Original Article

Bone Volumes and Trajectory Angles for Acetabular ®
Anchor Placement Can Be Optimized

updates.

Rai Di Loreto, M.Sc., Alan Getgood, M.Phil., M.D., F.R.C.S. (Tr.&0rth.), Ryan Degen, M.D.,
and Timothy A. Burkhart, Ph.D.

Purpose: The purpose of this study was to determine the optimal anchor placement and trajectory when repairing
acetabular labral tears during hip arthroscopy with the primary focus on the 12 to 3 o’clock positions on the acetabular
rim. Methods: Three-dimensional computational models of the pelvis were generated from 13 cadaveric specimens using
3D slicer medical imaging software. A set of cones, consistent with the dimensions of a commonly used sutured anchor,
were virtually embedded into the models at the 12, 1, 2, and 3 o’clock positions around the acetabulum. Mirror images of
the cone were extended toward the superficial aspect of the hip. The volume of bone occupied by the virtual anchor, the
trajectory angle, and the volume of overlap between adjacent anchor locations were calculated. Results: Bone volume
was significantly greater at the 1 o’clock position (4196.2 [1190.2] mm?®) compared with all other positions (P < .001). The 3
o’clock position had the smallest volume (629.2 [180.0] mm?) and was also significantly less than the 12 (P < .001) and 2
o’clock (P = .014) positions). The trajectory angle of 32.04 [5.05]°) at the 1 o’clock position was significantly greater
compared with all other positions (P < .001). The least amount of adjacent position overlap occurred between the 2 and 3
o’clock positions (.12 [.42] mm?), and this was statistically smaller than the overlap between cones at the 12 and 1 o’clock
positions (214.28 [251.88] mm?® P = .029) and the 1 and 2 o’clock positions (139.51 [177.14] mm?> P = .044).
Conclusions: Trajectory angles and the thickness of bone around the acetabulum were the greatest at the 12 to 1 o’clock
positions, with the 1 o’clock position identified as that with the largest trajectory angle for safe anchor insertion. Clinical
Relevance: The use of a single, workhorse portal, for anchor insertion may not be recommended and careful selection of a

portal allowing a direct approach should be used for anterior anchor insertion.

Introduction
Arthroscopy hip preservation is an established
treatment of labral tears and FAI with successful
short-term and mid-term outcomes across the pub-
lished literature." From 2004 to 2009, the rate of this
procedure increased from 1.2 cases per 10,000 patients
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to 5.6 per 10,000 patients. There was a further 220%
increase from 2014 to 2017.”” The increasing popu-
larity of hip arthroscopy is partially attributed to the
minimally invasive nature of the procedure and the
ability to treat a variety of hip pathologies.” °

The anterior-superior region of the acetabular
labrum is a commonly injured structure, accounting
for approximately 85% of all labral injuries. As such, a
large proportion of arthroscopic procedures focus on
this region for labral repair.”® However, it can be
challenging during surgery to safely place suture an-
chors, and techniques are often adjusted to help
identify the safest position and trajectory for anchor
insertion.””””'" The primary goal of the suture anchor
insertion is to position them as close to the articular
cartilage without penetrating the joint space, to
allow anatomic apposition of the labrum along the
acetabular rim.”"'*" "’

Using the clock face method, labral tears can be
visualized around the acetabulum in order to locate the
safest locations for anchor placement, while providing
optimal clinical outcomes.'® '® A reference point,
which denotes the location of a prominent anatomical
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landmark that is consistent across all patients, is needed
to orient the clock face. It is widely accepted that the
center of the transverse acetabular ligament be used to
denote the 6 o’clock position, as this starting reference
point.''"'#!%'¥ phillipon et al.'® proposed the use of the
posterior margin of the indirect head of rectus femoris
as the 11:30 position, and the center of the Psoas-U
(anterior lateral sulcus) as an alternate new reference
point at the 3:30 position. Although positions between
12 and 3 o’clock are commonly used for anchor inser-
tion for anterior-superior labral repair, caution is
advised during placement of the anchors at the 3
o’clock position,'*'*!>!?2% a5 the acetabular rim be-
comes narrow at this point and poses a risk for sub-
chondral perforation or psoas tunnel perforation.”'"'?

The thickness of the bone around the acetabular rim
plays a critical role in determining the drilling angle
trajectory. Previous research has suggested that the
mean safe angle ranges from 20° to 30° across all drill
sizes and positions on the acetabulum.'''”> However,
these findings do not account for any major deformities
or pathologies in the hip, the limited working space of
the joint, or the large mass of soft tissue that surrounds
it."“?'** Finding a reliable portal that provides safe
access into the different compartments of the joint is
critical for minimizing iatrogenic damage to the soft or
boney tissues of the hip. Although a number of portals
have been described previously, no consensus has been
reached for either a utilitarian portal for all locations, or
specific recommendations for differing portals based on
desired rim location.'*'”?"** Determining the optimal
portal position and drill trajectory that accounts for
anatomical variation in individual anatomy is a modi-
fiable variable in the surgical process that is critical for
providing the best postoperative results.

The purpose of this study was to determine the
optimal anchor placement and trajectory when repair-
ing acetabular labral tears during hip arthroscopy with
the primary focus on the 12 to 3 o’clock positions on
the acetabular rim. We hypothesized that an appro-
priate location would be identified for the optimal tra-
jectory and placement of the suture anchors.

Materials and Methods

Computed Tomography (CT) scans (GE LightSpeed
VCT; General Electric Healthcare, Chalfont, St. Giles, UK;
120 kVp, 100 mA; slice thickness of .625 mm) of 13
cadaveric lower extremities (pelvis to toes) (3 pairs;
mean age = 71.8 [10.3]) were used for this study. The
scans were imported into 3D Slicer (version 4.10.2:
Slicer.org”®), where they were cropped in the sagittal,
coronal, and frontal plane, allowing for visualization of
the hip and the proximal portion of the femur. The im-
ages were thresholded (99-307 HU) to distinguish the
bone from the surrounding soft tissues, and two distinct
segments were created, isolating the pelvis and the femur
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geometry. Additional manual editing of the images was
performed to ensure all relevant aspects of the bone
structures were thresholded appropriately. The
segmented and thresholded pelvis was then converted to
a 3D geometric model, and smoothing was performed by
applying a .5 smoothing factor, and a triangular surface
mesh was automatically generated in 3D slicer. The 3D
model was then decimated by a factor of .8 to reduce the
size of the surface mesh allowing for a smaller file size and
easier transfer of the files to subsequent software. The
resulting model was converted to an .stl file.

The 12, 1, 2, and 3 o’clock positions were identified
along the acetabular rim by a fellowship trained or-
thopaedic surgeon in all models. These positions were
confirmed using previous descriptions by Philippon
et al.,'® where the 12 o’clock position is opposite to the
center of the fovea and transverse acetabular ligament.
The psoas-u anteriorly defines the 3:30 position, so the
3 o’clock position was just posterior to this. The 1 and 2
o’clock positions were placed equally between these
defined regions, with confirmation that the 2 o’clock
position was centered at the base of the AIIS and
attachment of the indirect head of the rectus. The
confirmed positions were marked with fiducials and
were exported to Solidworks (Solidworks Corps 2019-
2020; Dassault Systemes, Vélizy-Villacoublay, France)
along with the model .stl files (Fig 1). For each of the
positions, a plane was generated parallel to the identi-
fied point and offset 19.3 mm into the bone. A 2.7-mm
drill diameter and 19.3-mm depth were used for the
creation and insertion of virtual cones (Fig 2). These
measurements were based off the specifications of a
commonly used suture anchor (Smith and Nephew,
Andover, MA).

For each position around the acetabulum, a mea-
surement perpendicular to the point at the 19.3-mm
drill depth was taken from the extra-articular surface
of the acetabulum to the subchondral space. This
measurement acted as a reference for the maximal
diameter of the cone base inlayed within the acetabu-
lum. This diameter also provided the maximum angle
the drill could be placed into the bone without perfo-
rating the extra-articular and subchondral surfaces. A
single point was embedded at this depth with its loca-
tion at half the distance between the extra-articular and
subchondral surface. From here, truncated cones with
the measurements taken from the 12 to 3 o’clock po-
sitions were created with the same 2.7-mm diameter
top portion, accounting for the drill width and the base,
corresponding to the maximal distance from the
external to subchondral surface for each specific loca-
tion. These four cones were labeled according to their
corresponding position around the acetabulum and
then saved as a part in Solidworks.

A new assembly was created by importing the 3D
pelvis part and four cones corresponding to the 12, 1, 2,
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Fig 1. The 3D model of a left acetabulum, showing the 12, 1,
2 and 3 o’clock positions identified by the orthopaedic
surgeon.

and 3 o’clock positions for that specific hip model. The
cones specifically designed for each location were then
attached to the point embedded at the 19.3-mm depth
via the center point of the base for that cone using the
“mate” feature (Figure 3A). If any part of the cone
perforated the bone, it was edited until it was
embedded entirely into the bone. After each cone was
positioned, mirror images of the cones were extended
outward to create an hourglass shape (Fig 3, B and C).
It was critical that the edges of the original and mirrored
cones remained parallel to each other, as these edges
mimic the outer limits of the drill trajectories during
surgery.

Data Analysis

The cones were created to calculate the safe volume
of bone and trajectory of the drill for anchor placement.
The volume of each of the cones embedded into the
bone was quantified by detecting the interference be-
tween the hip model and the specific cone at each
location. The greater the volume, the safer that location
would be for drilling and placing a suture anchor.
Secondly, the angle from the center point at the top of
each cone to the edges of the base was calculated. The
greater the angle, the greater the safety margin the
surgeon would have to drill. Third, as each of the cones
were extended out toward the surface of the body,
calculating the overlap between the bases of the four
cones provided an indication of the optimal placement
of a portal in order to locate the 12, 1, 2, and 3 o’clock
positions. Finally, since the focus of the study was on
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finding the optimal portal placement for pathologies at
the 12 to 3 o’clock positions, all data analysis focused on
the anterior-superior quadrant of the acetabulum.
Comparisons between the portal locations, for each
variable were conducted using repeated-measures
ANOVA. A Bonferroni adjustment was applied for all
post hoc testing and o was set .05 (IBM SPSS v26;
Armonk NY).

Results

Volume

With respect to the volume of the cones at each po-
sition, there was a significant main effect of the anchor
location (P < .001; ES = .94; Power = 1.00). There was
a significantly larger mean (SD) volume at the 1 o’clock
position (4196.2 [1190.2] mm’ compared to all other
clock-face positions (Fig 4). There was also statistically
less mean (SD) volumes at the 3 o’clock position (629.2
[180.0] mm?®) compared to the 12 (1495.9 [411.0]
mm?’; P < .001) and 2 o’clock (1375.9 [614.5] mm?;
P = .014) positions (Fig 4).

Trajectory Angle

There was a significant effect of the position of the
simulated anchor placement on the trajectory angle
(P < .001; ES = .86; Power = 1.00). The mean (SD)
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Fig 2. Schematic representation of the cones used to simulate

the positioning of suture anchors into the bone of the
acetabular rim.
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Fig 3. (A) Highlighted in blue are the locations of the cones
embedded within the acetabulum at the 4 o’clock face posi-
tions. Sagittal (B) and axial plane (C) view of the cones
extending from within the bone to the superficial surface.

trajectory angle of 32.04 [5.05]°) at the 1 o’clock position
was significantly greater compared to all other positions
(Fig 5). The shallowest mean [SD] trajectory angle
occurred at the 3 o’clock position (10.28 [2.18]°), and
this was significantly different when compared to the 12
(P < .001) and 2 o’clock (P = .003) positions (Fig 5).

Overlap

Out of the 13 models, two (specimens 3 and 1)
showed no overlap between any of the cones, and four
models (specimens 7, 10, 12, and 13) showed only one
location where overlap occurred (Table 1). Overall,
there was a main effect of the clock face positions on
the magnitude of overlap between adjacent positions
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(P = .01; ES = .44; Power = .80). The least amount of
mean (SD) adjacent position overlap occurred between
the 2 and 3 o’clock positions (.12 [.42] mm?), and this
was statistically smaller than the overlap between cones
at the 12 and 1 o’clock positions (214.28 [251.88] mm?;
P = .029) and the 1 and 2 o’clock positions (139.51
[177.14] mm?>; P = .044) (Table 1).

Discussion

The main findings of this study were that the bone
volumes and trajectory angles were greatest at the 1
o’clock position compared to the other locations around
the acetabular rim, suggesting that this is the safest
location for anchor insertion, accessible from a wide
range of angles. Using a three-dimensional represen-
tation of the acetabulum and simulated overlapping
cones, it appears unlikely that a utilitarian portal exists
to allow safe insertion at all locations, as overlap be-
tween all locations was quite limited, and absent in
several specimens.

The trajectory angles were the greatest when the
simulated suture anchors were placed at the 12 and 1
o’clock positions, providing trajectory angles up to
18.51° and 32.04°, respectively. These results also
indicated that the bone volume is greatest in these two
positions, suggesting that surgeons should aim to use
this position for the suture anchors, when appropriate,
as there is a decreased risk for fragmentation, sub-
chondral perforation, or damage to the joint space.
While the 2 o’clock position yielded an average safe
trajectory angle similar to the 12 and 1 o’clock
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Fig 4. Comparison of the mean (SD) cone volumes embedded
in the acetabular rim between the different clock face posi-
tions (*P < .01).
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Fig 5. Comparison of the mean (SD) trajectory angles be-
tween the different clock face positions (*P < .01).

positions, there was less available bone volume. These
results agree with previous investigations that have
shown the 2 to 4 o’clock positions to have the greatest
risk of perforation.”'*'>?”*® In these previous studies,
virtual vectors, physical manipulation with the drill,
and the use of custom calipers were used to assess the
angles and to create the safety margins.

As previous studies have shown, the narrow portion
of bone at the 3 o’clock position poses the greatest risk
for perforation into the psoas tunnel or intra-articular
cartilage.'” The current results suggest that caution
should be used when using the 2 and 3 o’clock posi-
tions, as the margin for error is small and could lead to
an undesired perforation with potential clinical impli-
cations. Calculating the trajectory angles from the
computer-generated cones allowed for the extension of
each individual cone from their positions around the
acetabulum to the surface of the limb. Identifying the
ideal area for portal placement was reliant on two fac-
tors: 1) identifying which cones overlapped with each
other; and 2) identifying where the extended cones
landed with respect to the surface anatomy. As noted
earlier, bone volume and safe trajectory angles are
greatest at the 1 o’clock position and focusing on this
location could be key in determining optimal portal
placement. Detecting cone interference in Solidworks
to evaluate the overlap of cones at the surface of the
limb indicated that the cone at the 1 o’clock position
overlapped the greatest with the 12 and 2 o’clock po-
sitions. Caution should be taken when reviewing re-
sults from this area of analysis, as some variability was
seen in the data across all models. On the basis of the
location of overlapping cones, it appears that both the
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anterolateral and midanterior portals fall within this
region and represent safe options for anchor insertion
at the studied locations. However, previous literature
has reported that distal based portals provide safer tra-
jectory angles into the acetabulum.’'*'*?° It is likely
the case, that multiple portals can offer an appropriate
approach angle for anchor insertion. However, from a
clinical perspective, it appears that use of a single
“work-horse” portal for anchor insertion at all locations
is not wise, as there were several specimens for which
no area overlapped between extrapolated cones. On the
basis of our results, the 12 and 1 o’clock locations offer
the widest angle and volume of bone for anchor
insertion, providing the widest safety margin to avoid
perforation, suggesting that portal selection and drill
guide trajectory may not be as critical at these locations.
However, care must be taken at the 2 and 3 o’clock
positions to select a portal that allows direct access with
a near-perpendicular approach to the bony surface to
stay within the narrower cone of safety to avoid
perforation at these locations.

There are some limitations of this study that need to
be addressed. The placement of the cones was a manual
process, and therefore, this may have contributed a
source of variability. However, we attempted to miti-
gate this variability by having an orthopedic surgeon
mark the intended positions of anchor insertion as the
location of the cones. Therefore, although this may
introduce a source of error, it is similar to the protocol
that is used clinically. Another limitation is associated
with the use of cadaveric specimens to develop the
three-dimensional models. Although, the specimens
were inspected to ensure there were no age-related
joint issues, bone thickness around the acetabulum
may be affected by age. Finally, these results are created
with the use of a straight-drill guide, with similar

Table 1. Volume of Overlap (mm?®) Detected by Interference
Between the 4 o’Clock Face Positions for Each Specimen

Clock Face Positions

Specimen 12 and 1 o’clock 1 and 2 o’clock 2 and 3 o’clock
1 512.65 244.62 0
2 541.91 84.92 0
3 0 0 0
4 111.74 10.63 0
5 101.86 132.14 .08
6 552.39 356.32 0
7 0 22.17 0
8 577.71 589.82 1.52
9 13.46 0 0
10 0 182.66 0
11 0 0 0
12 0 190.38 0
13 373.98 0 0
Mean 214.28 139.51 127
SD 251.88 177.14 42

*Significantly different than all other adjacent overlaps, P < .05.
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interpretation. The use of curved drill guides may
improve access at specific locations and perhaps offer
more flexibility with portal selection; however, further
study is required.

Conclusion

Trajectory angles and the thickness of bone around the
acetabulum were the greatest at the 12 to 1 o’clock posi-
tions with the 1 o’clock position identified as that with the
largest trajectory angle for safe anchor insertion.
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