
Proximal humerus fractures are common in the elderly, the sec-
ond most common fracture in the upper extremity, and lead to 
high morbidity and loss of function [1,2]. The incidence of prox-
imal humerus fractures in Finland was 82 per 100,000 per-
son-years, and 73% of patients with proximal humerus fractures 
were women. The Incidence increased with older age groups [3]. 
Another study revealed that osteoporotic bone increased the risk 
of proximal humerus fractures and suggested that the high inci-
dence of proximal humerus fractures in older female patients is 
likely to be related to osteopenia and osteoporosis [4]. Because of 
the various complications after fixation of a proximal humerus 
fracture using a plate (e.g., osteonecrosis of the humeral head, 
humeral head settling with loss of neck-shaft angle, nonunion or 
malunion, screw penetration into the glenohumeral joint, and 
implant failure), there has yet to be an accepted consensus on the 
clear surgical indication for treatment of theses fractures [5]. 
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PHILOS plate fixation in osteoporotic proximal humerus fracture of old age is well-known for high complication rate, especially metal fail-
ure, providing various augmentation techniques, such as calcium phosphate cement, allogenous or autologous bone graft. We report a case 
of polymethyl methacrylate augmentation to provide appropriate reduction with a significant mechanical support. This can be a treatment 
option for displaced unstable osteoporotic proximal humerus fracture with marked bony defect. 
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During surgery for a proximal humerus fracture, a surgeon some-
times encounters a metaphyseal void after reduction of impaction 
of the metaphysis. Several strategies exist for void filling to help 
structural stability, enhance healing, and minimize failure of fixa-
tion [6]. Bone cement is commonly used in orthopedic surgery 
due to its osteoconductive properties and resistance to compres-
sion force [7]. For example, augmentation with calcium phosphate 
cement in the treatment of proximal humeral fractures with locked 
plates increased fracture settling and significantly decreased in-
tra-articular screw penetration in one report [6]. Herein, we pres-
ent a case of polymethyl methacrylate (PMMA) cement augmen-
tation in a failed osteoporotic proximal humerus fracture. 

CASE REPORT 

A 56-year-old female was sent to our emergency department af-
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ter a fall in which she landed on her left arm. The patient com-
plained about left shoulder pain, swelling and ecchymosis. On 
palpation, tenderness was noted all around the shoulder, espe-
cially at the level of the axilla. Both neurological and vascular ex-
aminations were normal. Anteroposterior X-ray and computed 
tomography of the left shoulder showed a two-part surgical neck 
fracture of the proximal humerus (Fig. 1). A preoperative bone 
mineral density showed osteoporosis (T = –3.8).  

Three days after the injury, an open reduction and internal fix-
ation (ORIF) was performed with the Proximal Humerus Inter-
nal Locking System (PHILOS; DePuy Synthes, Raynham, MA, 
USA) plate and screws. On postoperative day (POD) 4, the pa-
tient fell down from her bed, and there was screw back-out and 
reduction loss at the humeral head (Fig. 2). 

Thus, revisional ORIF was done on POD 7. Using the previous 
incision (deltopectoral approach), we removed the previous lock-

ing plate. After the revisional ORIF with a PHILOS plate and 
screws, including a long calcar screw, a metaphyseal defect devel-
oped. Thus, we put PMMA cement in the void area to fill the de-
fect and provide structural stability (Fig. 3A, B). We applied an 
abductor brace. The postoperative X-ray showed firm fixation 
with the PHILOS plate and cement augmentation (Fig. 3C, D). 

After 4 weeks of immobilization, the brace was removed, and 
the patient started exercise to increase the range of motion of the 
shoulder joint (forward elevation, 120°; external oration, 60°; inter-
nal rotation, L3 level). At that time, a follow-up X-ray showed heal-
ing of the fracture without screw backout or loss of reduction. 
Three months after the revision operation, the patient’s range of 
motion was within the normal range (forward elevation, 150°; ex-
ternal oration, 80°; internal rotation, T8), her pain was tempered 
(visual analog scale score, 1), and the function of her shoulder was 

C
Fig. 1. Preoperative anteroposterior (AP) X-ray and computed to-
mography showing two-part surgical neck fracture with metaphyseal 
impaction. (A) Shoulder AP X-ray showed two-part fracture of 
proximal humerus. (B) Anterior view of three-dimensional comput-
ed tomography (3D CT) showed two-part fracture with varus angu-
lation. (C) Lateral view of 3D CT showed two-part fracture.

Fig. 2. Open reduction internal fixation with locking plate and 
screws. (A) Postoperative anteroposterior (AP) X-ray showed re-
duced state. (B) Metal failure was shown after fall-down on AP X-ray 
at postoperative day 4.

Fig. 3. PolyMethyl methacrylate (PMMA) cement was inserted into the metaphyseal area to fill the void. (A) The metaphysea void was shown. 
(B) The metaphyseal void was filled with PMMA cement. (C) Shoulder true anteroposterior (AP) X-ray showed PMMA cement was inserted 
to  the metaphyseal void. (D) Open reduction and internal fixation with PMMA cement augmentation showed firm fixation on shoulder AP 
X-ray.
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improved (American Shoulder and Elbow Surgeons [ASES] score, 
73.3; Korean Shoulder Scoring [KSS] system score, 82). 

Finally, 6 months after the revision operation, the patient was 
pain-free with full range movement of the left shoulder and im-
proved clinical outcomes (ASES score, 80.2; KSS score, 92). 
X-rays revealed union of the proximal humerus fracture with no 
sign of avascular necrosis of the humeral head (Fig. 4). 

DISCUSSION 

The present case demonstrated a satisfactory result from ORIF us-
ing a precontoured PHILOS plate combined with PMMA cement 
augmentation for an osteoporotic proximal humerus fracture. 
Compared to other materials, such as calcium phosphate cement, 
allogeneic bone or autologous bone, PMMA cement provides a re-
duced fracture with significant mechanical support [6-9]. 

Osteoporotic proximal humerus fracture has high rates of 
complication and reoperation. There are many augmentation 
techniques for fixation with a plate as follows: structural alloge-
neic or autologous bone grafting to enhance the medial support, 
filling the metaphyseal void with synthetic bone substitutes or 
bone grafts, and screw-tip augmentation with bone cement [6]. 
Some studies revealed that bone grafting to fill the void had a 
positive effect on healing the fracture and reducing the failure 
rate [8]. One review showed that PMMA augmentation of proxi-
mal femoral nail fixation might have the potential to prevent re-
operations by strengthening the osteosynthesis construct [9]. In 
the present case, there is a possibility that some thermal injury 
occurred from the PMMA cement, but it was used for its ability 
to provide mechanical support. 

Although bone graft or calcium phosphate cement might be 
better than PMMA cement in the aspect of biocompatibility, 
PMMA cement augmentation could be better for unstable frac-
tures with severe osteoporotic bone in the aspect of mechanical 

support. Therefore, the present case report provides another sur-
gical option for displaced osteoporotic proximal humerus frac-
tures with significant bony defects: ORIF with PMMA cement 
augmentation. Moreover, this option may also be applied for a 
revisional ORIF of an osteoporotic proximal humerus fracture. 
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Fig. 4. Healing of fracture without screw back-out or loss of reduc-
tion 6 months later. Union is shown with no sign of avascular necro-
sis. (A) Union was shown on shoulder true anteroposterior X-ray at 
6 months after revision surgery. (B) Shoulder axillary X-ray showed 
union at 6 months after revision surgery.
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