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Short communication

Advantages of 3D printed hip model over conventional imaging methods
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Abstract

This study was conducted to compare the advantages of a printed 3D hip model over the conventional imaging techniques such as
X ray and CT scan. Out of all the patients that presented at our hospital with femoral neck fractures, one patient of age 51 was
selected. Time taken for the investigation, cost effectiveness, the aid in preoperative planning, and the operative time of the
surgery following the patient’s investigation were compared between 3D printed model and the conventional radiograph
techniques. The results were studied retrospectively. The visualization ability and the capability of localizing fracture lines and
degree of comminution were of higher quality and precise for 3D printed models. The preoperative planning was precise with a
3D model which in turn led to a decreased operative duration. On the other hand, the cost required for doing a 3D print was
significantly higher than the other conventional imaging techniques. Also the fact that a 3D printed model could only be prepared
using the conventional radiographic images, the time required to obtain a 3D model was significantly higher than the other
techniques. The 3D prints allow the surgeons to take the preoperative decisions preoperatively. This also aids in the decision of
implant selection and the approach for the surgery. Subsequently owing to the better preoperative planning, the risk of
post-operative complications can be reduced significantly.
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Introduction improperly despite a good design; or it was
With recent advancements in quality of life and ~ improperly implanted. Such complications can be
persistent stress of the community on overall good attributed to improper preoperative planning, which
health, people engage themselves actively in sports  is the shortcoming of the conventional radiographs
or in other strenuous activity. Also, the aged have [4]. Preoperative planning of such complex
realized that daily exercise can keep them healthy.  deformities are often an area of concern for
The incidence of femoral neck fractures is surgeons, because most of the major decisions
comparatively higher in these patients. It can be concerning the surgery are thereby then taken after
summarized that femoral neck fracture occurs intwo  the patient is incised and the probability of errors
groups of patients: 1) Younger individuals that cannot be ignored [5]. In cases of implant failure,
actively engage in strenuous activities (High energy  the patient shall be subjected to a revision surgery
injury) and 2) the aged people in osteoporosis (stress ~ which  would be hazardous health-wise and
fracture)[1]. Femoral neck fracture can be treated in ~ monetary-wise as well [6]. Also the patient can issue
many ways like open reduction and internal fixation ~a medical law suit on the practicing surgeon which
(ORIF), closed reduction and external fixation and ~ would be troublesome for the doctor and the patient
total hip arthroplasty (THA). But in the elderly as well. The short comings of the conventional
where the quality of life has been compromised, radiograph give rise to a need for a better imaging
THA is preferred. The choice of the treatment modality which could improve the preoperative
depends on the extent of injury, amount of planning and effectiveness of surgery [7].
displacement, amount of comminution, whether The aim of this study is to assess the
circulation is compromised. THA patients can advantages of 3D printed model over the
manifest a number of complications, out of which a  conventional radiographs and how we can use the
number of them can be avoided with proper 3D print to overcome the shortcomings for an
preoperative planning [2]. accurate preoperative planning and thereby decrease
The complications which arise from total hip  the complication rate.
arthroplasty include implant failure, periprosethic
fracture, preprosthetic infection, dislocation, leg
length discrepancy, intra-operative fractures etc. [3]. In this study, out of all the patients that
Hip implant failure can occur for three reasons: the  presented at our hospital with femoral neck fractures,
hip was designed with defects; it was manufactured ~ one patient of age 51 was selected. Informed
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consent was taken from the patient. A plain
radiograph was advised which revealed the fracture
location and the fracture line. The degree of
displacement and the amount of comminution was
not revealed in the X-ray [Fig 1].

Fig. 1 Plain radiograph showing the anteroposterior
(AP) view of a femoral neck fracture.

CT scan

Thereafter a CT was performed, which
demonstrated the degree of displacement and
amount of comminution. These results were used in
the preoperative planning of the surgeries that were
to be performed on these patients. In the
preoperative period, many aspects need to be
discussed and decided beforehand. This includes the
type of implant, the level of femoral cut, orientation
of the acetabular cup, approach and the technique of
the surgery. The conventional radiograph gave an
idea of the nature of the fracture and the above
mentioned aspects which were well discussed
preoperatively. The discussion was not satisfactory
as the chances of the errors were not significantly
reduced and hence the head surgeon advised to
prepare a 3D printed model on the basis of CT
results.

3D printing technique

The models were prepared at the Nanjing first
hospital using a “MIMICS 17.0”. The type of
filament that was used was PLA 1.75mm (Printing
temperature 190-240, color: white, Batch number
02150102A190304). The DICOM images of the CT
were uploaded in the mimics 17.0 system which was
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converted the images into .STL. These .STL images
were then uploaded in the “MAKERBOT
DESKTOP” which converted the images into .X3g.
This format of the images was recognized by the
printer and thereby a 3D printed model was
prepared using a HY-500 3D printer. The 3D printed
model images are shown in Fig. 2.Visual ability of
the 3d printed model can be implicated. The degree
of displacement, angulations and prominence of
anatomical landmarks can be clearly visualized.

Results and Discussion

The 3D printed model proved to be a better aid
in the preoperative planning providing a better
understanding about the choice of the implant,
orientation of the acetabular cup, the level of the
femoral cut and the necessary approach of the
surgery [8]. The visualization ability and the
capability of localizing the fracture and the
comminution were significantly of a higher quality
and precise for 3D printed models (Fig. 2). The
preoperative planning was precise with a 3D model
which in turn led to a decreased operative duration.
Also because of the pictorial model of the joint,
errors that occur due to improper technique and
improper placement of the implant can be avoided
as the surgeon can manipulate the model very
similar to the way he would during the surgery prior
to the patient being incised. Also it allowed the
decision as to how the proper anatomical and
mechanical axis would be retained. On the other
hand, the cost required for doing a 3D print was
significantly higher than the other conventional
imaging techniques. Also the fact that a 3D printed
model could only be prepared using the
conventional radiographic images, the time required
to obtain a 3D model was significantly higher than
the other techniques.

Preoperative planning of complex deformities
are often an area of concern for surgeons, because
most of the major decisions concerning the surgery
are there by taken after the patient is incised and the
probability of errors cannot be ignored. The short
comings of the conventional radiograph give rise to
a need for a better imaging modality which could
improve the preoperative planning and effectiveness
of surgery [4].

The 3D print model is of high detail and
specificity with no magnification or minimization
which is in exact accordance with the values
provided by the CT that is to say that it is very much
similar to the exact human anatomy. Therefore, it is
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hardly debatable that the visual capability of the
conventional radiographs is not better than that of a

Fig. 2 The 3D printed model images.

3D print. This allows us to properly identify the
anatomical landmarks, fracture line, comminution of
the fracture and as to how it should be properly
reconstructed or replaced so that a proper
anatomical and mechanical axis can be achieved [9].

Increase in operative time increases the risk of
infection [9]. Peri-prosthetic infection is a major
concern in the field of arthroplasty. Thus there have
been constant efforts in search of techniques that
would reduce the operative time significantly. One
major way that comes to mind in doing so is by
proper and appropriate pre-operative planning [4].
Conventional radiograph techniques are useful in
aiding this process but there still lies certain scope
of improvement which could increase its
effectiveness. 3D print models can very well be
manipulated by the surgeon in a way very similar to
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that he would do in a regular surgery. Bone cuts and
other specifics of the surgery can be performed
pre-operatively. So that when the surgeon incises the
patient, the scenario is pretty much equivalent to the
model prepared pre-operatively. This has been
effectively proven to decrease the operative time,
which in turn decreases the risk of post-operative
infection. Also the errors due to improper technique
and improper placement can be avoided. This can be
easily understood as a major advantage of 3D
printing [10].

There is a 3 fold increase in the cost to
perform a 3D print over a CT. Moreover, the time
taken for a CT report to be prepared is no more than
2 hours, whereas the approximate time taken to
prepare a 3D model is 20 h. So there is a 10 fold
increase in the time taken for the investigation. The
increased cost cannot be borne by the people who
live below the poverty line. Also, the increased time
for the investigation can render it disadvantageous
for its use in emergency purposes. The increased
cost and increased time for investigation can be
hence considered the disadvantages of the 3D
printing [8].

The short coming of this study is that the
sample of the patients is very small. So a larger
sample randomized control prospective clinical
trials are needed for further evaluation of the results.
Also more objective measures shall be used to
verify the efficacy of 3D printing. Moreover, there is
a shortage of the literature for 3D printing articles
and so other shortcomings of the study are still
unknown. There is shortage of the instrumentation
and experts that can handle 3D printers. Thereby a
larger patient sample is going to be difficult to
obtain. In future advances and with more literature
over this topic, these shortcomings could be
avoided.

Conclusions

It can be concluded from this study that the
advantages of 3D printing are its aid in preoperative
planning and subsequent reduction in the operative
time. Whereas the disadvantages include increased
cost effectiveness and increased time for
investigation
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