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Abstract: The applications of three-dimensional printing (3DP) for clinical purposes have grown rapidly
over the past decade. Recent advances include the fabrication of patient specific instrumentation, such as
drill and cutting guides, patient specific/custom long term implants and 3DP of cellular scaffolds. Spine
surgery in particular has seen enthusiastic early adoption of these applications. 3DP as a manufacturing
method can be used to mass produce objects of the same design, but can also be used as a cost-effective
method for manufacturing unique one-off objects, such as patient specific models and devices. Perhaps
the first, and currently most widespread, application of 3DP for producing patient specific devices is the
production of patient specific anatomical models, often termed biomodels. The present manuscript focuses
on the current state of the art in anatomical (bio)models as used in spinal clinical practice. The biomodels
shown and discussed include: translucent and coloured models to aid in identification of extent and margins
of pathologies such as bone tumours; dynamic models for implant trial implantation and pre-operative
sizing; models that can be disassembled to simulate surgical resection of diseased tissue and subsequent
reconstruction. Biomodels can reduce risk to the patient by decreasing surgery time, reducing the probability
of the surgical team encountering unexpected anatomy or relative positioning of structures and/or devices,
and better pre-operative planning of the surgical workflow including ordered preparation of the necessary
instrumentation for multi-step and revision procedures. Conversely, risks can be increased if biomodels are
not accurate representations of the anatomy, which can occur if MRI/CT scan data is simply converted into
3DP format without interpretation of what the scan represents in terms of patient anatomy. A review and
analysis of the cost-benefits of biomodels shows that biomodels can potentially reduce cost to health care

providers if operating room time is reduced by 14 minutes or more.
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Introduction Computer Aided Design (CAD) models. 3DP is an additive

manufacturing process that builds a 3D object layer by
Three-dimensional printing (3DP), also known as rapid layer, enabling the production of complex geometrical
prototyping, enables the physical realisation of virtual 3D structures that would not be manufacturable using other
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methods. Technological advancements in 3DP to medical-
grade standards (such as printable biocompatible materials
and printed part precision) in conjunction with improved
resolution of patient imaging modalities, have recently
catalysed a rapid expansion of biomedical 3DP applications
in clinical, and particularly surgical, practice (1,2).

3DP is now commonly used to produce patient specific
drill guides (3-6) and devices, which have been the focus of
a number of recent case studies, case series and reviews (7-9).
For the current manuscript, we focus on the precursor
to, and typically workflow foundation of, these recent
developments: virtual and haptic patient specific anatomical
models, often termed biomodels (10).

Historically surgeons have predominantly relied on
two-dimensional (2D) analyses of planar X-ray, CT and/
or MRI images. 3D spatial-appreciation and interpretation
of complex patho-anatomies is inherently limited by such
2D representation. Anatomical biomodelling, including the
creation of a haptic construct that replicate the geometrical
form of a biological structure by 3DP, offers a means to
overcome these limitations as surgeons can manipulate
a replica of a patient’s anatomy. Although sometimes
technically feasible through conventional manufacturing
methods (such as casting or subtractive manufacturing),
3DP is unmatched as a manufacturing method in terms of
time and resource requirements necessary to create accurate
and intricate patient-specific anatomical models (11).

Aims

The present manuscript aims to discuss, with examples
of anatomical models used in recent clinical cases, the
production, clinical benefits and value of anatomical (bio)
models in spine surgery.

Anatomical (bio)model use in spine surgery;
brief history

In preliminary applications of anatomical models for surgical
spine management by D’Urso ez 4/. in 1999 (10), patient-
specific biomodels were utilised to provide visual and tactile
appreciation bony anatomy as well as aid assessment and
understanding of pathology. Since then, biomodels have had
wider application in the preoperative workflow, allowing
surgeons to acquaint themselves with the unique anatomical
complexities of the presenting case by visualisation and
tactile manipulation of an anatomical replicate (12).
This process has been demonstrated to improve the
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surgeon’s understanding of intricate anatomical spatial-
relationships (13), particularly following significant patho-
anatomical deformation (14), and facilitate identification
of "hidden" anatomical anomalies (12) not easily visible
on conventional radiography. In such cases models were
used preoperatively to determine operative feasibility and
enable planning through selection or preparation of the
most appropriate surgical technique for the individual
presentation (approach, margins of resection, reconstruction
options/strategies, necessary instrumentation).

Simulated surgery on the anticipated case anatomy
represents a progression of biomodel applications in pre-
surgical planning, whereby the haptic biomodel is used for
practice and experimentation of procedural manoeuvres.
Stereotaxy is a widely adopted technique used for intra-
operative navigation (15). Biomodels have similarly been
adopted for surgeon training and teaching purposes,
whereby the design flexibility in terms of geometry and
material properties (tissue density, hardness, flexibility)
enables simulation of a range of clinical scenarios for
surgical training (16,17) or anatomical learning (18) without
the associated ethical and cost barriers, as well as anatomical
variation, that can be present in cadaveric study.

Current 3DP technologies and biomodelling
applications in spine

Biomodel design and manufacturing methods

Medical imaging to CAD

The workflow for creation of an anatomical biomodel
involves, in general terms, initial acquisition of high-
resolution patient imaging, computed tomography (CT)
and/or magnetic resonance imaging (MRI), followed
by segmentation, interpretation and 3D iso-surface
reconstruction of the collated anatomical data to form a
virtual model (19-26). Input into Computer-Aided design
(CAD) software enables manual geometrical modifications
and generation of the STereoLithography (.stl) file type
suitable for 3DP. 3DP is used to manufacture the final
physical construct through repetitive layer-by-layer
deposition and fusion of raw printing materials derived
from sequential CAD-model cross-sections and tool path
generation (1,27).

3DP technologies
Three additive manufacturing processes are currently
used to fabricate the majority of anatomical models:
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Fused Deposition Modelling (FDM), Powder Bed Fusion
(PBF) and Stereolithography Laser Curing (SLC).
The fundamental differences in printing methods and
compatible materials between these 3D printers causes
inherent differences in the output properties and, therefore,
functionality of the models produced. Biomodels made
of nylon polymers are typically manufactured using PBF
techniques, whereby the successive layers are formed
by fusion of small substrate particles (powder beads) by
high-powered laser. Although currently a comparatively
expensive technique, the PBF method results in relatively
high precision parts in materials such as nylon that are
suitable for sterilisation, and therefore handling within the
surgical sterile field. SLC is used to manufacture resin-
based models and is dependent upon laser polymerisation
of photo-initiated resins. SLC printed models are
characteristically highly precise. FDM or Fused Filament
Fabrication (FFF), which operates via melting and setting
of extruded thermoplastics (such as acrylate) by the printer,
is comparatively inexpensive, however produces the least
precise models. Due to the lower cost barrier, FFF model
production and testing has been wide spread with FFF
models having well understood and useful mechanical
properties for manipulations during surgical rehearsal (such
as drilling and screw placement) (28).

Clinical benefits

Tack er al’s (29) systematic review of surgical applications
for 3DP found model use for preoperative planning and
rehearsal in orthopaedic, maxillofacial and neurosurgery
was associated with improvements in surgical workflows
and postoperative patient outcomes. Reported reductions
in operative time and duration of fluoroscopy potentially
lower the risk of surgical site infection (30,31) and radiation
exposure, while providing cost-offsets through improved
operative-room ergonomics (27,32) and fewer post-surgical
interventions (12).

Reduction of risk

Surgical intervention inherently poses a number of risks
to a patient including risk of: infection, blood loss, excess
tissue trauma due to imprecise surgical technique/approach,
time spent under anaesthesia and exposure to ionising
radiation. The risk of adverse events occurring during
surgery is perhaps increased in spine surgery compared to
general orthopaedic surgery due to the proximity of central
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nervous system neurological structures, which have very
limited scope for repair (self or surgical), combined with
the proximity of major arteries, including the aorta, iliac
arteries (thoracic and lumbar spine), vertebral and carotid
arteries (cervical). Biomodelling can aid the surgical team
decision making and planning provided the biomodels
used are accurate (precise, or reliable, and true, or valid)
representations of the patient’s anatomy (33). For example,
decisions over the surgical approach can be made with
better knowledge of the precise location of major vessels
(see Figures 1,2). This is of particular use in the lumbar
region, where the bifurcation of the aorta and trajectory
of the vena cava varies from patient to patient (Figure 2).
Additionally, tumours frequently alter and/or sequester
blood vessels from nearby major vessels, meaning that there
can be unusual/unexpected vessels that can cause bleeds
if cut/torn during surgical resection of the tumour mass
(Figure I). High flow bleeds resulting from high pressure
arteries can be problematic during surgery as not only do
they increase the blood loss for the patient, and potentially
complicate the anaesthesia, but they also add time and cost
to the surgery as additional haemostatic agents may be
required to stem the flow, before additional high speed, and
thereby inherently risky, tissue resection is performed to
find, isolate and repair the cut/torn vessel. Biomodels used
in combination with virtual simulation of soft tissues can aid
the neurosurgical, anaesthetic and, when working together,
vascular team to avoid unexpected bleeds and/or prepare for
the possibilities of them (Figure I).

Biomodels have also demonstrated utility as an aid
for preoperative patient education, improving patient
understanding and their capacity to provide informed
consent (34,35), thereby potentially reducing legal risks to
surgeons in the case where adverse events occur to a patient
following surgical intervention.

Effects of biomodel use in spine surgical workflow

In addition to pre-operative understanding of the
pathology, combined with communication of the pathology
and decision making by the surgical team (combined
anaesthetic, neurosurgeon, vascular), the use of biomodels
can aid the intra-operative workflow in a number of ways.

Reduced fluoroscopic events

Many reconstructive neurosurgical procedures involve the
use of hardware/devices (7,19-22,36). Correct placement
of devices is essential for the device to perform and
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Figure 1 Virtual (in-silico) and physical (3DP) biomodels of a thoracic vertebral tumour. (A) Virtual modelling of the pathological bone
(dull red) and surrounding vascular structures (bright, shiny red). The aorta runs vertically; (B) the 3DP model of the osteological anatomy
showing the lytic effects of the tumour have caused kyphosis and compression; (C) virtual modelling of structures that may not be easy to
print can add information and aid understanding in complex cases. In the case shown, the anterior osteology is fused and would need to
be released in order to restore normal alignment to the spine. The addition of the vascularity makes it clear that the bone that would need
cutting/nibbling is immediately adjacent to the aorta; (D) pre-operative state 3DP; (E) virtual model of the same as D with vascularity added.
Understanding where the major vessels feeding the tumour mass can aid in planning the resection and understanding where and when
bleeds may occur; (F) 3DP model of a possible resection using a posterior approach; (G) sagittal view of the pre-operative pathological state;
(H) sagittal view of the result of the possible posterior resection plan; (I) a dynamic model allows for planning of reconstruction device
height and size, as well as better planning of how the device can be inserted using the approach (see F).
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Figure 2 Complex revision surgery planning for lumbar spine L4-L5 and L5-S1 levels using virtual and 3DP biomodelling. The patient

previously had procedures using posterior approaches with the aim of stabilising and fusing 1.4-S1. Laminectomies had been performed
with posterior pedicle rods and screws placed L4-S1 (E). Two PEEK PLIFs were positioned in each of the L4-L5 and L5-S1 interbody
spaces. Fusion had not occurred at either level with the graft windows of the PEEK devices largely devoid of bone and subsidence of the
L5-S1 devices visible. Loosening of the pedicle screws had resulted in an L4-L5 spondylolisthesis. In addition, the right hand side L4-L5
PLIF device had backed out from the interbody space into the spinal canal. Arrows and translucent circles show the position of the backed
out PLIF. (A) PEEK implants are invisible in the CT imaging and 3D reconstruction apart from embedded marker beads (shown in red), as
indicated by the red arrows; (B) shows virtual PLIF cage placement in the CT. The red arrows indicate the same positions as in A but now
with the virtual PLIF cage positioned in the CT and visible in the 3D reconstruction; (C) shows lumbar and sacral bone (translucent), aorta
bifurcation to left and right iliac arteries, posterior rods and screws (black) virtual placement of PLIFs (light red) from an anterior viewpoint;
(D) shows lateral viewpoint of the same as (C). The backed out right hand side L4-L5 PLIF indicated by the red arrow in D, E and F. The
right hand L5 pedicle screw protrudes from the anterior surface of the L5 vertebral body (D and F) and has a trajectory coincident with the
right iliac artery. Virtual reconstruction allows the distance between the L5 right hand screw tip and the iliac artery to be measured (12 mm).
(E) Physical 3DP model included the reconstructed PLIF cages. The posterior viewpoint shows the result of the laminectomies as well
as the right hand side L4-L5 PLIF backout. (F) 3DP model sagittal viewpoint in which the RHS backout PLIF is clearly visible, as is the
protrusion of the RHS L5 pedicle screw. Revision surgery used an anterior approach to place ALIF devices. Biomodelling was used to aid
with the surgical approach (vascular team) including iliac artery retractor placement with respect to the L5 screw protrusion as well as the
removal of the PLIFs and insertion of the ALIF devices (neurosurgical team). The modelling showed that the spondylolisthesis at L4-L5
and large degree of lumbar lordosis kept the RHS iliac artery away from the L5 pedicle screw tip. PLIF, posterior lumbar interbody fusion;
ALIF, anterior lumbar interbody fusion.
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function as intended (20-22,37). Device placement is
usually checked/confirmed by intra-operative fluoroscopy
according to the surgical technique/instructions for use
supplied with the device(s) (19-22). Pre-operative trial
fitting of devices with biomodels can aid the surgical
team identify haptic, for example the 'butting' of the
device against a bony ridge, and/or anatomical or existing
hardware landmarks or features that can aid in determining
when the desired/planned position of the device has been
achieved (Figures 3,4) (21,22). This can reduce the number
of fluoroscopic imaging cycles required intra-operatively.
An X-ray fluoroscopy cycle usually involves some or all
of the following: the surgical team discontinuing surgical
work; covering the incision(s) with sterilised drapes; a
radiographer being called to the operating room; the
radiographer positioning the X-ray device whilst the
surgical team either huddle behind a radiation screen or
exit the theatre; imaging, checking, re-alignment and re-
imaging of the patient in one or more plane; moving the
imaging equipment out of the sterile field; uncovering of
the incision; re-commencement of surgery. Fluoroscopic
events as described increase risk to the patient in a number
of ways. As well as the direct risks associated with exposure
to ionising radiation and prolonged anaesthesia, there are
also risks associated for the surgical team exiting the sterile
field and/or operating theatre (38). Operating theatres are
typically under positive air pressure (39), with filtered clean
air flowing down over the sterile field and out of the theatre
through designed air-flow pathways (39). Pressure and flow
of clean air are usually optimised for the sterile field (39),
where the scrubbed in surgical team and theatre staff are,
and optimal at the point where the patient will be positioned
on the surgical table. Movement of the surgical team out
of this area of the cleanest air introduces risks of airborne
pathogens landing on a surgical team member’s scrubbed
region, and later being introduced to the patient’s incision.
Exiting the theatre altogether likely increases this risk
further as well as introducing the risk of air borne pathogens
being introduced into the theatre through opening of theatre
doors (38-41). Therefore, minimisation of fluoroscopy cycles
through identification of haptic cues and alignment of visual
landmarks identified through preoperative use of biomodels
can reduce these risks of infection, prolonged anaesthesia
and ionising radiation to the patient.

Preoperative sizing of devices

In addition to correct placement of devices, selection of
the correct size and angle of device to achieve the desired
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surgical reconstructive outcomes, such as decompression of
neurology and restoration of sagittal balance, can be aided
by the use of dynamic and/or pliable biomodels. Although
virtual prediction of reconstruction can be performed, this
process may be unfamiliar, and thereby less informative, to
a surgical team (21). Instructions for use for many devices
recommend insertion of trial, or sizer, devices before
insertion of the final device. Due to the proximity of many
devices to sensitive neurological structures (spinal cord,
exiting nerve roots) the number of device insertion cycles,
trial or final, should ideally be minimised as every insertion
event carries some inherent risk. Anterior interbody fusion
interventions are a relevant example of operating adjacent
to sensitive structures (42). Hence, trialling of device
dimensions on biomodels pre-operatively to reduce the
number of device insertion cycles intra-operatively can
reduce operating theatre time as well as reduce risk to the
patient (Figures 3,4).

Dynamic biomodels can move either through replication
of anatomical articulations or through material elastic/
plastic deformation and can aid in assessment of the
consequences of device insertion. For example, frequently
the posterior elements such as the spinal processes, may
be very close together and the introduction of an anterior
interbody device with too much angulation may cause the
spinal processes of adjacent levels to touch, which may cause
posterior element pain for the patient post-operatively.
This is particularly the case in degenerative patients, where
osteophyte growth and reduction of inter-body height
can decrease the distance between posterior elements of
adjacent levels. In the case where a high/tall anterior device
is used, the facets of the instrumented level may become
overly distracted causing postoperative facetogenic pain (43).
An oversized and/or point loaded implant also has an
increased risk of subsidence (44,45). Identifying these
factors intra-operatively is difficult and potentially time
consuming as different trial devices are repeatedly inserted.

Use in combination with implants

Spinal device application is complicated by the numerous
intervertebral articulations (anterior disc and posterior
facets at each level) that may compound movements intra-
operatively and thus reduce accuracy of the plan, a problem
that can be reduced with the use of dynamic models (see
below and Figures 1,3,4). Models enable trialling of spinal
screw placement and identification of optimal screw trajectory,
length and diameter prior to surgery, thus mitigating risks of
iatrogenic neurovascular injury to the patient (Figure 3).
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Figure 3 Pre-operative trialling of device sizes using a dynamic biomodel, shown in the C6-C7 interbody space (A and B). (A) 15 mm wide

device, (B) 17 mm wide device; (C) sagittal plane X-ray of a physical 3DP biomodel (C5 and C6) used to test the fit of a cervical patient

specific implant. X-ray allows screw trajectory and screw length to be assessed—in this case longer screws could safely be used.

Planning of placement and trajectory of tap holes for
pedicle screws has benefitted from biomodelling (5,46).
Biomodels combine naturally with 3DP drill jigs as a low
cost barrier-to-entry alternative to robotic or image guided
navigation (5). Biomodels can also be useful in decision
making around anterior approach distraction (Caspar)
pin placement and trajectory, particularly in revision and/
or supplementary/secondary surgeries where existing
hardware, such as an anterior plate, may prevent the usual
pin placement and/or trajectory (Figure 3). Our team has
found biomodelling useful in such instances as the model
has allowed not only the placement and trajectory of the
distraction pins to be planned, which has influenced the
surgical approach (placement and extents of the soft tissue
incision), but also the planning of how the distraction pins
may interact with other instrumentation during different
stages of the procedure, thereby allowing better planning of
the surgical workflow including locating and preparing the
instrumentation necessary for an anterior plate removal. In
particular, biomodels have benefitted cases where previous
instrumentation, such as cervical anterior plate and screws,
have been removed whilst an adjacent level has undergone
ACDF (Figure 4). The combination of preparing all of the
necessary instrumentation and determination of the optimal
surgical workflow prior to the procedure is estimated to
save 30—45 minutes in the operating theatre depending on
anatomical and case complexity.

Complex pathology/trauma/tumour resection
Visualisation and haptic manipulation of a patient-specific

© Journal of Spine Surgery. All rights reserved.

biomodel in a 1:1 scale to the structures it is designed to
replicate provides more intuitive appreciation of regional
anatomy and enhances opportunity for interpretation of
associated pathologies than planar radiographic imagery
or two-dimensional representations of digital renders.
This is particularly useful for cases of significant surgical
complexity, such as where anatomical deformation due
to neoplasia, traumatic injury or congenital anomaly
mandate extensive preoperative consideration to identify
the appropriate approach or patient positioning, surgical
techniques, margins and extent of resection necessary and
reconstructive strategies. In such cases biomodels can be
made in which the pathological portion of anatomy for
surgical resection can be fabricated as a separate entity,
which can be assembled and disassembled with the non-
pathological anatomy (22).

Other biomodel properties

Colour

The use of colour in biomodels can aid communication
of pathology or structures (anatomical or otherwise) of
importance to the case. For example, the pathological
portion of a model assembly can be a different colour to the
normal portion of the model (22). Colour can also be used
to highlight regions/structures of interest, such as blood
vessels or the 3D extents of a tumour (Figure 1). Where the
tumour is encapsulated within the bone margins, a clear
model with a coloured tumour region can be particularly
effective/useful (Figure 5). The colouring of the tumour
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A

Figure 4 Process of device trialling using a dynamic biomodel (A,B,C,D,E) and the resulting fit of the device in the C6-C7 interbody

space (F). The device inserter can be used (as shown in A,B,C,D,E) to aid in the trialling/planning process. Note that the model shows two

previous fusions at C3—4 (with anterior plate) and C5-6. This biomodel was used to plan the removal of the anterior plate as well as an

additional fusion and disc replacement. The model aided the surgical team in preparing the revision instrumentation for the plate removal,

where the Caspar pins for the C2-C3 level distraction would insert once the C3—4 plate was removed, plan the trajectory to accommodate

these steps, as well as plan the order of the procedure (surgical workflow planning). The surgical workflow planning along with the device

trialling was estimated to have saved 30-45 min of time in the operating room.

regions can be representative of the MRI signal intensity.
Differential colouring representative of MRI or other scan
signals can aid in planning biopsy approach and/or regions/
limits of surgical incisions as hotter colours of strongest
MRI signals can indicate to a surgeon where the tumour is
most active, which may be the tumour region from which
biopsy/pathology results will be most informative (Figure 5).

Accuracy

In our view, it is essential that patient specific biomodels
provided to health care practitioners are accurate to the
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anatomy. Accuracy is defined as a combination of trueness
(or validity) and precision (or reliability) (33). Precision
is limited by CT scan ‘resolution’, where resolution is
a combination of pixel size and slice thickness. A high
resolution medical CT scan usually has a pixel size between
0.2-0.4 mm and slice thickness of between 0.2-3.0 mm. For
scans with higher slice thicknesses of 1.0-3.0 mm or more
(for both MR and CT), the CAD thresholding, segmentation
and interpretation stages of the biomodelling process may
take longer and need more skill and anatomical familiarity.
A single threshold value applied to a CT will likely not
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Figure 5 Medical imaging, virtual reconstruction and physical manifestation of C2 vertebral body tumour. (A) and (C) are axial and sagittal

(respectively) T2 weighted MRI slices showing the ‘hot spot’ of tumour activity; (B) and (D) show axial and sagittal (respectively) CT slices

in the same positions as (A) and (C) showing the lesion; (E) virtual reconstruction of cervical osteology (C1-midway C4) anatomy showing

internal lesion (red); (F) 3DP clear model of E with the lesion coloured according to MRI signal—brighter red associated with high intensity

of MRI signal, blue/purple associated with lower intensity MRI signal.

result in a true representation of the anatomy, particularly
where pathology or instrumentation from previous surgical
intervention is present, or where the bone mineral density
is low. In such cases a single threshold value applied to a
CT will usually lead to a 3D model in which there are holes
in the vertebral bodies, transverse processes and spinal
processes. These holes are areas of low mineralisation in
the bone or where there is a very thin cortical layer, perhaps
well below the pixel size, but are not likely actual holes in
the bones. Converting a single threshold value segmentation
to a 3D model and printing this will give an untrue, and
therefore inaccurate, representation of the anatomy.
Training, skill and care are needed to interpret what the
scan data truly represents in terms of patient anatomy. An
inaccurate biomodel may be, at best, less useful for the
health care professional and at worst, misleading, which
could lead to misinterpretation of the patient’s anatomy and

a sub-optimal surgical plan.

Sterility
If a biomodel is required to enter the sterile field, then the
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biomodel needs to be validated for cleaning and sterilisation
and potentially manufactured from a material that is
biocompatible (47). Difficulties in validating suitability for
sterilisation exist for more geometrically complex models,
for example where an internal lattice structure is used to
reduce material use in the model, as is typical for FDM/
FFF models, or where lytic tumours have created complex
internal cavities within the bone. Geometrical complexity
makes cleaning and sterilisation validation more difficult as
it is difficult to define the boundaries/limits of geometric
complexity for such models in order to define worse case
scenarios for cleaning and sterilisation validation testing.

Value

Reductions in surgery times provide value to health care
providers (hospitals) as operating theatres are expensive to
run. Reductions in procedure time can result in realisation
of added value to health care providers. However, it is
difficult to obtain precise costs of running an operating
theatre per hour/minute either for United States of America
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(US) or Australian (AUS) hospitals (48-50). Shippert [2005]
analysed US hospital and anaesthetic groups and found a
range of US$21.80 to US$131.12 per minute operating
room fees, with an additional US$2.20-US$6.10 per
minute anaesthetist fees (50). Macario [2010] identified the
difference between cost (what it actually costs the hospital
to run the operating theatre) and charge (what the hospital
charged payers—patients or health funds based on list
[Prosthesis list in Australia] prices) (48). Macario also found
that there are no published definitive figures for operating
room costs, but that these could likely be estimated at
US$15-$20 per minute (in 2010) (48). Charges were
reported to vary depending on case complexity (US $29 per
minute to $80 per minute excluding anaesthetic charges),
which likely relates to underlying cost differences. Shippert
found that time-cost efficiency was seen in disposable rather
than reusable devices and with products that required
fewer steps for their use/application. Shippert stated and
that to save over US$100,000 each surgeon needed to save
~7 minutes per procedure on 250 cases (50). For major
surgeries such as the spinal procedures discussed herein,
250 device implantation procedures would represent a
relatively high volume of cases to be performed within a
year. Shippert’s figures equate to ~21 minutes per procedure
for 68 cases, or slightly over 1 complex case per week.

The Australian health system is state based. The cost of
running operating theatres in the state of NSW, as of 2014,
has not been accurately defined (49). The Queensland Audit
Office [2016] provides figures that equate to AUDS$8,525.17
per hour, or AUD$142.09 per minute for operating theatre
running costs for the year 2014-2015 (51), which is within
Shippert’s findings adjusted to current currency values
US$28.66-US$172.38 being equivalent to AUD$34.61-
AUDS$208.19 (assuming no change in the underlying costs
and using an average (year end since 2005) currency rate
of AUD $1.21 : US$1 with an overall inflation rate of
1.3147 since 2005). Shippert [2005] simply concluded that
saving operating time saved money as well as reducing risk
to the patient (50). To recoup the UADS$1,950 Australian
prosthesis list cost for a biomodel (52), the hospital would
need to save 13.72 minutes of operating room time.

Conclusions

The current review supports biomodelling to assist the
surgeon and surgical team, to understand better and deal
with complex anatomy and pathologies encountered during
surgical practice, and as a useful and at times essential tool

© Journal of Spine Surgery. All rights reserved.

in the armamentarium of imaging techniques used for
complex spinal surgery.
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