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Abstract The uncemented glenoid implants in total

anatomical shoulder arthroplasty are likely to be accused of

problems like dissociations, secondary rotator cuff tear,

and wear of polyethylene (PE). This work is a clinical and

radiological prospective review of 143 cases of anatomical

total shoulder arthroplasty using a new metal back unce-

mented glenoid implant (MB) in order to see if this new

implant induces those complications. A total of 143 cases

were operated between 2003 and 2011. In a first part, the

whole series of 143 cases was radiologically studied in

order to quantify the lateralisation induced by the MB

implant. In a second study, 37 cases had a mean follow-up

of 38 months (24–75, mean 32) and served for the clinical

and radiological final study. Pre- and postoperative clinical

evaluation was done using the Constant–Murley score and

the simple shoulder test from Matsen. The final X-rays

served to detect an eventual secondary narrowing of the

joint space and to analyse the frequency of radio lucent

lines (RLL) and loosenings. Despite a small radiological

lateralisation in comparison with the normal contralateral

side (0.36 cm, p = 0.02), the clinical results after 2 years

were similar to the published cemented glenoid implants

series but without any RLL, glenoid loosening or joint

narrowing. Some dissociations occured in the beginning

and definitely eliminated by a design modification of the

PE tray. The discussion tried to show that, despite a still

short follow-up, this series is encouraging to continue to

use this new MB implant. Different applications of the

concept of universality and conversion are discussed, this

tray been also the support of a glenosphere in reverse

arthroplasty.
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Introduction

The gold standard technique for glenoid replacement in

total anatomical shoulder prosthesis is still the use of full

polyethylene cemented implant like Neer concept 40 years

ago [1].

The main problem is glenoid loosening. Despite good

and predictable clinical results, the frequency of radio

lucent lines (RLL) is high, 70 % in the most recent liter-

ature with an increasing number of glenoid loosenings,

40 % at 10 years [2–4]. However, the number of revisions

is low, around 5 % [5, 6].

These worrisome findings have spurred development of

new ideas. Among them cementless glenoid devices have

been tried, as much as the success of reverse prosthesis has

obliged to develop metal back screwed glenoid trays, able

to resist to the shear forces induced by a glenosphere [7].

These new uncemented implants in anatomical shoulder

replacement have been greatly criticised, accused to be

responsible of loosening, dissociation, and early PE wear.
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Furthermore, it has been advocated that the increased

thickness induced by the metal tray [8, 9] could be a risk

for the rotator cuff [10].

The excellent primary fixation of these screwed implants

in reverse arthroplasty has led us to extend our indications

to anatomical replacements, in order to see whether with

this kind of design we are able to decrease the frequency of

RLL observed with the cemented glenoids.

Materials and methods

The metal back glenoid implant (MB) of the Universal

Shoulder Arthroplastic System ARROW (FH orthopedics,

3 rue de la Forêt 68990-Heimsbrunn-France) is 6.5 mm

thick, 3.5 for the PE and 3 for the metal tray. The

deep convexe surface and the keel are covered with

hydroxyapatite.

Four sizes are available 44, 46, 48 and 50. Whatever the

size of the humeral head, there is a systematic mismatch

between the radius of curvature of the glenoid and of the

humeral head with an average of 4 mm (between 1 and 6).

The ancillary system allows a precise preparation of the

glenoid with a reaming of the bone surface and a press fit

preparation of the keel grove, in order to insure a perfect

contact between hydroxyapatite and bone.

The primary fixation is insured by 2 axial screws and

can be enhanced by a third sagittal screw. This third screw

goes through an anterior plate and the keel. It can be useful

in case of osteoporotic patient and glenoid bone loss,

allowing an easy bone graft fixation.

On the humeral side, noncemented press fit stems were

preferentially used, with grafting of the metaphysis using

some cancellous bone from the humeral head. In case of

osteoporotic bone, a classical cemented technique was

recommended.

The clinical analysis included a pre- and postoperative

evaluation of the Score of Constant and Murley [11], of the

active and passive range of motion and of the simple

shoulder test from Matsen [12].

Radiographic preoperative assessment consisted of plain

anteroposterior radiographs with medial, neutral and lateral

rotation, axillary and outlet view under fluoroscopic guid-

ance. A systematic CT scan completed the preoperative

radiographic analysis to evaluate the status of the cuff and

the glenoid bone stock according to Walch classification

[13].

Postoperative radiological study included an AP view

with a standardised fluoroscopic technique and the X-ray

beam perpendicular to the plane of the joint space. This

allowed to detect an eventual narrowing, witness of a

progressive polyethylene wear.

The study included 2 parts:

1. A radiological study done on the first postoperative

X-rays in order to check if the increased thickness of

the MB component induced a measurable lateralisa-

tion. The lateral offset was measured between the

centre of the glenoid bone and the lateral border of

the great tuberosity (Fig. 1). This measurement was

compared with the normal contralateral side, if not

involved.

2. The secund part consisted of analysing the final

clinical and radiological results on the patients with

more than 24 months of follow-up.

The Student’s t test was used for statistical analysis

when two groups had to be compared. When the compar-

ison involved more than two groups, a variance analysis

was applied. The chosen level of significance (p) was set at

0.05.

Results

From November 2003 to December 2011, 143 total ana-

tomical shoulder arthroplasties have been performed.

Aetiology is summarised in Table 1, dominated by primary

osteoarthritis with 90 % of normal cuff.

Delto pectoral approach was performed except in 2

cases.

The common size for the MB was 44 in 3/4 of the cases,

and 46 for the remaining. The humeral stem size was

mainly 10 or 12. 25 % of the humeral heads were 44, 25 %

for 46 and 48. 65 % were excentric heads with a height of

16 for half of them.

Most of the biceps tendons were tenodesed (76 %).

Radiological analysis:

Fig. 1 Technique of the measurement of the lateral offset
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1. Radiological results

The results of the first part of this work are summarised in

the Table 2. Seventy-eight patients had no bilateral

involvement. The postoperative immediate radiological

study showed a lateralisation of 0.36 cm between the

operated and the contralateral normal side (p = 0.02).

With more than 2 years of follow-up 2 cases presented a

well-tolerated superior migration. One, with a follow-up of

24 months, had no pain, an active flexion of 90� and a

Constant score of 53 (68 %). The other, at 44 months,

presented a slight pain, an active elevation of 100� and a

score of 54 (74 %).

In the whole series of 143 MB prosthesis, we noted 4

cases of superior migration (2.8 %). Two were reoperated.

All were anterior to 2008.

In 5 cases, the inferior screw was under the scapula with

no clinical or radiological consequences.

Part of the cohort allowed a study of the joint narrowing.

At 3 months, the difference between operated and contra-

lateral normal side was 0.47 cm (n = 30, 0–1), at 1 year,

we found a 0.44 of average (-1 to 1), at 2 years 0.42 (0–1)

and finally 0.39 (-0.1 to 1) with no statistical significance.

No lucent lines were recorded.

2. Clinical results

Among the 143 cases, 11 complications were recorded

(7.7 %):

• Three dissociations occured in the beginning of the

experiment. A first design did not allow to precisely

centre the PE tray before impaction. In 2007, the addition

of a PE central peg allowed to insure a good alignment.

This modification erased definitely this complication.

Two of these cases were revised, one with a cemented

glenoid with an excellent final Constant score of 85

(121 %) and an active flexion of 160�. The other one is

60 months of follow-up of a simple reimpaction of a new

PE tray with also an excellent result, a Constant score of

90 (103 %) and an active elevation of 170�. The third

case of dissociation did not accept any revision.

• Three dislocations occured, all with b2 and c glenoid

types. Two were revised with a conversion in reverse. In

one case with a type b2 glenoid, the conversion consisted

of simply changing the PE tray to a glenosphere and the

humeral head to a cup. Neither the MB tray nor the

humeral stem was modified. This patient with 18 months

of follow-up had an active flexion of 120�, no pain and a

Constant score of 54 (76 %) (Fig. 2). For the 2 cases

with a glenoid type c, because of the necessity of

grafting the glenoid it was necessary to take out the

metal tray despite a good integration. But like the type

b2 case the humeral stem was untouched.

• Two secondary rotator cuff tears were converted to a

reverse. The first one, at 17 months of the revision, had no

pain but a fair active and passive mobility with a Constant

score of 44 (68 %). The other one was a b2 glenoid and

had also a contralateral MB glenoid with an excellent

result. During revision performed at 2 years a posterosu-

perior, PE wear was found with a contact between the

metal tray and the humeral head. At 36 months of the

revision, the result was excellent with a Constant score of

64 (100 %), an active elevation of 140� (Fig. 3).

• One case sustained a superior migration due to a bad

initial choice of the size of the glenoid with a too low

implantation. This allowed a quick superior migration

of the humeral head above the glenoid implant but

without cuff tear. The revision at 1 month consisted on

a higher implantation of a bigger metal tray. The MB

44 was converted to 48. This patient was 60 months of

follow-up, and this case of revision was included in the

final review.

• One patient had a postoperative painful stiffness

because of a complex regional pain syndrome.

• Another case of painful shoulder was reoperated at

6 months. No aetiology was found. The MB glenoid

was converted to a cemented glenoid. At 13 months,

there was a superior migration with a bad result.

Globally, the revision rate was 8/143 = 5.59 %. But if

we do not take account of the dissociation cases, the per-

centage decreases to 4.19 % (6/143).

Table 1 Aetiology for the whole series

Arthritis without

tear

Arthritis with

tear

Posttrauma

arthritis

Revision Chronic

dislocation

Secondary

necrosis

Malunion

MB (n = 143) 116 (81.1 %) 16 (11.2 %) 4 4 1 1 1

Table 2 Study of the lateralisation, only for unilateral pathologic involvement with normal contralateral side and excluding the bad X-ray

Lateralisation Control side Difference

MB (n = 48) 6.09 (3.1–7, mean 6.3) 5.73 (2.2–7, mean 6) 0.36 (p = 0.02)

Eur J Orthop Surg Traumatol (2013) 23:27–34 29
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3. Results after 24 months or more

Thirty-seven cases in 36 patients were 2 years of follow-up

or more, 38.3 months in average (24–75, mean 32), 28

female (one bilateral) 8 men, 21 right side, and 32 right

handed. The average age was 69 (35–83, mean 72). Aeti-

ology was mainly primary osteoarthritis without cuff tear

(Table 3). Four patients were already operated on, 2 sub-

acromial decompression and 2 previous arthroplasties. The

first one was this already mentioned patient with a too

small MB glenoid implanted too low and revised at

3 months. The second one sustained previously a total

anatomical arthroplasty with a cemented glenoid, revised

with a MB glenoid and a grafting because of a glenoid

loosening.

4. Three revisions were recorded

• Two presented a superior migration due to a rotator cuff

tear. One was already ruptured preoperatively, and the

other was checked as pathologic. As already men-

tioned, these 2 cases were converted to a reverse,

simple and rapid procedure thanks to the universality of

the ARROW system, consisting of a simple change of

the intermediate devices. These 2 cases were excluded

from the final review.

• One patient presented an early dissociation revised at

2 months. A simple change of the PE tray allowed an

excellent result at 39 months with an active flexion of

170� and a Constant score of 85 (102 %).

• One patient died from a medical cause in January 2012

after the final review in November 2011. Her result was

excellent, 150� of flexion and a score of 72 (101 %).

Finally, 35 cases were available for the final results which

are summarised in Table 4. Pain increased from 1.6 to

13.4, flexion from 92� to 146� and Constant score from 27

(36 %) to 70 (95 %). The statistical difference between

pre- and postoperative values was greatly significant.

We analysed the results according to the preoperative

type of glenoid:

• Between types A1 and A2 the preoperative clinical

values were systematically inferior for the most used

glenoids with no statistical significance. The same

differences were noted postoperatively excepted for the

activities of daily living.

Fig. 2 MB glenoid implanted

on a type b2. A dislocation

occured at 6 months.

Conversion for a reverse

shoulder arthroplasty:

a preoperative X-ray,

b preoperative CT scan showing

the posterior subluxation,

c immediate postop X-ray,

d posterior dislocation at

6 months
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• We found the same differences between A1 and B1 and

between type A and type B.

• if we study the types A1 and B1 versus A2, B2 and C,

the values were systematically lower pre- and postop-

eratively for the most used glenoids.

Discussion

In total shoulder anatomical arthroplasty using a cemented

glenoid, the percentage of radio lucent lines is high despite

a good and stable clinical results [14] Whatever the model,

Fig. 3 Patient operated on both

sides with a metal back glenoid

implant. No problem for the

right side. On the left side a

secondary cuff tear occured. A

conversion for a reverse was

realised with a good clinical

result a–c clinical results at

36 months, d X-ray on the right

side e X-ray on the left side

after the revision

Table 3 Aetiologies for the cases with more than 24 months

Arthritis without tear Arthritis with tear Posttrauma arthritis Revision Chronic dislocation

MB (n = 37) 32 1 1 2 1

Eur J Orthop Surg Traumatol (2013) 23:27–34 31
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keeled or pegged, at 10 years, 76 % presented a RLL and

40 % a glenoid loosening. The modular second or third

generation tried to give a better adaptation to the patient’s

anatomy but did not solve the problem [15, 16]. One of the

most recent publication, with more than 5 years of follow-

up, showed 18.9 % of loosenings, among them 23 % were

progressive with a functional repercussion [17].

Many modifications of the glenoid devices tried to solve

this problem. Parallely, the feasibility of the metal back

trays, able to sustain without failure the shear forces

induced by a glenosphere in reverse shoulder arthroplasty,

led to experiment these devices in anatomical arthroplasty

[18]. With this kind of design, the literature evoqued early

polyethylene wear, number of dissociation between PE and

metal tray, loosenings and superior migration due to rotator

cuff tears. The first referred cause of those failures was the

thickness of the implant [4, 19, 20]. However, most of the

articles referred to old conceptions [21–23] or designs

which did not insure a good primary fixation [24]. How-

ever, some more recent publications presented some

encouraging results [25, 26].

In 1992, we started to work on a new implant which was

available for clinical use in human since 2003. The con-

vexity was preferred to a flat back tray, being widely

recognised as insuring a good bone-implant contact and

transforming the shear forces in compressive forces [1, 23,

27–30]. Iannotti [29], like Neer previously [1], insisted in

the better easiness of well positioning the convexe implant,

which parallely decreases the frequency of lucent lines

[31]. The principle of a mismatch was also adopted [15, 22,

24, 25].

In our experience, the fit induced by a precise ancillary

system and the frontal and the eventual saggital screwing

avoided any primary fixation problems and enhanced the

indications to the cases necessitating a glenoid bone graft.

The hydroxyapatite coverage on all the parts in contact

with the glenoid bone insured a good secondary fixation

with no migrations, loosenings or even RLL.

We had on the beginning some cases of dissociations

between PE and MB. A modification of the design, con-

sisting of adding a small central peg on the PE allowed to

well centre the PE before impaction on the metal tray. No

more dissociation happened after this modification.

The total thickness of the implant is 6.5 mm. Our results

showed an increasing in the lateral offset in comparison

with a normal contralateral side. Another work (accepted as

a free paper in the SOFCOT 2012 meeting) comparing the

results between MB and cemented glenoid showed that this

induced lateralisation did not influence the clinical results.

Radiologically, no loosening, no lucent lines, no narrowing

of the joint space, witness of a polyethylene wear were

found. However, our tendency is actually to increase the

PE thickness [26].

The rigidity of the metal back device was suspected to

induce stress shielding and osteolysis under the metal

[24, 32]. These experimental publications [33], in our

knowledge, were never confirmed by clinical studies [34]

and not confirmed in our work.

Some rotator cuff tears happened in our series, but with

the same frequency than the most recent publications on

cemented glenoid designs [17].

Despite the fact that, in the contrary than the literature

[35, 36], the results were not statistically different between

types a and b, the type of preoperative glenoid bone wear

influenced our choice, as the only cases of dislocations

were on posteriorly used glenoid bones, type b2 or c. In

those cases where the posterior wear is not too important,

we recommend to increase the anterior reaming, to add a

posterior bone graft and eventually to utilise the long

keeled implant, designed for revisions.

In old patients with a thin cuff, a cemented glenoid can

be preferred to avoid any tension on the tendons. However,

we prefer the noncemented glenoid, as, in case of sec-

ondary superior migration, the conversion in a reverse is

facilitated, the same metal back tray been the support of the

glenosphere. Moreover, this new design, thanks to the

anterior plate and the 2 available directions of screwing,

allows to extend the indications to big glenoid bone loss

necessiting a bone graft [37].

However, this study presented some limitations:

• This is a medium-term study with a mean follow-up of

3 years.

• The measurement of the radiological lateral offset is

technician dependent, and no scoring of the RLL has

been used.

Table 4 Pre- and postoperative Constant score: the pre- and postoperative comparison is highly significant

MB

(n = 35)

Pain ADL Strength Constant score Active elevation RE1 RE2 SST

Preop 1.6 (0–5) 8.8 (2–18) 2.8 (0–10,

med 2.5)

27

(12–56.36 %)

92� (40–160

mean 90)

12.5� (20–70) 27.6 (0–80,

mean 30)

2.6

yes

Postop 13.4 (5–15,

mean 15)

17.9 (9–20,

mean 20)

7 (0–17,

mean 6)

70

(35–90.95 %)

146� (80–180,

mean 150)

44� (10–70

mean 45)

65 (10–95

mean 70)

9.8

yes
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• This is a multicentric not randomised study, and the

choice of either a noncemented or a cemented prosthe-

sis was often subjective and surgeon dependent .

However, in the view of our good and predictable

results, our indications of using a MB glenoid in total

anatomical shoulder arthroplasty are increasing (Fig. 4).

In conclusion, we did not find in this medium-term

clinical and radiological review of a noncemented metal

back glenoid implant, the classical complications pointed

out in the literature for those uncemented glenoid implants.

With this new design, despite a radiological increase in

the lateral offset, there is no proved risk for the cuff, no

early polyethylene wear, no dissociation and the clinical

results seem to be similar to the cemented glenoids but

avoiding their frequent troubles such as evolutive lucent

lines and loosenings.

Conflict of interest The authors have received or will receive

benefits for personal or professional use from a commercial party

related directly or indirectly to the subject of this manuscript.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Neer CS (1974) Replacement arthroplasty for glenohumeral

osteoarthritis. J Bone Joint Surg Am 56:1–13

2. Bohsali KJ, Wirth MA, Rockwood CA (2006) Complications of

total shoulder arthroplasty. J Bone Joint Surg Am 88:2279–2292

3. Brems J (1993) The glenoid component in total shoulder

arthroplasty. J Shoulder Elbow Surg 2:47–54

4. Cheung EV, Sperling JW, Cofield RH (2008) Revision shoulder

arthroplasty for glenoid component loosening. J Shoulder Elbow

Surg 17:371–375

5. Sperling JW, Rowland CM, Neer CS (1998) Hemiarthroplasty

and Neer total shoulder arthroplasty in patients fifty years old or

less. Long-term results. J Bone Joint Surg Am 80:464–473

6. Torchia ME, Cofield RH, Settergren CR (1997) Total shoulder

arthroplasty with the Neer prosthesis: long-term results. J Shoul-

der Elbow Surg 6:495–505

7. Katz D, O’Toole G, Cogswell L, Valenti P, Sauzières P (2007) A

history of the reverse shoulder prosthesis. Int J Shoulder Surg

1:108–113

8. Orr TE, Cater DR, Shurman DJ (1988) Stress analyses of glenoid

component designs. Clin Orthop 232:217–224

9. Cheung EV, Sperling JW, Cofield RH (2007) Polyethylene insert

exchange for wear after total shoulder arthroplasty. J Shoulder

Elbow Surg 16:574–578

10. Tammachote N, Sperling JW, Vathana T, Cofield RH, Harmsen

WS, Schleck CD (2009) Long-term results of cemented metal-

backed glenoid components for osteoarthritis of the shoulder.

J Bone Joint Surg Am 91:160–166

11. Constant CR, Murley AH (1987) A clinical method of functional

assessment of the shoulder. Clin Orthop Relat Res 204:160–164

12. Lippitt SB, Harryman DT, Matsen FA (1993) A practical tool for

evaluating function: the simple shoulder test. In: Matsen FA, Fu

FH, Hawkins RJ (eds) The Shoulder: a balance of mobility and

stability. American Academy of Orthopedic Surgeons, Rosemont,

pp 501–530

13. Walch G, Boileau P (1999) Prosthetic adaptability: a new concept

for shoulder arthroplasty. J Shoulder Elbow Surg 8:443–451

14. LazarusMD Jensen KL, Southworth C, Matsen FA (2002) The

radiographic evaluation of keeled and pegged glenoid component

insertion. J Bone Joint Surg Am 84:1174–1182

15. Norris TR, Iannotti JP (2002) Functional outcome after shoulder

arthroplasty for primary osteoarthritis. A multicenter study.

J Shoulder Elbow Surg 11:130–135

16. Walch G, Edwards TB, Boulahia A, Boileau P, Mole D, Adeleine

P (2002) The influence of glenohumeral prosthetic mismatch on

glenoid lucent lines: results of a multicenter study. J Bone Joint

Surg Am 84:2186–2191

17. Walch G, Young AA, Melis B, Gazielly D, Loew M, Boileau P

(2011) Results of a convex-back cemented keeled glenoid com-

ponent in primary osteoarthritis: multicenter study with a follow-

up greater than 5 years. J Shoulder Elbow Surg 20:385–394

18. Katz D, Sauzières P, Valenti P, Kany J (2012) The case for the

metal-backed glenoid design in total anatomical shoulder

arthroplasty. Eur J Orthop Surg Traumatol 22:9–16. doi:10.1007/

s00590-011-0796-8

19. Cofield RH (1994) Uncemented total shoulder arthroplasty: a

review. Clin Orthop 307:86–93

20. Cofield RH, Daly P (1992) Total shoulder arthroplasty with a

tissue ingrowth glenoid component. J Shoulder Elbow Surg

1:77–85

21. Martin SD, Zurakowski D, Thornhill T (2005) Uncemented gle-

noid component in Total Shoulder Arthroplasty. J Bone Joint

Surg 87:1284–1289

22. Taunton MJ, McIntosh AL, Sperling JW, Cofield RH (2008)

Total Shoulder Arthroplasty with a metal-backed bone-ingrowth

glenoid component. J Bone Joint Surg Am 90:2180–2188

23. Churchill RS (2011) Trends in glenoid component design in

unconstrained shoulder arthroplasty. J Shoulder Elbow Surg

20:S41–S46

24. Boileau P, Avidor C, Krishnan SG, Walch G, Kempf JF, Mole D

(2002) Cemented polyethylene versus uncemented metal-back

glenoid component in total shoulder arthroplasty:a prospective,

0

5

10

15

20

25

30

35

40

2003 2004 2005 2006 2007 2008 2009 2010 2011

MB GC

2

13

2

30

6

34

9

21

9

30

18

40

24

34

38

25

31

13

Fig. 4 Diagram showing the growing number of Mb glenoid

implantations

Eur J Orthop Surg Traumatol (2013) 23:27–34 33

123

http://dx.doi.org/10.1007/s00590-011-0796-8
http://dx.doi.org/10.1007/s00590-011-0796-8


double blind, randomized study. J Shoulder Elbow Surg 11:

351–359

25. Castagna A, Randelli M, Garofalo R, Maradei L, Giardella A,

Borroni M (2010) Mid-term results of a metal-backed glenoid

component in total shoulder replacement. J Bone Joint Surg (Br)

92-B:1410–1415

26. Clement ND, Mathur K, Collins R, Stirrat AN (2010) The metal-

back glenoid component in rheumatoid disease:eight to fourteen

year follow-up. J Shoulder Elbow Surg 19:749–756

27. Anglin C, Wyss UP, Pichora DR (2000) Mechanical testing of

shoulder prostheses and recommendations for glenoid design.

J Shoulder Elbow Surg 9:323–331

28. Szabo I, Buscayret F, Edwards TB, Nemoz C, Boileau P, Walch

G (2005) Radiographic comparison of flat-back and convex-back

glenoid components in total shoulder arthoplasty. J Shoulder

Elbow Surg 14:636–642

29. Iannotti JP, Spencer EE, Winter U, Deffenbaugh D, Williams G

(2005) Prosthetic positioning in total shoulder arthroplasty.

J Shoulder Elbow Surg 14(1 suppl S):111S–121S

30. Williams GR, Abboud JA (2005) Total shoulder arthroplasty:

glenoid component design. J Shoulder Elbow Surg 14:122S–128S

31. Collin P, Tay AKL, Melis B, Boileau P, Walch G (2011) A ten-

year radiologic comparison of two-all polyethylene glenoid

component designs: a prospective trial. J Shoulder Elbow Surg

20:1217–1233

32. Stone KD, Grabowski JJ, Cofield RH, Morrey BF, An KN (1999)

Stress analysis of glenoid components in total shoulder arthro-

plasty. J Shoulder Elbow Surg 8:151–158

33. Pelletier MH, Langdown A, Gilles RM, Sonnabend DH, Walsh

WR (2008) Photoelastic comparison of strains in the underlying

glenoid metal-back and all-polyethylene implants. J Shoulder

Elbow Surg 127:779–783

34. Gupta S, van Dre Helm FC, Van Keulen F (2004) The possibil-

ities of uncemented glenoid component. Clin Biomech (Bristol,

Avon) 19:292–302

35. Barteld R, Sperling JW, Schleck CD, Cofield RH (2011)

Arthroplasty in patients aged fifty-five years or younger with

osteoarthritis. J Shoulder Elbow Surg 20:123–130. doi:10.1016/

jse.2010.05.006

36. Farron A, Terrier A, Buchler P (2006) Risks of loosening of a

prosthetic glenoid implanted in retroversion. J Shoulder Elbow

Surg 15:521–526

37. Katz D, Valenti P, El Hadi A (2004) 14 cas de luxations in-
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