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Glenoid component lucencies are associated
with poorer patient-reported outcomes
following anatomic shoulder arthroplasty
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Background: High rates of radiographic glenoid loosening following anatomic total shoulder arthro-
plasty (TSA) are documented at midterm follow-up. Small studies remain conflicted on the impact of
lucent lines on clinical outcomes. This study assesses the impact of radiolucent lines on function and
patient-reported outcomes (PROs) following TSA.
Methods: We retrospectively evaluated 492 primary TSAs performed between February 2005 and April
2016. Radiographs were evaluated for glenoid loosening according to the Lazarus grade at a mean of 5.3
years (range, 2-12 years). Clinical outcome measures included range of motion and American Shoulder
and Elbow Surgeons, Constant, University of California–Los Angeles, Simple Shoulder Test, and Shoul-
der Pain and Disability Index scores. Outcomes were compared between patients with and patients
without glenoid lucent lines and in relation to lucency grade.
Results: At most recent follow-up, 308 glenoids (63%) showed no radiolucent lines (group 0) and 184
demonstrated peri-glenoid lucencies (group 1). The groups were similar regarding age, sex, body mass
index, comorbidities, and prior surgery. At follow-up, group 1 demonstrated significantly lower improve-
ments in forward elevation (P ¼ .02) and all PROs (P � .005). Subgroup analysis by radiolucency grade
showed that forward elevation diminished with increasing radiolucent score and exceeded the
minimal clinically important difference (MCID) above grade 2 lucencies. A similar decline in PROs
was observed with increasing lucency grade. These differences did not exceed the MCID below grade
5 lucencies.
Discussion: Peri-implant glenoid lucencies following TSA are associated with lower forward elevation
and PROs. Lucencies above grade 2 are associated with clinically important losses in overhead motion.
However, differences below the MCID are maintained for PROs below grade 5 glenoid lucencies.
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arthroplasty
Anatomic total shoulder arthroplasty (TSA) is a reli-
able operation to provide pain relief and improve func-
tion for end-stage primary osteoarthritis of the
glenohumeral joint.6,23 However, there remains a high
incidence of radiographic lucencies about the glenoid
component at midterm follow-up, with reports showing
up to 60% of TSAs being affected.7,13,15 In more than
one-third of cases, components have been shown to be
radiographically loose.7,15 Kilian et al13 showed similar
rates of loosening between pegged and keeled all-
polyethylene components. Despite high rates of radio-
graphic loosening, revision rates remain significantly
lower, averaging approximately 1% per year.13,23,24

Given the discrepancy between radiographic loosening
and revision rates, it is assumed that many patients
tolerate glenoid component loosening. Small studies
remain conflicted on the impact of lucent lines on clinical
outcomes.4,8,9,12,16-18,20 The primary objective of this
study was to assess the clinical impact of radiolucent
lines on functional and patient-reported outcomes (PROs)
following anatomic TSA.
igure 1 Early postoperative (A) and 5-year postoperative (B) radiogr
lenoid.
Materials and methods

A retrospective review of all primary anatomic TSAs between
February 2005 and April 2016 was performed using a prospec-
tively collected multicenter research database. All procedures
were performed with a single shoulder arthroplasty system
(Equinoxe; Exactech, Gainesville, FL, USA). This system offers 3
glenoid options, which include an all-polyethylene keeled
component, an all-polyethylene peg, and a central ingrowth peg
with peripherally cemented pegs. All operations were performed
by fellowship-trained surgeons from 14 centers across the world.
The glenoid component type was chosen based on surgeon pref-
erence and availability at the time of implantation. The exclusion
criteria included central ingrowth pegs, augmented glenoid com-
ponents, revision surgery, an active diagnosis of infection, and
radiographic follow-up of less than 2 years. Central ingrowth peg
components were eliminated because of their later introduction,
shorter follow-up, and lower rates of radiolucent lines.10

All shoulders were evaluated by the operating surgeon using
a standardized radiographic follow-up template. A minimum of
2 views were routinely obtained (Grashey and axillary
lateral) (Fig. 1). Glenoid lines were graded according to the
Lazarus scale.14 For keeled components, shoulders were deemed
aphs showing a grade 5 lucency about the all-polyethylene pegged



Table I IR scale

Active range of IR IR score

0� 0
15� of IR or motion to hip 1
30� of IR or motion to buttock/PSIS/SI joint 2
45� of IR or motion to sacrum 3
60� of IR or motion to L4 to L5 4
75� of IR or motion to L1 to L3 5
90� of IR or motion to T8 to T12 6
>90� of IR or motion to T7 or above 7

IR, internal rotation; PSIS, posterior superior iliac spine; SI, sacro-

iliac; L, lumbar vertebra; T, thoracic vertebra.

Table II Demographic characteristics with preoperative and
postoperative ROM and PROs

Characteristic No lines
(n ¼ 308)

Lines
(n ¼ 184)

P
value

Age, yr 67 (8.7) 67 (9.5) .3
M/F sex, n 130/178 76/108 .9
BMI 30.1 (6.5) 29.5 (6.3) .4
Prior surgery, n 39 20 .6
Injection, n 111 (56%) 49 (36%) .03
Follow-up, mo 59.7 (27.8) 70.6 (29.0) <.001
Preoperative
Forward elevation, � 97 (32.5) 98 (30.2) .7
IR 3.0 (1.5) 2.9 (1.5) .661
ER, � 15 (19.4) 15 (18.0) .6
SST score 3.1 (2.6) 4.0 (2.7) .007
Constant score 35.1 (12.4) 37.6 (13.1) .1
ASES score 33.1 (15.9) 37.8 (15.8) .01
UCLA score 13.4 (4.0) 14.3 (4.1) .07
SPADI score 88.2 (21.2) 82.2 (20.6) .02

Postoperative
Forward elevation, � 144 (30.3) 137 (34.0) .01
IR 5.0 (1.5) 5.1 (1.6) .6
ER, � 49 (19.4) 47 (19.5) .2
SST score 10.1 (2.5) 9.4 (3.1) .006
Constant score 69.8 (14.5) 64.8 (16.2) .001
ASES score 81.8 (20.7) 74.6 (23.6) .001
UCLA score 30.0 (5.6) 28.0 (7.2) .002
SPADI score 19.1 (24.0) 30.0 (29.1) <.001

ROM, range of motion; PRO, patient-reported outcome; M, male; F,

female; BMI, body mass index; IR, internal rotation; ER, external

rotation; SST, Simple Shoulder Test; ASES, American Shoulder and

Elbow Surgeons; UCLA, University of California–Los Angeles; SPADI,

Shoulder Pain and Disability Index.

Data are presented as mean (standard deviation) unless otherwise

indicated.
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grade 0 (no radiolucency), grade 1 (radiolucency at superior,
anterior, and inferior flange), grade 2 (incomplete radiolucency at
keel), grade 3 (complete radiolucency � 2 mm around keel), grade
4 (complete radiolucency > 2 mm around keel), or grade 5 (gross
loosening or shift in component position). For pegged compo-
nents, shoulders were deemed grade 0 (no radiolucency), grade 1
(incomplete radiolucency around 1 or 2 pegs), grade 2 (complete
radiolucency 2 mm wide around only 1 peg with or without
incomplete radiolucency around another peg), grade 3 (complete
radiolucency 2 mm wide around �2 pegs), grade 4 (complete
radiolucency > 2 mm wide around �2 pegs), or grade 5 (gross
loosening or shift in component position). Shoulders were then
separated based on the presence or absence of glenoid component
lucencies. Humeral loosening was assessed according to Sanchez-
Sotelo et al.21,22

The database was queried for demographic data including age,
sex, and body mass index. Data were collected on the adminis-
tration of a prior corticosteroid injection or prior surgery. The
performing surgeons and/or their associated research teams eval-
uated patients independently both prior to and following primary
shoulder arthroplasty. Shoulders were evaluated clinically for
active range of motion (ROM), including forward elevation,
external rotation with the arm at the side, and internal rotation.
Forward elevation and external rotation were measured in degrees.
Internal rotation was measured according to the level reached by
the thumb. This value was categorized as described by Flurin
et al,5 as detailed in Table I. At the time of clinical follow-up,
patients also completed PRO scores including the following:
American Shoulder and Elbow Surgeons score, Constant score,
University of California–Los Angeles score, Simple Shoulder Test
score, and Shoulder Pain and Disability Index score. Improve-
ments in ROM and PRO measures were also compared with the
minimal clinically important difference (MCID) to assess the
clinical implications of differences found between groups.25

Complications and reoperations were recorded. Shoulders under-
going revision surgery were included in the clinical analysis using
the most recent data prior to revision surgery.
Statistical analysis

Continuous variables were evaluated using the Welch 2-sample t
test or 1-way analysis of variance with the Tukey honestly sig-
nificant difference post hoc test for multiple comparisons of
means. Because of low counts for some categorical variables, the
Fisher exact test was used for comparisons. Other categorical
variables were analyzed using the c2 test. The a level for signif-
icance was set at P < .05. SPSS software (version 17.0; IBM,
Armonk, NY, USA) and the R program (version 3.5.1; R Foun-
dation for Statistical Computing, Vienna, Austria) were used for
statistical analyses.
Results

Patients

We evaluated 492 TSAs (286 female and 206 male pa-
tients). All-polyethylene pegged glenoids were used in 306
shoulders. All-polyethylene keels were used in 186 shoul-
ders. All-polyethylene pegged glenoids were significantly
more common in the group with peri-implant lucencies
(group 1) (68% vs. 59%, P ¼ .04). At most recent follow-
up, 308 glenoids (63%) showed no radiolucent lines (group
0). The remaining 184 glenoids demonstrated peri-implant
lucencies (group 1) deemed grade 1 in 64 (35%), grade 2 in



Figure 2 Change in radiolucent glenoid line rate with follow-up duration: comparison of keeled and pegged glenoids.
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47 (26%), grade 3 in 38 (21%), grade 4 in 18 (10%), and
grade 5 in 17 (9%). Both groups were similar regarding
age, sex, body mass index, comorbidities, and history of
surgery. Table II shows complete demographic data.

The follow-up period for group 1 (mean, 5.9 years;
range, 2-12 years) was significantly longer than that for
group 0 (mean, 5.0 years; range, 2-12 years; P < .001).
When evaluation was performed based on implant type, all-
polyethylene pegged and keeled glenoids had similar
follow-up periods (63.6 months vs. 64.3 months, P ¼ .8).
There was a trend toward longer follow-up with increasing
radiolucency score, with the percentage of shoulders
showing radiolucent lines increasing over time (Fig. 2).
Table III Mean improvement in ROM and PROs

Measure Mean improvement P
value

No lines
(n ¼ 308)

Lines
(n ¼ 184)

Forward elevation, � 49 (37.5) 39 (41.7) .02
IR 2.1 (1.9) 2.0 (2.1) .6
ER, � 34 (23.0) 31 (20.4) .1
SST score 7.3 (3.0) 5.6 (3.9) <.001
Constant score 34.8 (16.3) 28.0 (19.7) .005
ASES score 49.1 (22.5) 38.1 (27.3) <.001
UCLA score 16.8 (6.3) 14.0 (8.2) .003
SPADI score 70.2 (28.4) 52.5 (34.3) <.001

ROM, range of motion; PRO, patient-reported outcome; IR, internal

rotation; ER, external rotation; SST, Simple Shoulder Test; ASES,

American Shoulder and Elbow Surgeons; UCLA, University of

California–Los Angeles; SPADI, Shoulder Pain and Disability Index.

Data are presented as mean (standard deviation).
Clinical results

Preoperatively, group 0 and group 1 demonstrated similar
ROM and PROs. Preoperative PROs showed statistically
significant differences for only Simple Shoulder Test,
American Shoulder and Elbow Surgeons, and Shoulder
Pain and Disability Index scores between group 0 and
group 1. These data are detailed in Table II. Post-
operatively, ROM in all planes improved significantly in
both groups. When compared according to the presence of
glenoid lines, group 1 had lower forward elevation (137�

vs. 144�, P ¼ .01) and external rotation (47� vs. 49�, P ¼
.3). Internal rotation was similar in the 2 groups, averaging
5.1 (P ¼ .6). Similarly to overhead ROM, all PRO measures
were significantly worse in group 1 (P < .007).

When we compared improvement over time, overhead
ROM and all PROs remained worse in group 1. Statistically
significant differences were noted for forward elevation and
all PROs. Table III shows details. However, all ROM and
PRO improvements remained greater than the MCIDs, as
described by Simovitch et al,25 compared with the preop-
erative values for both groups.

Complications and reoperations were more common in
group 1 (16% vs. 5% [P < .001] and 11% vs. 3% [P <
.001], respectively). Glenoid component loosening was the
most common cause of reoperation in group 1, representing
the indication for revision in 14 of 21 reoperations. When
eliminating glenoid component loosening, we found similar
reoperation rates between groups (P ¼ .6).
Comparison of outcomes according to Lazarus
grade

A subgroup analysis was performed to assess the impact of
radiolucency grade on both ROM and PRO parameters.



Figure 3 Forward elevation (FE) trend by Lazarus grade. ROM,
range of motion; Post, postoperatively; Pre, preoperatively.

Figure 4 Patient-reported outcome (PRO) trend by Lazarus
grade. Post, postoperatively; Pre, preoperatively; ASES, American
Shoulder and Elbow Surgeons; UCLA, University of
California–Los Angeles; SPADI, Shoulder Pain and Disability
Index.
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When individual groups were analyzed, there was a trend
toward decreased forward elevation and decreased PROs
with an increasing Lazarus grade (Figs. 3 and 4). Internal
rotation and external rotation were maintained without
significant differences in all groups regardless of lucent line
grade. However, forward elevation diminished with
increasing radiolucent lines, and the differences compared
with shoulders without lucent lines exceeded the MCID
beyond a grade 2 rating (Table IV). A similar decline in
PROs was observed with increasing glenoid lucency grade.
However, unlike ROM, these differences did not exceed the
MCID until a grade 5 lucency was present.
Discussion

Early failures following TSA are most commonly due to
instability and rotator cuff deficiency.2,24 However, at
midterm to long-term follow-up, glenoid component
loosening becomes the most prominent mode of failure
after TSA.24 Rates of radiographic lucencies of all-
polyethylene glenoid components have been reported to
exceed 60% at midterm follow-up, regardless of whether
a pegged or keeled design is used.7,13,15 Despite high rates
of radiographic glenoid lucent lines, far fewer shoulders
undergo revision surgery. The discordance between the
incidence of lucent lines and revision is supported by the
results of our study that suggest that radiographic glenoid
lucent lines have a progressive worsening effect on both
overhead ROM and PROs. However, the negative effect
on PROs does not exceed the MCID until a grade 5
lucency is present.

The presence of radiolucent lines has been reported at
rates between 0% and 100%.1,3,6,9,11-13,16,17,19,20,26,28,30,31

At a mean follow-up of 5.3 years, 37% of TSAs in this
study had radiolucent lines. This is on the lower end of the
historically reported ranges. This may in part be a result of
shoulders with a minimum follow-up period of 2 years
being included. With longer follow-up, the incidence of
radiolucent lines may increase in this cohort. Studies with
longer mean follow-up periods have shown higher rates of
peri-glenoid lucencies compared with this study. Fox et al7

reported peri-glenoid lucent lines in 68% of keeled com-
ponents at an average follow-up of 8.6 years (minimum, 4
years). A similar study by McLendon et al15 showed a 79%
incidence of radiolucent lines at an average follow-up of 7
years for an all-polyethylene in-line pegged component.
Multiple studies have shown that radiolucent lines increase
over time.8,12,17 We observed a similar trend, with the
Lazarus grade increasing as the average length of follow-up
increased.

In shoulders with documented glenoid radiolucencies,
improvements in postoperative forward elevation and all
PROs were significantly worse than in shoulders without
peri-glenoid lucencies. This contrasts with findings of
smaller studies that have not shown a correlation between
glenoid radiolucencies and PROs.9,12,17,20 However, these
studies were limited by smaller patient cohorts below 100,
thereby increasing the chance of a type II (b) error. Larger
studies by Walch et al27 and Young et al30 have challenged
these findings. Walch et al reported on 301 TSAs with a
convex-back keeled glenoid at an average of 7.4 years.
They found statistically significant correlations with
adjusted Constant scores and forward elevation with
increasing radiolucent line scores. A similarly designed
study by Young et al reported on 217 TSAs treated with
flat-back keeled glenoid components using the same
methodology as Walch et al. In both studies, the authors
only evaluated the presence of a correlation. Specific values



Table IV Mean difference in postoperative improvement by Lazarus grade

Measure Mean difference

Grade 0 vs.
grade 1-5

Grade 0 vs.
grade 1

Grade 0 vs.
grade 2

Grade 0 vs.
grade 3

Grade 0 vs.
grade 4

Grade 0 vs.
grade 5

Forward elevation, � 10.3 0.8 5.7 23.3* 11.8 29.8*

IR 0.1 0.1 0.1 0.5 0.6 0.9
ER, � 3.7 2.1 4.1 1.0 3.9 12.4
SST score 1.7 1.1 0.2 3.0* 1.0 5.4*

Constant score 6.7 3.0 0.9 9.2 3.5 28.9*

ASES score 11.0 9.1 0.9 10.7 10.5 45.4*

UCLA score 2.8 1.5 0.6 4.0 1.8 12.5*

SPADI score 17.6 12.8 4.4 26.9* 15.7 48.6*

IR, internal rotation; ER, external rotation; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Surgeons; UCLA, University of California–Los

Angeles; SPADI, Shoulder Pain and Disability Index.
* Difference above minimal clinically important difference.25
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for each group were not provided, and lucencies were
grouped into only 3 groups (no loosening, possible loos-
ening, and definite loosening).27,30 In addition, these prior
studies did not assess the effect of radiolucent lines on
external rotation or internal rotation. By evaluating groups
according to Lazarus grade, we were able to show a pro-
gressive effect of radiolucencies on both ROM and PROs.
These scores were then able to be compared with those of
shoulders without a radiolucency and assessed for clinically
meaningful differences.

Although statistically significant differences were
noted between patients with and patients without glenoid
lines, none of these exceeded the MCID. However, on the
basis of our subgroup analysis, the majority of the detri-
mental effect caused by peri-glenoid lines was caused by
shoulders with higher Lazarus grades. When evaluation
by Lazarus grade was performed, the clinical significance
of radiolucent lines became more apparent. Clinically
significant loss in overhead motion was not apparent until
a Lazarus grade above 2 was observed. Beyond grade 2,
improvements in forward elevation did not exceed the
MCID, indicating that clinically meaningful differences
were identified compared with shoulders without peri-
glenoid radiolucent lines. Despite clinically significant
loss in overhead ROM, shoulders maintained clinically
meaningful improvements in function with a Lazarus
grade below 5. Improvements in all PROs remained above
the MCID until a grade 5 lucency was observed and
clinically meaningful loss of function was observed. The
observed maintenance of function, as assessed by multiple
PROs, may explain the discordance of radiolucent lines
and revision surgery shown in prior studies.7,13,15 We are
unaware of any other study evaluating the effect of
radiographic loosening in relation to MCIDs.

The strength of this study is the large population that
was assessed using prospectively collected data. A post hoc
power analysis demonstrated that our study was powered to
detect all differences in PROs but was underpowered to
detect differences in ROM measurements. In addition, the
use of multiple surgeons in multiple countries increases the
generalizability of the study findings across patient
populations.

Our study has multiple limitations. First, operations
were performed at 14 separate centers, leading to variation
in surgical techniques and choice of implants (pegged vs.
keeled). However, this also increases the generalizability of
the study findings. Second, the surgeons performing the
index arthroplasty were responsible for grading the post-
operative radiographs, leading to the risk of self-evaluation
bias. To limit interobserver variations, all surgeons
performed the review using a standardized form. Third,
postoperative reviews were conducted using orthogonal
plain-film radiographs. It is possible that all lucencies were
not visualized; however, postoperative computed tomogra-
phy scans have been shown to correlate with plain-film
loosening scores.29 Finally, radiographs were reviewed only
at the time of most recent follow-up. Although we did
document an overall trend of increased Lazarus grade with
increased follow-up time, this was not assessed for each
individual patient over time.
Conclusion
The presence of peri-implant lucencies about the glenoid
component following anatomic shoulder arthroplasty is
associated with lower ROM and PROs compared with
shoulders without glenoid lines. Both overhead ROM
and PROs worsen as the Lazarus grade increases. Dif-
ferences in PROs above the MCID are most likely to
occur with grade 5 lucencies.
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