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Background: To date, there is a lack of consensus regarding the type of surgical treatment for complex proximal humeral fractures (PHFs)
in elderly patients, especially between joint preservation and joint replacement techniques.

Materials and methods: We matched 60 patients (aged 73.2 + 6.4 years) with complex PHFs in terms of sex, age, and Charlson Co-
morbidity Index, who underwent locking-plate open reduction—internal fixation (ORIF) or reverse shoulder arthroplasty (RSA) (2011-
2017). Postoperative range of motion and functional outcome were assessed using the American Shoulder and Elbow Surgeons shoulder
score, Oxford Shoulder Score, Constant-Murley score, and Disabilities of the Arm, Shoulder and Hand score at a mean follow-up of 49
months (ORIF group) and 38 months (RSA group). Complications and unplanned revision surgery were recorded, and all radiographs
were analyzed.

Results: ORIF resulted in numerically, although not statistically significantly, greater mean shoulder motion vs. RSA. Significantly better
outcome was reported for the Oxford Shoulder Score (P = .034) and Disabilities of the Arm, Shoulder and Hand score (P = .026) in the
ORIF group, although no significant differences were observed in the American Shoulder and Elbow Surgeons shoulder score and Con-
stant-Murley score. The complication rate (30% vs. 10%) and revision rate (20% vs. 3%) were significantly higher in the ORIF group (P =
.028), with patients who had complications or required revision having worse functional results.

Conclusion: Favorable results are achievable through both angular-stable plating and RSA. Although ORIF may be associated with a
superior functional outcome, exceeding the minimal clinically important difference, RSA was linked to significantly fewer complications
and revisions.

Level of evidence: Level III; Retrospective Cohort Comparison; Treatment Study
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Proximal humeral fractures (PHFs) are among the most
common fractures in adults, and they represent the third
most common fracture in patients older than 60
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years.” Because of the close association of PHFs with
osteoporosis, their number is expected to increase further in
the future.”” Although nonsurgical treatment is a reasonable
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option for most of these fractures,'>?! the best treatment

method for complex injuries (ie, 3- and 4-part fractures,
dislocation-fractures, and fractures with a head-splitting
component), especially in elderly patients, remains
controversial.”> Whereas some studies indicated that sur-
gical treatment might be associated with a favorable
outcome™ and lower mortality rate,*® most recent studies
have failed to find any benefit of surgical treatment in
PHFs.>**" However, an increasing interest in surgical
intervention has developed since the introduction of
angular-stable implants® and the recent use of reverse
shoulder arthroplasty (RSA) for fracture treatment.’

To date, limited data are available regarding the
comparison of different treatment options, especially
between open reduction—internal fixation (ORIF) and
RSA, in the context of PHE.'"'?**:% ORIF with locking
plates preserves bone stock and the potential for
anatomic healing, with complications including loss of
reduction, screw cutout, intra-articular screw penetra-
tion, and avascular necrosis,>>3% 159 RSA, on the other
hand, seems to provide good and reliable functional
results, facilitating a potentially more rapid recovery in
elderly patients.”*°

However, complications such as scapular notching, he-
matoma, postoperative infection, glenoid loosening, and
persistent instability continue to show high rates and can be
seen in up to 68% of the cases.' " This study was
designed to evaluate which surgical procedure (ie, angular-
stable plating or RSA) leads to a more favorable functional
and clinical outcome and is associated with lower compli-
cation and revision rates in an elderly population. The
purpose of the study was to compare the 2 options. Our
primary hypothesis was that RSA would provide better
functional results than ORIF in complex fracture patterns
(independent of fracture type).

Materials and methods

This was a retrospective comparative study of the outcomes of
surgical management of complex PHFs in elderly patients. The
study was conducted in a single level I trauma center from 2011 to
2017. All patients aged 65 years or older and treated surgically by
either plate osteosynthesis or a reverse shoulder prosthesis were
identified and selected through the patient management system of
the clinic (medico; Cerner Health Services, Idstein, Germany).
Plain radiographs and computed tomography scans were
reviewed by 2 orthopedic surgeons to identify 3- and 4-part
fractures, with or without head splitting, and/or dislocation-frac-
tures (as defined by Neer) for inclusion in the groups.’’ All pa-
tients with an acute, complex PHF, according to the
aforementioned fracture patterns, and immediate surgical treat-
ment were included. Patients with delayed (>14 days from injury)
or secondary surgical treatment (including initial nonoperative
treatment) were excluded. The choice of treatment method was
based on the individual criteria for each patient (ie, actual age or
fracture type) and a variety of different criteria (ie, biological age

or functional demands of the patient) but ultimately remained the
surgeon’s choice.

All surgical procedures were performed by 1 of 4 experienced
shoulder surgeons with the patient in the beach-chair position
under general anesthesia with preoperative single-shot antimi-
crobial prophylaxis. 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, depending on the surgeon’s choice:
Reverse Shoulder Prosthesis (Delta Xtend; DePuy Synthes,
Umkirch, Germany), PHILOS plate (DePuy Synthes), or angular-
stable Konigsee plate system (Konigsee Implantate, Allendorf,
Germany). In a previous study performed at our institution, no
statistically significant differences were reported in outcomes or
complication rates between these 2 plate systems.””

In RSA patients, the glenoid baseplate was placed inferiorly on
the glenoid with an inferior tilt to minimize scapular notching.
After removal of the head fragments, a cemented stem was
implanted at between 10° and 20° of retroversion. 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 meta-
physis with sutures.

In ORIF patients, reduction was performed under biplanar
fluoroscopic control using temporary fixation with K-wires, as
required. An angular-stable plate was subsequently selected and
positioned on the humeral bone to avoid impingement under the
acromion. Screws were used as needed, including 2 inferomedial
calcar screws. In all fractures, the tuberosities were reattached
with additional FiberWire cerclage stitches knotted against the
plate or additional screws in large fragments. Bone grafts or
cement augmentation was not used to support the fixation.

Postoperatively, patients who underwent RSA wore a protec-
tive sling in neutral rotation to avoid secondary avulsion or tu-
berosity nonunion, and were treated with passive external and
internal rotation and active-assisted elevation exercises for 6
weeks. Patients who underwent ORIF initiated physiotherapy with
active (without weight bearing) or active-assisted and passive
flexion-extension exercises on the first postoperative day and
continued for 6 weeks. No limitation in the arc of motion was
advised. Depending on the radiographic findings after 6 weeks,
patients were subsequently allowed to increase weight bearing to
full load.

After a minimum follow-up period of 1 year, the patients were
clinically evaluated by an independent experienced orthopedic
surgeon. The range of motion (ROM) of both shoulder joints was
tested using a standard goniometer. Postoperative functional
outcome was assessed using the German-language version of the
American Shoulder and Elbow Surgeons (ASES) shoulder score'®;
the German-language version of the Oxford Shoulder Score (OSS;
range, 0-48)*%; the Constant-Murley score®; and the German-lan-
guage Disabilities of the Arm, Shoulder and Hand (DASH)
questionnaire (range, 0-100, with O representing a perfectly
functioning arm).*’

All available radiographs were evaluated. In RSA patients,
implant position, inferior scapular notching, signs of loosening,
and greater tuberosity healing were radiographically analyzed on
standardized anteroposterior and axillary lateral radiographs at the
final follow-up. Scapular notching was classified according to
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Sirveaux et al,” and humeral loosening was assessed with the
method described by Sperling et al.”>’ In ORIF patients, follow-up
radiographs were evaluated for successful union, loss of reduction
and fixation, intra-articular screw perforation, avascular necrosis
(graded according to Cruess'"), and arthritic changes at the gle-
nohumeral joint. Loss of fixation was defined as a change in head-
shaft angulation greater than 10° in the anteroposterior or lateral
plane. 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.
Post-traumatic shoulder stiffness—defined as a prolonged (>6
months) and painful active forward elevation and external rotation
deficit in the absence of a radiologic correlate—was also classified
as a complication because of its high relevance for each patient, as
previously described.?**®

For better comparability, we matched each patient who un-
derwent shoulder arthroplasty with a patient who underwent
angular-stable plating. Patients were matched by sex, age at the
time of the operation (£2 years), and the respective age-related
Charlson Comorbidity Index. If all 3 parameters were matched by
more than 2 controls, we used the control with a date of birth
closest to that of the case.'* To calculate the sample size, we used
the primary outcomes of the OSS (range, 0-48 points) and ASES
score (range, 0-100). A medium effect size was used, and the
minimal clinically important difference (MCID) was determined
to equal 6.4 points for the ASES score and 5.1 points for the
0SS.”%%! The level of significance (o) equaled .05. Given a power
of 0.80 (B), the number of patients required in each group was 21.
Because of a predicted loss of included patients during follow-up,
we aimed to find at least 30 matched patients for each group.

Statistical analysis was performed using SPSS software (version
25.0; IBM, Armonk, NY, USA). Continuous variables were
compared using the paired Wilcoxon signed rank test or paired
Student 7 test for normally distributed variables to determine the
differences between ORIF and RSA. For all tests, P <.05 denoted a
statistically significant difference. In addition, we compared our
outcome variables based on the MCID as reported in the
literature, ' > '%3*361 which has been increasingly used to eval-
uate treatment effectiveness in recent years. Simple linear regres-
sion analyses were performed to identify independent risk factors
for complications and revision surgery for each treatment method.

Results

A total of 112 patients older than 65 years with complex
PHFs were identified, with 84 patients returning for follow-
up. Of those, 30 matched pairs were included in this
analysis based on the aforementioned criteria (Table I). The
average follow-up period was 49 months (range, 12-83
months) in the ORIF group and 38 months (range, 12-50
months) in the RSA group.

In the ORIF group, postsurgical radiographic controls
documented anatomic reduction of the tuberosities and
correct restoration of the head-shaft angle (average, 138.1°;
range, 120°-155°) in all cases. During the follow-up period,
bony union was achieved in all patients, without signs of
post-traumatic osteoarthritis observed on the final follow-
up radiographs. However, secondary cranialization of the

greater tuberosity was documented in 3 cases, with 1 case
demonstrating complete loss of fixation and subsequent
varus collapse during the first year. The most frequent
complication in the plating group was post-traumatic
shoulder stiffness (n = 6), followed by avascular necrosis
(n = 2, stage II), and secondary perforation of the head
screws into the glenohumeral joint (n = 1). In 1 patient, a
peri-implant infection was successfully treated with surgi-
cal débridement maintaining the hardware, followed by a 4-
week antibiotic course.

In the RSA group, the 3 complications observed were a
postoperative lesion to the axillary nerve; a recurrent
dislocation of the prosthesis; and a postoperative infection
that was successfully treated with local débridement and
administration of oral antibiotics. However, resorption of
the greater tuberosity was apparent in 6 patients. No signs
of humeral loosening were observed in any of the patients
at the time of last radiographic follow-up. However, mod-
erate scapular notching (grade II) was evident in 2 patients.

Overall, the clinical and radiographic rate of complica-
tions was markedly higher in the ORIF group than in the
RSA group at last follow-up. Complication rates were 30%
(10 of 30 patients) in the plate group and 10% (3 of 30
patients) in the RSA group (relative risk, 3.3; P = .028).

In addition, a higher number of revision surgical pro-
cedures, including early hardware removal and arthrolysis,
were performed in the ORIF group vs. the RSA group,
leading to revision rates of 20% (n = 6) vs. 3% (n = 1)
(relative risk, 6.0; P = .045). None of the patients who
underwent ORIF required conversion to secondary pros-
thesis during follow-up.

At the final follow-up, patients who underwent ORIF had
numerically greater mean shoulder motion in all directions
than patients who underwent RSA (Table II). Furthermore,
functional outcomes tended to be better in patients who un-
derwent reconstruction vs. those who underwent joint
replacement, as all outcome variables exceeded the MCID.
However, statistical significance was only detected in the
OSS and DASH score (Table II). For further analysis, we
conducted a subanalysis of 2 main score domains (pain and
activities of daily living [ADL]) of each outcome instrument.
Although pain showed no difference between both procedure
types in all outcome variables, patients with RSA reached
significantly reduced scores for ADL.

Overall, neither the different fracture subtypes (ie, 3- and
4-part and head-splitting fractures) nor a higher Charlson
Comorbidity Index significantly affected the functional
outcome within each treatment group or between both pro-
cedures. However, in the RSA group, status of the greater
tuberosity on the latest radiographic examination had a sig-
nificant influence on the result. Patients showed significantly
greater motion in abduction and external rotation when the
greater tuberosity was still present (Table III).

Although different patient-specific parameters (ie, dia-
betes, body mass index, osteoporosis, and smoking) did not
affect the clinical outcome in patients who underwent RSA,
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Table I  Study population and demographic characteristics
RSA ORIF P value
n 30 30
Age (SD), yr 73.9 (6.7) 72.5 (6.3) .50
Sex: F/M, n 25/5 25/5
Neer classification, n
3-Part fracture 1 10
4-Part fracture 17 18
Head-splitting fracture 12 2
Comorbidities, n
Smoking 5 5 >.99
Diabetes 7 1 .02
Osteoporosis 9 11 .58
Pathologic fracture 2 3 .64
BMI (SD), kg/m? 30.3 (9.5) 26.1 (4.0) .08
Charlson Comorbidity Index (SD) 3.5 (0.9) 3.3 (1.2) 77

RSA, reverse shoulder arthroplasty; ORIF, open reduction-internal fixation; SD, standard deviation; BMI, body mass index.

osteoporosis seemed to be associated with an inferior
outcome (P < .001 for DASH score) in the ORIF group.
Moreover, less favorable outcomes were noted in patients
with complications after both procedures, whereas the
negative effect of follow-up complications on final functional
outcome was greater for ORIF patients (Table IV).

Discussion

PHFs in elderly patients represent an increasingly prevalent
injury based on recent trend analyses.”’ Emerging data on
nonoperative treatment have sparked a debate regarding the
optimal treatment of this injury in elderly
patients.”"*> Although no significant differences between
surgical and nonoperative treatment have been reported in
the recent literature,”’**** there is no consensus regarding
the subset of patients who would benefit from operative
treatment.””** Notably, complex fracture patterns regularly
result in pain and loss of function,'>** which has led
numerous clinicians to consider 3- and 4-part fractures as
indications for surgical management, even in elderly
patients.”'”*” Surgical treatment options include ORIF,
hemiarthroplasty (HA), and RSA. There is growing evi-
dence that RSA provides superior and more reliable func-
tional results, potentially facilitating a more rapid recovery
in elderly patients, compared with HA.*°* However, there
are almost no data regarding the comparison of locked
plating and RSA. In our study, ORIF tended to provide a
better functional outcome, as evidenced by higher clinical
scores and ROM, which exceeded the MCID. However,
these advantages did not reach statistical significance for
some outcome variables (ASES and Constant scores),
which could be associated with the properties of these
outcome instruments. On the basis of the current literature,
each instrument has a limited amount of evidence to sup-
port its use in shoulder trauma populations.

Currently, psychometric evaluations in isolated shoulder
fracture populations are almost completely missing, and
clinicians must remember that an instrument’s properties
are defined for the population tested.”® Pain and ADL are 2
commonly reported score domains of most outcome scores,
with the percentage contribution to the final score markedly
differing between the outcome instruments. However, there
is growing evidence that in particular, psychosocial factors
may play an important role in affecting patient outcomes
after total shoulder arthroplasty.”” Within our 4 outcome
scores tested, the ASES and Constant scores both have the
lowest ADL percentage reported,”® which has to be
considered when interpreting our data. However, the
possible benefits of a better functional outcome were offset
by significantly higher complication and revision rates in
the ORIF group.

These findings are consistent with those reported in the
current literature. In a large systematic review of 92 studies,
Gupta et al'” reported the outcomes of more than 4500 pa-
tients with PHFs following surgical management. Although
ORIF provided better functional results (ie, DASH and
Constant-Murley scores), the revision rate was significantly
higher for ORIF (13%) than for RSA (5%). Although their
hypothesis that RSA would lead to the best overall outcome
was not confirmed, Gupta et al postulated that in patients
older than 70 years, RSA has the potential to be the most
effective operative intervention, as also reported by Chalm-
ers et al,® who analyzed the outcomes of 27 age- and sex-
matched patients with a displaced PHF treated with either
RSA, HA, or ORIF. They concluded that RSA provided su-
perior ROM and more predictable functional outcomes than
HA or ORIF. In this context, we could detect a higher
complication rate associated with plating of the proximal
humerus compared with RSA; the functional outcome seems
to be more favorable, though. However, especially in elderly
patients, rates of complications and revision surgery should
be kept as low as possible in our opinion.”® Still, good to
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Table II  Comparison of final outcome variables between angular-stable plating (ORIF) and RSA
RSA (SD) ORIF (SD) A (SD) P value

Anteversion, ° 133 (45) 146 (31) 13 (54)" .232
Abduction, ° 118 (55) 135 (39) 17 (68)" .206
Internal rotation, ° 79 (15) 85 (13) 6 (17) .060
External rotation, ° 39 (25) 52 (23) 13 (39)" .082
ASES score 74.6 (21.6) 83.4 (15.8) 8.8 (27.2)" .156
0SS 37.7 (10.3) 42.8 (5.7) 5.1 (11.8)" .0341
Constant score 69.9 (26.0) 81.4 (17.2) 11.5 (31.3)" .067
DASH score 25.3 (20.0) 14.3 (14.7) -11.0 (24.6)" .026'

ORIF, open reduction-internal fixation; RSA, reverse shoulder arthroplasty; SD, standard deviation; ASES, American Shoulder and Elbow Surgeons; 0SS,
Oxford Shoulder Score; DASH, Disabilities of the Arm, Shoulder and Hand.

* Exceeding minimal clinically important difference.
t Statistically significant (P < .05).

Table ITII  Influence of greater tuberosity status on outcome
after reverse shoulder arthroplasty

rate in their ORIF group. Of these complications, 40% were
associated with an incorrect surgical technique. In addition,
several technical advancements, such as medial calcar
screws, cement augmentation,5 2 or fibular allografts,3 3 have

Butzine verkle Tilberosi o sieege U el been shown to improve the individual outcome, providing
status (0, . .
N better humeral head support and maintenance of reduction
non-existing; . . . .. L
1, existing) while possibly reducing the incidence of complications
associated with fixation using a locking plate alone.
ASES score 1 14 76.5 23.1 .654

16 72.9 20.7

In contrast, outcome following RSA appeared to be more
predictable and independent of the initial fracture pattern.

PASH score 12 Z; igg o1 Moreover, status of the rotator cuff, which regularly shows
0SS 14 38.0 11.1 .897 asymptomatic ~ degenerative  changes in  elderly

16 37.5 9.9 individuals,” is expected to be less important in post-
CMS 14 70.4 29.3 .931 operative shoulder function than in ORIF or HA. As shown in

14 133.9° 49.5° .932

16 132.5° 41.9°

14 127.1° 55.5° .041

16 110.0° 54.5°

14 80.4° 17.6° .741

16 78.4° 13.9°

14 30.4° 22.7° .047
0 16 15.9° 26.8°

SD, standard deviation; ASES, American Shoulder and Elbow Surgeons;
0SS, Oxford Shoulder Score; CMS, Constant-Murley score.
* Statistically significant (P < .05).

Anteversion

*

0
1
0
1
0
1
0 16 69.5 23.9
1
0
Abduction 1
0
Internal rotation 1
0
1

*

External rotation

excellent outcomes with relatively low complication rates
may be achieved through locking-plate osteosynthesis, even
in elderly patients, following careful patient
selection.””*® Especially in patients with a varus impaction
fracture, disruption of the medial hinge, multifragmentary
tuberosities, head-shaft displacement greater than 4 mm, or
osteoporosis, plate fixation may lead to a higher complication
rate,28 which is associated with a less favorable outcome as
confirmed in our study population. Furthermore, surgeons
must be aware that the postoperative result after plate
osteosynthesis requires a skill set based on a learning curve
and is dependent on the quality of fracture
reduction.’” Siidkamp et al® reported a 34% complication

our study, good functional scores and ROM with low
complication rates may be achieved even in complex frac-
tures in elderly patients, without significant differences in
most outcome variables compared with patients who under-
went ORIF. However, clinical results tend to deteriorate
following the resection or resorption of the tuberosities
during follow-up.'” In our study, patients who underwent
tuberosity reattachment showed significantly better ROM in
abduction and external rotation, although the functional
scores did not differ, matching the findings of previous
studies.”’ Even after failed osteosynthetic repair, RSA is
reported to improve outcomes and pain, although patients
should be aware of a less favorable result compared with
primary RSA and the possibility of major complications after
this technically demanding procedure.'®**

This study had several limitations, mainly owing to its
retrospective nonrandomized design. Despite age, sex, and
comorbidity matching, bias is likely to be present between
the study cohorts that could contribute to differences be-
tween the groups. We speculated that there may be surgeon
bias in choosing a certain treatment method because this
choice is usually not based on hard criteria (ie, actual age or
fracture type) alone, as a variety of different criteria (eg,
biological age or functional demands of the patient) were
taken into consideration. This problem has been previously
described.”” Accordingly, the classification of fracture
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Table IV Qutcome variables for patients with and without follow-up complications
Follow-up complications P value
Yes No
ORIF
N 10 20
ASES score (SD) 74.8 (13.9) 87.8 (15.2) 031"
0SS (SD) 40.1 (4.8) 44.1 (5.8) 071
Constant score (SD) 73.0 (17.8) 73.0 (17.8) .057
DASH score (SD) 20.7 (10.6) 11.1 (15.6) .092
RSA
n 3 27
ASES score (SD) 69.4 (20.8) 75.2 (21.2) 372
0SS (SD) 37.0 (5.9) 37.8 (10.5) 436
Constant score (SD) 54.0 (29.6) 71.7 (24.5) .249
DASH score (SD) 27.6 (14.9) 25.1 (20.1) 417

ORIF, open reduction-internal fixation; ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; 0SS, Oxford Shoulder Score; DASH,
Disabilities of the Arm, Shoulder and Hand; RSA, reverse shoulder arthroplasty.

* Statistically significant (P < .05).

subtypes had no influence on the final outcome of each
procedure in our study. We also could not match every
patient according to specific fracture patterns, as our
“primary”’ matching was made in terms of sex, age at the
time of the operation, and the respective age-related
Charlson Comorbidity Index as the so-called patient-spe-
cific criteria. Therefore, some heterogeneity regarding the
chosen treatment procedure, such as a higher rate of RSA in
head-splitting fractures, has to be acknowledged. Still,
more than half of our patients also showed respective
fracture-pattern matching.

We also did not have preinjury functional data available,
which could have improved cohort matching and minimized
confounders of our results. All patients presented with acute
fractures and were included consecutively; thus, it was not
possible to obtain a preinjury data point. Furthermore, we did
not routinely obtain dual-energy x-ray absorptiometry scans
to detect osteoporosis in all of our patients, which might
explain the relatively low number of osteoporotic fractures in
our patient cohort. Finally, the rate of late-onset complica-
tions (eg, late avascular necrosis of the humeral head and
signs of humeral or glenoid loosening of RSA) may increase
over time, exerting a significant effect on the outcomes and
complication rate in the long term. Nevertheless, this study is
one of only a few comparing the functional outcomes of 2
most common surgical procedures for complex PHF in a
population at risk.

Conclusion

The treatment of PHFs in elderly patients is challenging,
and the optimal surgical option remains controversial.
Favorable results may be achieved through both angular-
stable plating and RSA, although the findings of this
study suggest higher functional outcome scores and

ROM for angular-stable plating. The complication and
revision rates were significantly higher in these patients,
regularly leading to inferior results. Although it appears
justifiable to perform osteosynthetic repair of complex
PHFs in specific elderly patients, surgeons have to be
aware of the associated limitations, which may regularly
result in inferior outcomes. Therefore, RSA may be the
more predictable treatment option in these patients.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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