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Perpendicular drill bit alignment provides a practical
guidance to determine the appropriate suture anchor
insertion angle during acetabular labral repair
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ABSTRACT

The safe acetabular rim angle is an anatomical measurement used to determine the safety margin when inserting suture anchors. The purpose
of the present study was to find out whether aligning the drill bit perpendicularly during arthroscopic surgery can provide a reference point for
determining an appropriate angle to facilitate the suture anchor insertion and to prevent extra- and intra-articular perforations. One hundred com-
puted tomographic hips were used to reconstruct three-dimensional acetabular hip models. Each model was radially sectioned at the 4 o’clock, 3
o'clock and anterior inferior iliac spine (AILS) positions (that corresponded mainly to the 2:20 clock position). A perpendicular reference line,
representing a perpendicular drill bit alignment, was drawn for each position within the acetabular model, and its relation to the safe acetabular
rim angle was measured. The length of the perpendicular reference line and the effect of gender on measurements were also evaluated. The mean
safe acetabular rim angle at the 3 o'clock position was significantly smaller compared to other clock positions (P < 0.001). The perpendicular
reference line was located out of the safe acetabular rim angle in 28 cases (%28), mostly in female acetabula at the 3 o’clock position, and relative
to the perpendicular reference line the required minimal angle was 4° &= 2.3° to place the anchor in the safe acetabular rim angle to avoid extra-
articular perforation. The perpendicular reference line was shortest at the 3 o’clock position, and its mean length was shorter in female acetabula
at all clock positions (P < 0.001). Aligning the drill bit perpendicular to the acetabular opening plane during an arthroscopic anchor placement
is a practical way to estimate and target the position of the safe acetabular rim angle to avoid anchor perforations. Based on measurements from
a perpendicularly aligned drill bit, the drill bit should be directed towards the joint minimally by 4° to avoid extra-articular perforations and
maximally by 30° to avoid intra-articular perforations.

INTRODUCTION

resulting in early degenerative changes [4]. Therefore, labral

Acetabular labrum is a fibrocartilage tissue creating a vacuum
seal between the acetabulum and the femoral head that helps
maintain hip joint stability through the reduction of excessive
movements [1, 2]. Functional impairment of the labrum has
been shown to lead to joint instability with cartilage degenera-
tion, eventually resulting in osteoarthritis [3-5]. The acetabular
labrum decreases the cartilage stress, strain and consolidation
through labral sealing, which provides a pressurized intra-
articular fluid layer to further support the load and to protect the
articular surface [6, 7]. One other critical role of the labrum is to
expand the contact area, which is essential to reduce the cartilage
contact pressure (8,9].

As previously shown by Greaves et al., labral resection
increases the contact pressure relative to an intact labrum,

repair is considered essential. Over the years, a general consen-
sus has been reached that labrum functions can be maintained
substantially when the labrum is properly repaired and should be
preferred over labral resection [2, 10].

Suture anchors are commonly used at the anterior acetabu-
lum to refixate the anterior labrum due to its high vulnerabil-
ity. Furthermore, most anchor perforations occur here due to
the shallow bony vault characteristic of the anterior acetabulum,
which indicates the importance of the acetabular rim anatomy for
the safety of the anchor placement [11-13]. The use of suture
anchor represents the most common technique to reattach the
torn labrum to the acetabular rim, and it has been suggested that
the suture anchor should be placed onto the bony acetabulum
vault using an appropriate angle to avoid penetration into the hip
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joint or pelvis [11, 14]. Although a safe acetabular rim angle,
defined as the angle between the subchondral margin and the
outer cortex of the acetabulum, has been utilized to avoid pen-
etration [15-17], how to target the drill bit to reach the safe
acetabular angle has not been thoroughly researched.

The safe acetabular rim angle is an anatomical measurement
used to determine the safety margin when inserting suture
anchors. Inserting the suture anchor within the safe acetabular
rim angle will prevent iatrogenic anchor perforations. Therefore,
a larger safe acetabular rim angle would provide a higher safe
insertion area within the acetabular bony vault. Targeting the
safe acetabular rim angle thus is essential for the safety of the
arthroscopic suture anchor insertion.

The purpose of the present study was to find out whether
aligning the drill bit perpendicularly during arthroscopic surgery
can be used as a reference point for measuring the required angle
to prevent extra- and intra-articular perforations. In other words,
aperpendicularly aligned drill bit can serve as a practical guide to
measure the angle for targeting the safe acetabular rim angle and
can help to estimate the required minimal and maximal angles
to avoid perforations. For this purpose, a perpendicular refer-
ence line representing the perpendicularly aligned drill bit was
drawn, and its relation to the fixed lines indicating the margins of
the safe acetabular rim angle was noted. The effect of gender on
the safe acetabular rim angle and the safe drill depth were evalu-
ated at the 2:20 [anterior inferior iliac spine (AIIS)], 3 o'clock
and 4 o’clock positions using three-dimensional acetabular
hip models.

MATERIALS AND METHODS

In this retrospective study, computed tomographic (CT)
abdominal and pelvic scans obtained between June 2017 and
January 2020 from 54 randomly selected patients were exam-
ined along with their clinical records. Scans also included bilat-
eral hip images. The CT scans were obtained with a Somatom
Force device (Siemens Healthineers Global, Germany) using
standard techniques at 100 kVp and 256 mAs, with a slice thick-
ness of 0.5-1.0 mm and a resolution of 512 x S12 pixels (voxels
approximately 0.7 x 0.7 x 0.5 mm?).

Four patients were excluded due to the presence of bilateral
osteoarthritis and acetabular fractures. Measurements were per-
formed using the remaining bilateral hip images from 50 patients
(23 male and 27 female) with a mean age of 43 & 14 years
(range: 22-69years). All scans were fully anonymized, and
the study protocol was approved by University Research Ethics
Board (No. 2019-17/27).

DICOM format CT data of each hip were imported to Mimics
software (Materialize, Leuven, Belgium) to reconstruct three-
dimensional geometric hip models and to perform measure-
ments. The femoral head was removed from the acetabulum to
view the acetabular model. A conventional clockface reference
was constructed, and the midpoint of the acetabular notch cor-
responded to the midpoint of the transverse acetabular ligament
at the 6 o’clock position [13, 17]. For study purposes, this was
represented by an acetabular line extending between the most
distinct two points of the width of the acetabular notch (Fig. 1).
The other clock positions were then defined relative to the 6
o’clock position.

Fig. 1. The three-dimensional geometric model of the hip bone and
acetabular slices at the AIIS, 3 o'clock and 4 o’clock positions. The
circle represents the acetabular opening plane. The 6 o’clock position
was located at the midpoint of the acetabular line corresponding to
the transverse acetabular ligament.

The acetabular models were positioned according to the
defined acetabular opening plane [17], which is indicated by
a circle that passes through the tips of the anterosuperior, the
anteroinferior and the posteroinferior rim prominences. The
pelvic tilt of the acetabular models was also determined by align-
ing the acetabular line transversely. After the pelvic tilt was
correctly positioned, the right acetabular model was radially sec-
tioned perpendicular to the acetabular opening plane at the right
AlIS, 3 o'clock and 4 o'clock positions that correspond to the
left acetabular model at the left AILS, 9 oclock and 8 o'clock
positions, respectively (Fig. 1). The most common location of
AITIS was 2:20 clock position, ranging between 2:10 clock to 2:30
clock positions.

The capsular side of the labral insertion was recommended
as a suture anchor entry point during acetabular labral repair
[18-20]. Since the labrum is located between 2.3 and 2.6 mm
from the capsular side of the rim that did not significantly dif-
fer at the superior, anterior and anterosuperior acetabular rims
[16], a 2.5-mm distance was measured at each clock position
from the tip of the bony acetabular rim to the capsular side of
the rim to estimate the entry point. Two straight lines repre-
senting drill depth, referred to as the subchondral line and outer
cortex line, were drawn [16, 17] to define the safe acetabular
rim angle. The line was 19.5 mm long, which is the manufac-
turer’s recommended drill depth to secure anchor into the bone
for the 2.9-mm Pushlock or Fibertak anchor systems (Arthrex,
Naples, USA). These systems are commonly used in acetabular
labral repair practice. The subchondral line touched the sub-
chondral bone margin, and the outer cortex line was placed at a
position targeted farthest from the articular cartilage, where pur-
chase in bone was possible without penetrating the acetabular
wall (Fig. 2). As the entry point and drill depth were standard-
ized, the measured safe acetabular rim angle would only depend
on the clock position.
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scenario-2

Fig. 2. Superior view of two different sectioned acetabula at the 3 o'clock position. The safe acetabular rim angle was measured by drawing fixed
19.5-mm lengths of the subchondral line and the outer cortex line. The perpendicular reference line (p line) is stretched along with the bony
acetabular vault. The p line is located in the safe acetabular rim angle (Scenario 1). ot angle formed between the p line and the subchondral line;
exceeding & angle will result in intra-articular perforation. The p line is located out of the safe acetabular rim angle (Scenario 2). (3 angle,
formed between the p line and the outer cortex line, indicates the required minimal angle to target the safe acetabular rim angle.

*Refers to the entry point located at 2.5-mm distance from the tip of the acetabular rim to the acetabulum capsular side.

A line, referred to as the ‘perpendicular reference line’
(the pline) and representing the perpendicularly aligned drill
bit, was drawn perpendicular to the acetabular opening plane
starting at the entry point and extending along the bony acetab-
ular vault. The length of the perpendicular reference line drawn
in the vault was recorded. When the perpendicular reference line
remained within the safe acetabular rim angle, this was recorded
as Scenario 1. In that case, the angle formed between the per-
pendicular reference line and the subchondral line (o angle)
was also recorded (Fig. 2). The « angle represents the maximal
joint targeted drilling angle to purchase the suture anchor in the
acetabular vault, avoiding intra-articular perforations.

In cases where the perpendicular reference line was located
outside the safe acetabular rim angle, which was referred to as
Scenario 2, the angle formed between the outer cortex line and
the perpendicular reference line (/3 angle) was recorded (Fig. 2).
The (3 angle indicates the minimal joint targeted drilling angle
required to insert the suture anchor into the safe acetabular rim
angle to avoid intra-pelvic perforations.

The acetabulum had a characteristic shallow bony vault only at
the AIIS position out of the outer cortex line, which may increase
the risk of anchor penetration. Thus, the minimal bone thickness
at the AIIS position, the shortest distance, from the entry point
to the outer cortex was recorded (Fig. 3).

Statistical analysis

Two independent observers performed all measurements,
including the acetabular model positioning and sectioning, and
interobserver agreement of the measurements was assessed. The
reliability of the measurements was evaluated by interclass cor-
relation coeflicients using the mean of two measurements made
by each observer.

Student’s t-test was used to assess differences between
right and left hips. Differences between clock position measur-
ements and genders were evaluated with one-way analysis
of variance (ANOVA). The Tukeys post hoc analysis
was used for all significant ANOVA results. Descriptive stati-
stics were provided as mean =+ standard deviation. Statistical
significance was assumed when P was <0.05. SPSS
software (SPSS Inc, Chicago, IL) was used for statistical
analyses.

RESULTS

As there were no differences between right (n=50) and left
(n=350) acetabula (P> 0.5), all left clock positions were mitr-
rored and therefore were presented as right clock positions
(n=100). The safe acetabular rim angles according to clock
positions are shown in Table I. The mean safe acetabular rim
angle at the 3 o'clock position was significantly smaller compared
to other clock positions (P < 0.001).

The location of the perpendicular reference line varied
depending on the clock position and anatomy of the ante-
rior acetabulum. The perpendicular reference line remained
in the safe acetabular rim angle in all cases at the AIIS posi-
tion (n = 100). However, the perpendicular reference line was
located out of the safe acetabular rim angle in 22 cases at
the 3 o'clock position and in 6 cases at the 4 oclock position
(Table II). The v and f3 angles are shown in Table II. The mean
o angle between all the clock positions was not significantly
different (P > 0.05).

The mean length of the perpendicular reference lines in males
and females was given with the P value indicated in Table IIL. The
perpendicular reference line was shortest at the 3 o'clock posi-
tion, and its mean length was shorter in female acetabula at all
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Fig. 3. Superior view of sectioned acetabulum at the AIIS position corresponding to the 2:20 clock position. Arrow indicates the depressed
region of the acetabular vault corresponding to the ‘psoas tunnel” hidden by the AIIS, which is dangerous for the suture anchor’s safety. The p
line at the AIIS position is fitted in Scenario 1 in all acetabular models.

Table I. The safe acetabular rim angle (°)

Scenario 1 Scenario 2
Clock position Mean Gender P (male versus female) ~ Mean Gender
AIIS (2:20) (n=100) Male (n=46) >0.05 (n=0) NA
452+ 64 445+5.5 NA
Female (n=54) NA
458+7.1
3 o’clock (n=178) Male (n=45) <0.001 (n=22) Male (n=1)
383+£5.7 40.4+54 31.9+4.0 32.0 £ NA
Female (n = 33) Female (n=21)
354+£5.0 31.9+4.1
4 o'clock (n=94) Male (n=46) <0.001 (n=6) Male (n=0)
45.7+8.5 51.5+6.8 30.5£5.6 NA
Female (n = 48) Female (n=6)
40.1£5.9 30.5+5.6
NA, not available.
clock positions (P < 0.001). The length of the perpendicular ref- DISCUSSION
erence line was shorter than 19.5 mm at the 3 o'clock positionin  [n this study, assessment of the safe acetabular rim angle and

25 cases and at the 4 o’clock position in 6 cases (Table III). The s relationship with a perpendicular reference line provided fur-
mean shortest distance was 14.2, and it was significantly shorter  ther insights with the potential to facilitate safe anchor insertion

in females (P < 0.01).

within the safe acetabular rim angle and providing a means to
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Scenario 1 Scenario 2
o Angle B Angle
Clock position Mean Gender P (male versus female) ~ Mean Gender
ATIS (2:20) (n=100) Male (n = 46) >0.05 (n=0) NA
31.2+4.2 294+£3.5 NA
Female (n = 54) NA
32.7+4.3
3 o’clock (n=178) Male (n=45) >0.05 (n=22) Male (n=1)
314+£5.0 31.1+£5.0 33122 1.0 £ NA
Female (n=33) Female (n=21)
320£49 34£22
4 o’clock (n=94) Male (n=46) >0.05 (n=6) Male (n=0)
30.0£4.5 299144 3.6+23 NA
Female (n=48) Female (n=6)
30.21+4.7 3.6+23
NA, not available.
Table III. Length of the perpendicular reference line (mm)
Scenario 1 Scenario 2
No. of samples No. of samples
Mean shorter than Mean Gender and P shorter than
Clock position (min-max) Gender and P value 19.5mm (min-max) value 19.5 mm
AIIS (2:20) 29.4 Male (n=46)  <0.001 0/100 NA NA 0/0
(22-40) 30.8+3.2 (0%)
Female (n=54)
282 +3.7
3 oclock 24.5 Male (n=45) <0.001 4/78 17.4 Male (n=1) 21/22
(15-37) 26.3+4.0 (5%) (13-26) 194+ NA (95%)
Female (n=33) Female (n=21)
22.3+3.6 17.3+2.6
4 o’clock 25.9 Male (n=46) <0.001 0/94 18.1 Male (n=0) 6/6
(20-38) 29.6+2.9 (0%) (17-19) NA (100%)
Female (n=48) Female (n=6)
22.5+1.8 18.1+£0.9

avoid extra- and intra-articular penetrations. The perpendicular
reference line used herein represents a practical guide that can be
readily established during arthroscopic surgery by aligning the
drill bit perpendicularly to the acetabular opening plane. After
the drill bit is aligned perpendicularly, the safe acetabular rim
angle can be easily targeted to place the suture anchor confidently
by considering minimal and maximal insertion angles reported in
this study. In addition, our study provided further understand-
ing of the maximal available drilling depth of the bony acetabular
vault to avoid anchor perforations taking into account the gender
differences using three-dimensional acetabular modelling,

The observed magnitude of the safe acetabular rim angle in our
study was at odds with previous reports [16, 17], mainly due to
the use of the acetabular rim as the entry point in the latter [17],
as opposed to the use of the capsular side of the acetabular rim
[18-20] (2.5-mm distance away from the tip of the bony acetab-
ular rim [16]) in our study. Also, in Hernandez and McGrath’s
study, safe acetabular rim angle measured in nine fresh frozen
cadaver samples was smaller than ours, presumably because the

drill diameter was taken into consideration by these authors in
their measurements [16].

In an effort to minimize the risk of anchor penetration, dif-
ferent portals as well as curved and straight drill guides were
compared in terms of safety [13, 21-24]. Studies identified the
safe acetabular rim angle and attempted to evaluate the effect of
the entry point, the acetabular anatomy and the size and length
of the drill bit [21-23]. However, in addition to identifying the
determinants of the magnitude of the safe acetabular rim angle,
it is also crucial to accurately determine the location of the safe
acetabular rim angle during arthroscopic labral repair for safe
insertion of suture anchor.

To facilitate this procedure, we consider that aligning the drill
bit perpendicular to the acetabular opening plane may serve as
a guide during arthroscopic surgery to understand its location
relative to the safe acetabular rim angle. For this purpose, a
perpendicular reference line was drawn to represent the perpen-
dicular drilling that extended along the bony acetabular vault.
According to this scheme, when the perpendicular reference line
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was purchased within the safe acetabular rim angle, perpendicu-
lar drilling would not cause perforation (Scenario 1). However,
when this line was located outside the boundaries of the safe
acetabular rim angle, perpendicular drilling would be expected
to cause intra-pelvic perforation (Scenario 2). In this latter sce-
nario, the required minimal angle in relation to the perpendicular
reference line was measured in order to target the safe acetabular
rim angle and to avoid perforation.

In Scenario 1, an o angle was measured to define maximally
available bone stock without causing intra-articular perforation.
According to our results, starting at the labral insertion, a maxi-
mum target angle of 30° £ 5.0° towards the joint at the anterior
acetabulum should be adopted, with the perpendicular reference
line representing 0°. Targeting the drill bit beyond 30° would
cause intra-articular perforation.

In our series, 28 cases fitted in Scenario 2, and to avoid intra-
pelvic perforation, the surgeon should target the drill bit towards
the joint using a minimum angle of 4° +2.3° (the (3 angle),
securing an entry within the safe acetabular rim angle. Among
22 cases, 21 of them were females, and the perpendicular refer-
ence line was located out of the safe acetabular rim angle at the
3 o’clock position, mainly due to a narrower safe acetabular rim
angle at that position. In support of this, previous studies showed
ahigher risk for intra-pelvic perforations at the 3 o’clock position,
both for mid-anterior and for distal anterolateral (DALA) portals
[12, 16].

Our findings showed that starting at the capsular side of the
labral insertion, the mean range of the safe drilling arc (maximal
angle-minimal angle) of the anterior acetabulum was 30°-4°.
When standard deviations of the maximal angle and the minimal
angle are considered (Table II), the safe drilling arc could be as
narrow as 25°-6° in some cases. Hence, anchor placement at the
maximal or minimal limit of the safe drilling arc can be dangerous
in terms of perforations. Targeting the middle of the safe drilling
arc would ensure the safest bony vault for anchor insertion.

In the present study, the length of the perpendicular refer-
ence line starting at the labral insertion and representing the
maximally available bone depth was also measured to determine
whether sufficient bone depth was present to prevent drill perfo-
rations. The 3 o’clock position had a higher risk for perforations
in terms of not only the safe rim angle but also the bony vault
thickness. In 25 cases at the 3 o'clock position and 6 cases at
the 4 o’clock position, the available bone thickness was shorter
than 19.5 mm, which can be overcome by directing the drill bit
towards the joint. As one would expect in Scenario 2, the bone
stock was not enough to secure the suture anchor when the per-
pendicular reference line was located out of the safe acetabular
rim angle. However, despite a perpendicular reference line being
located in the safe acetabular rim angle, the depth of the bone
was shorter than 19.5 mm in four cases at the 3 o’clock position
(Table IIT), suggesting that the drill should be targeted towards
the joint at a wider angle to avoid intra-pelvic perforations. Nev-
ertheless, because of the narrow safe acetabular rim angle at the
3 o’clock position, targeting the joint at angles exceeding 30° is
likely to result in intra-articular perforation.

The measurement at the AIIS position, corresponding to the
AIIS where ‘psoas valley’ starts [22], showed that AIIS medi-
ally houses a major depression in continuity with the so-called
‘psoas tunnel’ [11] (Fig. 3). The depression in the bone, which

is located beyond the outer cortex line, leads to a decrease in the
available bone thickness (the mean thickness was 14.2 mm) that
is insufficient for anchor insertion and that will greatly increase
the risk of penetration. This requires particular attention by the
surgeon, as it may result in a false image of safety for anchor inser-
tion using a wide angle [17], since the depression created by the
psoas tunnel is concealed by AIIS. To avoid penetration at AIIS
(2:20) position, this bony depression should be taken into con-
sideration, and the drill bit should be targeted towards the joint,
not the pelvic region.

Several limitations of our study should be mentioned. Acetab-
ula selected for the study were free of significant pathologies such
as osteophytes, dysplastic hips, pincer lesions or other defor-
mities. Therefore, our results may not be applicable to acetab-
ula with significant morphological abnormalities. During labral
repair, depending on the preferred arthroscopic portal and the
surrounding soft tissue of the hip, positioning the drill angle may
be challenging. In addition, the ability to measure these angles
intra-operatively is limited. Suggested angles in this study are
only applicable for those anchor systems that require 19.5-mm or
lower drill depth. Our measurements did not consider the diam-
eter of the drill bit, rather it is represented by a line; therefore,
the surgeon should consider the fact that the actual angle may
be smaller than reported in this study. However, a perpendicular
alignment of the drill irrespective of the patient position seems to
reliably ensure the entry within the safe acetabular rim angle and
utilization of a safe drilling angle arc. Our study also provides fur-
ther insights into gender differences regarding the safe acetabular
rim angle and regarding the available acetabular bone thickness
at certain positions independent of the diameter of the drill bit.

CONCLUSION

Aligning the drill bit perpendicularly to the acetabular open-
ing plane during arthroscopic anchor placement appears to pro-
vide a practical estimation and targeting of the safe acetabular
rim angle. Using this approach, the anchor can be purchased
into the safe acetabular rim angle and anchor perforations can
be avoided. Using the measurements with the perpendicularly
aligned drill bit, the drill bit should be directed towards the
joint at a minimal angle of 4° to avoid extra-articular perfo-
rations and at a maximal angle of 30° to avoid intra-articular
perforations. Within the boundaries of this angle arc, the suture
anchor can be confidently purchased into the safe acetabu-
lar rim angle. Although AIIS offers a greater acetabular rim
angle, the presence of a significant bony depression poses a
risk for drill perforation in the psoas tunnel. Both the length of
the perpendicular reference line and safe acetabular rim angle
were the smallest at the 3 o'clock position and in the female
acetabula.
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