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lenoid loosening is one reason for failure of total
houlder arthroplasty. Several factors, including ra-
iographic lucency, have been shown to be associ-
ted with glenoid loosening. The purpose of this
tudy was to assess the correlation between glenoid
esign and immediate radiographic lucency in a
rospective randomized clinical trial. Total shoulder
rthroplasty was performed in 43 patients over a
-year period. Twenty-three patients were random-

zed into the keel group and twenty patients into the
egged group. Postoperative radiographs obtained
ithin 6 weeks of surgery were evaluated by 3 rat-
rs to determine glenoid lucency. On a scale from 0
no lucency) to 5 (gross lucency and component
oosening), the rate of lucency was 39% (9/23) in
he keeled components, which was significantly
igher than the rate of 5% (1/20) observed in the
egged components (P � .026). Patient age, gen-
er, and glenoid size did not significantly affect gle-
oid component lucency (P � .05). The consistency
eliability among raters (Cronbach �) was 0.87,
nd the intertester reliability was 0.87. Pegged gle-
oid components have less radiographic lucency
hen compared with keeled glenoid components in

he immediate postoperative period. (J Shoulder El-
ow Surg 2005;14:252-257.)

lenoid component loosening is one of the primary
easons for failure of total shoulder arthro-
lasty.9,10,12,21,32,33 Component loosening has been
ssociated with several patient and technical factors.
hese include preoperative diagnosis (osteoarthrosis
s rheumatoid arthritis or fracture),11,17 use of ce-
ent,4,13,18,23 prosthesis component mis-
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atch,20,21,29 mechanical wear of polyethylene com-
onents,5,8,24 osteolysis (stress shielding) with metal
omponents,5,16,17,23 component malposition-
ng,9,21 poor bone stock,10,22 and deficiency of the
otator cuff.7,10,19,21,28

Periprosthetic radiographic lucency after arthro-
lasty of other joints such as total hip arthroplasty has
lso been shown to be associated with component

oosening.1,25,26 Extrapolating from the studies of hip
rthroplasty, it is reasonable to assume that compo-
ent loosening in total shoulder arthroplasty may
esult from periprosthetic radiolucency. Limited evi-
ence of this association has been reported. Torchia
t al27 reported that early radiolucent lines were
resent in 37 of 40 glenoid components (93%) that
ventually developed radiographic loosening,
hereas early radiolucent lines were present in only
8 of 41 components (44%) that did not eventually
evelop radiographic loosening. Furthermore, they
eported that 12 of 15 patients (80%) who reported
oderate to severe pain also had radiographic loos-
ning.

Recent biomechanical, animal, and retrospective
tudies have implicated glenoid design in the devel-
pment of glenoid lucency.12,14,28,31 These studies
ndicate that cemented pegged glenoid components
ppear to have better fixation, better bony ingrowth,
nd a lower rate of radiographic lucency over time
hen compared with keeled components.12,14,28,31

he retrospective human studies may have the disad-
antage of incorporating a selection bias in which
any surgeons will implant a keeled glenoid if expo-

ure is difficult. This implies that pegged components
re placed under more optimal conditions, which
ay result in a lower incidence of glenoid component

ucency. No prospective randomized trial in human
eings has been published, to our knowledge, that
pecifically examined the relationship between gle-
oid design and glenoid lucency.

The purpose of this study was to perform a pro-
pective randomized trial among patients with pri-
ary osteoarthritis of the glenohumeral joint to com-
are radiolucency between pegged and keeled
lenoid components in the immediate postoperative
eriod. Because there would be no selection bias

avoring pegged components, our hypothesis was
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hat there would be no difference in glenoid lucency
etween the 2 glenoid designs.2,3,6,15,30

ATERIALS AND METHODS

ubjects
This study was a prospective randomized trial. The

atients were not told which glenoid component design
hey had received.

All patients had the diagnosis of primary osteoarthritis of
he glenohumeral joint. Patients were excluded from partic-
pation in this study if they had radiographic evidence of
steopenia or other metabolic bone disease. There were no
ther inclusion or exclusion criteria. Two patients in the
eeled group and two patients in the pegged group were
xcluded from the study because the raters were unable to
rade the postoperative radiographs because of poor im-
ge quality.

A power analysis conducted before the study deter-
ined that at least 18 patients per group would be required

o identify a mean difference of 1 category (see below) in
he rating of glenoid component lucency with a power of
0%. Patients were recruited to participate by the surgeon

G.M.G.) and indicated their willingness to participate by
igning an informed consent form.

urgical procedure
All procedures were performed by the same surgeon

G.M.G.) over a 2-year period from September 2000
hrough October 2002. The Cofield 2 Modular Arthroplasty
Smith and Nephew, Memphis, TN) system was used. A
tandard deltopectoral approach was used. The subscapu-
aris was incised at its insertion on the lesser tuberosity. The
apsule was separated from the subscapularis and excised.
umeral neck cuts were made at a 45° angle with the
umeral shaft and in approximately 30° of retroversion by
se of a cutting guide. The humerus was reamed to accept
press-fit prosthesis. The trial stem was placed to protect the
umeral cut while preparing the glenoid.

The glenoid was prepared by releasing the capsule and
abrum to allow for exposure. The glenoid face was pre-
ared by creating a centering hole. The glenoid reamer
as used to remove the articular cartilage and create a
ongruent base for the final prosthesis. At this point, the
andom selection of a pegged or keeled glenoid compo-
ent was made. The circulating nurse consulted a random
umber list to select the implant.

The appropriate sizing and targeting guides were then
sed to create either a trough for the keel or holes for the
egs. The cancellous surfaces were then irrigated and
oaked with Gelfoam (Pfizer, Peapak, NJ) and Surgicel
Ethicon, Somerville, NJ) before the final polyethylene com-
onent was cemented in place. The cement was placed with
syringe, and digital pressure was used to impact the

ement and seat the component.
Drill holes were placed in the lesser tuberosity before

ress-fitting of the final humeral stem. The final head was
mpacted on the stem. The subscapularis was repaired
hrough the lesser tuberosity drill holes. The wound was then
rrigated and closed in standard fashion.
Postoperative care consisted of sling wear for 2 weeks.
e instructed the patients in active range-of-motion exer-
ises 2 weeks after surgery and began passive range-of-
otion stretching exercises 6 weeks after surgery. At 12
eeks after surgery, patients were advised to resume nor-
al activities gradually, using caution to avoid sudden

arge or painful joint movements.

adiographic lucency
Radiographic lucency of the keeled glenoid components

as graded according to criteria previously described by
ranklin et al,7 and the pegged components were graded
ccording to the modification described by Lazarus et al.14

rue anteroposterior radiographs obtained within the first 6
eeks after surgery were evaluated. The keeled compo-
ents were graded between 0 and 5 (Figures 1 and 2). A
rade of 0 represented no lucency.

Grades 1 through 5 were as follows:
1. Radiolucency at inferior and/or superior flange
2. Incomplete radiolucency at keel
3. Complete radiolucency of less than 2 mm in width

around keel
4. Complete radiolucency of 2 mm or greater in width

around keel
5. Gross loosening

igure 1 Postoperative radiograph showing a keeled glenoid
omponent with lucency grade 0.
The pegged components were also graded between 0
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nd 5, with 0 representing no lucency (Figures 3 and 4).
he remaining grades were as follows:

1. Incomplete radiolucency around 1 or 2 pegs
2. Complete radiolucency of less than 2 mm in width

around 1 peg only, with or without incomplete
radiolucency around 1 other peg

3. Complete radiolucency of less than 2 mm in width
around 2 or more pegs

4. Complete radiolucency of 2 mm or greater in width
around 2 or more pegs

5. Gross loosening
The radiographs were evaluated by 3 raters (2 ortho-

aedic surgeons and 1 radiologist). The orthopaedic sur-
eon who had performed the arthroplasties was not a rater.
hese raters had participated in a training session in which
hey graded the radiographs of 30 patients with total
houlder arthroplasty who had not been enrolled in this
tudy. The training session allowed the raters to confer
uring the grading to ensure that each rater was using
onsistent criteria. The raters then independently graded the
adiographs for each of the patients in this study.

ata analysis
Intertester reliability was evaluated by use of intraclass

igure 2 Postoperative radiograph showing a keeled glenoid
omponent with lucency grade 4.
orrelation coefficients of Shrout and Fleiss type (3,1); this k
stimate represents the reliability of the composite (average)
ucency score of the raters. The �2 test was used to deter-
ine whether the glenoid component types differed with

espect to the presence of lucency. We used the same
efinition of lucency as described by Lazarus et al14: gle-
oid components with ratings of grade 0 or 1 were classi-
ed as having no lucency, and components with ratings of
rade 2 or higher were classified as having lucency. Anal-
sis of variance, including patient age, gender, and gle-
oid size as covariates, was used to determine whether the
lenoid component types differed with respect to radio-
raphic lucency.

ESULTS
ubjects

The study consisted of 27 men with a mean age of
7.8 years (SD, 8.1 years) and 16 women with a
ean age of 69.9 years (SD, 7.2 years) at the time of
rthroplasty. There were 23 keeled glenoid compo-
ents implanted in 8 women and 15 men and 20
egged glenoid components implanted in 8 women
nd 12 men.

There were 3 small, 6 medium, and 14 large

igure 3 Postoperative radiograph showing a pegged glenoid
omponent with lucency grade 0.
eeled glenoid components and 1 small, 6 medium,
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nd 13 large pegged glenoid components. All of the
en but 1 had received a large-sized glenoid com-
onent; 4 of 16 women had received small glenoid
omponents, 11 had received medium components,
nd 1 had received a large component. Gender (P �
971), patient age (P � .958), and glenoid size (P �
999) did not differ significantly between the 2 gle-
oid types.

Six patients (five in the pegged group and one in
he keeled group) had partial rotator cuff tears that
ere treated by debridement only, and the remainder
f the patients had intact rotator cuffs. In the 6 patients
ith partial rotator cuff tears, 2 glenoid components

eceived a grade of 0 and 4 received a grade of 1.
ence, with the numbers available, there did not
ppear to be worse lucency ratings among patients
ith partial rotator cuff tears.

ntertester reliability

On the basis of the composite of the scores of the
raters, the intertester reliability was 0.88 for the

ucency ratings. All 3 raters were in perfect agree-

igure 4 Postoperative radiograph showing a pegged glenoid
omponent with lucency grade 3.
ent for 81% of the radiographs. p
ffect of glenoid type

Of the 23 keeled glenoid components, 14 (39%)
emonstrated radiographic lucency of grade 2 or
igher, whereas only 1 of 20 pegged components
5%) demonstrated lucency of grade 2 or higher
Table I). This difference was statistically significant
P � .023).

The keeled components had a mean lucency
ating of 1.4 on a scale of 0 (no lucency) to 5 points
gross loosening); 9 (39%) had no signs of radio-
raphic lucency (grade 0), and 14 (61%) had signs
f lucency. The pegged components had a mean

ucency rating of 0.5 on a scale of 0 (no lucency) to
points (gross loosening); 14 (70%) had no signs

f radiographic lucency (grade 0), and 6 (30%)
ad signs of lucency. Patient age, gender, and
lenoid size did not significantly affect glenoid
omponent lucency (P � .05).

Of the 23 keeled glenoid components, 1 had
omplete lucency of 2 mm or greater in width (grade
) and 2 had complete lucency of less than 2 mm in
idth (grade 3). Nine keeled components had no

ucency (grade 0), five had lucency at the inferior or
uperior flange only (grade 1), and six had incom-
lete lucency at the keel (grade 2). None of the
eeled glenoid components had gross lucency (grade
) that was evident on the radiographs.
Of the 20 pegged glenoid component, 1 had

omplete lucency of less than 2 mm in width (grade
). Five pegged glenoid components had complete

ucency of less than 2 mm in width of 1 peg only
grade 2), and fourteen had incomplete lucency
round only 1 or 2 pegs (grade 1). None of the
eeled or pegged glenoid components had gross
ucency (grade 5).

ISCUSSION

We found that the keeled glenoid components had
higher incidence and higher overall grade of radio-
raphic lucency postoperatively than did the pegged
lenoid components. We assumed in formulating our
ypothesis that eliminating selection bias with a ran-
omized prospective study would equalize the inci-
ence of radiographic lucency between the keel and
eg designs. This was not the case. Our results con-
rm previous animal, biomechanical, and retrospec-
ive studies that have reported that pegged glenoid
omponents have less lucency in patients with gleno-
umeral osteoarthritis than do keeled glenoid compo-
ents.13,14,28,33

We found lucency rates of 39% for keeled glenoid
omponents and 5% for pegged glenoid components
valuated within 6 weeks of surgery. Lucency rates in
he literature range from 30% to 96%; however, these

revious data do not account for other variables such
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s glenoid design, time after surgery, underlying pa-
hology, or cementing. The only other study in the
iterature that compared lucency rates between ce-
ented pegged and cemented keeled components

mmediately after surgery was a retrospective multi-
enter study published by Lazarus et al.14 They found
hat keeled components had a lucency rate (grade 2
ucency or higher) of 72% (11/39 components)
hereas pegged components had a lucency rate of
nly 38% (180/289 components). They also re-
orted a mean lucency rating of 1.8 points for keeled
omponents and 1.3 points for pegged components.
e found mean lucency ratings of 1.4 points for

eeled components and 0.5 points for pegged com-
onents. Our study differed from their study by eval-
ating the results of only 1 surgeon in a prospective
andomized format.

Our randomized trial design eliminated several
hreats to internal and external validity present in
revious trial designs. These would include initial
ifferences among patients (eg, severity of disease,
uality of glenoid bone) and selection biases (ie, the
urgeon chooses the glenoid component based on
linical or anatomic features).14,28 However, our
ata still suffer from the same inherent problem of
adiographic evaluation. We followed prior evalua-
ion protocols, but it is not clear how keel and peg
adiographic evaluation correlate. Our study, how-
ver, did demonstrate a high level of intraobserver
nd interobserver consistency not seen in prior stud-

es. This is likely related to the pre-evaluation testing
one on nonstudy radiographs to develop a consen-
us for grading.

In summary, we found that keeled glenoid com-
onents have higher grades of radiographic lu-
ency (39%) immediately after surgery than
egged glenoid components (5%) in a randomized
roup of patients. Controversy still exists as to the
elationship between glenoid lucency and clinical
ailure of the glenoid component. However, the
ong-term study by Torchia et al27 suggests a posi-
ive correlation. With these data in mind, orthopae-
ic surgeons should balance the technical difficulty
f implanting pegged components with the poten-

able I Immediate postoperative radiolucency grade for 43 glenoid

Component Grade 0 Grade 1 G

Keeled 9 (39%) 5 (22%)
Pegged 14 (70%) 5 (25%)
Total 6 (14%) 19 (44%) 1

rade 0 indicates no lucency and grade 5 indicates gross component loos
ial long-term benefits.
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