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ABSTRACT
Proximal humerus presents the second most frequent

site of posttraumatic osteonecrosis. This complication is
usually related to poor functional outcomes. The aim of
this study is to identify and analyze the risk factors for
posttraumatic humeral head osteonecrosis in surgically
treated patients.

Ninety-one patients with 92 acute proximal humeral
fractures were operated on for a period of 39 months. Op-
erative methods include open reduction and internal fixa-
tion and closed reduction and percutaneous fixation. Frac-
tures were classified according to Neer, AO and LEGO clas-
sifications. The mean age of patients was 60.9 years. From
91 operated patients for follow-up were available 82. The
mean follow-up period was 15 months. Patient data was
collected prospectively.

Functional results are present using age and gender
adjusted Constant score. In 41 patients, the result is excel-
lent, in 28-good, in 11-fair and in 3 poor.

Bone union was evident in all cases. No deep wound
infections, nerve injuries, vascular injuries and implant fail-
ure were observed.

Osteonecrosis was seen in 5 (6.1%) patients. Patients
with posttraumatic osteonecrosis had significant lower
Constant results.

Analyzing the pre- and intraoperative factors in pa-
tients with osteonecrosis, we find that the most significant
factors for this complication are increasing fracture sever-
ity and à combination of short medial metaphyseal exten-
sion and disrupted medial hinge.

Keywords: proximal humerus fracture, osteonecro-
sis, risk factors

INTRODUCTION.
Proximal humeral fractures (PHF) present about 5%

of all fractures [1]. Their number is increasing nowadays,
and they are about to triple by the year 2030 [2]. The se-
verity of PHF is also increasing. In 1970 nondisplaced
fractures present about 85% of all PHF [3]. In 2001 they

present about 49% [1], and in 2009 nondisplaced fractures
are only 36% [4]. This tendency is due to changing
demographics and to more precise diagnostics. The
number of patients with PHF treated by operative means
is also increasing [2]. The reasons for this tendency are
increased patients’ expectations [5], development of sur-
gical techniques and technologies and enhanced knowl-
edge of predicting risk factors.

Treatment of displaced proximal humeral fractures
still remains a challenge for orthopedic surgeons, and
there is no widely accepted strategy for treating them.
Blood supply of proximal humerus and its fracture related
disruption are amongst the most important factors for
treatment choice. Posttraumatic osteonecrosis of the hu-
meral head is a relatively rare but disabling complication.

MATERIAL AND METHODS.
Ninety-one patients with 92 acute PHF were oper-

ated on at our department between November 2009 and
December 2012. The mean age of patients at the time of
surgery was 60.9 years (15-86). Seventy-four patients were
female, and eighteen were male. The dominant extremity
was affected in 38%. The mechanism of injury was de-
fined as low energy in 90% (n=83) and high energy in
10% (n=9).

The diagnosis was based on true AP and lateral Y
views. The axillary view was performed only in patients
who were able to passively abduct the shoulder up to 40°.
CT scan with 3D reconstruction was additionally made
when X-ray data for fracture pattern was insufficient. Frac-
tures were classified according to Neer, AO and LEGO with
additional ischemia criteria [6] classifications. Our series
includes 53 two-part, 24 three-part, 7 four-part fractures
and 8 fracture-dislocations. Distribution according to AO
classification was as follows: 32 type A, 50 type B and
10 type C fractures.

Indications for operative treatment were: varus dislo-
cation > 20°, valgus dislocation >40°, head-shaft translation
> 50%, great tuberosity displacement > 5 mm and all cases
with medial comminution and fracture-dislocations.
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Demographic data, co-morbidities and diagnostic
radiographic measurements (preoperative head-shaft an-
gle, combined cortical thickness and medial comminu-
tion) were collected for all patients. The average time from
trauma to surgery was 1.6 days (0-12). Percutaneous fixa-
tion according to Jaberg technique was used in 27 pa-
tients, internal fixation with conventional plates in 9 pa-
tients, locking plates in 52 patients and screw fixation in
4 patients. The anterolateral deltoid splitting approach
was used in 35 patients with open reduction and internal
fixation (ORIF), and deltopectoral approach in 30 patients
with ORIF. Bone grafting was performed in 5 (5.5%) pa-
tients.

In all cases at the end of the operation, fluoroscopy
was used to assess fracture stability. In ORIF cases, the
AP view was performed in neutral, maximal internal and
external rotations to access the length of proximal lock-
ing screws and also another AP view in abduction to ac-
cess the position of the implant in subacromial space. The
wound was closed over a suction drain, which was re-
moved the next day.

Postoperatively the arm was supported in a sling.
Postoperative immobilization was from two to four weeks,
depending on fracture type and achieved stability. Pas-
sive motions were allowed two weeks after surgery, ac-
tive motions started five weeks after surgery.

The type of implant used, the state of the medial
column, the state of the rotator cuff (when anterolateral
approach used) and additional suture augmentation were
collected from the operative report. Postoperatively the

head-shaft angle, retroversion, the distance between the
tip of the greater tuberosity (GT) and the proximal end of
the plate, and the distance between the tip of the GT and
the superior border of the articular surface (GT height)
were measured.

Scheduled follow-up controls were performed at 1,
3, 6, 12 and 18 months. At every visit was performed X-
ray examination and was accessed the functional outcome
according to the Constant scale. Fracture healing was
considered when fracture lines were missing, and cortico
spongious bridging between the fragments was evident on
X-rays. Radiographs were also assessed for signs of hu-
meral head osteonecrosis, for implant position, for sub-
acromial impingement and for glenohumeral osteoarthritis.
Development of any complication was documented if in-
dicated. The average follow-up was 15 months.

Statistical analyses were performed using SPSS soft-
ware (SPSS, Chicago, Illinois). Statistical signiûcance was
set at p<0.05.

RESULTS.
Constant score (CS) was calculated as age and gen-

der adjusted results. Mean Constant scores are shown in
Table 1. CS of the the injured shoulder was mean 83.9%
(41%-99%) of CS of contralateral shoulder. The mean
postoperative head-shaft angle was 134.6° (113° to 164°).
The mean postoperative retroversion was 22.5° (-3° to
41°), mean GT height – 5.8 mm (0 to 12), mean distance
plate – GT – 6.3 mm  (0 to 13).

The postoperative state of the medial column was
as follows: without medial buttress – 26 patients, with me-
dial buttress 59 patients (sixteen of them are with anatomi-
cal reduction).

Using the t-test to compare the final CS results we
identify the following factors that significant influence the
final results: age (p=0.021), co-morbidities (p=0.008), cor-
tical thickness (p=0.006), postoperative medial buttress
(p=0.009), GT height (p=0.000), fracture type in Neer
(p=0.043) and AO classifications (p=0.049).

 We did not have cases with nonunion. No deep
wound infections, nerve injuries, vascular injuries and im-
plant failure were observed.

COMPLICATIONS.
Complications were diagnosed in 38 patients. In 12

patients, only one complication was diagnosed, and in 26,
more than one.

Osteonecrosis was evident in 5 (6.1%) patients. In
four patients, osteonecrosis involved partially humeral head
and, in one case, the whole head (Fig. 1). All cases with
osteonecrosis were treated by ORIF. In all cases, the diag-
nosis was made before the first postoperative year. In three
of the patients, osteonecrosis was followed by stiffness of
the shoulder. The mean age of patients with osteonecrosis
was 61.6 years. There was no correlation between patients’
age and osteonecrosis of  the humeral head (p=0.159). Me-
dial comminution, as a potential factor for damage of pos-
terior humeral circumflex artery, did not influence the de-
velopment of osteonecrosis (p=0.247).

Table 1.  Mean Constant score – age and gender adjusted results according to fracture type for followed-up pa-
tients

Adjusted All Two-part Three-part Four-part
Fracture-

Constant score
dislocation

n= 82 n=48 n=22 n=7 n=5

3 months 52 54 (33-81) 49 (30-72) 43 (30-59) 58 (44-66)

6 months 72 75 (36-95) 68 (40-96) 59 (46-80) 83 (75-94)

12 months 83 85 (39-100) 80 (58-100) 66 (49-81) 90 (82-100)
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Fig. 1. Patient with total osteonecrosis 9 months
postoperatively

impingement. Mean CS in patients with subacromial im-
pingement was 74.3 and in patients without this compli-
cation – 85.5 (p=0.003).

Varus malunion was accepted when bone union
with head-shaft angle <120° was evident. This complica-
tion was seen in 15 patients. There was a strong correla-
tion between the medial buttress and varus malunion
(p=0.005). In 12 (80%) of patients with varus malunion,
the medial buttress was missing. There was also a strong
correlation between medial comminution and varus
malunion (p=0.005). Preoperative head-shaft angle did
not influence varus malunion (p=0.072). In 42.8% of pa-
tients with varus malunion, varus angulation was seen im-
mediately after the surgery, and in the other 57.2% is a
result of varus collapse as a result of fracture instability.
Patients with varus malunion had a mean CS 73.4, whereas
without this complication – 90.3 (p=0.002).

Intraarticular implant penetration was evident in 14
cases. In 7 patients, there was K-wire penetration because
of lack of stability and decreased bone density; in three
patients, screw penetration was a sequel of osteonecrosis,
in two patients – of varus malunion, and in two patients,
the reason was an intraoperative technical mistake.

In total, 31 of 91 patients had second intervention
within twelve months after the initial operation: 27 for
routine K-wire extraction, one for extraction of the
intraarticular screw and three for extraction of plate and
screws after the bone union because of subacromial im-
pingement.

DISCUSSION.
Proximal humeral fractures, regardless of the type

of treatment, are the second most frequent site of os-
teonecrosis, second only to the hip [7]. The ratio of
posttraumatic osteonecrosis in different studies is between
3% and 37% [8]. Understanding risk factors for humeral
head osteonecrosis is related to three groups of facts:

1. Establishing the role of anterior and posterior cir-
cumflex humeral arteries in relation to humeral head vi-
tality.

2. Detecting of predictive X-ray signs for humeral
head osteonecrosis.

3. Establishing the possibility for humeral head
revascularisation using sparing surgical technique, ana-
tomical reduction and stable fixation.

Widely accepted in the past statement that the main
blood supply of the humeral head comes from the ante-
rior circumflex humeral artery (ACHA) has nowadays
changed. ACHA is disrupted in most fracture patterns, and
the posterior circumflex humeral artery (PCHA) is intact
in 85% of cases. Quantity analysis of Hettrich [9] proves
that 64% of the humeral head is supplied from PCHA. The
authors conclude that surgical dissection posteromedially
should be avoided for preserving the blood supply of the
humeral head. The most important anastomosis between
two main arteries are located in deep layers of  the pos-
teromedial capsule, thus all fractures with medial exten-
sion proximal to medial joint capsule insertion are at in-
creased risk for osteonecrosis. Intraoperative humeral head

Osteoarthritis was seen in 10 patients. The mean
age of patients with osteoarthritis was 79.2 years. There
was a strong correlation between osteoarthritis and age
(p=0.004). Posttraumatic osteoarthritis is not a usual com-
plication after proximal humerus fractures and is rarely
included in follow-up criteria. Possible reasons for this are
relatively favorable clinical presentation and a short fol-
low-up period. Patients with posttraumatic osteoarthritis
in our study had significant (p=0.006) lower Constant re-
sults than those without this complication.

Postoperative stiffness was diagnosed in 13 cases.
Patients with stiffness had mean CS 65.4, whereas with-
out stiffness – mean 90.3 (p=0.000). Stiffness usually was
a consequence of another complication: in 2 cases after
osteonecrosis;  in 4 – after varus malunion; in 3 – after
osteoarthritis; in 2 – after implant related subacromial im-
pingement and only in two cases without any known rea-
son. We could not found a relationship between fracture
type and postoperative stiffness (Neer p=0.423, AO
p=0.143).

Subacromial impingement was diagnosed when
there was a coincidence between radiographic view and
clinical symptoms. This complication was seen in 14 pa-
tients. In 2 cases, it was a result of too far cranial plate
positioning, in 9 cases – of malreduction of GT and in 3
cases a combination of both factors. As a result of subac-
romial impingement was observed mainly decreased
shoulder motion: flexion (p=0.016), abduction (p=0.002),
external rotation (p=0.007) and internal rotation
(p=0.001). Differences in pain were not significant
(p=0.806) between patients with and without subacromial
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perfusion can be evaluated by bleeding after bone drill-
ing [6].

Changing the philosophy about the dominant ar-
tery of the proximal humerus is related to the develop-
ment of radiographic criteria presenting the state of PCHA
indirectly. These criteria can be evaluated on plaine X-
ray views and have different predictive values. R. Hertel
[6], in 2004, modifying Codman’s classification, creates
prognostic classification concerning humeral head
ischemia. The most significant negative risk factors are:
metaphyseal extension 8mm medial hinge dislocation
2mm and type of articular fracture. All cases in our study
with osteonecrosis were with a metaphyseal head exten-
sion below 8 mm, and three of the cases were with a dis-
rupted medial hinge (>2mm). When considering an indi-
vidually metaphyseal extension and medial hinge, they
are not statistically significant for osteonecrosis, but in
cases, with both risk factors, we find osteonecrosis in 15%
of patients. Other studies [10] also underline the impor-
tance of both predicting factors, but the authors find that
additional imaging of the calcar area is indicated. Evalu-
ating the different risk factors, Hertel et al. identify spe-
cific risk fracture patterns [6]. In our study, all five cases
with osteonecrosis are from risk groups, described by
Hertel.

Fracture displacement in the frontal plane is an-
other predictive sign for humeral head ischemia. Medial
diaphyseal displacement is with increased risk in compari-
son with lateral displacement [6]. Periosteal rupture starts
in a mean  of 9mm medial diaphyseal translation and in
mean 6 mm. of lateral translation [11].

Humeral head dislocation is not related to an in-
creased risk of ischemia [6]. Despite the small number of
patients with fracture-dislocation in our study, there is no
osteonecrosis in these patients.

Some studies find a strong correlation between frac-
ture type and osteonecrosis ratio [12]. This complication
is relatively rare in 3-part fractures, humeral head involve-
ment is partial with minimal clinical signs, as opposed to
4-part fractures, where osteonecrosis is total with signifi-
cant clinical presentation. The ratio of osteonecrosis af-
ter ORIF of 3-part fractures varies from 0% to 11 % and
in 4-part fractures varies from 0% to 20 % [13]. Fracture
type was a significant predictor for osteonecrosis in our
study. We found a statistically significant relationship be-
tween fracture type and bone necrosis. In Neer classifica-
tion, all fractures were four-part (p=0.000); in LEGO clas-
sification, two fractures were typed 2 and two were type
12 (p=0.000) and in AO classification three fractures were
C3 and one was C2 (p=0.000).

Intraoperative factors have significant importance
for osteonecrosis. They are the only factors that can be
modified by the surgeon. Procedures using closed reduc-
tion are less invasive, but it is more difficult to achieve
good reconstruction. On the other side, open techniques
are more likely to obtain anatomical reduction and
stronger fixation, but they have a higher risk of os-
teonecrosis of the humeral head because of soft tissue

dissection and because of the fact that more severe cases
are treated operatively. Sturzenegger [14] finds that os-
teonecrosis after ORIF is five times higher than in percu-
taneous techniques.

One factor related to posttraumatic osteonecrosis is
the surgical approach. Historically, the deltopectoral ap-
proach (DPA) has been used for fracture fixation. Another
approach for proximal humerus fixation is the anterola-
teral approach (ALA), which, in our opinion, has a few
benefits. Using DPA is related to an increased risk of le-
sion of ACHA [15] and PCHA [16] during its passing
through quadrilateral space. Other benefits of ALA are the
better visualization of fracture site [17], easier reduction
of the greater tuberosity and easier angular plate fixation
because of the same plane of screw positioning and sur-
gical approach.

Ischemia is not related to osteonecrosis in cases
with stable fixation [18] because of possible revascula-
risation. There are different strategies for increasing con-
struct stability. These are using intramedullar fibular grafts
and infromedial calcar screws [19]. In our study, the me-
dial buttress is the only factor, which could be modified
by the surgeon that statistically significant influences the
final results.

Considerable question is if osteonecrosis is clini-
cally significant. Gerber [20], following 25 patients with
osteonecrosis after proximal humeral fracture for a mean
of 7.5 years, found a mean CS of 46. On the other side,
some authors reported a small number of patients with os-
teonecrosis and good functional results. Nowadays, most
of the authors agree that posttraumatic osteonecrosis is
related to poor functional results [21]. In our study, we
found a significant difference in final results (p=0.002 t-
test) between patients with osteonecrosis and those with-
out this complication. Except for the pain, another rea-
son for poor results was shoulder stiffness, seen in 3 (75%)
of patients with osteonecrosis.

CONCLUSION
Posttraumatic osteonecrosis of the humeral head in

our study was seen in 6.1% of patients, which is lower
than the 10% ratio published in a systematic review by
Sproul [22]. A possible reason is that in cases with
anatomic reduction and stable fixation, revascularization
and bone reparation are possible. Another reason is rela-
tively short follow-up. Of evaluated different risk factors,
more significant are fracture severity and radiographic
signs for humeral head ischemia. The value of some risk
factors can not be estimated, thus longer follow-up stud-
ies with a greater population with osteonecrosis are
needed to analyze possible risk factors for humeral head
necrosis.
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