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Combined glenohumeral fractures of
the humeral head and the glenoid
are rare fracture combinations

and their treatment depends on
different criteria. When treating
these fractures, one has to consider
the fracture morphology of both
fracture localizations at the proximal
humerus, on the one hand, and

at the glenoid, on the other hand.

In terms of fracture localization,
greater tuberosity fractures can

be distinguished from proximal
humerus fractures (with subcapital
fracture component), both of which
may occur with glenoid fractures. On
the glenoid side, the more frequent
large glenoid rim fractures and the
rarer glenoid fossa fractures can be
found together with a fracture of the
proximal humerus.

In recent decades, proximal humerus
fractures have been intensively re-
searched, which is reflected by numerous
publications in the literature [1, 6, 7, 11,
18-20, 23-25, 27, 31, 32, 38, 41, 42,
48-50, 53]. Glenoid fractures have also
been considered in a more differentiated
manner in recent years and relevant
studies have been published [2, 4, 9, 15,
21, 22, 26, 28, 33, 34, 45, 46, 51]. How-
ever, only few data are available about
simultaneously occurring (combined)
glenohumeral fractures, and their spe-
cific therapy in the literature is mostly
described as isolated cases in studies
focusing on glenoid fractures or in case
reports [12, 28, 33, 37, 39, 51]. These
combination fractures potentially in-
volve the anterior glenoid rim (Ideberg
et al.: 1B [15], Euler-Riiedi: D1 [10],
Scheibel et al.: 1b/c [47]) and the glenoid
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fossa fractures (Ideberg et al.: II-V, Eu-
ler-Ritedi: D2/3) combined with greater
tuberosity or proximal humerus frac-
tures (Neer I-VI), and all combined
glenohumeral fractures are potentially
summarized in one type of combination
fracture as type E Euler-Riiedi [10].

The aim of the present baseline study
was to analyze all the different fracture
types ofthe glenoid and the humeral head
in combined glenohumeral fractures us-
ing a specific classification for these frac-
tures. Furthermore, the morphology of
the fracture is evaluated, the choice of
treatment is demonstrated, and any com-
plications encountered during follow-up
are described. In addition, a summary
of the existing literature about gleno-
humeral fractures is given.

Patients and methods

Data collection

All combined fractures of the prox-
imal humerus and the glenoid were
reviewed retrospectively using an in-
stitutional ~database (Bergmannsheil
Bochum, Ruhr University, Level I trauma
center) covering the period 1998-2016.
All glenohumeral fractures identified
on the humeral side were differenti-
ated into proximal humerus fractures
(and the respective number of fracture
parts derived by Codeman [8] and Neer
[35]) or only isolated greater tuberosity
fractures (one or two fragments or com-
minuted) and into large fractures of the
glenoid rim (one or two fragments or
comminuted) or glenoid fossa fractures
(Ideberg et al. classification [15]). The
authors define a glenoid rim fracture
as an isolated fracture of the glenoid

(without the scapula) with the exclusive
involvement of the cancellous part of the
glenoid (including the glenoid cortical
wall). The “large” glenoid rim fracture
must be differentiated from small chip
fractures, which usually consist of only
a small cortical fragment [34, 54]. By
contrast, the fossa fracture is defined
as a glenoid fracture with its extension
into (the cortex of) the scapula (e.g.,
including the lateral, medial, or supe-
rior border [margo medialis/lateralis/
superior] or coracoid process).

Fracture classification

We divided “glenohumeral combination
fractures” into four types in a classifi-
cation shown in @ Table 1. This classifi-
cation takes into account the increasing
size/severity of the glenohumeral frac-
ture parts involved. The very rare addi-
tional coracoid process fracture, which
can occur simultaneously with an ante-
rior glenoid rim fracture and a greater
tuberosity fracture, was not seen at our
hospital but is described in case reports
or case series [40, 52] and is subsumed
as type 1b.

Fracture characteristics and morphol-
ogy were distinguished and the degree of
displacement of the glenoid fracture and
the isolated greater tuberosity fracture
was measured (in millimeters). Glenoid
fractures were defined as having no or
mild displacement (0-3mm) or as dis-
placed (24 mm; [22]). There is no con-
sistent and clear definition of displace-
ment of the greater tuberosity fracture
in the literature. The authors generally
use three categories of greater tuberosity
fracture displacementin whicha “moder-
ate” displacement is considered because
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Table 1 Classification of glenohumeral combination fractures

Type 1a:  Large glenoid rim fracture (GRF) AND greater tuberosity fracture (GTF)
Type 1b:  Typ 1a with additional coracoid process fracture (CPF)

Type 2: Large glenoid rim fracture (GRF) AND proximal humerus fracture (PHF)
Type 3: Glenoid fossa fracture (GFF) AND greater tuberosity fracture (GTF)
Type 4: Glenoid fossa fracture (GFF) AND proximal humerus fracture (PHF)

of its controversial indication for ther-
apy. Thus, tuberosity fractures between
0 and 2 mm were defined as mild or non-
displaced, those between 3 and 4mm
were defined as moderately displaced,
and those of =5 mm were defined as dis-
placed.

Indications for surgery

The indications for surgery of large
glenoid rim fractures are under debate.
We usually indicate surgery in cases
of 220% anterior glenoid surface in-
volvement in combination with medial
displacement of =3mm or a fracture
gap of 25mm (enface view) in middle-
aged patients. In younger individuals
(<35 years), the indication for (usually
arthroscopic) refixation is more stringent
with the aim of restoring the glenoid
surface to avoid re-instability. In glenoid
fossa fractures we consider the limit for
operative treatment to be 24 mm medial
displacement and =4mm fracture gap
(enface view) because of the inferior re-
sults achieved for glenoid fossa fractures
in a nonoperatively treated case series
of patients with =5 mm displacement or
=5mm fracture gap [22]. The indica-
tion for surgery for greater tuberosity
fractures is 24 mm cranial displacement
and =5mm posterior displacement and
for proximal humerus fractures the Neer
criteria [36] are applied (in addition to
the 4-mm limit for cranial tuberosity
displacement) with, additionally, a tilt
of the humeral head of more than 20°.
The concentricity of the humeral head is
a prerequisite for nonoperative treatment
in order to avoid chronic decentricity,
which can occur in glenoid fractures.
The criterion of concentricity can only
be reliably used in combined fractures
with only tuberosity fractures (type 1
and type 3), because in most cases of
proximal humerus fractures (type 2 and
type 4) the humeral head is displaced

and, therefore, cannot be used for the
assessment of the centricity. However,
specific patient conditions (e.g., age,
comorbidities) were considered in all
these indications, and in some cases,
surgery was indicated individually by
the treating surgeon.

Follow-up

All of the patients had initial con-
ventional radiographs (anteroposterior
[a.p.] view and axial view/Y view) and
in most cases (n=42, 81%) a computed
tomography scan (CT) in the initial
imaging, which were all analyzed. In
total, 44 patients (85%) returned for
follow-up after 25 months on average
(2-168 months). Eight patients (15%)
did not return and were lost to follow-up.
Within the different groups, the respec-
tive treatment (operative/nonoperative)
and potential secondary interventions
were analyzed regarding reason and type
of surgery. In addition, detectable or
documented complications during the
follow-up were evaluated. Age, gender,
and trauma mechanism were noted. In
the case of nonoperative treatment of
both fractures or one of the combined
fractures, pendulum exercises were rec-
ommended for 10 days followed by
passive range of motion (ROM) with up
to 90° abduction/flexion for 4-6 weeks.
In the case of operative treatment, the
standard postoperative protocol usu-
ally includes passive ROM with 60°
abduction/flexion for 3 weeks and sub-
sequently 90° passive ROM for a further
3 weeks; in exceptional cases, however,
the treating surgeon may make individ-
ual decisions regarding the postoperative
rehabilitation protocol depending on the
intraoperative findings.

Results

In total, 52 patients with a combined
glenohumeral fracture were identified
retrospectively; type 1 glenohumeral
combination fractures were the most
frequent (n=26) fracture type followed
by type 2 (n=20). Glenohumeral combi-
nation fractures with involvement of the
glenoid fossa were rarely encountered:
There were four type 3 and two type 4
glenohumeral combination fractures.

Type 1

The patients with a large glenoid rim frac-
ture combined with a greater tuberosity
fracture (n=26) had an average age of
64 years (25-92 years, female: n=14,
n=male: n=12). The most frequent
trauma mechanisms were shoulder dis-
locations in 24 cases (92%) and a direct
impact on the shoulder in two cases (8%).

The overall displacement (coronary
plane) of the large anterior glenoid
rim fracture was 84mm on average
(0-21mm) and the displacement in the
en-face view (sagittal plane, “fracture
gap’) was 5mm on average (1-14mm).
In the majority of cases (n=21, 81%),
the large glenoid rim fracture consisted
of one fragment (two fragments: n=3
[11%], comminuted: n=2 [8%]).

The greater tuberosity fracture of all
shoulders with type 1 fracture was dis-
placed by 4.5 mm on average (0-20 mm).
The greater tuberosity displacement was
classified as no or mild displacement in 13
patients, moderate in six, and as displaced
in seven patients. Regarding the dif-
ferentiation into the respective direction
of the dislocation, the greater tuberosity
was displaced cranially in ten (on average
3mm) of the shoulders and posteriorly
in 11 (@ 7mm; nondisplaced: n=5, @
0mm). In the patient cohort, the greater
tuberosity consisted of one fragment in
eight patients, two fragments in four pa-
tients, and it was comminuted in most
of the cases (n=14).

The therapeutic management of the
patients differed in the cohort. In 11
(42%) patients, both lesions were treated
nonoperatively and in nine patients
(35%) the combined fractures were
treated surgically (including two older

Obere Extremitat 2 - 2019 | 119



Abstract - Zusammenfassung

© The Author(s) 2019

Abstract

Background. Glenohumeral combination
fractures are severe shoulder injuries for
which, however, few data are available in the
literature. The aim of the study was to analyze
the incidence and numeric distribution

of glenohumeral combination fractures
using a classification system. Furthermore,
treatment methods and complications are
discussed.

Methods. This retrospective study is based
on the data evaluation of a level | trauma

combination fractures are classified into four
types, and the incidence, treatment method,
and complications are evaluated. Additionally,
the fracture morphology and displacement of
the different fracture types are analyzed.

center between 1998 and 2016. Glenohumeral
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Results. In total, 52 patients with a glenohu-
meral combination fracture were identified.
There were 26 (50%) type 1 fractures (anterior
glenoid rim fracture/greater tuberosity
fracture), 20 (38%) type 2 fractures (anterior
glenoid rim fractures and proximal humerus
fractures), four (8%) type 3 fractures (glenoid
fossa fractures and greater tuberosity
fractures), and two (4%) type 4 fractures
(glenoid fossa fractures and proximal humerus
fractures). In the majority of patients (n=25),
both lesions of the combined fractures were
treated operatively, in 15 both fractures were
treated nonoperatively, and in 12 patients only
one of the two lesions was treated surgically.
Complications were encountered in 21% of
cases, particularly on the humeral side.

Conclusion. Glenohumeral combination
fractures are rare. Type 1 and type 2 fractures
are the most frequent combination fractures.
The indications for treatment are based

on the displacement of the respective
fragments, which can be addressed during
the same operation if surgery is indicated.
Complications are more frequently found on
the humeral side.

Keywords

Glenoid cavity - Proximal humerus - Combi-
nation fractures - Fossa glenoidalis - Glenoid
rim

Zusammenfassung

Hintergrund. Glenohumerale Kombinations-
frakturen sind schwere Schulterverletzungen,
liber die jedoch kaum Daten innerhalb der Li-
teratur vorliegen. Ziel der Studie war es daher,
die Inzidenz und die numerische Verteilung
glenohumeraler Kombinationsfrakturen zu
analysieren und anhand einer Klassifikation
darzustellen. Dariiber hinaus werden die
Behandlungsmethoden und die einzelnen
Komplikationen dargestellt.

Methoden. Die vorliegende retrospektive
Studie basiert auf der Datenauswertung eines
Level-I-Traumazentrums zwischen 1998 und
2016. Die verschiedenen glenohumeralen
Kombinationsfrakturen werden in 4 Typen
eingeteilt und die Inzidenz, Behandlungs-
weise und Komplikationen im weiteren
Verlauf ausgewertet. Zusatzlich werden die

Kombinationsfrakturen von Humeruskopf und Glenoid

Frakturmorphologie und die Dislokation bei
den verschiedenen Frakturtypen analysiert.
Ergebnisse. Insgesamt wurden 52 Patienten
mit einer glenohumeralen Kombinati-
onsfraktur identifiziert. Es fanden sich 26

(50 %) Typ-1-Frakturen (anteriore Glenoid-
randfraktur/Tuberculum-majus-Fraktur), 20
(38 %) Typ-2-Frakturen (anteriore Glenoid-
randfraktur/proximale Humerusfraktur), 4
(8%) Typ-3-Frakturen (Fossa-glenoidalis-
Fraktur/Tuberculum-majus-Fraktur) und 2

(4 %) Typ-4-Frakturen (Fossa-glenoidalis-
Fraktur/proximale Humerusfraktur). In der
Mehrzahl der Félle (n=25) wurden beide
Verletzungen dieser kombinierten Frakturen
operativ behandelt, in 15 Fallen wurden beide
Frakturen konservativ behandelt, und bei 12
Patienten wurde nur eine der beiden Frakturen

operiert. Komplikationen wurden in 21 % der
Falle insbesondere auf der humeralen Seite
festgestellt.

Schlussfolgerung. Glenohumerale Kombi-
nationsfrakturen sind seltene Frakturmuster,
wobei Typ 1 und Typ 2 am haufigsten
vertreten sind. Die Indikationen orientieren
sich an der Dislokation der jeweiligen
Fragmente und konnen im Fall einer Op.-
Indikation in derselben Op. behandelt werden.
Komplikationen werden dabei haufiger am
Humerus festgestellt.

Schliisselworter

Fossa glenoidalis - Proximaler Humerus -
Kombinationsfrakturen - Fossa glenoidalis -
Glenoidrand

patients aged 77 and 92 years who were
treated with a reversed prosthesis). In
four of the patients (15%), only the
anterior glenoid rim fracture was fixed
(using an open approach in three cases
and arthroscopically in one case) while
the greater tuberosity was managed con-
servatively because of no or moderate
displacement (@ 1mm, 0-3mm; n=2
cranial displacement, n= 1 posterior dis-
placement). By contrast, in two patients
(8%) only the greater tuberosity was
refixed while the glenoid rim fracture
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was treated nonoperatively because the
glenoid rim lesion was overlooked in one
case and because of mild displacement in
the second case (3 mm, coronary plane;
OFig. 1). An overview of the different
types of fractures and their respective
treatment is given in @ Fig. 2.

The large glenoid rim fractures that
were treated by surgery had a larger
average medial displacement of 14mm
(4-21mm) in contrast to the glenoid
rim fractures that were treated nonoper-
atively with 6 mm on average (0-14 mm)

in the coronary plane. Also, the greater
tuberosity fractures that were treated op-
eratively were more displaced (@ 7.6 mmy;
1-20mm), than those treated conser-
vatively (@ 2mm; 0-7mm). Two older
patients (86 and 76 years of age) were
treated nonoperatively despite having
large displaced glenoid rim fractures (8
and 14 mm [coronary plane]; posteriorly
displaced greater tuberosity fracture in
one case [7mm]) because of rejection
of the recommended surgery and co-
morbidities. In one patient, only the
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Fig. 1 A a Three-dimensional CT of a 58-year-old female patient with type 1a glenohumeral combi-
nation fracture and displaced greater tuberosity (white arrow) with mild displacement of the anterior
large glenoid rim fracture (black arrow). b Greater tuberosity treated via mini-open approach (screws
with suture wiring); glenoid rim fracture treated nonoperatively (a.p. view)

greater tuberosity was fixed, leaving the
medially displaced glenoid rim fracture
(13mm) to be managed nonoperatively,
because the fracture was overlooked
before (and during) the surgery (as
mentioned earlier).

During the follow-up, complications
were observed in four patients (15%).
There were two cases with a secondary
displacement of a nonoperatively treated
comminuted greater tuberosity (one af-
ter operative refixation of the glenoid and
another after nonoperative treatment of
the glenoid). The first showed a com-
minuted greater tuberosity with a slight
cranial displacement of 1 mm on the ini-
tial radiographs and a secondary increase
of the cranial displacement of 6 mm of
the greater tuberosity was observed af-
ter 3 weeks (with continued nonopera-
tive treatment and no further displace-
ment on subsequent radiographs). In the
second case, the (comminuted) greater
tuberosity (3mm cranial displacement)
was observed with a secondary cranial
displacement of 9mm after 6 weeks but
the patient declined further therapy. Fur-
thermore, one patient suffered from a re-
dislocation after refixation of only the
glenoid rim fracture and presented with
a chronic locked shoulder dislocation af-
ter 6 weeks but did not want to undergo
further treatment because of advanced
age (82) and comorbidities. One patient
needed arthroscopy several months after
nonoperative treatment of the combined
glenohumeral fracture because of resid-

ual pain; pathology of the long head of the
biceps was found, which was addressed
via tenodesis.

Type 2

In total, 20 patients (38%) had a combi-
nation fracture of a glenoid rim fracture
and a proximal humerus fracture. The
average age of the patients was 63 years
(47-82 years) including 11 female and
nine male patients. In all cases, the
trauma mechanism was a direct im-
pact on the shoulder. The glenoid
rim fracture displacement was @ 7 mm
(0-18mm) on average in the coronary
plane and 4mm (1-10mm) on aver-
age in the sagittal plane. The majority
of the patients had complex proximal
humerus fractures in combination with
a large anterior glenoid rim fracture.
The most frequently observed fractures
were three-part fractures (including the
greater tuberosity) in 13 (65%) patients,
followed by four-part fractures in four
(25%) cases, while there were only two
(10%) patients with a two-part fracture
in the surgical neck.

In the majority of the patients, both
injuries of the combined fractures were
treated surgically (n= 12, 60%; @ Fig. 3).
In these cases, the average medial dis-
placement of the anterior glenoid rim
fracture was 9 mm (2-18 mm). In six pa-
tients (30%), only the proximal humerus
was treated operatively, while the ante-
rior glenoid rim fracture was managed

nonoperatively with an average glenoid
rim fracture displacement of 5.5mm
(coronary plane, 0-13mm). In two of
these patients, the glenoid rim lesion
(4- and 6-mm medial displacement)
was overlooked on the initial radio-
graphs and treated nonoperatively. In
one patient with a wide medially dis-
placed (13mm) glenoid rim fragment,
the proximal humerus was treated sur-
gically and the remaining glenoid rim
fracture was managed nonoperatively,
because of the individual decision of the
treating surgeon.

In only two of all patients was non-
operative treatment of both lesions de-
cided because of mildly displaced prox-
imal humerus two-part and three-part
fractures and a non- or mildly and me-
dially displaced glenoid rim fracture (2
and 1 mm). There was no case in which
only the glenoid rim fracture was fixed
leaving the proximal humerus fracture
to be treated nonoperatively (@ Fig. 2).

Complications were found in six cases
(30%), particularly on the humeral side.
In one patient in whom only the proximal
humerus was fixed with plate osteosyn-
thesis, the humeral head showed a de-
centricity on the postoperative follow-
up radiographs together with a secondary
displacement of the greater tuberosity. In
a patient who was treated with a hemi-
arthroplasty on the humeral side (and
screw fixation of the glenoid rim frac-
ture), a secondary displacement of the
refixed greater tuberosity with a partial
resorption was observed. Periarticular
calcifications at the humerus were found
during follow-up in one patient. Partial
avascular necrosis (AVN) was found in
two patients on the humerus after plate
osteosynthesis. One patient showed par-
tial AVN of the humeral head and in
another patient partial AVN of only the
greater tuberosity was observed. On the
glenoid side, screw loosening was found
in one case but without further surgery
or displacement of the fragment.

Type 3and 4

Combined glenohumeral fractures with
a glenoid fossa fracture are much less
common than type 1 or type 2 fractures
(BFig.2). Type 3 and type 4 combination
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Large Anterior Glenoid Rim Fracture AND Humeral Head Fracture

1

Type 1: (GRF/G 26

Both non-operatively: n=11 (42%) (@ 64 y., f: n=6, m: n=>5)

Both operatively: n = 9 (35%) ORIF (screws and/or anchors: n=7,

n=2 reversed prosthesis) (@ 60 y., f: n=3, m: n=6)

GRF operatively, GTF non-operatively (screws and/ or anchor):

n=4(15%) (@ 70y., f: n=3, m: n=1)

GRF non-operatively, GTF operatively (screws):
(8%) (@ 60y., f: n=2)

Type 2: (GRF / PHF): n=20

Both non-operatively: n=2 (10%) (54 y./72 y., male)

Both operatively: n=12 (60%)

Combined Glenohumeral Fractures n=52
Glenoid Fossa Fracture AND Humeral Head Fracture

|

Type 3: (GFF / GTF): n=4

GFF non-operatively, GTF non-operatively: n=1 (81 y., female)

GFF operatively, GTF operatively: n=3
(23 y., female; 43 y., male; 63 y., female)

Type 4: (GFF / PHF): n=2

GFF non-operatively, PHF non-operatively: n=1 (65 y., male)

GFF operatively, PHF operatively: n=1 (60 y., male)

ORIF (PHF: plate osteosynthesis, GRF: screws/anchors: n=11;
PHF: n=1 Hemiarthroplasty, GRF: screws)
(@ 63y., f: n=8; m: n=4)

PHF operatively (plate osteosynthesis), GRF non-operatively:
n=6(30%) (@ 64 y., f: n=3, m: n=3)

Fig. 2 A Numeric distribution of combined glenohumeral fractures and their respective therapy. GRF glenoid rim fracture,
GTF greater tuberosity fracture, PHF proximal humerus fracture, GFF glenoid fossa fracture, ffemale, m male, y years of age,

ORIF open reduction with internal fixation

fractures were found in only six cases
(female n=3, male n=3; @ 56 years,
23-81 years). In all cases, the trauma
mechanisms were a direct fall on the
shoulder but usually from some height
(e.g., ladder, riding accident).

In the type 3 group (n=4), greater
tuberosity fractures comprised one frag-
ment in one case, two fragments in one
case, and they were comminuted in two
patients. The greater tuberosity displace-
ment was on average @ 3mm (0-5mm;
non-/mildly displaced [lateral]: n=2,
moderately displaced [lateral]: n=1,
displaced [cranial/dorsal]: n=1). Both
proximal humerus fractures in the type 4
group (n=2) were two-part fractures.

According to the Idebergetal. classifi-
cation of glenoid fractures, mostly type 2
glenoid fossa fractures (n = 5) were noted
and in only one case (n=1) was a type 5
glenoid fossa fracture found. The average
medial displacement of the glenoid fossa
fracture was @ 4mm (0-7mm) in the
coronary plane (intra-articular step-off)
and the displacement in the sagittal plane
(“fracture gap”) was @ 4mm (1-8 mm).
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In two cases, the combined fractures
were treated nonoperatively and in four
patients the combined fractures were
both treated operatively (@ Figs.2 and 4).
All surgically treated glenoid fossa frac-
tures (n=4) were treated with plate
osteosynthesis (open reduction and in-
ternal fixation [ORIF]) using a posterior
approach. The operatively treated greater
tuberosity fractures (n=4) were fixed
via a mini-open approach using screws
(n=3) or tension wiring (n=1) and
the surgically treated proximal humerus
fracture (n=1) was treated by plate os-
teosynthesis. As a complication, in the
patient with a type 4 glenohumeral com-
bination fracture, the proximal humerus
plate showed a bending of the plate — after
a likely secondary stress fracture during
the posttreatment course on a follow-
up radiograph 3 years after ORIF (of
both lesions; @Fig.5). The plate at the
proximal humerus and the glenoid was
subsequently removed. Further com-
plications were not found in the type 3
and 4 groups.

The operatively treated glenoid frac-
tures (n=4) had a medial displacement

of 5mm (3-7 mm) on average and a dis-
placement in the sagittal plane of @
5mm (1-8 mm). The operatively treated
greater tuberosity fractures had a (cra-
nial or lateral) displacement of 3mm
(1-5mm) on average. Within the group
of nonoperatively treated glenoid fossa
fractures (n=2), the medial displace-
ment was 0 and 5mm with a displace-
ment in the sagittal plane of 2 and
6mm. Despite the significant displace-
ment of the glenoid (5mm coronary
plane/6 mm sagittal plane) in one of
these two patients, a nonoperative treat-
ment was chosen because of advanced
age (81 years; greater tuberosity fracture:
1 mm displaced laterally).

Discussion

Large anterior glenoid rim fractures
with a concomitant fracture of the
greater tuberosity (type 1) were most fre-
quently seen at our hospital followed by
combination fractures of the proximal
humerus (type 2). The rarest gleno-
humeral fracture combinations were
glenoid fossa fractures together with



Fig. 3 A Type 2 glenohumeral combination fracture in a 59-year-old female patient with a three-part proximal humerus frac-
ture (a, CT, axial view) 6 weeks after ORIF of both lesions; slight inferior decentricity after passive motion (b, a.p.view) but reg-

ular concentricity in the axial view (c)

Fig. 4 A A23-year-oldfemale patient with atype 3 combination fracture of the left shoulder after ORIF
for a displaced glenoid fossa fracture (type 2, [deberg et al. classification) and percutaneous fixation
of the greater tuberosity (a, .p. view) with free range of motion in flexion/abduction (b) and internal
rotation and only a slight residual deficit in external rotation 16 months after surgery (c)

a greater tuberosity fracture or a prox-
imal humerus fracture. There are only
few data available about the rare com-
bined glenohumeral fractures in the
literature. Especially in studies dealing
with glenoid fractures, scapula body
fractures, or first-time shoulder dislo-
cations, occasional descriptions can be
found about additional fractures of the
humeral head mostly under “associated
injuries”

In a study about the nonoperative
treatment of large anterior glenoid rim
fractures (n=14), five cases with an ad-
ditional nondisplaced greater tuberosity
fracture were found and were all treated
nonoperatively, but two of these patients
with a fracture of the greater tuberosity
had a loss of external rotation of 10°
and 20°, respectively [34]. Robinson
et al. described 11 cases with a com-
bined glenoid rim and greater tuberosity
fracture (type la) in a large cohort of 538

patients with first-time traumatic ante-
rior shoulder dislocations, which corre-
sponds to 2% of all traumatic shoulder
dislocations [43]. The re-instability rate
ofthe whole collective was analyzed in the
first6 weeksand seven of the 11 combined
fractures showed re-instability with sub-
sequent ORIF. During the surgery, the
authors estimated “restoration of shoul-
der stability” by testing of the full passive
ROM. The authors describe restoration
of stability during surgery after fixation
of only the glenoid rim without fixation
of the greater tuberosity in four of the
cases. Inthe other three patients in whom
stability could not be restored by fixing
the glenoid only, fixation of the greater
tuberosity was carried out. At 1 year af-
ter the surgery, “satisfactory functional
scores” and no instability were reported
[43]. In contrast to these data, no re-
instability was found in our group of pa-
tients with type 1 fractures, in whom
the combined fractures were both treated
nonoperatively.

A few combination fractures have
been reported in retrospective studies
with the focus on either large operatively
treated glenoid rim fractures [33, 39,
51] or refixed greater tuberosity frac-
tures [17]. In two studies dealing with
operative treatment of large anterior
glenoid rim fractures, one fracture of
the greater tuberosity was fixed percuta-
neously during the same operation and
an additional greater tuberosity fracture
and a proximal humerus fracture were
treated by ORIF [33, 51]. In their study
of 20 surgically treated (ORIF) ante-
rior glenoid rim fractures, Osti et al.
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Fig. 5 A Type 4 combination fracture in a 60-year-old male patient after ORIF (a, a.p. view, intraopera-
tive radiographs). After 3 years, a healed secondary fracture was observed more distally at the level of
the sliding hole and a twisted proximal humerus plate with a more varus position (b, a.p. view)

found five patients with an associated
fracture of the greater tuberosity and
two patients with a concomitant proxi-
mal humerus fracture (both three-part
fractures). Both proximal humerus
fractures were (additionally) treated sur-
gically (ORIF) and one of the greater
tuberosity fractures was refixed because
of “significant displacement” Three of
the patients with concomitant injuries
showed a restricted ROM presumably
because of a less aggressive rehabilitation
protocol [39].

In a study of arthroscopic refixation of
greater tuberosity fractures, three type 1
combination fractures were found and
the additional glenoid rim fractures were
all treated with suture anchors. The au-
thors describe early degenerative change
of the glenoid rim and intermittent shoul-
der pain after 2 years [17].

Garofalo et al. published the only
study (n = 26) of glenohumeral combina-
tion fractures (of type 1 and type 2) that
wereall treated by reversed prosthesisand
additional bone grafting. The patients
had overall excellent and good results at
the final follow-up [13]. However, the
number of proximal humerus fractures
and only greater tuberosity fractures in
their cohort of combination fractures is
not listed explicitly and remains unclear.
In terms of complications, only one case
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of superficial infection and two cases of
heterotopic ossifications were found [13].

Concomitant fractures of the humeral
head are more rarely described in the lit-
erature in combination with glenoid fossa
fractures (type 3 and 4). Nork et al. de-
scribed in their surgically treated patient
cohort of 17 patients one case with a con-
comitant proximal humerus fracture, but
no further information is given about that
case [37]. Two further studies include
a mixed cohort of intra- and extra-ar-
ticular scapula fractures (n=62 [3] and
n=22 [14]) and concomitant “humerus
fractures” (n=7 [3], n=3 [14]), but they
areamixed collective with extra-articular
scapula fractures and it remains unclear
whether humerus shaft fractures or prox-
imal humerus fractures are involved [3,
14].

Type 1 glenohumeral combination
fractures were most frequently seen at
our hospital over the observation period
(50% of all combination fractures), fol-
lowed by type 2 (38%). Type 3 fractures
were present in 8% of cases and type 4 in
only 4%. The incidence of the different
glenoid fractures corresponds to the nu-
merical distribution of the glenoid frac-
tures in the literature, in which glenoid
rim fractures are more frequently seen
than glenoid fossa fractures [15, 45]. In-
terestingly, five (83%) of the six glenoid

fossa fractures were type 2 Ideberg et al.
classification, which suggests a uniform
traumatic pathomechanism of such com-
bined glenohumeral fractures, because
in isolated glenoid fossa fractures there
is not such a clear distribution in favor
of one fracture type [15, 22, 45].

The highest complication rate in our
study was found after ORIF in type 2
combination fractures, followed by com-
plications in type 1 fractures. The reason
that only one complication was found in
the type 3 and 4 fractures is probably
due to the low number of cases in these
both groups. It is noteworthy that most
of the complications were found on the
humeral side in type 1 (and type 4) but
particularly in type 2 fractures. This cor-
responds to the results of studies of (iso-
lated) proximal humerusfractures, which
usually have higher complication rates af-
ter surgery (ORIF and hemiarthroplasty)
than studies of operatively treated glenoid
rim or glenoid fossa fractures [5, 18, 24,
25, 27, 29, 30, 38, 39, 44-46, 50, 53].

In one case of a type 1 combination
fracture and in two cases of type 2 frac-
tures, the anterior glenoid rim fracture
was overlooked on the initial radiographs
and only the greater tuberosity or the
proximal humerus were treated surgi-
cally. Thus, the surgeon should be aware
of the occurrence of glenohumeral com-
bination fractures and should bear in
mind to check the anterior sclerotic line
of the glenoid [16] in order to exclude
concomitant glenoid rim lesions.

Limitations

There are some limitations in the present
study. The analysis included patient
records but not clinical scores with
a specific follow-up. Although most pa-
tients return for regular follow-up, some
complications can presumably go unno-
ticed in the posttreatment course if they
are lost to follow-up or treated at another
hospital. The indications for surgery and
the term “displaced” are not defined
clearly in the literature. Therefore, the
indications were not standardized and
were partially based on the evaluation
of the treating surgeon or, occasionally,
on the individual wishes of the patient.



Practical conclusion

== In glenohumeral combination frac-
tures, both lesions should be con-
sidered individually regarding the
indication for treatment based on
the degree of displacement of the
respective injury.

== Another decisive criterion is the
concentricity of the humeral head
in type 1 and type 3 fractures in
which only the greater tuberosity is
fractured.

== If necessary, both lesions can be

addressed in one operation with the

patient in the same position (e.g.,
beach-chair position; type 4 com-
bination fractures are an exception
to this and needed to be transfered
from the lateral decubitus position
[ORIF of the fossa glenoidalis] into

beach-chair position [for ORIF of the

proximal humerus]).

== Complications can occur mainly at
the proximal humerus in contrast to
the glenoid, which warrants regular
radiographic follow-up.

== Clinical follow-up studies are needed

to further differentiate the indica-
tions for treatment and the clinical
prognosis of the different types of

glenohumeral combination fractures.
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