employed this technique using both fresh frozen
dissection as well as 3D VR obtained in computed tomography [14]. However, in this research paper MPR
is additionally used to evaluate the vascularization with a high precision.

The key finding of the presented paper is that 3D Volume Rendering (VR) is a reliable method of
visualisation of the vascular architecture of fresh-frozen cadavers. The measurements extracted from 3D
VR are further supported by the MPR image recognised in medical practice as a credible reference. All
three techniques (fresh frozen dissection, MPR, 3D VR) proved to be consistent in showing the
morphology and morphometry of the vascularization of the knee. 3D volume rendering is assessed
mostly as a significant tool in visual depiction of the vessel morphology due to its high consistency with
the cadaver photography. 3D VR was morphometrically consistent with MPR at larger vessel diameters
(> 0.950 mm). Using these tools allows for a very precise anatomical dissection which is easy to learn,
convenient, cheap and, most importantly, reversible - a single specimen can be dissected in a number of
ways allowing for visualisation of different structures without the permanent destruction of tissues.

The cadaveric specimen and computed tomography exhibit significant similarities in the appearance of
the inferior medial genicular artery. The popliteal artery is removed on the cadaver therefore only the
medial view of the inferior medial genicular artery was analyzed. In both images the vessel is identified
on the similar level. It curves into a soft “W” with the branch to the medial meniscus in the middle, then
descends and bifurcates into two parallel arteries. All major branches overlap in both images including
even microarteries diverging from the branch to the medial meniscus, although not all of them appear
entirely on the 3D due to the increasingly narrower diameter. Eventual distortions between two images
may be related to the fisheye effect on the photo of the cadaver, which would account for the divergence
on the sides but not in the middle. The difference in the position of superior portion of the largest branch
of the inferior medial genicular artery could be explained by the fact that it lays on the medial meniscus
which is a mobile tissue due to which the vessels can be repositioned when moved unlike those fixed to
the tibia. However, it is important to note that there are no prominent arteries in the 3D volumetric image
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which are not reflected on the cadaver, implying that eventual disparities stem from the inefficiency of
the processing system rather than actual discrepancy between pictures of the specimen. The continuous
similitude of the physically dissected inferior medial genicular artery with its computed tomography scan
supports the claim that 3D volumetric image can be used as a viable tool for anatomical exploration.

Both 3D VR and MPR modalities allow for measurements of the visible structures. This study revealed
that 3D VR can match MPR in terms of effectiveness and precision up to a limit of dMPR=0.950 mm
(measured in MPR). Below this threshold, significant divergence between these methods was observed
(%err > 10%). As the diameter values approached 0.600 mm (measured in MPR), the percentage error
values climbed exponentially, reaching as much as 60%. Thus, a cut-off threshold for accurate
measurement was set at dMPR=0.950 mm diameter measured in MPR. Only the measurement points
with diameter of dMPR=0.950 mm or wider (10 points) were labeled as relevant and included in the

statistical analysis. The comparison between 3D VR and MPR measurements revealed that, apart from
the percentage error being below 10%, the differences between these modalities are not statistically
significant (p > 0.05, Student’s T-test). Additionally, the values obtained in 3D VR and MPR showed a
Pearson’s Linear Correlation Coefficient r = 0.971, suggesting a very strong correlation between them.
Hence, it can be concluded that above the set accuracy threshold of 0.950mm object size, 3D VR is a
precise tool for morphometric measurement, comparable to MPR.

The inaccuracies below the set accuracy threshold can be explained by the partial volume effect - at
such a small vessel size, particular voxels contain the surrounding tissues, apart from the contrasted
vessels, causing the signal from these voxels to be distorted [18]. This could have led to inaccuracies in
the 3D Volume Rendering, as well as “spill-out” effect or “blooming artifact” in MPR, where nearby voxels
were contaminated by the strong signal from the small vessel [11]. Therefore, in MPR it was impossible
to accurately establish the true boundary of the vessel, greatly increasing the risk of under- or
overestimation of the diameter. In future studies, ultra-high resolution CT could be utilized (such as
0.3mm slice width) to allow for accurate measurements of vessels below dMPR=0.950 mm diameter in
both 3D VR and MPR. Moreover, mathematical techniques of minimizing the significance of “blooming
artifact” could be used, such as those proposed by Mololi S et al., 2018. Employing them would help
decrease the risk of inaccurate measurement in MPR.

The dimensions of the vessels were also consistent between both DICOM viewers (Horos and RadiAnt).
The difference between the values obtained in Horos and RadiAnt in 3D VR and MPR modality were
insignificant statistically (p > 0.05 Student’s T-test). Occasional discrepancies could be attributed to
human error, such as faulty angle of measurement. Therefore, it can be concluded that both of these
accessible DICOM viewers can be used for visualisation and morphometric measurement of vessels
with a high degree of precision above the mentioned accuracy threshold of dMPR=0.950 mm.

Using MPR as a reference method rather than the actual specimen, ensured that the size of the
structures was not altered due to repeated freeze - thaw cycles that the specimen underwent and the
following shrinkage and destruction. The CT was done before the repeated freezing, thus the tissues
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including the investigated vessels were more preserved and intact in 3D VR and MPR images [19].
Another potential problem that was avoided could have been the desiccation of tissues. During the
dissection, material was exposed to air for prolonged periods of time, often multiple hours over the
course of a few days, leading to the alternation of the cadaver tissue due to inevitable loss of moisture
[16].

5. Conclusions
Three-dimensional visualization via 3D volume rendering represents an accurate and reliable imaging
modality for assessing the vascular anatomy of the knee, demonstrating a high degree of
correspondence with post-mortem photographic specimens. For vessels exceeding dMPR=0.950 mm in
diameter, spatial measurements obtained through 3D VR closely align with multi-planar reconstruction
(MPR) - the established clinical standard. Below this dMPR=0.950 mm threshold, however, significant
measurement discrepancies emerge. These inaccuracies are primarily attributable to the physical
resolution limits of the computed tomography (CT) scanner and the occurrence of the blooming artifact.
The integration of CT and DICOM processing tools facilitates repeatable, precise, and cost-effective
anatomical evaluations. Notably, digital tools permit non-destructive, virtual "dissections" of a single
specimen without compromising tissue integrity. In contrast, physical cadaveric preparation - including
air-drying and repeated freeze-thaw cycles - induces structural deformations in the tissue. Furthermore,
optical distortions such as the "fisheye" effect can introduce discrepancies along the periphery of
photographic frames. Finally, measurements derived from 3D VR display high inter-operator and cross-
platform stability across diverse DICOM viewing applications, showing an absence of systematic bias
and only minor variance secondary to human alignment error.
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Figures

Figure 1

Dissected inferior medial genicular artery on a cadaveric specimen, annotated with points of
measurement.
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Figure 2

(a). Measurement on MPR image, visualised in Horos. Figure 2(b) Measurement on 3D volumetric image,
visualised in RadiANT.
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Figure 3

(a). (left) Screenshot before digital dissection of inferior medial genicular artery on a 3D volumetric CT,
visualised in RadiANT. Figure 3(b). (right) Screenshot after digital dissection of inferior medial genicular
artery on a 3D volumetric CT, subcutaneous tissue and superficial blood vessels were removed, the
femur was also removed, the same specimen as figure 2, visualised in RadiANT.
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Figure 4

Scatter diagram showing the dependence of percentage error between 3D VR and MPR measurement
(%err, [%]) on the vessel diameter measured in MPR (dMPR, [mm]). The red horizontal line indicates a
percentage error level of %err = 10.00%.
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Figure 5

Bland–Altman plot showing agreement between three-dimensional volume-rendering (3D-VR) and
multiplanar reconstruction (MPR) measurements. Differences were calculated as MPR minus 3D-VR.
The solid line represents the mean bias, and the dashed lines represent the lower and upper 95% limits
of agreement.
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Figure 6

(a). (left) Photography of the dissected cadaver showing the inferior medial genicular artery. Photo by
Piotr Wójcik, used with permission. Figure 6(b). (right) Screenshot of a digitally dissected inferior medial
genicular artery on a 3D volumetric CT image of the same specimen (fibula was removed) visualised in
Horos.
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