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Background: Arthroscopic suture repair is the main treatment option for hip labral tears; however, anchor insertion and placement
from arthroscopic portals is difficult.

Purpose: To quantitatively evaluate the safety of various arthroscopic portals for suture anchor placement during hip labral repair.
Study Design: Descriptive laboratory study.

Methods: The computed tomography scans of 20 patients with normally developed hip joints were used to create 3-dimensional
models. The distances from the anchor to the articular cartilage (DAC) and from the acetabular insertion point to the cortical bone
(DCB) were measured in the anterolateral portal (AL), posterolateral portal (PL), midanterior portal (MAP), medial MAP, and 3 distal
anterolateral accessory portals (DALAs): DALA-proximal, DALA-middle, and DALA-distal. Labral tears were divided into anterior (4,
3, and 2 o’clock), lateral (1, 12, and 11 o’clock), and posterior (10, 9, and 8 o’clock) acetabular zones, and the Kruskal-Wallis and
Mann-Whitney U test were used to compare DAC and DCB in the zones. The success rate was defined as anchors placed with
DAC >1 mm and DCB >15 mm.

Results: The DAC was significantly smaller in the AL at 1 o’clock (0.68 £ 0.32 mm; P < .001) and 12 o’clock (0.37 £ 0.30 mm; P <
.001), and in the PL at 12 o’clock (-0.35 + 0.38 mm; P < .001) and 11 o’clock (0.60 + 0.24 mm; P < .001). The DCB was significantly
smaller in the DALA-P at 3 o’clock (8.93 + 2.12 mm; P < .001) and 11 o’clock (9.59 + 2.84 mm; P < .001), the MAP at 12 o’clock
(13.76 £ 3.89 mm; P < .001) and 11 o’clock (0.27 £ 0.27 mm; P < .001), and the MMA at 12 o’clock (5.96 £ 2.31 mm; P < .001) and
11 o’clock (0 mm; P < .001). Success rates were high for MAP and MMA between 4 o’clock and 1 o’clock, for DALA-proximal at 12
o’clock, for AL at 11 o’clock, and for PL between 10 o’clock and 8-o’clock.

Conclusion: There were significant differences in the success rate of anchor placement using different portals during hip
arthroscopic labral repair.

Clinical Relevance: MAP is recommended for labral repair between 4 o’clock and 1 o’clock, DALA-P is recommended between 2
o’clock and 12 o’clock, AL is suitable at 11 o’clock, and PL is suitable between 10 o’clock and 8 o’clock.
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Hip labral tears are caused by injuries, structural pro-
blems, or degenerative conditions and are associated with
pain, locking or clicking, limited range of motion, and joint
stiffness.'’ Due to the histological structure of fibrocarti-
lage and poor acetabular labrum blood supply,'® arthro-
scopic surgery is often required for labral tears to restore
the sealing suction of the labrum,?>?” and prevent degen-
erative changes and osteoarthritis of the hip joint.1%23
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Arthroscopic suture repair is the main treatment option
for labral tears; suture anchors provide reliable fixation for
suture repair and reconstruction of the labrum ®10:1%:17
However, unlike the shoulder joint, anchor insertion and
placement from arthroscopic portals is more difficult in the
hip joint due to the long soft tissue tunnel and limited oper-
ative range. Details regarding the safety and complications
of anchor placement in hip arthroscopy have been reported
in cadaveric studies.>®2% According to the results of some
studies, there is no difference in the safety of various por-
tals with the same placement position,®® while other
results have suggested that the safety performance of some
portals was better.?® However, the current literature lacks

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https:/creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.


https://doi.org/10.1177/23259671231189729
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1177%2F23259671231189729&domain=pdf&date_stamp=2023-08-21

2 Chenetal

comprehensive evaluations of the safety and success rates
of anchor placement that would allow optimizing portals for
common labral tear regions.

The aim of this study was to evaluate the safety para-
meters of suture anchor placement using 3-dimensional (3-
D) models from hip computed tomography (CT) scans. It
was hypothesized that there will be differences in safety
parameters and success rates with different portals during
hip arthroscopic labral repair.

METHODS
3-D Model Reconstruction

Institutional review board approval was obtained for the
study protocol. A total of 20 CT scans (Energy Spectral
CT, Siemens) of patients with normally developmental hip
joints taken between June 1, 2021 and October 31, 2022
were included in the study. Inclusion criteria were acetab-
ular abduction angle of 35° to 55°, acetabular anteversion
angle of 5° to 25°, and femoral neck anteversion angle of 5°
to 20°. Exclusion criteria were Tonnis grade >2 osteoarthri-
tis, femoral-acetabular impingement, and developmental
dysplasia of the hip. The 3-D models were reconstructed
using Mimics (Version 19; Materialise) and optimized using
Geomagic Wrap (Version 2021; Geomagic).

The 3-D hip models were used to test the safety of anchor
placement during hip arthroscopic repair under various
portals. The portals and their locations are shown in Figure
1. The anterolateral portal (AL), posterolateral portal (PL),
anterior portal (AP), midanterior portal (MAP), and distal
anterolateral accessory portal (DALA) were located using
anatomic marks, including the anterior superior iliac spine,
the lateral margin of the patella, and the tip of the greater
trochanter after rotation and traction of the femur.?* The
medial MAP (MMA) was 1 cm medial to the MAP. In addi-
tion, 3 typical DALAs distributed on the anterior margin of
the femur were located based on positions reported in the
literature: DALA-proximal (DALA-P),>” DALA-middle
(DALA-M),?¢ and DALA-distal (DALA-D).?*

Surgical Procedure and Suture Anchor Placement

The positions of the acetabulum were described using the
clock face,! and labral tears were divided into anterior (4, 3,
and 2 o’clock), lateral (1, 12, and 11 o’clock), and posterior
(10, 9, and 8 o’clock) zones (Figure 2A).2' A 3-mm anchor
was inserted 2 mm from the acetabulum cartilage to
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Figure 1. Schematic diagram of portals used during hip arthro-
scopic labral repair. The horizontal dashed line indicates the line
from the anterior superior iliac spine to the lateral border of
patella. The AL is 1 cm superior and 1 cm anterior to the tip of
greater trochanter. The PL is 1 cm superior and 1 cm posterior to
the tip of greater trochanter. The AP is at the same level as the
AL and 1 cm lateral to the line between the anterior superior iliac
spine and the lateral margin of the patella. The MAP is the distal
vertex of an equilateral triangle composed of the AL, AP, and
MAP (dashed lines). The MMA is 1 cm medial to the MAP. Three
typical DALAs are distributed on the anterior margin of the femur:
DALA-P, DALA-M, and DALA-D. DALA-P is 5 cm distal to, but in
line with, the AL. DALA-M is the distal vertex of an isosceles
triangle composed of DALA-M, MAP, and AL; the distance
between MAP and AL is equal to the distance between MAP
and the DALA-M. The distance between DALA-D and AL is 1.5
times the distance between AL and DALA-M. AL, anterolateral
portal; AP, anterior portal; DALA, distal anterolateral accessory
portal; DALA-D, DALA-distal; DALA-M, DALA-middle; DALA-P,
DALA-proximal; MAP, midanterior portal; MMA, medial midan-
terior portal; PL, posterolateral portal.

simulate the surgical procedure.” Safety data were mea-
sured in a plane formed by the insertion point, the hip
center, and the portal (Figure 2B).

Safety Parameters

The distance from the anchor to the articular cartilage
(DAC), which represents the risk of articular cartilage vio-
lation, and the distance from the acetabular insertion point
to the cortical bone (DCB), which represents the risk of
cortical bone penetration, were the 2 major safety para-
meters. The DAC is the smallest distance between the
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Figure 2. (A) The position of the acetabulum was described
using a clock face, with 6 o’clock at the midpoint of the trans-
verse acetabular ligament and 3 o’clock at anterior acetabu-
lum. Labral tears were divided into anterior (4, 3, and 2
o’clock), lateral (1, 12, and 11 o’clock), and posterior (10, 9
and 8 o’clock) zones. (B) A 3-mm anchor was inserted 2 mm
from the acetabulum cartilage in the acetabulum model.
Safety data were measured in a plane formed by the insertion
point (cyan), the hip center (green), and the portal (yellow).

anchor and articular cartilage (Figure 3), while the DAC was
the maximum distance perpendicular to the anchor of the
articular cartilage when the anchor has passed through the
articular cartilage. Articular cartilage violation occurs when
the DAC is <1.0 mm. The DCB is the distance from the
acetabular insertion point to the cortical bone of the acetab-
ulum along the direction of the anchor (Figure 3). Cortical
bone penetration occurs when DCB is <15 mm.

Two supplementary safety parameters, the angle of
anchor deviation (AAD) and the length of operating path
(LOP), were also used. The AAD () is the angle between the
actual direction (d,) and the ideal direction (d;) of the anchor
perpendicular to the acetabular opening plane.® It was com-
puted from the vector of orientations in the x, ¥, and z planes:

dqy(x1,51,21)
d;(x2,y2,22)

x1x2 + y1Y 2 + 212,
NCE RN

The LOP is the distance between the portal (A) and the
insertion point (B) and was computed using the coordinates
the x, y, and z planes:

cos =

Alxy,y1,21)

B(xz2,y2,22)

LOP = \/(x1 — ) + (1 +32)> + (21 + 22)°
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Smaller AADs represent greater safety, and shorter LOPs
have better handling.

Finally, we calculated the success rate of anchor place-
ment according to portal and acetabular zone, in which
successful placement was defined as a DAC of >1 mm and
a DCB of >15 mm.

Statistical Analysis

The sample size for this study was determined based on
previous studies with similar methodologies. Descriptive
statistics were reported as the means and standard devia-
tion. The Kruskal-Wallis method with Bonferroni correc-
tion was used to compare the safety parameters (DAC,
DCB, AAD, and LOP) of the portals (AL, PL, AP, MAP,
MMA, DALA-P, DALA-M, and DALA-D) in the anterior
and lateral acetabular zones, and the Mann-Whitney U test
was used to compare the safety parameters of the portals in
the posterior acetabular zones. Success rates were com-
pared using the Fisher exact test with Bonferroni correc-
tion. Statistical significance was determined using a 95%
significance level. Statistical analyses were performed
using SPSS statistics software (Version 25.0, IBM Corp).

RESULTS
Reconstruction of the 3-D Hip Model

Twenty 3-D hip models were reconstructed based on 1-mm
CT scans of patients. The 20 participants had a mean age of
67.3 £ 2.56 years (range, 37-82 years), mean height of
174.75 £ 8.16 mm (range, 150-178 mm), mean weight of
69.5 + 12.52 kg (range, 51-96 kg), and mean body mass
index of 25.72 + 4.75 (range, 18.34-33.25). Acetabular
abduction, acetabular anteversion, and femoral neck ante-
version were analyzed in the 3-D models; the results
showed that they were all within the normal range, with
mean values 0f 48.50° + 0.53° (range, 43.85°-52.23°), 18.18 +
0.84° (range, 12.45-23.66°), and 13.95 £+ 0.60° (range, 10.30-
19.95°), respectively.

Safety Profiles of the Different Portals

Table 1 presents the safety parameters of the portals for
anchor placement. The results showed that there was a
higher risk of complications in some portals during
anchor placement. Smaller DAC values, indicating the
piercing of the acetabular articular surface at these posi-
tions, were present in the AL at 1 o’clock and 12 o’clock
and in the PL at 12 o’clock and 11 o’clock. DCB values of
<15 mm, which indicated piercing through the cortex,
were present in the DALA-P, DALA-M, and DALA-D at
3 o’clock, in the MAP, MMA, DALA-M, and DALA-D at 12
o’clock, and in the MAP, MMA, DALA-P, DALA-M, and
DALA-D at 11 o’clock (Figure 4).

Conversely, there were preferable safety parameters in
some portals during anchor placement. MAP and MMA
were prominent for anchor placement in the anterior ace-
tabulum. There were longer DCBs in MAP and MMA at 4
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Figure 3. Safety parameters. The DAC represents the risk of articular cartilage violation. DAC (white arrow) is the shortest distance
between the anchor and the articular cartilage. DAC is the maximum distance perpendicular to the anchor when the anchor has
passed through the articular cartilage. DAC <1.0 mm was considered articular cartilage violation. The DCB represents the risk of
cortical bone penetration. DCB (red arrow) is the distance from the insertion point to the cortical bone of the acetabulum along the
direction of the anchor. DCB <15 mm was considered cortical bone penetration. DAC, distance from the anchor to the articular
cartilage; DCB, distance from the acetabular insertion point to the cortical bone.

o’clock and 3 o’clock. The DCB of the MMA was greater
than that of MAP at 3 o’clock, although the difference was
not statistically significant. DALA-P was advantageous for
anchor placement in the lateral acetabulum between 12
o’clock and 1 o’clock. There was a larger DAC in DALA-P,
MMA, and MAP at 1 o’clock. Furthermore, DALA-P was
advantageous for anchor placement at 12 o’clock because
the DAC of DALA-P was greater than that of AL and PL; in
addition, the DCB of DALA-P was greater than that of
MMA, MAP, DALA-M, and DALA-D. However, AL was the
only portal suitable for anchor placement at 11 o’clock due
to greater DAC than for PL and greater DCB than MMA,
MAP, DALA-P, DALA-M, and DALA-D (Table 1).

AL and PL are the portals used most commonly for
anchor placement at the posterior acetabulum. There were
greater safety parameters in PL than in AL, although the
difference was not statistically significant.

The results for the supplementary safety parameters,
AAD and LOP, were consistent with those of the DAC and
DCB between 4 o’clock and 12 o’clock. There were smaller
AAD and shorter LOP in MAP and MMA at 4 o’clock and 3
o’clock; AAD and LOP were likewise smaller and shorter,
respectively, in DALA-P, MAP, and MMA at 2 o’clock, in
DALA-P and MAP at 1 o’clock, and in DALA-P at 12 o’clock.
There was a smaller AAD in DALA-P and a larger LOP in
AL and PL at 11 o’clock. In the posterior acetabulum, there
were no significant differences in AAD and LOP between 10
o’clock and 8 o’clock.

Success Rates of Anchor Insertion
From Different Portals

The success rates and the frequencies of intra-articular
cartilage damage and cortex penetration are reported in
Table 2. MAP, MMA, DALA-P, AL, and PL had favorable
success rates for anchor placement from anterior to

posterior. At 4 o’clock, the success rates of MMA (100%) and
MAP (100%) were higher than those of DALA-P (75%),
DALA-M (75%), and DALA-D (70%), although the differ-
ence was not statistically significant. At 3 o’clock, MMA had
the highest success rate of 65%, which was significantly
greater than that of DALA-M (15%) and DALA-D (10%).
There were high success rates at 2 o’clock for MMA (95%),
MAP (95%), DALA-P (95%), DALA-M (100%), and DALA-D
(100%).

Most portals had satisfactory success rates (85%-95%) at
the 1-o’clock position except for DALA-D (50%), AL (55%),
and PL (60%) (Table 2). Remarkably, only DALA-P (75%),
whose success rate was significantly greater than that of
MMA (15%) and DALA-D (5%), had a suitable success rate
for anchor insertion at 12 o’clock. AL had the highest
success rate of 75% at 11 o’clock, which was significantly
greater than that of MAP (0%), MMA (0%), DALA-M (10%),
and DALA-D (5%). AL and PL were both suitable for anchor
placement at the posterior acetabulum. However, PL (85%,
95%, and 80%, respectively) performed better between 10
o’clock and 8 o’clock compared with AL (60%, 65%, and 60%,
respectively).

Figure 5 shows a summary of the success rates for each
portal according to acetabular clock face position. The high-
est success rates for the portals at 4 o’clock, 2 o’clock, 1
o’clock, and 9 o’clock were 100%, 100%, 95%, and 95%,
respectively. However, the highest success rates at 3
o’clock, 12 o’clock, and 11 o’clock were 65%, 75%, and
75%, respectively, indicating the difficulty of anchor place-
ment at these positions.

DISCUSSION

The primary finding of the study was that there were sig-
nificant differences in the success rate of anchor placement
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TABLE 1
Safety Parameters of Portals at Insertion Positions®
Position DALA-D DALA-M DALA-P MAP MMA AL PL P
Anterior Zones
4 o’clock
DAC, mm 2+0 2+0 240 240 2+0 - - >.999
DCB, mm 18.64 +1.42° 18.08 + 1.17° 21.20 + 1.45%° 23.63 + 1.24°  24.70 + 1.04° - - <.001
AAD, deg 28.94 £2.90° 23.04+1.5° 24.37+1.16° 15.05+1.90° 12.85+ 1.57° - - <.001
LOP, mm 193.08+5.07° 153.79+3.66° 111.51+1.32° 108.17+1.97° 104.63 +2.17° - - <.001
3 o’clock
DAC, mm 240 240 1.98 + 0.02 1.89 + 0.07 1.85+ 0.1 - - .130
DCB, mm 6.01+1.61° 6.25 + 1.63° 8.93 £2.12>° 15.56 + 2.08>¢ 19.55 + 1.82¢ - - <.001
AAD, deg 30.97 +£2.78° 2458 +1.45° 20.60 +1.26° 12.66+1.42° 10.94+1.2° - - <.001
LOP, mm 199.02 + 5.28° 157.53 +3.92® 110.31+1.17° 108.28 +2.04° 105.31 + 2.24¢ - - <.001
2 o’clock
DAC, mm 210 2+0 1.98 + 0.02 1.85 + 0.08 1.86 + 0.1 - - .041
DCB, mm 28.53 + 1.47>¢ 24.81 + 1.25%° 22 +1.23° 29.66 + 1.63>7 34.82 + 2.01°¢ - - <.001
AAD, deg 32.84 £2.69° 2594+ 1.46° 16.93+1.43° 1154+ 1.43° 11.56+ 1.59° - - <.001
LOP, mm 200.22 + 5.83° 156.71+4.49° 105.41+1.12° 105.39 +2.39° 103.37 + 2.59° - - <.001
Lateral Zones
1 o’clock
DAC, mm 2+0° 2+0° 1.83 + 0.08>°  1.88 + 0.09° 1.89 + 0.09° 0.68+0.32¢  1.08 + 0.24%% <.001
DCB, mm 23.15+5.62° 37.64 + 3.83° 43.13 + 1.45°° 69.61 £ 5.47>¢ 90.55 +6.897 37.92+1.16° 31.34+1.22° <.001
AAD, deg 33.05+2.69>° 2543+ 1.57%¢ 12.19+1.53° 11.42+1.79° 15.33+1.62%° 29.60+1.17>° 39.17+1.19° <.001
LOP, mm 202.83 +6.06° 158.07 +4.73"°  104.78 +1.10° 107.44+252° 106.68+2.69° 78.43+1.62¢ 83.42+1.64% <.001
12 o’clock
DAC, mm 2+0° 2+0° 1.93 + 0.04° 2+0° 2+0° 0.37+0.30° —0.35+0.38° <.001
DCB, mm 4.87+3.63° 13.33+491° 50.83 + 7.41°  13.76 + 3.89° 5.96+2.31° 42.96 +0.68° 42.83+0.70° <.001
AAD, deg 31.33+283° 2262+ 1.77>° 8.69+1.38% 13.87+1.72%¢ 19.22+ 153  25.17+1.46%° 32.05+1.30° <.001
LOP, mm 202.79 + 6.15° 158.10 + 4.81>¢ 106.28 + 1.28% 111.43 + 2.57%? 111.82 +2.71>¢ 78.68+1.76° 79.75+1.80° <.001
11 o’clock
DAC, mm 2+0° 2+0° 2+0° 2+ 0° 2+0° 1.53+0.14°  0.60 £ 0.24% <.001
DCB, mm 252+ 2.15° 6.88 + 3.78° 9.59+2.84°  0.27+0.27° 0+0° 37.74 +2.32° 39.05+0.80° <.001
AAD, deg 28.70 £ 3.04>° 19.06 + 1.93%% ¢ 10.05+1.34° 16.54 +1.71%°¢ 22.00 + 1.43>? 29.38 + 1.40>° 31.95+ 1.40° <.001
LOP, mm 200.22 + 6.28° 156.74 + 4.93%° 108.67 + 1.63% 114.94 +2.74°? 11585+ 2.86>¢ 83.95+2.10° 82.10+2.16° <.001
Posterior Zones
10 o’clock
DAC, mm - - - - - 1.97 + 0.03 1.74 + 0.11 .265
DCB, mm - - - - - 24.96 +4.35 34.74 + 2.01 .820
AAD, deg - - - - - 35.70+1.25 36.61+1.35 583
LOP, mm - - - - - 90.9+2.14 87.71+225 .369
9 o’clock
DAC, mm - - - - - 2+0 2+0 .999
DCB, mm - - - - - 21.21+3.63 30.37+1.88  .253
AAD, deg - - - - - 43.03+1.17 44.07+1.31 445
LOP, mm - - - - - 97.35+2.20  94.30 £ 2.33 .327
8 o’clock
DAC, mm - - - - - 1.89 + 0.11 2+0 799
DCB, mm - - - - - 17.00 +3.32 21.61+2.56  .383
AAD, deg - - - - - 49.13+1.09  50.98 + 1.22 .265
LOP, mm - - - - - 102.25+2.15 100.79 + 2.24 678

“Data are reported as mean + SD. Boldface text indicates values with DAC >1 mm and DCB >15 mm. Dashes indicate areas not
applicable. AAD, angle of anchor deviation; AL, anterolateral portal; DAC, distance from the anchor to articular cartilage; DALA-D, distal-
anterolateral accessory portal-distal; DALA-M, distal-anterolateral accessory portal-middle; DALA-P, distal-anterolateral accessory
portal-proximal; DCB, distance from the insertion point to cortical bone; LOP, length of the operating path; MAP, midanterior portal;
MMA, medial midanterior portal; PL, posterolateral portal.

b-dSuperscripts with the same letters indicate a lack of statistical difference on pairwise comparison.
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Figure 4. Safety parameters of portals at the insertion position: (A) DAC, (B) DCB, (C) AAD, and (D) LOP. Data are presented as
means, with shaded areas representing standard deviations. AAD, angle of anchor deviation; AL, anterolateral portal; DAC,
distance from the anchor to the articular cartilage; DALA-D, distal-anterolateral accessory portal-distal; DALA-M, distal-
anterolateral accessory portal-middle; DALA-P, distal-anterolateral accessory portal-proximal; DCB, distance from the insertion
point to the cortical bone; MAP, midanterior portal; MMA, medial midanterior portal; LOP, length of the operating path; PL,

posterolateral portal.

using different portals during hip arthroscopic labral
repair. The success rates of MAP (100%) and MMA
(100%) were higher at 4 o’clock (P = .003). The success rate
of MAP (45%) and MMA (65%) were higher at 3 o’clock (P =
.001). The success rate of DALA-P (95%), MAP (95%), and
MMA (95%) were higher at 1 o’clock (P < .001). The success
rate of DALA-P (75%) was higher at 12 o’clock (P < .001).
The success rate of AL (75%) was higher at 11 o’clock (P <
.001). And the success rate of PL (85%, 95%, and 80%,
respectively) was higher at 10 o’clock (P = .157), 9 o’clock
(P = .048), and 8-o’clock (P = .177).

Articular cartilage injuries and cortex penetration are
complications of labral repair that surgeons seek to avoid
during hip arthroscopy. The effectiveness of utilizing vari-
ous portals in improving success rates and reducing com-
plications during hip arthroscopic labral repairs has
previously been documented. Stanton et al?® reported that
placement using DALA rather than MAP and AL improved
safety in the anterior acetabulum. However, previous stud-
ies either lacked indicators for evaluation or were not
designed for investigating commonly used portals. In the
present study, we optimized portal selection by quantita-
tively assessing their safety for suture anchor placement in
3-D hip models.

There was higher safety for anchor placement in MAP
between 4 o’clock and 1 o’clock, in DALA-P between 2

o’clock and 12 o’clock, in AL at 11 o’clock, and in PL between
10 o’clock and 8 o’clock. However, the highest success rate
was only 45% when the placement was with MAP at 3
o’clock due to articular cartilage damage (1/20) and cortex
penetration (10/20). The anchor tended to perforate the
medial cortex at 3 o’clock; this perforation could lead to
persistent hip pain and reoperation.* Therefore, we
attempted to modify the MAP by moving 1 cm medially and
found a neoportal, MMA, which was a soft spot of the thigh
that provided a gap between the rectus femoris and gluteus
medius. It was easier to breach the capsule and enter the
joint through this gap. This was supported by the finding
that there was a longer DCB of 19.55 + 1.82 mm and a
higher success rate of 65% in MMA at 3 o’clock. Thus, MMA
may be a better alternative to MAP for labral repairs
between the 4-o’clock and 1-o’clock positions to reduce the
risk of medial cortex penetration.

There was higher safety for anchor placement in MAP
between 4 o’clock and 1 o’clock. This observation was in
agreement with the finding reported by Degen et al,® who
demonstrated that MAP had a higher success rate than
DALA at 3 o’clock and 4 o’clock, although the difference was
not statistically significant. There were no significant dif-
ferences between MAP and DALA from the anterior 2-
o’clock position to the posterior 9-o0’clock position. The alter-
able distances between the anchor and chondrolabral
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TABLE 2
Success Rates and Complications of Portals According to Acetabular Zone for 3-mm Anchor Insertion®
Position DALA-P DALA-M DALA-D MAP MMA AL PL P
Anterior Zones
4 o’clock 75%° 75%° 70%° 100%° 100%° - - .003
ACV,n 0 0 0 0 0
CBP, n 5 5 6 0 0
3 o’clock 25%5° 15%° 10%° 45%° 65%"° - - .001
ACV, n 0 0 0 1 1
CBP, n 15 17 18 10 6
2 o’clock 95%° 100%° 100%° 95%° 95%° - - >.999
ACV, n 0 0 0 1 1
CBP, n 1 0 0 0 0
Lateral Zones
1 o’clock 95%° 85%5¢ 50%° 95%° 95%" 55%5¢ 60%>¢ <.001
ACV,n 1 0 0 1 1 9 8
CBP, n 0 3 10 0 0 0 0
12 o’clock 75%° 30% 4 5% 35%5¢ ¢ 15%4 35%%¢ 4 15%¢ <.001
ACV,n 0 0 0 0 0 13 17
CBP, n 5 14 19 13 17 0 0
11 o’clock 35%5¢ 4 10% ¢ 5% 0% 0% 75%° 40%5¢ <.001
ACV,n 0 0 0 0 0 4 12
CBP, n 14 18 19 20 20 1 0
Posterior Zones
10 o’clock - - - - - 60% 85% 157
ACV,n 0 2
CBP, n 8 1
9 o’clock - - - — - 65% 95% .048
ACV,n 0 0
CBP, n 7 1
8 o’clock - - - - - 60% 80% 177
ACV,n 1 0
CBP, n 8 4

“Boldface text indicates success rates of >60%. Dashes indicate areas not applicable. ACV, articular cartilage violation; AL, anterolateral portal,
CBP, cortical bone penetration; DALA-D, distal-anterolateral accessory portal-distal; DALA-M, distal-anterolateral accessory portal-middle;
DALA-P, distal-anterolateral accessory portal-proximal; MAP, midanterior portal; MMA, medial midanterior portal; PL, posterolateral portal.

b-dSuperscripts with the same letters indicate a lack of statistical difference on pairwise comparison.

junction (from 0.1 £ 0.40 to 3.4 + 1.55 mm) in their study,
differing from fixed distances in the present study, may be
the reason for reduced difference in success rates. In addi-
tion, Foster et al® reported that the distance from the thin
drill bit (1.4 mm) to the articular surfaces, similar to DAC
in the present study, was not significantly different
between MAP and DALA at 3 o’clock and 4 o’clock. Their
findings were consistent with those of the present study.
Moreover, Foster et al® demonstrated that PL was safe for
anchor placement from posterior 11 o’clock to 8 o’clock. AL
(75%) was safer than PL (40%) at 11 o’clock, and PL was
safer from 10 o’clock to 8 o’clock in the posterior acetabulum
in the present study. This difference may be explained by
the underestimation of anchor size and the lack of contrast
in the Foster et al® study.

This study has not confirmed the research by Stanton
et al,%% who indicated that DALA was safer than MAP from
2 o’clock to 3 o’clock and AL from 1 o’clock to 12 o’clock on
account of the larger distance between the pin and the

articular surface, which was similar to DAC in the present
study. There are several possible explanations for our seem-
ingly paradoxical result. First, their study compared the dis-
tance between the pin and the articular surface at the same
depths of insertion. While the smallest distance between the
anchor and the articular surface was compared at all depths
of insertion in the present study. Second, the DAC at the
same insertion point in the present study differed from the
average distance from 2 o’clock to 3 o’clock in their research.
Finally, there were only 6 cadaveric hip specimens and 4
insertion positions in the study by Stanton et al.2® Therefore,
morphological differences between specimens could account
for the conflicting results. In contrast, morphologic differ-
ences between the groups were entirely removed using a
series of uniform 3-D models in the present study.

In addition to portal selection, researchers in previous
studies have attempted to develop guidelines for anchor
placement to enhance safety. The results of several studies
have suggested that a small anchor is a good alternative due
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AL
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Figure 5. Success rate of the portals for anchor insertion from the anterior 4-o’clock to the posterior 8-o0’clock positions. The
success rate was proportional to the distance between the portal and the center: 0% near the center and 100% for the portal
farthest from the center. The maximum success rate (%) for each position is marked. AL, anterolateral portal; DALA-D, distal-
anterolateral accessory portal-distal; DALA-M, distal-anterolateral accessory portal-middle; DALA-P, distal-anterolateral
accessory portal-proximal; MAP, midanterior portal; MMA, medial midanterior portal; PL, posterolateral portal.

to the larger safe angle of insertion and smaller margin for
error regarding articular perforation,'>2° especially at 3
o’clock. The performance of the small anchor (1.8 mm) was
no less than that of the common anchor (2.9 mm) in cyclic
load testing and ultimate failure strength.®® We analyzed the
success rate of using smaller anchors (1.8 mm) based upon
the current data (Supplemental Table S1). The use of small
anchors slightly increased the success rate of partial portals.
However, the conclusions of the present study were not
affected. Furthermore, curved suture anchor drill guides
were recommended by Nho et al,2? who found that curved
guides had a greater angle of insertion and longer distance
to the articular cartilage at the 1-o’clock position. However,
the use of a curved or straight drill guide did not make a
statistically significant difference in perforating the subchon-
dral bone and breaching the outer cortex at the 3-, 2-, 1-, 12-,
and 11-o’clock positions, which was reported by Dumont
et al.” Further work is required to establish the value of
curved suture anchor drill guides for anchor placement dur-
ing hip labral repair.

The anatomic characteristics also influenced the safety of
anchor placement.'® The opening direction of the acetabu-
lum, impacted by coxa vara, coxa valga, and acetabular ante-
version, is a key factor for locating the portals. The location of
portals may change with the opening direction of the acetab-
ulum in patients with abnormal anatomy. In addition, there
are some risks of injuring blood vessels and nerves around
the hip during hip labral repair procedures.?* The major risk
comes from the AP, which is close to the lateral femoral cuta-
neous nerve. There is also a risk of injury to the small termi-
nal branch of the ascending lateral circumflex femoral artery,
which is close to the MAP and AP. Thus, modifying the MAP
by moving 1 em medially may increase the injury risk of the

small terminal branch of the ascending lateral circumflex
femoral artery. It is advisable to start an arthroscopic proce-
dure with classic portals and perform complementary portals
according to intraoperative requirements.?® However, hip
arthroscopy complications are rare. The rate of complication
was 1.4% to 1.6% during hip arthroscopy. In addition, a direct
injury to the structures is less reported during hip arthros-
copy compared with complication due to distraction.>* There
is an anatomic study will be performed in the future to ensure
the safety of MMA portals.

The characteristics of the acetabulum itself also pose
challenges for anchor placement. The present study dem-
onstrated that inserting anchors at 3 o’clock, 12 o’clock, and
11 o’clock was not uneventful, with maximum success rates
of 65%, 75%, and 75%, respectively. This was consistent
with previous studies, in which a high risk of complications
at the 3-0’clock position was reported.*® Structural charac-
teristics of the acetabulum may contribute to cortical per-
foration and articular damage. Two depressions were found
on the anterior and posterosuperior walls.'® Furthermore,
the anterior acetabulum corresponded to the psoas valley.2?
The thin, low bone walls may increase the risk of complica-
tions at the 3-o’clock position during hip arthroscopic labral
repair.*5'%2% Notably, the maximum success rates for the
portal were 65%, 75%, and 75% at the 3-, 12-, and 11-0’clock
positions, respectively, which were lower than those
reported by Degen et al® (100%, 100%, and 88%, respec-
tively). The anchor was inserted at a point 2 mm from the
chondrolabral junction, and, considering the deviation of
labral repair operation, a 1 mm safe distance was main-
tained between the anchor and the articular cartilage in
the present study, which may explain this difference. The
actual situation in clinical practice may be more optimistic.
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Figure 6. A Cartesian coordinate system was established on the opening plane of the acetabulum in the supine position, with the
acetabular rotation center as the origin. The orientation from the origin to 3 o’clock was the positive x-direction (anterior acetab-
ulum), while the orientation from the origin to 12-o0’clock was the positive y-direction (superior acetabulum). The radius of each
acetabulum was taken as a 100-unit length. The portals were projected onto this plane along the direction of the opening plane. The
MMA (blue) was distributed anteriorly in the coordinate system, at approximately 3 o’clock, and the DALA-P (red) was distributed
superiorly, at approximately 12 o’clock. AL, anterolateral portal; DALA-D, distal-anterolateral accessory portal-distal; DALA-M,
distal-anterolateral accessory portal-middle; DALA-P, distal-anterolateral accessory portal-proximal; MAP, midanterior portal;

MMA, medial midanterior portal; PL, posterolateral portal.

We also investigated the relationship between the portal
and anchor insertion points. The orientation of the acetabu-
lum, which depends on the abduction and anteversion
angles, greatly affects the safety of portals for anchor place-
ment. We set up a Cartesian coordinate system in the open-
ing plane of the acetabulum with its rotational center as the
origin. Portal distribution was closely related to the safety of
placement positions (Figure 6). For example, MMA was dis-
tributed anteriorly in the coordinate system, approximately
3 o’clock, which may account for the maximum high success
rate in this position. Meanwhile, DALA-P was distributed
superiorly at approximately 12 o’clock, which made it more
advantageous in this position. PL was distributed more pos-
teriorly than AL and was advantageous in the posterior ace-
tabulum. However, the underlying mechanisms of anchor
placement require exploration in future studies.

Limitations

There were some limitations to this study. First, the normally
developed acetabulum was involved in the present study. The
results may be discrepant in patients with hip deformities,
which include pincer lesions, acetabulum defects or abnormal
acetabular anteversion. Second, there were 20 samples tested
in each group. Using a larger number of samples is likely to
provide results that are close to the actual situation. Third,
the impact of body shape and soft tissue anatomy were not

analyzed in the present study. The results of this study may
not apply to patients who are extremely obese or thin. Fourth,
the mean age was significantly greater than that of patients
who generally undergo arthroscopic labral repairs. This may
limit the generalizability of these results. Finally, the 3-mm
anchor and an error distance of 1 mm were used for anchor
placement in the hip model although smaller anchors and
lesser error distances were available.

CONCLUSION

The present study provides an appropriate portal for
anchor placement, which may reduce the risk of complica-
tions. The primary finding was that MAP, DALA-P, AL,
and PL are suitable for anchor placement in the anterior
4- to 1-o’clock, anterosuperior 2- to 12-0’clock, posterosuper-
ior 11-o’clock, and posterior 10- to 8-o’clock positions,
respectively. In addition, MMA may be a risk mitigation
alternative for MAP at the 3-o’clock position.

Supplemental material for this article is available at
https://journals.sagepub.com/doi/full/10.1177/23
259671231189729
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