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Reducing Postoperative Fracture Displace-
ment After Locked Plating of Proximal  
Humerus Fractures: Current Concepts
Jared Newman, MD, Mani Kahn, MD, and Konrad I. Gruson, MD

Proximal humerus fractures account for 4% to 5% of all 
fractures.1 These fractures occur most frequently in the 
elderly—patients older than 60 years sustain 71% of 

these injuries2—and in females.1,3 Given an aging population, 
this incidence is predicted to increase 3-fold over the next  
30 years.4 There is much debate regarding management of 
acute, displaced proximal humerus fractures. A recent Cochrane 
Review of published outcomes of operative and nonoperative 
treatment of displaced proximal humerus fractures found in-
sufficient evidence supporting either modality, though surgery 
was associated with additional procedures.5 A review of 1000 
proximal humerus fractures found that 49% had less than  
1 cm of displacement of the major fragments or angulation of 
less than 45°.3 Other authors have reported similar findings.6,7 
Although the incidence of proximal humerus fractures has 
remained stable over the past decade, from 1999 to 2005 there 
was a 25% relative increase in surgical management, including 

a relative increase of 29% in open reduction and internal fixa-
tion (ORIF) versus a 20% increase in arthroplasty.1

Locking plates have consistently demonstrated biomechani-
cal superiority over other forms of fixation in osteoporotic 
bone.8-11 Egol and colleagues8 found that osteoporotic bone 
limited the torque of fixation to values less than what is re-
quired for adequate frictional force between the plate and the 
bone. This problem can be overcome with fixed-angle devices, 
such as locked plates.9 Compared with locked nail constructs, 
proximal humerus locking plates have demonstrated superi-
ority in torsion, loading, and varus bending.10,11 Compared 
with blade plates, proximal humerus locking plates exhibited 
increased stiffness and torsional fatigue resistance.12 In a ran-
domized clinical trial, Olerud and colleagues13 reported supe-
rior functional results with locking plate fixation compared 
with nonoperative treatment of displaced 3-part fractures in 
elderly patients with 2-year follow-up, though these clinical 
results were not supported by others.14 Two recent case–con-
trol studies comparing functional outcomes for 3- and 4-part 
fractures with follow-up of more than 2 years revealed higher 
Constant scores after locked plating compared with hemiar-
throplasty, though complications were higher with locked 
plates.15,16 Adoption of locked proximal humerus plating has 
been correlated with good clinical outcomes and union rates, 
though this has been accompanied by a higher rate of reop-
eration.7 Reoperation rates from 1999 to 2005 increased both 
in the immediate postoperative period (odds ratio, 3.36) and  
at 1 year (odds ratio, 3.90).1

Complications of Locked Plating
Regardless of fixation type, reduced humeral head bone mass 
and quality may lead to implant loosening, fracture redisplace-
ment, and, ultimately, poor outcomes. Baseline osteoporosis 
may predict likelihood of fixation failure.17 Multiple studies 
have reported on the implant-related complications associated 
with locking plate fixation—most commonly, intra-articular 
screw penetration, postoperative fracture displacement, and 
avascular necrosis (AVN)18-24 (Figure 1). A meta-analysis of 12 
studies with a total of 514 proximal humerus fractures treated 
with locking plate fixation showed an overall complication 
rate of 49% and a 13.8% reoperation rate.25 The most com-
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mon indication for reoperation involved intra-
articular screw perforation. The most common 
complications were varus malunion (16%), os-
teonecrosis (10%), intra-articular screw pen-
etration (8%), subacromial impingement (6%), 
and infection (4%). 

Suboptimal intraoperative fracture reduc-
tion, specifically with residual varus, has been 
correlated with loss of fracture fixation. In a 
series of 153 fractures, loss of fixation occurred 
in 13.7% of cases, with the leading risk factor 
being varus malreduction.19 Failure rates were 
30.4% and 11% when the head shaft angle was 
less than 120° and when it was 120° or more, 
respectively. Solberg and colleagues16 found 
that initial postoperative varus angulation of 
more than 20° resulted in universal loss of 
fixation. Conversion of these cases to hemi-
arthroplasty resulted in poor outcomes. Pre-
operative fracture alignment may also predict 
fixation failure.22 In one series, initial varus 
angulation healed with a mean 16° varus and 
a Constant score of 63, whereas initial valgus 
alignment healed with 6° varus and a Constant 
score of 71.22 Complications occurred in frac-
tures that were initially in varus 79% of the 
time and initially in valgus 19% of the time. 
Screw perforation has been associated with loss of reduction 
44% of the time.20 

In an analysis of locking plate constructs revised after early 
(<4 weeks) failure in 8 patients with osteoporosis, Micic and 
colleagues21 found implant pullout leading to varus malalign-
ment. All cases lacked medial support and subchondral screw 
purchase; 3 were initially malreduced. Owsley and Gorczyca23 
retrospectively reviewed 53 cases of displaced proximal hu-
merus fractures treated with locked plating. Despite the high 
rate of radiographic union, 36% developed complications, 
including screw cutout (23%), varus displacement of more 
than 10° (25%), and AVN (4%); 13% required revision. These 
complications disproportionately affected patients older than 
60 years (57%) and negatively affected functional outcomes.

Augmentation Techniques
Despite its reported complications, proximal humerus locked 
plating remains the most widely used type of fixation.1 Ad-
vancements in locking plate design, improved understanding 
of fixation principles, and adoption of techniques augment-
ing proximal humerus locking plate fixation, particularly in 
osteoporotic bone, have reduced postoperative complications 
(Table 1).

Rotator Cuff Sutures 
A widely adopted technique for neutralizing rotator cuff– 
deforming forces, which theoretically can cause fracture dis-
placement, is incorporation of heavy nonabsorbable sutures. 

These sutures are placed through the rotator 
cuff–tuberosity junction and tied down after 
being passed through the plate. Obtaining and 
maintaining tuberosity reduction are essential 
in achieving good functional outcomes after 
fixation. In addition, tension band sutures may 
be particularly useful in the setting of initial 
varus deformity.26

Although clinical use of these sutures is 
common, biomechanical studies of their ad-
junctive contribution to fracture stability are 
lacking.27 The rotator cuff musculature has a 
maximal contractile force of 3.5 kg/cm2.28 Ric-
chetti and colleagues29 described a technique 
that involves using a locked plate and tagging 
the rotator cuff with heavy nonabsorbable 
sutures. Selective traction on the sutures can 
help obtain and maintain fracture reduction. 
Multiple studies have reported on suture use 
with locked plating for proximal humerus 
fractures.29-34 Badman and colleagues30 ret-
rospectively reviewed 81 cases of metaphy-
seal defects or medial comminution treated 
with locked plating, rotator cuff sutures, and 
structural allograft. All cases healed within  
6 months after surgery. The incidence of screw 
cutout was 3.7%, the incidence of AVN was 

6.2%, and the incidence of varus collapse was 6%. A cadaveric 
study that used specimens (mean age, 77 years) with a simu-
lated 3-part proximal humerus fracture treated with a locked 
plate both with and without cerclage sutures found no differ-
ence in interfragmentary motion between the groups.27 The 
authors concluded that additive sutures are not required for 
anatomically reduced fractures. Multiple sutures may counter-
act the deforming forces that act on bony segments that cannot 
be adequately maintained with screws, such as an osteoporotic 
greater tuberosity.

Medial Column Restoration
The importance of reducing and maintaining the medial calcar 
to provide biomechanical support for a laterally placed plate 
has been recognized.26,34-37 Gardner and colleagues26 suggested 
that medial support was achieved if the medial cortex was 
anatomically reduced, if the proximal fragment was impacted 
laterally onto the shaft, or if 1 or more inferomedial screws 
were placed. Cases that did not achieve medial support devel-
oped significantly more humeral head subsidence (5.8 mm vs 
1.2 mm) and screw penetration. Krappinger and colleagues36 
found that factors leading to fixation failure included age, lo-
cal bone mineral density, anatomical reduction, and restora-
tion of the medial cortical support. The authors concluded 
that anatomical reduction and restoration of the medial cortex 
were important in minimizing mechanical loads at the bone– 
implant interface. Biomechanically, Lescheid and colleagues37 
found that the most stable construct was anatomical reduc-

Figure 1. Anteroposterior 
radiograph of right shoulder  
9 months after open reduc-
tion and internal fixation of 
proximal humerus fracture 
with locked plate and intra-
medullary fibular allograft. 
Humeral head has subsided 
with resultant intra-articular 
screw penetration of gleno-
humeral joint.AJO 
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tion with medial cortical contact. In the setting of comminu-
tion, however, it may be preferable to intentionally perform 
varus malreduction to achieve medial contact than to achieve 

anatomical reduction with a fracture gap. Badman and col-
leagues30 found that the incidence of screw penetration was 
6% in patients with an intact medial calcar versus 29% in 

Table 1. Outcomes After Use of Bone Void Filler

Study

No. of 
Patients 
(Cases)

Mean Age 
(Range), 

y

Mean 
Follow-Up,  

mo

Fracture  
Type

Fixationa

No. of Patients With Each Complication

NotesTotalb
Screw 

Penetration
Loss of 

Reduction
Avascular 
Necrosis

Fixation 
Failure

Cancellous Allograft or Autograft

Schliemann et al19 27 (27) 71 
(65-85)

44 3-part (9) 
4-part (18)

Cancellous bone graft or synthetic 
bone substitute for massive 

metaphyseal defects

16 6 12 8 1 70% rated shoulders as very good, good, or satisfying

Ricchetti et al29 52 (54) 65.5 
(29-92)

13 2-part (16)
3-part (30)
4-part (8)

Bone grafting with allograft 
cancellous chips and demineralized 

bone matrix for all 3- and 4-part 
fractures

Shorter screws

10 0 5 1 2 Complications minimized with use of locking screws, bone graft or 
substitute, sutures,  

and confirming plate placement

Barlow et al32 22 (22) 81
(75-95)

36 2-part (11)
3-part (9)

Valgus impacted (2)

Autograft bone (7)
Allograft bone (8)

Short screws

8 0 4 4 0 Intraoperative fluoroscopy and assessment  
of each screw in multiple views reduced complications

Duralde & Leddy47 21 (21) 50 
(28-71)

37 2-part anatomical neck 
fracture-‌dislocation (1)

2-part (2)
Surgical neck 
nonunion (3)

3-part (9)
4-part (6)

Morselized cancellous allograft 7 0 5 2 0 Careful tissue dissection, adequate  
reduction, and bone grafting provided satisfactory results

Kim et al50 21 (21) 66.3
(24-87)

27.5 4-part (21) Autologous iliac crest 0 0 0 0 0 All cases had excellent radiologic and functional outcomes

Intramedullary Allograft

Badman et al30 81 (81) 60 
(18-91)

22.8 2-part (26)
3-part (41)
4-part (14)

Structural allograft (45) 13 3 5 5 0 Use of structural allograft, restoration of medial calcar,  
and suture fixation reduced hardware-related complications

Gardner et al39 7 (7) 62 
(40-93)

3-6 N/A Fibular allograft 3 0 0 0 0 All fractures healed without loss of reduction or fixation

Hettrich et al40 27 (27) 64.9 
(44.1-80.1)

14.5 2-part (5)
3-part (13)
4-part (9)

Fibular allograft (23)
Semitubular plate (4)

5 0 1 0 0 Endosteal implants helped maintain reduction in fractures  
with medial comminution and/or poor bone quality

Matassi et al41 17 (17) Median 62  
(54-73)

28 3-part (11)
4-part (6)

Fibular allograft N/A 0 0 0 0 Fibular allograft can maintain reduction in fractures with medial 
comminution

Minimized complications reported with locking plates

Neviaser et al42 38 (38) 65.5 
(44.1-82.7)

17.3 2-part (7)
3-part (19)
4-part (12)

Fibular allograft 5 0 1 1 0 Endosteal fibular allograft improved stability
Outcome scores were high, complication rates low

Robinson et al48 47 (47) 57 
(22-88)

24 2-part (27)
3-part (12)
4-part (8)

Sculpted triangular bone allograft 
from femoral head in 21 patients 

with posteromedial  
comminution of calcar

Calcar screws

7 0 2 0 2 When treatment protocol was followed, no fixation failures

Bone Cement

Ong et al49 51 (51) 62.8 19 3-part (42)
4-part (9)

Calcium phosphate cement or 
cancellous chips

9 4 1 1 1 Worse functional scores with open reduction and internal fixation  
of 3- or 4-part fractures than with nonoperative 1-part fractures

Egol et al52 92 (92) 61 
(22-84)

16 2-part (24)
3-part (58)
4-part (10)

Calcium phosphate cement (27)
Cancellous chips (27)

17 11 1 3 1 Cancellous chips and calcium phosphate cement associated  
with fewer complications

No screw penetration in cement group

Somasundaram et al56 21 (22) 64.6 
(37-77)

24 2-part (5)
3-part (6)
4-part (5)

Calcium sulfate cement 0 0 0 0 0 Injectable calcium sulfate cement with locking plates and suture fixation 
reliable for fixation of fractures and fracture-dislocations

Lee & Shin57 44 (45) 64.4 
(35-85)

27.8 2-part (19)
3-part (22)
4-part (4)

Calcium sulfate cement injection (14) 9 2 2 1 3 89% good or excellent results
Restoration of medial metaphysis associated with successful outcomes

aRotator cuff sutures also used. bSeveral patients had more than 1 complication.
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patients without medial support. In a retrospective analysis 
of patients treated with a locking plate and suture augmenta-
tion, Jung and colleagues35 concluded that restoring medial 

support was the most reliable factor in the prevention of loss 
of reduction with or without screw perforation. Last, Solberg 
and colleagues16 reported better clinical outcomes when the 

Table 1. Outcomes After Use of Bone Void Filler

Study

No. of 
Patients 
(Cases)

Mean Age 
(Range), 

y

Mean 
Follow-Up,  

mo

Fracture  
Type

Fixationa

No. of Patients With Each Complication

NotesTotalb
Screw 

Penetration
Loss of 

Reduction
Avascular 
Necrosis

Fixation 
Failure

Cancellous Allograft or Autograft

Schliemann et al19 27 (27) 71 
(65-85)

44 3-part (9) 
4-part (18)

Cancellous bone graft or synthetic 
bone substitute for massive 

metaphyseal defects

16 6 12 8 1 70% rated shoulders as very good, good, or satisfying

Ricchetti et al29 52 (54) 65.5 
(29-92)

13 2-part (16)
3-part (30)
4-part (8)

Bone grafting with allograft 
cancellous chips and demineralized 

bone matrix for all 3- and 4-part 
fractures

Shorter screws

10 0 5 1 2 Complications minimized with use of locking screws, bone graft or 
substitute, sutures,  

and confirming plate placement

Barlow et al32 22 (22) 81
(75-95)

36 2-part (11)
3-part (9)

Valgus impacted (2)

Autograft bone (7)
Allograft bone (8)

Short screws

8 0 4 4 0 Intraoperative fluoroscopy and assessment  
of each screw in multiple views reduced complications

Duralde & Leddy47 21 (21) 50 
(28-71)

37 2-part anatomical neck 
fracture-‌dislocation (1)

2-part (2)
Surgical neck 
nonunion (3)

3-part (9)
4-part (6)

Morselized cancellous allograft 7 0 5 2 0 Careful tissue dissection, adequate  
reduction, and bone grafting provided satisfactory results

Kim et al50 21 (21) 66.3
(24-87)

27.5 4-part (21) Autologous iliac crest 0 0 0 0 0 All cases had excellent radiologic and functional outcomes

Intramedullary Allograft

Badman et al30 81 (81) 60 
(18-91)

22.8 2-part (26)
3-part (41)
4-part (14)

Structural allograft (45) 13 3 5 5 0 Use of structural allograft, restoration of medial calcar,  
and suture fixation reduced hardware-related complications

Gardner et al39 7 (7) 62 
(40-93)

3-6 N/A Fibular allograft 3 0 0 0 0 All fractures healed without loss of reduction or fixation

Hettrich et al40 27 (27) 64.9 
(44.1-80.1)

14.5 2-part (5)
3-part (13)
4-part (9)

Fibular allograft (23)
Semitubular plate (4)

5 0 1 0 0 Endosteal implants helped maintain reduction in fractures  
with medial comminution and/or poor bone quality

Matassi et al41 17 (17) Median 62  
(54-73)

28 3-part (11)
4-part (6)

Fibular allograft N/A 0 0 0 0 Fibular allograft can maintain reduction in fractures with medial 
comminution

Minimized complications reported with locking plates

Neviaser et al42 38 (38) 65.5 
(44.1-82.7)

17.3 2-part (7)
3-part (19)
4-part (12)

Fibular allograft 5 0 1 1 0 Endosteal fibular allograft improved stability
Outcome scores were high, complication rates low

Robinson et al48 47 (47) 57 
(22-88)

24 2-part (27)
3-part (12)
4-part (8)

Sculpted triangular bone allograft 
from femoral head in 21 patients 

with posteromedial  
comminution of calcar

Calcar screws

7 0 2 0 2 When treatment protocol was followed, no fixation failures

Bone Cement

Ong et al49 51 (51) 62.8 19 3-part (42)
4-part (9)

Calcium phosphate cement or 
cancellous chips

9 4 1 1 1 Worse functional scores with open reduction and internal fixation  
of 3- or 4-part fractures than with nonoperative 1-part fractures

Egol et al52 92 (92) 61 
(22-84)

16 2-part (24)
3-part (58)
4-part (10)

Calcium phosphate cement (27)
Cancellous chips (27)

17 11 1 3 1 Cancellous chips and calcium phosphate cement associated  
with fewer complications

No screw penetration in cement group

Somasundaram et al56 21 (22) 64.6 
(37-77)

24 2-part (5)
3-part (6)
4-part (5)

Calcium sulfate cement 0 0 0 0 0 Injectable calcium sulfate cement with locking plates and suture fixation 
reliable for fixation of fractures and fracture-dislocations

Lee & Shin57 44 (45) 64.4 
(35-85)

27.8 2-part (19)
3-part (22)
4-part (4)

Calcium sulfate cement injection (14) 9 2 2 1 3 89% good or excellent results
Restoration of medial metaphysis associated with successful outcomes

aRotator cuff sutures also used. bSeveral patients had more than 1 complication.
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length of the metaphyseal segment attached to the articular 
fragment was more than 2 mm. A length of less than 2 mm 
was predictive of developing AVN.

Use of Bone Void Fillers
Allograft. Allograft is cancellous or corticocancellous chips or 
tricortical graft used as osteoconductive filler for metaphyseal 
defects.38 An increasingly popular technique involves using 
an endosteal fibular allograft strut to indirectly reduce the 
fracture and help support the medial calcar.39-42 Hettrich and 
colleagues40 reported on radiographic outcomes of displaced 
proximal humerus fractures with medial comminution treated 
with a locked plate and an endosteal fibular allograft or semi-
tubular plate. The reduction was maintained in 96% of cases; 
there was 1 varus collapse. There were no cases of implant 
failure, screw perforation, or AVN. Other authors have also 
reported on successful use of fibular allograft in conjunction 
with a locked plate; the rate of reduction loss was low, and there 
were no cases of screw cutout or intra-articular screw penetra-
tion.30,41,42 These clinical outcomes are supported by results of 
biomechanical studies of the added benefit of intramedullary 
fibular allograft.43-46 Mathison and colleagues43 reported that a 
construct with fibular allograft and a locking plate increased 
the failure load by 1.72 times and the stiffness by 3.84 times 
compared with a control group of locking plate only. Bae and 
colleagues46 found significantly higher maximum failure load 
and construct stiffness with no varus collapse in specimens 
prepared with locked plate and fibular strut augmentation 
compared with a control group.

Others have successfully used cancellous allograft to fill hu-
meral head bone defects.29,32,47-49 Duralde and Leddy47 reported 
100% radiographic union and 81% good to excellent results in 
cases treated with a locking plate and morselized cancellous 
allograft to fill bone voids. Varus collapse and screw cutout 
did not occur, but there were 2 cases of AVN. Ricchetti and 
colleagues29 reviewed 54 cases treated with a locking plate and 
rotator cuff suture construct. Allograft cancellous chips and de-
mineralized bone matrix were used in 3- and 4-part fractures 

(70% of cases) along with shorter screws in the humeral head. 
Major complications included AVN (1), fixation failure (3),  
and varus malunion (5). Others investigators have had less 
favorable results with use of cancellous bone graft. Schliemann 
and colleagues19 reported on 27 patients who were older than 
65 years when they underwent ORIF with rotator cuff sutures 
to stabilize the tuberosities and either cancellous graft or a 
synthetic bone substitute in patients with massive metaphyseal 
defects. Patient-reported outcomes were superior to Constant 
scores. Complications included screw penetration (22.2%), re-
duction loss (44.4%), implant failure (3.7%), and AVN (29.6%). 

Autograft. Autograft has both osteoconductive and osteo-
inductive properties and has been successfully used for me-
taphyseal defects.32,50 Kim and colleagues50 reported on patients 
with 4-part proximal humerus fractures treated with a locking 
plate and autologous iliac graft. All cases achieved union and 
had good or excellent outcomes. There were no cases of AVN, 
varus collapse, or hardware-related complications.

Bone Cement. Calcium phosphate cement has osteocon-
ductive properties and enhances screw purchase in cancel-
lous bone (Figures 2A–2F). It can be injected or molded into 
bone voids to provide improved compressive strength. It is 
resorbed through cell-mediated processes resembling bone 
remodeling and does not disappear until new bone forms. 
(Calcium sulfate cement, on the other hand, resorbs through a 
chemical process independent of new bone formation.51) Egol 
and colleagues52 reviewed the cases of 92 patients (mean age, 
61 years) with 2-, 3-, and 4-part proximal humerus fractures 
treated with locked plate fixation. Metaphyseal defects were 
treated with no augmentation, augmentation with cancel-
lous chips, or augmentation with calcium phosphate cement. 
Adding calcium phosphate cement was associated with lower 
incidence of intra-articular screw penetration and humeral 
head settling. In a recent cadaveric biomechanical study using 
2-part proximal humerus fractures with metaphyseal commi-
nution, the group augmented with calcium phosphate cement 
had enhanced axial stiffness and load to failure with reduced 
screw penetration.53 Other biomechanical studies have found 

Table 2. Outcomes After Calcar Screw Placement

Study

No. of 
Patients 
(Cases)

Mean Age 
(Range), 

y

Mean 
Follow-Up, 

mo
Fracture 

Type Fixationa

No. of Patients With Each Complication

NotesTotalb
Screw 

Penetration
Loss of 

Reduction
Avascular 
Necrosis

Fixation 
Failure

Gardner et al26 35 (35) 62 (23-89) 7 2-part (6) 
3-part (15)  
4-part (14)

1 or 2 oblique-placed inferomedial support screws (6)
Calcium phosphate cement (9)

19 6 9 0 3 Fewer complications in patients with adequate medial support

Jung et al35 62 (63) 62.2 (18-92) 13.4 2-part (42) 
3-part (18) 
4-part (3)

Oblique-placed inferomedial locking screw in cases with  
inferomedial comminution, difficult reduction of medial cortex, 
or shaft that could not be medialized or impacted into head

13 3 6 1 1 Restoring medial support can help prevent major complications

Zhang et al58 68 (68) 63.2 (32-78) 30.8 2-part (10)
3-part (37) 
4-part (21)

Oblique-placed inferomedial support screw 11 3 6 1 1 Inferomedial support screws enhanced stability in complex fractures

Konigshausen et al64 52 (52) 69.9 13.9 2-part (12)
3-part (16)
4-part (24)

Polyaxial plate with screws in various directions 12 5 5 1 0 Results and complications comparable with those  
of first-generation monoaxial locking plates

aRotator cuff sutures also used. bSeveral patients had more than 1 complication.

AJO 
DO NOT COPY



Reducing Postoperative Fracture Displacement After Locked Plating of Proximal Humerus Fractures J. Newman et al

www.amjorthopedics.com 	 July 2015  The American Journal of Orthopedics®    317

increased screw pullout strength54 and decreased interfrag-
mentary motion when specimens were augmented with cal-
cium phosphate cement.55

Similar good clinical and radiographic outcomes have been 
observed with use of calcium sulfate cement.56,57 Somasundaram 
and colleagues56 reported good clinical outcomes in 82% of patients 
treated with locking plates and calcium sulfate cement used to fill 
metaphyseal voids. All fractures united without infection, fixation 
failure, subsequent malunion, tuberosity failure, or AVN. Lee and 
Shin57 compared outcomes of 14 patients who received calcium sul-
fate augmentation with outcomes of patients who did not receive 
this augmentation. Overall, 89% of patients had good or excellent 
results. Calcium sulfate cement did not affect the reduction failure 
rate or clinical outcomes in cases in which medial cortical reduc-
tion was achieved. However, postoperative displacement caused 
by lack of medial support was associated with poor outcomes. 

Screw Placement
Screws optimally should be placed in the posterior-medial-
inferior aspect of the humeral head to provide medial support 
for the fracture and mechanical stability.58 Cadaveric studies 
have shown the highest cancellous bone density in the proxi-
mal, posterior, and medial portions of the humeral head.59-63 
Similarly, in a cadaveric study, Liew and colleagues61 found 

greater screw purchase and higher pullout strength when the 
screw was placed in the center of the humeral head, within 
subchondral bone; fixation was poorest when the screw was 
placed in the anterosuperior region of the humeral head. Tin-
gart and colleagues62 reported that humeral head trabecular 
density significantly affected pullout strength of cancellous 
screws. In addition, the most pullout strength was at the cen-
ter of the head, and the least within the anterosuperior head. 
Trabecular density was higher in the inferior and posterior 
regions than in the superior and anterior regions.

Most locking plate designs allow screws to be placed at the 
level of the medial calcar—the goal being to provide medial 
column support (Table 2). Zhang and colleagues58 treated 2-, 
3-, and 4-part fractures with a locking plate and random-
ized them into receiving the plate with or without medial 
support screws. For 3- and 4-part fractures, the group with 
these screws had a significantly greater final neck-shaft angle 
and smaller angulation loss compared with the group without 
screws. No additional benefit was found for 2-part fractures. 
Erhardt and colleagues63 simulated unstable proximal humerus 
fractures using cadavers and testing different fixation methods 
using a polyaxial locking plate. They found that 5 screws in 
the head fragment and an inferomedial support screw signifi-
cantly reduced the risk of screw perforation. Other authors 

Figure 2. (A) Anteroposterior (AP) and (B) lateral scapular radiographs of a 65-year-old woman after a fall. Note varus deformity of head 
with loss of neck–shaft angulation. (C) Intraoperative fluoroscopy shows large metaphyseal void (*) after elevation and fixation of humeral 
head. (D) Placement of calcium phosphate cement within defect. (E) AP radiograph at 3 months, with reduction maintained. (F) AP radio-
graph at 9 months, with varus malunion but no screw penetration. Patient has 150° of overhead elevation and is satisfied with result.
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Table 2. Outcomes After Calcar Screw Placement

Study

No. of 
Patients 
(Cases)

Mean Age 
(Range), 

y

Mean 
Follow-Up, 

mo
Fracture 

Type Fixationa

No. of Patients With Each Complication

NotesTotalb
Screw 

Penetration
Loss of 

Reduction
Avascular 
Necrosis

Fixation 
Failure

Gardner et al26 35 (35) 62 (23-89) 7 2-part (6) 
3-part (15)  
4-part (14)

1 or 2 oblique-placed inferomedial support screws (6)
Calcium phosphate cement (9)

19 6 9 0 3 Fewer complications in patients with adequate medial support

Jung et al35 62 (63) 62.2 (18-92) 13.4 2-part (42) 
3-part (18) 
4-part (3)

Oblique-placed inferomedial locking screw in cases with  
inferomedial comminution, difficult reduction of medial cortex, 
or shaft that could not be medialized or impacted into head

13 3 6 1 1 Restoring medial support can help prevent major complications

Zhang et al58 68 (68) 63.2 (32-78) 30.8 2-part (10)
3-part (37) 
4-part (21)

Oblique-placed inferomedial support screw 11 3 6 1 1 Inferomedial support screws enhanced stability in complex fractures

Konigshausen et al64 52 (52) 69.9 13.9 2-part (12)
3-part (16)
4-part (24)

Polyaxial plate with screws in various directions 12 5 5 1 0 Results and complications comparable with those  
of first-generation monoaxial locking plates

aRotator cuff sutures also used. bSeveral patients had more than 1 complication.
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have concluded that placing 1 or more inferomedial screws is 
important in cases of medial comminution or medial column 
malreduction.26 Interestingly, compared with use of a polyaxial 
implant, which allows for adjustment of screw direction, use of 
a monoaxial locking plate did not lead to a clinically different 
outcome or complication profile.64 

Techniques have been used to achieve subchondral pur-
chase of locking screws while reducing iatrogenic articular 
perforation.65 However, given the incidence of fracture set-
tling and subsequent postoperative screw penetration, many 
authors currently recommend using shorter divergent screws 
combined with other augmentation techniques, described 
previously.17,29,32

Physical Therapy
There is no standardized physiotherapy regimen for postopera-
tive management of proximal humerus fractures treated with 
locking plates.25 In older patients, immediate active range of 
motion (ROM) exercises should be delayed until early callus 
is noted, though there is a risk for stiffness. Lee and Shin57 
found that a delay in rehabilitation after ORIF was an indepen-
dent risk for poor clinical outcome. Namdari and colleagues17 
recommended sling use only for comfort and initiated non-
load-bearing activities and pendulum exercises immediately 
after surgery. Patients with adequate reduction at 4 to 6 weeks 
were advanced to full weight-bearing. Badman and colleagues30 
initiated passive-assisted ROM exercises when the wound was 
healed at 2 weeks in 2-part fractures, whereas patients with 
3- and 4-part fractures were immobilized until radiographic 
healing. Formal therapy was started after 6 weeks. Stiffness 
was reported in 5% of patients. For patients with stable fixa-
tion, Ricchetti and colleagues29 recommended passive shoulder 
ROM exercises on postoperative day 1; at 4 to 6 weeks, patients 
should start active shoulder ROM exercises, and then resistance 
exercises at 10 to 12 weeks. Other authors are more conser-
vative—only sling immobilization and pendulum exercises 
the first month.66 Barlow and colleagues32 immobilized their 
patients (age, >75 years) for 6 weeks. No patient developed 

disabling stiffness. The authors suggested that patients older 
than 75 years may not be prone to stiffness. 

Our Preferred Treatment Method
All proximal humerus fractures are approached anteriorly 
through the deltopectoral interval (Figure 3A). The long head 
biceps is identified and truncated for later tenodesis. Multiple 
No. 5 Ethibond sutures (Ethicon) are placed at the bone– 
tendon interface. The fracture is reduced with a Cobb eleva-
tor (Figure 3B), and provisional Kirschner wires are placed 
within the head (Figure 3C). The plate is affixed to the humeral 
head with its anterior border paralleling the posterior aspect 
of the bicipital groove. Multiple locking screws are placed 
within the superior and posterior humeral head. Nonlocking 
screws are then used to fix the plate to the shaft to reduce 
the specific deformity. Under fluoroscopy, any metaphyseal 
void is filled with calcium phosphate cement (Figure 3D). 
The remaining inferior screws are placed within the humeral 
head. Dr. Gruson uses screws 4 to 6 mm short of subchon-
dral bone to reduce the risk for joint penetration. The ro-
tator cuff sutures are tied down through the plate. Patients 
are started on progressive supine passive ROM exercises at  
7 days, followed by supine active-assisted ROM exercises  
6 weeks after fracture healing is confirmed radiographically. 

Conclusion
Use of locked plating for proximal humerus fractures has in-
creased, particularly in the elderly. Resulting complications 
include intra-articular screw penetration, postoperative frac-
ture displacement, and AVN. Recognition of the importance 
of reducing and supporting the medial calcar, filling any me-
taphyseal defects, and selectively placing screws within the 
humeral head has lowered the incidence of these complica-
tions. Further comparative studies evaluating the efficacy of 
individual augmentation techniques are needed to determine 
their contribution to successful fracture healing and their cost-
effectiveness. Results of such studies may help in the develop-
ment of protocols for more standardized implementation of 

Figure 3. (A) Anteroposterior (AP) radiograph shows 3-part proximal humerus fracture. (B) Fracture reduction with Cobb elevator. Articu-
lar segment is accessed through fracture line typically found posterior to bicipital groove. (C) Intraoperative reduction with provisional 
fixation. (D) Postoperative AP radiograph after open reduction and internal fixation with calcium phosphate cement.
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these techniques and in understanding which specific fracture 
patterns and patients would benefit from their use. 

Dr. Newman is Research Assistant, Dr. Kahn is Resident, and Dr. 
Gruson is Assistant Professor, Department of Orthopaedic Surgery, 
Albert Einstein College of Medicine, Bronx, New York.

Address correspondence to: Konrad I. Gruson, MD, Department 
of Orthopaedic Surgery, Albert Einstein College of Medicine, 1250 
Waters Pl, 11th Floor, Bronx, NY 10461 (tel, 347-577-4412; email, 
kgruson@montefiore.org). 

Am J Orthop. 2015;44(7):312-320. Copyright Frontline Medical Com-
munications Inc. 2015. All rights reserved.

References
1.	 Bell JE, Leung BC, Spratt KF, et al. Trends and variation in incidence, surgical 

treatment, and repeat surgery of proximal humeral fractures in the elderly. 
J Bone Joint Surg Am. 2011;93(2):121-131.

2.	 Aaron D, Shatsky J, Paredes JC, Jiang C, Parsons BO, Flatow EL. Proximal 
humeral fractures: internal fixation. J Bone Joint Surg Am. 2012;94(24):2280-
2288. 

3.	 Court-Brown CM, Garg A, McQueen MM. The epidemiology of proximal 
humeral fractures. Acta Orthop Scand. 2001;72(4):365-371.

4.	 Kannus P, Palvanen M, Niemi S, Parkkari J, Jarvinen M, Vuori I. Increasing 
number and incidence of osteoporotic fractures of the proximal humerus 
in elderly people. BMJ. 1996;313(7064):1051-1052. 

5.	 Handoll HH, Ollivere BJ, Rollins KE. Interventions for treating proximal hu-
meral fractures in adults. Cochrane Database Syst Rev. 2012;12:CD000434.

6.	 Tamai K, Ishige N, Kuroda S, et al. Four-segment classification of proximal 
humeral fractures revisited: a multicenter study on 509 cases. J Shoulder 
Elbow Surg. 2009;18(6):845-850.

7.	 Rothberg D, Higgins T. Fractures of the proximal humerus. Orthop Clin North 
Am. 2013;44(1):9-19.

8.	 Egol KA, Kubiak EN, Fulkerson E, Kummer FJ, Koval KJ. Biomechanics of 
locked plates and screws. J Orthop Trauma. 2004;18(8):488-493. 

9.	 Miranda MA. Locking plate technology and its role in osteoporotic fractures. 
Injury. 2007;38(suppl 3):35-39.

10.	 Foruria AM, Carrascal MT, Revilla C, Munuera L, Sanchez-Sotelo J. Proxi-
mal humerus fracture rotational stability after fixation using a locking plate 
or a fixed-angle locked nail: the role of implant stiffness. Clin Biomech. 
2010;25(4):307-311.

11.	 Weinstein DM, Bratton DR, Ciccone WJ 2nd, Elias JJ. Locking plates im-
prove torsional resistance in the stabilization of three-part proximal humeral 
fractures. J Shoulder Elbow Surg. 2006;15(2):239-243.

12.	 Siffri PC, Peindl RD, Coley ER, Norton J, Connor PM, Kellam JF. Biome-
chanical analysis of blade plate versus locking plate fixation for a proxi-
mal humerus fracture: comparison using cadaveric and synthetic humeri.  
J Orthop Trauma. 2006;20(8):547-554. 

13.	 Olerud P, Ahrengart L, Ponzer S, Saving J, Tidermark J. Internal fixation 
versus nonoperative treatment of displaced 3-part proximal humeral frac-
tures in elderly patients: a randomized controlled trial. J Shoulder Elbow 
Surg. 2011;20(5):747-755. 

14.	 Fjalestad T, Hole MO, Hovden IA, Blucher J, Stromsoe K. Surgical treat-
ment with an angular stable plate for complex displaced proximal humeral 
fractures in elderly patients: a randomized controlled trial. J Orthop Trauma. 
2012;26(2):98-106. 

15.	 Wild JR, DeMers A, French R, et al. Functional outcomes for surgically treated 3- 
and 4-part proximal humerus fractures. Orthopedics. 2011;34(10):e629-e633.

16.	 Solberg BD, Moon CN, Franco DP, Paiement GD. Surgical treatment of 
three and four-part proximal humeral fractures. J Bone Joint Surg Am. 
2009;91(7):1689-1697.

17.	 Namdari S, Voleti PB, Mehta S. Evaluation of the osteoporotic proximal 
humeral fracture and strategies for structural augmentation during surgical 
treatment. J Shoulder Elbow Surg. 2012;21(12):1787-1795.

18.	 Agudelo J, Schurmann M, Stahel P, et al. Analysis of efficacy and failure in 
proximal humerus fractures treated with locking plates. J Orthop Trauma. 
2007;21(10):676-681.

19.	 Schliemann B, Siemoneit J, Theisen C, Kosters C, Weimann A, Raschke 
MJ. Complex fractures of the proximal humerus in the elderly—outcome and 
complications after locking plate fixation. Musculoskelet Surg. 2012;96(sup-
pl 1):S3-S11.

20.	 Thanasas C, Kontakis G, Angoules A, Limb D, Giannoudis P. Treatment 
of proximal humerus fractures with locking plates: a systematic review.  
J Shoulder Elbow Surg. 2009;18(6):837-844.

21.	 Micic ID, Kim KC, Shin DJ, et al. Analysis of early failure of the locking 
compression plate in osteoporotic proximal humerus fractures. J Orthop 
Sci. 2009;14(5):596-601. 

22.	 Solberg BD, Moon CN, Franco DP, Paiement GD. Locked plating of 3- and 
4-part proximal humerus fractures in older patients: the effect of initial frac-
ture pattern on outcome. J Orthop Trauma. 2009;23(2):113-119.

23.	 Owsley KC, Gorczyca JT. Fracture displacement and screw cutout after 
open reduction and locked plate fixation of proximal humeral fractures 
[corrected]. J Bone Joint Surg Am. 2008;90(2):233-240.

24.	 Fankhauser F, Boldin C, Schippinger G, Haunschmid C, Szyszkowitz R. 
A new locking plate for unstable fractures of the proximal humerus. Clin 
Orthop. 2005;(430):176-181. 

25.	 Sproul RC, Iyengar JJ, Devcic Z, Feeley BT. A systematic review of locking 
plate fixation of proximal humerus fractures. Injury. 2011;42(4):408-413.

26.	 Gardner MJ, Weil Y, Barker JU, Kelly BT, Helfet DL, Lorich DG. The impor-
tance of medial support in locked plating of proximal humerus fractures.  
J Orthop Trauma. 2007;21(3):185-191.

27.	 Voigt C, Hurschler C, Rech L, Vossenrich R, Lill H. Additive fiber-cerclages in 
proximal humeral fractures stabilized by locking plates. No effect on fracture 
stabilization and rotator cuff function in human shoulder specimens. Acta 
Orthop. 2009;80(4):465-471.

28.	 Lo IK, Burkhart SS. Biomechanical principles of arthroscopic repair of the 
rotator cuff. Oper Tech Orthop. 2002;12(3):140-155.

29.	 Ricchetti ET, Warrender WJ, Abboud JA. Use of locking plates in the treat-
ment of proximal humerus fractures. J Shoulder Elbow Surg. 2010;19(2 
suppl):66-75.

30.	 Badman B, Frankle M, Keating C, Henderson L, Brooks J, Mighell M. Re-
sults of proximal humeral locked plating with supplemental suture fixation 
of rotator cuff. J Shoulder Elbow Surg. 2011;20(4):616-624.

31.	 Nho SJ, Brophy RH, Barker JU, Cornell CN, MacGillivray JD. Management 
of proximal humeral fractures based on current literature. J Bone Joint Surg 
Am. 2007;89(suppl 3):44-58.

32.	 Barlow JD, Sanchez-Sotelo J, Torchia M. Proximal humerus fractures in the 
elderly can be reliably fixed with a “hybrid” locked-plating technique. Clin 
Orthop. 2011;469(12):3281-3291.

33.	 Cho CH, Jung GH, Song KS. Tension suture fixation using 2 washers for 
proximal humeral fractures. Orthopedics. 2012;35(3):202-205.

34.	 Brunner F, Sommer C, Bahrs C, et al. Open reduction and internal fixation 
of proximal humerus fractures using a proximal humeral locked plate: a 
prospective multicenter analysis. J Orthop Trauma. 2009;23(3):163-172.

35.	 Jung WB, Moon ES, Kim SK, Kovacevic D, Kim MS. Does medial sup-
port decrease major complications of unstable proximal humerus fractures 
treated with locking plate? BMC Musculoskelet Disord. 2013;14:102.

36.	 Krappinger D, Bizzotto N, Riedmann S, Kammerlander C, Hengg C, Kralin-
ger FS. Predicting failure after surgical fixation of proximal humerus frac-
tures. Injury. 2011;42(11):1283-1288.

37.	 Lescheid J, Zdero R, Shah S, Kuzyk PR, Schemitsch EH. The biomechanics 
of locked plating for repairing proximal humerus fractures with or without 
medial cortical support. J Trauma. 2010;69(5):1235-1242.

38.	 De Long WG Jr, Einhorn TA, Koval K, et al. Bone grafts and bone graft 
substitutes in orthopaedic trauma surgery. A critical analysis. J Bone Joint 
Surg Am. 2007;89(3):649-658.

39.	 Gardner MJ, Boraiah S, Helfet DL, Lorich DG. Indirect medial reduction and 
strut support of proximal humerus fractures using an endosteal implant.  
J Orthop Trauma. 2008;22(3):195-200.

40.	 Hettrich CM, Neviaser A, Beamer BS, Paul O, Helfet DL, Lorich DG. Locked 
plating of the proximal humerus using an endosteal implant. J Orthop Trau-
ma. 2012;26(4):212-215.

41.	 Matassi F, Angeloni R, Carulli C, et al. Locking plate and fibular al-
lograft augmentation in unstable fractures of proximal humerus. Injury. 
2012;43(11):1939-1942.

42.	 Neviaser AS, Hettrich CM, Beamer BS, Dines JS, Lorich DG. Endosteal 
strut augment reduces complications associated with proximal humeral 
locking plates. Clin Orthop. 2011;469(12):3300-3306.

43.	 Mathison C, Chaudhary R, Beaupre L, Reynolds M, Adeeb S, Bouliane M. 
Biomechanical analysis of proximal humeral fixation using locking plate fixa-
tion with an intramedullary fibular allograft. Clin Biomech. 2010;25(7):642-646.

44.	 Osterhoff G, Baumgartner D, Favre P, et al. Medial support by fibula bone 
graft in angular stable plate fixation of proximal humeral fractures: an in vitro 
study with synthetic bone. J Shoulder Elbow Surg. 2011;20(5):740-746.

45.	 Chow RM, Begum F, Beaupre LA, Carey JP, Adeeb S, Bouliane MJ. Proximal 
humeral fracture fixation: locking plate construct +/- intramedullary fibular 
allograft. J Shoulder Elbow Surg. 2012;21(7):894-901.

46.	 Bae JH, Oh JK, Chon CS, Oh CW, Hwang JH, Yoon YC. The biomechani-

AJO 
DO NOT COPY



Reducing Postoperative Fracture Displacement After Locked Plating of Proximal Humerus Fractures

cal performance of locking plate fixation with intramedullary fibular strut 
graft augmentation in the treatment of unstable fractures of the proximal 
humerus. J Bone Joint Surg Br. 2011;93(7):937-941.

47.	 Duralde XA, Leddy LR. The results of ORIF of displaced unstable proxi-
mal humeral fractures using a locking plate. J Shoulder Elbow Surg. 
2010;19(4):480-488.

48.	 Robinson CM, Wylie JR, Ray AG, et al. Proximal humeral fractures with a 
severe varus deformity treated by fixation with a locking plate. J Bone Joint 
Surg Br. 2010;92(5):672-678.

49.	 Ong C, Bechtel C, Walsh M, Zuckerman JD, Egol KA. Three- and four-part 
fractures have poorer function than one-part proximal humerus fractures. 
Clin Orthop. 2011;469(12):3292-3299.

50.	 Kim SH, Lee YH, Chung SW, et al. Outcomes for four-part proximal humerus 
fractures treated with a locking compression plate and an autologous iliac 
bone impaction graft. Injury. 2012;43(10):1724-1731.

51.	 Larsson S. Calcium phosphates: what is the evidence? J Orthop Trauma. 
2010;24(suppl 1):S41-S45.

52.	 Egol KA, Sugi MT, Ong CC, Montero N, Davidovitch R, Zuckerman JD. 
Fracture site augmentation with calcium phosphate cement reduces screw 
penetration after open reduction–internal fixation of proximal humeral frac-
tures. J Shoulder Elbow Surg. 2012;21(6):741-748.

53.	 Gradl G, Knobe M, Stoffel M, Prescher A, Dirrichs T, Pape HC. Biomechanical 
evaluation of locking plate fixation of proximal humeral fractures augmented 
with calcium phosphate cement. J Orthop Trauma. 2013;27(7):399-404. 

54.	 Collinge C, Merk B, Lautenschlager EP. Mechanical evaluation of fracture 
fixation augmented with tricalcium phosphate bone cement in a porous 
osteoporotic cancellous bone model. J Orthop Trauma. 2007;21(2):124-128.

55.	 Kwon BK, Goertzen DJ, O’Brien PJ, Broekhuyse HM, Oxland TR. Biome-
chanical evaluation of proximal humeral fracture fixation supplemented with 
calcium phosphate cement. J Bone Joint Surg Am. 2002;84(6):951-961.

56.	 Somasundaram K, Huber CP, Babu V, Zadeh H. Proximal humeral fractures: 

the role of calcium sulphate augmentation and extended deltoid splitting 
approach in internal fixation using locking plates. Injury. 2013;44(4):481-487.

57.	 Lee CW, Shin SJ. Prognostic factors for unstable proximal humeral fractures 
treated with locking-plate fixation. J Shoulder Elbow Surg. 2009;18(1):83-88. 

58.	 Zhang L, Zheng J, Wang W, et al. The clinical benefit of medial support 
screws in locking plating of proximal humerus fractures: a prospective 
randomized study. Int Orthop. 2011;35(11):1655-1661.

59.	 Brianza S, Roderer G, Schiuma D, et al. Where do locking screws purchase 
in the humeral head? Injury. 2012;43(6):850-855. 

60.	 Hepp P, Lill H, Bail H, et al. Where should implants be anchored in the 
humeral head? Clin Orthop. 2003;(415):139-147.

61.	 Liew AS, Johnson JA, Patterson SD, King GJ, Chess DG. Effect of screw 
placement on fixation in the humeral head. J Shoulder Elbow Surg. 
2000;9(5):423-426. 

62.	 Tingart MJ, Lehtinen J, Zurakowski D, Warner JJ, Apreleva M. Proximal hu-
meral fractures: regional differences in bone mineral density of the humeral 
head affect the fixation strength of cancellous screws. J Shoulder Elbow 
Surg. 2006;15(5):620-624.

63.	 Erhardt JB, Stoffel K, Kampshoff J, Badur N, Yates P, Kuster MS. The 
position and number of screws influence screw perforation of the hu-
meral head in modern locking plates: a cadaver study. J Orthop Trauma. 
2012;26(10):e188-e192. 

64.	 Konigshausen M, Kubler L, Godry H, Citak M, Schildhauer TA, Seybold D. 
Clinical outcome and complications using a polyaxial locking plate in the 
treatment of displaced proximal humerus fractures. A reliable system? Injury. 
2012;43(2):223-231. 

65.	 Bengard MJ, Gardner MJ. Screw depth sounding in proximal humerus 
fractures to avoid iatrogenic intra-articular penetration. J Orthop Trauma. 
2011;25(10):630-633. 

66.	 Ring D. Current concepts in plate and screw fixation of osteoporotic proximal 
humerus fractures. Injury. 2007;38(3):S59-S68.AJO 

DO NOT COPY




