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Abstract

Background The extended trochanteric osteotomy (ETO) is a surgical technique utilized to expose the intramedul-
lary canal of the proximal femur, protect the soft tissues and promote reliable healing. However, imprecise execution
of the osteotomy can lead to fracture, soft tissue injury, non-union, and unnecessary morbidity. We developed a tech-
nique to create patient specific, 3D-printed cutting guides to aid in accurate positioning of the ETO and improve
osteotomy quality and outcomes.

Methods Patient specific cutting guides were created based on CT scans using Synopysis Simpleware ScanlIP
and Solidworks. Custom 3D printed cutting guides were tested on synthetic femurs with foam cortical shells

and on cadaveric femurs. To confirm accuracy of the osteotomies, dimensions of the performed osteotomies were
compared to the virtually planned osteotomies.

Results Use of the patient specific ETO cutting guides resulted in successful osteotomies, exposing the femoral
canal and the femoral stem both in synthetic sawbone and cadaveric testing. In cadaveric testing, the guides allowed
for osteotomies without fracture and cuts made using the guide were accurate within 6 percent error from the virtu-
ally planned osteotomy.

Conclusion The 3D-printed patient specific cutting guides used to aid in ETOs proved to be accurate. Through

the iterative development of cutting guides, we found that a simple design was key to a reliable and accurate guide.
While future clinical trials in human subjects are needed, we believe our custom 3D printed cutting guide design

to be effective at aiding in performing ETOs for revision total hip arthroplasty surgeries.

Keywords 3D Printing, Cutting guide, Total hip arthroplasty, Extended trochanteric osteotomy, Patient specific
instrumentation

Introduction

Extended trochanteric osteotomy’ (ETO) (Fig. 1) is a sur-
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Advantages of Extended
Trochanteric Osteotomy

Creation of Posterior
Longitudinal and
Transverse Osteotomy

1. Improved visualization of femoral
canal.

2. Improved access to femoral
stem.

Common Indications for Extended
Trochanteric Osteotomy

1. Removal of femoral stem with
significant bony ingrowth.

2. Removal of well-fixed cement
mantle.

3. Reduced risk of femoral perfora-
tion or fracture.
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Fig. 1 Overview of the Extended Trochanteric Osteotomy. A Overview of the advantages and indications for the extended trochanteric osteotomy.
B-E Basic overview of the steps involved in a traditional extended trochanteric osteotomy

well-fixed cement or extensive bony in-growth of the
femoral component [1, 2]. An ETO can provide improved
exposure to facilitate removal of a femoral stem that may
be challenging due to factors as mentioned above, and can
reduce the risk of femoral perforation or fracture [3-5].

Union rates as high as 98.7% have been reported for
ETOs, suggesting reliable healing potential [4]. Despite the
described advantages of ETOs, the procedure is technically
challenging, with an average operative time of 165 min
and estimated blood loss range between 600-2500 mL
[6]. Furthermore, ETOs may result in morbidity such as
intraoperative fractures, soft tissue injury and nonunion
[7, 8]. These fractures often involve the greater trochanter
therefore creating a segmental lateral cortex that is both
technically difficult to stabilize and subsequently heal. In
addition, there is a lack of precision involved in determin-
ing the most optimal location of the osteotomy, including
the distal extent of the osteotomy. Surgeons typically plan
the length of their osteotomies from measurements taken
from preoperative x-rays or utilize fluoroscopy to local-
ize the distal extent of the stem. Therefore, a more precise
and customized osteotomy has the potential to further
decrease surgical time and minimize complications.

Over the past few years, 3D printing, an additive
manufacturing method capable of efficiently producing
complex geometries, has found many new uses in per-
sonalized medicine. It has been used to facilitate surgi-
cal planning and patient education through the creation
of anatomical models [9-11] and in orthopaedic surgery
in particular [12]. 3D printing has been used to pro-
duce patient specific instrumentation (PSI) such as cut-
ting guides [13, 14], drilling guides [15-17], and custom
implants for atypical anatomical areas that are both safe

and effective [18, 19]. These instruments have been found
to improve accuracy, shorten operative time, decrease
intraoperative imaging requirements [13] and reduce
intraoperative blood loss [20]. Given that ETOs are com-
plex patient specific procedures, we hypothesized that
patient specific cutting guides for ETOs using 3D print-
ing would be accurate with respect to virtual planning of
intended cuts.

Methods

This research involved decedents without personal iden-
tifiers so it is not considered human subjects research
and does not require IRB review and approval. Fresh-
frozen cadaveric samples were handled appropriately in
accordance with supplier instructions and site regulation.

Surgical guide design and fabrication

CT scans were obtained for both the synthetic sawbone
femur models (Sawbones, Femur, 15 mm Canal, Solid
Foam, Left, Medium) and cadaveric femurs prior to sur-
gical planning and guide development. CT scans were
obtained using LightSpeed VCT GE Medical Systems
Computed Tomography Scanner with a slice thickness of
0.625 mm and kVp of 80 and 140 for the sawbones and
cadaveric femurs respectively. Using Synopysis Simple-
ware ScanIP (Version T-2022.03-SP2, 2022, Mountain
View, CA, USA) image processing software to segment
CT scans, 3D models of the femur were generated. For
cadavers with total hips implanted, 3D models of the
implants were generated as well. The osteotomies were
modeled as 1.2 mm planes to account for the width of
the sawblade and planned and positioned in consulta-
tion with adult reconstruction orthopaedic surgeons
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Fig. 2 Virtual modeling of surgical guide and cadaveric femur. a. Low-resolution model of femur (grey) and cutting guide (green) as designed
in Solidworks. b. Segmented femur (white) with finalized cutting guide (green), cutting planes (red) and K-wires (grey) as modeled in ScanlP

with more than five years of post-fellowship experience.
Virtual models of the femur and osteotomies were then
imported as reference geometry into Dassualt Systémes
SolidWorks (Version 2021-2022, Vélizy, France) and
used to design the surgical guide (Fig. 2). Once a 3D
model of the cutting guide was generated, the model was
brought into ScanIP once more for the final planning.
In ScanIP, 1.6 mm Kirshner wires (K-wires), modeled
as simple cylinders, were placed to aid in fixing the cut-
ting guide to the femur. The topology of the femur and
the K-wire was subtracted from the surgical guide model,
so that the guide would fit tightly onto the surface of the
femur. The overall geometry of the surgical guide was
developed to respect the soft tissue as much as possible
and was designed to conform primarily to the exposed
bone on the posterior surface, requiring minimal strip-
ping of vastus lateralis soft tissue from the bone and pro-
tecting the gluteus medius insertion.

Prior to 3D printing, the finalized design was reviewed
by an orthopaedic surgeon in ScanIP. ScanIP enabled
the surgeon to view the surgical guide, osteotomy loca-
tions and the femur and femoral stem in three dimen-
sions. The final model of the cutting guide was printed
on a FormLabs Form 3BL stereolithography SLA 3D
printer. This 3D printer utilizes inverted vat polymeriza-
tion, which enables quick and cost effective printing, with

the high level of detail required for personalizing the cut-
ting guides to patient anatomy. Prints were oriented so
that supports were attached to the external surfaces of
the guides. This was important to ensure that the sup-
ports did not interfere with the cutting guides ability to
conform to the cortical bone of the femur. All surgical
guides were post-processed following material guidelines
provided by the manufacturer; the printed guides were
washed in isopropyl alcohol for 10 min, before UV cured
for a minimum of 30 min.

There were several design iterations that led to contin-
uous improvement of the cutting guide. For the first iter-
ation of the design, the 3D model of the cutting guide was
evaluated in ScanIP and was determined to likely inter-
fere with the soft tissue not visible on the CT scan. A soft
tissue sparing second iteration was created, though upon
3D printing of the guide, it was found to be too bulky and
too flexible, and thus would not function accurately.

A third iteration design was then developed with
increased rigidity while respecting soft tissue, and was
printed using FormLabs Grey resin. The guide was tested
on a synthetic sawbone femur models (Sawbones, Femur,
15 mm Canal, Solid Foam, Left, Medium). In this saw-
bones testing, the antero-lateral drill-guide portion was
found to be unnecessary, and was eliminated in the final
iteration.
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The fourth iteration design was tested on three cadav-
eric femurs. All three cadaveric femurs had soft tissue.
Only Cadaver 1 had a femoral stem in place. Cadaver 2
had both Left and Right femurs without femoral stems,
and the surgery was planned as if there was a femo-
ral stem in place. The guide for Cadaver 1 was printed
using FormLabs Grey and the guides for Cadaver 2 Left
and Right were printed using FormLabs Tough 2000 and
FormLabs Biomed Amber, respectively. Since Cadaver
2 Right was printed using Biomed Amber resin, a resin
that is approved as biocompatible and for surgical use,
the guide was sterilized using an autoclave for 30 min to
simulate the stresses the guide might undergo during the
sterilization process.

Testing of surgical guides
All testing was performed by an orthopaedic surgeon five
years post fellowship training. The first two iterations
were qualitatively evaluated in ScanIP to evaluate any
potential issues. The third iteration surgical guide was
tested on a synthetic femur sawbone model with foam
cortical shell. The ETO approach involved a posterior
longitudinal osteotomy, a transverse osteotomy, as well as
anterolateral drill holes. For these procedures, the cutting
guide conformed stably to the femoral geometry, allow-
ing for accurate positioning. K-wires were then inserted
using a wire driver, fixing the guide to the femur. Next, an
oscillating sagittal saw was used to make the longitudi-
nal and transverse osteotomies as directed by the cutting
guide. Then, a pencil tipped burr was used to make the
anterolateral drill holes. Finally, osteotomes were used
to create a controlled fracture connecting the posterior
osteotomy to the anterolateral holes and lever the oste-
otomy open, exposing the femoral canal and implant.
While the third iteration surgical guide resulted in a
successful ETO, the anterolateral drill guide portion was
found to be unnecessary as the posterior guide provided
a trajectory that sufficiently accommodated the ante-
rior cortical osteotomy. A fourth-iteration guide was
developed that utilized the trajectory of the posterior
osteotomy to also serve as the trajectory of the anterior
osteotomy by having the saw blade cut through the pos-
terior cortex, skim over the lateral aspect of the femoral
implant, and then cut through the anterior cortex. The
fourth iteration was designed to conform to the geom-
etry of the model femur and to be fixed with K-wires.
This fourth iteration was tested on three cadaveric hips
with soft tissue, with an orthopaedic surgeon perform-
ing the procedure. For each femur, a custom guide was
produced. For the initial cadaveric test, three versions of
the surgical guide were produced with varying amounts
of offset from the femur to account for the soft tissue.
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Fig. 3 Attachment of surgical guide to the exposed Cadaver 2 Left
femur with K-wires

Utilizing a posterior approach, each cadaver was dis-
sected, starting with a curvilinear incision centered over
the lateral aspect of the greater trochanter. The fascia
lata was incised, and the soft tissue was then retracted to
visualize the femur. A minimal amount of vastus lateralis
needed to be elevated to allow the 3D printed guide to
fit. The cutting guide was then fixed with K-wires and
an oscillating saw was used to create the posterior oste-
otomy. The saw blade skimmed over the lateral aspect
of the femoral stem, and an anterior cortical osteotomy
was conducted. A transverse distal cut was then made,
and the osteotomy was levered open with flat osteotomes
(Fig. 3). Finally, the osteotomy was measured for compar-
ison to the planned procedure, and error was calculated
based on measurements made in ScanIP.

Results

Design iteration and sawbone femur testing

Our initial design focused on guiding the posterior longi-
tudinal and transverse osteotomies, as well as anterolat-
eral drill holes. To accurately align the surgical guide to
the femur, the lesser trochanter and the linea aspera were
used as reference landmarks. Multiple iterations of the
cutting guide were produced (Table 1), before settling on
the third iteration, which was tested on a sawbone femur.
The total length of the longitudinal cut of the planned
osteotomy for the sawbone femur was 149.58 mm, while
the actual osteotomy was 146.05 mm. The planned
length of the transverse cut at the distal end of the saw-
bone femur osteotomy was 27.83 mm, while the actual
was 22.23 mm wide. The percent error in length of the
longitudinal and transverse cuts was found to be 2.36%
and 20.12%, respectively. After the sawbone testing, the
simplified and more robust fourth iteration was created
with the goal of reducing the deviation from the planned
procedure.
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Table 1 Design iteration

Iteration | Design Changes

1 Initial design, composed of one part.
Guides posterior and transverse
osteotomies, as well as anterolateral

drill holes (not visible).

2 Reduced contact with femur to
respect the soft tissues. Anterolateral
drill guides raised above the soft
tissue.

| i

Two-piece design, with one for the
posterior and transverse osteotomies
and one for the antero-lateral drill
holes. Two parts joined using puzzle

joint.

4 Single-piece design guiding only

posterior and transverse osteotomies.
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Fig. 4 Final osteotomy of Cadaver 2 Left femur performed
with the surgical guide
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had a heat deflection temperature greater than 60 °C at
0.45 MPa [21-23]; no heat deflection was observed dur-
ing use of the cutting guide. Some of the small features
holding the two sides of the guide together sheared from
the rapid vibrations of the saw, but did not appear to
affect the function or accuracy of the cutting guide.

Discussion

Our final iteration of the 3D-printed surgical guide func-
tioned as designed, and was able to accurately conform
to the femur. The guide enabled accurate osteotomies and
respected the soft tissues, enabling visualization of the
intramedullary canal and femoral implant. Testing of the
final design on cadaveric femurs revealed that the vertical
osteotomy had a maximum of 3.27% error in length, and

Table 2 Error in actual osteotomy vs. planned osteotomy including Cadaver 1 (with Grey resin) and Cadaver 2 Right (with Biomed

Amber resin) and Cadaver 2 Left (with Tough 2000 resin)

Longitudinal Osteotomy

Transverse Osteotomy

Planned Length Actual Length Percent Error Planned Width Actual Width Percent Error

(mm) (mm) (mm) (mm) (mm) (mm)
Cadaver 1 144.25 143.0 0.86% 27.26 28.0 2.71%
Cadaver 2 Left 134.67 1315 2.35% 1246 133 6.86%
Cadaver 2 Right 141.22 136.6 3.27% 7.75 7.5 3.23%

Cadaver testing results

For all three cadaver femurs, the cutting guides enabled
accurate positioning of the ETO, and allowed for visu-
alization of the intramedullary canal and the implant.
The cutting guides were able to accurately conform to
the geometry of the femur and were fixed using K-wires
(Fig. 3). Testing of the different levels of offset revealed
that no additional offset was needed to accommodate for
soft tissue in the fourth iteration for the guide to accu-
rately conform to the femur, and it was noted that usage
of the guide required no additional dissection or disrup-
tion of the soft tissue envelope, beyond that of a stand-
ard extended trochanteric osteotomy. Furthermore, the
guide effectively aided the placement of the transverse
and longitudinal osteotomies, exposing the entirety of
the intramedullary canal and hip implant (Fig. 4) with-
out causing any fractures of the osteotomy fragment
and minimizing disturbance of soft tissue. Measurement
of the osteotomies revealed that they deviated less than
6 mm from the planned osteotomy (Table 2).

The guide overall withstood use with the oscillating
saw. There was no noticeable degradation of the interior
slot of the guide, either from the cutting action of the
blade or from the heat generated by the blade cutting
through bone and cement mantle. All three resin used

the transverse osteotomy had a maximum of 6.86% error
in width, compared to the planned osteotomy. This devi-
ation is similar to other reported patient specific 3D sur-
gical guides, such as 3D printed drill guides [15, 16] and
cutting guides [14, 17]. These devices reported ~1-2 mm
of deviation, comparable to the<1 mm error in width
experienced with our cutting guide. As the ETO is
typically performed to 1 c¢cm distal to the implant this
degree of variation will adequately expose the entirety
of the femoral implant. While maximum error in length
reported with our cutting guide was greater (4.62 mm)
than other 3D-printed PSI, our guide spanned a greater
distance, and the overall percent error is therefore likely
to be comparable.

Our method of iteration through different designs
revealed several best practices for the development of
future patient specific surgical guides. Most notably,
our testing revealed the importance of simplicity in the
design of the guide. More complex designs were more
likely to be inaccurate and would frequently break dur-
ing testing. The individual features of the guide had
to be relatively small so that the overall guide would
not be too bulky; however, this resulted in thin fea-
tures too weak to withstand the load from the sagittal
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saw cutting through the femur. By simplifying the final
design, we made the guide robust, compact, and effec-
tive. The cutting guide withstood use with an oscillating
saw, with no observed degradation to the interior slot
with which the blade interacted with. Some of the deli-
cate features holding the two sides of the guide together
sheared from the rapid oscillations of the saw, but did
not appear to affect the guide function, and could likely
be avoided by strengthening these features in future
designs.

Through the design process, we found that it was
important that the surgical guide did not encapsulate
more than 180° of the femur. With Sawbones, a>180°
encapsulation enabled the surgical guide to snap on
firmly and stay fixed. However, on the cadavers, this fea-
ture made it difficult to accurately align the surgical guide
with the femur and prevented easy attachment of the cut-
ting guide. Rather, the K-wires were sufficient to maintain
the positioning of the surgical guide, while the lesser tro-
chanter and linea aspera were sufficient to initially posi-
tion and align the guide on the femur.

The extended trochanteric osteotomy is an effective
technique for rTHAs, enabling improved visualization
and access to the femoral canal and femoral implant and
aiding in the removal of well-fixed implants and cement.
It is nonetheless a challenging procedure, requiring an
experienced surgeon. A patient specific cutting guide
may simplify the procedure, reduce operative time, pre-
vent surgical errors, improve the likelihood of bone
healing and trochanteric escape, and may provide a less
experienced surgeon confidence to perform an ETO. This
study describes a workflow for developing patient spe-
cific cutting guides to aid in ETOs resulting in precise
osteotomies, within millimeter accuracy to pre-planned
virtual procedures based on pre-operative CT imag-
ing. The overall cost for these guides is low; the guides
require less than 50 ml of resin (equivalent to around 15
USD). The engineering labor cost, including oversight of
the 3D printer, is approximately 900 USD at our institu-
tion (6 h at USD150 per hr), With an automated image
segmentation and CAD workflow, these labor costs could
be reduced. The preoperative CT imaging is estimated to
cost between 200 to 500 USD. We thus estimate the total
cost, including imaging, to be under 1500 USD. Ulti-
mately, we believe the value provided by the guide, with
improved procedural accuracy to be worth the cost.

While this study has primarily discussed the customi-
zation of these guides to patient anatomy, it is worth not-
ing the guides may be customized to individual surgeon
preferences. For example, a surgeon may prefer to bevel
the distal cut, or to use a pencil burr rather than the sag-
ittal saw as described in this study. Simple changes to
the geometry used to model the osteotomies can allow
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a surgeon to customize the procedure to their surgical
preferences.

Limitations

Cadaveric testing is inherently limited by the individual
characteristics of each femur. Implants used for the pri-
mary arthroplasty vary in design and dimension, and
have different modes of fixation (cement, amount of
ingrowth, regions of ingrowth). These individual fac-
tors not only show the inherent need for personalized
ETO guides, but also make generalization of the work-
flow discussed in this paper challenging. While the cut-
ting guides were successful in guiding the osteotomy in
the three cadaveric tests, these tests may not represent
all cases. Only one of the three cadaveric femurs had an
implanted stem, and thus this study may not represent
the full diversity of stem geometry, as well as their poten-
tial to introduce metal artifacts into the CT imaging, both
of which may affect the efficacy of the guide. Due to cost
constraints and ethical considerations, first generations
were developed with sawbone models, and then findings
were extended to more developed and advanced models
for cadaveric testing. Regardless, further trials are needed
to evaluate the effectiveness of the surgical guide in a
wider range of cases. However with personalized guides,
the utilization of cadavers is a reasonable surrogate as
there is nothing that the actual patient could present with
that would be different than the cadaver would provide.
Additionally, the ETO performed on the femur with the
implanted stem had the least deviation from the planned
ETO, suggesting that the presence of metal artifacts did
not substantially affect the accuracy of the cutting guide.
One additional limitation is that alternate technologies,
such as intraoperative computer navigation, may be able
to assist with ETOs but requires future investigation.

Conclusion

The final 3D printed custom ETO cutting guide design
was accurate in guiding the osteotomy within a few mil-
limeters of error compared to the virtual planned oste-
otomy. In our iteration through multiple designs, we
discovered the importance of simplicity for a robust and
precise cutting guide. While further testing in clinical tri-
als is needed, this study illustrates the potential of patient
specific 3D-printed cutting guides to improve ETOs and
their outcomes.
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