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Abstract
Objectives: Although 3-dimensional (3D) printing is becoming more widely adopted for clinical applications, it is yet to be accepted as
part of standardpractice.Oneof the key applicationsof this technology is orthopaedic surgical planning for urgent traumacases. Anatomically
accurate replicas of patients’ fracture models can be produced to guide intervention. These high-quality models facilitate the design and
printing of patient-specific implants and surgical devices. Therefore, a fast and accurate workflowwill help orthopaedic surgeons to generate
high-quality 3D printable models of complex fractures. Currently, there is a lack of access to an uncomplicated and inexpensive workflow.

Methods: Using patient DICOM data sets (n5 13), we devised a novel, simple, open-source, and rapid modeling process using
Drishti software and compared its efficacy and data storagewith the 3D Slicer image computing platform.We imported the computed
tomography image directory acquired frompatients into the software to isolate themodel of bone surface from surrounding soft tissue
using the minimum functions. One pelvic fracture case was further integrated into the customized implant design practice to
demonstrate the compatibility of the 3D models generated from Drishti.

Results: The data sizes of the generated 3D models and the processing files that represent the original DICOM of Drishti are on
average 27% and 12% smaller than that of 3D Slicer, respectively (both P , 0.05). The time frame needed to reach the stage of
viewing the 3D bonemodel and the exporting of the data of Drishti is 39% and 38% faster than that of 3D Slicer, respectively (both P,
0.05). We also constructed a virtual model using third-party software to trial the implant design.

Conclusions: Drishti is more suitable for urgent trauma cases that require fast and efficient 3D bone reconstruction with less
hardware requirement. 3D Slicer performs better at quantitative preoperative planning and multilayer segmentation. Both software
platforms are compatible with third-party programs used to produce customized implants that could be useful for surgical training.

Level of Evidence: Level V.
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1. Introduction

Current orthopaedic preoperative surgical planning for traumatic
fractures involves using computed tomography (CT) scans in
conjunction with x-rays to assess complex fractures.[1,2] Although
3-dimensional (3D) modeling is becoming more prevalent, virtual
models fail to provide insight into the biomechanics of the bone
fragments when realigned, especially with complex fractures. The
reconstructive surgical procedures take long hours because of
difficulties encountered in fracture reduction. Extended tourniquet

times increase the risk of tissue perfusion injury, whereas lengthy
surgical times increase the risk of infection.[3–5] Rapidly produced to
3D models would be significant surgical aids, which allow surgeons
to accurately assess the fracture. Bydoing so, amore effective strategy
to reconstruct the fracture can be developed. It is also useful to offer
3D printed physical models to surgeons/students/trainees/nurses/
patients/their families for their education and training purposes.[6]

Recent technological advances have seen the emergence of 3D
printing being adapted for interventional clinical application and
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medical education. 3D printing has low cost and high versatility
and thus its application in preoperative planning for comminuted
fractures becomes popular.[7,8] Emerging case reports and
reviews within the literature show promise in 3D printed bone
models for surgical planning.[9–12] Sterilized 3D printed models
also provide tactile feedback, helping identify key landmarks
during surgery and selecting patient-specific surgical guides.[13,14]

These real cases can be replicated by 3D printing to facilitate
clinical training.

Although3Dprinting is becomingmorewidely adopted, a reliable,
inexpensive workflow to rapidly generate a 3D printed model in
trauma cases is yet to be established. Current 3D printing workflows
for reconstructing comminuted fractures require a trained technician
or a subscription to expensive commercial software suites, limiting
accessibility. Current image-processing techniques also produce
artifacts, leading to anatomically inaccurate replication of the
patients’ bones.[15] Consequently, surgical planning workflows
require a multicenter approach consisting of a mixed team of
engineers and surgeons, increasing operating costs and reducing
efficiency.[16,17]

3D printing has been adopted to print patient-specific surgical
guides and implants, suchasplates and screwsandcustomized surgical
instruments.[18–22] Potential advantages of 3D printing technology
include reduced blood loss, decreased surgical times, and risk of
infection, thereby minimizing the incidence of acute complica-
tions.[10,23] The technology has yet to become part of standard
practice, with universal quality assurance under development.[24,25]

This study aims to address key deficits of the current process.
We propose a novel, simple, rapid, and open-source method to
create virtual 3D models using the Drishti software (National
Computational Infrastructure of Australia, Canberra, Australia)
to allow orthopaedic surgeons to generate their own high-quality
3D printable models of complex fractures.[26] Drishti is a free
accessible tool (https://github.com/nci/drishti) for tomography
visualization, aiming at an easy and fast 3D rendering of image
stacks for nontechnical people. The proposed workflow is
compared with the bone segmentation software 3D Slicer, the
other open-sourced 3D image rendering platform widely used for
medical purposes.[27] Both software platforms are designed to
generate 3D models using 2D image stacks rapidly. Although
these open-sourced platforms are not FDA-approved for clinical
use, they have been widely adopted to evaluate anatomies under
institutional approval.

2. Materials and Methods

2.1. Study Design

Deidentified patient CT Digital Imaging and Communications in
Medicine (DICOM) image directories were obtained from the
Trauma andOrthopaedic Research Unit, The CanberraHospital,
Australia, after ethics approval from the ANU and the Australian
Capital Territory Health Human Research Ethics Committee
(ETHLR.17.160). Thirteen data sets were used for this study and
are presented in Table 1. One fractured pelvis case was used for
the customized implant design.

Data of each patient were processed using both 3D Slicer and
Drishti on a laptop of CPU up to 1.8 GHz clock speed and 4.0
GHz turbo speed, with 16 GB memory and 512 GB SSD. To
address the urgent application scenario, the processing time frame
required first to view the 3D bonemodel and export the data were
recorded, which are clinically most relevant stages. The optimal
processes of minimum actions to view the 3D bone model and

export the model were performed for each case in both software
platforms. Considering 3D anatomy usually contains large data
sets, the original DICOM’s data sizes, the processed data file, and
the generated 3D model of Drishti and 3D Slicer are also
documented and analyzed. The processing data file refers to the
data set converted from DICOM to a format readable by each
platform that can represent the DICOM. We also assessed the
ease of segmentation and the ability to use the output for further
design. We explored the potential of incorporating the 3D
modeling process into the customized implant design.

2.2. Drishti Suite

The open-sourced Drishti software v2.7 (https://github.com/nci/
drishti) was downloaded and installed. The Drishti suite consists
of 3 programs: Drishti Import, Drishti, and Drishti Paint. This
study mainly used Drishti Import and Drishti Paint to convert 2D
image data to 3D models.

Drishti Import converted the CT image data set into a Drishti
compatible data file for processing. The process was conducted as
follows: We dragged the CT image directory folder into Drishtiim-
port.exe and defaulted all the dialog boxes’ settings popup. The CT
slices were imported and ready to view. We saved the data set and
acquired a .pvl.nc data file.

Drishti Paint was then used to perform semiautomated image
processing to isolate and extract the bone surfaces from the CT
data.We loaded the .pvl.nc file inDrishtipaint.exe anddefaulted all
the settings to preview the CT images and the 3D model at the
current segmentation level. The thresholding function under the
Transfer Functions panel was adjusted to change the segmentation
level to isolate the pixels at the selected brightness range. The real-
time 3D rendering feature allows for displaying the segmented 3D
structures. Further processing techniques such as tagging, region
growing, and gating were used to highlight or exclude components
from the 3D view. Then, we selected the “mesh-tagged region” to
export a .ply file, which contained the segmented 3D structure we
saw in the 3D view. The time was recorded when a clear 3D bone
was visualized and when data meshed.

2.3. 3D Slicer

The software 3D Slicer is downloaded and installed from https://
www.slicer.org/. Upon opening the software, the DICOMdirectory
folder was dragged into the window under the “Load DICOM
Data”module.We double clicked the loaded study to view the data

TABLE 1
Data Sets Overview.

No. Description Slice Size (MB) Contrast

1 Pelvis, ilium fracture 125 22 Low
2 Pelvis, iliac crest fracture 96 25 Low
3 Pelvis, iliac crest fracture 687 213 Low
4 Pelvis, iliac crest and acetabulum fracture 631 184 Low
5 Pelvis, iliac crest and pubic ring fracture 661 207 Low
6 Pelvis, pubic ring fracture 292 148 High
7 Pelvis, pubic ring fracture 1589 468 Low
8 Hemipelvis, femur fracture 65 33 High
9 Spine and pelvis, severe pelvic fracture 709 131 High
10 Spine and iliac crest, iliac crest fracture 108 25 Low
11 Shoulder 257 65 Low
12 Skull 463 62 High
13 Knee 313 72 Low
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set in a Four-Up table view similar to Drishti Paint. Then, the
“Segmentation” module was engaged to segment the area of
interest. A series of functions such as threshold, paint, erase, islands,
and smoothing were performed to mask the area of interest fully.
Then, we turned on the “Show 3D” to visualize the segmented 3D
model. After we fully segmented the bone, left click “Segmenta-
tions…”—“Save to files…” with the selection of saving the 3D
model, landmarks, and compact CT data set, a .stl cloud point
model is completed. The time was recorded when the 3D bone was
exhibited, and the data were exported and saved.

2.4. Case Presentation of Further Customized Implant Design

In this study, fractured pelvis data were used and were successfully
segmented using Drishti, followed by the design of customized
fixation plates ready for final production. The process includes
fracture segmentation, restoring the original conformation of the
anatomy concerning the intact contralateral hemipelvis, and
designing the fixation plate referring to the reconstructed model.[28]

This method also avails the planning of screw length and direction
preoperatively. We used Geomagic (3D Systems (Rock Hill, SC))
to assist in manually reconstructing the fractures to a correct
position. Each fracture was identified and separated into individual
models. Fractures were moved back to their original position. Then,
the model was exported and imported to SolidWorks (Waltham,
MA), where a computer-aided design (CAD) surface reconstruction
was performed on a fracture-restored 3Dmodel. The implant design
was completed based on the geometry of the bone model. A
workflowwas created to generate implants usingaDrishti-converted
pelvic model and designing a customized fixation plate (Fig. 1).

3. Results

3.1. Processing Time and Data Size

We selected the time points meaningful to surgeons and can be
observed on both platforms to compare the 2 software outcomes.
Thus, we recorded the processing time from the first click of the
process to viewing the 3D bone model within the software and
completing the data/model export. We also documented the size
of the processing data generated by the software representing the
original DICOM and the data size of the exported 3D bone
model. The outcomes are listed in Table 2.

3.2. Software Comparison

To better compare the software performances using processing
time and data size parameters, we further calculated the paired
ratios of these parameters. The outcome is listed in Table 3.

We can see that the processing data size of both software
platforms is slightly larger than the original DICOM. However,
the processing data size of Drishti is averagely 12% smaller than
that of 3D Slicer (P 5 0.046). Owing to the better noise removal
ability, the storage space of the 3D models using Drishti is on
average 27% of the sizes of 3D Slicer (P5 0.004). The processing
time of Drishti is also faster than that of 3D Slicer at both time
points (39% faster for viewing 3D model P 5 0.003 and 38%
faster for exporting data P 5 0.001).

3.3. Customized Implant Design

Starting from the CT data-converted 3D model using Drishti, we
designed a workflow of further applying the method to design a

customized implant for a complex pelvic fracture. The workflow
is presented in Figure 1. The 3D bone model generated by 3D
Slicer is also compatible with this workflow.

4. Discussion

Although Drishti is not specifically designed for medical
purposes, it has clinical advantages of easy use, low hardware
requirement, small data storage, and fast response for emergent
scenarios. These advantages are discussed below.

4.1. Ease of Segmentation

By thresholding, tagging, and gating in Drishti Paint, the bone was
isolated from the soft tissue with reasonable accuracy, decreasing
subsequent processing time because cleaning was no longer
required. Region growing further improved the isolation of bone
from the surrounding soft tissue but became overly time-consuming
when the fracture containedmany fine fragments of bone, as seen in
comminuted fractures. In this situation, a decision needs to bemade
regarding the importance of a particular small fragment to the
overall reconstruction. If the fragment is judged insignificant, it can
be deleted to simplify the overall process. Compared with Drishti,
3D Slicer has powerful functions and a better user interface. It
produces faster and better-quality 3D bones using high-contrast CT
images. However, Drishti is more suitable for an urgent situation
that produces 3D models faster with less computer space
requirement and more efficient processing power. It also means
less hardware requirement and a simpler learning curve. In addition,
by the time of the study, Drishti was the first open-sourced
segmentation software that embedded the local thresholding
technique (“gradient thresholding” in software). It compares the
color changes in local areas rather than applying a threshold to
the whole image. This improvement has a great potential to make
the segmentation much easier by applying fewer tools to remove
noises and identifying connected bones more quickly and accu-
rately. The performance evaluation of the local threshold will be
investigated in later studies. On the other hand, a quantified
comparison with commercial software such as Materialise Mimics
(Materialise HQ, Leuven, Belgium) will need to be considered.[29]

Compared with the “Show 3D”mode of 3D Slicer segmentation
that constructs 3D models in real time, Drishti renders the
segmentation much faster and displays the 3D model at a lower
but reasonable resolution (see Fig. 2 for the same case). Although 3D
Slicer demonstrates a higher 3D resolution, it requires better
hardware support and a longer waiting time for any segmentation
change. These data suggest that Drishti is more suitable to support
clinicians in emergencies. In addition, Drishti’s more moderate
hardware requirement allows its use in a financially restricted clinical
environment for a smooth 3D view. On the other hand, 3D Slicer
contains more in-build modules for multilayer segmentation and
image quantification. It provides better feasibility on landmarking
and measurement for preoperative planning. By contrast, Drishti’s
user interface lacks a voxel-level quantification. Third-party CAD
software is required for quantitative modeling using the Drishti
workflow.

This project has highlighted some of the technical issues faced
in producing 3D models and working in virtual space. Image
processing is time-consuming, and further automated processes
would enhance the accessibility of the technology.[15] Hardware
limitations also need to be considered, as with larger data sets
conversion times may become significantly prolonged without
adequate processing power. Although a finer slice thickness
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improved the quality of our virtual 3D models, soft tissue
around the bone fragments also increased, complicating the
conversion of the models. Thresholding was easier in areas with

relatively less surrounding soft tissue, such as the skull and knee,
than in areas with large amounts of soft tissue, such as the
thorax and pelvis.

TABLE 2
Performance Evaluation of Drishti and 3D Slicer.

No.

Drishti 3D Slicer

Processing Time (s) Data Size (MB) Processing Time (s) Data Size (MB)

View 3D Export Data Processing Data 3D Model View 3D Export Data Processing Data 3D Model

1 35 51 31 34 41 66 30 119
2 35 56 38 41 57 88 38 173
3 44 84 171 207 135 181 262 1260
4 48 79 157 150 97 139 227 764
5 59 95 165 261 128 175 255 1137
6 40 60 73 60 40 67 68 117
7 74 131 397 263 229 305 572 1556
8 33 47 16 8 28 48 16 20
9 50 79 177 132 125 179 182 380
10 33 46 28 45 68 96 32 149
11 36 56 64 86 85 117 78 760
12 38 61 115 102 66 102 105 249
13 49 74 78 43 62 91 92 319

Figure 1. Fixation plates designed from a pelvic model converted using Drishti.
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4.2. Data Storage

We need to note that the 3D models generated from 3D Slicer are
in .stl format, and 3Dmodels from Drishti are in .ply format. The
main difference is that the .ply format usually contains color
information, but .stl format does not. There is no discernible
difference in the quality of the 2 formats. Thus, we compared the
data size of the original generated 3D data.

The outcome in Table 1 demonstrates that the 3D bone model
generated using Drishti is 73% smaller than those created by 3D
Slicer (P 5 0.004), proving its better ability for automated noise
removal. Considering the generation of the 3D models was at an
optimal process with minimum actions, the model sizes could be
further compressed by adding a few simple steps. This is especially
necessary for 3D Slicer because the threshold algorithm cannot
exclude noise effectively, and the segmentation tools are more
powerful with high flexibility. Other simple functions such as
Island and Smoothing could easily reduce noise to decrease the
model size substantially.

Meanwhile, operation factors such as threshold selection and
fluency of software operation also influence the segmentation
quality and time consumption. Because of the limitation of this

study, there was only one experienced engineer involved in
processing the data at a computer of above-average specification.
Multiple operators and testing computers will be necessary to
draw a better conclusion as to the efficacy of the system.

Notably, both platforms generated processing data represent-
ing the original DICOM image directory. Although the process-
ing data size of Drishti is smaller than that of 3D Slicer (P 5
0.046), there was no statistical difference found in the processing
data size when it is compared with the DICOM size (P 5 0.330
and 0.076 for Drishti and 3D Slicer, respectively).

4.3. Further Integration of Implant Design

Within the software frame of Drishti and 3D Slicer, both
platforms generated comparable satisfactory outcomes. Thus,
both software platforms can be integrated into further workflow
of fracture reconstruction and personalized implant design.
Reconstructed templates could be used to design personalized
surgical implants, including fixation/locking plates and screws.
For example, using point-cloud processing software and CAD
software to reconstruct a bone fracture is efficient when an
individual bone is processed.

Figure 2. 3D view of a pelvic fracture case within the software: (A) Drishti and (B) 3D Slicer.

TABLE 3
Performance Comparison of Drishti and 3D Slicer.

No.

Processing Data Size 3D Model Size Time Consumption

Drishti vs. DICOM
3D Slicer
vs. DICOM

Drishti
vs. 3D Slicer

Drishti
vs. 3D Slicer

View Model Drishti
vs. 3D Slicer

Export Model Drishti
vs. 3D Slicer

1 1.41 1.36 1.03 0.29 0.85 0.77
2 1.52 1.52 1.00 0.24 0.61 0.64
3 0.80 1.23 0.65 0.16 0.33 0.46
4 0.85 1.23 0.69 0.20 0.49 0.57
5 0.80 1.23 0.65 0.23 0.46 0.54
6 0.49 0.46 1.07 0.51 1.00 0.90
7 0.85 1.22 0.69 0.17 0.32 0.43
8 0.48 0.48 1.00 0.40 1.18 0.98
9 1.35 1.39 0.97 0.35 0.40 0.44
10 1.12 1.28 0.88 0.30 0.49 0.48
11 0.98 1.20 0.82 0.11 0.42 0.48
12 1.85 1.69 1.10 0.41 0.58 0.60
13 1.08 1.28 0.85 0.13 0.79 0.81
Average 1.20 1.05 0.88 0.27 0.61 0.62
SD 0.35 0.40 0.16 0.12 0.27 0.18
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We demonstrated a case study in Figure 1, which used the 3D
bone model generated from Drishti for further design. The
fractured bone model was imported into Geomagic for cloud
point processing and in SolidWorks for CAD design of the
personalized implant. Some other software can replace the
workflow we presented, such as MeshLab. MeshLab served as
a potential open-source solution for rapid 3D bone processing.
Although MeshLab allows for complicated manipulation, the
software has a significant learning curve. This process would be
too labor intensive for a novice user to serve as a viable option for
rapid modeling in trauma surgery. Geomagic, a commercially
licensed software, had a simpler user interface and allowed for
real-time manipulation of bone fragments in 3D space with
relative ease, making it suitable for rapid model generation.

5. Conclusions

This study focused on the image processing aspect of the workflow
with which surgeons can create a 3D model, plan operation
procedures, design patient-specific implants, and deliver a design
file for 3D printing. Voxel-based data allow for rapid rendering of
CT images through various algorithms; however, it may concern
the loss of detail, requiring large data sets to maintain fidelity.[30]

After conversion to the .ply file format, soft tissue converted with
bone initially required extra cleaning in third-party software such
as MeshLab or Geomagic. However, 3D Slicer integrated part of
the automated cleaning and voxel editing functions that benefit the
complex surgical planning process. The image processing tech-
niques mentioned have been previously well described in the
literature with commercial and open-source software.[8,16,17,31–33]

Drishti’smajor advantage is fast real-time bone segmentation using
histogram, which greatly aids imaging processing and reduces
learning difficulty. We consistently found that after image
processing in Drishti and subsequent export, file sizes are generally
smaller than the similar platform 3D Slicer, which reduced the
processing burden with subsequent third-party software and saved
the storage space required for large data sets.
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