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Symptomatic glenoid arthrosis may limit the long-term suc-
cess of shoulder hemiarthroplasty in patients who are young
and functionally demanding. The principal objective of the
current study was to quantify glenoid wear after proximal
humeral replacement in young, active subjects. Eight pa-
tients, ages 21 to 60 years (mean, 45 years), met inclusion
criteria. The mean followup was 43 months. Functional
scores for the cohort averaged 60% of age and gender-
adjusted healthy subjects (range, 28%–84%). Glenohumeral
joint space was measured on serial axillary radiographs us-
ing a Microscribe 3-DX digitizing device (measurement ac-
curacy, 0.23 mm). Progressive glenoid wear was found in all
eight patients. The mean decrease was 2 mm (range, 1.3–2.8
mm), a 68% decrease in glenohumeral joint space. Glenoid
cartilage wear also was correlated with Constant and Murley
scores. Patients with residual joint spaces less than 1 mm had
a mean score of 50%, compared with a score of 71% for
patients with joint spaces greater than 1 mm. There were no
correlations between wear and mechanism of injury, dura-
tion of symptoms, and prior surgery. This study suggests that
glenoid cartilage erosion can be expected routinely after hu-
meral head replacement in young, active individuals, and
that such wear may adversely affect function or necessitate
conversion to total shoulder arthroplasty.

For patients with a comminuted proximal humerus fracture
or advanced avascular necrosis, humeral head replacement
has been shown to yield excellent results, provided the
glenoid and rotator cuff are preserved.3,4,5,8,9 In young
patients, however, the long-term outcomes after prosthetic
humeral head replacement may be limited by the higher

functional demands placed on the glenohumeral joint. The
development of glenoid arthrosis is a recognized compli-
cation of proximal humerus replacement15 and may con-
tribute to less satisfactory pain relief and shoulder func-
tion. Loss of glenoid cartilage may necessitate conversion
to a total shoulder arthroplasty, because there are limited
surgical options to treat glenoid wear after humeral head
replacement.

The incidence of clinically significant glenoid arthrosis
after humeral head replacement is unknown, although out-
come studies suggest that radiographic evidence of glenoid
erosion and loss of glenoid cartilage occur in as many as
76% and 84% of patients, respectively.15 Currently there
are limited published data documenting the natural history
of glenoid wear or its relationship to parameters such as
age, preceding diagnosis, glenoid disease at the time of
surgery, and functional outcome, and to our knowledge
there are no studies which quantify the glenoid ero-
sion.3,5,9,14,15 Therefore, the principal objective of the cur-
rent study was to determine by quantitative radiographic
methods the glenoid wear after prosthetic humeral head
replacement in young or active patients with minimal pre-
operative glenoid disease and an intact rotator cuff. A
second objective was to correlate the degree of glenoid
cartilage wear with functional outcome. It was hypoth-
esized that accelerated glenoid wear would result in less
satisfactory outcomes and would be predictive of the need
for glenoid resurfacing.

MATERIALS AND METHODS

Patients were selected from a cohort of patients who had a pros-
thetic humeral head replacement. Criteria for inclusion in the
current study included: (1) age 60 years or younger; (2) high
preoperative functional demand based on continued performance
of recreational activities or employment; (3) minimal glenoid
cartilage degenerative changes as determined by intraoperative
evaluation; (4) an intact rotator cuff at the time of surgery; and
(5) sufficient radiographic followup to generate quantitative data
on glenoid wear. Of 79 patients who had humeral head replace-
ment by the senior author between 1991 and 1997, eight patients
satisfied these criteria and comprised the cohort for investiga-
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tion. There were six men and two women with an average age of
45 years (range, 21–60 years). The dominant arm was involved
in six patients.

Indications for hemiarthroplasty included an acute complex
four-part proximal humerus fracture in five patients, osteonecro-
sis (ON) secondary to a proximal humerus fracture in two pa-
tients, and idiopathic ON in one patient. In the latter three pa-
tients, pain and functional disability unresponsive to conserva-
tive measures were the principal indications for humeral head
replacement. In the group of patients with a fracture, the mecha-
nism of injury involved high-energy trauma from a motor ve-
hicle accident in four patients and a fall onto the upper extremity
in three patients. In two patients with an acute fracture, the
configuration included a head-splitting component. For the two
patients with ON secondary to a fracture, one involved a dis-
placed surgical neck fracture treated nonoperatively and the
other involved a Grade I open four-part fracture dislocation
treated by open reduction and internal rotation. In the latter
patient, severe deformity of the humeral head had developed.
Three other patients had prior shoulder surgery on the affected
side. These procedures included an open capsular shift, an ar-
throscopic subacromial decompression, and an arthroscopic re-
pair of a Bankart lesion.

All patients had shoulder hemiarthroplasty using an extended
deltopectoral approach. In all patients, the humeral head was
replaced using the Biomet Biomodular system (Biomet, Inc,
Warsaw, IN). A standard surgical technique was used to restore
length and proper humeral offset in the case of fractures. All
components were placed in approximately 40° retroversion. To
achieve these goals, preoperative templating allowed for appro-
priate humeral head size selection and proper humeral stem
placement. In two patients the stem was a press-fit design, and in
six patients it was cemented. Four patients required complex
reconstruction of the greater tuberosity with local bone grafting.
In all patients who required greater tuberosity reconstruction, the
tendons could be repaired securely to bone without the need for
complex tendon mobilization, augmentation, or transposition. At
the conclusion of the procedure, the upper extremity was taken
through a range of motion (ROM) in forward flexion, abduction,
and internal and external rotation. This maneuver ensured proper
soft tissue balancing with maintenance of concentric rotation and
adequate excursion of the component under the acromion. Intra-
operatively, the glenoid cartilage was inspected carefully for
acute or chronic injury. Patients with significant cartilage fibril-
lation, early arthritic changes, or traumatic injury to the articular
surface were excluded from the cohort.

Postoperatively, patients were followed up on a routine basis
with a clinical examination and anteroposterior (AP) and axillary
lateral radiographs. All radiographs were obtained in a standard-
ized fashion by one experienced technician. Patient positioning
was standardized by marks on the floor and wall for all radio-
graphs. Outcome after proximal humerus replacement was as-
sessed in terms of subjective and objective criteria. Postoperative
pain was graded on a 1 to 10 scale with 10 representing severe,
unremitting symptoms. Active motion in forward flexion and
external rotation was assessed and overall functional outcome
was graded according the Constant and Murley scoring system,

which combines subjective and objective criteria to obtain a
score based on a 100-point scale.1 Values then were normalized
to age- and gender-adjusted normal healthy control subjects and
expressed as a percentage of the control value.

Glenoid cartilage wear was determined by measuring the
width of the glenohumeral joint space on serial followup AP and
axillary lateral radiographs using a Microscribe 3-DX digitizing
device (Immersion Corporation, San Jose, CA) (Fig 1). This
device consists of a swivel base and multidegree-of-freedom,
serially articulated arm with a stylus for data acquisition. It re-
cords a Cartesian coordinate defined with respect to the coordi-
nate system of the device’s base. Its reported accuracy is 0.23
mm. Distances between points can be calculated based on the (X,
Y) coordinate of the two points. For the current study, the Z
coordinate was assumed to be the same between points on the
radiograph because it lies on a flat surface during digitization.

The user accuracy of this digitizing technique was assessed
by digitizing two points on a flat surface, which had a known
fixed distance. Based on an analysis of the average measured
distance between these fixed points, the user accuracy was 0.4 ±
0.17 mm. Therefore, for the current study, it was assumed that
the Microscribe could reliably measure the joint space to within
0.5 mm on the radiograph, and similarly, that joint space values
less than 1 mm could be measured feasibly in patients in whom
there was near complete but not total glenoid cartilage erosion.

The Microscribe was used to digitize one point on the hu-
meral head and glenoid, which grossly represented the narrowest
point of articulation. Three measurements were taken on each
film and an average distance was calculated from the recorded
coordinates. To control for differences in magnification between
films, all values were normalized by a scaling factor defined as
the quotient of the known divided by measured humeral head
diameter. The value for the denominator was determined using
circle templates.

Although it has been suggested that a true AP film with the
extremity in internal rotation provides the best profile of the

Fig 1. The Microscribe 3-DX digitizing device consists of a
serially articulated arm with a terminal stylus for accurate mea-
surement. The base contains a reference coordinate system
within which a series of Cartesian coordinates can be defined.
The reported accuracy for this device is 0.23 mm.
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glenohumeral joint,6,10 in the current patients a tangential image
of the glenoid surface was found more reliably on the axillary
lateral radiographs. True AP projections were inconsistent in
imaging the joint space and did not provide useful information
for joint space narrowing. Therefore, all data points were ob-
tained from serial axillary lateral films obtained during followup.

The data were analyzed for the overall decrease in joint space
from the time of initial humeral head replacement, the percent of
joint space narrowing, the residual glenohumeral joint space, and
the average decrease in joint space per year. These values then
were correlated with patients’ Constant and Murley scores de-
termined at the most recent followup. Glenoid wear, which was
defined as residual joint space and percent joint space narrowing,
then was assessed for its effect on outcome by Spearman corre-
lation coefficients. Based on the distribution of values for these
two measures of glenoid wear, the data were parameterized into
a residual joint space of greater than or less than 1 mm and
percent wear of greater than or less than 75%. The significance
of these parameters relative to the Constant and Murley score
was determined with a Cochran-Mantel-Haenszel chi square test.
Statistical significance was set at p < 0.05.

RESULTS

The mean duration of followup was 43 months (range,
25–78 months). There were no postoperative complica-
tions related to hematoma, infection, tendon rupture, ad-
hesive capsulitis, or reflex sympathetic dystrophy. Subjec-
tively, patients rated their postoperative pain at a mean
level of 4 of 10 (range, 1 of 10–8 of 10). Six patients stated
that their pain was largely activity-related whereas two
patients had more persistent symptoms. These latter two
involved a patient with a comminuted four-part proximal
humeral fracture, which required greater tuberosity recon-
struction with iliac crest bone graft, and a patient who had
ON develop after a displaced surgical neck fracture. Their
individual subjective pain ratings were 7 of 10 and 8 of 10,
respectively. Objectively, patients in this cohort achieved
a mean forward flexion of 100° (range, 45°–145°) and
mean external rotation of 40° (range, 20°–60°). The aver-
age age- and gender-adjusted Constant and Murley score
was 60% of normal healthy control subjects (range, 28%–
84%).

Progressive glenoid wear occurred in all patients in this
series within the followup studied (Fig 2). The average
measured joint space on the postoperative film taken at the
first office visit was 2.9 mm (range, 1.9–3.8 mm). This
radiographic value was defined as the initial joint space
value, as axillary lateral films were not obtained reliably in
the recovery room after surgery. Based on the measured
value at the most recent followup, the mean residual joint
space remained 1 mm (range, 0.3–1.8 mm). This change
represented an average of 2 mm of joint space narrowing
during the followup interval of 43 months. Relative to the

initial joint space, this degree of narrowing amounts to an
average 68% (range, 26%–95%) narrowing within a short
period, with this technique of evaluation. When raw values
were divided by individual followup, the rate of glenoid
wear was 0.9 mm/year (range, 0.6–1.2 mm/year).

Although the Spearman correlations of the Constant
and Murley score with residual joint space (p � 0.062; R
� 0.57) and percent wear (p � 0.55; R � 0.64) were not

Fig 2. This series of axillary lateral radiographs shows pro-
gressive loss of glenoid cartilage during a 3-year period based
on narrowing of the glenohumeral joint space. (A) This is an
axillary view of the glenohumeral joint immediately after sur-
gery that shows an articular cartilage thickness of 3.8 mm. (B)
This is an axillary view of the same shoulder 3 years later. The
residual glenohumeral joint space of 0.7 mm represents an
83% decrease in the thickness of the glenoid articular carti-
lage.
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statistically significant (p > 0.05), the data revealed a trend
that suggests that glenoid wear may influence outcome
after humeral head replacement (Figs 3, 4). When the data
were stratified, a statistically significant correlation could
be found between a Constant and Murley score less than
60% and a residual joint space less than 1 mm at the most
recent followup (p < 0.05) by a chi square analysis. Simi-
larly, there was a statistically significant correlation be-
tween a Constant and Murley score less than 60% and a
percent wear greater than 75% of the initial joint space.
Patients whose residual joint space measured less than 1
mm achieved a mean Constant and Murley score of 50%,
compared with 71% for patients with a residual joint space
greater than 1 mm. Similarly, patients whose percentage of
glenoid wear was greater than 75% achieved a mean Con-
stant and Murley score of 41%, compared with 74% for
patients whose degree of glenoid wear was less than 75%.

With the numbers available for study, analysis of sub-
jective and objective outcome measures did not reveal any
significant correlation between subjective pain or ROM
and measures of glenoid wear. Additionally, no factors
showed a statistically significant correlation with worsen-
ing glenoid wear, including mechanism of injury, duration
of symptoms, prior surgery, or greater tuberosity recon-
struction. The study of two patients was terminated when
both had total shoulder arthroplasty. One patient had a
four-part proximal humeral fracture, which required
greater tuberosity reconstruction. The other patient had
ON develop after a displaced surgical neck fracture, which
originally was treated nonoperatively. Glenoid resurfacing
occurred 4.2 and 5.6 years after the initial humeral head
replacement, respectively, and was done for persistent
pain. Both patients had a residual joint space measuring
less than 1 mm and both had glenoid wear greater than

75% of the initial joint space value. Before total shoulder
arthroplasty, their Constant and Murley scores were 38%
and 41%, respectively.

DISCUSSION

The current study provides preliminary evidence that glen-
oid wear can be expected and detected in young or active
patients with an intact rotator cuff and a normal glenoid
within the first few years of prosthetic humeral head re-
placement. Although the sample size of this investigation
precluded the determination of a statistically significant
correlation between progressive glenoid wear and worse
outcome, there was a trend toward such a relationship.
Furthermore, for two patients with advanced glenoid wear,
the conversion to a total shoulder arthroplasty with glenoid
resurfacing within 5 years of the index procedure suggests
that loss of glenoid cartilage portends a negative progno-
sis, especially when the residual joint space measures less
than 1 mm.

Although previous studies have recognized glenoid
wear as a potential complication of humeral head replace-
ment, there are limited reports addressing its frequency of
occurrence or its natural history with time. Sperling et al,15

reporting on long-term outcomes in patients younger than
50 years who had a Neer hemiarthroplasty, evaluated post-
operative radiographs for loss of glenoid cartilage. Quali-
tative radiographic evidence of cartilage loss was observed
in 84% of patients, 76% of whom had preoperative glenoid
cartilage deficiency. Therefore, of patients with no preop-
erative glenoid disease, only 8% later had glenoid wear
develop. In their series, 15 of 78 patients had eventual
revision surgery, 11 of which were attributable to painful

Fig 3. The graph shows the Constant and Murley score as a
function of percent joint space narrowing. The trend line indi-
cates a pattern of lower outcome scores for patients with more
advanced joint space narrowing.

Fig 4. This graph shows the Constant and Murley score as a
function of residual joint space. The trend line indicates a pat-
tern of worsening outcomes the smaller the residual joint
space. This trend is particularly evident for residual joint space
values less than 1.0 mm.
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glenoid arthrosis. Loss of glenoid cartilage was not asso-
ciated with an unsatisfactory outcome based on a modifi-
cation of the grading system of Neer. Levine et al7 corre-
lated results of hemiarthroplasty to degree of glenoid ero-
sion for patients who had proximal humerus replacement
for osteoarthritis. Preoperative posterior glenoid erosion
was significantly associated with unsatisfactory results,
which were attributed to loss of forward elevation and
external rotation. Postoperative progression of glenoid
erosion was not examined.

In contrast to these studies, the uniform occurrence of
glenoid wear in the cohort being investigated in the current
study is likely attributable to the narrow selection criteria
used for inclusion. Younger, functionally demanding pa-
tients with an intact rotator cuff and minimal or no pre-
operative glenoid articular disease represent a small subset
of all patients who have prosthetic humeral head replace-
ment. However, the natural history of glenoid wear in such
patients is important and may predict the long-term suc-
cess of humeral head replacement because symptomatic
glenoid arthrosis ultimately may necessitate conversion to
total shoulder arthroplasty. Such revision surgery may oc-
cur sooner than would be expected for older more seden-
tary patients having proximal humerus replacement for
osteoarthritis. Sperling and Cofield,14 in a review of 34
studies involving 581 cases of proximal humerus replace-
ment, found that painful glenoid arthrosis was the most com-
mon reason for conversion to total shoulder arthroplasty.
Although these results cannot be generalized, they high-
light a clinical problem which may limit the long-term
success of humeral head replacement in a select population
of patients for whom there are limited surgical alternatives.

The development of glenoid wear likely is attributable
to changes in the glenohumeral loading mechanics as a
result of anatomic differences between the native and pros-
thetic humeral heads. The anatomy of the reconstruction
regarding restoration of the native offset, inclination, head
size, and version may affect joint reactive forces during
loading of the glenohumeral joint. de Leest et al2 studied
the influence of component geometry on muscle forces
based on an inverse dynamic three-dimensional shoulder
model and found that changes in the position of the geo-
metric center of rotation of the glenohumeral joint relative
to the shaft of the humerus may result in large changes in
the force generated by the deltoid muscle. The level of
humeral head resection, prosthetic head size, and amount
of retroversion all were found to affect the position of the
center of rotation relative to the shaft. Pearl and Kurutz11

did a geometric analysis of four commonly used humeral
prostheses, including the implant system used in the cur-
rent study, to determine how effectively different implants
preserved the anatomic and mechanical relationships of

the intact shoulder. Using a computer optimization algo-
rithm which selected implant size based on the least dis-
placement of the center of rotation, the Biomet Biomodu-
lar system resulted in a mean glenohumeral center of ro-
tation displacement of 20.2 mm. Of the four implants
investigated, this implant design had the strongest corre-
lation between the radius of curvature of the head and
magnitude of displacement of the center of rotation in the
lateral and superior directions. These findings suggest that
proximal humerus replacement using this system results in
a shift in the joint center. Such a shift influences the mag-
nitude of force transmitted across the joint by changing the
moment arms of the rotator cuff and deltoid muscles.12,13

By virtue of changes in articular conformity and changes
in muscle moment arms, altered loading conditions after
humeral head replacement may contribute to the develop-
ment of tensile and sheer forces at the implant-cartilage
interface, which cause accelerated cartilage degeneration
on the glenoid side. Because of differential effects of com-
ponent design on glenohumeral joint kinematics, the find-
ings of the current study cannot be generalized to humeral
head replacement using other component systems.

Despite measures to control for differences in magnifi-
cation between images, radiographic studies are limited by
the quality and variability of postoperative films. Such
limitations precluded investigations of other important pa-
rameters, which may be associated with the etiology of
glenoid wear, such as glenoid erosion, humeral offset, ar-
ticular conformity, or other mechanical parameters. The
method of determining glenoid arthrosis was aimed at de-
tecting early joint space narrowing, and thus radiographic
followup was limited to images which were taken with the
xray beam perpendicular to the plane of the glenohumeral
joint.

Additional studies should include the use of computed
tomography (CT) scans for more accurate quantitative
analysis of joint space narrowing and for evaluation of
other parameters of glenoid arthrosis such as posterior
glenoid erosion and the degree of conformity of implant-
cartilage interface. Radiographic and CT findings from the
contralateral shoulder would provide valuable information
about the normal anatomic relationship between the hu-
meral head and the glenoid to which comparisons from the
operative side could be made. Such information might
refine the understanding of mechanical factors associated
with the development of glenoid arthrosis. Finally, addi-
tional study will lead to improved understanding of the
clinical course and may show a relationship between glen-
oid wear and outcome.
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