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As a result of the expansion of the indications for reverse
shoulder arthroplasty (RSA), the number of RSA cases is
increasing.5,8 Because of the increase in RSA cases and the aging
society, the incidence of periprosthetic humeral fracture is also
increasing.3 The treatment of periprosthetic humeral fracture is
challenging, and the treatment options range from conservative
treatment to open reduction and internal fixation (ORIF) and
revision arthroplasty.3 Fracture displacement may be an indication
for surgical treatment. Revision surgery should be considered when
loosening of the humeral component is detected. However, ORIF is
a treatment option in cases with no evidence of component loos-
ening.1,6 One of the biggest concerns when performing ORIF is the
plate selection, as the humeral component occupies the proximal
diaphysis, which makes it difficult to insert the screws. As an
alternative to screws, cerclage cable is used to fix the proximal bone
fragment to the plate. However, simple cerclage cable is inferior to
monocortical and bicortical locking screws with respect to torsion
load and axial compression load.7 In addition, as some fracture
types (including transverse fracture) require compression of the
fracture site with a plate, it is necessary to securely fix the proximal
fragment. Thus, it is preferable to insert screws into the proximal
bone if possible.

Recently, the design of the humeral stem used in RSA has
changed, with an increase in the use of a short stem that preserves
the bone stock of the greater tuberosity (onlay-type RSA).4 Onlay-
type RSA results in more space to insert the screws into the
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greater tuberosity compared with conventional inlay-type RSA.
However, to our knowledge, there are few reports on the treatment
of periprosthetic humeral shaft fracture after onlay-type RSA with
locking screws inserted into the proximal bone fragment. Herein,
we describe one treatment option for periprosthetic humeral shaft
fracture after onlay-type RSA.

Case presentation

A 78-year-old woman injured her left humerus due to a fall.
Initial radiographs revealed a periprosthetic humeral shaft fracture
(Fig. 1). Onlay-type RSA (Aequalis Ascend Flex™, Wright) had been
performed for irreparable massive rotator cuff tear 4 months before
the fracture. During the RSA, cement had been used to fix the hu-
meral component due to the occurrence of hairline fracture at the
proximal end of the humerus during the press fitting of the hu-
meral component. Before the periprosthetic fracture at 4 months
after the RSA, the patient had not reported any pain and her active
range of shoulder motion was as follows: anterior elevation, 90�;
external rotationwith the arm at the side, 30�; internal rotation, 3rd

lumbar vertebra. As the fracture was displaced and there was no
evidence of humeral component loosening, ORIF was performed at
1 week after the fracture in accordance with the treatment strategy
proposed by Kirchhoff et al.6

The patient was placed in the beach chair position with arm
positioners. The prior deltopectoral skin incision was used, with
an additional distal skin incision to insert distal screws. A 2-cm
incision was also made in the proximal side of the pectoralis
major muscle attached to the humeral bone to enable clear
visualization of the fracture site. Reduction was performed easily.
The nine-hole proximal humeral plate (PHILOS™ long plating
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Figure 1 Initial radiograph showing a left displaced periprosthetic humeral shaft
fracture.

Figure 3 Operative findings.
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system, Depuy Synthes) was chosen as a dynamic compression
plate, as it enables the insertion of multiple locking screws in the
residual greater tuberosity (Fig. 2, A and B). The middle portion of
the plate was bent anteriorly to minimize the damage to the
deltoid insertion on the humeral bone. Kirschner wire was used to
achieve temporary fixation at the appropriate height to enable the
insertion of the most proximal screw. Seven locking screws were
inserted into the greater tuberosity, and two temporary cerclage
cables were inserted loosely at the proximal andmiddle regions of
Figure 2 (A) Initial CT coronal view showing abundant bone stock at the greater tuberos
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the insertion of the latissimus dorsi on the humeral bone. We
confirmed that the top two screws were inserted in the bone
under direct vision. As the fracture type was transverse,
compression of the fracture site was absolutely necessary.
Therefore, immediately after the fixation of the proximal frag-
ment to the plate, a cortical screw was inserted into the distal
fragment through the dynamic hole to compress the fracture site.
Locking screws were then inserted into the distal bone fragment.
ity. (B) Initial CT axial view showing abundant bone stock at the greater tuberosity.
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The cerclage cables in the proximal fragment were tightened and
fixed to the plate to reinforce the locking screws in the osteopo-
rotic bone. The proximal side of the pectoralis major muscle was
repaired with fiber wire (Figs. 3, 4, A and B).

Postoperatively, a sugar tongue splint from shoulder to forearm
was applied for 2 weeks. After that, a functional brace was applied
for 6 weeks, and shoulder and elbow motion was permitted. Daily
teriparatide and low-intensity pulsed ultrasound therapy were
started at 2 days after ORIF. Radiographic examination was per-
formed once a month after surgery and showed bony union at 5
months after ORIF (Fig. 5, A and B). At final follow-up performed 6
months after ORIF, the active shoulder ranges of motion were an
anterior elevation of 90�, external rotation at the side of 30�, and
internal rotation to the 4th lumbar vertebra. The numerical rating
scale for painwas zero. The American Shoulder and Elbow Surgeons
shoulder score was 70. The patient’s physical findings were the
same as before the periprosthetic fracture, and she was able to
perform all daily activities without assistance.
Discussion

The present case describes one treatment option for peri-
prosthetic humeral shaft fracture after onlay-type RSA. The
PHILOS™ long plate is suitable in such cases, as it enables the
insertion of multiple locking screws into the residual greater tu-
berosity to achieve compression of the fracture site. Anterior plate
bending may minimize the damage to the deltoid insertion on the
humeral bone.
Figure 4 (A) Anteroposterior radiograph taken immediately after surgery. (B) Lateral
radiograph taken immediately after surgery.

Figure 5 (A) Anteroposterior radiograph taken at final follow-up 6 months post-
operatively. (B) Lateral radiograph taken at final follow-up 6 months postoperatively.
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The PHILOS™ long plate enables the insertion of locking screws
into the residual greater tuberosity after onlay-type RSA. Although a
large locking plate and proximal cerclage cable is often used to treat
periprosthetic humeral fracture, it is difficult to insert the large
locking screw into the residual greater tuberosity. Furthermore,
simple cerclage cable is inferior to monocortical and bicortical
locking screws with respect to torsion load and axial compression
load.7 In addition, as the present case involved a transverse fracture,
compression of the fracture site was absolutely necessary and the
use of a dynamic compression plate was required. Hence, it was
important to securely fix the proximal fragment to the plate before
inserting the dynamic compression screws into the distal fragment,
and so locking screws were inserted into the proximal fragment.
Fortunately, onlay-type RSA preserves the greater tuberosity bone
stock. The humeral stem has a low-profile lateral border to protect
the rotator cuff insertion.4 Furthermore, the PHILOS™plate achieves
agoodfit to thegreater tubercle in thefixationof aproximalhumeral
fracture. Even if the plate fit is not good enough to enable the
insertion of all of the locking screws into the residual greater tu-
berosity, a certain amount of proximal plate installation is permis-
sible because of the increased acromiohumeral distance after RSA,9

as long as impingement is avoided. Therefore, it is reasonable to use
the PHILOS™ long plate for periprosthetic humeral shaft fracture
after onlay-type RSA.

In RSA, the humerus is lowered relative to the acromion, which
restores and even increases the deltoid tension.2 The deltoid
muscle is the key to achieving good clinical results after RSA.
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Therefore, minimization of the damage to the deltoid insertion is
important in achieving a good clinical outcome. Bending the plate
anteriorly may be a good way to avoid or minimize the damage to
the deltoid insertion.

Conclusion

Periprosthetic humeral shaft fracture after onlay-type RSA may
be treated with an anteriorly bent PHILOS™ long plate because this
enables the insertion of multiple locking screws into the residual
greater tuberosity bone stock to achieve compression of the frac-
ture site and minimizes injury to the deltoid insertion.
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