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Background: Shoulder resurfacing has regained popularity in recent years. This report presents the long-
term (>20 years) results of this procedure with regard to patient satisfaction and implant survival.
Materials and methods: We followed up 61 patients who underwent shoulder resurfacing procedures
(74 shoulders) for a minimum of 20 years or until death (7 additional patients were lost to follow-up).
The mean patient age at the time of surgery was 58 years. There were 41 total resurfacing procedures
and 33 hemi-resurfacing procedures. The humeral component consisted of a cup with a short central
peg that was placed either with or without cement. The glenoid was resurfaced with a cemented polyeth-
ylene or polyurethane component.
Results: Patient satisfaction was 95%, and the survivorship of the humeral prostheses was 96%. There
were no periprosthetic fractures, dislocations, or infections. Two humeral components were revised to
stemmed prostheses (one for loosening and one for unexplained pain), and one was revised from a cement-
less to a cemented resurfacing prosthesis. Twelve cemented polyethylene glenoid prostheses had radiolu-
cencies, but only three produced symptoms requiring revision surgery; three polyurethane glenoid
prostheses showed severe wear radiographically, but none was loose or required revision surgery. There
were 7 revision procedures, 6 with good results.
Conclusions: Shoulder resurfacing is a successful procedure for the majority of patients, with high rates of
patient satisfaction, long-term survivorship of the humeral prosthesis, and few complications.
Level of evidence: Level IV, Case Series, Treatment Study.
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The first total shoulder resurfacing procedure is believed
to have been performed by Dr Charles O. Townley in 1958
using a metal humeral component and a polyurethane gle-
noid. Subsequent shoulder resurfacing procedures were
performed by use of small hip resurfacing prostheses.11,25

Zippel29 in 1975 was the first investigator to publish
a report describing the use of a metallic surface replacement
of the humeral head. However, with the advent of stem-

supported shoulder prostheses, shoulder resurfacing was
largely abandoned, with the exception of a few surgeons.17,18

Recently, cementless hemi-resurfacing and total shoulder
resurfacing prostheses have again become popular, and
results at midterm follow-up have been favorable.5,9,15,16

Shoulder resurfacing may offer several procedural
benefits to both the surgeon and patient. The humeral head
is retained, theoretically facilitating correct version, offset,
and inclination of the prosthesis during surgery.2,5 Stem-
supported total should arthroplasty is a reliable treatment
for degenerative conditions of the glenohumeral joint, and
reports suggest pain relief and implant survivorship of 84%
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to 96% at 12 years.3,24,26,28 However, for the humerus,
shoulder resurfacing may be easier than preparing the
patient for and inserting a stemmed supported pros-
thesis,5,15 although glenoid exposure can be difficult when
the humeral head is not resected. In addition, a shoulder
resurfacing prosthesis can be used on a humerus with in situ
implanted fixation or a deformity that would preclude the
placement of a humeral stem.

This study was conducted to determine the long-term
(>20 years) outcome of shoulder resurfacing by assessing
the following primary and secondary outcomes: (1) patient
satisfaction and (2) the survivorship of the implant.

Materials and methods

Institutional review board approval was not required at the time
the patients were enrolled in the study. None of the patients had
undergone prior implant arthroplasty, although 18 patients had
undergone prior surgery to treat a fracture, dislocation, impinge-
ment syndrome, or rotator cuff tear. All patients had been treated
extensively but unsuccessfully with nonoperative methods. All
patients were dissatisfied with their shoulder function and were
unwilling to continue to endure their symptoms of severe pain and
limitations in function. All patients opted for surgical treatment
even when advised by the surgeons that there was no certainty of
a successful outcome.

The initial study population consisted of 68 adult patients (84
shoulders) who underwent shoulder resurfacing surgery with the
Total Articular Replacement Arthroplasty prosthesis (DePuy
Orthopaedics [Warsaw, IN] and Howmedica [Rutherford, NJ])
between 1958 and 1990 (Fig. 1). The final study population
described in this report consisted of 61 adult patients (74 shoul-
ders), because 7 patients were lost to follow-up and were, thus, not
included. There were 32 women and 29 men with a mean age of
58 years (range, 32-71 years). Preoperative diagnoses included
osteoarthritis (37 shoulders [50%]), post-traumatic arthritis (20
shoulders [27%]), inflammatory arthritis (12 shoulders [16%]),
and osteonecrosis (5 shoulders [7%]). The indication for surgery
was severe pain associated with limitations in function for all

patients. Exclusion criteria were prior infection of the shoulder,
severe deformity of the humeral head, and neurologic injuries.
Rotator cuff insufficiency was accepted in the absence of superior
humeral head escape. Because patient data included in this report
began to be collected more than 50 years ago, it is not possible to
report with accuracy the number of patients who underwent
a shoulder arthroplasty other than resurfacing; however, a rough
estimate would be 3 to 4 times as many than underwent resur-
facing. Patients who met the inclusion criteria were offered the
option of undergoing the resurfacing procedure.

Patients were followed up prospectively and asked to return at
1 year, 2 years, and 5 years and then every 5 years thereafter. To
determine patient satisfaction, at the follow-up examinations,
patients were asked about their activity and whether their resur-
faced shoulder limited any of their activities. Any limitations were
specific to that particular patient’s life goals. Data reported in this
study consisted of the patients’ self-reported satisfaction at the
20-year follow-up visit. All deceased patients had a follow-up visit
within 4 years of their death (range, 4-46 months); data were
derived from their self-reported satisfaction (ie, their verbal
responses of ‘‘very satisfied,’’ ‘‘satisfied,’’ ‘‘somewhat satisfied,’’
‘‘somewhat disappointed,’’ or ‘‘very disappointed’’ that were
noted on their medical records during their final visit). Patients
were asked whether any additional surgery had been performed
after their resurfacing procedure. Implant survival was defined as
implants for which revision was not performed or recommended.
All patients were followed up for a minimum of 20 years or until
death.

Postoperative radiographs were assessed by the author retro-
spectively for the presence or absence of radiolucent lines and
their width in relation to time after resurfacing. Definite loosening
was defined as a change in the position of the component, and
possible loosening was defined as an unchanged position but
progressive radiolucent lines involving all parts of a component.
Because radiographs were not standardized (ie, different techni-
cians and different and vastly improved techniques and equipment
over many years), no specific radiographic measurements of the
humeral component were made. We used the grading system
described by Franklin et al7 for the glenoid. To allow comparison
to other studies, we also used the Constant score. In addition, none
of the currently available functional scoring systems were used,

Figure 1 Total Articular Replacement Arthroplasty components. The cobalt chromium humeral component has a central stem. The
glenoid is made from polyethylene and has a central keel.
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because the first such system was developed in 1987 and nearly all
patients in this report had been treated by that time.4 Conse-
quently, subjective postoperative results as rated by the patients
are presented.

Operative procedure

Each operation was performed by 1 of 2 surgeons (J.W.P. or Charles
O. Townley, MD). A deltopectoral approach was used for all
procedures. The subscapularis tendon was incised vertically 1 cm
medial to the lesser tuberosity, isolated from the joint capsule, and
retracted medially. The shoulder was dislocated anteriorly by
external rotation. The labrum was debrided as necessary, and any
contractures were released. The humeral head was measured and
prepared with a milling device to accept the humeral cup. The
humeral prosthesis with the best head coverage was placed in
anatomic version, and an anatomic repair of the subscapularis was
performed.We placed 3 of the earliest humeral components without
cement using a bolt through the lateral humeral cortex, 30 humeral
components were placed without a bolt and without cement, 37
humeral components were cemented with polymethylmethacrylate
(Simplex; Howmedica), and 4 humeral components were cemented
with polyurethane cement (Ostamer; William S. Merrell, Cincin-
nati, OH). The polyurethane polymer was prepared by mixing the
pre-polymer with resin and a catalyst at the time of surgery and
molding it in situ or on the back table to the humeral prosthesis. The
humeral prostheses were all made of cobalt chromium (DePuy
Orthopaedics and Howmedica) (Fig. 2).

There were 41 glenoids implanted. The glenoid components
were always cemented in place. Polyurethane cement was used for
the polyurethane glenoid components, but the polyethylene glenoid
prostheses were cemented with polymethylmethacrylate. The
polyethylene glenoid prostheses became available in 1971 and had
a central keel (Howmedica andDePuy Orthopaedics). Polyurethane
glenoid prostheseswere used from1958 until 1962,when thevendor
stopped selling the product. No reaming or preparation of the gle-
noid is done when a hemiarthroplasty is performed.

Postoperative protocol

Patients used a standard sling on the operated extremity for
6 weeks postoperatively. Home exercises were started on the first
postoperative day and consisted of passive circumduction and
pendulums, as well as active range-of-motion exercises such as
saws (ie, back-and-forth motion of the arm in the coronal plane
with a flexed elbow). External rotation was allowed to within 30�

of that obtained intraoperatively after subscapularis repair.
Patients participated in either a formal physical therapy program
or a therapist-directed home program for an additional 6 weeks.
No limitations were placed on patients’ activities after 3 months
postoperatively.

Results

By the time of final follow-up, 42 patients (69%) had died
at a mean age of 81 years (range, 59-92 years). The mean
follow-up was 28 years (range, 20-41 years) (Table I).
There were 41 total resurfacing procedures and 33 hemi-
arthroplasties. Total arthroplasties were performed when
substantial glenoid erosion was present. Excluding the
patients who underwent revision surgery, 95% of the
patients were satisfied with their shoulder resurfacing
procedure; Table II shows the patient-reported results. Of
the patients assessed for postsurgical activity, 39% partic-
ipated in strenuous athletics or work and only 2 were
dissatisfied with their function; overall, 92% of patients
were not limited in their activities. Table III shows the
shoulder motion after resurfacing, and Table IV shows the
preoperative and postoperative Constant scores. There were
no differences in satisfaction or function according to
whether the patient had a hemi-resurfacing or total resur-
facing procedure.

Figure 2 Anteroposterior shoulder radiographs. A, Preoperative image with advanced glenohumeral arthritis. B, Postoperative image
taken after insertion of total resurfacing prosthesis.
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There were no infections, subluxations, or periprosthetic
fractures. There were 2 temporary nerve palsies, 1
involving the entire brachial plexus and 1 involving the
axillary nerve only. The radiographic follow-up period
averaged 24 years (range, 20-36 years). Of 41 glenoid
components implanted, 3 were revised, thus leaving 38
glenoid prostheses available for final review. Radiographic
review showed grade 0 in 2, grade 1 in 7, grade 2 in 8,
grade 3 in 8, grade 4 in 12, and grade 5 in 1; the 3 that were
revised were grade 5.7 As mentioned previously, the
procedures in this report began more than 50 years ago, and
early radiographic quality was far poorer than more recent
radiographic data. Of the polyethylene glenoid prostheses,
12 were loose (definitely, n ¼ 4; possibly, n ¼ 8) but only 4
were symptomatic. Three of four polyurethane components
showed wear through but none loosened or required revi-
sion, and all four of these patients continued to report
a satisfactory outcome. After the polyurethane wore away,
these shoulders seemed to function as hemiarthroplasties.

There were 7 revision surgeries, 6 with ultimate good
outcomes. One of the earliest cementless hemi-resurfacing
components was revised to a cemented total resurfacing
prosthesis because of loosening of the humeral component
and glenoid wear. After revision, this patient reported no
pain and no activity limitations and was satisfied with the
procedure. Another hemiarthroplasty was revised to a stem-
supported hemiarthroplasty for persistent pain. This
implant was not loose at the time of revision; the glenoid
appeared normal, and no source of pain could be identified.
The patient continued to have pain after revision and was
dissatisfied with the procedure. One resurfacing humeral
prosthesis was placed on an insufficient humeral head. The
patient was satisfied initially and continued to be highly
active for 2 years; however, the prosthesis became loose,
requiring revision to a stemmed prosthesis, after which the
patient resumed high activity levels and was pain free
(Fig. 3). Another hemiarthroplasty was revised to a total
resurfacing prosthesis by the addition of a glenoid pros-
thesis. This patient was highly active and satisfied after
revision surgery. Two loose polyethylene glenoid pros-
theses were removed and one was revised; all three patients
reported a satisfactory outcome and had no limitations after
their index procedure for 3 to 5 years before pain devel-
oped. All 3 were satisfied and had no activity limitations
after their revision procedures. One loose glenoid prosthesis
was painful, but the patient did not elect to undergo revision
surgery. Seven patients were lost to follow-up and are not
included in the results.

Discussion

In recent years, shoulder resurfacing has gained favor by
surgeons and patients for several reasons. The primary
reason is that the humeral head is retained, as opposed to
total shoulder arthroplasty, which removes the entire
humeral head. In addition, because the head is retained,
there is no need to re-create the head/shaft angle.2 Treating
complications of shoulder arthroplasty may be easier with
resurfacing prostheses as compared with stemmed pros-
theses. For example, treating an infection would be easier
with a limited amount of implanted material. If an infection
or joint instability occurred, the joint may be amenable to

Table II Patient-reported postoperative results (61 patients
[74 shoulders])

Self-reported outcomes No. of patients/shoulders
(% of patients)

Pain
None 52/63 (85%)
Slight 7/9 (11%)
Moderate 1/1 (2%)
Severe 1/1 (2%)

Function
Highly active (strenuous
sports or job)

24/29 (39%)

Active (no limitations) 31/38 (51%)
Moderately active 4/5 (7%)
Inactive 2/2 (3%)

Satisfaction
Very satisfied 31/36 (50%)
Satisfied 22/27 (36%)
Somewhat satisfied 4/7 (9%)
Somewhat/very disappointed 4/4 (5%)

Table I Survivorship of 61 patients

Years since surgery No. (%) Mean age at death
or final follow-up
y (range)

Deceased 42 (69%) 81 (59-92)
20-30 23
30-40 17
>40 2

Alive 19 (31%) 75 (54-94)
20-30 11
30-40 6
>40 2

Table III Mean shoulder motion after resurfacing (increase)

Normal
shoulder14

Hemiarthroplasty Total
resurfacing

No. of shoulders 10 33 41
Abduction (�) 178 105 (47) 109 (46)
Flexion (�) 170 112 (41) 119 (45)
External
rotation (�)

64 43 (26) 44 (27)

Internal rotation L2 þ 2 L4 þ 2 L4 þ 2

774 J.W. Pritchett



arthrodesis, which may not be an option after infection and/
or instability with a stemmed shoulder prosthesis. In the
event of failure, revision of a humeral prosthesis may be
easier when all the proximal humeral bone remains. In
addition, periprosthetic fractures may be less common and
treated more easily in the resurfaced shoulder as compared
with total shoulder arthroplasty with a stem in the intra-
medullary canal.5,15 For the patient, postoperative satis-
faction is comparable to that achieved with total shoulder
arthroplasty. Patients may enjoy easier postoperative reha-
bilitation after shoulder resurfacing versus shoulder
replacement.1,5 There are also theoretic advantages to
resurfacing, such as the possibility that proprioceptive
feedback is preserved, leading to better function.9,15

However, as with any procedure, there may be limitations
associated with shoulder resurfacing. It has been suggested
that humeral resurfacing prostheses can loosen and fail
more commonly over time than stem-supported prostheses
because they have less fixation area.6,12,23 In addition, there
is fear that humeral neck fracture or humeral head collapse
may occur in a similar manner to what occurs with hip
resurfacing,12,20 although the shoulder joint supports lower
loads than the hip joint.2 In some patients, however, total
shoulder resurfacing can be more technically demanding
than total shoulder replacement, because access for prepa-
ration of the glenoid is more difficult without removal of
the humeral head. If there is not enough humeral head
remaining, a stemmed device is needed. We and others have

found that if 70% of the humeral head remains based on
intraoperative assessment of the surface area, it is adequate
to support a resurfacing prosthesis.5 Burgess et al2 report
that in their experience, 60% is sufficient with bone
grafting.

Contemporary shoulder resurfacing began again in 1986
with a cementless hydroxyapatite-coated prosthesis.5,15,16

At midterm follow-up, the revision rate for this humeral
prosthesis is 1% to 2%. When a glenoid prosthesis is used,
loosening occurs in up to 10% of patients.15,16

Ninety-five percent of patients report a satisfactory
functional outcome with shoulder resurfacing.5,14-16 These
favorable results are, no doubt, partially because of the
ability to obtain correct version, inclination, offset, and
size. These factors are judged easily and relate directly to
the anatomy. In fracture and replacement cases, the humeral
head has been removed and version is estimated either
indirectly or from guides during surgery. It is reported that
30% of unsatisfactory results after shoulder replacements
are due to component malpositioning.10

The long-term debate about whether a total arthroplasty
or hemiarthroplasty procedure is best is not solved with our
work. In stemmed total shoulder replacement, the rate of
conversion from a hemiarthroplasty to a total shoulder
replacement is up to 12%.9 The conversion rate may be less
with resurfacing.2,5,8 We attribute at least some of the
success of our hemi-resurfacing procedures to releasing
soft-tissue contractures and restoring the normal humeral

Table IV Preoperative and postoperative Constant scores

Preoperatively Postoperatively P value

Hemi-resurfacing Total resurfacing Hemi-resurfacing Total resurfacing

Constant score (range) 21.4 � 12.3 (11-33) 19.2 � 11.2 (8-30) 59.8 � 16.5 (56-83) 63.7 � 13.2 (51-85) � .001
Age- and sex-adjusted

Constant score (range) (%)
34.6 � 13.3 (21-47) 30.4 � 9.1 (18-39) 71.2 � 30.5 (52-101) 75.2 � 17.1 (47-109) � .001

Figure 3 Anteroposterior shoulder radiographs. A, Preoperative image with large humeral head defect from anterior dislocation. B,
Postoperative image after insertion of cemented hemi-resurfacing prosthesis. C, Postoperative image after revision of resurfacing prosthesis
to cemented stem-supported humeral prosthesis.
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contours.2,5 This likely improves the kinematics of shoulder
function. Because the version and spacing of the joint are
improved, less subsequent glenoid pain and wear may
result. This may suggest performing a hemiarthroplasty in
many cases.2,5,8,11,15,16,25

The shoulder resurfacing prosthesis in this study ach-
ieved its goal of reducing pain and improving function. The
patient satisfaction results in our study are as good as or
better than those reported with a conventional stemmed
humeral prosthesis.9,17,18,26 Patient satisfaction in our series
was 95%; Levy and Copeland15 in 2001 reported that 94%
of their 94 patients (103 shoulders) felt that the ‘‘shoulder
was improved.’’ In 2004, they reported that of 71 patients
(79 shoulders), 90% of the patients considered the
‘‘shoulder to be better.’’14 The survival of the humeral
prosthesis in our study is very satisfactory, at 96% but in
agreement with other studies, we found that the glenoid
component remains vulnerable to wear and loosening.9,18,26

Among the 41 glenoid components implanted and 38
available for radiographic review, we found radiolucencies
in 12 cemented polyethylene glenoid prostheses, yet only 3
required revision. Radiographically, 3 of our polyurethane
glenoid prostheses were severely worn, although none was
loose or required revision.

There were few complications in our series. There were
no instances of subluxation or dislocation. There were no
periprosthetic fractures, possibly because of the lack of
stress shielding with resurfacing.13,19,27 Implant instability
is a reported complication of total shoulder replace-
ment.17,18,21,22,26 There were 2 cases of humeral prosthesis
loosening that required revision (1 was an early-generation
cementless prosthesis attached with a bolt through the
lateral humeral cortex, a design that we discontinued using
after 3 cases). The other humeral prosthesis that became
loose was implanted on a deficient humeral head. There
were no infections in our series.

There are limitations to this study. The patient pop-
ulation reported is small but, nonetheless, comparable to
other published studies of shoulder resurfacing (ie, Steffee
and Moore,25 53 patients; Levy and Copeland,15 94
patients; Levy and Copeland,14 71 patients; and Bailie
et al,1 36 patients). Nevertheless, small case numbers
suggest caution in interpreting the incidence of uncommon
complications, such as periprosthetic fracture and infection.
Our study investigates the Total Articular Replacement
Arthroplasty prosthesis that was in evolution as it was being
implanted. Both cemented and cementless humeral fixa-
tions were used, but we are unable to draw conclusions
about this variable. There were no autopsy retrievals or
pathologic specimens evaluated. Other limitations are that
the 2 surgeons involved performed the clinical and radio-
graphic analyses. However, the primary outcome (patient
satisfaction of 95%) and the secondary outcome (implant
survival of 96%) are known for all but 7 patients who were
lost to follow-up. Because this is a single-procedure series,
there is no comparison to results of using stemmed humeral

devices, although other investigators have reported essen-
tially equal results with regard to patient satisfac-
tion.9,17,18,26 Our study sought to report patient satisfaction
and prosthesis survival after shoulder resurfacing.

Total shoulder resurfacing is a valid procedure and, like
total shoulder replacement, will result in excellent pain relief
and restoration of function. However, the problem of glenoid
loosening remains. The difficulties with total shoulder
resurfacing are primarily on the glenoid side;well-performed
humeral resurfacing rarely fails over time,with orwithout the
use of cement. The results of revision surgery after shoulder
resurfacing were generally favorable as well.

Conclusions

The long-term results of stem-supported total shoulder
replacement support its use as a reliable procedure for
treating degenerative conditions of the glenohumeral
joint. Published reports indicate that the procedure
provides pain relief and results in implant survivorship of
84% to 96% at 12 years.3,24,26 However, shoulder resur-
facing is an attractive option for treating shoulder arthritis.
It can be used in the treatment of osteoarthritis, rheuma-
toid arthritis, post-dislocation arthritis, and osteonec-
rosis.5,8,11,15,16 It works well, is bone conserving, and
avoids some of the concerns associated with a stem-
supported prosthesis. In addition, there are more salvage
options in the rare event of a failure. Shoulder resurfacing
is a reasonable option for a young, active patient. This
study showed that shoulder resurfacing in our patient
population resulted in a functional patient satisfaction rate
of 95%, with 92% of the patients having no limitations in
their activities. The survivorship of the humeral prosthesis
was 96% at a minimum 20-year follow-up (mean, 28
years; range, 20-41 years). Moreover, there were few
complications in this series of 74 shoulders, and 6 of the 7
revision procedures resulted in a good final outcome.
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