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Abstract

Background Controversy exists regarding the best treat-

ment of proximal humerus fractures in the elderly. Recent

studies of open reduction and internal fixation have dem-

onstrated high complication rates.

Questions/purposes We asked whether (1) open reduc-

tion and internal fixation could be performed with low rates

of immediate and delayed complications, (2) reduction of

these fractures could be maintained over time by evaluating

long-term radiographs and visual analog pain scores, and

(3) 6-week immobilization would lead to disabling stiff-

ness by evaluating postoperative motion and functional

scores.

Patients and Methods We retrospectively reviewed all

35 patients older than 75 years with displaced proximal

humerus fractures treated using a ‘‘hybrid’’ technique

between 2002 and 2008. All patients were immobilized for

6 weeks after surgery. Thirteen of the 35 patients either

died or developed severe dementia during followup. The

analysis included 22 patients followed a minimum of

1 year (mean, 3 years; range, 1–6.7 years).

Results There were no early or late reoperations in this

series. An acceptable reduction was achieved in 89% of the

shoulders and maintained over time. All fractures healed.

Osteonecrosis was noted on radiographs in 11% of the

shoulders. Six weeks of immobilization did not lead to

disabling stiffness. At most recent followup, mean active

elevation was 141�, mean active internal rotation L1, mean

active external rotation 36�, and mean American Society of

Shoulder and Elbow Surgeons score 68.

Conclusions Utilizing this approach, open reduction and

internal fixation followed by 6-week immobilization results

in a low rate of reoperation and good functional outcomes

for elderly patients with proximal humerus fractures.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

There is ongoing controversy about the optimal treatment

for displaced proximal humerus fractures in the elderly [7].

Advocates of nonoperative treatment or hemiarthroplasty

argue open reduction is difficult to attain and fixation is

unreliable. In the elderly population, this is especially true,

secondary to fracture comminution and osteopenia. Recent

reports seem to support these concerns, with a substantial

rate of delayed reoperations secondary to intra-articular

screw penetration, osteonecrosis (ON), and hardware fail-

ures [6, 16, 17]. Technical errors have been implicated in

most failures. Similarly, treatment with hemiarthroplasty

has been associated with limited postoperative ROM and

complications related to tuberosity fixation [1, 3, 11].

Nonoperative treatment has been functionally well toler-

ated in less severe proximal humerus fractures [8], but
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nonoperative treatment has resulted in low functional

scores in more complex fractures [20]. Therefore,

improved treatment strategies of these difficult fractures

continue to evolve.

We propose an approach to open reduction and internal

fixation (ORIF) of proximal humerus fractures in the

elderly (older than 75 years). This combines several tech-

niques in a ‘‘hybrid’’ approach, with locked plating and

rotator cuff traction sutures.

We asked whether (1) ORIF could be performed with

low rates of immediate and delayed complications,

(2) reduction of these fractures could be maintained over

time by evaluating long-term radiographs and visual analog

pain scores, and (3) 6 weeks of immobilization would lead

to disabling stiffness by evaluating postoperative motion

and functional scores.

Patients and Methods

Following departmental and institutional review board

approval, we retrospectively reviewed all 35 patients older

than 75 years with displaced proximal humerus fractures

using a ‘‘hybrid’’ technique between 2002 and 2008. There

were 30 females and five males. The average age of the

patients was 81 years (range, 75–95 years). No patients

had a history of shoulder surgeries, and no patients had

pre-existing arthritis. There were seven OTA A fractures,

20 OTA B fractures, and eight OTA C fractures. Twenty-

one of these fractures were two-part fractures and 14 were

three-part fractures according to the Neer classification

[13]. Of the 35 patients, five patients died within the first

postoperative year; between the first postoperative year and

the survey period, five additional patients died. Three

patients were unable to complete the survey secondary to

dementia. This left 22 patients for analysis. Of these

22 patients, three had OTA A fractures [14], 13 OTA B,

and six OTA C. OTA A fractures are extra-articular frac-

tures in one location (tuberosity, impacted metaphysis, etc).

OTA B fractures are extra-articular with bifocal involve-

ment. OTA C fractures are intra-articular [14]. Eleven were

two-part fractures and nine were three-part fractures

according to the Neer classification [13]. Two fractures did

not fit classic Neer subtypes and were classified as valgus

impacted fractures as described by Jacob et al. [9]. The

fracture was in the left arm in 10 patients and the right arm

in 12 patients. All patients were retired. Eleven patients

characterized their preoperative activity as light, while five

stated they were sedentary and six stated they engaged in

moderate physical activity. The minimum followup was

1 year (mean, 3 years; range, 1.0–6.7 years). No patients

were recalled specifically for this study; all data were

obtained from medical records and radiographs.

All surgery was performed by the senior author (MT). A

systematic approach was utilized in reducing and main-

taining reduction of all fractures in this series [18]. This

began with a thorough review of preoperative imaging.

Preoperative CT scans were obtained in most cases to

understand the fracture morphology. In addition, contra-

lateral shoulder radiographs were obtained to aid in

assessing the reduction obtained intraoperatively. Before

preparing and draping the patient, the ability to obtain

high-quality fluoroscopic images was ensured, including an

AP in the plane of the scapula with the arm held in external

rotation to profile the greater tuberosity and a Velpeau

axillary with the arm held in internal rotation to profile the

lesser tuberosity.

A deltopectoral approach was utilized in all cases. A

large bone reduction clamp was used to manipulate the

humeral shaft. Rotator cuff traction sutures were placed to

allow direct control over the tuberosities and indirect

control of the head through the tuberosities when not

fractured. In cases where the humeral head is detached

from the tuberosities, a pin may be inserted and utilized as

a joystick for control of the head segment; this was seldom

required in the fractures included in this particular report.

The fracture was then gently reduced. In surgical neck

fractures, a small malleable retractor was used as a shoe-

horn to aid in reduction of the shaft under the head. In

valgus impacted fractures, the humeral head was gently

elevated, paying careful attention to preserving the medial

hinge and associated blood supply. Considerable effort was

taken to ensure adequate support of the humeral head after

reduction. This was performed using the shaft (valgus

‘‘impaction osteotomy’’ of Fenlin), or in cases of extensive

metaphyseal comminution and osteopenia, bone graft or

bone graft substitute was used (Fig. 1) [2]. Bone graft was

utilized in 15 cases (43%) in this series. This was autograft

bone in seven cases and allograft in eight cases. Next,

provisional fixation was obtained using a Kirschner wire

(Fig. 2). The reduction was then assessed utilizing

fluoroscopy in the AP and Velpeau axillary views. Con-

tralateral films were used to avoid varus malreduction. In

all cases, the fracture was reduced, adequate support was

obtained (especially medially), and provisional fixation

was placed before application of the plate. Adequate

medial support was defined as contact between the humeral

head segment and the shaft segment at the medial calcar

region, especially posteromedially. Thus, with this tech-

nique, the plate was used in the neutralization mode rather

than as a reduction tool.

The plate was positioned low enough to avoid suba-

cromial impingement. Long screws into the subchondral

bone were avoided to decrease the risk of intra-articular

penetration. The screws were placed by predrilling the

lateral cortex and advancing the depth gauge without
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further predrilling to avoid placing screws close to the

subchondral bone. All screws were scrutinized under

fluoroscopy in varying degrees of internal and external

rotation to ensure no intra-articular hardware. Rotator cuff

traction sutures were utilized liberally to neutralize the

varus deforming force of the supraspinatus (Fig. 3A).

Because of the humeral head support obtained using the

shaft, bone graft, or bone graft substitute, short screws and

tension band suture fixation provided adequate stability to

the humeral head fragment in all cases (Fig. 3B).

All patients were immobilized for 6 weeks after the

operation. Patients were placed into a shoulder immobi-

lizer immediately postoperatively and were instructed to

stay in the immobilizer at all times until their first visit at

6 weeks. Patients were allowed to remove the immobi-

lizer for hygiene only. Assisted ROM was initiated at

7 to 12 weeks, with therapist-driven ROM exercises and

sling use the remainder of the day. After 3 months or

demonstration of radiographic healing, the sling was

discontinued.

A chart review was completed to determine the clinical

outcome. ROM assessed at clinic appointments was gath-

ered, and surveys were sent to all 25 living patients. The

survey (Appendix 1) included illustrated self-assessments

of ROM, in which patients selected diagrams showing

maximum ROM, and a visual analog pain scale (1–10, with

higher numbers indicating more severe pain) and allowed

calculation of the American Society of Shoulder and Elbow

Surgeons (ASES) score [15], the Simple Shoulder Test

[12], and the QuickDash [4]. The QuickDash is a general

study of upper-extremity function, with lower scores being

better. The Simple Shoulder Test and ASES scores are

shoulder-specific scores in which a higher score indicates

better function. A second survey was sent to the 14 non-

responders within 2 months. Followup telephone calls

were made to the five patients who did not respond to the

second survey, and survey information was obtained via

telephone.

Fig. 1A–C (A) Bony comminution

that would impede stable seating of

the humeral head on the shaft is

removed and preserved. (B) Bone frag-

ments that were previously removed

from the humeral shaft are placed back

into the fracture site for final reduction.

(C) Traction sutures are utilized to gain

control of the head fragment, which is

reduced onto the shaft, ensuring ade-

quate support of the humeral head after

reduction.

Fig. 2 Provisional fixation of the reduction is obtained using a

Kirschner wire. The reduction is maintained utilizing the rotator cuff

traction sutures and is compared with contralateral shoulder films to

avoid malreduction. Fig. 3A–B (A) The precontoured plate is carefully placed to avoid

subacromial impingement. (B) Screws are placed, avoiding intra-

articular screw penetration. Each screw length is assessed with

fluoroscopic imaging.
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Radiographs of the involved shoulders were assessed for

union and ON. Healing was considered complete when

there was evidence of both cortical continuity on all cor-

tices and trabecular continuity in the AP radiographs of the

shoulder in internal and external rotation, as well as in the

axillary and scapular Y radiographs. ON was diagnosed

when radiographs demonstrated subchondral bony defects

with or without a crescent sign or articular collapse, as

previously described [5]. All radiographs were reviewed by

the leading author (JDB) and a fellowship-trained shoulder

and elbow surgeon (JSS) who was blinded to the clinical

outcome of the patients, and consensus was achieved.

There were no cases where healing could not be assessed.

Reduction was considered satisfactory when the head-shaft

angle was between 40� and 55� and there was anatomic

reduction of the tuberosities within 5 mm.

We computed the average (± SD) for continuous

variables.

Results

None of the 35 patients required immediate or delayed

reoperation. Two patients (6%) suffered a perioperative

myocardial infarction; both were managed medically with

satisfactory outcome. Both had a medical history of severe

coronary artery disease. Another patient (3%) developed a

perioperative extremity deep venous thrombosis with some

skin ulcerations. This was treated medically with resolution

of symptoms. No patients had wound dehiscence or

infection.

Satisfactory reduction was obtained in 31 of 35 frac-

tures (89%). Four fractures were considered in excessive

valgus (11%). All fractures healed. At last followup, four

patients (11%) had partial ON. Two of these patients

were asymptomatic and two complained of moderate pain

with activity. Of these two symptomatic patients, one

responded to nonoperative management, while one was

offered arthroplasty but died during preoperative medical

workup.

At last followup, the average visual analog pain score

was 2.5 (± 2.3), compared with 1.8 (± 1.7) in the con-

tralateral, uninjured extremity (Fig. 4). Average elevation

was 141� (± 47�). Average abduction was 132� (± 46�).

Average internal rotation was to L1 (± two levels) and

average external rotation was 36� (± 24�) (Table 1). No

patient had a decrease in his or her ability to perform

activities of daily living. The average ASES score was 67.5

(± 25.6) in the operative extremity, compared with 76.9

(± 20.1) in the contralateral extremity. The average

QuickDash was 25.1 (± 19.1). The Simple Shoulder Test

averaged 7.9 (± 3.1) in the operative extremity, compared

to 9.7 (± 2.4) in the nonoperative extremity.

Discussion

Continued controversy remains regarding the optimal

treatment for proximal humerus fractures in the elderly.

Hemiarthroplasty is often complicated by tuberosity non-

union or malunion and decreased postoperative ROM [11].

Nonoperative treatment is effective in minimally displaced

fractures, but poor outcomes have been documented in

more complex fractures [20]. ORIF has been recently

popularized, along with the introduction of precontoured

proximal humeral locking plates. However, several recent

reports have indicated unacceptable immediate and delayed

failure rates. We evaluated a systematic approach to

proximal humeral fracture fixation to determine whether

(1) ORIF could be safely performed by evaluating imme-

diate and delayed complications of this technique,

(2) reduction of these fractures could be maintained over

time by evaluating long-term radiographs and visual analog

pain scores, and (3) 6 weeks of immobilization of these

fractures did not lead to disabling stiffness by evaluating

postoperative motion and functional scores.

Fig. 4 The chart demonstrates visual analog pain score at last

followup. The light bar represents the operative extremity, while the

dark bar represents the contralateral extremity. Values are expressed

as mean (bars) and SD (error bars).

Table 1. ROM in operative and nonoperative extremities at final

followup

ROM Operative extremity Contralateral extremity

Mean SD Mean SD

Elevation 141� 47� 172� 25�
Abduction 132� 46� 163� 32�
Internal rotation L1 2 levels T8 2 levels

External rotation 36� 24� 47� 22�
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There were several limitations to the study. First, this

study involved a selected series of patients without a

control group. An attempt to minimize the inherent bias of

this study design was made by enrolling a consecutive

group of patients meeting the study criteria. Second, there

was a relatively high rate of study dropout. High rates of

dementia and death are inherent to the study population

(patients older than 75 years). To minimize the number of

patients lost to followup, all available resources were uti-

lized to contact all patients. Two surveys were mailed and

patients were called. Finally, the followup method of this

study was through a survey in addition to clinical exam-

inations. For this reason, only well-validated outcome

measures were used. This was an attempt to reduce the

inherent subjectivity of patient responses.

In this case series, ORIF was quite safe. Recent reports

in the literature of ORIF of proximal humerus fractures

have demonstrated high complication rates. Solberg et al.

[16] documented a 16% reoperation rate, with 8% of these

being within 24 hours of the initial operation. A large study

conducted by Sudkamp et al. [17] demonstrated primary

screw penetration in 14% of patients and an overall com-

plication rate of 34%. In our study, there were no cases of

reoperation. The most important steps for minimizing the

possibility of this complication included ensuring adequate

intraoperative fluoroscopy before preparing and draping the

patient and carefully assessing each screw placed with

internal and external rotation views of the joint to confirm

the hardware was not intra-articular. In addition, contrary

to previous reports, short screws were utilized to engage

the humeral head. Previous series have used long screws

penetrating into the subchondral bone of the humeral head.

This may be a cause of early and delayed intra-articular

screw penetration.

Fracture reduction was maintained in most of the

shoulders in our study. The reduction obtained in this series

was adequate in 89% of patients and led to healing in all

instances. This result is in contrast to reports of high rates

of varus malreduction (up to 36%), which leads to early

hardware failure [16]. Intraoperative comparison with the

contralateral shoulder radiographs was an important step in

reducing the frequency of malreductions. In addition,

adequate reduction and humeral head support were attained

before placement of the plate. This is in contrast to pre-

vious reports using the plate as a reduction tool [10]. There

were no cases of varus malreduction, which emphasizes

the attention paid to ensuring adequate valgus alignment.

In addition, previous studies have documented ON in up to

37% of patients [19]. We had four patients (11%) with ON.

Two of these patients had no or minimal pain and one

responded to nonoperative management. The average

visual analog pain score of the operative extremity was less

than 1 point higher than the contralateral (unaffected)

extremity (2.5 versus 1.8), indicating reliable pain relief at

last followup.

Six weeks of immobilization did not lead to disabling

stiffness in this series. While prolonged immobilization

may be detrimental in young patients, this patient popula-

tion seems not to be prone to develop stiffness despite

immobilization. Patients in this study were kept strictly

immobilized. This may be one reason for the absence of

nonunions in this series. The mean postoperative motion of

these patients included elevation of 141� and abduction of

132�. This compares favorably with the study by Sudkamp

et al. [17], which emphasized early motion (within 2 days

postoperatively). Their patients averaged 132� of elevation

and 122� of abduction. Both of these groups of patients

have better motion than is consistently obtained in hemi-

arthroplasty. Recent studies on hemiarthroplasty for

proximal humerus fracture have reported elevation of 100�
to 105� and abduction of 92� [1, 11]. In addition to the

objective motion obtained in this patient group, it should be

emphasized the demands of patients older than 75 years are

different from those of younger patient populations. None

of our patients had a decrease in ability to perform activ-

ities of daily living secondary to their fracture compared to

preoperatively.

By utilizing a strict, systematic approach to proximal

humerus fractures in the elderly, we were able to obtain

satisfactory clinical and radiographic results with ORIF. In

addition, 6 weeks of immobilization did not lead to dis-

abling stiffness in those patients who followed up with us.

These data are in contrast to several recent reports of high

complication rates and frequent reoperations after ORIF.

The results of this series compare favorably with those of

patients who have undergone hemiarthroplasty but with

seemingly better postoperative motion. ORIF followed by

extended immobilization should be considered for elderly

patients with displaced proximal humerus fractures.
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Please indicate if your shoulder feels stable doing the following activities:

71-72.  Lifting an object. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
73-74.  Throwing an object. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
75-76.  Pounding an object. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
77-78.  Pushing an object. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
79-80.  Holding an object overhead. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Please indicate if you are able to reach the following locations:

81-82.  Your mouth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
83-84.  Your belt buckle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
85-86.  Your opposite armpit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
87-88.  The top of your head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
89-90.  Location of a bra strap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      
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