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Background: To date, there is a lack of consensus regarding surgical treatment recommendations for
complex proximal humerus fracture (PHF) patterns, especially between joint preservation and joint
replacement techniques.
Methods: Between 2012 and 2017, 146 patients (aged 74.1 � 8.0 years) with complex PHF were treated
with locking plates (open reduction-internal fixation [ORIF]) or reverse total shoulder arthroplasty
(RTSA). Complications and unplanned revision surgery were recorded in a mid-term follow-up. Poten-
tial patient and surgical risk factors for complications were extracted. Univariate and multivariate ana-
lyses were conducted.
Results: Follow-up data were available for 125 patients, 66 (52.8%) of whom were treated with locking
plates, and 59 (41.2%) with RTSA. Both groups had comparable Charlson indices. The overall compli-
cation rate was 37.8% for ORIF and 22.0% for RTSA, with a revision rate of 12.1% and 5.1%, respec-
tively, as driven primarily by persistent motion deficits. Multivariate analyses demonstrated no
significant differences between the 2 procedures (P ¼ .500). However, age was an independent protective
factor against overall complications (P ¼ .018). Risk factors for major complications in ORIF included
osteoporosis, varus impaction fractures, posteromedial metaphyseal extensions <8 mm, head-shaft dis-
placements >4 mm, and multifragmentary greater tuberosities. For RTSA, higher complication rates
were seen in patients with higher Charlson indices, diabetes, or altered (greater) tuberosities. In contrast,
Neer’s classification system was not predictive in either group.
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Conclusions: RTSA led to fewer complications than ORIF and thus can be considered a valuable option
in complex PHF of the elderly. Paying attention to specific prognostic factors may help to reduce the
complication rate.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
� 2019 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Proximal humeral fractures account for approximately
6% of all adult fractures and are the third most common
fracture seen in patients over 60 years of age.12 According
to Palvanen et al,55 these numbers are expected to rise even
more in the future, mainly as a result of an increase in
osteoporotic fractures in the elderly. Almost 80% of these
fractures are nondisplaced or minimally displaced and thus
can successfully be treated nonoperatively.20,32 Although
the latest Cochrane review suggested a nonoperative
approach even for patients with displaced fractures, the best
treatment method for complex injuries (3- and 4-part
fractures, dislocation-fractures, fractures with a head-split
component), especially in the elderly, remains
controversial.9,17,29 If surgery is chosen, the surgeon has
first to decide whether to fix or to replace the humeral head.
Open reduction-internal fixation (ORIF) with locking plates
preserves bone stock and the potential for anatomic heal-
ing, with complications including loss of reduction, screw
cutout, intra-articular screw penetration, and avascular
necrosis.44,49,57,63 If reconstruction is not feasible, shoulder
arthroplasty usually is the only surgical option. In recent
years, there has been controversy as to which replacement
methoddhemiarthroplasty (HA) or reverse total shoulder
arthroplasty (RTSA)dis the better treatment for proximal
humeral fractures. However, RTSA seems to provide su-
perior and more reliable functional results, facilitating a
potentially more rapid recovery in the elderly.45,65

However, complications, such as scapular notching,
hematoma, postoperative infection, glenoid loosening, and
persistent instability, remain high and can be seen in up to
68% of the cases.1-3,34

To improve the preoperative decision making, the cur-
rent study was designed to evaluate which surgical pro-
cedure (angular-stable plating or RTSA) leads to lower
complication and revision rates, and to determine possible
independent risk factors in an elderly population.

Methods

This is a retrospective study of the outcomes of surgical manage-
ment of complex fractures of the proximal humerus in the elderly.
Patients were selected by searching the clinic’s patient management
system (medico by Cerner Health Services GmbH, Idstein, Ger-
many) of 1 level-I trauma center from 2011 to 2017 for all proximal
humeral fractures, using the code S42.0 of the International
Statistical Classification of Diseases and Related Health Problems,
Tenth Edition. Data from all patients �60 years of age were
analyzed, and those treated surgically by plate osteosynthesis or
reverse shoulder prosthesis were identified. Ipsilateral injuries to the
affected extremities were not exclusion criteria.

Plain radiographs and CT scans were reviewed by 2 orthopedic
surgeons to identify 3- and 4-part fractures, head splits, and
dislocation fractures defined by Neer for inclusion in the
groups.47 In addition, the status of each patient’s metaphyseal
medial hinge, tuberosities (single- or multifragmented), head-shaft
angle, and displacement were evaluated.

The choice for the treatment method was based on individual
criteria for every patient taking not only the actual age or fracture
type, alone, but also a variety of different criteria, for example,
biological age or functional demands of the patient into
consideration.

All surgeries were performed by 1 of 4 experienced shoulder
surgeons in a beach chair position under general anesthesia with
preoperative single-shot antimicrobial prophylaxis using cefur-
oxime. A standard deltopectoral approach was used to enter the
shoulder joint. The fracture was exposed, and the tuberosities were
identified and grasped with No. 5 FiberWire sutures (Arthrex,
Naples, FL, USA), if possible. The following implant systems
were used: Reverse Shoulder Prosthesis (Delta Xtend, Depuy,
Warsaw, IN, USA) (Fig. 1), the PHILOS-plate (Fa. Synthes,
Umkirch, Germany) (Fig. 2), or the angular-stable K€onigsee plate
system (K€onigsee Implantate GmbH, Allendorf, Germany). No
statistical differences in outcome or complication rate were re-
ported between these plate systems in a previous study at our
institution.40

In case of RTSA, the glenoid was minimally reamed to
conserve as much subchondral bone as possible. Then the gle-
noid baseplate was placed inferiorly on the glenoid with an
inferior tilt to minimize scapular notching. After removal of the
head fragments and preparation of the proximal humerus, a
cemented stem was implanted at between 10� and 20� of retro-
version to avoid tension on the greater tuberosity during internal
rotation. Tension of the glenohumeral joint was considered ideal
if the tip of the surgeon’s fifth finger could pass between the trial
glenosphere and the polyethylene. Finally, when possible, both
tuberosities were reattached anatomically to the prosthesis and
the humeral metaphysis with sutures. In case of ORIF, reduction
was done under biplanar fluoroscopic control using temporary
fixation with K-wires as needed. An angular stable plate was
then chosen and positioned on the humeral bone so as to avoid
impingement under the acromion. Screws were used as needed,
including 2 inferomedial calcar screws. In all fractures, the tu-
berosities were reattached with additional FiberWire (Arthrex)
cerclages knotted against the plate or additional screws in large



Figure 1 (A) Anteroposterior and (B) lateral radiograph of a 73-year-old man with a proximal humerus fracture after a fall from standing
height. Because of the head-splitting aspect, the patient was treated with a reverse shoulder replacement as shown in the postoperative (C)
anteroposterior and (D) lateral radiographs.
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fragments. No bone grafts or cement augmentation was used to
support the fixation.

Postoperatively, RTSA patients had to wear a protective sling
and were treated with passive external and internal rotation and
active-assisted elevation exercises for 6 weeks. ORIF patients
began physiotherapy with active (without weight-bearing)/active-
assisted and passive flexion/extension exercises on the first post-
operative day for the first 6 weeks. No limitation in arc of motion
was advised.

Depending on the radiographic findings after 6 weeks, patients
were then allowed to increase weight-bearing to full load.

The medical records were reviewed for demographic charac-
teristics, complications, and reoperations after at least 1 year of
follow-up. The overall burden of comorbidities was compared
between groups with the respective Charlson comorbidity indices.
Complications were defined as adverse events directly related to
the chosen treatment, and revision was defined as any subsequent
surgical intervention related to the index procedure. We then
differentiated between medical complications, such as pulmonary
emboli or cardiac events, and operative complications that stem-
med from the surgical site such as need for transfusions, wound
complications, dislocations, avascular necrosis (AVN), or in-
fections. According to Dindo et al,16 surgical complications were
graded as ‘‘minor’’ involving any deviation from the normal
postoperative course requiring no secondary surgery, and ‘‘major’’
involving any event requiring pharmacologic treatment beyond 6
months or further surgical interventions. Persistent motor defects,
defined as prolonged (>6 months) and painful active forward
elevation (AFE) deficit <90�, were also classified as major
complications.

All available radiographs were evaluated. In RTSA, implant
position, inferior scapular notching, signs of loosening, and
greater tuberosity healing were analyzed radiographically on
standardized anteroposterior and axillary lateral radiographs at the
final follow-up. Scapular notching was classified according to
Sirveaux et al,59and humeral loosening was assessed with the
method described by Sperling et al.60
For ORIF, follow-up radiographs were evaluated for successful
union, loss of reduction and fixation, intra-articular screw perfora-
tion, AVN (graded according to Cruess13), and arthritic changes at
the glenohumeral joint.Head-shaft alignmentwas graded as normal,
varus (head-shaft angle <120�), or valgus malalignment (>150�).
Loss of fixation was defined as a change in head-shaft angulation of
>10� in the anteroposterior or lateral plane. Tuberosity malre-
duction was documented and classified as ‘‘insufficient,’’ if
displacement was more than 5 mm in any plane during follow-up.

The statistical analysis was performed using IBM software
(SPSS version 21; IBM Corp., Armonk, NY, USA).

To determine the differences between ORIF and RTSA, cate-
gorical variables were compared using c2 or Fisher’s exact tests.
Continuous variables were compared using Mann-Whitney
U tests, or Student’s t-tests for normally distributed variables.
Multivariate logistic regression analyses were performed to
identify independent risk factors for complications and revision
surgeries, with the type of procedure included as variables. For all
tests, P values <.05 were considered to be significant.

Results

Between 2012 and 2017, 146 subjects met the inclusion
criteria for this study, and a complete radiological and
clinical data set including a follow-up period of at least 1
year was available for 125 cases, of whom 66 (45 females
and 21 males) were treated by angular-stable plating (mean
follow-up, 5.1 � 1.9 years) and 59 (53 females and 6
males) by RTSA (mean follow-up, 3.5 � 1.3 years). The
average patient age was 74.1 years, with RTSA patients
being older than the ORIF patients (Table I). The injury
occurred on the dominant arm in 56% of the cases. In 115
subjects, the cause of the fracture was a fall or a low energy
impact, and in 3 cases, the fractures resulted during poly-
traumatic events. No open fractures were reported.



Figure 2 (A) Anteroposterior and (B) lateral radiograph of a76-year-old woman with a proximal humerus 4-part fracture after a bicycle
accident. In this case, the proximal humerus was reconstructed using a PHILOS-plating system as shown in the postoperative (C) ante-
roposterior and (D) lateral radiographs.
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All injuries were solitary lesions to the proximal hu-
merus, but in 4 cases, a concomitant injury to the ipsilateral
extremity (elbow, forearm) was seen.

According to Neer’s classification system, 24 fractures
were classified as 3-part (19.2%) and 73 (58.4%) were
classified as 4-part fractures. A head split was seen in 25
cases (20%), and in 3 cases (2.4%), an anterior dislocation-
fracture was apparent.

Both groups showed no significant differences in common
comorbidities as well as in the Charlson index (P ¼ .208).

The mean operation time was 140 � 34 minutes for
RTSA and 92 � 31 minutes for ORIF.



Table I Study population and demographics

RTSA ORIF

N 59 66
Age, yr 77.4, SD 7.2 71.2, SD 7.4
Gender 45 F, 21 M 53 F, 6 M
NEER classification
3-part 2 22
4-part 34 39
Head split 21 4
Dislocation fracture 2 1

Comorbidities
Smoker 7 1
Diabetes 13 6
Osteoporosis 15 12
Malignoma 4 5
BMI, kg/m2 30.1, SD 9.6 27.3, SD 6.5
Charlson index 1.44 0.98

RTSA, reverse total shoulder arthroplasty; ORIF, open reduction-

internal fixation; SD, standard deviation; BMI, body mass index.
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Reconstruction by locked plating

Postsurgical radiographic controls documented an anatomic
reduction of the tuberosities and a correct restoration of the
Figure 3 (A) Anteroposterior radiograph and (B-D) 3-dimensional com
smoker, body mass index: 54.7 kg/m2, osteoporosis) with a 4-part fra
fracture was initially fixed by a locking plate. However, a nonunion oc
surgery with implantation of a hemiarthroplasty. Unfortunately, because
another revision surgery was performed after 3 months, including rever
head-shaft angle (average, 135.4�; standard deviation, 9.7�)
in all cases. During the follow-up period, a bony union was
achieved in 65 of 66 patients with no signs of posttraumatic
osteoarthritis on the final follow-up radiographs. However,
superior migration of the greater tuberosity was docu-
mented in 4 cases, with 1 case of complete loss of fixation
and a subsequent varus collapse during the first year.

Overall, we saw complications in approximately 37.8%
of the cases, of which 12.1% required a surgical revision,
including early hardware removal and arthrolysis. The
primary cause of these complications was a persistent
motion deficit seen in 25.8% of all patients and accounting
for 62.5% of all revision procedures. Avascular necrosis of
the humeral head (4 stage II, 2 stage III) was found in 6
cases (9%), 2 of which were revised for associated screw
perforation. In 1 patient, a peri-implant infection with
Staphylococcus epidermidis was successfully treated with a
surgical d�ebridement maintaining the hardware followed by
a 4-week course. Because of a nonunion of the proximal
humerus, a hemiarthroplasty was implanted in 1 patient,
which had to be switched to a reverse prosthesis due to
persistent motion deficit and subluxation of the prosthesis
(Fig. 3). No axillary or radial nerve injuries were detected.
Medical complications included pulmonary emboli in
puted tomography reconstruction of a 65-year-old woman (heavy
cture of the proximal humerus after a bicycle accident. (E) The
curred after a follow-up of 8 months (F, G), leading to a revision
of subluxation of the prosthesis with persisting motion deficits (H),
se shoulder arthroplasty (I).



Table II List of all complications for each surgical treatment
method

Procedure Complication Number
of
patients

Percentage

ORIF 66
Motion deficits 17 25.8
AVN 6 9.1
Loss of fixation 4 6.1
Screw cutout 2 3.0
Infection 1 1.5
Pulmonary embolism 2 3.0
Postoperative anemia 1 1.5

RTSA 59
Motion deficits 9 15.3
Instability 3 5.1
Axillary nerve lesion 2 3.4
Scapular notching 7 11.9
Radiolucent lines (stem) 2 3.4
Pulmonary embolism 2 3.4
Postoperative anemia 1 1.5

ORIF, open reduction-internal fixation; AVN, avascular humeral head

necrosis; RTSA, reverse total shoulder arthroplasty.
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2 cases (3%) and a postoperative anemia in 1 case. No
perioperative blood transfusions were required.

In the multivariate regression model, several indepen-
dent variables associated with negative outcomes could be
identified (Supplementary Table S1), with varus impaction
fractures being the greatest risk factor in this context. In
addition, multifragmentary greater tuberosities, poster-
omedial metaphyseal extensions under 8 mm, preoperative
head-shaft A-P displacement greater than 4 mm (distance
measured in the sagittal plane), insufficiently reconstructed
medial hinges, and osteoporosis were associated with
significantly higher complication rates.

Replacement by RTSA

Major postoperative complications were reported in 13
cases (22.0%), of which 3 were treated by surgical revision
(5%). These reoperations included open reduction for
dislocation of RTSA, d�ebridement and irrigation for
infection, and open arthrolysis of adhesions for intractable
stiffness. Persistent motion deficits and instability (n ¼ 3)
were seen in 15% of all cases (n ¼ 9), and postoperative
axillary nerve lesions were evident in 2 patients. During the
follow-up period, no loosened glenoid baseplates or hu-
meral stems were detected, although in 7 patients a discrete
(grade I) scapular notching and in another 2 patients
radiolucent areas occurred in zones 1 and 7. Furthermore,
we documented 2 cases of a pulmonary embolism and 1
case of postoperative anemia requiring a blood transfusion.

The multivariate model revealed a higher risk for com-
plications in patients with diabetes or a higher Charlson
index, whereas, in contrast, increased age was associated
with a decreased risk (Supplementary Table S2). Although
not statistically significant, all patients with a body mass
index (BMI) > 35 kg/m2 had major or minor complications
during the follow-up. Regarding surgical variables, the
condition and healing of the tuberosities with (refixed-
resected-resorbed) were directly associated with lower rates
of motion deficits and instability. In contrast, the size of the
metaglene was not correlated with a higher complication
rate.

Comparison of RTSA vs. ORIF

After defining treatment-specific risk factors, we then ran a
multivariate logistic regression analysis, containing age,
gender, fracture classification, BMI, Charlson index, and
the treatment method to determine independent risk factors
for overall complications (Table ll), as well as whether the
procedure type is an independent risk factor for complica-
tions. These analyses revealed that only the age (P ¼ .018)
can be considered as an independent risk factor. Gender (P
¼ .534), BMI (P ¼ .646), fracture type (P ¼ .870), and
procedure type (P ¼ .500) were not statistically significant.
This model explained 17.6% of the variance in the
complication rate and correctly predicted the occurrence of
complications in more than 70% of the cases.
Discussion

The treatment of PHF in the elderly presents major chal-
lenges for the treating surgeon. Although no significant
differences between surgical and nonoperative treatment
have been reported in the recent literature,29,51,52 there is
still no consensus as to which patients will benefit from
operative treatment.28 Especially, complex fracture patterns
regularly result in pain and loss of function,17,53 an obser-
vation that has led many clinicians to consider 3- and 4-part
fractures as indications for surgical management. In addi-
tion, there is some growing evidence that even after
adjusting for age, gender, and comorbidities, surgical
treatment of PHF is associated with significantly lower
mortality rates.5,56

Surgical treatment options include ORIF, HA, and
RTSA, but conflicting data exist on complication rates for
these options.14,26,46,62

In our study, we analyzed the complication and revision
rates of 125 consecutive elderly patients with a complex
proximal humerus fracture undergoing surgical treatment
either by locked plated osteosynthesis or by RTSA during
2011 and 2017 at a single-center institution. Although
RTSA patients were substantially older and mostly female,
the Charlson index between both groups showed no sta-
tistical difference.
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Complications after ORIF

We identified postoperative shoulder stiffness and avascular
humeral head necrosis as the 2 most common major
complications after ORIF, with screw cut-out or complete
loss of fixation described in only 3 cases. Similar compli-
cation rates have already been described by several
authors.6,23,27 However, unlike most previous studies,
which reported a loss of fixation rate in up to
35%,4,37,41,63 we saw only 1 secondary varus collapse
during the observation period. We hypothesize that the
reasons for this observation are multifactorial including
improvements in the surgical technique with emphasis of
the inferomedial calcar supporting screws,22 treatment by
shoulder specialists, increasing knowledge about potential
factors for failure,39 and the use of alternative techniques
such as RTSA in more complex fracture patterns.

We identified several risk factors for complications
including varus impaction, multifragmentary greater tu-
berosity, posteromedial metaphyseal extension under 8 mm,
a preoperative head-shaft a-p displacement greater than 4
mm, and an insufficiently reconstructed medial hinge.
These findings are consistent with the current literature. In
a study of 252 patients, Jung et al36 reported that a dis-
placed varus fracture and a medial comminution were in-
dependent risk factors for reduction loss after PHF locking
plate osteosynthesis. Hardeman et al30 even reported the
worst outcome in a significantly displaced varus articular
fracture in the elderly. Although varus fractures were not
associated with a loss of reduction in our study, we saw a
higher number of complications, especially motion deficits,
in these cases. A possible reason may be seen in the fact
that varus deformity changes the pretension of the rotator
cuff,67 leading to decreased supraspinatus efficiency that
ultimately requires significantly higher forces to achieve
normal arm elevation. In addition, a multifragmentary
greater tuberosity was found to negatively influence the
complication rate. In 4 of these cases, we identified a sec-
ondary cranial tuberosity dislocation during the first 6
weeks after surgery, likely based on the difficulty of secure
fixation with tuberosity comminution as has also been re-
ported by Foruria et al.19 Furthermore, we hypothesized
that possible tuberosity resorption that may not be detected
on radiographically can lead to tuberosity displacement.

In 2004, Hertel et al31 reported a higher rate of humeral
head ischemia in patients with a disrupted medial hinge and
a posteromedial metaphyseal extension <8 mm, concluding
that residual perfusion of the fractured head is dependent on
the blood supply provided by the posterior circumflex
vessels. Our results support these findings, as we also saw a
higher rate of AVN in these cases. In addition, a head-shaft
displacement >4 mm was found to be associated with a
significantly higher complication rate, probably as a result
of displacement-induced stripping of the periosteum (and
vessels) around the anatomical neck. For this reason,
special care has to be taken when restoring the functional
anatomy of the humeral head and the medial hinge.

Interestingly, in contrast to prior studies,7,30,35 the frac-
ture type based on the Neer classification did not seem to
interfere the results. This may be because of the proven low
intra- and interobserver reliability of this classification
system.68

Although several patient-derived risk factors (eg, age,
smoking, steroid use, and diabetes) have been described in
the recent literature,6,49,61 we could only identify a correla-
tion between osteoporosis and a higher surgical complication
rate, which was attributed to a secondary loss of fixation
during follow-up, as has been reported previously.41,54,63

Complications after RTSA

The most common complications were instability and
intractable shoulder stiffness during follow-up, leading to
an overall major complication rate of 22% and a revision
rate of approximately 5%. These findings reflect the current
literature, which reports complication rates ranging from
4.8% to 68% and revision rates mostly under
10%.2,11,34,66 Depending on the classification of scapular
notching, instability may be the most common complica-
tion after RTSA, with rates ranging from 2.4% to
31%.8,11 In our study, instability was seen in one-third (n ¼
3) and scapular notching in 11.9% of all surgical compli-
cations. Our patients’ advanced age and sedentary lifestyles
as well as the short follow-up durations may explain the
low frequency of scapular notching in our study. Further-
more, the clinical effects of notching remain controversial,
as some authors report that notching does not affect range
of motion (ROM) or functional scores, whereby other re-
ports indicate that scapular notching could be an indepen-
dent variable predictive of an adverse outcome and
baseplate failure.24,43,58

Several patient-dependent variables for adverse out-
comes after RTSA have been described in the literature.
Farng et al18 reported a higher 90-day complication rate
after surgery for patients with high Charlson indexes or
peripheral vascular disease. In addition, Jain et al33 found
that diabetes, hypertension, and obesity were predictors of
increased postoperative complications in patients under-
going total hip, knee, or shoulder arthroplasty. Similarly,
we found a significantly higher complication rate in this
study for patients with higher Charlson indexes or diabetes.
Furthermore, according to Gupta et al,25 a BMI >35 kg/m
leads to more complications in RTSA, presumably because
of the added technical complexity and associated medical
and surgical complications. Although not statistically sig-
nificant, all of our patients with a BMI >35 kg/m2 showed
minor or major postoperative complications.

In contrast to that, our multivariate analysis revealed a
protective effect of age on the complication rate in the
RTSA group, confirming the report of Villacis
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et al.66 Similarly, Wagner et al68 demonstrated a strong
association between older age and decreased rates of revi-
sion surgery. In a study of 5494 consecutive patients un-
dergoing TSA between 1970 and 2012, they demonstrated a
3% decrease in risk for revision surgery for every increase
in 1 year of age. Because of a noticeable association with
mechanical failure rates, the authors conjectured that the
decreased functional demands of older patients would be a
factor in this context.

Although union of the tuberosities and function of the
rotator cuff are not as important in patients treated with
RTSA, in contrast to hemiarthroplasty, we could demon-
strate a significant reliance of the complication rate on the
state of the tuberosities. We tried to reattach both tuber-
osities and can confirm that either resection (n ¼ 14) or
resorption (n ¼ 7) of the greater tuberosity was associated
with a higher risk of dislocation and prolonged motion
deficits, consistent with the current literature. Gallinet
et al21 reported that anatomic fixation of the tuberosities
over the prosthesis significantly improved rotational func-
tions of the shoulder and can also lead to improved active
anterior elevation as described by Grubhofer et al.24 In a
recently published retrospective multicenter study of 420
elderly patients with a 4-part PHF, Ohl et al50 concluded
that anatomic healing of the greater tuberosity significantly
improves active anterior elevation and external rotation,
and its excision is associated with the worsened functional
results and a high risk of postoperative shoulder instability.
For this reason, some authors even advocate a graft
augmentation of the tuberosities when performing RTSA in
elderly patients.64

Comparison of RTSA vs. ORIF

To date, only few data exist regarding a comparison of
ORIF and RTSA in the context of PHF. In a large sys-
tematic review of 92 studies, Gupta et al26 reported the
outcomes of more than 4500 patients with proximal hu-
meral fractures after surgical management. Although ORIF
and RTSA had a comparable rate of postoperative com-
plications (15% for ORIF and 18% for RTSA), ORIF
provided better functional results.26 However, the revision
rate was significantly higher for ORIF (13%) than for
RTSA (5%), which is why the authors postulated that in
patients older than 70 years, RTSA has the potential to be
the most effective operative intervention.

In comparison, we detected higher overall major
complication and revision rates for both procedures.
However, in contrast to the previously mentioned study, we
included only elderly patients with complex fracture types,
who usually have a greater risk for postoperative compli-
cations and additionally classified persisting painful motion
deficits as major complications, because of their high
relevance for each patient. If motion deficits were excluded,
the major complication rates decreased to 12.1% (ORIF)
and 11.8% (RTSA), respectively.
In 2016, Cvetanovich et al15 published the results of a
national database study of 1791 patients with surgically
treated PHF. Analyzing all medical complications within 30
days after surgery, they found that ORIF had a significantly
lower complication rate (13.0%) than RTSA (23.2%), even
after adjusting for several patient factors (age, gender,
operative time, BMI, chronic obstructive pulmonary dis-
ease [COPD], American Society of Anaesthesiologists
[ASA] class), primarily due to lower rates of blood trans-
fusion. In their opinion, patient comorbidities, like a higher
BMI, ASA class, or COPD, had a larger role than the
procedures itself in predicting short-term complications.
However, there were several limitations in this study,
including the short follow-up period, the lack of fracture
type classification or age group differentiation, and the
focus on nonorthopedic specific complications. Similarly,
our multivariate logistic regression analysis (age, gender,
BMI, Charlson index, fracture type, surgical procedure)
revealed that the type of procedure does not significantly
affect the complication or revision rates after surgical
treatment of a PHF, whereas only age was found to be an
independent (protective) variable in this context.

In contrast to that, Neuhaus et al48 presented a large US
database (NHDS) study featuring more than 132,000 pa-
tients older than 65 years of age. Examining the medical
adverse events after different treatment options, the authors
found that ORIF is an independent risk factor for inpatient
medical complications and mortality compared with TSA
or nonoperative treatment. In addition, according to Zhang
et al,69 ORIF is also associated with a higher 90-day
readmission rate (29%) from surgical complications than
RTSA (20%). Although the authors reported that most
readmissions were the result of medical complications, they
presented significantly higher surgical complication rates
for patients undergoing ORIF.69 These were mainly asso-
ciated with mechanical complications of the implant
(ORIF) or instability (RTSA), which is consistent with the
results of our study.

Although we did not assess functional outcomes in this
study, some authors demonstrated that RTSA could also lead
to better clinical results, especially in the elderly population.

In a matched-pair analysis, Chalmers et al10 analyzed
the outcomes of 27 patients with a displaced PHF treated
either by RTSA, HA, or ORIF. They concluded that RTSA
seems to provide a superior range of motion and more
predictable functional outcomes than HA and ORIF. Like-
wise, we found persistent motion deficits in 10.2% of all
RTSA and 28.7% of the ORIF patients, indicating that there
could be a difference in function as well.

Our study has some limitations. Because we analyzed a
number of consecutive patients with rather rare fracture en-
tities at a single-center institution, our study population has
some heterogeneity with respect to age and gender.
Furthermore, the choice of the treatment method was not
based on hard criteria, like actual age or fracture type, alone,
as a variety of different criteria, for example, biological age
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or functional demands of the patient may have influenced the
surgeons’ decision. In addition, we did not include functional
scores, except for AFE <90�, in our results as our focus was
solely on complication and revision rates in the context of
predictive factors. However, several larger studies have
confirmed that the inability to achieve AFE >90� may limit
the patient’s activities of daily living and could hamper in-
dependent living for some patients.38,42 Although clinical
and radiological follow-up did not differ in most of our pa-
tients, we did not routinely obtain radiographs in a few
asymptomatic and low-risk patients (n ¼ 11) after the first
year to minimize their radiation exposure, which could have
affected the rates of occult (minor) complications. Finally,
the rate of late avascular necrosis of the humeral head as well
as signs of humeral or glenoidal loosening in the RTSA pa-
tients may increase over time and thus have a significant
effect on the outcome in the long-term.

Nevertheless, this study is one of only a few studies
comparing the complication and revision rates of 2 con-
current surgical procedures for complex PHF in a popula-
tion at risk.
Conclusions
Treating complex fractures of the proximal humerus in
the elderly remains challenging. ORIF with locking
plates and RTSA are 2 commonly used procedures, with
no clear guidelines to justify the recommendation of one
over the other yet.

In the present study, RTSA showed fewer complica-
tion and revision ratesdalthough not statistically sig-
nificantdcompared with angular stable plating and it
thus should be considered a viable option for treatment
in these cases.

Careful analysis of the individual characteristics of
the patients and fractures are necessary to minimize
complications and revision rates. In older patients,
knowledge of possible negative predictive factors be-
comes crucial for choosing between joint conservation
and arthroplasty. As shown in our study, older patients
with a varus impaction fracture, multi-fragmentary tu-
berosities, head-shaft displacement >4 mm, or osteo-
porosis may benefit from a primary RTSA.
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