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Background: The purpose of this study was to evaluate factors associated with the risk of articular surface perforation during
anchor placement for arthroscopic acetabular labral repair using follow-up computed tomographic arthrography (CTA).

Methods: Forty-six patients (29 males and 17 females) underwent arthroscopic labral repair using 142 suture anchors (55 large an-
chors and 87 small anchors). The patients were followed with CTA 1 year postoperatively. Anchor position was assessed by the in-
sertion angle and the distance of the suture anchor tip from the articular cartilage. The incidence of malposition of suture anchors
was assessed in follow-up CTA. The location and incidence of malposition were compared between two groups divided according
to the diameter of suture anchor.

Results: The mean insertion angle and distance were significantly different between the groups. Of the 142 anchors, 15 (11%)
were placed in the cartilage-bone transitional zone. Articular involvement was most common at the 3 o'clock position of the su-
ture anchor (six out of 33 anchors, 18.2%). Both the insertion angle and distance showed small values in the articular involvement
group.

Conclusions: The radiographic analysis of the placement of suture anchors after arthroscopic labral refixation based on follow-up
CTA demonstrates that articular involvement of anchors is related to the location on the acetabular rim (clock position) and anchor
diameter.
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Hip arthroscopy is a growing field in sports medicine,
with femoroacetabular impingement and labral tears be-
ing common indications for surgery. Excellent clinical
results have been reported in the literature for both labral
debridement and repair. However, superior functional
outcomes have been shown with labral repair."¥ The ac-
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etabular labrum in a normal hip joint comprises 22% of
the surface area and 33% of the total volume. It provides
a seal that helps maintain synovial fluid pressure, which
contributes to joint stability, lubrication, and protection of
the cartilage.> Accordingly, hip arthroscopy for repair of
the labrum is gaining popularity.

Several techniques for labral repair have been de-
scribed in the literature, including loop fixation techniques
and labral base techniques.”” Both techniques involve
placement of a suture anchor in the acetabular rim to pro-
vide an anatomic fixation. One technical error associated
with anchor placement is inadvertent articular cartilage
penetration with a drill or an anchor during labral repair."”

Copyright © 2017 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408



406

Yoo et al. Risk of Acetabular Surface Perforation in Arthroscopic Acetabular Labral Repair

Clinics in Orthopedic Surgery * Vol. 9, No. 4, 2017 « www.ecios.org

Several anatomical studies have attempted to identify the
safe angle for anchor placement in different regions of
the acetabulum or to modify the portals to create a better
angle for anchor placement."*

The purpose of this study was to evaluate factors as-
sociated with the risk of articular surface perforation dur-
ing anchor placement for arthroscopic acetabular labral
repair using follow-up computed tomographic arthrogra-
phy (CTA).

METHODS

The design and protocol of this retrospective study were
approved by the Institutional Review Board of Chung-
Ang University Hospital (IRB No. C2016133-1876) and
performed in accordance with the principles of the Decla-
ration of Helsinki. Informed consent was waived. We per-
formed arthroscopic labral repair on 200 patients between
January 2011 and December 2014. Of those, 46 patients (29
males and 17 females) who underwent 1-year follow-up
CTA were enrolled in our study.

Arthroscopic labral repair was performed using
142 anchor sutures in the 46 patients. The patients were
divided into two (a large anchor group and a small anchor
group) according to the diameter of the suture anchor
used. Fifty-five anchors (larger than 2.3 mm) were used in
the large anchor group and 87 anchors (smaller than 1.4
mm) were used in the small anchor group. After conduct-
ing a radiological analysis of postoperative CTA results,
the patients were also subdivided into an articular involve-
ment group and a non-involvement group.

Surgical Technique

One senior surgeon (YCH) repaired 46 acetabular labral
tears in 46 hips with femoroplasty in 21 hips and ac-
etabuloplasty in 18 hips. Hip arthroscopy was performed
with the patient positioned in the supine position on a
standard fracture table. Traction was applied with slight
extension and adduction of the hip joint using sufficient
force to open the joint approximately 1 cm. Two or three
portals (anterolateral, anterior, and/or posterolateral)
were placed for treatment of femoroacetabular impinge-
ment including arthroscopic labral repair. After assess-
ing the amount of bone overhang, the pincer lesion was
resected, or rim trimming was accomplished using a 5.5-
mm round burr. The amount of bone resected depended
on the extent of overhang. After resecting the pincer
lesion, the single loop technique was used in a small
labrum (less than 6 mm in height). In a large labrum
(more than 6 mm in height), the labral base refixation

technique was used. Arthro-Pierce (Smith & Nephew,
Andover, MA, USA) was used to pierce the labrum, and
a stiff, nonabsorbable suture was passed through the
base of the labrum. PEEK standard anchors (2.3-mm
Bioraptor or 2.9-mm Bioraptor knotless suture anchor;
Smith & Nephew) or all-suture type soft anchors (1.3-
mm Y-Knot [ConMed Linvatec, Largo, FL, USA] or 1.4-
mm JuggerKnot [BIOMET, Warsaw, IN, USA] suture
anchors) were placed on the capsular side (Fig. 1). These
were secured with a straight drill guide. Then, using a
suture passer, a suture limb was passed through a small
portion of the labral substance. An arthroscopic sliding
knot was made and passed down through the cannula to
secure the repair. Two to four anchors were placed at the
superior (12 oclock), anterosuperior (1-2 oclock), and
anterior (3 oclock) positions. Anchors fixed in other lo-
cations were excluded from this study.

Next, traction was released and the hip was flexed
45°, allowing passage of the camera along the femoral
head-neck junction into the peripheral space. The femoral
head-neck junction and lateral epiphyseal vessels were
visualized during this maneuver. Instruments were placed
into the peripheral compartment through the anterolat-
eral or distal lateral accessory portal. After confirming a

Fig. 1. PEEK standard anchors: 2.3-mm Bioraptor suture anchor (Smith &
Nephew, Andover, MA, USA) (A) and 2.9-mm Bioraptor knotless suture
anchor (Smith & Nephew) (B). All-suture type soft anchors: 1.3-mm
Y-Knot (ConMed Linvatec, Largo, FL, USA) (C) and 1.4-mm JuggerKnot
(BIOMET, Warsaw, IN, USA) (D).
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cam lesion, which was defined by local abnormalities and
dynamic examination, bumpectomy was performed to
restore the femoral head-neck offset by transforming the
convex lesion into a concave surface.” The operation was
completed with joint lavage and injection of a local anes-
thetic.

Radiological Evaluation

Standardized CTA was performed preoperatively in all pa-
tients, and follow-up CTA was recommended 1 year after
surgery. All measurements were performed with a picture
archiving and communication system (M view; Infinitt,
Seoul, Korea).

Coronal, axial, and sagittal reconstruction was cre-
ated (Fig. 2A). Two musculoskeletal radiologists inde-
pendently measured the radiographic parameters. The
interobserver reliability showed a high level of agreement
(0.87) on separate measurements of the lateral center edge
angle (LCEA) and the calculated correlation. LCEA values
were measured on coronal images (Fig. 2B). Using sagit-
tal images, we classified anchor locations as superior (12
oclock), anterosuperior (1-2 oclock), or anterior (3 oclock).
The location of each anchor was determined on the coro-
nal and axial computed tomography (CT) scout images
(Fig. 2C).

The insertion angle was measured by extending
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Fig. 2. Radiological measurements. (A) Coronal, axial, and sagittal computed tomographic arthrography reconstruction. (B) Lateral center edge angle
(LCEA: the angle formed by a vertical line and a line connecting the center of the femoral head with the lateral edge of the acetabulum). (C) Location of
each anchor according to the clock position.

Fig. 3. Parameters assessed using computed tomographic arthrography. (A) Insertion angle of the suture anchor (yellow arrow). It was measured by
extending a line 15 mm from the insertion point to the acetabular cartilage and drawing a second line through the anchor. (B) Distance from the tip of
the suture anchor (yellow arrow). It was measured as the minimum distance between the anchor/drill hole and the articular surface of the acetabulum.
(C) Malposition of suture anchors at the cartilage-bone transitional zone (white arrow).
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a line 15 mm from the insertion point to the acetabular
cartilage as described by Lertwanich et al."” and drawing
another line from the insertion point through the anchor
(Fig. 3A). The minimum distance between the anchor/
drill hole and the articular surface of the acetabulum was
then measured (Fig. 3B). The angle of anchor insertion
was measured at the superior and anterosuperior posi-
tions on the coronal images, and the distance between
the anchor/drill hole and the articular surface of the
acetabulum for the superior and anterosuperior anchors
was also measured. Anchors in the anterior position had
the same measurements taken on the axial images. The
articular surface was considered to be involved in cases

Table 1. Patient Demographic Data

Variable Value
No. of patients 46

Sex (male:female) 29(63.0): 17 (37.0)

Age (yr) 32.7+95(19-50)
Body mass index (kg/m’) 23.0+4.2(18-29)
Diagnosis

Isolated labral tear 16(34.8)

Cam type impingement 12(26.1)

Pincer type impingement 9(19.6)

Mixed type impingement 9(19.6)
Tonnis grade

Grade 0 32(69.6)

Grade 1 14 (30.4)
Lateral center edge angle (°) 296+5.3
No. of total anchors 142
Suture anchor type

PEEK standard (2.3, 2.9 mm) 55(38.7)

All-suture (1.3, 1.4 mm) 87(61.3)
Anchor location

Superior (12 o'clock position) 28(19.7)

Anterosuperior (1-2 o’clock position) 81(57.0)

Anterior (3 o’clock position) 33(232)
Avrticular involvement 15(10.6)

Values are presented as number (%), mean + standard deviation (range), or
mean + standard deviation.

in which the suture anchor was located in the cartilage-
bone transitional zone on sagittal images (white arrow
in Fig. 3C), and such cases were assigned to the articular
involvement group (Fig. 3C).

Statistical Analysis

Both musculoskeletal radiologists evaluated the CTA find-
ings and consensus was achieved for any discrepancies.
We assessed inter- and intraobserver reliability of the mea-
sured parameters, including the LCEA, insertion angle,
and distance using Kappa coefficients. Reliability was
classified as follows: 0, poor; 0-0.20, slight; 0.21-0.40, fair;
0.41-0.60, moderate; 0.61-0.80, substantial; and greater
than 0.80, almost perfect agreement.'”

The Student #-test was used to detect any differences
in the insertion angle and distance between the articular
involvement group and the non-involvement group. The
chi-square test was used to compare categorical variables
such as gender and suture anchor type.

IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA)
was used for all analyses and a significant difference was
defined as p < 0.05. All data is presented as the mean and
standard deviation.

RESULTS

The study subjects included 29 males and 17 females with
a mean age of 32.7 + 9.5 years and a mean body mass in-
dex of 23.0 + 4.2 kg/m”. The mean LCEA angle was 29.6°
+ 5.3°. Of a total of 142 anchors, 55 were PEEK standard
anchors and 87 were all-suture anchors. Twenty-eight an-
chors were located at the 12 oclock position, 81 at the 1-2
oclock positions, and 33 at the 3 oclock position. Fifteen
anchors (10.6%) were placed in the cartilage-bone transi-
tional zone (Table 1).

On the radiological analysis of the 142 anchors, the
mean LCEA angles of the PEEK standard anchor group
(large anchor group) and the all-suture anchor group
(small anchor group) were 29.1° + 6.8° and 29.9° + 4.0°,
respectively (p = 0.372). The mean insertion angles of
the PEEK standard anchor group and all-suture anchor
group at the 12 oclock position were 20.7° £ 2.8° and 25.0°
* 5.6°, respectively (p = 0.022). The mean angle of inser-
tion at the 3 oclock position was 17.6° + 4.6° for the PEEK
standard anchor group and 26.2° + 7.4° for the all-suture
anchor group (p = 0.002). There was no significant dif-
ference in the insertion angle at the 1-2 oclock positions
between the two groups (p = 0.757) (Table 2). The mean
distance to the articular cartilage at the 12 oclock position
was 5.8 £1.1 mm for the PEEK standard anchor group and
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Table 2. Angle of Anchor Insertion

PEEK

All-suture
Variable standard anchor p-value
anchor (13, 1.4 mm)
(2.3, 2.9 mm) S
Superior 207+28 25.0+56 0.022*
(12 o’clock position) (°)
Anterosuperior 26.7+7.1 26.1 +8.1 0.757
(1-2 o'clock position) (°)
Anterior 176+4.6 262+74 0.002*
(3 o’clock position) (°)
Lateral center 29.1+6.8 299+40 0.372

edge angle (°)

Table 3. Distance between Anchor Tip and Articular Cartilage

PEEK

All-suture
Variable standard anchor p-value
anchor (4 34 "4 mm)
(23,29 mm) ‘™
Superior 58+ 1.1 69+18 0.029%
(12 o'clock position) (mm)
Anterosuperior 59+18 66+1.9 0.038*
(1-2 o'clock position) (mm)
Anterior 52+15 6.2+20 0.158
(3 o'clock position) (mm)
Lateral center 29.1+6.8 299+40 0.372

edge angle (°)

Values are presented as mean + standard deviation.
*p-value < 0.05.

6.9 = 1.8 mm for the all-suture anchor group (p = 0.029).
The mean distance to articular cartilage at the 1-2 oclock
position was 5.9 + 1.8 mm for the PEEK standard anchor
group and 6.6 + 1.9 mm for the all-suture anchor group (p
=0.038). However, the distance between the two groups at
the 3 oclock position was not statistically significantly dif-
ferent (p = 0.158) (Table 3).

On the subgroup analysis of the articular involve-
ment group and non-involvement group, there was no
notable difference in age (p = 0.809), sex (p = 0.158), body
mass index (p = 0.708), and LCEA (p = 0.638). However,
the anchor location (p = 0.023), anchor type (p = 0.025),
insertion angle (p = 0.001), and distance (p < 0.001) were
significantly different between the two groups.

Articular involvement was noted in six out of 33 an-
chors (18.2%) located at the 3 oclock position and in nine
out of 81 anchors (11.1%) located at the 1-2 oclock posi-
tion. However, articular involvement was not observed for
28 anchors located at the 12 oclock position. The incidence
of articular involvement was higher in the PEEK standard
anchor group (10 out of 55, 18.2%) than in the all-suture
anchor group (5 out of 87, 5.7%). Both insertion angle and
distance showed small values in the articular involvement
group (Table 4).

Intraobserver reliability for each observer was mod-
erate (kappa, 0.763 and 0.722, respectively). Interobserver
correlation of CTA findings was also moderate (kappa,
0.702).

DISCUSSION

The goal of any successful acetabular labral repair proce-
dure is stable fixation without complications. Several ana-

Values are presented as mean + standard deviation.
*p-value < 0.05.

tomic and cadaver studies have attempted to suggest safe
angles for acetabular labral repair.”) However, there has
been no report regarding the prevalence of malposition of
anchors during labral repair. In this study, using CTA, we
observed that 15 of 142 anchors (11%) were placed in the
cartilage-bone transitional zone. Anchors placed at the 3
oclock position were more frequently located in the carti-
lage-bone transitional zone. Larger-diameter (> 2.3 mm)
PEEK standard anchors were more frequently located in
the cartilage-bone transitional zone than were smaller-
diameter (< 1.4 mm) all-suture anchors.

Several anatomic studies have reported different
safety angles according to acetabular location. In par-
ticular, the 3 oclock position in the acetabulum has been
described as a high-risk area for cartilage damage. In this
study, suture anchors at the 3 oclock position had the
highest likelihood of being located in the cartilage-bone
transitional zone (18.2%, 6/33 anchors).

Hernandez and McGrath'” performed an anatomic
study of safe suture angle with three different suture an-
chor systems using nine human cadavers. They found
that the maximal angle of insertion at the anterior rim
location was the narrowest among three acetabular loca-
tions studied. Foster et al."”’ reported similar findings in a
study on six cadavers. They found a smaller distance from
the articular surface when using a more anterior position,
and showed a very small distance at 4 oclock. Our find-
ings correspond well with their results. We found that
suture anchors at the anterior (3 oclock) position had a
significantly lower insertion angle compared with those at
the superior (12 oclock) and anterosuperior (1-2 oclock)
positions. Therefore, when placing anchors at the 3 oclock
position, care should be taken to avoid articular injury
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Table 4. Comparisons of Variables According to the Presence of Articular Involvement

Variable

Age (yr)
Sex (male:female) 12:3

Body mass index (kg/m?)

Lateral center edge angle (°) 296+5.1
Anchor location (12, 1-2, 3 o'clock position) 25-50
Suture anchor type (PEEK standard:all-suture) 10:5

Angle of anchor insertion (°)

Distance between anchor tip and cartilage (mm)

Articular involve group
(n=15)

32.8£7.6(25-50)

23.1£5.6(20-29)

189+6.1(7.9-29)
36+1.1(25-6.0)

Articular non-involve group

(n=127) p-value
32.7+£9.7(19-50) 0.809
78:49 0.158
230+42(18-29) 0.708
30.1+6.6 0.638
19-50 0.023*
45:82 0.025*
258+7.2(13.9-52.4) 0.001*
6.6+ 1.6(3.6-10.4) <0.001*

Values are presented as mean + standard deviation (range), mean + standard deviation, or range.

*p-value < 0.05.

during arthroscopic procedures.

Theoretically, large-diameter suture anchors are
more prone to penetrate the cartilage or the cartilage-bone
transitional zone. We found that larger-diameter (> 2.3
mm) PEEK standard anchors were indeed more frequently
located in the cartilage-bone transitional zone than were
smaller-diameter (< 1.4 mm) sutures. Hernandez and
McGrath" reported similar findings. They found that
2.4-mm anchors were inserted at a significantly greater
maximal angle than were 3.0-mm anchors (p = 0.04). They
also noted especially small widths at the level of the labral
insertion (less than 3 mm) at the anterior location, and
suggested using drills of < 3.0 mm for anchor insertion if
the labral attachment was used as the starting point. They
suggested that using an anchor larger than 3.0 mm would
be more likely to cause articular damage.

To prevent articular damage during placement of
suture anchors, several methods can be considered. First,
small-diameter suture anchors could be used to mini-
mize cartilage damage. Second, a change in portal place-
ment can increase safety. Stanton and Banffy'® evaluated
the distance from the articular surface according to por-
tal placement using six cadavers. They analyzed the three
common portals: distal anterolateral accessory (DALA),
mid-anterior (MA), and anterolateral (AL) portals, and
reported that the DALA portal produced a larger dis-
tance from the articular surface and was safer than were
the other portals. At a depth of 15 mm, the average dis-
tance from the articular surface in the anterior position
(MA portal), the superior position (AL portal), and the
anterior position (DALA portal) was 5.26, 3.41, and 8.01
mm, respectively. Third, trimming of the acetabular rim

can produce a safer angle. Hernandez and McGrath"”
measured the width of the acetabular bone at the point
of labral insertion as well as at depths of 5, 10, 15, and 20
mm from the labral insertion point at the 12 oclock, 1:30,
and 3 oclock positions in nine human cadavers. They
found the 3 oclock position to be significantly wider at
deeper (15 and 20 mm) points. Suture anchor placement
done at the 3 oclock position is associated with a narrow
insertion angle and small articular distance. We recom-
mend widening of the safety angle with trimming of the
acetabular rim and use of an accessory portal such as
the DALA portal, especially for suture anchor placement
done at the 3 oclock position. In all-suture type anchors,
the use of a curved guide, flexible drill, and flexible
suture anchor inserter may provide more precise place-
ment in the acetabular rim at the 3 oclock position. Nho
et al.” performed a cadaver study that compared suture
anchor placement in the acetabular rim using straight
versus curved drill guides, and measured the insertion
angle and distance of the suture anchor during labral
refixation. The curved suture anchor guide significantly
increased the insertion angle (p = 0.009) and the distance
from the articular cartilage to the anchor (p = 0.003).
In addition, the use of a curved guide, flexible drill, and
flexible suture anchor inserter could allow for placement
of suture anchors without changing anchor placement
position in the acetabular rim.""”

This study had several limitations. First, it was a
retrospective small case series. Second, we did not analyze
the clinical results and complications according to anchor
type. All-suture type anchors have a lower probability of
articular involvement and a wider margin of safety angle.
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However, there are doubts about their strength and dura-
bility. Therefore, further research on the clinical and imag-
ing results according to anchor type is necessary. Finally,
there is a concern about radiation dose in studies using
CT. However, in our study, the radiation dose ranged from
2.55 to 7.75 mSy, which is not higher than that given dur-
ing acute abdominal CT (usually from 5 to 8 mSv) and is
lower than that used for obstetric-gynecological pelvic CT
(10 to 16 mSv)."”*"

The radiographic analysis of the placement of suture

anchors after arthroscopic labral refixation using follow-
up CTA demonstrates that articular involvement is related
to the location on the acetabular rim (clock position) and
diameter of the suture anchor.
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