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Abstract

Background Neer Group VI proximal humeral fractures

often are related to persistent disability despite surgical

treatment. We retrospectively compared the outcome after

open reduction and internal fixation with the PHILOS1

plate or primary hemiarthroplasty in patients with Neer

Group VI fractures focusing on complications, shoulder

function, health-related quality of life (SF-36), and poten-

tial risk factors for complications.

Questions/purposes The aim of this study was to compare

the PHILOS1 plate with primary hemiarthroplasty for

treatment of specific Neer Group VI fractures. We asked

whether (1) both procedures have comparable clinical and

radiologic complication rates; (2) one procedure is superior

in terms of revision rate; (3) objective and subjective

shoulder function (Constant-Murley score) and health-

related quality of life (SF-36) were comparable in both

groups at final followup; and (4) there are clinical or

radiologic predictors for complications in any group?

Methods Between 2002 and 2007, 44 consecutive patients

(mean, 75.2 years) with a Neer Group VI proximal humeral

fracture were included. Twenty-two patients treated with a

PHILOS1 plate were compared with 22 patients treated by

primary hemiarthroplasty. Both groups were similar in all

criteria. At minimum followup of 12 months (mean,

30 months; range, 12-83 months), radiographic control,

Constant-Murley score, and SF-36 were performed.

Results Fourteen patients with complications (63.6%)

were counted in the PHILOS1 plate group, of which 10

(45.4%) needed revision surgery, mostly as a result of

avascular necrosis and screw cut-outs. In the primary

hemiarthroplasty group, only one patient needed revision

surgery (4.5%). Smoking and steroid therapy were sub-

stantially associated with complications in the PHILOS1

plate group. There were no differences between the two

groups regarding Constant-Murley or SF-36 scores.

Conclusions Angular stable open reduction and internal

fixation was associated with high complication and revi-

sion rates, especially in patients who smoked and those

receiving steroid therapy. Primary hemiarthroplasty pro-

vides limited function, which had little influence on the

quality of life in this elderly collective. There are predictive

factors for complications after the treatment of Neer

Group VI proximal humeral fractures with the PHILOS1

plate. Primary hemiarthroplasty remains a good option,

especially when treating elderly patients.
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Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Fracture of the proximal humerus is a common injury [4],

especially in elderly patients with osteoporotic bone. Neer

introduced a fracture classification, which is still widely

used [24]. In its Group VI, he gathered three- and four-part

fracture-dislocations. Displaced fractures of the articular

surface (impression or split) also are included in this group,

because the noncrushed part of the humeral head is

extruded from the joint during impact. These fractures are

rare, but they represent a severe injury often leading to

permanent functional limitations despite surgical treatment

[12]. Neer recommended open reduction and internal fix-

ation (ORIF) for three-part fracture-dislocations and

primary hemiarthroplasty (HA) for four-part fracture-

dislocations and for fractures with greater than 50% of

cartilage-covered articular defect [24, 25]. Angular stable

implants have been developed for fractures of the proximal

humerus [7, 9, 10, 23, 30]. With these implants, better

biomechanical stability could be achieved [16]. Anatomic

reconstruction for severely displaced fractures and frac-

tures with glenohumeral dislocations aiming to achieve

superior function compared with primary HA has been

reported [2, 11, 12, 17, 20, 22, 28].

In 2003, we started to reconstruct proximal humeral

fractures with the PHILOS1 plate (Synthes GmbH,

Solothurn, Switzerland) in our trauma center. Encouraged by

good results, we expanded the range of application for ORIF

and decided to use this locking plate for treatment of more

complex fractures including Neer Group VI fractures. Before

then, those fractures were treated by HA only. With further

followup, we found a remarkably high complication rate.

The aim of this study was to compare the PHILOS1

plate with primary HA for treatment of specific Neer Group

VI fractures. The following questions were addressed:

(1) Do both procedures have comparable clinical and

radiologic complication rates? (2) Is one procedure supe-

rior in terms of revision rate? (3) Are objective and

subjective shoulder function (Constant-Murley score [6])

and health-related quality of life (SF-36 [31]) comparable

in both groups at final followup? (4) Are there clinical or

radiologic predictors for complications in any group?

Patients and Methods

Between October 2002 and December 2007, a total of

765 patients with a fracture of the proximal humerus were

treated in our trauma unit. In 43 (5.7%) patients, primary

HA was performed. Angular stable reconstruction using the

PHILOS1 plate was performed in 313 (41.0%) patients. In

comparison, nonoperative treatment was chosen for the

majority of patients (408 patients [53.3%]).

Of this cohort, we exclusively concentrated on the

patients treated with the PHILOS1 plate or primary HA for

Neer Group VI fractures. In this single-institution retro-

spective, comparative study we therefore analyzed all

initial AP and transscapular radiographs and available CT

scans. This left a total of 54 patients with this specific

fracture type. We reviewed these patients’ charts retro-

spectively. Patients’ preoperative history and medications

were documented. To ensure comparability of both groups,

comorbidities were measured by the Charlson Index [26].

If patients smoked more than 10 cigarettes per day at the

time of injury, they were classified as smokers [1] and any

systemic steroid therapy at the time of injury was

accounted for. AP and transscapular radiographic exam-

inations at the time of injury, after surgery, and at the time

of last followup (mean, 30 months; range, 12–83 months)

were available for all patients. Functional and clinical

assessments using the age- and gender-specific Constant-

Murley [29] and the SF-36 [31] scores were performed at

the last followup or at the time of a complication. Inclusion

criteria were a traumatic Neer Group VI fracture treated

either by the PHILOS1 plate or primary HA and a mini-

mum of 12 months followup.

Twenty-six individuals were treated with a PHILOS1

plate (PHILOS1 group). Three patients died during the

1-year postoperative period independent of shoulder sur-

gery and one patient had incomplete followup. This left a

total of 22 (85%) patients finally entering the PHILOS1

group. Five patients who needed secondary arthroplasty

during followup were not considered for the final com-

parison of the Constant-Murley and SF-36 scores, but they

were included and analyzed for complications and revision

surgery.

Twenty-eight patients were treated with primary HA

(HA group), of whom six died during the followup

unrelated to shoulder surgery. Finally, 22 (78%) of these

patients were included in the HA group. One of these

patients underwent reverse total shoulder arthroplasty as a

result of a complication and therefore that patient’s data

were not included for final comparison of the Constant-

Murley and SF-36 scores (Table 1).

No apparent differences between the two groups regard-

ing group size, age, sex, or comorbidities were seen

(Table 2). The minimum followup was 12 months (mean,

21 months; range, 12–60 months) in the PHILOS1 group

and 12 months (mean, 36 months; range, 12–83 months) in

the HA group. The fracture pattern in all of these patients

was clearly Neer type VI (Table 2). Almost all patients
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(40 of 44 [90.1%]; mean age, 77.3 years; range, 55–93 years)

had domestic or outdoor falls. Only four younger patients

(four of 44 [9.1%]; mean age, 54.5 years; range, 42–66 years)

had a high-velocity accident, all treated with a PHILOS1

plate; three of them had concomitant injuries. Four patients in

the PHILOS1 group and three in the HA group received

steroid therapy at the time of injury. Seven patients in the

PHILOS1 group and nine in the HA group were smokers.

The method of surgical treatment was either chosen

preoperatively or intraoperatively. The fracture could not

be reduced anatomically during the operation or the head

fragment showed signs of avascularity (not quantified by

laser Doppler flowmetry or borehole bleeding) in nine

patients, therefore primary HA was performed. For three

patients with severe displacement of the head fragment

observed on the radiograph and 10 patients with more than

one cartilage-covered articular fragment of the humeral

head observed on the preoperative CT scan, no attempt was

made to perform ORIF.

Three different attending trauma surgeons were

involved (AP, UC, MD) in all of the operations. Surgery

was performed with the patient under general anesthesia

and in a beach chair position. A deltopectoral approach was

used in all patients. Instruments were available for

PHILOS1 and the shoulder HA using a Howmedica pros-

thesis (Stryker Howmedica Osteonics, Mahwah, NJ, USA).

If, after the mentioned considerations, the decision was

made to use a PHILOS1 plate (short, three holes), open

reduction was performed. The humeral head fragment

always was stabilized with at least seven locking head

screws. Tuberosities additionally were secured to the plate

with nonabsorbable sutures (3-Ethicon1-Mersilene, poly-

ester; Johnson & Johnson1, Dublin, Ireland). For HAs, the

prosthesis was cemented in all cases aiming for 25� ret-

roversion. The tuberosities were fixed to each other and to

the fin system of the implant by nonabsorbable sutures

(3-Ethicon1-Mersilene, polyester; Johnson & Johnson1).

In all cases, cancellous bone graft from the humeral head

was applied between the tuberosities and the humeral

diaphysis to facilitate bony union.

The postoperative rehabilitation program was the same

for both groups: immobilization for 7 days, then pendulum

exercises of the shoulder for another 2 weeks. After

3 weeks postoperatively, passive ROM up to 90� elevation

was initiated. Free active ROM with strengthening was

started 6 weeks after surgery.

Preoperative AP and transscapular radiographs were

analyzed retrospectively by two of the authors (CS, MD),

accounting for exact fracture pattern and predictive factors

of humeral head ischemia according to Hertel et al. [14]. In

case of no accordance, operation protocols were consulted.

This procedure was blinded for further followup. In the

PHILOS1 group, the postoperative reduction result was

assessed by the head-shaft angulation on the AP view [15].

Secondary displacement was measured by the degree of

varus collapse on the immediate postoperative radiograph

compared with the last radiograph. Complications assessed

radiographically were screw perforations into the gleno-

humeral joint and partial or total avascular necrosis (AVN)

of the humeral head in the PHILOS1 group. In the HA

group, the initial and final greater tuberosity malposition in

the vertical plane were assessed according to Boileau et al.

[5]. In the horizontal plane, it was considered malposition

when it was not seen on the AP radiograph but was

observed on the transscapular radiograph. The greater

tuberosity was considered resorbed when it was not seen in

any plane of the last radiographs obtained. Proximal

migration of the prosthesis was assessed on the postoper-

ative and last AP radiographs [5]. The last radiograph was

examined for prosthetic loosening if radiolucent lines

Table 1. Comparison of final Constant-Murley and SF-36 scores

between groups

Scoring system PHILOS1 Hemiarthroplasty p value

Constant-Murley

score (points)

65.2 (41–100) 54.4 (38–86) NS

Activities of daily

living

13.4 (8–20) 12.6 (6–20) NS

Pain 11.2 (5–15) 12.1 (10–15) NS

Power 11.0 (4–22) 7.9 (2–20) NS

Abduction 6.5 (4–10) 3.1 (2–8) \ 0.05

Flexion 6.2 (2–10) 3.1 (2–8) \ 0.05

External rotation 5.7 (0–10) 4.0 (2–8) \ 0.05

Internal rotation 5.6 (2–10) 4.9 (2–8) NS

SF-36 score (points) 59.4 (30–96) 56.0 (25–91) NS

Data are expressed as mean and minimum to maximum; NS = not

significant.

Table 2. Patient characteristics of both groups

Characteristic PHILOS1 Hemiarthroplasty

Patients (number) 22 22

Age* (years) 75 (42–93) 76 (55–92)

Male/female (number) 4/18 3/19

Charlson Index 0.4 0.9

Smoker (yes/no) 7/15 9/13

Delay to surgery* 4 (0–8) 3 (0–16)

Three-part dislocation 3 0

Four-part dislocation 10 6

Four-part dislocation

with head impression

1 2

Head impression 7 7

Head split 1 7

* Data are expressed as mean and minimum to maximum.
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around the prosthetic stem were seen and periarticular

ectopic bone formations were observed [18].

Statistical analysis was performed using SPSS 17.0

software (Chicago, IL, USA). For group comparisons, we

used Student’s t-test and for nonparametric comparisons,

Fisher’s exact test. Correlations were calculated using

Spearman’s rho, and for dichotomous data, we calculated

the phi coefficient. Probability values less than 0.05 were

considered significant.

Results

Clinical and radiographic complication rates were compa-

rable in both groups at the last followup. The complication

rates were 63.6% (14 of 22) for the PHILOS1 group

(Table 3) and 77.2% (17 of 22) (p = 0.2) for the HA

group. The most frequent complication in the PHILOS1

group was AVN of the humeral head (12 of 22; 54.5%)

(Fig. 1) followed by secondary perforation of the head

screws into the glenohumeral joint (eight of 12; 66.6%)

(Fig. 2). Screw cut-out attributable to secondary collapse

of the fracture was seen twice (two of 22; 9.1%). In the HA

group, posterior malreduction of the greater tuberosity was

seen in six patients (six of 22; 27.3%); four healed in this

position (Fig. 3). Twelve patients (12 of 22; 54.5%) had an

acromiohumeral distance less than 7 mm at the last

radiographic followup. Of those, a total of seven patients

had complete resorption of the greater tuberosity (two with

primary posterior malposition and five with primary correct

reduction). In one patient ectopic bone formation was

found (final Constant-Murley score, 86 points). No sign of

prosthetic loosening was seen in any patient at the time of

the last radiographic followup.

We counted more revision surgeries in the PHILOS1

group, which is significant (10 of 22 versus one of 22, or

45.5% versus 4.5%; p = 0.002). Five patients (22.7%) in

the PHILOS1 group needed conversion to secondary

arthroplasty. Of those, a reverse shoulder arthroplasty was

performed three times and HA was performed twice

(Table 3). Owing to persistent pain caused by a dorsally

displaced greater tuberosity, a reverse shoulder arthroplasty

was performed 210 days after HA. We did not include

patients with a secondary arthroplasty in the final com-

parison of Constant-Murley and SF-36 scores because the

treatment modality changed, and reverse shoulder

arthroplasty was not performed in our institution.

There was no difference in the Constant-Murley

(p = 0.4) or SF-36 (p = 0.6) scores between the HA- and

PHILOS1-treated fractures. For the different fracture

subtypes (dislocation, head impression, head split), the

Constant-Murley score did not differ in the treatment

groups. In the HA group neither posterior malpositioning

of the greater tuberosity (p = 0.6) (Fig. 3) nor an acro-

miohumeral distance less than 7 mm (p = 0.2) had

significant influence on the Constant-Murley score. The

mean final Constant-Murley scores were 65.2 (range, 41–

100) in the PHILOS1 group and 54.4 (range, 38–86) for

the HA group. The final SF-36 score was 59.4 (range, 30–

96) in the PHILOS1 group and 56 (range, 25–91) in the

HA group. Patients without complications (eight of 22;

36.4%) had a mean final Constant-Murley score of 72.8 in

the PHILOS1 group (range, 46–100), which was signifi-

cantly higher compared with the HA group (p = 0.001).

The mean SF-36 score (67.3; range 39–93) for these

patients also was higher, but not statistically significantly

higher (p = 0.3).

Smoking was a significant predictor of complications in

the PHILOS1 group (p = 0.02) (Table 3). Steroid therapy

also was associated with complications in that group as all

patients (four of four) (Table 3) were concerned, however,

there was no statistical significance (p = 0.1). In the HA

group, there was no association between smoking or steroid

therapy and complications. In the PHILOS1 group, if the

metaphyseal head extension measured greater than 8 mm,

it was less likely (p = 0.005) (Table 3) that AVN would

develop. The medial hinge was greater than 2 mm in all

fractures and therefore was not a predictor for complica-

tions. Neither the mean postoperative head-shaft angle

(130�, range, 125�–140� versus 129�, range, 115�–145�)

nor varus collapse (5.2�, range, 0�–20� versus 7.9�, range,

0�–15�of 130�) differed significantly for patients without

complications compared with patients with complications

in the PHILOS1 group.

Discussion

Since Neer’s work [25], there has been a lack of compar-

ative studies concerning different treatment options for

specific fracture types. Looking for functional outcome or

quality of life after the treatment of fracture-dislocations

with angular stable implants or primary HA in the litera-

ture, only sparse information exists integrated in several

studies.

We compared two similar groups of patients with Neer

Group VI proximal humeral fractures in this series. The

group treated with the PHILOS1 plate was at significantly

higher risk for revision surgery. Smoking was the main risk

factor for complications in this group. The Constant-

Murley and SF-36 scores were comparable in both groups.

Respecting the relatively high age of the patients in this

study, we conclude that primary HA remains a valuable

option in the treatment of Neer Group VI fractures. It is a

reliable treatment of pain with a small number of compli-

cations needing revision (Fig. 3). Angular stable ORIF of
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Neer Group VI fractures can be reserved for younger

patients trying to reach better functionality accepting the

high risk of avascular necrosis and revision surgery while

paying attention to secondary screw perforations.

This study has certain limitations: First, we presume

there might be bias to treat more severe fracture types with

HA, because there were more head split fractures in the HA

group and some indications were made intraoperatively.

However, fracture subtypes had no influence on the final

outcome. Second, we excluded five patients with compli-

cations and secondary arthroplasty for the final comparison

of the Constant-Murley and SF-36 scores in the PHILOS1

group. Third, the involved surgeons had more experience

with the PHILOS1 plate than with HA. Finally, there was

an older type of HA used in this study; newer implants may

provide better functional results.

Fig. 1A–D Radiographs obtained at (A) the time of injury, (B) postoperatively, (C) after 200 days followup with beginning necrosis of the

humeral head and (D) last followup after 4 years are shown. The 88-year-old patient had no pain and did not want additional surgery.

Fig. 2A–D Radiographs obtained at (A) the time of injury, (B) postoperatively, (C) after 240 days with AVN and consecutive screw cut-out,

and (D) last followup 26 months after removal of the head screws are shown for an 84-year-old patient.
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In the PHILOS1 group, 54.5% of the patients had AVN

of the humeral head. The rate of AVN is reported to be as

much as 80% for fracture dislocations [12]. The vascular-

ization of the humeral head is known to be fragile [8],

especially in four-part fracture dislocations [25] (Fig. 1).

Perforation of head screws often was associated with AVN;

this is a specific complication duo after angular stable

ORIF [28]. Furthermore, this study showed that Neer

Group VI fractures are difficult to stabilize with a PHI-

LOS1 plate. The implant could not provide stability with

time, leading to varus collapse during followup. Hertel’s

eggshell model provides a possible explanation for this

observation [13]. Concerning final malunion, absorption,

and nonunion of the greater tuberosity the literature varies

from 21% to 53% for primary HA of displaced three- and

four-part fractures [5, 19, 21, 22]. We explain our com-

paratively high incidence of mainly radiographic

complications with strict analysis of the greater tuberosity,

the acromiohumeral distance, and the complexity of the

Neer group VI fractures, which are only partially included

in other studies [3, 5, 19, 21, 22, 27].

In the PHILOS1 group, 71% of the complications

needed revision surgery, whereas only 6% of the compli-

cations in the HA group needed additional surgical

treatment. The revisions in the PHILOS1 group were

attributable mainly to partial or total AVN with subsequent

secondary screw cut-outs, which needed surgical inter-

vention to avoid further damage to the joint. The low

revision rate in the HA group may be explained by the high

number of radiographic complications, which had no

influence on the Constant-Murley score. The only patient

needing revision had persistent pain and limited function

after HA. Specific statements regarding revision rate of

Neer Group VI fractures are sparse in literature, which

makes a comparison to our data difficult. Kettler et al.

reported a rate of 42% [17], which is comparable to our

results. We did not find any specification regarding revision

rate for primary HA in Neer Group VI fractures in the

literature [3, 5, 19, 21, 22, 27].

Comparing the age- and gender-adapted Constant-Murley

score of our two treatment groups, there was no significant

difference. The treatment of pain was even better in the HA

group. In contrast, the objective shoulder function was

better in the PHILOS1 group (Table 1). Patients without

complications in the PHILOS1 group had significantly

better shoulder function. However, the SF-36 score did not

differ significantly between our two groups, not even in

patients without complications after angular stable ORIF.

Therefore, limited shoulder functionality did not have an

influence on the quality of life in our collective. We explain

this with the high mean age in both groups with the

assumption that shoulder function has limited influence on

the quality of life of the elderly patient (Fig. 3). Kettler

et al. reported a Constant-Murley score between 52 to

72 points after ORIF with the PHILOS1 plate [17]. Hente

et al. reached a mean Constant-Murley score of 55 points in

these specific fracture types, which was lower than for

fractures without dislocation [12]. These results match

ours, knowing that the Constant-Murley score of different

studies are difficult to compare. For the outcome after HA,

we found studies that incorporated 21% to 50% of fractures

with glenohumeral displacement, or head split pattern [3, 5,

19, 21, 22, 27]. These studies showed a final Constant-

Murley score that ranged from 40 to 83 points, while many

Fig. 3A–D (A) This radiograph was obtained at the time this

82-year-old patient sustained injury. (B) Three years postoperative,

her radiograph shows dorsal malunion of the greater tuberosity, which

also appears to be positioned high, but still in the normal range of

5 mm in relation to the head of the prosthesis. (C) The patient has

limited function but no pain. (D) The surgically treated shoulder did

not influence her quality of life.
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other studies mention no fracture-specific outcome. The

functional outcome in our HA group is in the same range.

Concerning the SF-36, we found no comparable studies in

the literature.

In the PHILOS1 group, smoking was a significant

predictor of complications, and a metaphyseal head

extension greater than 8 mm [14] was a reliable predictor

for sufficient vascularization without AVN. In the HA

group, no predictor was found. Smoking is known to have a

bad influence on fracture healing [1]. Steroid therapy was

not significantly related to complications in the PHILOS1

group, but our results show a clear trend toward it, as all

concerned patients had complications (Table 3). When

looking for possible reasons for the limited functionality

after HA, we found no association between a malpositioned

greater tuberosity or reduced acromiohumeral distance and

the Constant-Murley score [5, 19]. The relatively small

number of patients, which allows only limited comparison,

might be a possible explanation.
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