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Abstract

Introduction The need for precise quantification of the glenoid defect should be emphasized in the choice of surgery for
bony Bankart lesion especially in its critical values of 16% to 25. The study aims to verify the validity of bare spot method
for arthroscopic quantification of glenoid bone defect using several varieties of posterior portal location.

Materials and methods Two intact cadaveric glenoids were prepared for the study. The greatest anteroposterior diameter
of the perfect circle concept of the glenoid is identified and center of the circle is marked as glenoid bare spot with metal
marker. Sixteen percent and 25% defect were sequentially created using a saw at 0° axis parallel to the longitudinal axis of
the glenoid. These were confirmed by 3D CT glenoid scan based on glenoid rim distances. Each glenoids were mounted on
Sawbone dome holder model simulating neutral version.

Quantification of Glenoid bone defects were sequentially measured by glenoid bare spot method arthroscopically by 5 shoul-
der arthroscopy trained surgeons in 5 varieties of posterior portals in 5 cycles. Paired sample ¢ test was done for arthroscopic
over CT scan method of glenoid bone loss quantification. One way ANOVA for portal location analysis was done.

Results Glenoid bare spot method significantly underestimates 16% and 25% glenoid bone defect to 9% +2 (P <0.001) and
18% +2 (P <0.001), respectively, compared to 3D CT scan method. There was good intra-class correlation coefficient of
0.97 for inter-rater reliability. There was no significant difference in quantification in between five portal sites by one-way
ANOVA (P>0.05).

Conclusions Arthroscopic glenoid bare spot method using the anterior viewing portal significantly underestimates glenoid
bone loss in critical margin degrees of decision making in shoulder instability surgery. Minimal variation of posterior portal
location for the calibrated probe does not cause significant difference in Glenoid bone loss quantification.
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Introduction

Major determinant of shoulder instability surgery is the
recurrence rates after the surgery. Increasing number
of literatures are revealing high recurrence rates after
arthroscopic soft tissue stabilization of anterior shoulder
dislocation with bony Bankart lesion [1]. Burkhart et al.
examined 194 consecutive patients undergoing soft tissue
Bankart repair revealing 67% and 4% recurrence rates for
patient with and without significant bone loss, respectively
[2]. Bigliani et al. noted 12% of 22 shoulder instability
recurrence at a 30 months mean follow-up after soft tissue
Bankart lesion repair [3]. Provencher et al. also describes
14% recurrence rates of 21 patients with>25% glenoid
bone defect after arthroscopic stabilization with suture
anchors.

There are several ways to quantitate glenoid bone loss
in anterior unstable shoulders. A three-dimensional (3D)
reconstructed computed tomography (CT) scan in enface
view of the glenoid with humerus reduction is considered
to be the most reliable imaging modality in glenoid defect
quantification [4]. There are several methods of quanti-
fication using the best fit circle concept as described by
Huysman et al. [5]. An accurate but simple and practi-
cal method of quantifying the glenoid bone defect in 3D
reconstructed CT scan images of the glenoid is the anterior
posterior (AP) distance from bare area method [6, 7].

Arthroscopic method introduced by Burkhart et al. in
2002 was based on the 56 patients and 10 cadavers with
consistently present and central location of the glenoid
bare spot (GBS) that quickly gained acceptance. They use
the concept that the inferior 2/3 of the glenoid forms a
perfect circle and the GBS is consistently in the center of
the circle. They measure the posterior radius distance from
the GBS to the posterior-most rim of the glenoid and the
anterior distance of the glenoid bare spot to the anterior
bone defect of a bony Bankart lesion [8]. However, several
authors insist that the GBS is not universally present and
if ever present, is not always located geometrically in the
center of the perfect fit circle of the inferior 2/3 of the
glenoid and, therefore, suggest that the arthroscopic gle-
noid bare spot method is inaccurate [5, 9-11]. However, it
should be emphasized that most study that contrasts that
of Burkhart’s findings were done on elderly cadavers and,
therefore, may have degenerative and artificial changes
to the articular cartilage due to old age and embalming
process, respectively [12].

The study aims to rise a construct of validity in meas-
uring the bone defect in bony Bankart lesions using the
arthroscopic GBS method. The researchers also wanted
to know if certain variability in posterior portal crea-
tion for the working portal influence the GBS method for
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calculation of glenoid bony defect. We hypothesize that
arthroscopic bare spot method accurately quantify glenoid
bone loss in 16% and 25% true glenoid bone defect. We
also hypothesize that variation of the placement of poste-
rior portal for the measuring probe significantly differ the
quantification.

Materials and methods

IRB exemption was obtained prior to the study. Two gle-
noids from male cadaver were dissected off its soft tissue
and osteotomized at the neck level of the scapula. The gle-
noids are sequentially examined and tested. The greatest
anteroposterior diameter of the perfect circle concept of the
glenoid is grossly identified and the center of the circle is
marked as glenoid bare spot (GBS) with metal marker with
equal distance from anterior and posterior margins of the
circle. Gross measurements were done using digital caliper.

A 16% anterior bone defect was created using a saw at 0°
axis in line with longitudinal axis of the glenoid. CT scans
were obtained and subsequent 3D reconstructed quantifica-
tion of glenoid bone loss based on glenoid rim distances was
done using MIMICS (Mimics Research 17.0, Materialize,
Leuven, Belgium). A perfect circle was approximated on an
enface view 3D reconstructed glenoids. The distance poste-
rior (Dp) and anterior (Da) from the metal marked center
GBS was measured accordingly and the percentage bone
defect was quantified using the following formula:

% glenoid bone loss = % X 100% glenoid bone loss =
% % 100 (Fig. 1). This method of calculation was applied
according to the previous study [13].

The glenoids are then mounted in neutral position on
Sawbone dome holder model. Portal sites were then created
on the plastic cover of the model. The anterior portal as the
viewing portal was created mimicking a true anterior por-
tal in surgical arthroscopy. It is positioned at 2 o’ clock of
right glenoid (10 o’ clock of left glenoid) face. Five posterior
portal were made for the 2 mm increments marked probe
entry points. The first posterior portal is made recreating the
posterior portal located 2 cm inferior and 2 cm medial to the
posterolateral edge of the acromion of a true arthroscopic
shoulder surgery. It is oriented at 10 o’ clock of the right
glenoid face (2 o’ clock for left glenoid). Four other varie-
ties of posterior portal were created 10 mm superior, lateral,
inferior and medial from the first portal (Fig. 2).

Quantification of glenoid bone defects were sequentially
measured by “glenoid bare spot method” arthroscopically
by 5 shoulder arthroscopy trained orthopaedic surgeons
using the five varieties of posterior portals in five cycles. In
this method, it is assumed that the inferior part of the glenoid
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Fig.1. 3D reconstructed CT image of the left glenoid with 25%
defect. Best fit circle is illustrated with anteroposterior method of
quantification of glenoid bone defect. a anterior rim of glenoid, D
metallic marker as glenoid bare spot, p posterior-most margin of the
glenoid

forms a perfect circle, and that the bare spot was located at
its center. A 30° Conmed-Linvatech Arthoscope was
inserted on the anterior viewing portal. A calibrated arthro-
scopic probe was inserted through the posterior portals to
measure distances. The anterior distance (Da) is measured
by hooking the probe on the anterior defect and reading the

distance (D'a) corresponding to the level of the marked
GBS. The posterior distance (Dp) is measured by placing
the tip of the probe on the GBS and reading the distance
(Dp’) at the level of the posterior-most margin of glenoid.
The percentage of bone defect was quantified using the fol-

lowing formula: % glenoid bone loss = DDp;ga x 100

(Fig. 3) according to the previous study [13].

Twenty-five percent defect was then calculated and cre-
ated to the glenoid and the process of 3D CT scan quan-
tification and arthroscopic “glenoid bare spot method” of
quantification are then repeated.

Statistical analysis

SPSS version 23 was used for statistical analysis. A student’s
paired sample 7 test was used to analyze percent bone defect
derived from arthroscopic glenoid bare area and 3D CT scan
method of glenoid bone loss quantification at every posterior
portal. Intra-class correlation coefficient for inter-observer
reliability was done. One-way ANOVA was used to analyze
whether the variable portals influence the quantification of
glenoid bone loss. The threshold for significant findings (P
value) was set at P <0.05.

Results

There was no difference in quantification of 16% and 25%
glenoid bone loss with the gross measurement with a cali-
per and 3D CT scan anteroposterior distance method. Gle-
noid bare spot method significantly underestimates 16%
and 25% glenoid bone defect to 9% +2 (P <0.001) and
18% +2 (P <0.001), respectively, based on the means of all
measures for both glenoids on all five varieties of portals

Fig.2 a Sawbone dome holder with marked portal number 1 as
standard posterior portal. Also depicted are other four portals that are
10 mm superior, lateral, inferior and medial to portal no. 1. b, ¢ Are

schematic representation of a. in enface and posterior view of the gle-
noid with the portals depicted
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measured by all five surgeons. The means for each portals
in 16% defect for both glenoids are 9.2+ 1.75 SD for the
first portal, 8 +1.76 SD for the second portal, 6.7 +1.70 SD
for the third portal, 10.2 +2.48 SD for the fourth portal,
and 10.4 +1.64 SD for the fifth portal. The mean percent
bone loss arthroscopic quantification by the five surgeons
for 16% defect for the left and right glenoids are shown in
Table 1. The means for each portals in 25% defect for both
glenoids are 17.8 +1.48 SD for the first portal, 16.5+1.96
SD for the second portal, 15.9 +1.52 for the third portal,
18.0+0.94 SD for the fourth portal, and 19.7 +1.7 SD for
the fifth portal. The mean percent bone loss arthroscopic
quantification for 25% defect for the left and right glenoids
are shown in Table 2. Inter-rater reliability measurement
revealed excellent average measures of intra-class correla-
tion coefficient of 0.977.

Fig.3 Schematic quantification
of glenoid bone loss by arthro-
scopic “bare spot method”

All the five varieties of posterior portal locations from
portal 1-5 revealed no significant difference in arthroscopic
quantification of glenoid bone defect as shown on one-way
ANOVA for 16% (P=0.159, P=0.162, P=0.094, P=0.816,
P=0.273, respectively) and 25% (P=0.424, P=0.883,
P=0.849, P=1.000, P=0.094, respectively) glenoid bone
defects (Fig. 4).

Discussion

The results of the study opposed our hypothesis. Arthro-
scopic glenoid bare spot method significantly underestimate
the true glenoid bone defect both in the critical value of 16%
and 25% defect on both the right and left glenoids. This
contrast with the study done by Provencher et al., where
they noted that arthroscopic quantification of glenoid bone

Dpr~Dra
X

%glenoid bone loss =
Dprx2

Table 1 The mean of measured

. Portal 1 (%)
percentages of glenoid bone

Portal 2 (%) Portal 3 (%) Portal 4 (%) Portal 5 (%)

defect in every posterior portal Observer 1 8 7 8 10 9

for each surgeon in 16% glenoid Observer 2 1 9 6 3 9

models as measured grossly by

a digital caliper and by 3D CT Observer 3 9 9 8 11 10
Observer 4 8 7 12 12
Observer 5 8 5 9 12

Table 2 The mean of measured Portal 1 (%)  Portal2(%)  Portal3(%)  Portal4 (%)  Portal5 (%)

percentages of glenoid bone

defect in every posterior portal Observer 1 18 15 18 18 18

for each surgeon in 25% glenoid Observer 2 13 13 14 17 20

models as measured grossly by

a digital caliper and by 3D CT Observer 3 19 19 17 19 21
Observer 4 17 15 16 19 21
Observer 5 17 15 15 17 20
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Effect of Portal location in 16% Bone Defect

Left glenoid

right glenoid CT scan

Portal 1 Portal 2 Portal 3 Portal 4 Portal 5

Fig.4 Portal location effect on the arthroscopic GBS method on
quantification glenoid bone defect in gross and CT scan measured
16% (a) and 25% bone defect glenoid (b). There was no significant

defect by glenoid bare spot method on cadaveric specimen
accurately estimates true 12.5 and 25% glenoid bone defect
in 14 cadaveric shoulder at 0° to the long axis of the glenoid
[14]. They, however, did not measure using an arthroscope,
instead they exposed the whole scapula and glenoid and used
a calibrated probe with digital calipers which are usually not
applicable in real setting of arthroscopic surgery. In addition,
their study used the cadaveric glenoid bare spot as reference
point of measurement which contrast our method of mak-
ing the center of the perfect circle concept as the reference.
Their study also revealed no significant difference of their
quantification using a 2 or a 3 o’ clock posterior portal. In
our study, the first portal placed in a standard posterior por-
tal of a real arthroscopy setting at 100’ clock of the right
glenoid (2 o’ clock on left glenoid) with the other 4 variable
posterior portals placed 10 mm superior, lateral, inferior to
the first portal does not significantly differ in measurements.

Several studies revealed different critical value in percent
of glenoid bone loss severity that necessitates a bony recon-
struction procedure. Burkhart describes significant bony
Bankart lesion as having a “inverted pear” shaped glenoid
on arthroscopic view [2]. Most authors recommends 25% as
the critical value for bone grafting [3, 6, 15]. Several stud-
ies, however, describes 20% as critical value of bone defect
[16-18]. In a cadaveric study by Shin et al., more than 15%
glenoid bone defect was considered as critical value that
which a soft tissue repair deemed insufficient to restore gle-
nohumeral translation, restricts rotational range of motion,
and leads to abnormal humeral head position [19]. In our
study, we use 16% and 25% defect as the critical margin of
bone defect.

Many authors suggested that the arthroscopic bare spot
method is unreliable based on inconsistent landmarks. How-
ever, Burkhart’s study emphasize that the landmark, glenoid
bare spot for measurement of the anteroposterior distance

Effect of Portal location in 25% Bone Defect

left glenoid right glenoid CT scan

Portal 1 Portal 2 Portal 3 Portal 4 Portal 5

difference in between right and left glenoid quantification and there is
no significant difference of value between every portal for both defect
size (P> 0.05)

is always present and always located at its center [8]. Most
authors emphasize that such landmark is not always present
in most of the cadaveric specimens and if present, is not
located almost always centrally in the inferior 2/3 of the
glenoid [5, 9-11]. Our study eliminated this questionable
factor of centrality of the glenoid bare spot both in arthro-
scopic and CT scan measurement by creating and marking
the center of the circle as the glenoid bare spot.

The cadaveric study by Provencher et al. revealed over-
estimation of glenoid bone loss using arthroscopic ante-
rior—posterior distance measurement [14]. They, however,
artificially created a glenoid bone defect oriented 45° to the
longitudinal axis of the glenoid. However, together with
other studies [17, 20, 21], we believe that most bony Bankart
lesion are oriented parallel or at 0° orientation to the long
axis of the glenoid.

The authors believe that one factor for the inaccurate
quantification of the glenoid bone defect size is the perspec-
tive distortion between the probe and the accurate plane to
measure the distance from anterior rim to the glenoid bare
spot and from the glenoid bare spot to the posterior rim.
In optics, perspective distortion is a transformation of an
object and its surrounding area due to the relative scale of
nearby and distant features. This factor is dependent to the
focal length of the lens used and to the distance and angles
between the objects measured and between the objects and
the lens. In an effort to demonstrate this factor, we objec-
tively measure from five of variants of posterior portal loca-
tion for the arthroscopic calibrated probe. All quantification
from all variants significantly underestimates the true gle-
noid bone defect. In addition, the cone of vision of the lens
of the scope should be as much as possible perpendicular
to both the points of measurements on the probe and on the
glenoid which is not usually possible in an actual anatomi-
cal arthroscopic bare spot method due to the presence of the
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humeral head. In actual shoulder arthroscopy of patients,
posterior portal placement and precise arthroscope location
does vary in between surgeons and glenoid version do vary
in between patients. This factor also question the validity
of arthroscopic bare spot method of glenoid bone defect
quantification.

In addition, the inferior 2/3 of normal glenoid only meas-
ures to 24—28 mm in greatest anteroposterior distance. Cal-
culating percent values from 24 mm denominator would
mean that a millimeter difference could mean 4-5% dif-
ference in glenoid bone defect quantification. In addition,
arthroscopic bare spot method is limited only to 1 mm incre-
ment of measurement.

We also noted that although there was some variability of
the per cent glenoid bone defect in between the raters, these
were not significant. Statistical significance was set to 95
percentiles with significant P value set as < 0.05. Inter-rater
reliability of overall quantification revealed an overall intra-
class correlation coefficient of 0.977.

There are several points of advantages of this study. (1)
The posterior portals are placed in a more consistent man-
ner rather than that using either a soft shoulder model or a
cadaver. (2) The scope is positioned in a constant location
at the antero-superior portion of the glenoid.

There are limitations of the current study. First, this is a
cadaveric study with small number of sample. The speci-
men was mounted on an arthroscopic shoulder model and
thus factors from actual version of glenoid, and effect of
presence of other soft tissue such as cartilage and labrum,
humerus and arthroscopic milieu were not included. Second,
this pilot study include only male gender and Asian ethnic
cadaver which did not consider the effect of gender, ethnicity
and body size due that may affect the glenoid size [22]. Our
study represent the pilot study, hence it does not necessitate
traditional power analysis despite the small number of sam-
ple [9]. Future study on a clinical setting with larger sample
size of observers may further validate the result of the study.

Conclusion

Arthroscopic glenoid bare spot method may underestimates
glenoid bone loss by 9 and 18% in a setting of 16% and
25% of critical glenoid defect, respectively. This additional
knowledge may help surgeons in managing anterior shoulder
instability. The authors recommend not relying on arthro-
scopic method of quantification or estimation of bone loss
using glenoid bare spot method.
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