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Abstract

Introduction There is little data available on non-operative treatment of anterior glenoid rim fractures (GRF). Nothing is
known about fracture size and displacement in comparison to clinical outcomes and instability in a mainly middle-aged
patient population. The aim of this study was to demonstrate the results of non-operative treatment in anterior glenoid rim
fractures with the special focus on potential instability/recurrence.

Methods The inclusion criteria were non-operatively treated anterior GRF of at least >5 mm width using the age- and gender-
matched Constant/Murley score (a.-/g.-CMS) and the Western Ontario Instability Index (WOSI). Radiographic parameters
(fracture morphology, displacement, major tuberosity fractures and Hill-Sachs lesion using initial CT and radiographs) and
the proportion of the fractured glenoid were detected (2D-CT-circle-method) and osteoarthritis (A.P. and axial radiographs)
was classified according to Samilson/Prieto. Proportion of fractured glenoid and medial displacement were correlated with
the recurrence rate and the clinical scores.

Results N=36 patients could be followed-up after a mean of 4.4 years [12—-140 month, average age: 58 (+ 13, 33-86) years].
The a.-/g.-CMS was 93 (£ 11, 61-100) points, and the WOSI was 81% (& 22%, 35-100%) on average. The mean intraar-
ticular displacement was 4 mm (+ 3 mm; 0—14 mm). The 2D-circle-method showed a mean glenoid fracture involvement of
21% (+ 11, 10-52%). Two cases of frozen shoulders and one case with biceps pathology were associated with the trauma.
Within the followed-up patient group re-instability has occurred in n=2 patients (6%) within the first two weeks after trauma.
Osteoarthritis was found in n=11 cases. There was no correlation between the scores and the fracture size/displacement [(a.-
/g.-CMS vs. displacement: r=— 0.08; p=0.6; vs. size: r=— 0.29; p=0.2); (WOSI vs. displacement: r=— 0.14; p=0.4; vs.
size: r=— 0.37; p=0.06)], but very large (>21%) fractures with displacement >4 mm showed slightly worse results without
significant difference (a.-/g.-CMS p=0.2; WOSI p=0.2). The apprehension test was negative in all patients at final follow-up.
Conclusion Non-operative treatment of anterior GRF was associated with overall good results within a mainly middle-aged
larger patient group. Re-instability is rare and is not associated with fragment size but can occur in the first weeks after
trauma. Size and dislocation of the fracture is not a criterion for the prognosis of potential instability.

Level of evidence Level 1V, retrospective case series.

Keywords Glenoid rim fracture - Bony bankart lesion - Instability - Glenoid fracture - Shoulder dislocation

Introduction

Large anterior glenoid rim fractures (GRF) are often asso-
ciated with shoulder dislocations and must be differenti-
ated from osteochondral avulsion lesions of the anterior
glenoid rim (“chip fractures”) that consist only of a small

D<1 Matthias Kénigshausen cortical fragment [14, 21]. According to the classifica-
matthias.koenigshausen @bergmannsheil.de tion of Ideberg et al., large GRF correspond to type 1B
Extended author information available on the last page of the article (>5 mm), while “chip fractures” correspond to small bony
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bankart lesions of the glenoid rim (1A, <5 mm) [14]. The
anterior GRF is mainly the injury of middle-aged patients
(>40 years or even > 50 years) as demonstrated by several
authors [14, 18, 21, 24, 27, 32], while smaller glenoid rim
lesions (chip fractures) usually concern mainly younger
individuals and may lead to anterior glenoid erosions [10,
34]. Next to shoulder dislocations, a further presumed
trauma mechanism is impaction of the humeral head (HH)
on the anterior glenoid rim without dislocation of the HH
[9].

Several studies have reported reinstability or recurrence
after non-operative treatment of primary shoulder disloca-
tion focused on chip fractures or reported a mixed cohort
without a clear definition between chip fracture and large
GRF without defect quantification by CT scan [11, 28-30].

Therapy for large GREF is still controversial within the
literature. Most studies of large GRF address operative
(open or arthroscopic) treatment [3, 4, 20, 24, 26, 27, 32,
33], whereas two different study centers demonstrated
good functional results after non-operative treatment with
only one case of re-instability but without relevant clinical
osteoarthritis (OA) [18, 21, 38]. However, clinical out-
comes of non-operatively treated larger patient groups and
the influence of size and dislocation of the fragment on
recurrence after non-operative treatment has never been
investigated. Thus, the aim of this study was to answer the
following questions:

1. What was the outcome after non-operative treatment of
anterior GRF within a larger patient group?

2. Is there a correlation between radiologically measured
fragment size and displacement with clinically detect-
able instability or recurrence?

3. Are biomechanical tests of anterior chronic glenoid bone
loss within the literature valid for prognostic estimation
of instability of “acute defects” in anterior GRF?

Patients and methods

Patients that had a non-operatively treated GRF (“bankart-
fracture” or “bony bankart lesion”, Ideberg 1B:>5 mm
width of fragment [14]; according to Scheibel et al. [32]:
Ib [solitary fragment] and Ic [multifragment]) were identi-
fied retrospectively. Small glenoid rim lesions (chip frac-
tures, <5 mm, Ideberg 1A) and fractures of the fossa glenoi-
dalis (Ideberg 2-5 [14, 17, 23]) were excluded.

Indications for non-operative management included a
fracture size of up to 1/3 of the glenoid surface even though
there are no reliable data available regarding limits of frac-
ture size. The concentricity of the humeral head in the ante-
rior—posterior (A.P.) and axial radiograph or CT scan was
the most important requirement for non-operative manage-
ment (Fig. 1).

The degree of fragment dislocation was usually not a
decisive criterion for either operative or non-operative
treatment because no clear rules are provided within the lit-
erature. An exception are displaced fragments lateral to the
glenoid plane into the inferior recessus, which was seen as
an indication for surgery. Additionally, the general health of
the respective patient was taken into account in the treatment

Fig. 1 Concentrically reduced humeral head in the A.P.-radiograph is the main prerequisite for nonoperative treatment of GRF and represents

the main criterion within radiographic controls (b CT en face view; a A.P.)
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decision and patients that declined an advised surgery were
treated non-operatively.

Clinical follow-up

The identified patients were invited to take part in the study
after obtaining informed consent. The patients were ques-
tioned regarding their past history since the trauma with
regard to redislocations, feelings of instability or any surgery
of the affected shoulder. Then, the patients were examined
clinically with a focus on instability and range of motion
(ROM). The apprehension test at 90° abduction was used,
the Western Ontario Shoulder Instability Index (WOSI)
[7] and the age- and gender-matched Constant and Murley
score (CMS) [6] were collected and were correlated with the
size and the displacement of the glenoid fracture. Ethical
approval for the study was given by the local ethical board.

From 1996 to 2013, n=58 large Ideberg 1B fractures
were initially treated non-operatively, of which n=3 were
treated operatively after re-instability and were excluded
from the follow-up (remaining n =55 potentially available
for the study). There were n=11 (20%) patients who could
not be reached either because they deceased of unknown
causes or the address had changed in the interim. Finally,
n=44 patients (80%) could be contacted successfully and
could be asked about instability in the past since the initial
trauma. Finally, n=36 of those patients could be enrolled in
the follow-up, because n=_8 patients did not want to come
for the follow-up examination, but they indicated that the
shoulder had remained stable since the initial trauma without
any recurrence (Fig. 2).

The non-operative management included a sling in inter-
nal rotation in n =32 patients for 1-3 weeks with pendulum
exercises for 1 week and then free ROM. In n=4 patients,
the shoulder was immobilized in external rotation for three
weeks.

Radiographic analysis

In n=30 (83%) of the followed-up patients, CT scan was
available for analysis in addition to A.P. and axial radio-
graphs (in n=2 additional MRI was used). The fracture
dimensions (length, width, etc.) and the morphology of the
fracture line were captured with CT scan and divided into
straight fracture line (72%) or uneven or rounded line (14%)
(not definable in 14%). In patients with only conventional
radiographs (n=6, 17%), only the length and the medial
displacement of the fragment could be measured with A.P.-
radiographs, of which a good correlation with CT was shown
by Maquieira et al. [21].

The trauma mechanism was differentiated between shoul-
der dislocation and only subluxation of the HH resulting in
impression fractures without locking at the anterior glenoid
rim. If the trauma mechanism could not be defined clearly
within the database, or if there were no radiographs showing
the HH dislocated, the radiographs and/or CT scan were ana-
lysed for Hill-Sachs lesions (HSL), which proves a previous
complete locked dislocation of the HH. Current and most
recent radiographs were analysed regarding healing of the
fragment, osteoarthritis (classified according to Samilson/
Prieto [31]) or possible chronical decentricity.

n=58 patients with non-
loperative treatment of GRF

—

n=3 with operative treatment after
reinstability within the first weeks after
trauma (excluded from follow-up)

N\

n=55 patients potentially
lavailable for follow-up

n=11 could not be
contacted

n=44 patients contacted and

asked about instability in the past

n=8 refused follow-up
lexamination

n=36 patients enrolled in

the follow-up examination

Fig.2 Flowchart of the non-operatively treated patients and inclusion in the study
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We critically revised the different methods for the CT
scan for the glenoid surface in defect 3D-measurements
[1, 5, 34] and 2D-measurements [1, 2, 10, 37] and descrip-
tions of their respective advantages, whereas other authors
reported no differences between 3 and 2D measurements
[12, 19]. With the aim of obtaining the most exact calcula-
tion, we chose the technique of Wambacher et al., because
of the advantage of measuring the surface within one exact
and reproducible plane [37] (CT-2D en-face view),which is
similar to the circle method of Baudi et al. [2]. In contrast
to rounded fracture lines, a valid surface quantification is
possible in cases with a straight or almost straight fracture
line. The diameter of the contralateral (intact) glenoid serves
as the reference for the affected side, and an identical circle
with the same diameter was drawn on the glenoid surface.
The measurements yield an angle “o”’, which is then used
for the simplified “formula” shown in Fig. 3.

In cases of either additional affections on the contralateral
shoulder or deficient reconstructions (n=10,28%) on the
contralateral healthy side, the best fitting circle was drawn
on the affected side on the posterior-inferior cortex of the
glenoid. Two studies reported that the circle method could

Fig.3 This segment A of the
circle is the sum of a triangle B
and the fracture C (A=B+C,
see Figure). The area of C can
be obtained by subtracting

B from A, both of which are
derived by elementary trigo-
nometric theory. Finally, C is
expressed as a percentage of the
total circle size (see Formula
and Figure). Calculation: For-
mula I calculates the radian a
(r) based on angle a in degrees
(°). With Formula 2, the
percentage of glenoid surface
fracture involvement (area C,
Figure) can be calculated using
a (r) (from Formula 1) and the
sinus of the measured angle.
An exemplary calculation of
the GRF in Figure is presented
below with a measured angle of
109° resulting in 15% glenoid
fracture involvement (formula
derived and recalculated from

Wambacher et al. [37]) Formula 1

(i) = o (:gox Vs

Example with a=109°:

109 x
& (r) - 180 =

@ Springer

=1.902

be used accurately without contralateral glenoid measure-
ment [1, 12]. However, to verify these findings we tested
the interobserver reliability for the circle method in cases
without contralateral glenoid assessment using 12 stored
thin-layer CT scans and created artificial defect sizes (15%
and 30%) in the en-face view and two of the authors selected
the best fitting circle at the posterior-inferior cortex in each
glenoid (Siemens software Syngo.via VB10B, Miinchen,
Germany). The intraobserver measurement revealed a sig-
nificant correlation between the measurements for both of
the investigators (first investigator: 15% defect: r=0.98; 30%
defect: r=0.96; second investigator: 15% defect: r=0.96;
30% defect: r=0.90), and the interobserver correlation
coefficient was also high (15% defect: r=0.97; 30% defect:
r=0.93).

Additionally, the defect sizes were calculated using the
3D method of Itoi et al. [15] established for chronic glenoid
erosions to verify whether these biomechanical results can
be used for prognostic estimation of instability in acute frac-
ture situations (Itoi et al. found that an osseous defect with
a width of at least 21% of the glenoid length significantly
decreases stability after only bankart repair). Additionally,

Formula 2
o= 50x () = sin(@)
[
C =50 (1.902 = sin(109%)) _ 15%

T
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these calculations are used for better comparison with the
measurements within other studies dealing with GRF. The
measurement is performed by en-face 3D-CT scan of the
glenoid with a circle drawn with a diameter of the outer fit-
ting circle of the glenoid and measurement of the distance
from the outer circle to the fracture line (width in percent of
the glenoid length) [32, 35].

Statistical methods

The mean values, percentages and statistical differences
were calculated, and statistical significance using the
unpaired ¢ test was defined as p < 0.05 (using SPSS statistical
program® [SPSS Inc., Chicago, IL, 24.0]). The correlation
coefficient was used including the Pearson test.

Results

The average follow-up period of the n=36 patients was
53 months (4.4 years; 12—140 month).

Clinical follow-up

The a.-/g.-CMS was on average 93 points (+ 11p, 61-100p),
and the WOSI was on average 81% (x 22%, 35-100%)
(Fig. 4, Clinical results see Table 1). The apprehension test
was negative in all patients at final follow-up.

n=3 (8%) had operative interventions on their shoulder
since the initial trauma. There was posttraumatic shoulder
stiffness in two patients. One patient needed an arthrolysis
6 months after injury, and one patient suffered a polytrauma
with additional injuries (e.g., fossa glenoidalis fracture at
the opposite site) and presented with posttraumatic shoul-
der stiffness after prolonged ICU stay. In another patient
with shoulder dislocation, persistent pain at the long head
of the biceps tendon (LHB) 5 months after trauma led to
an arthroscopy in which the glenoid fracture was found to
be healed, but the labrum was ruptured, and an additional
pulley lesion was detected. A tenodesis of the LHB was sub-
sequently performed.

One additional patient (58 years) presented with pain-
ful but tolerable LHB at the examination 3 years after the
trauma, but the duration of the pain could not be determined
retrospectively. One patient described mild pain but with
free ROM 5 years after trauma, and an antero-superior
non-retracted tear of the supraspinatus tendon without
fatty infiltration of the muscle (MRI) was found (treated by
rotator cuff repair six years after trauma), whereas a direct

correlation with the trauma 5 years ago remains unclear
because of the lack of an initial MRI.

Radiological analysis and correlations

The intraarticular step-off (medial displacement) was on
average 4 mm (+ 3 mm; 0—14 mm). The measurement within
the en-face slices showed a glenoid fracture involvement of
21% (x 11%; 10-52%) on average. Derived from the meas-
urements of Itoi et al. [15], the fractured surface involve-
ment had a mean of 25% (+ 6.6; 17-40%). The majority
of the patients (n=28; 78%) showed a non-dislocated or
an already spontaneously reduced HH immediately after
trauma. An HSL was found in most of the patients, whereas
in only n=7 patients (19%), no HSL could be detected, and
all these shoulders were concentrically reduced in the initial
radiographs (Table 2).

Practically no correlation was found between the a.-/g.-
CMS and the degree of displacement (r=— 0.08; p=0.6)
and the fracture size (r=— 0.29; p=0.2). Additionally,
there was no correlation between the WOSI and the degree
of displacement (r=— 0.14; p=0.4) and the fracture size
(r=—-0.37; p=0.06) (Differentiation of fracture morphol-
ogy and clinical results see Table 3).

OA, which had developed in the meantime, was found
in n=11 patients [n=7 patients: grade II (n=2 of these
patients had already grade I at the time of trauma), n=4:
grade III] (Fig. 5). Three patients had pre-existing OA (grade
[-II) within the radiographs after trauma without progres-
sion. In comparison between the patients with and without
OA, the patients with OA were on average slightly older
at the time of trauma (60 years vs. 56 years, p=0.6) and
showed slightly worse results in the clinical scores (a.-/g.-
CMS: 88 vs. 93 points; WOSI: 73% vs. 82%).

Reinstability

Of all primarily non-operative treated n =358 patients,
detected or reported re-instability could be found in n =5
patients [fracture displacement on average 4 mm [+ 2 mm)],
average age: 69 years]). There were redislocations found
within radiographic controls in n=2 patients (18% and 22%
fracture size, 6 mm and 2 mm displacement), both within
the first week after the trauma and these two patients were
then treated surgically and excluded from the follow-up. In a
further patient, a decentricity (or subluxation) of the HH was
detected in the regular radiograph control after 3 days with
subsequent operation (excluded from follow-up).

Within the followed-up patient cohort (n=36), reinstabil-
ity was retrospectively detected in two patients (6%) within
the first days or weeks after trauma. In one of these patients
decentricity was found after 14 days, but with continued
non-operative treatment without detectable instability in
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Fig.4 Non-operative treatment of an anterior GRF (a 3D-CT, enface
view) in a 56-year-old patient after shoulder dislocation with a con-
centrically reduced humeral head (b A.P.-radiograph) without redis-

the following years. Within the interview, the other patient
reported redislocations within the first week after trauma
with autonomous reduction. Surgery was then advised, but
the patient refused, and the shoulder remained stable until
follow-up within the examination.

All the patients with re-instability had an HSL, and none
had a fracture of the major tuberosity.

@ Springer

location or signs of instability across the remaining course of 6 years
and a healed fragment (¢, d A.P. and axial-radiograph)

Discussion

The results demonstrate that fragment size or displace-
ment is not correlated with instability in large anterior
GRF within a mainly middle-aged patient group. The rate
of recurrence after non-operative treatment is low, and all
recurrence occurred within the acute or “vulnerable” period
(within the first days and weeks) after trauma. Most patients
showed very good to excellent clinical results. The present
study is the largest followed-up cohort of non-operatively
treated large anterior GRF, and a reproducible fracture
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Table 1 Demographics and range of motion of patients after non-operatively treated anterior GRF (mean values, ranges, standard deviation and

statistical difference)

Patient age (years)

Sex

Side affected
Non-/Dominant side affected
a.-/g.-CMS

WOSI

Trauma: 58 + 13 (33-86)
Female: n=19

Right: n=27 (75%)
Dominant side: n=25 (69%)

Follow-up: 62 + 13 (35-87)
Male: n=17

Left: n=9 (25%)

Non-dominant side: n=11 (31%)

93 points (+ 11 points, 61-100 points)

81% (= 22%, 35-100%)

Range of motion Affected side

Flexion

Abduction

External rotation (0—10 points within Constant score:
external rotation with the hand back of the head
including elbow position)

163°+ 26 (90-180°)
9+ 1 points (6-10)

Internal rotation (0—10 points within Constant score:
position of the hand on the back)

9+ 2 points (6-10)

169° + 20 (120-180°)

Contralateral side Statistical
Differ-
ence

175°+ 13 (120-180°) p=0.3

173°+ 15 (110-180°) p=0.1
9+ 1 points (8-10) p=0.1

9 + 0.5 points (8-10) p=0.2

Table 2 Pathomorphology and fracture characteristics in n=36 patients after non-operatively treated anterior GRF (mean values, ranges, stand-

ard deviation and statistical difference)

Averaged size of glenoid fracture

Averaged medial displacement of the (major) fragment (coronary plane)
Averaged displacement of the (major) fragment in the glenoid plane (sagittal)
Mean fragment length

Mean fragment width

Number of fragments

Hill-Sachs-lesion
Major tuberosity fracture
Position of humeral head at initial radiographs after trauma
Locked humeral head at anterior glenoid
Non-dislocated or already spontaneously reduced
Subluxation

21% (+ 11%; 10-52%)

4 mm (£ 3 mm; 0-14 mm)

3 mm (+ 2 mm; 0-8 mm)

24 mm (+ 4 mm; 17-36 mm)
9 mm (+ 3 mm, 5-14 mm)

1 fragment: n=30 (83%)
2 fragments: n=>5 (14%)
comminuted: n=103%)

Yes: n=28 (78%)
Yes: n=5 (14%)

No: n=8 (22%)
No: n=31 (86%)

n=17(19%)
n=28 (78%)
n=1(3%)

Table 3 Differentiated correlation between displacement/ fractures sizes and clinical results of the patients (mean values, ranges, standard devia-

tion and statistical difference)

Non-displaced/ slightly displaced fragments Widely displaced fragments (4—14 mm,  Statistical
(0-3 mm, mean 1.6 mm) mean 5.8 mm) difference
Patients (n) n=19 n=17
Mean age 58 years 67 years
a.-/g.-CMS 92 points + 11 94 points + 12 p=0.7
WOSI 79% + 20 81%+ 25 p=0.8
Fracture size <20% Fracture size >21%
(10-20%; mean 16% =+ 3) (23-52%; mean 34% + 12)
Patients () n=19 n=3_8
Mean age 58 years 67 years
a.-/g.-CMS 94 points + 11 87 points + 16 p=02
WOSI 83%+ 17 69% + 29 p=02
Fragment displacement Mean 3 mm+ 2, 0-7 mm Mean 6 mm =+ 3, 4-14 mm p=0.01
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Fig.5 48-year-old patient with a minimally displaced non-operatively treated GRF (a 3D-CT, enface view) presented moderate OA (b A.P.-
radiograph) 4 years later without reinstability and a free ROM (b, ¢ A.P. and axial-radiograph)

quantification was performed for the first time in conserva-
tive glenoid fractures.

Ideberg was the first author describing non-operatively
treated anterior GRF and found good to excellent results
but no information to ROM or scores were given.[13].
Maquieira et al. published the first analysis of a patient
group of non-operatively treated large GRF with meas-
ured displacement of the fragment in 14 patients and found

@ Springer

excellent clinical results without reinstability [21], and
another recently published trial (with 30 patients) detected
excellent results with only one case of reinstability [38]. A
further study confirmed those results in ten patients, and
no recurrence or signs of clinical instability were reported
[18]. Within these studies, no further complications or
concomitant lesions were found [18, 21, 38].
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Salomonsson et al. reviewed 12 cases of GRF and found
that bony bankart was a positive predictive factor for stabil-
ity [30].

Sugaya et al. [34] described the morphology of the ante-
rior glenoid rim with a residual bone fragment in 50% of
their recurrent cases. However, the size of the fragments
is of importance in the assessment. Sugaya et al. reported
only one fragment representing 26.9% of the glenoid (using
3D-measurement), whereas all other fragments were of
medium size (10.6% on average) or small size (2.9% on
average) with an overall average fragment size of 7.7% (!)
within the patient group, which corresponds to small “chip
fractures” in most of the cases. In contrast to that finding,
the fragment size in our study was on average 21% (= 11%)
using a similar quantification circle technique as described
by Sugaya et al. Furthermore, in the study by Sugaya et al.
[34], the average age of the patients with recurrence was
24 years, whereas the average age within our patient group
was 58 years. Thus, in our eyes, the age of the patient group
has to be considered for interpretation of the data because of
the well-known fact that younger individuals have a higher
risk for recurrence [22, 29, 36]. This finding is confirmed
by the fact that the patient series of the above-mentioned
studies of non-operative treated GRF had a mean age of
53 years [21], 57 years [18] and 48 years with only one case
of instability [38].

Most chronic glenoid defects are not caused by large
GRF but are the result of recurrent erosion [10, 22]. The
biomechanical study of Itoi et al. [15] provided important
findings for the understanding of these chronic defects
(>21% of bony defect significantly decreases stability) but
can obviously not be generalized to acute glenoid defect
situations, as is sometimes brought into context within
the literature [4, 24]. Because the measurement of defects
related to the glenoid using the technique of Itoi et al. [15]
showed a mean 25% defect size within our patient group,
which would be expected to result in a significantly higher
recurrence rate over several years (90% [!] of the patients
with a glenoid fracture measured with this method had a
defect >20% within our study). The “acute glenoid defect”
represents another pathology, whereas hypothetically, the
existing fragment (with its labral ring) may have a “bracing”
effect in cases of non-displaced fractures. However, interest-
ingly, no instability could be found in the apprehension test
at the follow-up, even in widely displaced fragments, and
the intraarticular displacement was the same within patient
group without recurrence compared to the patients with
recurrence (both 4 mm on average).

For the role of the soft tissue “stabilizers” (labrum, cap-
sule, etc.), no statement can be given. Against this back-
ground, Plath et al. [25] reported in their series of arthro-
scopically refixed bony bankart lesions that a remaining
glenoid bone deficiency or non-union did not influence the

outcome, and Kim et al. [16] showed that, in small GRF, a
soft tissue repair alone may be sufficient. Thus, the impor-
tance of the anterior bone fragment for stability remains
unclear in acute GRF as well as the limits between opera-
tive and non-operative treatment, whereas both study groups
treated patient cohorts with a lower average age (41 years
[25] and 29 years [16]) in which reinstability may be rather
expected, which makes surgical treatment reasonable.

A fracture of the greater tuberosity was not a predic-
tive factor for reinstability in our study, which confirms the
findings of other authors for general shoulder dislocations
within a similar age group [11, 36]. Additionally, most of
the patients (78%) in our study had an HSL, but all of the
patients with a recurrence had an HSL, which shows that
the patients with recurrence must have been locked at the
anterior glenoid rim at least for seconds at the initial trauma.
Next to shoulder dislocations, the underlying study shows
that a direct impaction or impression of the glenoid without
locking the HH seems to be a substantial but a rarer trauma
mechanism shown by the lacking HSL and reduced HH in
the initial radiographs in 22% of the cases.

Within the existing studies of non-operative treated GRF,
mild osteoarthritis was found in one study in three (of 14)
patients with grade I-II Samilson/Prieto (after a mean of
5.6 years) [21], within another study after 2 years in one
(of 10 cases) (grade I Samilson/Prieto) [18], and a further
study reported seven (of 30 cases) with OA (grad I-IV Sam-
ilson/Prieto) [38]. OA was also reported within studies of
operative treatment of GRF. Within a study of an arthro-
scopically treated cohort of acute and chronic cases with a
bony fragment, 70% full-thickness cartilage defects could be
revealed after a mean of 82 months [25]. Another study of
arthroscopic fixation of GRF with overall almost anatomic
reconstruction of glenoid surface showed signs of OA in 7
of 23 cases, whereas the patients with OA within the cohort
were 10 years older on average at the time of surgery [32].
Within our study, OA was found in 11 patients with slightly
worse results in the clinical scores. Against this background,
Edelson found in an anatomical analysis of 500 mature adult
skeletons 27 specimens with GRF and HSL but without
severe degenerative changes [8]. All those studies show that
the development of OA in GRF is largely not yet understood.

The loss of follow-up is a limitation of the study, which
is caused by the partially mid- and long-term follow-up
period and the retrospective study design. The results are
representative of middle-aged patients and no comprehen-
sive statement can be given about younger patients (e.g. <40
or <30 years) in which non-operative therapy should be
seen critically in terms of re-instability. An adequate inter-
pretation of OA in relation to size and displacement of the
fracture is not sufficiently possible, because of the different
follow-up periods within the cohort. A further limitation is
that n =6 patients only underwent conventional radiographs
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initially, and no CT data after trauma were available for anal-
ysis. Finally, there is no control group presented here.

The general agreement for indication for non-operative
treatment is a glenohumeral centricity in the A.P. view [9,
18, 21]. Interestingly, the degree of displacement of the GRF
showed no difference in the clinical scores in the patient group.
In contrast, the patients with very large (and more displaced)
fragments showed slightly worse results in the a.-/g.-CMS and
worse results in the WOSI score, but without significant differ-
ence. However, the patients with larger fractures were 9 years
older on average, and it has been demonstrated, at least for the
CMS in the literature, that age may influence the clinical out-
comes [6]. Because of that fact and because of low statistical
power in the group of advanced fracture sizes, an exact limita-
tion of non-operative management cannot be given.

Acute or degenerative concomitant lesions (rotator cuff,
LHB) were partially found within studies of arthroscopic
or open refixation of the GRF [32, 33, 35]. Due to the fact
that shoulder stiffness was found in two patients and symp-
tomatic LHB pathology was detected in two cases, an addi-
tional MRI is recommended to exclude concomitant lesions,
which could indicate surgical intervention.

Further studies with comparison between operative and
non-operative treatment are necessary to more precisely
qualify the limits of non-operative treatment of large ante-
rior GRF.

Conclusion

Most of the patients had good to excellent results after several
years, which demonstrates that non-operative treatment is a
successful alternative to operative management in middle-
aged patients if there are no concomitant lesions in the rec-
ommended MRI and if the HH is concentrically reduced. The
recurrence rate is low in these middle-aged patients but can
occur within the subacute period (days/weeks) after trauma.
Control radiographs are essential to avoid potential neglected
decentricity or dislocation. Stability or re-instability did not
depend on fracture size or displacement of the fragment.
However, significantly larger anterior GRF sizes (with a dis-
placement) should be evaluated critically for non-operative
treatment but the limit of non-operative treatment remains
unclear. Biomechanical trials of chronic glenoid deficiency
are assessed as being not adequate for prognostic evaluation in
terms of instability within the acute glenoid fracture situation.
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