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Abstract

Background

To investigate the reliability with which healthcare professionals with different levels of

expertise are able to impart the exact location of prostate cancer (PCA) after (A) reading

written magnetic resonance imaging (MRI) reports, (B) attending MRI presentations in multi-

disciplinary team meetings (MDT), and (C) examining 3D printed prostate models, which

represents a new technology to describe the location of PCA lesions.

Methods

We used three different PCA cases to assess the three information tools. Construct valida-

tion was performed using two healthcare groups with different levels of expertise: (1) Nine

expert urologists in PCA, and (2) nine medical students. After each information tool, the

study participants plotted the tumor location in a 2-dimensional prostate diagram. A scoring

system was established to evaluate the drawings in terms of accuracy of plotting tumor posi-

tion. Data are shown as median scores with interquartile range.

Results

Within the expert group, no significant difference was seen in the overall scoring results

between the information tools (p = 0.34). Medical students performed significantly worse

with MDT information (p = 0.03). Experts performed better in all three information tools com-

pared to students, resulting in a significantly 25% higher overall total score (25.0[22.3–26.7]

vs. 20.0[15.0–24.0], p<0.001). The difference was largest after MDT information, with

experts showing a 49% better scoring (p<0.001), and second largest with the 3D printed
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models, showing a 17% better scoring of the experts (p = 0.07). No difference was found in

the written MRI report scoring results between experts and students.

Conclusions

3D printed models provided better orientation guide to medical students compared to MDT

MRI presentations. This indicates that the 3D printed models might be easier to understand

than the current gold standard MDT conferences. Therefore, 3D models may play an

increasingly important role in providing guidance for orientation for less experienced individ-

uals, such as surgical trainees.

Introduction

The precise knowledge of the three-dimensional (3D) location of a prostate cancer and its

proximity to the prostate capsule and neurovascular bundle has implications for surgical thera-

peutic strategies, which in turn can influence both functional and oncological outcomes [1–5].

Apart from prostate biopsy results and the digital-transrectal prostate palpation, magnetic res-

onance imaging (MRI) written reports, and multidisciplinary team meetings (MDT), present-

ing two-dimensional images obtained from MRI, are current standard methods to describe the

location of prostate cancer (PCA), to transmit the information to health care professionals,

and to orientate them for surgical planning. 3D printed models are a novel orientation tool,

which has recently gained much interest in the medical world. First proof of concept studies,

investigating the use of customized, patient-specific printed 3D models of the prostate and

cancer lesions to aid in prostate cancer surgery, have been published [6,7]. However, the reli-

ability of all three different information tools to impart the exact location of prostate cancer in

the prostate to healthcare professionals is unknown.

This is the first study to investigate how accurately the exact location of a single prostate

cancer lesion can be assessed by medical personal with different experience-levels. The tools

that are currently used to transfer knowledge include MRI written reports and MRI exams pre-

sented in MDT. Patient-specific 3D printed prostate models represent a novel and promising

technology and information tool that can be employed in the management of prostate cancer

[8].

Materials and methods

The study was planned and performed at Karolinska University Hospital and Karolinska Insti-

tutet, Stockholm, Sweden. The study protocol was in accordance with the regulations of the

local Ethics Committee of the Karolinska Institutet which approved the study, and written

informed consent was obtained from all study participants. In order to avoid biases resulting

from learning effects over time, we used a 3x3 Latin square array with three different PCA

cases to assess the three information tools for the orientation of prostate cancer locations: (A)

Written MRI report, (B) 3D printed model, and (C) MRI presentation in MDT. Tumor char-

acteristics were:

1. cT2, PI-RADS 5 (size 15x9x21 mm), mriT3, pT3a, Gleason 4+3 (tertiary grade 5) for case 1;

2. cT2-3, PI-RADS 5 (size 19x12x17 mm), mriT3, pT2c, Gleason 4+3 for case 2;
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3. T1c, PI-RADS 5 (size 27x11x21 mm), mriT3, pT2c, Gleason 3+3 (tertiary grade 4) for

case 3.

The case records were obtained anonymously; therefore, the Ethic Committee of the Karo-

linska Institutet has waived the need for obtaining written informed consent of the three

patients. We aimed at achieving adequate construct validation by using two medical groups

with different levels of expertise: (1) Expert urologists in PCA, and (2) Medical students. The

fact that the capability of 3D prostate models in assisting the orientation of PCA location

among people with different levels of medical expertise is mostly unknown led to the decision

to compare these two groups with medical background, but with a high difference in PCA

exposure. Expert urologists in PCA were chosen by means of their experience in prostate can-

cer surgery, with at least 200 performed radical prostatectomies and ongoing regular activity

in performing radical prostatectomies. In addition, all participants in the expert group were

console surgeons for robot-assisted radical prostatectomies and recruited from Karolinska

University Hospital, Stockholm, Sweden. All medical students were studying at Karolinska

Institutet Medical University, Stockholm, Sweden. The majority of medical students has had

exposure to urological surgical training and had observed at least one radical prostatectomy

before participating in the study. None of the medical students had actively assisted in a radical

prostatectomy. We included nine participants in each group. The three information tools were

presented according to the 3x3 Latin square array in the tool orders ABC, BCA, or CAB; each

order was presented to three participants of each group. All three different PCA cases were

presented consecutively in a different case order in each information tool (tool A—case order:

2, 1, 3; tool B—case order: 3, 1, 2; tool C—case order: 1, 2, 3), before the next information tool

was presented to the participants. All information tools were presented in a time period of less

than 48 hours. The same nomenclature was used when describing tumor locations in the writ-

ten MRI reports and at the MDT. MRI presentation in MDT was performed one time for each

case in a structured and standardized way showing and explaining the tumor location and

dimension in axial, coronal and sagittal planes. Participants were allowed to ask for one

repeated, immediate, standardized presentation. All MRI presentations in MDT were per-

formed by the same radiologist, who was highly experienced in radiological PCA diagnostics.

The participants were allowed to read the written MRI reports repeatedly. The 3D printed

prostate models had no additional labels or markings to orientate the specimen. The partici-

pants were allowed to examine the 3D printed models by hand. After each presented case, the

study participants were asked to plot the tumor location in a 2-dimensional prostate diagram

(Swedish national biopsy and MRI report template). Capsular invasion was not a criterion to

be judged by the participants. No time limit was set to plot the tumor location. A scoring sys-

tem was used to evaluate the accuracy of tumor position in the drawings, with maximum

achievable points of 30 per case.

Scoring system

After an extensive literature review, no suitable validated scoring system could be identified

that measures the accuracy of displaying a tumor location on a 2-dimensional diagram. There-

fore, we developed our own scoring system, which was adapted to the Swedish national biopsy

and MRI report template (Fig 1). The prostate diagram consisted of a plotted side (sagittal)

view of a prostate (Fig 1, picture 1), a ventral (coronal) view (Fig 1, picture 2), and three trans-

verse (axial) sections A-C corresponding to pictures 1 and 2 (Fig 1, picture 3). The maximum

scoring for each picture (1, 2, 3A, 3B, and 3C) was 10 points, respectively. The sum of points

for pictures 3A-3C was divided by three to get the total points for the whole picture 3, resulting

in a maximum total score of 30 points for a 100% correctly plotted tumor location in the entire
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prostate diagram. The scoring system was designed to allow the detection of major and minor

mistakes in plotting of the tumor location. Plotting the tumor mainly (> 50%) in the correct

half in picture 1 (anterior or posterior) or 2 (right side or left side) or mainly (> 50%) in the

correct quarter in pictures 3A-3C was each scored with 10 points. A plot mainly in the wrong

half or quarter resulted in 0 points for the picture, considering wrong “anterior-posterior” and

“right-left” plots or wrong plots in main quadrants as major mistakes. If 10 points for a picture

were scored, points were deducted in case of minor mistakes in tumor location and tumor

size. For each incorrectly marked box (tumor marked in a non-tumor-box, or tumor not

marked in a tumor-box, or tumor marked in a tumor-box but with incorrect size (marked

with> 50% of the box although it should be marked with< 50% or marked with> 50%

Fig 1. Swedish national prostate biopsy and MRI report template. 1) Side (sagittal) view of the prostate, 2) ventral (coronal) view of the

prostate, 3) transverse (axial) sections A-C of pictures 1) and 2). The study participants used this diagram without the colour lines to plot the

prostate tumor location. The correctly plotted tumor location of case 3 is shown in the diagram (pink areas). For the scoring system picture 1)

was divided in an anterior and posterior half (green line), picture 2) in a right and left half (red line) and picture 3 A-C in quadrants (blue,

orange, yellow, turquoise). (MRI) magnetic resonance imaging; (SV) seminal vesicle; (a) anterior; (p) posterior; broken lines in picture 1) mark

the urethra.

https://doi.org/10.1371/journal.pone.0199477.g001
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although it should be marked with< 50%)), one point was deducted. In a box that should be

marked with exactly 50% of the full plain, a point was deducted in case of a tumor that was

plotted in the box with either< 25% or > 75% of the plain.

Construct validation of the scoring system

We performed construct validation of our scoring system by both comparing the two groups

of expertise (group 1 –expert urologists and group 2 –medical students) within the two stan-

dard information tools “A—Written MRI report” and “C—MRI presentation in MDT” and by

comparing group 1 and group 2 both within information tool A and C.

Using two established information tools of different complexity ensures construct valida-

tion of our self-designed new scoring system adapted to the Swedish national biopsy and MRI

report template. The written MRI report is standardized and therefore easier to understand

[9–11]. The MRI presentation in MDT represents a very complex information standard that

transfers information of different quality, e.g. visually and acoustically, at the same time [9–

11]. This kind of construct validation process to proof validity of a new measure is well-estab-

lished and scientifically accepted [12].

Due to the different grade of complexity of the two information tools, we hypothesized that

the differences in the scoring results between expert urologists and medical students would be

smaller in the written MRI reports and larger in the MRI presentations in MDT. In addition,

we assumed that medical students would perform better with the written MRI reports com-

pared to the MRI presentations in MDT and that no difference between the two information

tools would be found in the group of expert urologists, thus emphasizing their expert status

[13,14].

Magnetic resonance imaging (MRI)

A 3-Tesla scanner (Magnetom Verio, Siemens Medical Systems, Erlangen, Germany) with a

32-channel phased array pelvic coil was used to scan the prostate. The MRI protocol presented

at the MDT conference was bi-parametric. The protocol included: T2-weighted (T2w) sagittal

and axial (transverse) acquisition, coronal 3-dimensional (3D) T2w TSE SPACE (sampling

perfection with application optimized contrasts using different flip angle evolution) with iso-

tropic voxels (0.8 × 0.8 × 0.8 mm), axial diffusion weighted imaging (DWI) RESOLVE (read-

out segmentation of long variable echo-trains) b-values 50, 200, 1000 with computed b 1500,

and apparent diffusion coefficient (ADC) map, as well as axial T1w TSE covering the small pel-

vis from the aortic bifurcation through the whole pelvis. The Prostate Imaging and Report and

Data System—Version 2 (PI-RADS v2) was used for the interpretation and reporting of the

prostate MRI examinations [10,11].

Transfer of MRI data to the 3D printed model

The three 3D printed prostate models (Fig 2) were produced from axial reconstructions of the

coronal 3D T2w MRI sequence (SPACE) with a slice thickness of 0.8 mm. The prostatic sur-

face as well as each tumor was delineated in each axial slice, carried out in Microsoft power

point. The delineation map was transferred to the 3D printing equipment to create the printed

3D prostate model. Fig 3 depicts the prostate cancer lesion of case 3 in different views for the

3D printed prostate model, the corresponding MRI, as well as the correctly performed drawing

in the prostate diagram.

3D printed prostate models as a new technology for the orientation in prostate cancer location

PLOS ONE | https://doi.org/10.1371/journal.pone.0199477 June 25, 2018 5 / 17

https://doi.org/10.1371/journal.pone.0199477


Statistical analysis

Data are shown as median scores with interquartile range (IQR) or as proportions. To examine

whether there were any differences in median scores between either the two groups of partici-

pants or the three information tools, median regression was used. Since each participant evalu-

ated more than one case, cluster robust standard errors were used to account for dependency

in the data [15]. To analyze potential differences between the two groups concerning propor-

tions of major mistakes and complete major accuracy, logistic regression with cluster robust

standard errors was used. In addition, to underline construct validity of the scoring system,

Spearman’s correlation test was applied to determine the association between the extent of

expertise (expert urologists versus medical students) and the overall total score achieved in

each information tool.

Results

Construct validity of the scoring system

Our scoring system evaluated the performance of the expert urologists in the MRI presenta-

tions in MDT statistically better compared to the performance of the medical students (25.3

[23.7–27.0] vs. 17.0 [12.3–21.7], p< 0.001). Experts scored also slightly better with the MRI

written reports compared to the medical students, but this difference was not statistically sig-

nificant (24.0 [22.0–26.0] vs. 22.0 [17.0–24.7], p = 0.25). Correspondingly, Spearman´s correla-

tion revealed a significant association between the overall scoring result and the level of

expertise (medical students vs. expert urologists) in MRI presentations in MDT (correlation

coefficient: r = 0.61 [95% CI 0.41–0.75], p< 0.001), and a borderline significance in the written

MRI reports (correlation coefficient: r = 0.25 [95% CI -0.02–0.48], p = 0.07). In addition, in

both information tools, the inter quartile ranges of the scoring results of the medical students

were much greater compared to the expert group, underlining construct validity of the scoring

system. As hypothesized, the medical students performed significantly better with the MRI

written reports compared to the MRI presentations in MDT (median regression coefficient:

Fig 2. 3D printed prostate models (case 1–3) used in the study. The models were manufactured by 3D Systems, Inc. 5381 South

Alkire Circle, Littleton, Colorado 80127 USA. Each prostate model contained a single prostate cancer lesion (pink colour). Tumor

characteristics for case 1 were cT2, PI-RADS 5 (size 15x9x21 mm), mriT3, pT3a, Gleason 4+3 (tertiary grade 5); for case 2 cT2-3,

PI-RADS 5 (size 19x12x17 mm), mriT3, pT2c, Gleason 4+3; and for case 3 T1c, PI-RADS 5 (size 27x11x21 mm), mriT3, pT2c, Gleason

3+3 (tertiary grade 4).

https://doi.org/10.1371/journal.pone.0199477.g002
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r = -5.0 [95% CI -8.81–-1.19], p = 0.01), whereas no significant difference was found in the

expert group (median regression coefficient: r = 1.33 [95% CI -0.49–3.16], p = 0.15).

In conclusion, construct validity of our self-designed scoring system was achieved. The

scoring system proved to be able to discriminate between both different levels of expertise and

between information tools of different complexity.

Construct validity of the 3D printed prostate models compared to MRI

written reports and MRI presentations in MDT

A total of 162 prostate diagram drawings (2 groups of different expertise—each with 9 partici-

pants x 3 information tools x 3 PCA cases), including the results from the construct validation

of the scoring system, were evaluated to investigate the significance of the 3D printed prostate

models compared to the written MRI reports and MRI presentations in MDT to impart the

exact location of PCA by healthcare professionals of different expertise. The overall median

total score and the scores sub-classified for information tool A (written MRI report), B (3D

printed prostate model), and C (MRI presentation in MDT) in group 1 (expert urologists) and

Fig 3. Prostate cancer lesion of case 3 according to 3D printed prostate model, MRI and prostate template. In (1) corresponding side (sagittal) views and

(2) according to ventral (coronal) views in 3D printed prostate model and prostate template and different sequences of the corresponding axial view in MRI

(corresponds to broken line in section B). (SV) seminal vesicle, (a) anterior, (p) posterior. Arrows indicate prostate cancer in MRI.

https://doi.org/10.1371/journal.pone.0199477.g003
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group 2 (medical students) are summarized in Table 1. With 25.3 (23.7–27.0) of 30 reachable

points, the experts showed the best performance in information tool C (MRI presentation in

MDT), followed by tool B (3D printed prostate model; 25.0 [20.0–26.7] points) and tool A

(written MRI report; 24.0 [22.0–26.0] points). However, these differences were statistically

non-significant (p = 0.34). When compared with tools A (written MRI report; 22.0 [17.0–24.7]

points) and tool B (3D printed prostate model; 21.3 [17.3–23.7] points), medical students per-

formed significantly worse with tool C (MRI presentation in MDT; 17.0 [12.3–21.7] points;

p = 0.03). Experts performed better in all three information tools compared to students, result-

ing in a significantly higher overall total score in the expert group (25.0 [22.3–26.7] versus 20.0

[15.0–24.0], p<0.001). The difference was greatest and statistically significant for tool C (MRI

presentation in MDT; 25.3 [23.7–27.0] versus 17.0 [12.3–21.7]; p<0.001).

Table 2 shows the scoring results for group 1 (expert urologists) and group 2 (medical stu-

dents), sub-classified for the different views (side, ventral, and overall transverse view (ABC))

of the prostate diagram, with a maximum of 10 possible points for each view. Concerning all

81 drawings (overall scoring) of group 1 and 2, respectively, the experts performed better in all

three views, with the greatest difference in the overall transverse view (9.0 [7.7–9.3] versus 6.3

[3.3–8.7], p< 0.001).

Looking at the information tools separately, this difference is mainly explained by worse

performances of the medical students in the ventral and overall transverse view of the 3D

printed models and in particular in the overall transverse view during MRI presentations in

MDT. No significant differences were detected for the different views in the written MRI

reports between experts and medical students.

The overall number of major mistakes was higher and the rates of complete major accuracy

(0% rate of major mistakes) was lower in the medical students group compared to the experts

in all three information tools (Table 3). Notably, the rates of major mistakes (Table 3A) and of

complete major accuracy (Table 3B) are differently distributed between the three information

tools in the expert and medical student group. Whilst in the expert group, the major mistake

rate was highest in the 3D printed models (15.6%) and lowest in the MRI presentations in

MDT (3.0%), in the medical students group, the major mistake rates were equally high in the

3D printed models (27.4%) and in the MRI presentations in MDT (26.7%), but lower in the

written MRI reports (16.3%). According to this, the accuracy was highest in MRI presentations

in MDT (88.8%) and lowest in the 3D printed models (63.0%) in the expert group. In the med-

ical students group, accuracy was higher in the written MRI reports (55.6%) compared to the

two other tools.

On closer inspection of major and minor mistakes (Table 4), the reasons for the worse

scoring of the students in the 3D printed models, but especially in the MRI presentations in

Table 1. Overall total score (median with IQR) and the scores sub-classified for information tool A (written MRI report), information tool B (3D printed model)

and information tool C (MRI presentation in MDT) in group 1 (expert urologists) and group 2 (medical students).

Information tool A

(Written MRI report)

Information tool B

(3D printed model)

Information tool C

(MRI presentation in MDT)

Overall total score p-value

Group 1

Expert urologists

24.0

(22.0–26.0)

80.0%

25.0

(20.0–26.7)

83.3%

25.3

(23.7–27.0)

84.3%

25.0

(22.3–26.7)

83.3%

0.34

Group 2

Medical students

22.0

(17.0–24.7)

73.3%

21.3

(17.3–23.7)

71.0%

17.0

(12.3–21.7)

56.6%

20.0

(15.0–24.0)

66.7%

0.03

p-value 0.25 0.07 <0.001 <0.001

Data also show the results in percentage from the maximum achievable score of 30 points (100%). (IQR) interquartile range.

https://doi.org/10.1371/journal.pone.0199477.t001
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MDT, become more obvious. The medical students tended to make more major mistakes in

the transverse views in the 3D printed prostate models, and particularly in the MRI presenta-

tions in MDT, in which the differences became even statistically significant, p = 0.01. In addi-

tion, the sagittal (side) view in the MRI presentations in MDT seemed to be a major mistake

Table 2. Scoring results (median with IQR) for group 1 (expert urologists) and group 2 (medical students), sub-classified for pictures 1–3 of the prostate template

(side (sagittal) view, ventral (coronal) view, overall transverse (axial) view (ABC)) (s. Fig 1) in information tool A (written MRI report), information tool B (3D

printed model) and information tool C (MRI presentation in MDT).

Group 1

Expert urologists

Group 2

Medical students

p-value

Overall scoring

(all information tools, all cases) 25 (22.3–26.7) 20.0 (15.0–24.0) < 0.001

Side (sagittal) view 9.0 (8.0–9.0) 8.0 (6.0–9.0) 0.20

Ventral (coronal) view 8.0 (7.0–9.0) 7.0 (5.0–8.0) 0.35

Overall transverse (axial) view (ABC) 9.0 (7.7–9.3) 6.3 (3.3–8.7) < 0.001

Information tool A

Written MRI reports (all cases) 24.0 (22.0–26.0) 22.0 (17.0–24.7) 0.25

Side (sagittal) view 8.0 (8.0–9.0) 8.0 (6.0–9.0) 1.0

Ventral (coronal) view 8.0 (7.0–9.0) 7.0 (6.0–8.0) 0.06

Overall transverse (axial) view (ABC) 8.7 (7.7–9.0) 8.3 (3.3–9.0) 0.52

Information tool B

3D printed models (all cases) 25.0 (20.0–26.7) 21.3 (17.3–23.7) 0.07

Side (sagittal) view 9.0 (8.0–10.0) 9.0 (8.0–9.0) 1.0

Ventral (coronal) view 8.0 (6.0–9.0) 7.0 (5.0–8.0) 0.04

Overall transverse (axial) view (ABC) 8.3 (5.0–9.0) 6.3 (3.3–8.3) 0.07

Information tool C

MRI presentations in MDT (all cases) 25.3 (23.7–27.0) 17.0 (12.3–21.7) < 0.001

Side (sagittal) view 9.0 (8.0–9.0) 8.0 (0.0–9.0) 0.08

Ventral (coronal) view 8.0 (7.0–9.0) 7.0 (4.0–8.0) 0.09

Overall transverse (axial) view (ABC) 9.3 (8.7–9.7) 5.7 (3.3–8.7) < 0.001

(IQR) interquartile range.

https://doi.org/10.1371/journal.pone.0199477.t002

Table 3. Summarized rates (%) of (A) major mistakes (s. Table 4A1) and (B) rates (%) of complete major accuracy (0% major mistakes) (s. Table 4A2) in group 1

(expert urologists) and group 2 (medical students) subdivided for information tools A-C.

Group 1

Expert urologists

Group 2

Medical students

p-value

(A) Rates of major mistakes

Information tool A

(Written MRI reports)

8.9% 16.3% 0.38

Information tool B

(3D printed models)

15.6% 27.4% 0.17

Information tool C

(MRI presentations in MDT)

3.0% 26.7% < 0.001

(B) Rates of complete major accuracy

Information tool A

(Written MRI reports)

81.5% 55.6% 0.14

Information tool B

(3D printed models)

63.0% 25.9% 0.02

Information tool C

(MRI presentations in MDT)

88.8% 29.6% < 0.001

https://doi.org/10.1371/journal.pone.0199477.t003
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Table 4. (A1) rates (%) of major mistakes (total loss of 10 points) in 135 judgments (9 participants x 3 PCA cases x 5 views to judge/case = 135) sub-classified for the five

different views in pictures 1–3 of the prostate template (Fig 1) and subdivided for group 1 (Expert urologist) and group 2 (Medical students), and (A2) rates of complete

major accuracy (0% major mistakes) out of 27 judgments (9 participants x 3 PCA cases) in the experts and medical students group subdivided for information tool A

(Written MRI report), information tool B (3D printed model) and information tool C (MRI presentation in MDT) respectively. (B) minus points (median with IQR) for

minor mistakes in the experts und medical students group, sub-classified by (B1) type of minor mistake and by (B2) different views in pictures 1–3 of the prostate template

(side (sagittal) view, ventral (coronal) view, transverse (axial) views (ABC)) in information tool A (Written MRI report), information tool B (3D printed model) and infor-

mation tool C (MRI presentation in MDT).

Group 1

Expert

urologist

Group 2

Medical

students

p-value

A1

Rate of major mistakes (total loss of 10 points) in all presented cases sub-classified by the five different views in

pictures 1–3 of the prostate template

Information tool A—Written MRI reports (all cases)

Overall 12/135 (8.9%) 22/135 (16.3%)

Side (sagittal) view 2/27 (7.4%) 3/27 (11.1%) 1.00

Ventral (coronal) view 0/27 (0.0%) 0/27 (0.0%) 1.00

Transverse (axial) view A 4/27 (14.8%) 9/27 (33.3%) 0.20

Transverse (axial) view B 4/27 (14.8%) 5/27 (18.5%) 1.00

Transverse (axial) view C 2/27 (7.4%) 5/27 (18.5%) 0.42

Information tool B—3D printed models (all cases)

Overall 21/135 (15.6%) 37/135 (27.4%)

Side (sagittal) view 4/27 (14.8%) 2/27 (7.4%) 0.67

Ventral (coronal) view 2/27 (7.4%) 3/27 (11.1%) 1.00

Transverse (axial) view A 5/27 (18.5%) 9/27 (33.3%) 0.35

Transverse (axial) view B 6/27 (22.2%) 12/27 (44.4%) 0.15

Transverse (axial) view C 4/27 (14.8%) 11/27 (40.7%) 0.07

Information tool C—MRI presentations in MDT (all cases)

Overall 4/27 (3.0) 36/135 (26.7%)

Side (sagittal) view 0/27 (0.0%) 7/27 (25.9%) 0.01

Ventral (coronal) view 1/27 (3.7%) 2/27 (7.4%) 1.00

Transverse (axial) view A 1/27 (3.7%) 9/27 (33.3%) 0.01

Transverse (axial) view B 1/27 (3.7%) 9/27 (33.3%) 0.01

Transverse (axial) view C 1/27 (3.7%) 9/27 (33.3%) 0.01

A2

Rate of major mistakes in all presented cases sub-classified by ratios (%) of major mistakes per case plotted in

pictures 1–3 of the prostate template

Information tool A—Written MRI reports (all cases) 0.38

0% mistakes (no major mistake) 22/27 (81.5%) 15/27 (55.6%)

20% mistakes 0/27 (0.0%) 4/27 (14.8%)

40% mistakes 3/27 (11.1%) 6/27 (22.2%)

60% mistakes 2/27 (7.4%) 2/27 (7.4%)

80% mistakes 0/27 (0.0%) 0/27 (0.0%)

100% mistakes (max. of 5 major mistakes) 0/27 (0.0%) 0/27 (0.0%)

Information tool B– 3D printed models (all cases) 0.17

0% mistakes (no major mistake) 17/27 (63.0%) 7/27 (25.9%)

20% mistakes 5/27 (18.5%) 11/27 (40.7%)

40% mistakes 1/27 (3.7%) 3/27(11.1%)

60% mistakes 2/27 (7.4%) 4/27 (14.8%)

80% mistakes 2/27 (7.4%) 2/27 (7.4%)

100% mistakes (max. of 5 major mistakes) 0/27 (0.0%) 0/27 (0.0%)

Information tool C—MRI presentations in MDT (all cases) < 0.001

0% mistakes (no major mistake) 24/27 (88.9%) 8/27 (29.6%)

(Continued)
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Table 4. (Continued)

Group 1

Expert

urologist

Group 2

Medical

students

p-value

20% mistakes 2/27 (7.4%) 7/27 (25.9%)

40% mistakes 1/27 (3.7%) 7/27 (25.9%)

60% mistakes 0/27 (0.0%) 5/27 (18.5%)

80% mistakes 0/27 (0.0%) 0/27 (0.0%)

100% mistakes (max. of 5 major mistakes) 0/27 (0.0%) 0/27 (0.0%)

B1

Minor mistakes sub-classified by type of minor mistake

Information tool A—Written MRI reports (all cases)

Overall 4.7 (3.0–7.0) 5.7 (3.6–8.0) 0.46

Wrong box (+ instead -) 0.3 (0.0–1.7) 2.0 (0.0–4.3) 0.15

Wrong box (- instead +) 2.0 (0.0–2.7) 2.0 (0.7–2.7) 1.0

Box > 50% instead < 50% 1.7 (0.3–2.7) 1.0 (0.0–2.0) 0.35

Box < 50% instead > 50% 0.0 (0.0.– 1.0) 0.0 (0.0–1.0) -

Information tool B– 3D printed models (all cases)

Overall 4.0 (1.3–6.0) 5.0 (3.0–6.0) 0.29

Wrong box (+ instead -) 1.0 (0.0–2.0) 1.0 (0.0–2.7) 1.00

Wrong box (- instead +) 2.0 (0.0–2.3) 1.0 (0.0–4.0) 0.14

Box > 50% instead < 50% 0.3 (0.0–1.7) 0.3 (0.0–1.0) 1.00

Box < 50% instead > 50% 0.0 (0.0–1.0) 0.0 (0.0–1.0) -

Information tool C—MRI presentations in MDT (all cases)

Overall 4.3 (2.7–5.7) 5.3 (2.0–8.3) 0.45

Wrong box (+ instead -) 0.3 (0.0–1.3) 1.7 (0.0–1.3) 0.12

Wrong box (- instead +) 1.3 (0.0–2.3) 2.0 (0.0–3.3) 0.26

Box > 50% instead < 50% 0.7 (0.0–2.7) 0.3 (0.0–1.7) 0.38

Box < 50% instead > 50% 1.0 (0.0–1.0) 0.0 (0.0–1.0) <0.001

B2

Minor mistakes sub-classified by the five different views in pictures 1–3 of the prostate template

Information tool A—Written MRI reports (all cases)

Side (sagittal) view 2.0 (1.0–2.0) 1.0 (1.0–3.0) 0.17

Ventral (coronal) view 2.0 (1.0–3.0) 3.0 (2.0–4.0) 0.05

Transverse (axial) view A 0.0 (0.0–2.0) 0.0 (0.0–2.0) -

Transverse (axial) view B 2.0 (0.0–3.0) 2.0 (1.0–2.0) 1.0

Transverse (axial) view C 0.0 (0.0–1.0) 0.0 (0.0–1.0) -

Information tool B– 3D printed models (all cases)

Side (sagittal) view 1.0 (0.0–1.0) 1.0 (1.0–2.0) 1.0

Ventral (coronal) view 2.0 (1.0–3.0) 2.0 (1.0–4.0) 1.0

Transverse (axial) view A 0.0 (0.0–1.0) 0.0 (0.0–0.0) -

Transverse (axial) view B 2.0 (0.0–2.0) 0.0 (0.0–1.0) 0.008

Transverse (axial) view C 0.0 (0.0–1.0) 0.0 (0.0–0.0) -

Information tool C—MRI presentations in MDT (all cases)

Side (sagittal) view 1.0 (1.0–2.0) 1.0 (0.0–2.0) 1.0

Ventral (coronal) view 2.0 (1.0–3.0) 2.0 (1.0–5.0) 1.0

Transverse (axial) view 0.0 (0.0–1.0) 0.0 (0.0–1.0) -

Transverse (axial) view B 1.0 (0.0–2.0) 1.0 (0.0–2.0) 1.0

Transverse (axial) view C 0.0 (0.0–0.0) 0.0 (0.0–1.0) -

https://doi.org/10.1371/journal.pone.0199477.t004
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issue (decision between anterior and posterior location of the tumor) for the students

(Table 4A1).

The rates of major mistakes in the ventral (coronal) view (decision between right and left

location of the tumor) were low in both groups. Though, it was also over 0% in the 3D printed

prostate models (7.4%) and in MRI presentations in MDT (3.7%) in the expert group. Notably,

the rate was 0% for experts and medical students in the written MRI reports.

Minor mistakes were not significantly higher in the medical student group compared to the

experts, but the students showed a trend towards a slightly higher overall minor mistake score

in all of the three information tools (Table 4B1).

Discussion

From previous MRI studies, we have learnt that knowledge of the precise three-dimensional

location of a prostate cancer and its proximity to the prostate capsule and neurovascular bun-

dle has implications for surgical therapeutic strategies, which can influence the functional or

oncological outcome [1–5].

In recent years, the application of the three-dimensional (3D)-printing technology has been

rapidly expanding throughout the medical field and in urological practice [16–18]. 3D printed

models are used in bio printing (3D printing of biologically based materials, e.g. bone or carti-

lage), printed surgical equipment, preoperative planning, and surgical simulation and educa-

tion. Although several studies have suggested that 3D printed models and materials may be

useful tools in urological practice, only few studies are available that demonstrated the benefit

in clinical outcomes. The use of customized, patient-specific printed 3D models of the prostate

and cancer lesions to aid in prostate cancer surgery is even limited to only preclinical proof of

concept studies [6,7]. 3D printed models are accepted as a feasible adjunct for robot-assisted

radical prostatectomies [8]. However, formal evaluation of the effectiveness of 3D models in

improving oncological and functional outcomes is required.

The 3D-printing technology continues to advance rapidly and promises to play an increas-

ingly important role in the field of urology. However, the impact of 3D printed models of the

prostate in the preoperative planning, surgical education, and performing of a radical prosta-

tectomy to treat prostate cancer is currently unknown. Also currently unknown is the optimal

way to transfer information of the precise location of prostate cancer (PCA) to medical profes-

sionals of different expertise utilizing various information tools, including 3D printed prostate

models. MRI written reports and multidisciplinary team meetings (MDT) presenting two-

dimensional images obtained from magnetic resonance imaging (MRI) are the current ‘gold

standard’ and recommended by the EAU (European Association of Urology) to orientate

healthcare professionals for surgical planning [19,20].

Thus, we investigated the question of how good and how reliable the exact location of a sin-

gle prostate cancer lesion can get mediated to surgical experts in PCA or to inexperienced

medical students by MRI written reports, MR pictures presented in MDT, or by patient-spe-

cific 3D printed prostate models, and compared the performances between the two groups of

different expertise. Hence, we used a prostate template and a specifically developed scoring

system to investigate the accuracy of how the location of prostate cancer lesions taken from the

three different information sources were imparted to the prostate template.

Having proven construct validity of our self-designed scoring system, we could show that

within the expert group, no statistically significant difference was seen concerning the overall

scoring between the written MRI reports, the 3D printed prostate models, and the MRI pre-

sentations in MDT. Experts scored better in all three information tools compared to the stu-

dent group. The difference was greatest after MDT information. Correspondingly, the rate of
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major mistakes (e.g. defined by wrong right-left and anterior-posterior plotting of the tumor

lesions or plotting in wrong quadrants in the transverse views of the prostate diagram) was

higher and the rate of complete major accuracy (rate of 0% major mistakes) was lower in the

student group in all three information tools. Although generally inexperienced, the medical

students performed best with the written reports in terms of overall scoring as well as in terms

of rates of major mistakes and complete major accuracy.

The experts’ incidence of major mistakes and of major accuracy were equally high in the

written MRI reports and MRI presentations in MDT, both being well established information

tools. Interpretation of prostate cancer position was comparatively worse with the 3D printed

prostate models, indicating a learning curve in a newly introduced source of information.

However, the experts still performed better with the 3D printed prostate models compared to

the students in all measured major outcome parameters, further indicating the likely effect was

due to a learning curve.

Increased surgical experience has been shown to lower the complication rates of radical

prostatectomies and improved cancer cure [21–23]. Lower rates of positive surgical margins

for high-volume surgeons suggest that experience and careful attention to surgical details,

adjusted for the characteristics of the cancer being treated, can improve cancer control with

radical prostatectomy [19,24]. The impact of expertise on performance has also been studied

under the generic term of cognitive psychology in different fields. It is supposed that experts

base their superiority on acquired cognitive and behavioral strategies, e.g. high-level structures

like schemata, and on their capability to process information holistically. The experts’ high

performance in medical questions, like accurate imaging interpretation, can be further

explained by a high level of perceptual skills (ability and experience to detect the abnormality)

and decision skills (interpretation of the findings) [13,14].

The superior pattern recognition skills of the experts most likely explain the expert

group´s significantly better performance in the MRI presentations in MDT compared to the

medical students in our study. Prostate MRI understanding and interpretation, even when

demonstrated by an experienced radiologist, is a complex and challenging task, not only for

non-radiologists. There is evidence that novice radiologists have a learning curve of at least 50

examinations until reaching a stable fraction of correct MRI interpretations, even when receiv-

ing feedback by expert-radiologists [9,25], indicating the difficulties medical students might

have to impart information received from MRI presentations in MDT. In addition, MRI pre-

sentations in MDT transfer audio-visual information, representing a highly complex informa-

tion source. When the two senses both provide information about exactly the same object,

combining the signals from each modality can enhance the accuracy of the resulting percept

[26]. The experts are more able to take advantage of bi-sensory information tools like MRI

presentations in MDT due to their superior recognition skills, whereas students likely fail to

benefit as much from a visual-auditory information tool due to the complexity of MRI inter-

pretation. Thus, it is extremely important in daily practice to perform MRI presentations in

MDT in a highly structured, standardized, and reproducible way to ensure that the reported

information is correctly and easily understood, not only by experts in this field [9].

MRI written reports aim to give readers the chance to process information visually in a

structured and highly standardized way [10]. The written reports provide repetitious accuracy

and clear information about the tumor location (in simple terms e.g. right/left or anterior/pos-

terior or apical/basal) and tumor size with less complexity. This kind of information source

seems to help inexperienced professionals to reliably take the relevant information and repro-

duce it. The written reports also describe the position of the prostate cancer in terms that can

be directly related to the terminology on the prostate template. Which might be an explanation

for the better performance of the student group with the written MRI reports in our study.
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Relating to the overall scoring result, we could not show any superiority or inferiority of the

3D printed prostate models in comparison to the written MRI reports or MRI presentations in

MDT in the expert group. Rather, the rates of major mistakes were nearly twice as high com-

pared to the written reports and 5-fold higher compared to the MRI presentations in MDT.

Despite the experts’ 13.3% better scoring with the 3D printed prostate models compared to the

student group, the mistake rate shows that experts can struggle with this new source of infor-

mation tool in comparison to those tools familiar to them and likely indicates a learning curve.

Although the students’ rate of major mistakes with the 3D printed prostate models was

1.7-fold higher and the rate of complete major accuracy was 2.1-fold lower compared to the

written MRI reports, this difference resulted in only a 2.3% lower overall scoring with the 3D

models compared to the written reports in the medical students group. On the other hand, the

students’ overall scoring with the 3D printed models was 14.3% higher compared to the MRI

presentation in MDT. This result suggests that 3D printed prostate models might be easier to

understand for inexperienced trainees in comparison to MRI presentations in MDT.

Unique additional contributions of the 3D printed model are its tactile perception, as well

as the visual, and the opportunity to freely turn the 3D structure and view it from different

directions. Hence, this unlimited mobility increases the risk of disorientation. However, Knoe-

dler et al. [27] recently investigated the anatomic understanding of kidney tumors of trainees,

comparing 3D printed kidney models with CT (computed tomography) imaging, and showed

improved accuracy of nephrometry scores achieved from the models.

Likewise, Atalay et al. investigated the impact of 3D printed pelvicaliceal system models on

residents’ understanding of the pelvicaliceal system anatomy before percutaneous nephrolitho-

tripsy surgery and recorded improved understanding of the human renal collecting system,

which positively influenced surgical planning by the residents [28].

We point out that our study has limitations, which could influence the research results. The

experts were already familiar with the prostate template from their daily clinical practice prior

to the study. This circumstance might have been an advantage to them in drawing the exact

tumor locations. In contrast, the medical student group as well as the expert group showed a

learning curve with statistically significant better overall scoring in the last three plotted pros-

tate templates compared to the first three templates (experts: 25.7 [24.0–27.0] vs. 23.0 [17.3–

26.0], p = 0.03; students: 21.3 [16.0–24.0] vs. 17.3 [13.3–22.0], p = 0.06). To help avoid the

effect of a learning effect over time, we used the 3x3 Latin square to prevent biases. Further-

more, our scoring system was validated by using parts of the study data, as explained in the

materials and methods section. This form of construct validation for new measures is well-

established and scientifically accepted [12]; however, in order to ensure its generalizability, we

recommend that the construct validity of our scoring system should be further assessed with

data from other populations. In addition, we like to acknowledge that individual differences in

the personal ability to transfer the exact tumor location from different information tools into a

2-dimensional template (cognition) might have influenced the participants´ performances.

This might have biased the results due to the limited number of study participants.

Conclusions

In summary, overall construct validation of the scoring system and information tools was

achieved, with experts showing more accurate plotting of prostate cancer location than

medical students, who had more difficulty with understanding the exact tumor location, espe-

cially in the MDT setting. However, both written reports and 3D printed prostate models ori-

entated medical students better compared to MRI presentations in MDT. This indicates that

the 3D printed models might be easier to understand than the current gold standard MDT
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conferences. Therefore, 3D models may have a role in orientating less experienced individuals.

The impact of 3D printed prostate models in surgical planning, guidance for orientation of

less experienced surgeons, treatment, and subsequent outcomes of prostate cancer needs to be

validated in future studies.
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