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Abstract Open reduction and internal fixation (ORIF)
with locking plates or primary arthroplasty remains a
controversial issue in the management of complex proxi-
mal humerus fractures. Aim of this study was to evaluate
the surgeon- and patient-based outcome of patients older
than 65 years who underwent ORIF using locking plate
fixation of a 3- or 4-part fracture of the proximal humerus.
Twenty-seven patients older than 65 years were treated with
locking plate fixation (PHILOS, Fa. Synthes, Umkirch,
Germany). At an average follow-up of 44 months, the
clinical and the subjective outcome were evaluated, and
complications were analyzed. The mean age- and gender-
related Constant score was 70% (30-100%) compared with
92% (47-108%) of the contralateral non-injured shoulder.
The mean DASH score was 29 points (0-71). Five patients
(18.5%) showed clinical signs of an impingement, which
was related to malpositioning of the plate in 3 cases. Screw
cutout was seen in 22.2% (6 patients). Avascular necrosis
of the head or the tubercula was found in 8 patients
(29.6%). The revision rate was 29.6%. However, the
patients considered the functional status of their shoulder
as “good” or “satisfactory.” The functional and patient-
orientated results of the locking plate fixation of complex
displaced proximal humerus fractures in the elderly are
comparable to those of primary arthroplasty and mini-
mally invasive treatment. Proper surgical technique (screw
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length, plate position) is mandatory for reducing the revi-
sion rate.
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Introduction

The treatment of complex displaced fractures of the prox-
imal humerus remains controversial. These fractures are
clinically challenging for trauma and orthopedic surgeons,
particularly in elderly patients with osteoporotic bones.
Similar to an increasing incidence of fractures of the
proximal femur with age [1], the number of humeral head
fractures has been rising steadily. The use of preshaped
locking plates for the proximal humerus has represented
technological progress and has widened the indications for
reconstruction rather than primary arthroplasty. Neverthe-
less, high complication rates after locking plate fixation
have been reported in the literature, even in younger
patients. Systematic reviews have revealed a failure rate of
up to 49% [2, 3] with up to 14% of the cases requiring
revision [3-5]. Recent studies by Hertel et al. and Kralinger
et al. have established factors that negatively influence
outcomes after fractures of the proximal humerus [6, 7].
Low bone density, increasing age, disruption of the medial
hinge, and displacement between the head fragment and
the shaft positively correlate with the failure rate after open
reduction and internal fixation (ORIF) of humeral head
fractures.

However, an ORIF of complex fractures of the proximal
humerus seems to result in better functional outcomes
compared to primary arthroplasty, even in the elderly
[4, 8].
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In any case, the number of studies examining the mid-
dle- and long-term outcomes of elderly patients treated
operatively with the use of locking plates is still insuffi-
cient, and there is little evidence to favor ORIF over
arthroplasty in comminuted proximal humerus fractures [4,
9]. Furthermore, the subjective outcomes of the patients
who sustain such fractures are not thoroughly documented.

The goal of the present study was to evaluate both the
functional and radiological outcomes and patient satisfac-
tion after locking plate fixation of 3- and 4-part proximal
humerus fractures in patients aged 65 years and older. In
addition, the complications associated with this group of
patients were analyzed.

Patients and methods

Between January 2004 and December 2008, a total of 430
patients were treated either conservatively or operatively for
fractures of the proximal humerus. Forty-eight patients older
than 65 years with 3- or 4-part fractures were treated by
locking plate fixation using the PHILOS plate (Fa. Synthes,
Umkirch, Germany). Twenty-four patients with similar
fractures have been treated with arthroplasty, intramedullary
nailing systems, or conservatively. However, this group was
very heterogeneous and could, therefore, not serve as a
control group. Table 1 outlines the inclusion and exclusion
criteria of the study.

The fractures were classified according to Neer [10] on the
basis of the preoperative X-rays (or CT scans when avail-
able) and compared with the intraoperative findings. The
fractures with a head-shaft angle >140° were classified as
valgus-impaction fractures, and those with an angle <130°
were classified as varus-impaction fractures.

Surgical technique

The patients were placed in a modified beach-chair posi-
tion. A deltopectoral approach was used to gain access to
the glenohumeral joint. After visualization of the fracture,
the tuberosity fragments were manipulated using sutures
through the rotator cuff. The reduction in the head

Table 1 Summary of inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Age > 65 years Previous shoulder trauma/surgery

3- or 4-part fracture
(Neer classification)

ORIF with PHILOS plate

Fracture dislocation/head-split
fracture

“One-part-fracture” (dislocation <30°
and <5 mm)

Follow-up > 18 months All other treatment options
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Fig. 1 Intraoperative status: fixation of the tubercula to the plate
using non-absorbable sutures after reduction of the fracture and plate
fixation

fragment was accomplished using an elevator and was
temporarily fixed by K-wires. The locking plate was
applied, and fixation was performed under an image
intensifier to verify the anatomic reduction, plate position,
and screw length. In case of massive metaphyseal
defects, either a cancellous bone graft or a synthetic bone
substitute (e.g., ActifuseTMABX, Fa. Apatec, distributed by
Baxter Germany GmbH, Unterschleissheim, Germany) was
brought into the defect to facilitate fracture healing and to
support the reduction. The tuberosities were fixed to the
plate using the sutures initially brought into the rotator cuff
to maintain the stability of the reconstruction (Fig. 1). All
of the patients were postoperatively immobilized in a sling,
and physiotherapy was begun within the first week after the
surgery.

Follow-up

At an average of 44 months (range: 18-75 months), the
patients underwent a detailed follow-up examination. The
age- and gender-related Constant—-Murley score (CMS)
[11, 12] was used to evaluate the functional outcome of the
affected shoulder in comparison with the uninjured con-
tralateral joint. The functional results were assessed
depending on the initial fracture pattern (3- vs. 4-part
fracture and varus vs. valgus impaction). The DASH score
[13] was used to evaluate any limitations in the activities of
daily living. In addition, the subjective outcomes were
assessed using a 10-item questionnaire that was developed
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to facilitate better outcome assessment in this specific
group of patients.

Complications and revisions were recorded and ana-
lyzed separately according to the implant-related and
general complications.

Written consent to use their data for the present study
was obtained from all of the patients before the follow-up
examination.

Statistical analysis

We used SPSS 17.0 for Windows (SPSS Inc., Chicago, IL,
USA) for the data analysis. The Mann—Whitney U test was
used to examine the differences in the outcomes by the
initial fractures pattern (3- vs. 4-part fracture and varus vs.
valgus impaction). The level of significance was set at
0.05.

Results

Of the 48 patients, only 27 (56%) were available for fol-
low-up. Nine patients had died in the intervening period,
and 4 suffered from severe comorbidities that made an
examination impossible. Five patients were unavailable,
and 3 patients refused to take part in the study.

The mean age of the remaining 27 patients at the time of
their trauma was 71 years (range: 65-85 years). Seven
patients were men, and 20 patients were women. The right
shoulder was affected in 17 cases, and 10 patients sustained
a fracture of the left proximal humerus. In 23 patients, the
injury was caused by a fall on the shoulder in question.
According to the Neer classification, we found nine 3-part
and eighteen 4-part fractures (from the intraoperative
findings). Five patients showed a posteromedial (varus)
impaction on the initial X-rays, and 14 patients had valgus-
impaction fractures. The other patients had no significant
deviations with respect to varus or valgus impaction.

The interval between the trauma and surgery was
3.5 days (range: 0-21 days). Seven patients had additional
cancellous bone grafts or allografts for reconstructing
metaphyseal defects that occurred in valgus-impaction
fractures.

Functional results

The overall CMS of the affected shoulder was 56 points
(range: 24-77 points) compared to 74 points (range, 45-89
points) on the uninjured side. Accordingly, the age- and
gender-related CMSs were 70 and 92%, respectively. The
range of motion was limited to 111° of forward flexion and
103° of abduction on the fracture side (155° and 145°,
respectively, on the unaffected shoulder). Table 2 shows

Table 2 Functional results after locking plate fixation according to
the Constant—Murley score

Fracture side  Unaffected side %

Pain (max. 15) 12 15 80
Activity (max. 20) 16 20 80
Range of motion (max. 40) 23 34 68
Strength (max. 25) 5 7 71
Total 56 76 75
Age- and gender-related 69.5 92.3 75

the detailed CMS results. The range of motion and strength
was considerably restricted, while the pain and daily
activity results were more comparable to those of the
unaffected arm.

The patients who sustained 4-part fractures had higher
CMSs than those with 3-part fractures (75 vs. 60%),
although this difference was not statistically significant
(p = 0.105). The patients with varus-impaction fractures
had slightly better functional outcomes than those patients
with valgus-impaction fractures (71 vs. 65%), although this
difference, again, was not significant (p = 0.517).

The mean DASH score was 29.17 points (range: 0-71.4
points). There were no significant differences between the
patients with 3- or 4-part fractures or between those with
valgus- or varus-impaction fractures.

The patient-based outcomes were superior compared to
the objectively evaluated outcome of the CMS. Approxi-
mately 50% of the patients stated that there was no sig-
nificant decrease in their postoperative quality of life
compared to their preoperative condition. Furthermore,
over 50% rated their activity levels as comparable to those
of other people of their age. Table 3 shows the results
of the questionnaire that evaluated the patient-based
outcomes.

Complications and revisions

Complications were observed in 16 patients (59%). In 9
cases, the complications appeared not to be implant related
(hematoma, superficial wound infection, avascular necro-
sis, and pseudoarthrosis). Specific complications were
found in 12 patients (44%). These complications are
illustrated in Table 4. Note that both nonspecific and spe-
cific complications may have occurred in the same patient.
The revision rate was 29.6% (Table 5).

Discussion

Despite an increasing incidence of proximal humerus
fractures among an aging population, there is still no
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Table 3 Patient-based outcome investigated with a

10-item Table 3 continued

questionnaire
n %
n % (rounded)
(rounded)
5 19
Are you satisfied with your shoulder function? 4 1 4
1 very good 8 30 5 0 0
2 519 6 daily 9 33
3 6 22 Is there a decrease in quality of life due to your
4 4 15 shoulder problems?
5 2 7 1 not at all 9 33
6 poor 2 17 2 5 19
How much does the shoulder affect your activities of 3 4 15
1 not at all 5 19 5 5 19
2 726 6 no quality of life 2 7
3 6 22 Compared to other people of your age, how active
4 3 11 do you think you are?
5 4 15 1 very active 6 22
6 completely 2 7 2 10 37
Did you return to your previous level of activity? 3 7 26
1 yes, totally 10 37 4 0
2 5 19 5 2
3 4 15 6 no activity at all 2
4 2 7 Compared to other people of your age, how would
5 2 7 you rate your physical condition?
6 no, not at all 4 15 1 very good 7 26
Do you have any trouble sleeping because of your 2 1033
shoulder? 3 5 19
1 no, not at all 14 52 4 3 11
2 5 19 5 1 4
3 1 4 6 poor 1 4
4 4 15
5 1 . .
. . consensus concerning the treatment of these fractures in
6 impossible to sleep 2 . . .
i elderly patients. Conservative treatment of these displaced
Is the affected shoulder free of pain? . . . . .
fractures is associated with poorer results, but is still widely
1 yes, completely 9 33 .
5 415 performed [14, 15]. However, to date, no surgical treatment
3 5 7 option has been proven to be superior.
4 6 22 Functional results
5 1 4
6 severe pain > 19 Our patients achieved age- and gender-related CMSs of
. .o
Do you have confidence in your shoulder function? 70% for the affected shoulder and 92% for the contralateral
1 yes, totally o 3 side. These results are comparable to those reported in the
2 415 literature. In a systematic review consisting of 12 studies
3 6 22 with a total of 514 patients, Sproul et al. [3] found a mean
4 415 CMS of 74 points and a mean DASH score of 27 points.
3 0 0 These findings have been confirmed by other reviews [5].
6 not at all 4 15 Regarding the patients’ ages at trauma, Kettler et al. [16]
How often do you have your shoulder problems in did not find any significant differences in outcomes
mind? .
between those patients older than 65 years and those
1 never 8 30 . . .
5 415 younger than 65 years who sustained a displaced proximal

humerus fracture.
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Table 4 Overview of complications

Incidence (%)

Implant related

Screw perforation 222
Impingement 18.5
Loss of reduction 44.4
Implant failure (2nd adequate trauma) 3.7

Non-implant related

Avascular necrosis 29.6
Hematoma 7.4
Superficial wound infection 3.7
Pseudarthrosis 3.7

Table 5 Surgical revisions and indications for revision

Indication Revision Number
Impingement Implant removal 3
Avascular necrosis Reverse arthroplasty 1
Screw perforation Screw replacement 2
Implant failure Intramedullary nail 1
Pseudarthrosis Anatomic arthroplasty 1

The influence of the initial fracture pattern does not
seem to be well defined. While Solberg et al. [9] have
found better results in patients with valgus-impaction
fractures treated operatively with locking plate fixation
(a CMS of 71 points in the valgus group vs. 63 points in the
varus group), and Foruria et al. [17] have observed
the opposite results with better functional outcomes in the
patients with varus-impaction fractures that were treated
conservatively. Furthermore, the complication rate was
higher in the valgus-impaction group. In our opinion, the
inferior results of our patients with initial valgus dis-
placement were due to large metaphyseal defects in these
fractures, which complicated the anatomic reduction and
fixation of the fracture. The typical mechanism that causes
these fracture patterns seems to explain the occurrence of
these defects. A fall on the outstretched arm leads to
impaction of the head fragment into the glenoid. A meta-
physeal void remains after the reduction, making retention
of the anatomic reduction difficult. Furthermore, impaction
leads to the fracture of the tuberosities, according to the
eggshell model described by Hertel [18]. In addition, dis-
location of the head fragment may lead to a disruption of
the medial hinge, which compromises the blood supply and
makes reduction even more difficult. Therefore, the medial
hinge has been described as a “key structure” in proximal
humerus fractures [7, 19].

Hertel et al. [7] have shown that a fracture of the ana-
tomic neck, a short metaphyseal head extension (<8 mm),

and a ruptured medial hinge result in a positive predictive
value for a head ischemia of 97%.

A comparison with the other treatment options available
for fractures of the proximal humerus indicates that there is
no “gold standard.” In a systematic review, Misra et al.
[15] found that patients treated conservatively for a dis-
placed 3- or 4-part fracture had more pain than did patients
treated operatively. They did not observe any differences
in the functional results between ORIF and primary
arthroplasty. Furthermore, reverse arthroplasty, which is
increasingly used (particularly in the elderly), fails to yield
significant advantages. Cazeneuve and Cristofari [20] fol-
lowed 36 patients for 6.6 years and found a CMS of 56
points. Radiographic evidence for loosening of the glenoid
component was seen in 63% of the cases. Bufquin et al.
[21] have found an age- and gender-related CMS of 66% in
patients who had reverse arthroplasty for a 3- or 4-part
humeral head fracture. According to these results and
our own experience, reverse arthroplasty remains an option
for elderly patients with complex fractures and degenera-
tive lesions of the rotator cuff. The application of
reverse arthroplasty in younger patients (<70 years) is still
restricted. However, the newer generation of reverse
prostheses may improve the results.

Minimally invasive treatment seems to be a reliable
option that is associated with satisfying results. Bogner
et al. [22] have reported on a series of 50 patients over
70 years of age who were treated by percutaneous reduc-
tion and internal fixation using the Humerusblock device.
The mean CMS of the patients with 3-part fractures was
61.2 points (range: 35-87 points), which was 84.9% of the
score for the uninjured arm. The patients with a 4-part
fracture achieved a CMS of 49.5 points (range: 18-87
points) or 68.5% of the score for the uninjured arm.
However, the required surgical technique is demanding.

Complications

ORIF of proximal humerus fractures using locking plates is
associated with considerable complication rates, even in
younger patients. In a multicenter analysis that included
157 patients aged between 14 and 97 who had ORIF using
the PHILOS plate, Brunner et al. [2] found implant-related
complications (e.g., screw perforation) in 9% and non-
implant-related complications (e.g., avascular necrosis) in
35% of the cases after a 1-year follow-up. Likewise, Young
et al. [23] have observed a complication rate of 35.9%
within 2 years.

Screw perforation into the glenohumeral joint is a fre-
quently seen specific complication. In a systematic review
that included 12 studies, Sproul et al. [3] found screw
perforations in 8% of the cases. In elderly patients, screw
fixation is compromised by osteopenia of the head and the
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metaphyseal bone. Krappinger et al. [6] have found that
low bone mineral density has a significant influence on the
failure rate after ORIF of humeral head fractures. In our
patients, we found a perforation of 1 or more screws in
22% (n = 6) of the cases. Screw perforation was associ-
ated with a loss of the reduction, which occurred in 44% of
the cases. In 2 cases, the screw perforation was already
seen on the postoperative X-rays. Such technical errors
may be preventable if careful dynamic fluoroscopy is
performed intraoperatively to ensure that the screws do not
perforate the medial cortex. Our findings regarding loss of
the reduction and screw perforation are consistent with
those of Dietrich et al. [4] who found loss of the reduction
in 46% and a screw perforation in 24% of the cases that
they examined.

Loss of the reduction occurs because of comminution of
the medial cortical support. Therefore, some authors have
recommended accepting a slight varus impaction to allow
contact of the head and shaft fragments, which results in
inferomedial support [5]. Furthermore, Zhang et al. [24]
have found that the use of medial support screws placed
in the inferomedial region of the head may improve
mechanical stability and reduce the risk of secondary loss
of the reduction. In addition, Osterhoff et al. [25] have
investigated using an intramedullary fibula bone graft for
medial support in a biomechanical fracture model and have
found higher stiffness of the bone—implant construct and
lower fragment migration. However, further clinical stud-
ies are needed to verify the benefits of those techniques.

Impingement (classified as primary or secondary) was
another frequently observed (18.5%) complication. Pri-
mary impingement occurred in 3 cases and was caused by
cranial malpositioning of the plate. A proper surgical
technique is mandatory for avoiding this specific compli-
cation. The PHILOS plate provides an aiming device with
a proximal hole, which allows controlling the correct
position of the plate using a K-wire (Fig. 2). In our study,
plate removal, due to impingement, was necessary in the 3
cases mentioned above. Thus, impingement was both the
most frequent complication and the most frequent reason
for surgical revision.

In 8 cases (29.6%), we observed a partial (n = 2) or
complete (n = 6) avascular necrosis of the head and the
tuberosities (Fig. 3). This rate was higher than those pre-
viously reported in the literature. Solberg et al. [9] found
avascular necrosis in 17% of 24 patients older than
55 years at the time of trauma who underwent locking plate
fixation for a 3- or 4-part humeral head fracture.

It is remarkable, however, that objectively evaluated
complications do not necessarily result in surgical revision.
The revision rate was 29.6% in our study, even though the
complication rate was considerably higher (59%). Limita-
tion of shoulder function is of secondary importance to
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Fig. 2 Special aiming device with a proximal hole to facilitate proper
plate positioning

elderly patients, as long as the activities of daily living
can be accomplished and the patient is free of pain. This
consideration is reflected in our patient-based subjective
outcomes. Approximately 70% of our patients rated the
general condition of their shoulders as “very good,”
“good,” or “satisfactory,” while the CMS according to
Boehm found “satisfying” or “fair” results [26].

The retrospective design of our study decreased its
validity. Furthermore, there was no comparison group
because we pursued a strategy of reconstruction instead of
primary arthroplasty over several years. We attribute the
limited number of cases in our study (only 27 patients were
available for follow-up) to the complex conditions con-
cerning our collection of elderly patients. The number of
these patients inevitably deceased over time, due to mor-
tality, and numerous comorbidities, particularly neurode-
generative and cardiovascular changes, which hindered
assessment of their functional statuses. Thus, the follow-up
rate was only 56.2%. This result is consistent with the
follow-up rates reported in similar studies. In a study by
Dietrich et al. [4], approximately 30% of the patients over
70 years of age were lost to follow up 1 year after surgical
treatment for proximal humerus fractures.

Nonetheless, the present study investigates a homoge-
neous group of patients who were older than 65 years and
who sustained complex 3- or 4-part fractures of the



Musculoskelet Surg (2012) 96 (Suppl 1):S3-S11

S9

Fig. 3 a Avascular necrosis of
the head after a displaced 4-part
fracture. b Surgical revision
using reverse arthroplasty after
plate removal
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proximal humerus. All of the patients underwent locking
plate fixation with a standard surgical procedure and
rehabilitation program. The follow-up period of 44 months
was longer than that of most comparable studies. Less
complex fractures and younger patients are frequently
included to increase the number of patients, which leads to
more heterogeneous groups and less specific results [27—
29]. With respect to locking plate fixation, only the study
by Solberg et al. [9], which was mentioned above, reported
functional results for elderly patients in particular. How-
ever, the mean age at trauma in that study was “only”
67 years (£6.7).

Conclusion

Despite a high complication rate, the functional and
patient-orientated results of the locking plate fixation of
complex displaced proximal humerus fractures in the
elderly are satisfying and comparable to those of primary
arthroplasty and minimally invasive treatments. Proper
surgical technique (screw length, plate position) is man-
datory for reducing the revision rate. Surgeons should be
aware that objectively evaluated complications do not
necessarily require surgical revision if shoulder function is
satisfactory and the patient has only mild discomfort. If
anatomic reduction and fixation cannot be obtained even
with augmentation of the metaphyseal defects and support
of the medial hinge, alternative options, such as primary
(reverse) arthroplasty, should be considered.
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manuscript.
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