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Abstract

Proximal humerus fractures are accounting for 4-5% of all 
fractures with increasing incidence.  	
  Proximal Humeral Internal Locking System (PHILOS) plate 
is a new plate which permits early mobility and lowers the 
risk of complications. The aim of this study was to evalu-
ate the functional outcome and the complication rate after 
using this plate.
   Between 2006-2008, 37 patients with displaced 2-, 3- and 
4-part fractures of the proximal humerus were operated 
on using PHILOS plate. The mean range of follow-up was 
12 months. Twenty patients were 60 years and younger, 
and 17 patients were older than 60 years. The average 
American Shoulder and Elbow Surgeons (ASES) score at 
the final follow-up was 77.62. According to Michener and 
colleagues classification, 5.4% of patients had an excel-
lent outcome, 72.9% were minimally functionally limited, 
16.2% were moderately functionally limited, and 5.4% 
were maximally functionally limited. The average ASES 
score between patients 60 years and older and those 60 
years and younger was not significantly different. One 
patient developed avascular necrosis of the humeral head, 
2 patients developed an infection, and no patients devel-
oped a nonunion.
    Fixation with PHILOS plate can be considered a good 
method with high union rates for this kind of fracture, espe-
cially in the older population with osteoporotic bone.

Proximal humerus fractures account for approxi-
mately 4% to 5% of all fractures,1,2 and their 
incidence is increasing, especially in the elder-
ly.3-7 The aim in managing these fractures is 

to obtain a painless, functional shoulder. This result 
depends on patient age and expectations, medical con-
dition, bone quality, and good evaluation of current 
fixation techniques.

Stable, minimally displaced fractures can be treated 
nonoperatively with good results,8 but the management 
of displaced and unstable fractures remains controver-
sial. Various techniques have been proposed, including 
open reduction and internal fixation (ORIF) with prox-
imal humeral plates, hemiarthroplasty, percutaneous 
or minimally invasive techniques (eg, pinning, screw 
osteosynthesis), and use of intramedullary nails,9-17 but 
these techniques have been associated with several com-
plications. Painful frozen shoulder, avascular necrosis 
(AVN), malunion, nonunion, and implant insufficiency 
are common.18-20

Locking plates, fracture fixation devices with thread-
ed screw holes that allow screws to be threaded to the 
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Figure 1. Three-dimensional computed tomography scan of 
40-year-old patient shows 4-part fracture of proximal humerus.
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plate, function as fixed-angle devices.21-23 The load at 
which failure occurs is higher for locking plates than 
nonlocking plates.24 The proximal humeral internal 
locking system (PHILOS) plate is a new locking 
plate that can be applied with a minimally invasive 
method, permits early mobility, and lowers the risk 
for complications. In a PHILOS plate, all forces are 
transmitted from the bone through the locking head 
screws to the blade, and vice versa. The device provides 
excellent fixation to the humeral head, even in osteo-
porotic bone. Angular stability, adequate buttressing, 
and load-sharing support prevent the fragments from 
collapsing. This plate can be used for 2-, 3-, and 4-part 
fracture fixations.11

As all the reports on the clinical results of using the 
PHILOS plate are new, we conducted a study to evalu-
ate the functional outcomes and complication rates of 
internal fixation of proximal humeral fractures with the 
PHILOS plate in our center.

Materials and Methods
At a referral orthopedic hospital, Dr. Norouzi used the 
PHILOS plate to treat 37 patients (27 men, 10 women) 
with displaced 2-, 3-, or 4-part fractures of  the proxi-
mal humerus between January 2006 and December 
2008. Mean patient age was 50.1 years (range, 20-87 
years); 20 patients were 60 years old or younger, and 
the other 17 were older than 60. Mean follow-up was 
12 months (range, 9-24 months). Causes of  injury 
were low-energy trauma (simple falls; n = 19) and 
high-energy trauma (road traffic accidents; n = 18). 
All fractures were closed, had no associated injuries, 
and were classified as 2-part (n = 13), 3-part (n = 20), 
or 4-part (n = 4) fractures, according to the classification 
by Neer.25

Patients who underwent ORIF with a PHILOS plate 
were followed prospectively. Study inclusion criteria 
were age 18 or older, skeletal maturity, and maximum 
10-day delay from injury to definitive ORIF. Candidates 
with comprehensive personal and medical backgrounds 
and with a follow-up of at least 9 months were invited 
to participate in the study.

Exclusion criteria were pseudarthrosis, pathologic 
fracture, refracture, open fracture, concomitant fracture 
of ipsilateral elbow or distal radius, concomitant disor-
der affecting healing and function (eg, multiple sclerosis, 
paraplegia, another relevant neurologic disorder), mul-
tiple traumas, and posttraumatic brachial plexus injury 
or peripheral nerve palsy.

Figure 2. (A) Plain anteroposterior radiograph of 40-year-old patient shows 4-part fracture of proximal humerus fixed with PHILOS 
(proximal humeral internal locking system) plate. (B) Plain lateral radiograph of 40-year-old patient shows 4-part fracture of proximal 
humerus fixed with PHILOS plate.

Table I. Complications at Final Follow-Up 

Complication                         No.                          %

Avascular necrosis	 1	 2.5
Deep infection	 2	 5
Malunion 		  3	 7.5
Stiffness		  3	 7.5
Frozen shoulder	 2	 5
Pain			  2	 5

A B
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Dr. Hemmati Komasi examined all the patients. 
Their outcomes, including shoulder motions, infection, 
misalignment, nonunion, delayed union, and pain, were 
registered. Some patients had computed tomography 
scan with 3-dimensional representation (Figure 1), 
and all had plain radiographs. Previous radiographs 
were reviewed, and, at latest follow-up, standard plain 
anteroposterior and lateral radiographs were obtained 
(Figures 2A, 2B). These sets of radiographs were com-
pared and results were recorded. Radiographs were 
evaluated for union, nonunion, AVN, implant loosen-
ing, and hardware-related complications. Callus forma-
tion and cortical continuity were considered evidence of 
radiologic union. 

Patients were seen 2 and 6 weeks after surgery, and 
then at 2-month intervals until union was complete. In 
clinic at final follow-up, patients were evaluated regard-
ing probable complications and were asked to complete 
the American Shoulder and Elbow Surgeons (ASES) 
questionnaire. The ASES score is derived from the visual 
analog scale score for pain (50%) and a cumulative score 
for several upper extremity–related activities of daily liv-
ing (50%).26 The ASES questionnaire has demonstrated 
reliability, validity, and responsiveness for several shoul-
der conditions.27 The functional outcomes of patients 
older than 60 and patients 60 or younger were compared.

Dr. Norouzi performed the surgical procedure with 
the patient under general anesthesia. A deltopectoral 
approach was used with minimal soft-tissue dissection. 
The biceps tendon was identified and retracted, and 
the fracture was exposed between the tuberosities and 
behind the bicipital groove. In cases in which the greater 
tuberosity was displaced posteriorly, attempts were 
made to reduce it anatomically. Flexing the arm helped 
to reduce extension at the fracture site. The fracture 
was reduced and held temporarily with Kirschner wires. 
The reduction was checked fluoroscopically, and then a 
PHILOS plate was applied using a minimum of 4 proxi-
mal locking screws. In 2 patients with poor bone stock, 

autogenous bone graft was used. In 27 patients, AO 
(Arbeitsgemeinschaft für Osteosynthesefragen) cortical 
screws were used to hold the plate on the humeral shaft. 
In 10 patients with severely osteoporotic bone, locking 
screws were used.

This study was approved by the local ethics commit-
tee and written informed consent was obtained from 
each patient. Collected data were analyzed with SPSS 
10 software (SPSS, Chicago, Illinois) using Student t 
test with 95% confidence intervals for comparing the 
groups. P<.05 was considered statistically significant.

Results
No patients were lost to follow-up. All fractures united 
clinically and radiologically. Mean time to union was 
10 weeks (range, 8-24 weeks) and mean ASES score at 
final follow-up was 77.62 (range, 30-95). According to 
the classification system of Michener and colleagues,27 
2 patients (5.4%) had an excellent outcome, 27 (72.9%) 
were minimally functionally limited with good result, 6   
(16.2%) were moderately functionally limited with fair 
result, and 2 (5.4%) were maximally functionally lim-
ited with poor outcome. Mean ASES scores of patients 
older than 60 and patients 60 or younger were not sig-
nificantly different (P = .77).

Table I lists the complications at final follow-up. One 
patient (2%), a 68-year-old woman who sustained a 
4-part fracture of the proximal humerus after a low-
energy trauma, developed frozen shoulder and AVN of 
the humeral head.

Based on self-reports, all patients returned to their 
preinjury level of activity; no patient lost independence 
in daily living because of the fracture.

Discussion
In this study, mean ASES score at final follow-up was 
77.62 (range, 30-95). According to the classification 
system of  Michener and colleagues,27 most of  the 
patients were minimally functionally limited with good 

Table II. Details of Studies in Which PHILOS Plate Was Used to Manage 
Proximal Humerus Fractures

	 No. of 	        Patient	        Follow-Up	                                   No. of Complications    	
Studya	                                      Cases	         Age, y	             mo	                 Infection	               Nonunion	          Avascular Necrosis

Björkenheim et al31 (2004)	 72	 67	 >12	 0	 2	     3
Hente et al35 (2004)	 31	 60.7	 18.5	 0	 0	 5
Kettler et al33 (2006)	 176	 66	 9	 3	 1	 14
Koukakis et al11 (2006)	 20	 61.7	 16.2	 0	 0	 1
Charalambous et al32 (2007)	 25	 63	 6	 1	 2	 1
Rose et al34 (2007)	 16	 51	 12	 0	 4	 0
Fazal & Haddad36 (2009)	 27	 56	 13	 0	 1	 1
Kiliç et al37 (2008)	 22	 57	 12	 0	 1	 2
Korkmaz et al38 (2008)	 41	 —	 14.6	 0	 0	 0
Present study (2012)	 37	 50.1	 12	 2	 0	 1

Totals	 467	 —	 —	 6	 11	 28

aThe study by Björkenheim and colleagues31 was retrospective; all other studies were prospective.
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result. Furthermore, mean ASES scores for patients 
older than 60 and patients 60 or younger were not 
meaningfully different. Pain, malunion, and stiffness 
were the most common complications. Moreover, only 
1 patient (2%) developed frozen shoulder and AVN of 
the humeral head.

The osteonecrosis rate was 2% (1/37); in other stud-
ies, it ranged from 0% to 6%.28-33 It is noteworthy that 
early plain radiographic imaging was used to diagnose 
AVN in our patients, whereas, had magnetic resonance 
imaging been used, more cases of AVN might have been 
diagnosed. 

Koukakis and colleagues11 reported early results in 
a series of 20 patients and stated that this plate design 
achieves stable fixation, yields good results, and prevents 
failure. According to Charalambous and colleagues,32 
in 20 of a series of 25 cases, patients’ fractures united, 
and none required revision because of implant failure 
or nonunion; the other 5 required revision because of 
implant failure or nonunion. Out of 25 implants, 4 had  
screw protrusion into the gleno-humeral joint,  
4 had screw loosening and backing out, and 1 plate 
broke without further trauma. The authors stated that 
PHILOS is an effective system for stabilizing these frac-
tures but warned against the potential complications of 
the implant.

Our study included more cases than the aformen-
tioned studies,11,32 but the incidence of complications 
was comparable. There were 2 infections, 0 nonunions, 
and 1 case of AVN in our study; 0, 0, and 1 in the study 
by Koukakis and colleagues11; and 1, 2, and 1 in the 
study by Charalambous and colleagues, respectively.32

In another study, Rose and colleagues34 reported 
0 infections, 4 nonunions, and 0 cases of AVN in 16 
patients (mean age, 51 years) at 12-month follow-up. 
Their study was similar to ours with respect to mean 
patient age, mean follow-up, and use of PHILOS plates, 
and their results were comparable with ours, but our 
study had approximately twice as many cases. Table II 
summarizes the research studies that have been con-
ducted on using PHILOS plates to manage proximal 
humerus fractures since 2004.

Friess and Attia39 reported a mean ASES score of 73.8 
at 53-month follow-up in 13 patients with isolated proxi-
mal humerus fractures managed with locking compression 
plates. ASES scores were significantly worse for patients 65 
or older than for patients 35 or younger. In our study, mean 
ASES score was 77.6 at final follow-up, and there was no 
significant difference in ASES scores between patients 
older than 60 and patients 60 or younger.

In 2 series of patients with PHILOS plates, Kettler 
and colleagues,33 and Charalambous and colleagues32 
detected 24 of 176 and 2 of 17 primary screw perfora-
tions, respectively. Secondary screw perforations have 
also been found with PHILOS and other locking proxi-
mal humerus plates.11,33,40 There were no primary or 
secondary screw perforations in our patients.

Our results demonstrate several benefits of using 
PHILOS plates. Most importantly, they are easy to use, 
they are biological in the sense that blood circulation to 
the humeral head is not compromised, they do not need 
to be configured, and angular screw fixation ensures 
fixed-angle stabilization. Moreover, complications asso-
ciated with these plates were few, and outcomes were 
comparable with those found in earlier studies.

Although PHILOS plates cost more than other fixa-
tion devices, the difference is offset by the low morbidity 
rate of PHILOS plates. Therefore, we recommend using 
PHILOS plates, especially in elderly patients with osteo-
porotic bones. More randomized studies are needed to 
validate the possible advantages of using these plates.

A limitation of this study is that there were no 
data on fracture types (A, B, C) and fracture patterns. 
Furthermore, 1 year is too short a follow-up for detecting 
all humeral head necroses. Use of the ASES questionnaire 
is another limitation. Although it has been validated as a 
reliable, responsive index for several shoulder conditions,41 
it has not been specifically validated for a traumatic 
population. We use this questionnaire because it is a self-
report measure and is easy to administer.

Conclusion
Although the PHILOS implant is expensive, the associ-
ated complications and the need for revision surgery are 
minimal. Therefore, we recommend use of the PHILOS 
plate, especially in elderly patients with osteoporotic 
bones. In the management of proximal humerus fractures, 
fixation with this plate is considered to be a good method 
with high union rates.

Authors’ Disclosure Statement 
The authors report no actual or potential conflict of inter-
est in relation to this article.

References
1. 	 Helmy N, Hintermann B. New trends in the treatment of proximal humerus 

fractures. Clin Orthop. 2006;(442):100-108.
2. 	 Kristiansen B, Barfod G, Bredesen J, et al. Epidemiology of proximal 

humeral fractures. Acta Orthop Scand. 1987;58(1):75-77.
3. 	 Palvanen M, Kannus P, Niemi S, Parkkari J. Update in the epidemiology of 

proximal humeral fractures. Clin Orthop. 2006;(442):87-92.
4. 	 Court-Brown CM, Garg A, McQueen MM. The epidemiology of proximal 

humeral fractures. Acta Orthop Scand. 2001;72(4):365-371.
5. 	 Lind T, Krøner K, Jensen J. The epidemiology of fractures of the proximal 

humerus. Arch Orthop Trauma Surg. 1989;108(5):285-287.
6. 	 Nguyen TV, Center JR, Sambrook PN, Eisman JA. Risk factors for proximal 

humerus, forearm, and wrist fractures in elderly men and women: the Dubbo 
Osteoporosis Epidemiology Study. Am J Epidemiol. 2001;153(6):587-595.

7. 	 Jones G, Nguyen T, Sambrook PN, Kelly PJ, Gilbert C, Eisman JA. Symptomatic 
fracture incidence in elderly men and women: the Dubbo Osteoporosis 
Epidemiology Study (DOES). Osteoporos Int. 1994;4(5):277-282.

8. 	 Young TB, Wallace WA. Conservative treatment of fractures and fracture-
dislocations of the upper end of the humerus. J Bone Joint Surg Br. 
1985;67(3):373-377.

9. 	 Robinson CM, Page RS. Severely impacted valgus proximal humer-
al fractures. Results of operative treatment. J Bone Joint Surg Am. 
2003;85(9):1647-1655.

10. 	Wanner GA, Wanner-Schmid E, Romero J, et al. Internal fixation of dis-
placed proximal humeral fractures with two one-third tubular plates. J 
Trauma. 2003;54(3):536-544.

www.amjorthopedics.com 		  May 2012    E67

Copyright AJO 2012. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.

AJO 
Do Not Copy



E66 The American Journal of Orthopedics®		       www.amjorthopedics.com

Clinical Results of Using the PHILOS Plate for Internal Fixation of Displaced Proximal Humeral Fractures

11. 	Koukakis A, Apostolou CD, Taneja T, Korres DS, Amini A. Fixation of 
proximal humerus fractures using the PHILOS plate: early experience. Clin 
Orthop. 2006;(442):115-120.

12. 	Park MC, Murthi AM, Roth NS, Blaine TA, Levine WN, Bigliani LU. Two-part 
and three-part fractures of the proximal humerus treated with suture fixa-
tion. J Orthop Trauma. 2003;17(5):319-325.

13.	Resch H, Povacz P, Fröhlich R, Wambacher M. Percutaneous fixation of 
three- and four-part fractures of the proximal humerus. J Bone Joint Surg 
Br. 1997;79(2):295-300.

14. 	Schmal H, Klemt C, Sudkamp NP. Evaluation of shoulder arthroplasty in 
treatment of four-fragment fractures of the proximal humerus [in German]. 
Unfallchirurg. 2004;107(7):575-582.

15. 	Wijgman AJ, Roolker W, Patt TW, Raaymakers EL, Marti RK. Open reduc-
tion and internal fixation of three and four-part fractures of the proximal part 
of the humerus. J Bone Joint Surg Am. 2002;84(11):1919-1925.

16. 	Mittlmeier TW, Stedtfeld HW, Ewert A, Beck M, Frosch B, Gradl G. 
Stabilization of proximal humeral fractures with an angular and slid-
ing stable antegrade locking nail (Targon PH). J Bone Joint Surg Am. 
2003;85(suppl 4):136-146.

17. 	Calvo E, de Miguel I, de la Cruz JJ, López-Martín N. Percutaneous fixation 
of displaced proximal humeral fractures: indications based on the cor-
relation between clinical and radiographic results. J Shoulder Elbow Surg. 
2007;16(6):774-781.

18. 	Kristiansen B, Christensen SW. Plate fixation of proximal humeral fractures. 
Acta Orthop Scand. 1986;57(4):320-323.

19. 	Hintermann B, Trouillier HH, Schafer D. Rigid internal fixation of frac-
tures of the proximal humerus in older patients. J Bone Joint Surg Br. 
2000;82(8):1107-1112.

20. 	Meier RA, Messmer P, Regazzoni P, Rothfischer W, Gross T. Unexpected 
high complication rate following internal fixation of unstable proxi-
mal humerus fractures with an angled blade plate. J Orthop Trauma. 
2006;20(4):253-260.

21. 	Greiwe RM, Archdeacon MT. Locking plate technology: current concepts. 
J Knee Surg. 2007;20(1):50-55.

22. 	Cantu RV, Koval KJ. The use of locking plates in fracture care. J Am Acad 
Orthop Surg. 2006;14(3):183-190.

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

24. 	Walsh S, Reindl R, Harvey E, Berry G, Beckman L, Steffen T. Biomechanical 
comparison of a unique locking plate versus a standard plate for internal 
fixation of proximal humerus fractures in a cadaveric model. Clin Biomech 
(Bristol, Avon). 2006;21(10):1027-1031.

25. 	Neer CS II. Displaced proximal humeral fractures. I. Classification and 
evaluation. J Bone Joint Surg Am. 1970;52(6):1077-1089.

26. 	King GJ, Richards RR, Zuckerman JD, et al. A standardized method for 
assessment of elbow function. Research Committee, American Shoulder 
and Elbow Surgeons. J Shoulder Elbow Surg. 1999;8(4):351-354.

27. 	Michener LA, McClure PW, Sennett BJ. American Shoulder and Elbow 

Surgeons Standardized Shoulder Assessment Form, patient self-report 
section: reliability, validity, and responsiveness. J Shoulder Elbow Surg. 
2002;11(6):587-594.

28. 	Mückter H, Herzog L, Becker M, Vogel W, Meeder PJ, Buchholz J. Angle 
and rotation-stable internal fixation of proximal humerus fractures with the 
humerus fixator plate. Early clinical experience with a newly developed 
implant [in German]. Chirurg. 2001;72(11):1327-1335.

29. 	Lungershausen W, Bach O, Lorenz CO. Locking plate osteosynthe-
sis for fractures of the proximal humerus [in German]. Zentralbl Chir. 
2003;128(1):28-33.

30. 	Lill H, Hepp P, Rose T, König K, Josten C. The angle stable locking-
proximal-humeral plate (LPHP) for proximal humeral fractures using a small 
anterior-lateral deltoid-splitting-approach-technique and first results [in 
German]. Zentralbl Chir. 2004;129(1):43-48.

31. 	Björkenheim JM, Pajarinen J, Savolainen V. Internal fixation of proximal 
humeral fractures with a locking compression plate: a retrospective evalu-
ation of 72 patients followed for a minimum of 1 year. Acta Orthop Scand. 
2004;75(6):741-745.

32. 	Charalambous CP, Siddique I, Valluripalli K, et al. Proximal humeral internal 
locking system (PHILOS) for the treatment of proximal humeral fractures. 
Arch Orthop Trauma Surg. 2007;127(3):205-210.

33. 	Kettler M, Biberthaler P, Braunstein V, Zeiler C, Kroetz M, Mutschler W. 
Treatment of proximal humeral fractures with the PHILOS angular stable 
plate: presentation of 225 cases of dislocated fractures. Unfallchirurgie. 
2006;109(12):1032-1040.

34. 	Rose PS, Adams CR, Torchia ME, Jacofsky DJ, Haidukewych GG, 
Steinmann SP. Locking plate fixation for proximal humeral fractures: initial 
results with a new implant. J Shoulder Elbow Surg. 2007;16(2):202-207.

35. 	Hente R, Kampshoff J, Kinner B, Fuchtmeier B, Nerlich M. Treatment of 
dislocated 3- and 4-part fractures of the proximal humerus with an angle-
stabilizing fixation plate [in German]. Unfallchirurg. 2004;107(9):769-782.

36. 	Fazal MA, Haddad FS. PHILOS plate fixation for displaced proximal 
humeral fractures. J Orthop Surg (Hong Kong). 2009;17(1):15-18.

37. 	Kiliç B, Uysal M, Cinar BM, Ozkoç G, Demirörs H, Akpinar S. Early results 
of treatment of proximal humerus fractures with the PHILOS locking plate 
[in Turkish]. Acta Orthop Traumatol Turc. 2008;42(3):149-153.

38. 	Korkmaz MF, Aksu N, Gögüs A, Debre M, Kara AN, Isiklar ZU. The results 
of internal fixation of proximal humeral fractures with the PHILOS locking 
plate [in Turkish]. Acta Orthop Traumatol Turc. 2008;42(2):97-105.

39. 	Friess DM, Attia A. Locking plate fixation for proximal humerus fractures: a 
comparison with other fixation techniques. Orthopedics. 2008;31(12):1183. 

40. 	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.

41. 	Kocher MS, Horan MP, Briggs KK, Richardson TR, O’Holleran J, Hawkins 
RJ. Reliability, validity, and responsiveness of the American Shoulder and 
Elbow Surgeons Subjective Shoulder Scale in patients with shoulder insta-
bility, rotator cuff disease, and glenohumeral arthritis. J Bone Joint Surg 

E68 The American Journal of Orthopedics®		       www.amjorthopedics.com
Copyright AJO 2012. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.

AJO 
Do Not Copy




